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ADMINISTRATIVE REPORT

University, N. D., Dec. 1, 1908.
To the President of the Board of Trustees of the Universily of
North Dakota.

Sie: I beg to submit herewith my report on the work of the
North Dakota Geological Survey during the years 1907 and 1908.

The publication of the Fourth Biennial Report of the Survey on
the clays of the state was delaved somewhat on account of the
large number of analyses and tests made on the clays. It was
thought that the value of the results obtained would more than com-
pensate for the delay that was necessary in order that they might be
incorporated in the report.  The volume is the largest yet gotten out
by the Survey, containing 340 pages and a large number of illus-
trations and maps. Among the latter is a colored geological man
of North Dakota, showing the distribution of the different rock
formations and giving the location of the brick plants. . On another
map are located the high grade fire and pottery clays of the west-
ern part of the state, showing the outcrops and probable extent
of the deposits. There has been a widespread demand for this re-
port hoth irom the clay men and others within the state, and also
from geologists and other people in all parts of the country. Infor-
mation regarding the valuable clay resources of North Dakota has
thus been widely circulated and cannot fail to Le of benefit to the
state.

It 1s the wish of the Survey that its reports be emploved as wide-
ly as possible in the schools in the teaching of Physical Geography
and Flementary Geology. Thev are already coming inte vse in a
number of the high schools where they are found helpful, especially
in the study of local geography and geology. The manv illustra-
tions show the topographic features and rock formations, and the
reports describe the natural resources of the region. During the
past year many hundreds of the reports of the survey were distrib-
uted to the larger schools through the co-operation of the County
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Superintendents, On his request the volumes were sent to the
Superintendent and placed by him in those schools in which they
would be of greatest service. : ‘

During the summer of 1907, the State Geologist had charge of
a United States Geological Survey party of five, having associated.
with him Mr. Carl D. Smith of the Federal Survey. Detailed work
was carried on in the region between Medora and Wibaux, Mon-
tana, the area which was covered by the survey being 24 miles wide
and lying on either side of the Northern Pacific Railroad. Import-
ant discoveries were made regarding the number, extent and dis-
tribution of the coal beds, and much information gathered for a
report on the region covered. This report is now being published
in a bulletin of the United States Geological Survey, and the ma-
terial which was secured will also be available for, and is being
incorporated in, the forthcoming Fifth Biennial Report of the" State
Survey. _

While we were camped near Medora, we were fortunate in having
with us for over a week, Dr. A. C. Peale of the Smithsonian  In-
stitution, and Dr. F. H. Knowlton of the United States Geological
Survey, who were spending the summer collecting fossils at many
localities in' North Dakota and other western states. These fossils
which were collected will make it possible to determine the age of
certain formations in the western part of the state, about which
there has been some doubt. . ‘

- Early in August a second party in the employ of the North Da-
kota Geological Survey, and consisting of the State Geologist and
two students of the State University, J. W. Bliss and W. J. Smith,
was organized for the purpose of extending the field work beyond
the limits of the area covered by the Federal party. The latter party
worked west into Montana, and in accordance with an agreement pre-
viously made with the United States Geological Survey, I was grant-
ed permission to turn the work over to another in crder that the in-
vestigations might be continued within North Dakota, and addition-
al material ‘thus gathered for the State Survey Report. The party
went: south from Medora, following the Little Missouri river as
far as the southern boundary of Billings county. The coal beds
which outerop in the Bluffs bordering the valley and in the badlands
on either side; were carefully ‘traced, their thickness and extent
noted, and their outcrops located on the map. On Little Beaver
creck, in northwestern Bowman county a large collection of fos-
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sil shells was made from the Pierre shale, and these were shipped
to the University to add to its geological collections. Several weeks
previous to this a choice lot of fossil leaves from near Medora had
been sent in, along with some very finely preserved fossil fish from
the top of Sentinel Butte,

From Little Beaver creck the party traveled northeast to Sand
Creek Dost Office and White Dutte, where the interesting Oligo-
cene formation found in that vicinity was studied and mapped. It
was in these beds at the White Butte that the extinct three-toed
horse and rhinoceros were discovered several vears ago.

Some work was also done during the summer of 1907 in the
northeastern part of the state by Mr. V. J. Melsted, who spent SIX
weeks in a detailed study of the cement rock of the Pembina Moun-
tain region. Carcful scarch in the deep ravines and vallevs of
these mountains, often in the thick and tangled underbrush of that
district, resulted in the discovery of many outcrops of the cement
beds, which were located on the map. Samples from several locali-
ties were collected for analvsis and considerable information gath-
ered for a report on the cement materials of North Dakota. During
the summer the State Geologist made a trip to the Pembina Moun-
tains where several days were spent in going over some of the
ground in company with Mr. Melsted,

During the field season of 1908 the North Dakota Geological
Survey cartied on work in the castern and western portions of the
state. In the western region the detailed investigations of the coal
beds were continued and extended so far to cover those portions of
Billings county not already visited or which had not yet been com-
pleted. The party, which consisted of the State Geologist, 1. H.
Wells and H. A. Ianson, traveled northwest from Dickinson,
striking the Little Missouri river at the Short Ranch near the
mouth of Ash creek, about 25 miles north of Medora. TFrom this
point the river was followed down to the mouth of Beaver creelk,
at the northern boundary of Billings county; then Beaver creck
was followed up as far as the Montana line.

A large number of coal beds were found outcropping along the
deep valley of the latter stream, and there was much evidence
to show that this area is rich in coal. The party now went south
through Sentinel Butte to Yule, spending several days in the vi-
cinity of Bullion Dutte on the way, and then on to the mouth of
Bacon creek, near the town of Marmarth., After completing the
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work in the southern part of the county we spent a week in the
badlands lying east of the Little Missouri between the mouth of
Sand creek and the Northern Pacific Railroad, and another week
in the northeastern corner of Billings county.

The material gathered during the past summer, together with that
previously secured during several years of field work in the south-
western corner of the state, will be used in the preparation of a
detailed report on the geology and coal deposits of that section
of North Dakota. This region was selected for detailed study be-
cause ‘'of the excellent opportunity afforded in the Little Missouri
badlands for the examination of the coal beds, where these are so
- well exposed in numerous outcrops.

A very brief statement of some of the more important results of
the field work during the season of 1908 may be given here. Tt
was found that no less than 21 workable coal beds occur in
Billings county alone, not all of them occurring at any one point,
but some being found in one locality and some in another. These
21 coal beds range from four to thirty-five feet in thickness and
are distributed through from 1,000 to 1,200 feet of strata. The
aggregate thickness of the coal in these seams is 15734 feet. Some
of the individual coal beds cover large areas. Omne, with a thick-
ness varying from 5 to 16 feet, has a known extent of 20 miles in
one direction and 25 miles in another, with an area of at least 500
square miles, and probably much greater. Another seam of coal

was traced 36 miles north and south, and 24 miles east and west,
and while its known area as shown Irom outcrops is nearly 900

sauare miles, it undoubtedly has an extent of 1,000 to 1,500 square
miles. This coal bed, with a thickness ranging from 9 to 15 feet
and over, has been largely burned out or removed by erosion, but it
still underlies a number of townships. At least half a dozen coal
beds were discovered which were not before known to occur.
The lowest coal seams in the geological column, and therefore the
oldest, are those found in the vicinity of Yule, in southern Billings
county. The highest and youngest are those which appear in
Sentinel Butte and in the northern part of the county.

The discovery of the large fossil bones of the enormous land
reptiles known as the dinosaurs was another important result of
the summer’s field work. These were found in the badlands, a
few miles from the town of Marmarth, and several large hoxes of
them were shipped to the University to add to its collection. Many
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of these huge bones were buried in the clays of the region, and
some had been washed out and were lying on the surface. This
discovery is of increased interest owing to the fact that these fos-
sil bones will make it possible to determine the geological age of the
strata in which the fossils occur, the age of the formation having
been in doubt up to the present time.

The work in the eastern part of the state was in charge of the
Assistant State Geologist, Mr. John C. Barry, a graduate of the
AMassachusetts Institute of Technology, It consisted in the mapping
of the geological formations of DPembina, Cavaliecr and adjoining
portions of Walsh and Ramscy counties, and the investigation
of their natural rescurces. It was found that the northeastern part
of North Dakota can be divided, on the basis of its topographic
features, into three distinet districts, namely: the Red River Val-
lev ; the deeply dissected Pembina Mountains bordering the valley on
the west, and the high rolling prairic which forms the greater
part of Cavalier county.

The natural resources of the region consist of clay shales suitable
for making excellent brick, cement rock, sand and gravel. The
more extensive deposits of gravel and sand were located on the
map wherever they were exposed at the surface, and 1n this way
the localities where these occeur were recorded. Much additional
material regarding the cement rock was gathered, and together
with that secured the vear previous by Mr. V. J. Melsted, will be
used as the basis for a report on the cement resources of North
Dakota.

Early in September Mr. Barry made a trip to the gas field of
Bottineau county for the purpose of investigating the gas wells of
that region. Information was secured in regard to the depth, pres-
sure, number and location of wells and other features of the dis-
trict. The productive area at present appears to be confined largely
to the vicinity of the Parker Farm, 934 miles south of Westhope.
The depth below the surface of the gas-bearing sand varies from
160 to 240 feet and it doubtless lics near the base of the glacial
drift. This sand layer has a thickness of about 20 feet. Pros-
pecting is now going on with the hope of striking deep-seated and
more cxtensive reservoirs of gas, and one well is down about 1,200
feet. The pressure is reported to be sufficient to blow off at least
two million cubic feet per day. Expericnce in other states show that
these comparatively shallow  drift wells have not vielded a very
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lasting supply, the reservoirs being of no very great extent. But
further prospecting at’ greater depths is warranted by the possibil-
ity that deeper reservoirs may exist in the region. Gas is also re-
ported about six miles northwest of Mohall, where several wells
‘have been sunk.

In May of this year, I attended a conference of State Geologists,
which convened in Washington, D. C. The gathering was held at
the invitation of the Director of the United States ‘Geological Sur-
vey, for the purpose of arranging plans of co-operation between
the Federal and State Surveys, and to plan the season’s work so
that there should be as little duplication as possible. The North
Dakota Geological Survey has been co-operating with the United
States Geological Survey for several years and arrangements were
made to continue this along several lines, as in the gathering of
statistics of the production of coal, clay products, etc., and in
the collecticn of well records, the Federal Survey bearing all the
expense of this work. The conference afforded an opportunity
for meeting and discussing with the government geologists various
problems encountered in connection with the geology of this region,
and was of distinct benefit to the work of the State Geological
Survey. :

In its work during the next few years the Geological Survey
plans to continue the detailed investigations of the coal, clay and

cement deposits of the state. These resources are increasing in
value and importance with the rapid growth in population, and

theéir proper development will be hastened and assisted by the in-
formation supplied by the State Geological Survey in its reports.

In this connection it is interesting to know that a recent estimate
by one of the coal experts of the Federal Survey credits North
Dakota with having more coal than any other state in the Union,
and few people realize what this mineral wealth means to the state.

Another important line - of investigation which the Geological
Survey has taken up and will devote much attention to during the
next few years is the problem of underground water, Well records
from all over the state are being collected through the co-operation
of well drillers and -others, and these will furnish the data from
which it will be possible to tell approximately at what depth artesian
and other waters may be struck in any part of the region.

The subject of building stone is one which will receive attention
and while stone suitable for building purposes is scarce in this
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state, those localities where it does occur will be examined for the
purpose of determining the extent and quality of the rock.

As in the past years, certain areas such as a county or several
countics, will be selected for detailed study, the geology and econo-
mic resources will be investigated, the rock formations mapped,
and the materials thus secured will be used in the preparation of
reports on those districts,

A subject of the greatest practical importance to the people of the
state is that of good roads and one of the problems connected with
this is where to find the materials for the construction of such
roads. Tt is known that in various localities over our state there
are extensive deposits of gravel and sand which are suitable for
road metal As soon as the funds are available the State Geolog-
ical Survey will undertake the investigation of these road mater-
ials, including the location and mapping of such deposits, but it
cannot be done on the present small appropriation reccived for the
work of the Survev,

Tt is also exceedingly desirable that the topographic mapping by
the United States Geological Survey should be continued and
pushed in this state in order that the excellent relief maps of the
Federal Survey may include other areas in North Dakota. Many
of the states, appreciating the great value of these maps, are ap-
propriating large sums for this work and are thus co-operating
with the United States Geological Survey. The latter organization
does all the work of preparing the maps and publishes them; all
that is asked of the state heing that it shall bear half of the ex-
pense of the field work only. So far as it is able, the Federal Sur-
vey will put in a dollar for every dollar appropriated by the state.
For two vears the United States Geological Survey has done no
topographic mapping in Nerth Dakota, and if any more work of
this kind is undertaken in this region the appropriation of the State
Geoclogical Survey will need to be largely increased, so that several
thousand dollars can be set aside for this purpose. Whether the
State Survey can undertake in the near future more than one or two
of the lines of investigation outlined above will also depend on
whether the present small appropriation is substantially increased.

The North Dakota Geological Survey is acquiring by exchange
for its publications an excellent geological library made up of the
reports of the Federal and various State Surveys, as well as the
reports of a number of similar organizations in foreign countrie;
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The forthcoming Fifth Biennial Report of this Survey will coa-
tain the following papers:

“Mineral Production of North Dakota for 1907.”

“Natural Gas in North Dakota.”

“The Geology of Southwestern North Dakota With Special Ref-
erence to the Coal.”

“The Geology of Northeastern North Dakota With Special Ref-
erence to the Cement Rock.” '

The report will also contain a chapter treating in a popular way
the geology of North Dakota, intended particularly for the use of
the schools,

Respectfully submitted,
A. G. LEoNARD.
State Geologist.
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THE GEOLOGY OF SOUTHWESTERN
NORTH DAKOTA WITH SPECIAL
REFERENCE TO THE COAL

BY A. G. LEONARD.

INTRODUCTION

The area treated of in this report occupics the extreme south-
western portion of North Dakota and includes the counties of Bil-
lings and Bowman. It is therefore bordered on the south by South
Dakota, on the west by Montana, on the north by McKenzie coun-
ty, while on its castern border lie Dunn, Stark, Hettinger and Ad-
ams counties. The district has a length from north to south of 96
miles and a width varying from 38%% to 5374 miles, with a total area
of about 4,567 square miles. Dillings county alone comprises 3,100
square miles, being almost three times as large as Rhode Island,
and Bowman county has an arca of 1,167 square miles.

The region under discussion affords an exceptionally fine oppor-
tunity for the study of the coal beds, since there are abundant out-
crops along the Little Missouri and its numerous tributaries, par-
ticularly in Billings county. The river traverses the arca from
south to north and has cut a deep valley along the sides of which the
rock formations arc excellently shown. Then, again, in no other
portion of the state is there such a variety of geological forma-
tions and for this reason the district is of unusual interest. The
famous and picturesque badlands of the Little Missouri, which do
not extend far south of Billings county, occupy nearly one-third
of the area, or some 1,400 square mHles,

Until within the last few years the region has heen given almost
wholly to stock raising and has afforded a splendid range for vast
numbers of cattle and horses, but recently the farmer has taken pos-
session of much of the prairie land and is graduwally crowding out
and displacing the ranchman. -

Geological investigations of a general character have been car-
ried on in this region by a number of geologists. Among the first
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longer than this. The Little Missouri river drains nearly two-
thirds of the district and entering it near the extreme southwestern
corner flows north across its entire length. DBeaver creek, a tribu-
tary of the Little Missouri, and which joins the latter stream close
to the northern boundary, includes in its drainage basin ten of the
northwestern townships, while there is one township in the extreme
northwest corner which drains into the Yellowstone river.

The rivers which flew cast into the Missouri, the Knife, ths
Heart, the Cannon Ball and the North Fork of the Grand all have
their sources in Billings and Bowman counties and drain a strip of
territory along the eastern border. ;

The Little Missouri river, alter traversing the southiern half of the
district, changes its direction and flows nearly due cast for twelve
miles; then again making an abrupt turn it flows northwest past
Bullicn Butte and continues in a northerly direction. South of
Bullion Butte and near the point where the river changes its course
from east to northwest, two large streams cnter it from the south,
namely, Deep and Sand creeks. The former has its source thirty
miles distant in Bowman county, and the latter in White or Chalk
Butte, an:d they empty into the Little Missouri. less than a mile
apart, their combined drainage basins comprising ahout 400 square
miles.

Naming them in order {rom south to north, the following impor-
tant creeks enter the river irom the cast, above the mouth of Deep
creck: Coyote, Bacon, Indian, Cash and Spring creeks. T'rom the
west the tributaries are Big Box Elder, Little Beaver, Cannon Ball,
Horse, Bull Run and Williams creeks.

Between the mouth of Sand creek and Medora, the large creeks
entering the Little Missouri on the ecast are Third, Bear, Dance,
Davis and Sully, while on the west they are Bullion, Garner and
Andrews creeks, the last three named being the most important and
varving in length from 20 to 25 miles. Andrews creck is followed
by the Northern Pacific railroad between Medora and Sentinel Butte.

Between the railroad and the northern limits of the area the
major tributaries from the cast are Paddock, Government, Franks,
Ash, Blacktail, Whitetail and Magpie crecks; from the west they
are Knutson, Wannigan and Roosevelt creeks,

By means of these many large tributaries and numerous smallsr
ones the Little Missouri drains nearly two-thirds of the district,
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The North Fork of the Grand river flows for thirty miles near
the southern border of Bowman county and with its three tributaries,
Spring, Lightning and Buffalo creeks, drains over fifteen townships.

The North Fork and South Fork of the Cannon Ball river, which
flows east into the Missouri, have a drainage area of over 440 square
miles, their source being in the White or Chalk Butte, in south-
eastern Billings county. The headwaters of the Heart river also lie
within the district under discussion, although they only drain a nar-
row strip of country along the eastern border. Farther north some-
thing over four townships drain into the Green river, a branch of
the Heart, while in the extreme northeast corner the Knife river
takes its rise.

The northwestern part of the area is crossed by Beaver creek,

which enters from Montana and joins the Little Missouri close to
the northern boundary. Elk creek is its chief tributary and together
these two streams have a drainage basin within the district of about
nine townships. The extreme northwestern corner, including some
forty square miles, drains northwest into the Yellowstone river.
By far the greater number of streams in the area are intermittent
and are dry during a considerable portion of the year, or their chan-
nels are occupled only by scattered pools of water. During and for
several days following a rain the valleys are occupied by large creeks
or, in case of a hard storm, by raging torrents. Then after the
water has drained away the streams cease to flow and dry up wholly
or in large part. Some of the larger creeks contifue to flow through-
ott the year, as Beaver, Little Beaver, Sand and Deep creeks, while

a few of the smaller, which are fed by good sized springs, as Ash

creek, likewise have a constant flow.

The divide separating the drainage of the Missouri from that of
the Little Missouri lies only 10 to 15 miles Trom the latter stream,
but is from 100 to 120 miles west of Missouri river. It has an
abrupt slope on the west and a gradual slope on the east. This is
well shown at the head of Sully creek, eight or nine miles east of
Medora, where a line of bluffs 200 feet high forms the western slope
and on the opposite side the surface has a gentle inclingtion toward
the east. The différence in the character of the country on the op-
posite sides of the divide is even more strikingly shown at the head-
waters of Green river and Ash creek. The former stream has a
broad, shallow valley, with a relatively slight fall; the surface is

-
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rolling and occupied by farms. Ash creek, on the other hand, has
a very narrow and steep-sided valley at its source, with deep and
vertical-walled gullies in the bottom of it. The descent from the
top of the divide is over 250 feet in a little over one mile and the
creek has a steep gradient all the way to the river.

The streams on the west side of the divide, with their rapid fall
and swift current, are eroding faster than those on the opposite
slope and as a result the divide is being slowly shifted toward the
east and away irom the Little Missouri. The tributaries of the
latter river are lengthening and reaching out into new territory, and
are slowly encroaching on the headwaters of the Green river. The
divide will continue to migrate eastward until the opposite slopes
arc more nearly equal and the rate of erosion is the same on both.

TOPOGRAPHY.

TFour topographic types are represented in this region, namely,
uplands, lowlands along the stream valleys, badlands, and river ter-
races. The upland areas comprise something more than one-half of
the region and their surface is a more or less rolling plain. This is
most extensive in the southern half of the district, although in the
northern townships it occupies large tracts,

This upland plain or plateau is the result of long-continued erosion
and doubtless represents a peneplain which has been produced since
Oligocene time. Its elevation varies from 2,700 to nearly 3,200 feet
above sea level. In this plain the streams and their countless tribu-
taries have cut their channels and the region is very thoroughly
drained. Everywhere the surface is made up of slopes lcading to
some drainage course. As one rides day after day over this trecless
prairie, which stretches away in all directions as far as the eve can
reach, its vastness and boundless extent make a lasting impression
on the mind.

A conspicuous feature of this region is the high buttes which
rise from 400 to G50 feet above the plain and form prominent land-
marks which may be seen from afar. In Billings county there are
at least eight buttes which are worthy of mention by reason of their
size, namely, Sentinel, Camels Hump, Square or Flat Top, Bullion,
Black, Chalk or White, East Rainy and West Rainy. With the ex-
ception of Camels Hump and White buttes, these are all flat topped
and capped by a massive sandstone layer, which has given them their
level summits.  They are formed of nearly horizontal beds of sand

_a
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and clay which were once continuous over the entire region but
have now been largely removed by erosion, leaving these remmnants
to show the former extent and thickness of the strata. The buttes
are favorably located with reference to drainage and while the
streams and rains have washed away hundreds of feet of material -
from this entire district, these outliers have been left, although they
are themselves slowly wasting away under the ceaseless action of
running water. The thickness of the beds thus removed from ex-
tensive areas in this part of the state can not have been much less
than 1,000 feet, and it may have been more,

Sentinel Butte, which so far as known is the highest point in the
state, has an elevation of 3,300 feet above sea level and rises 650
feet apove the station of the same name, located on the plain below.
On top of the butte are the remnants of a still higher formation
which has been almost wholly removed, but which was doubtless sev-
eral hundred feet thick. A number of the tributaries of the Little
Thissouri have their source close to the base of Sentinel Butte, and
the latter is located on the divide between Beaver creek and the

- Little Missouri.

About five miles north of Sentinel Butte is Camels Hump, and
Flat Top or Square Butte lies about the same distance to the east.
Unlike most of the high buttes of the region Camels Hump has a
rounded summit.

Bullion Butte, which is located within the great bend made by
the Little Missouri, about fifteen miles south of Medora, is the larg-
est butte in the region. It has an elevation of 950 feet above the
river and from its summit all of the high buttes of the area can be
clearly seen, together with others which are more distant. FEast
Rainy and West Rainey Buttes are in the southeastern corner of
Billings county, enly a few miles from the border. Black Butte
lies eight miles north of the southern boundary of the county and
in it several tributaries of Sand and Deep creeks have their source.
White Butte, so named from the chalky whiteness of the calcareous
sands and clays forming it, is located five miles east of Black. Tt
does not have the flat top common to all the other high buttes ex-
cept Camels Hump, and it is not capped with the massive sandstone
found on them.

These ledges of sandstone capping the high buttes and varying in
thickness from fifty to a hundred feet, form vertical cliffs just be-
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low their summits, and helow these are the more gradual slopes pro-
duced by the weathering of the sandstone and shales. At the hase
of the sandstone cliffs are liuge masses of rock which have broken
off from the ledges above and accumulated in great talus piles. In
northern Bowman county are the Twin Buttes, which form con-
spicuous landmarks visible from a great distance in every dircction,

In addition to the larger buttes mentioned above there are great
numbers of low buttes 'which are commonly capped with red burnt
clay formed by the burning of lignite heds. This burnt clay or
clinker has determined the height of these smaller buttes and pro-
tected them from crosion. They are well shown in the vicimty of
sentinel Butte, where they rise from 150 to 175 fect above the sur-
rounding surface. Their uniform height is the result of the burn-
ing of the twenty-one-foot coal bed which is present in Sentinel
Dutte and the formation of the thick layer of clinker which occurs
on the top of each.

The most prominent topographic feature of the entire region
15 the valley of the Little Missouri river, which, as alrcady stated.
traverses the entire area from south to north, The character of the
valley varies so widely in different parts of its course that a descrip-
tion of one portion would not apply to another, and it will be neces-
sary therefore to discuss separately the valley as it appears in Bow-
man and Billings counties, In the former county the bhluffs rise
only about eighty feet above the river. At this elevation there are
hroad flats which stretch awayv irom the river and merge gradually
into the upland plain.  This plain back several miles from the stream
rcaches an elevation of 200 to 250 feet above the Little Missouri.
Throughout its course in Bowman county the sides of the valley are
covered with vegetation for the most part and the only outcrops
are at points where the river swings against the bluff.

The valley as it appears in Billings county presents a strong con-
trast to the foregoing. The river has here cut its gorge to a depth
below the upland plain of from 420 to 440 fect and with a width
at the hottom of from one-half to one mile. The valley consists of
an inner narrow portion and an outer wide portion. The inner
valley is hordered by bluffs which rise very abruptly from the river
to a height, in the vicinity of Medora, of 240 feet. At this elevation
broad flats or terraces occur on either side of the Little Missouri,
They have a width of from one to two or three miles and overlook-
ing them are bluffs rising quite abruptly 160 to 200 feet above the
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flats, or about 420 feet above the river. These wide flats were prob-
ably formed when the land was considerably lower than at. present
and the river, having reached base: level, meandered back and
forth over a flood plain several miles in width. The surface was
then elevated, the river gained new erosive power and bas since cut
its inner gorge to a depth of some 240 feet below the old valley bot-
tom, represented by the flats. ‘

These wide flats are especially well developed at the following

_points along the Little Missouri, beginning at the south and going

down the river. On the west side of the valley for several miles
below Little Beaver creek, where the flat has an elevation of 110
feet above the river ; in the vicinity of Yule, particularly on the west
side of the valley and below the mouth of Williams creek, the eleva-
tion being 200 feet; within the large loop made by the river where
it swings around to the east, just above the mouth of Spring creek,
and on the north side of the valley throughout its eastward course,
the elevation here being 210 feet; east of Bullion Butte, hetween
it and the river, where the flat covers six to eight square miles and
lies 930 feet above the river (Plate IV., Fig. 1) ; just north of here
on the east.side of the river, between Bear and Dance creekss the
flat having an elevation of 230 feet; just below Medora, and five
miles below that town, between Knutson and Wannigan creeks.
where the flats have an elevation of 240 feet; on the east side of
the valley about two miles below mouth of Roosevelt creek, and sev-
eral miles below this locality, across the river from Mikkelson Post
Office, the high flats in this portion of the Little Missouri having an
elevation of 280 feet above the river. (Plate III., Fig. 1.)

In some places there is not one, but two, three or even more of
these high terraces, though generally there is one which is much
more extensive and better developed than those above or below, and
it is the elevation of this main flat that is given in the preceding para-
graph, in case there was more than one at any given point.

The trench-like inner valley, which has been cut below the level
of these broad terraces, has a nearly level bottom from which rise
the almost vertical bluffs. These bare bluffs, with their horizontal
banding produced by the alternating beds of variously colored sand-
stones and- shales, rise with great abruptness from the flood plain
of the river to a height of 200 to 300 feet and over. They do not
merge gradually into the upper plain, but the same steep slopes con-
tinue clear to the top of the bluffs, so that they make-a sharp angle
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g 1. The high flat or terrace bordering the valley of the Little Missouri

near
Mikkelson.

Fig. 2.

The wvalley of the Little Missouri, showing the extensive low fat

& or ferrace
forming the wvalley bottom at the mouth of Blacktail creek,
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with the upland surface. These nearly vertical walls line either side
of the valley almost continuously except where they are broken by
a tributary valley entering the main one.

Low terraces also border the river throughout its course, the up-
per one having an elevation of about twenty feet above the average
stage of the water in the Little Missouri. In many places along the
stream these terraces form extensive low flats which were once the
flood plain of the Little Missouri, but are now high enough to escape
overflow except in unusually high water. Among the largest of
these lower flats are those occurring on cither side of the river near
the mouth of Blacktail and Whitetail creeks, the arca occupied by
these being not far from 1,200 acres. Other good sized {lats are
found at many points along the course of the valley. (Plate TIL,,
Fig. 2.)

A very marked characteristic of the Little Missouri river is its
meanders. It curves and winds back and forth across its valley,
forming numerous great loops and causing its course through the
county to be much longer than it would otherwise be. Measuring
all the hends the length of the river in Billings and Bowman counties
is approximately 175 miles, while if its channcl were straight it
would not be over 125 miles. In other words, the length of its
valley is 125 miles, while the length of the crooked channel is 175
miles. Since the stream in its meanderings strikes first one and then
the opposite bluff, it cuts the valley bottom into disconnected flats
and the road following the valley crosses the river again and again,
along several stretches it heing necessary to ford the river twenty
times in going as many miles. The meanders are particularly well
developed in the vicinity of Yule and between that place and the
southern boundary of Billings county, though thev are by no means
confined to this part of the valley. South of Dullion Butte, and on
the south side of the river, in sections 3, 10 and 11 of T. 136, R. 103,
there was formerly a large oxbow loop, but the river has cut across
the narrow neck of land within the bend and taken the shorter
course, abandoning its old channel, which is now largely filled with
sediment.

The fall of the Little Missouri river between Medora and its
junction with the Missouri 1s 520 fect, or an average fall of 314 feet
per mile.  Above NMedora the fall is considerably greater, the stream
descending 460 feet in the 70 miles between the Chicago, Milwaukee
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& St. Paul railroad crossing at Marmarth, near the southern boun-
dary of Billings county, and Medora, or an average fall of 615 feet
per mile.

The Badlands.—Bordering the Little Missouri on either side and
occupying almost one-third of the entire area, or approximately
1,400 square miles, are the famous badlands. They are not confined
entirely to that stream, but are also found along Beaver creek, Deep
creek, the Knife river and other streams. This tract of rough coun-
try along the Little Missouri has its greatest width near the northern
border of the district under discussion, where Beaver, Blacktail,
Whitetail and Magpie creeks with their many tributaries have eroded
a labyrinth of deep gorges and ravines covering a strip twenty-five
miles wide. South of here for a distance of forty miles, or as far
as the mouth of Sand creek, the badlands are from fifteen to twenty
miles in width. From this point to the southern boundary of Bill-
ings county they are not more than half as wide, while in Bowman
county they are neither so well developed nor so extensive as far-
ther north.

A word of explanation concerning the use of the term “badlands™
may be added here. The land is not bad in the sense commonly
understood by that word, for the soil is for the most part very pro-
ductive when supplied with sufficient moisture. But the badlands
are so extremely rough that they are very difficult to travel through
and are in places impassible. They are bad in the sense probably
meant by the old French term mouvaises terre, originally applied to
the region with reference to its being a land bad for the traveler.

The badlands have been produced mainly by stream erosion and
rain erosion acting on the soft clays and sands of the region.
Through the agency of running water the nearly horizontal strata
have been carved and sculptured into the infinite variety of weird
and fantastic forms so characteristic of badland scenery. The ero-
sion is greatly facilitated by the sparseness of the vegetation, the
steeper slopes being almost bare of verdure, Though the region is
one in which the rainfall is comparatively light, every shower is
highly effective in washing away the unconsolidated clays and sands.
Every slope, the sides of every butte and hill, bear the marks of the
last shower. They are grooved with countless tiny channels formed
by the rills and rivulets of water which poured down the slopes.
Many creeks enter the river and e¢ach of them has its tributaries
which are branching out and pushing back farther and farther. These
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streams have cut their way deeply into the beds of clay and sand,
thoroughly and minutely dissecting the region into a network of
canyons, gorges, ravines and gullies. The badlands extend back
from the river to the headwaters of the crecks tributary to it, and
the latter are in nwost cases so near together that the rough country
along one stream merges into that along the next stream, making a
nearly continuous strip of badlands along either side of the Little
Missouri.

In some places the change is abrupt from the upland plain to the
badlands. There are commanding points on the edge of the latter
where the view in opposite directions presents a most striking con-
trast. On the one side the eve looks out upon an indescribable
waste, a chaos of bare ridges, bluffs, buttes, mesas, domes, pinnacles
and countless strange forms carved from the soft strata of the re-
gion. (Plate [.) The scene has a strangeness and fascination so
that one turns from it with reluctance and the eve never tires of
returning to it. How different is the view presented in the opposite
dircetion where a flat, featureless plain stretches away to the horizon,
with not even a tree to break its monotony. The streams, if any are
present, have cut only shallow valleys in the plain and the few slopes
are gentle and grass covered. (DPlate IL.)

The greater part of the rain which falls upon the surface runs
off at once into the streams, causing them to rise rapidly and become
muddy torrents. Channels which have long been dry are filled by
swiftly moving floods which sweep away vast quantities of sedi-
ment and rapidly erode the soft strata of the region.

One of the effects of these rivulets of water which flow during
and shortly after a shower is the excavation of great gulches or
trenches in the bottom of the valleys. These often have a depth of
twenty to thirty feet, with vertical sides and flat bottom and they
terminate abruptly at their upper end in an overhanging bank over
which the torrent falls, rapidly undermining and cutting back the
head of the gulch. These vertical-walled and deep gulches or
miniature canyons sumk in the bottom of the valleys arc very char-
acteristic of the badlands and render travel through them so diffi-
cult.

One of the most notable features of the badlands is the bare clay
slopes in which the variously tinted strata appear as horizontal bandg
running along the faces of the bluffs and buttes. The prevailing
colors are shades of grav, vellow, brown, black and red. DBut while
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many of the slopes are bare, the surface of the region as a whole is
clothed with vegetation and [urnishes excellent pasturage for stock.

While stream erosion and rain erosion acting on the horizontal
beds of unconsolidated clay and sand are the chief factors in the
formation of the badlands, the burning out of the beds of lignite
has been of great importance in giving them their present aspect.
The burning of the coal has been going on for thousands of years
and is still in progress in many places. -Coal beds from ten to fifteen
feet thick and covering hundreds of square miles are now largely
burned out and there are few extensive tracts in the badlands where
the effects of the heat thus produced are absent. The overlying clays
and sands are burned and changed to a red color and &ften they
are completely fused to a slag-like mass. (Plate XI,, Fig. 1.} This
clinker, or “scoria’ as it is locally called, is much harder and more
resistant than the shales and sandstones of the region and often caps
the buttes, ridges and bluffs, protecting them from erosion. The
beds of clinker vary in thickness from a few feet to forty, fifty and
even a hundred feet, and with their bright red colors are conspicu-
ous features of badland scenery. In some localities, as in the vicin-
ity of Flat Top and Sentinel buttes, huge masses of fused clay cover
the slopes and form the capping layer of every butte. A thick bed
of burnt clay forms the topmost layer of the higher bluffs and ridges
along the Little Missouri from Medora to Bullion Butte, and the
same clinker bed is found along Andrews creek and Sully creek,
composing the masses seen from the railroad. The effects of the
burning out of the lignite beds are well shown where the fires are
still burning. The overlying clays settle down and form a depres-
sion nearly as deep as the thickness of the original bed of coal, at
the same time wide cracks are opened in the earth and the materials
above the coal are thus much broken and fractured. In this way a
supply of air reaches the burning lignite and it smoulders slowly
on, working its way back farther and farther as the surface settles
and new fissures are opened over the burning bed. At the same
time the clays are hardened and frequently fused, their color chang-
ing to red or pink. (Plate XI., Fig. 2.) ‘

The effects of this destruction of the lignite beds are not confined
to the badlands, and there are some extensive districts where the
topography is very largely the result of this process. Thus, in the
drainage area of Deep creek, west and southwest of Black Butte,
the surface has a peculiar hummocky character when seen from the
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Tig. 1. The Little Missouri valley at the mouth of Deep creek. In the backeround at
the right the broad upper terrace hetween Dullion Butte and the river is well shown.

Fig. 2. CGrass-covered slopes and scattered pines near the mouth of Sand creek, in
the North Dakota Forest Reserve,
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top of this butte, being thickly dotted with rounded knolls or hum-
mocks. These are fifty to sixty feet and over in height and most
of them are covered by and composed largely of masses of clinker.
They have clearly heen formed by the burning of a thick bed of
coal, as a result of which the ground settled unevenly and much of
the surface materials have heen swept away by Deep creek and its
tributaries, leaving the harder or more resistant portions behind to
form the hundreds of rounded knobs with their covering of red
burnt clay.

Elevations.—So far as known, the highest point in North Dakota
is found in Billings county. The top of Sentinel Dutte has an eleva-
tion of 3,350 feet above sea level, or 630 feet above the station of
the same name. DBullion Butte, about eighteen miles southeast of
Sentinel, rises 925 feet above the Little Missouri at the mouth of
Dullion creek, or between 3,250 and 3,300 feet above sca level. DBut
aside from these high buttes which rise hundreds of feet above the
surrounding country, the surface of the upland plain itself, which
occupies the greater part of the area, reaches a high elevation in
certain districts. It probably attains its greatest height in north-
western Bowman country, on the divide between Decep creek and
Spring creek, the latter a tributary of the North Fork of the Grand
river, and the Little Missouri. There is a large area here which is
over 3,000 feet above sea level and the station of Rhame on the
Chicago, Milwaukee & St. Paul railroad has an elevation of 3,189
feet.

Tracts of country occur on the west side of the Little Missouri,
on the divide between that stream and Beaver creek in Montana,
with elevations of 2,800 feet; and one or tweo miles west of I'ry-
burg, on the edge of the badlands, the divide is 2,800 feet above
sea level. Another high area is in northeastern Billings county,
on the divide between the Green and Little Missouri rivers. The
lowest point in the region under discussion is in the valley of the
Little Missouri at the mouth of Beaver creek, the elevation here
being approximately 2,070 fcet above sea level. This gives a dif-
ference of clevation between the lowest and highest points of nearly
1,300 feet.

The bottom of the valley of the Little Missouri at Marmarth in
southern Billings county, is 2,717 feet above sea level, or higher
than the town of Sentinel Butte, located on the upland plain forty
miles north,
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STRATIGRAPHY.

The geological formations which occur in southwestern North
Dakota helong to the upper Cretaceous and Tertiary periods of the
earth’s history. The Cretaceous rocks occupy a small area in west-
ern Bowman and southwestern Billings counties, while the Tertiary
beds have a wide distribution and form the surface rocks over the
entire region with the exception of the area just mentioned.

CRETACEOUS.
PIERRE SHALE.

The Pierre shale occupies an area five or six square miles in ex-
tent on Little Beaver creek, in northwestern Bowman county and
extending across the line into Montana. The beds are brought to
the surface by an anticlinal fold which appears to have affected a
considerable area. The anticline so well shown on the Yellowstone,
twelve miles above Glendive, if continued in the direction of the
strike of the beds (S. 38 degrees E.), would include
the Bowman county locality. Since ammonites and other
marine fossils are reported to occur at several interven-
ing points it is quite probable that the  Plerre shale
exposed on the Yellowstone and on Little Beaver creek is.brought
to the surface by the same uplift and the two areas of outcrop are
- perhaps continuous.

The Pierre shale, which is the lower member of the Montana
group, is composed mostly of bluish gray shale, becoming dark and
almost black when moist. The beds are jointed and weather into
small flaky fragments. The rock commonly shows yellow spots or
stains of iron oxide.

The top of the Pierre shale is well exposed on Little Beaver creek
from two to four miles south of the Billings county line. In the
southeast quarter of section 23, T, 132, R. 107, seventy-five feet of
this jointed shale appear in a cut bank of the creek. These top-
most beds of the Pierre contain numerous concretions of impure
lime carbonate varying in size from several inches to six and eight
feet in diameter. The calcareous concretions are very rich in fos-
sils which are characteristic of the upper part of the Pierre. The
following marine shells were collected from this locality and were
identified by Dr. T. W. Stanton:

Pyrifusus.
Anisomyon subovatus M. & H.
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Margarita nebrascensis M. & IH.
Franikora ambigwa M. & H.

Nautilus dekavi Morton.

Aporrhais biangulata N. & .
Inaceranues cripsi var. barabint Morton,
Cuspidaria moreauensis M, & .

Lucina occidentalis Morton,

Awvicula linguiformis I, & 5.

Callista deweyi M. & H.

Chiemys nebrascensis M. & H.

Leda (Yoldia) evansi M. & H.

Lucina oceidentalis var ventricosa M. & H.
Scaphites nodosus (Owen).

Dentalim gracile M. & H.

Anisomyon sp.

Pyrifusus newberryi M. & H.

Ostrea pellucida M. & .

Nucula cancellata M. & H.

Protocardia subquadrate E. & 5.

Lunatia sp.

Dentalivm sp.

Anisomyon patellifornis M. & H.
Heaminea occidentalis M. & H.
Fasciolaria (Cryptorhytis) flexicostata M. & H.
Baculites ovatus Say.

Cuspidaria ventricosa M. & H.?
Seaphites nodosus Owen var. brevis and plenus,

FOX TIILLS FORMATION.

The upper membher of the Montana group and the most recent of
the marine Cretaceous strata is the FFox Hills formation, which over-
lics the Pierre and occupies a strip of country surrounding its out-
crop, as shown on the map. The beds are somewhat lighter than
those heneath, and when weathered are buff colored. They are well
shown in outerops on Little Beaver creek opposite the mouth of
Corral creck and near the line between sections 7 and 18, T. 132,
R. 106. At the base of the section exposed at this point, and not
far above the hase of the formation, there are about 25 feet of very
finely laminated, sandy clay, composed of alternating light and darl
laminac. These contain nodules of iron pyrites and there is an
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absence of the jointing so well developed in the underlying Pierre
shale. The fossil-bearing calcareous concretions are also wanting in
these beds. Above the laminated clays occurs a ledge of vellow
sandstone eight to ten feet thick and ovetlying the latter are fifty
feet of light greenish gray sandstone. A section of these beds rest-

ing on the Pierre and exposed on Little Beaver creek-is therefore as
follows :

Feet.
Sandstone, light greenish gray, massive ................ 50
Sandstone ledge, vellow .....vvvvinn..n Slls wimss mmrmalh 8-10
Clay, sandy, finely laminated .................iv.ceu.. 20-25

At the top of this formation is an unconformity separating it from
the overlying strata. The sandstone has here been eroded and its
upper surface is undulating, while resting on it is a brown to black,
very carbonaceous and clayey sandstone. This unconformity ap-
pears at two points along Little Beaver creek, one near the southern
edge of section ¥, T. 132, R. 106, and the other near the centre of
the same section. (Plate V.) -

No fossils were found in these beds lying between the Pierre
shale and the unconformity and their reference to the Fox Hills
formation is only provisional and is based partly on their strati-
graphic position, which is similar to that of the¢ Fox Hills sand-
stone in the Iell Creek region of eastern Montana, and partly on
their resemblance to the beds of that region. They differ from the
Pierre shale on which they rest in color, in consisting largely of sand,
in their lamination, and absence of jointing. They are separated
from the overlying strata by an unconformity. These beds thus
appear to comprise a rather distinct division and for the reasons

stated above they are provisionally referred to the Fox Hills for-
mation.

. TERTIARY,
LOWER FORT UNION OR DINOSAUR-BEARING BEDS.

For many ‘years all the beds above the marine Cretaceous rocks
were regarded as belonging to a formation which has been called
by some the “Laramie,” by others the “Fort Union.” The work of
the past few years in eastern Montana and western North Dakota
has shown, however, that the Laramie probably does not occur at
all in the region and that the beds above the marine Cretaceous be-
long to the Fort Union formation.
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Fig. 1. The unconformity at the hase of the TFort
Bowman county.

ion, on Little Beaver cree

Fig. 2. The same unconformity as that shown in Tig. 1, as it appears at another
point half a mile distant, also on Little Beaver creck.
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Fig. 1. Bluff of the Little Missouri river at the mouth of Bacon creck, showing the
dinosaur-hbearing beds of the lower Fart Union.

Fig. 2. The Tepee Butte bluff of the Little Missouri, near the mouth of Deep ereek,
a84 1eet high. The contact between the light colored middle member and
the dark colored upper member of the Fort Union is well
shown toward the top of the bluff.
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The Fort Union rocks are readily separated into three members
by a marked difference in character and appearance. The entire
thickness of all three divisions is well shown in the area under dis-
cussion, which 1s especially favorable for the study of the various
members of this formation. The upper beds arc composed of rather
dark gray sandstone and shale, with many brown, ferruginous, sandy
nodules and concretions. The middle member is formed of light
ash gray and buff shales and sandstoncs, which are remarkably uni-
form in color and appearance over extensive areas. These two
divisions of the formation contain abundant plant remains of mod-
ern aspect which leave no doubt that the beds are of Fort Union
(early Eocene) age.

The lower member is composcd of the dinosaur-bearing somber
beds. These likewise contain a flora which Dr. F. H. Knowlton,
of the United States Geological Survey, regards as “beyond all ques-
tion a FFort Union flora.”™ The basal portion of these somber beds
contains large numbers of dinosaur bones and occupies the same
relative position to the formations above and below as the “Hell
Creck Beds” described by Mr. Barnum Brown.?

Associated with the dinosaur bones in the lower portion of the
somber beds plants are also found which Dr. Knowlton states are
likewise typical Iort Union species. The flora thus furnishes evid-
ence that these dinosaur-bearing beds belong to the Fort Union and
they are doubtless to he regarded as forming a part of that forma-
tion.

The somber heds cover a considerable area in southwestern Bill-
ings and western Bowman counties. They are well exposed in the
bluffs of the Little Missouri valley for twenty miles above and be-
low the point where the Chicago, Milwaukee & St. Paul railroad
crosses that river. (Plate VI, Fig. 1.) Tarther west in Montana
these beds occur along the Yellowstone between Glendive and Miles
City, and are well shown north of Miles [City, in the Hell Creelk
region. In many places they are seen to be overlain by the light
gray and buff middle member of the Fort Union. At Signal Butte
near Miles City, for example, the somber beds rise 500 feet ahove
the Yellowstone river, while resting on them and forming the upper
part of the butte are 200 feet of buff beds helonging to the middle
member.  On the Little Missouri river below Yule the same contact
between the lower and middle divisions of the Fort Union is seen,

Tn letler to the writer,
*Bull. Am. Mus. of Nat. Iist., Vol. XXTII, pp. 823-845, 1907,
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The dinosaur-bearing beds as a whole have certain distinctive
features by which they may be readily recognized. They are com-
posed mainly of alternating layers of shale and soft sandstone, and
have a notably dark and somber aspect in marked contrast to the
buff and light gray of the overlying member of the Fort Union.
The prevailing colors are dark gray, together with many brown
bands, but weathered surfaces, especially when moist, frequently
have a greenish gray -or olive color. Beds of brown, carbonaceous
clay shale are very common and conspicuous. These strata also
contain much dark brown, [erruginous material, occurring both in
thin seams and concretions, the latter being most numerous at cer-
tain horizons, and fragments of this cover the slopes in many places.
Another characteristic is the great number of sandstone concretions,
some small and others eight to ten feet in diameter, and very irregu-
lar in shape. (Plate VIIL., Fig. 1.)

No workable coal is found in the lower 300 feet or more of the
somber beds, and in some portions of the area only thin coal seams
occur throughout their entire thickness. Thus in the Pretty Butte
section there is no coal bed over two feet thick, and in those which
are present the coal is impure and mixed with clay. In the 250 feet
of strata exposed at the mouth of Bacon creek there is practically
no coal, the thickest seam being only fifteen inches, and the same is
true for all the somber sandstones and shales exposed along the
Little Missouri river from the Pretty Buttes south to the South
Dakota line. But while only thin and unworkable coal beds occur
in the lower part of this member, in the upper portion thick beds of
coal are found in many places. In the vicinity of Yule five or six
of these are present in the upper part of the formation, and the coal
on Bacon and Coyote creeks is at about the same horizon.

At their base the somber beds are separated from the underlying
formation by the unconformity already msentioned on a previous
page. At the top they are not everywhere so sharply marked off
from the overlying light colored member of the Fort Union, though
they may generally be separated by means of their marked differ-
_ence in lithologic character, including their contrast of color.

The thickness of the somber beds in southwestern North Dakota
is approximately 600 feet. In the Hell Creek region of Montana
the thickness of these sttata, including the “Hell Creek Beds” of
Mr. Barnum Brown, is 410 feet and they measure about the same
at Glendive.
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The character of this lower member of the Iort Union is shown
in the following detailed section which was measured in the Pretty
Buttes, five miles below Marmarth, on the west side of the Little
Alissourt river. [t illustrates the rapid alternation of materials in
this {formation.

Pretty Buttes Section,

Tect. Inches.

Burnt clay bed, capping the buties .................... 26
ClaS, BRIV s snie s S smmes 55 §55 o G 55 2 2
Sandstone, finc-grained, buff ... ... .. . i 2 0
SRETEL BB s o wntas Gamiie S et SRR CIR 2 9
Shale, light buff . ..o g
Shale, chocolate brown, carbonaceous ................ 2
Coal, impure and dirty ... 11
SHala, BroW o v e o o o FS@an G s v b 9
Coal, IMPUre ..o e 8
Sandstone and shale, chocolate brown, carbonaceous... 2
SAndstone, STaY ..ottt e 12
SHAlE,, BEAY vumn ms svain soais mases sy it @i S o 1
Shale, brown, carbonaceous ...t 4 3
EoHl; THPUEE tnn v o owmes Sams SR 25 s s 2
Sandstone, fine-grained, gray ...............o.oo.... 1 6

Shale, cheeldte Browil ey vemmn sivis wria s e vl 08 8
Sandstone and shale, not well exposed
Shale, brown

R
e e o 51
[<a |

Sandstone, raY .« vt e 1 3
Farth, black, carbonaceous 3
Sandstone, argillaceons, gray ... 3 7
SHEIE, PRV wun samnn s vean@s oans waes wves bving 20 D 9
Sandstone, Qray . c.e it e H 9
SHENE, SR & comoenna san on menes SR IEEE SOUMET GRS NE e 19 3
Coal, mmpure and dirty . ... ..o 11
Shale, chocolate hrown ....... ... ... i 1 2
Sandstone . ... e 10
Shals, CHACOIAE BEOW: wvamwman swwmn sviois woams mows & 1 3
Sandstone, argillaceocus ... .. .. i 3 7
Shale, brown, carbonaceous, with some coal........ ... 1
Shale, gray ... oo e 2

Caly, TRPIHTE & o sue on s svows e, w0 e e G

Sandstone, light gray ... 23
Coal, impure, with T-inch clay parting ............ 7
Shale, chocolate brown, carbonaceous ................. 2
Shale, sandy, changing in places to sandstone.......... 53
Coal and brown shale ...... ... ..o i .. 1 4
Sandstone with some clay, gray .....oooiiiiiin oo &
Shale, brown, carbonaceous ..., 1 4
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Feet. Inches.

Coal, THIBHTE . seowmn sommn sbsme i e ee. B
Shale, brown, carbonaceous ... ..c..cuvivuirniririeiinans 8
Sandstone, gray, with some shale ..........ooooiinne. 63 4
Shale, brown, carbONACEOUS +.vivereavrceacnvrieaans 1
Shile; AT o spios svmm b oo wmss s s S s 1 6
Sandstone, EIAY «ecevvsvirrnranrieeereaionaansrisinns 6
Shale, brown, carbonaceots .......ceauvveeiennaiuiunn 2 3
SANASEOIIE © vvvr s e e e et e 3
Shale; 8fay & wwiessssaes s RS SR SR 7 -5
Sandstone, gray, with limonitic concretions............ 16 6
SRATE, AV cvenin sy St ooy smive b ims st s 4 9
Shale, sandy, passing into sandstone above, gray; con-

tains numerous brown, limonific nodules....... 22
Shale, dark brown, carhbonaceous, with thin streaks of
MBOAL ¢ wenmy svenn eeRr SRERERERARIES SR S s 11
Shale, THght Gray oo ieraireeerireanes 6 10
Shale, datk gray to brown ........ ST KT 66 2 9
Shale, gray, sandy above .......... ..o R vae 5 2
Shale, brown, carbonaceouts ......coovvvieieiianninias 3 4
Clay, greenish gray .........ccoveriovvec-adeaenloe s 2 6
Sandstone, gray, with great numbers of sandstome con-
cretions and lenses . ... ieiiiaaaitiiin 13 4
Shale, brown, CAarbONACEOUS ...virrrvareneranseneinnes 2 9
Clay, greenish @ray ...c.coeeoririnnererrareaeeraenses 3
Dand; BRAY wons pemsmtamse oms e s s ox e 3 9
Shale, brown, carbonaceous, with streaks of coal....... 4 7
Shale, sandy ...oowiven ovvin o e BT SRS T 5
Unexposed £0 TIVEL . o.ieiiinrrimirraniarrnoeensns 20
460

All of the strata exposed in the above section belong to the som-
ber beds, with the exception of the upper thirty or forty feet which
are thought to belong to the middle member of the Fort Union.

The base of the section is probably nearly 200 feet above the base
of the somber beds, since the contact of these with the underlying
formation is found not far above river level seven miles south of
here, on Little Beaver creek. The northward dip of the strata car-
ries the contact below the river so that the lower portion of the
somber miember does not appear at the Pretty Buttes. These lower
beds just above the contact are well shown, however, in the buttes
and ridges back one or two miles from Little Beaver creek, where
they are seen to be composed largely of sandstone. They have
a very marked banded appearance, due to the alternation of dark
brown and gray layers.
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The dinosaur-bearing heds occur at the surface over a consid-
erable arca in southwestern Billings and western Bowman counties.
They outcrop along the Little Missouri from the great bend six
miles below Yule to the South Dakota line and extend back some
miles on either side of the river, forming the surface formation of
cighteen to twenty townships. In Billings county they extend cast
as far as the divide separating the headwaters of Bacon and Indian
creeks from those of Deep creek.

This somber member constituting the lower Fort Union has so
far yielded, according to Dr. F. H. Knowlten?, some fifty species
of plants and the list is constantly growing. As previously stated,
this flora is beyond question a TFort Union flora. The {following
species were collected mostly in the upper portion of the somber
beds, near Yule, Billings county, North Dakota:

Taxodium occidentale Newh.
Populus amblyrhyicha Ward.
Platanus Haydenii Newh.

Juglans rugosa 7 Lesq.

Hicoria antiquora {(Newb.) Kn.
Sapindus affinis Newb.

iburmon Whymperi Heer.
Trapa micrephylla Lesq. of Ward.
Cocculus Havdenianus Ward.

Near the mouth of Bacon creek, in the lower portion of the som-
ber beds and associated with the dinosaur bones, a I'icus fruit was
found. The same species 1s present in the Hell Creek beds and at
IForsyth, AMontana.

Five miles southwest of Yule, in section 16, T. 135, R. 103, a
bed of fossil oyster shells was found, containing the single species
Ostrea subtrigonalis E. & 52 Dr. Stanton considers the presence
of these fossils here as sufficient evidence that the beds are not later
than the Laramie. The shells were collected from about the same,
or a slightly higher, horizon than the one containing the Fort Union
plants, so that the testimony of the latter regarding the age of the
somber beds is not in accord with that of the shells. The evidence
of the plants as to the age of this member should probably have
greater weight on account of the considerable number of species
found in widely scattered localities.

In letter to the writer,
2Identified by Dr. T. W. Stanton.

i
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The lower portion of the somber beds contains the remains of the
great land reptiles known as dinosaurs, and the large bones of these
animals were found in considerabie numbers in the badlands at the
.mouth of Bacon creek. (Plate VII., Fig. 2.) The dinosaurs are
an extinct group of reptiles whose members varied greatly in size,
habits and appearance. Some were only three or four feet'in height
while others were of enormous size and were among the largest
land animals which ever lived on the earth, being as much as sixty
feet long. Some walked on all fours, but many had short front
legs and used only their powerful hind legs for locomotion. Some
were vegetable feeders, while others lived on animal food alone.
One of the most common and remarkable of the dinosaurs was the
clumsy and massive Triceratops, so called from its three horns.
The animal had an enormous skull which projected backwards over
the neck in a cape-like extension. It had a sharp, parrot-like beak,
a stout horn on the nose, and a pair of large, pointed horns on the
top of the head. It was this Triceratops whose remains were found
in southern Billings county, along with the bones of other dino-
saurs.

The somber beds of southwestern North Dakota have the same
relative position and are doubtless to be correlated with the “Hell
Creek Beds” of Mr. Barnum Brown, including the 100 feet of
“Lignite Beds” overlying them, which he regards as probably Fort
Union.2 In the Hell Creek region of Montana they rest unconform-
ably on the Fox Hills and are overlain by the typical, light gray and
buff member of the Fort Union. The Hell Creek beds of that area
contain the remains of many dinosaurs, among which Triceratops
is the most abundant.

The somber beds also correspond in position with part of the
“Dinosaur-bearing beds” of the Glendive region of Montana, de-
scribed by the writer In the section exposed at Iron Bluff, on
the Yellowstone river a few miles above Glendive, 350 feet of dark
shale and sandstone rest unconformably on a white, massive sand-
stone and these beds, which are barren of coal, contain Fort Union
plants.

1Tdentified by Mr. C. W. Gilmore of the Smithsonian Institution, who says, “the
larger specimen, on account of its’large size, may be -tentatively referred to the species
Triceratops horridus (2).’A fragmentary scapula was identified "as pertaining to the
genus Trachodon.

2Ryll. Am. Mus, Nat, Hist., Vol. XXIII, pp. 829-885, 1907.

sBull. Neo. 816, U. 8. Geal. surv., Pt. II, pp. 198200,

4Dr. F. H. Knowlton in letter to the writer.
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Fig. 1. Near view of the dinosaur-bearing beds of the lower Fort Union, showing
the numerous large concretions. Mouth of Bacon creek.

Tig. 2. Triceratops bones, showing one of the large horns of this dinosaur.
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These strata at Iron Bluff resemble the somber beds of the Little -
Missourt river area of North Dakota, with which they are correlat-
ed, and near Glendive Mr, Barnum Brown found in them the re-
mains of a Tf'icc'?'atopi

FORT UNION TORMATION,

The Fort Union, which is early FFocene in age, is the surface for-
mation over the greater portion of the region under discussion, cov-
ering all of Billings and Bowman counties except a few small areas,
as shown on the accompanying map. (Pate XVIIL) It is the
Fort Union also that contains the coal beds of the district.

As was stated on a previous page the beds above the marine Cre-
taceous rocks were for many years thought to belong either to the
Laramie or Fort Union formations. Recent work in North Dakota
and Montana has shown that these beds are to be referred to the
IFort Union and that the Taramie is wholly absent from the greater
portion of the region. The name Fort Union was first used by Dr.
F. V. Havden in 1861 to designate the group of strata, containing
lignite beds, in the couniry around I‘ort Union, at the
mouth of the Yellowstone river, and cxtending north into Canada
and south to old Fort Clark, on the Missouri river above Bismarck.
The Tort Union formation is known to cover extensive areas in
western North Dalkota, eastern Montana and adjoining portions of
Wryoming and Seuth Dakota.  The rocks are shales and rather
fine-grained sandstones, with beds of lignite.  They are fresh-
water deposits and contain a flora of nearly 100 specics of fossil
plants, many of which resemble those of today. Numcrous fresh
water shells, and some reptiles also occur in the formation.

Mention has already been made of the fact that the IFort Union
rocks are readily divided into three members, the lower of which
has been discussed, under the title of the “dinosaur-bearing beds.”
Tt is the middle and upper members that are described here. The
difference between them is very marked and has been observed over
an extensive area. The middle or buff division outcrops in the bluffs
of the Little Missouri river from Yule to the northern boundary
of the area under discussion, while the beds of the upper member
appear in the divides, ridges and high buttes, and are generally back
a greater or less distance from the valley of that stream.

The middle portion is composed of light ash gray and buff shales
and sandstones while the upper is formed of beds much darker in
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color, mostly a dark and somber gray, with many brown, ferrugin-
ous, sandy nodules and concretions. The contact between these
two members of the Fort Union is so clearly defined that it is readily
distinguished even at a distance and is traced without difficulty
wherever exposed to view. Over nearly one-half of Billings county
a thick coal bed, or a layer of clinker formed by the burning of the
coal, occurs just at the contact of the upper and middle series. But
even where the coal or clinker is absent the line of separation is eas-
~ily discernable. The workable beds of coal are more numerous in
the middle member of the Fort Union, there being at least ten such
beds in this portion of the formation, while the upper carries only
half as many. Petrified wood, which is so abundant in many places
in the region, appears to be much more common in the upper series,
particularly where it occurs in the form of large stumps and trunks
of trees, as in the vicinity of Sully Springs.

A comparison of the lower, somber beds with the other two mem-
bers of the Fort Union shows that the latter were deposited under
more uniform conditions and as a result the individual 1ayers are
more persistent and widespread.

The strata of the upper two divisions of the Fort Union formahon
may be seen along the Northern Pacific railroad between Fryburg
and Medora. From the former station to the siding at Scoria the
upper member is well shown in the badlands on either side, while -
between Scoria and Medora the middle member appears. The up-
per division is absent over practically all of southern Billings coun-
ty, except in the highest buttes, and is probably not present in
Bowman county.

No account of the Fort Union formation would be complete
without mention of the vast quantity of burnt clay or clinker which
forms so conspicuous a featre of this formation wherever it oc-
curs. Beds of this clinker varying from 5 or 6 feet to 40 feet and
over can be traced for mile after mile in the bluffs bordering the
stream valleys, and in the ridges and divides, while many of the
low buttes are capped with this material. The heat of the burning
coal has been sufficient to burn, and in many places to completely
fuse to slag-like masses, the overlying clay, turning it a red or
salmon pink. The term “scoria” locally applied to this burnt clay
is misleading, since it is very different from the scoria of volcanoes
and is of course entirely different in origin. Further reference will
be made to the clinker under the discussion of the coal beds.
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The character of the Fort Union formation is well shown in the
following detailed sections:

Short's Ranch Section,

This section is exposed in the steep bluff about one-fourth of a
mile below the ford at Short’s ranch, m the southeast quarter of
section 1, T. 142, R. 102.

Feet. Inches.
Shale and sandstone, buff and gray, on which rest the

somber beds of the upper series................ 17
TIHT o o s wosrss 0 00 W3R R TR ST S 1 6
Sandstone, fine-grained, contains some clay, buff and
FEAY 5 < G v i i O W SR SRS S B B e 7
C0ml v et e e e 1
Shale, gray and yellow o cwien vomv e v v w vvn o 16
Coal, impure, and with two thin clay seams........ 1
Shale: and santstine & s ey sws s cmaess whe » 17
SHalEy BEOWEL o sowmesrows s et s o - 1
Shale, Sray ¢ oiisveans stes giesy omon same vsans s 7T 6
Coal, and some brown clay ..., G
Shale, blue and yellow ..voivvoicoriindinin vine s iviun 7
Shale, brown, carbonaceous .........ooveveeviienninns 8
Sandstone with some clay ...oooviiiiiar o 6
SHALE & e e 4
Conl . . o 39000 TSN SEass SR SR DETWRE RV 8
GLES: BRI on smwsn s sms w5 sooaivasmmmivn Tmes w108 Saie 1 6
Coal ., . 500 0 ey OEeng s poe SEn R L 1
Shale, eray and vellow’ . cvesn vrmer simmns s soe e cmmones 3
Sandstene, fne, gray .uo soos. press epeeeas can B sea i 8
(ROl & e smmoms w6 SN SRR SRS SRS 45 2 8
Shale, Blue: . . oose 09558 53000 53 Dnaayasme au e sa ow T8
oAl . e e 1 8
Shale, Bliey PIESHE sy ese seven sras et i 5 6
Coal, with 6-inch clay parting 3 inches above bottom 2 6
Shale, Blie; plastie o vhwwn svass svsm weoren @ amed s 3 6
C0a] o e e e s ')
Shale. Bliley PHSHE . ovsus comen s e swsen s basa 3
C0al e e 9
Shale: BIHE e vpeun guom s e s SEenenn i v s 3
Sandstone, vellow and gray, fine-grained and laminated. pY!
ChAl = oz s =0 pos wmsen on P sus B e e e 1
Clagr; DEaR noe cooma meso Beaith o6 S W e SRenn SR i 6
Coal, with 1 inch clay parting .................. 9
Shile: DINISH BN < seomn vrmen s e s wsme mnes 4
Shale, gray and brown, with a thin streak of coal... ... 4
Sandstone, yellow and gray ..o it 3

Shale, light gray, growing sandy above................ 16
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Feet. Inches.
4

Shale, BEOWIL jaii: sieie i HEEUEEeT ey Erae des
GOl 0 v s Svrsarons A s s s il e 18
Shale, light gray, with thin streak of coal ............. 13
STAASIIRE,: BEAP svs ot svsam ovuva v, wissis w2 3
Shale, blue and yellow ......ooivevinnann vl e B 8
Sandstone, yellow and gray -ccvocviiiiniiraiiniiiranns 4
Shale, sandy and finely laminated .........cv0vvvinens 1 4
Shale, blue . ccvievinann- A R AR SRR 3
C0al v it i aieaas 3
CHY ¢ e mermy S i Y e S e e P 7
Coal . ...vvunns s e s S 6
Sandstone, growing clayey above .......oiiiiiiiiiiaen 2
Shale, bluish gray, with thin streak of coal............. 6
Bandstofe; BraAY sewviouums svees v s dod s 5
[ 7c’: | ST 1 2
SHale: S80d%; VElOW wumvsinasnss v v dsmm < s 6
Coal, with some brown ¢lay ...coviivniininnnennn 4
Shale, sandy and laminated towatrd top.......ccuvvenn. 14
Coal . ..... P S 2
Shile, @RV ssmmey o arersnne iy vansd g e 3 6
Coal and brown clay ...oqveeenneinineirrnenans 1
Sandstone, fine and Eray ...ooeeviiiiiiiiieiiaiieiiaas 1 6
Shale, BTay . ooererreee et te e .. 2
Shale, brown, with 2 to 4 inches of coal at base ...... 8
Shale, lght STAT comesimenmsmmanan osmes s s 2 8
Sandstone, gray, fine-grained, with hard ledge of rock
i near top; exposed above river .........ioiiann 14
988 38

The beds appearing in the above section all belong to the mid-
dle member. It will be noted that although there are 17 coal seams
none are of workable thickness, the thickest being only 30 inches.
But the thick bed which outcrops less than two miles above and
below the point where the section was made cannot here be far be-
low river level.

The section which follows was measured three miles east of the
previous one, in the northeast quarter of section 4, T. 142, R. 101.,
and lies wholly in the upper division of the Fort Union, its base rest-
ing on the lower member.

Section 335 miles east of Short's Ranch.

: Feet. Inches.
Sandstone and shale in alternating layers, more argil-
laceous at the base .. oo iivoiinionainins 80

Coal banid, ThIT co moves v viemam oo s vl s
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Feet. Inches.

Shaley, Samily o arebay dpet P DS S SR S & 10
Shale, DHILUMIIOUS o ov vt avre v e et i e e aerans 2
Shele, santdy i siieaos s Guoms Gray Suames s s 10

Powdery material, probably weathered, shaly coal.
Shale, gray, forming where wet a sticky mud, sandy

near middle . .. 25
Coal in two beds, the upper 1 foot, the lower 1-14
feet, scparated by 4 inches of brown shale...... 2 10
Shale, gray, with hard, concretion-like masses of same
GOLOP! & ro s swias veomrs ot Ficame SRR ST s O 55
[T ) PP 2
Shale, 5andy; ELAY we i & ovss ch omva caawe 2o st 190
(1 S r Y 1
Shale, sandy, gray, more claycy above and below...... 50
(057 DR 3 06
Sandstone and sandy, gray shale, rather coarse sand-
- stone near center, fine-grained at top and bot-
tom, with yellow bands ........... .. ..o a5
Coal o e e 1
Sandstone, clayey, bluish gray, contains irregular iron-
stone bands, rather coarse sand at base, but
grows gradually finer till at top it is a shale.. 40
Coal, TMDPUIE ttiet it e eea e eaans 1 3
Shale, wraw .o suess pye5s sl stay = 78 sty T — 7
Coal, impure .......... e et e 3
388 7

The light colored beds of the middle member of the Fort Unica
are well exposed in the river bluff at Medora, where the following
section ocecurs:

Medora Section

Feet, Inches.
Sandstone, clayey, gray and yellow, finer grained than

TOCK DelOW oot e 10
Sandstone, gray, soft, coarse-grained, massive, forms
vertical escarpment near top of bluff ......... 35
Coal and carbonaceous shale ...........oiviivinnt. 14
Shale, gray and yellow .....oviiiiiiiiiiiiiiin, T
Coal covesnss sorss ve 5EE 90 ¢ BEEVRRERETRAT R SR 5 34
L £ 52 L P G
Sandstone, clayey, fine-grained, gray ................ 5
Shale, ¥ellow .ot is i 1 6
COA] waanapsmpememns  smem s FoRam auER Sy 6
Shale, Gray eeveeiiii i iiiie s 1
Shales Sandy, SFAY ceu i smmis vvw v s swees com v 5

SHale, Eray .o 1 6
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‘ Feet. Inches.
Shale, brown, carbonaceous, with thin coal seam .... 1

Shale, gray .......coveeenn.. R S 4
Sandstone, .clayey, gray and buff, fine-grained, lam-
inated; in places forms hard ledge projecting

beyond softer clays above and below ........ 10
Shale, with some sandy streaks, gray and yellow ..... 5
Shale, brown, with plant-impressions ................ 4
6o P 1 6
Shale, gray and yellow, with sandy layers and a thin
streak of coal ... 25

Shale, sandy and passing toward the top into a hard,
compact, fine-grained, gray  sandstone, which

forms a projecting ledge ......ovvvrvnnnnnn. 34
Shale, gray and yellow ......ovivevveiiivinnnnnnnsas 5 6
Sandstone, fine-grained ...... .. i.ieiiiiienn vaenanas 2 .
Shale, gray and yellow ...... Shes S IS 4 B
Shale, sandy, gray fine-grained ..............nun.. 5
Coal streak, and brown, carbonaceous clay ...... 1-2

Sandstone and sandy clay, gray, in places the sand is
cemented into hard rock, forming a projecting

ledge . ovviviiis e e e s 7
SHalt,: BTAY s vay svivn o = a0ssmam voess s it s 1
Shale, Brown ................ R, 8
COal & csmvransss e s 5 ERLIATREEE SUER SRS 1
Shale, gray and yellow ........ TN NSRS VS eei 20
Shale, brown, carbonaceous .......coevvvvrrrenvnnenn 2
100 1 4
Shale, brown, with abundant plant remains, mostly
stem impressions ......... s M LA 1
SHale, BFAY cooeovess woven 520 90 Vevos SR SvaEs av 3
Sandstone, fine-grained and sandy shale .............. 16
BHALE « svum swvin v v soeass SV pie VAT B RN g el 4
Shale, sandy .......... ciiiiiiiiian.. e e 6
Shale, gHAY . cevwa mommn snsesvin oy N 1
07T 2
SHATE rwmwwmmns saevmmism ¢ W S8 S SRS PR TRy § 2
Coal. o i e 8
SHAIE & sumawnms copowmn & i srdRTemass § SeIe SEEER 4 3-5
Coal oo e b 11
Shale and sandstone, not well exposed, to river ...... 40
251 6

Large collections of Fort Union leaves were made from two
horizons represented in the above section, namely, 15 feet above the
8-foot coal bed and 6 feet above the 4-foot coal bed. The fossil
plants occur in a compact, hard, calcareous clay which forms lenticu-
lar masses in the softer beds.
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The beds of the upper member of the Fort Union occur in Senti-
nel Butte, where the following section appears:

Sentinel Butte Seclion.

Feet. Inches.
Clays, PalBaEBHNE oo ssmn s s Losmmgiss S s 10
Limestone alternating with calecareous clay. The lime-
stone is very compact and fine-grained, brittle,
siliceous, and gray and white in color, weath-
ering into very thin laminae. Contains fish re-

mains G TR B waEEs SRR pwnE s W vee D

Clay, very calcareous, gray weathering to greenish.... 25

Sandstone, gray, hard ... ... i 8D

Shale, sandy, gray and yellow .............cocovienn 30
Shale, brown, with thin seam of coal ................ 1 6

Shale, sandy, gray and yellow -...........ooiiiiinn, 53
[0 ) A 6

Sandstone, fine-grained, clayey .......... ... 1:

)
Shale, brown and gray, containing many selenite crystals 4
Sandstone, soft, fine-grained 1

Coal e e e 12-18
Shale, brown and carbonaceous ..........ooiieeviin.. 1
SHATE, BIHSR BFAY cx sonme sonrm aneses © aemsse s e 5 10
Sandstone, Sray . .ovvee it e 12
Shale and sandstone, not well exposed ................ 3

Coal e e . 2-6
Shale, sandy, gray .......cooiviiie v, 37
Shale, gray, Wwith 110 8a0d | i s seevn o5 sovas e 2

Coal ....ovi i i
Shale, sandy, brown at the top a
Sandstone, AME, SUAF .os bowdfai, fe o i 5w SE08 b 4
Shale, sandy, gray, containing nodules .............. 15
Sandstone, finely laminated I R - 4
Shale, sandy, gray, with ferruginous hands ............ 8
Shale, sandy, DIOWIL . ..vcieriviiiiinenrs cannenin 5 1
SHalE, TEAY o oo smman 6 e womss o8 o w5 sebon o 5

Shale, gray, sandy, containing abundant siliccous and
ferruginous nodules, arranged mostly in bands
at certain horizons; these hard nodules project
from surface of softer shale and cap small clay

COITINTIE = o vom suwnn & o us Bonien o8 55 seeiss 4
Sandstone and shale, not well exposed ...............
Coal aoge e v o 2
Unexposed to level of railroad at station of Sentinel
BUtte: sons soews svais 5 88 SUesrss § v teesh svi 190
650 2

The upper three miembers of the above section belong to the
Oligeeene formation. The 21-foot coal bed is about 50 feet above
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- the base of the upper division of the Fort Union. Dr. A, C. Peale
and Dr. F. H. Knowlton collected leaves from five horizons in Sen-
tinel Butte, all of these plants being characteristic of the Fort Union.

There is a bed of coal not far below the upper sandstone capping
the butte, which does not appear in the above section, unless it is
represented by the carbonaceous clay and coal seams 30 feet below
the thick upper sandstone. A thick layer of red burnt clay formed
by the burning of this coal shows at several points.

Tepee Butte Section.

One of the best exposures of the Fort Union beds anywhere
in the region, and that showing the greatest vertical thickness of
strata, occurs in the high, steep bluff of the Litile Missouri, which
is surmounted by the so-called Tepee Buttes. (Plate VI, Fig. 2.)
It is one and a half miles north of the mouth of Deep creek, in the
southwest quarter of section 5, T. 136, R. 102.

Feet. Inches.
Sandstone, with hard ledge at top, to top of Tepee

BRbEEE wuvm svsnies Senvived Swimiaveiae e 35
Shale, sandy, buff colored ........ccoiviiiiniiiinnn. 17 8
Goal sressprvioss N ERivyy Seavind  Tais MesesEe 4 8

Shale, ‘dark colored .. vviriiint it 10
Shale, buff .............. B oovedn EEEE o Swiieas 8 G S 4 6

Shale, datk colored ...vvvrineiiiiimniiaiin caerannen 7

'Sandstone, brown, with many ferruginous concretions. 23
Shaley Buff, BCOMPACE sovoasimms m amwmmmse v o 31 9
Shale, chocolate Brown ........oeveiien cinuienioanns 9
- 2 1
Shale, chocolate brown .......... i SR SRS 5
Shale, dark colored ......... R 14 2

Shale, chocolate BfOWN +.vuvviiiiinrinn cisvreninannnns 1
Coal oo i e e [P 6 3
Shale, light gray ... wivsieiiviiivaeiiniiias S 3 2

Sandstone ....... et e aaeat aeieaeaaean 11
Sliale; dark coloFEd ; rumvammis tow supvemees Sa desh 7. 2
oAl i e e aeee e, 2
Shale, dark coloted ... oottt i it 2 2
Shale, chocolate BIOwn . ...ceevnrniininenrninrnnnenns 1 3
COE] sormrarsmeys 28 5 SOVRIREE ¥ S EUeRERaE 7

Shale, chocolate brown .............c..cu. 1

Bed R 08l s susmvunss sfews o moessvuy S8 faws 2
Shale, chocolate brown ........covvvvnvnnn. 2

. oAl s e s SN SRR AN S e 3
Sandstone grading into shale ........................ 23 10

Shale, €arbonaceoUs ......ovviveerroinns civveninans 5
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Shale; darle BOOTEE woiw vimwn sonis v w vismssn v s sows

Shale, sandy, buff ................
Shale; chocolate BroW .« coovn evess voai ceees vosen s
Shale, sandy, buff ... . i
Shale, datk oloteld wuu svves vvvw swaviem sone wasvae w
Sandstone, fine, compact, brown .......... ...
Coal 5 5a cnamrass 5 5 poass U & eaieel SR LRI 5
Shale .. oot s
Shale, chocolate Brown . oveis o0 vt snn s vamesin sw i o
Shale, buff ... .. i s
Shale, with streaks of coal ...l
Sandstone, grading into shale ... ... .ol
Shale, and some 60al & o svwis v e it spais seaee o
Sandstone, grading into shale ......ocvviiiiiiiiia.
Conl. .. S0nis STees 28 Seies Uan o8 dils, BV5 Spam sea e
Shale, chocolate brown ... ..coiiiiiiiiininee cuvnnn
Tl e i ohwis 838 SR SEEE ANk BN sRen sweeR
Shale, chocolate Drown ......ccoiiiriiiinirerivnreans
0 R Y
Shald, CArbOHACEOUE oo wno samon o i wrmssg s s
Shale, sandy, light gray .......ceioveiviiiinreeraeann.
Shale, chocolate brown ........ciiiiiiviveirranreaene
Shale, sandy . ,...ei 555550 ST & a8 W Fe BevEs e
GOEL & camenn womss waw e e e
Shale .. com wo i Sledl 5 DGV DR IRETe SR SRR
C0al vt e e
Shale, chocolate Drown ..........coviviinivinniesrne-
GOAL s smrem v voomsms 8 cowies dREE SR LSRR
SHALE! oo srmiars smonne v 3 B BEGED 20000 B S A SRR L
CUEL & svms ey wose o mons SUeE  eRERIEESE BaEE
Shale, sandy, grading into pure shale ................
SHALE, Lcnn mmssen oot & o CoboRER 6 GRG0 ERE S e
Cioall .. sweus moass, Doas 3 Suanes S Ve e s
Shale, buff .....coviiin.n. e
Coal | .. et o5 5 50550 o 588 S0 B yaees e
SHSTE, SHIE e comes samas somnm
Shale, chocolate DEOWR o 5w i sowivve o do e v
Coal vowvn s e e - e e
Shale, chocolBte REBWIL wus wve o 4o dan i smen spwsran s &

Sandstone, argillaccous, buff ........ .. ..o

Chal oo m voass  Sooais LEmE HE  SERE SRR pReEy §
Shale, chocolate brown ......oovvin oo
Shaley safidys BUF cvwis swmvs dvn gt cpesh gveies sasdse duiass
Shale, black, carbonaceous ..........cevevviieninnnn.
Sandstone s soews weors prerirmmn U S S e
Shale, black carbonaceots .......covuiiiiiiin e
Shale: Bande s cnuowsney SRR ROEVEEGLS B e §

Feet. Inches.

OO0 s LD LD o O = = D GO

2

o

LoD =1 S LT oD 0 oD O [ el Lol et v o]

[

L3 o G0 =T S Ry S )
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Feet. Inches.
9

Shale, chocolate brown ..........ovie o.n A,
‘Shale, sandy, buff ....covoveiviiinn..s R 3 3
<Shale, BIOWIL ...viiiiie tiiiieiri i 1
Sandstone, argillaceous, buff .........coviiiiieiian 7
Sandstone, grading into shale, gray ............c00nn- 12
Shale, DU i S e S50 RER 0 SRR TaT 7.1
Sandstone, buff ........ N — 2
Sandstone, argillaceous, buff ...l 2
Shale, chocolate BIOWN . c.vvvriniivns voveineveiaainas 10
Shalg, buff ......covvvrins toiieiviiiiarrsrraaarens .2 .86
Shale, black, carbonaceous .......o.eceveeeaennaaoias "3
Shale, chocolate brown ......ovevvevirr croeeraniiionnnn 2
Shale, buff ................ R S S e 1
Shale, brown, carbonaceots ........civviiiiriirenanns 1 6
Sandstonie; Bray voaw cvvmade sen deemin wises o smes Se . 2 @
Shale, chocolate brown ......evveunee conrs AT LS 2 8
Coal wia vdion svas v S A A L A R 2 2
Shale, chocolate brown .....covvuiiiiiiiiiiiiiienene- 1
Shale, buff, sahdy o viwvemnins mans vevminsie s s 1
Sandstone, fine-grained ..........c.c0h0 ciiiieiineaann 3 3
Coal v immrnan v s s e S 2
Shale sandy, buff ....... ... e mon mem s AT 2
Sandstone; BUff v svems coint o seey i i 4 7
[0 1 4
Shale, chocolate brown ..... § S AT S SR 3
Coal i e i 6
Shale, chocolate brown ...cvvviiiiiiie viiiiiiniannn 6
00 - P 9 4
Shale, chocolate brown .......cooeeiieiiiiiiiiiiii, 2
Shale, sandy, buff ... ... eiiiiiiiis i 5
Sandstone; bull ccovorem sovis v sumamm s s o 26
08l ot e et ey 2 2
Shale;, Brown cowws oo vuoms owns  aums ok dems s s 2
[10aT- ) AP 2 B8
SHALE nnas swsivnmes vos v seves A et SREETE S-S 1
£0al vt bt iiae e 8
Shale, dark brown, carbonaceouis ........ic..vivenenns 3
Shale, sandy ..ooevriiiiiieiin tiraar it 2 6
Sandstone, grading above into clay, buff ............. 17 6
Shale, chocolate brown ......ovvt viiiiiiiiinnnnnaes 6
EOHE & svnsrvias et & RS RS S5 Toran dness 10
Shale, chocolate brown ...oovvvrvn tiveiiiinaiiinaans 6
EOAL i svimens wvn iheENELRET SR § oA 1 6
Shale, chocolate brown  .............. SRR AT B 2
CHEl sevw et s e e e 3 2
BRALE: . s 5 sy wmmas siioed S54SR SEWEG RUSEH 1
EHHL v snross moviee  DRGRCT TR SRS ST 1 8
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Feet. Inches.
e

Shale, brown and buff ... i, 200
Shale, Wark golored ..o 5, tewst s e sew s ssww W 8
SHENE, BIHE wanse e we s aewen 5 s fo o8 SemmioDe 5 u 5 8
Sandstonme, B oonas e ges S50 G et dg sen W sRL ok 45 6
Shale, sandy .............. 11
SAMASIONE; TEOWIT o1 cviin simms comy o shmans swe s sainess oo 4
Shale, dark colored ... .. i i 10

OOl i qpmes sede aan duwmn snmus 5 AFISSD SEIMED S 1 8
Sandstorie, Duff, COATSE .....vivieiieieieiniiiiiieeae 0B
Sandstone, fine-grained, to river level ................ 8 10

The upper 183 feet of the above section, or all that portion above
coal bed R, belongs to the upper member of the Fort Union.

.

These sections, taken from widely scparated localities, show that
this formation is composed of alternating beds of sandstone and
shale with occasional beds of coal. The top of the Fort Union is
formed of a rather hard sandstone 80 to 100 fect thick. This sand-
stonc appears as the topmost layer in many of the high buttes of
Billings county, as in Bullion, Sentinel, Flat Top and Black buttes.
(Plate VIII, Iig. 1.) [t forms vertical cliffs about their summits
and huge blocks and masses breaking off from time to time accumu-
late at the base of the cliffs in great talus heaps. On Sentinel
Butte and in White Butte the Oligocene beds are seen resting di-
rectly on this uppermost sandstone of the Fort Union. The base of
the middle member appears along the Little Missouri river in the
vieinity of Yule and for four or five miles below. The light colored
beds forming the middle portion of the Fort Union are here scen
resting on the dark, somber beds of the lower member.

Thickness of the Fort Union formation. The thickness of the
upper two members is not far from 1000 feet. In Sentinel and Bul-
licn buttes, where the entire thickness of the upper division occurs,
it measures about 500 fect, and the thickness of the middle portion
is approximately the same. In the Tepee Butte section 400 feet
of the middle beds are exposed above the river, and the base of the
section is believed to he not far from 100 feet above the bottom of
the light gray and buff beds. Including the dinosaur-bearing beds
the total thickness of the Fort Union is about 1600 feet.

As previously stated, the Tort Union contains a flora of nearly
400 species and a fauna comprising shells and reptiles. The fossil
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plants collected in the area under discussion were found mostly in

the middle member of the formation and came from widely scat-

tered localities. The following are a few of the species occurring
in the Fort Union beds:*

Elk creek, near the Stone ranch.

Eguisetum sp.
Mouth of Deep creek.
Viburnum Newberrianum Ward.
Vibwrnum asperum Newb. ‘

Cedar canyon, two miles southwest of Medora.

Sequoia Nordenskioldi Heer.
Populus cuneata Newb.
Ulmus planeroides Ward.
Populus Richardsoni Heer.
Populus amblyrhynche Ward.
Sapindus grandifoliolus Ward,
Viburnum antiguum (Newb.) Hol.
Populus daphnogenoides Ward.
Populus glandulifera Heer.
Planera microphylla Newh.
Carpites n. sp.
Taxodium occidentale Newb.
Diospyros brachysepala Al. Br.
Divide between Magpie creek and Knife river.
. Taxodium occidentale Newb.
Pterespermites Whitei? Ward.

T. D. ranch, at mouth of Beaver creek.
Viburnum N ewberrionum Ward,

One mile above Mikkelson.

Diospyros—may be D. ficoidea Lesq. or new.

Near mouth of Bear creek.

Populus cuneate Newh.

One mile south of McKenzie county line in bluffs of Little Missouri.
Platanus nobilis Newb. ’
Viburnum antiqguum ( Newb.) Hol.

Viburnum Whymperi? Heer.
Corylus rostrata? Ait.

Custer Trail ranch, near Medora.

Asplenium tenerum.

tIdentified by Dr. F. H. Xnowlton.
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Near the base of Black Dutte, and probably in the upper member
of the formation, Mr. Farl Douglass collected the following plants,
which were identified by Dr. I. H. Knowlton: Asplenium (a fern),
Equisetum  (horse-tail), Peopulus (poplar), Thuje (arborvitae),
Celastrus (bitter sweet) and others,

Thirteen specics of fresh water shells have been collected in the
Fort Union beds of Billings county, and these were identified by Dr.
T. W. Stanton. They comprise the following :

Near mouth of Bear creek in section 4, T. 137, R. 102,

Corbula mactriformis M & H.
Unio priscus M. & H.

Near the Moore ranch on Beaver creek, section 32, T. 144, R. 103,
Campeloma producta "White.
Iiwiparus retusus M & I
Viwiparus leal M & H.
Thawmastus limneeiforyas M. & H.

About 3 miles below Mikkelson.
Campeloma multilineeta M & H.

Near the mouth of Beaver creck.
Corbula mactriformis M. & H.
Viviparus trochiformis M. & H,
Viviparus leat M. & H.

Viviparus retisus M. & H.
Thawmastus limnaeiformis M. & I

Near old Weidman ranch on Beaver creek, section 15, T. 141,
R. 103,

Campeloma multilineara M. & H.
Campeloma producta White.
Viviparus leai M. & T1.
Viwiparus trochiformis M. & H.

Young ranch on Little Missouri river, section 22, T. 143, R. 102,
20 fect above upper coal bed.

Campeloma multilinveata M. & H.

Roosevelt’s old Elkhorn ranch, section 33, T. 144, R. 102

Sphaerium formosum M. & H.
Bulinus longrusculus M. & .
Micropyrgus minutulus M. & T,
Viwaparus trochiformis M & .
Viwtparus retusus M, & H.
Hydrobia sp.
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Section 9, T. 144, R. 102, northern Billings county.
Unio sp.
Cafmpeioma? sp.

The remains of vertebrates are rare except in the lower Fort Union-
Several years ago a few bones were discovered in this formation by
Mr. Charles Foley on the divide north of Andrews creek, in the
southwest quarter of section 8, T. 140, R. 103. In company with
Mr. Foley this locality was visited by A. C. Peale, F. H. Knowlton
and the writer, and fragments of bones were collected in a black
shale 30 feet above the base of the upper member of Fort Union.
These were identified by Mr. J. W. Gidley as the bones of fishes,
turtles, and the aquatic reptile Champsosaurus lavamiensis. What
is probably the same species was found by Mr. Barnum Brown in
the Hell Creek beds of Montana associated with dinosaurs, and also
in the overlying strata which correspond to the upper portion of the
somber beds, or lower Fort Union of this report.

WHITE RIVER FORMATION.

The beds of this formation, which belong to the Oligocene, are
confined to two small areas, one in southern Billings county in the
vicinity of Sandecreek Post Office, the other on Sentinel Butte. In
the latter locality they rest directly and conformably upon the thick
sandstone which forms the top of the Fort Union. The beds occur
only on the northern end of Sentinel Butte and their maximum
thickness is not over 40 feet. (Plate VIII, Fig. 1.) They are

“clearly the remnants left by the erosion of a thicker and more ex-
tended formation which doubtless once covered a large area in
this region. Where the strata are exposed in a low mound near the
northwestern edge of the butte they are seen to be composed of
light gray calcareous clay or marl, which contains, toward the top,
beds of a nearly white, compact limestone. This limestone breaks
readily into thin layers one-eighth to one-quarter of an inch thick,
and some of the thicker layers become siliceous toward the center,

In one of the upper beds of this limestone are found the remains
of two species of fresh water fishes. These fossil fishes were first
discovered on Sentinel Butte by Dr. C. A. White, who visited the
locality in 1882, and published an account of the deposit contain-
ing them.! They were described by E. D. Cope as belonging to
a new genus and were named by him Plioplarchus Whitei Cope and
Plioplarchus sexspinosus Cope.

1Amer. Jour. Sci., June, 1883, Third Series, Vol. XXV, pp. 411-416.
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PLATL VIII

Fig. 1. The flat summit of Sentinel Butte, showing cliffs of Fort Union sandstone
and mound of Oligocene beds resting on the sandstone,

Fig. 2. Contact of the Fort Union and White River formations in White Butte. The
thick sandstone ledge near the middle of the slope is at the top of the Fort Union.
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IFig. 1. White DBuatte, composed of Oligocene (White River) beds, southern Billings
county,

IFig. 2. Whit: River beds exposed in White Putte. southern Billings county.
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Since the fishes were not closely related to any previously de-
seribed they did not serve to indicate the age of the beds in which
they were found, but upon stratigraphic grounds Dr. White referrcd
the strata to the Green River group of the Eocene, though he was
by no means confident that this was their true position. In the light
of more recent discoveries it seems much more probable that these
beds on Sentinel Dutte belong to the 'White River division of the
Oligocene. It is now known that less than forty miles to the south-
cast are other deposits which rest directly on the upper sandstonc
of the Fort Union and which are known from their fossils to be-
long to the White River group. On the other hand, no beds of the
Green River group are found any nearcr than southwestern Wyom-
ing and it is not at all likely that they ever extended this far north
and east, while the White River beds cover considerable areas in
South Daketa and Montana.

It is strange that these beds are entirely absent from the other
high bultes of this region, although they are capped with the upper
sandstone of the Fort Union and search was made for them on
Bullien, Flat Top and Dlack buttes, The extensive erosion to which
this region has been subjected during many ages and which is
known to have removed at least from 800 to 1,000 feet of strata
over a large area, has left only a few remnants of the White River
deposits.

In the vicinity of Sandereek Dost Office, in southern Billings coun-
ty, the beds of this group cover an area from eight to ten square
miles in extent which occupies the highest part of the divide between
the headwaters of the North Fork of the Cannon Dall river, and
Deep and Sand creeks. They form the conspicuous, snow white ele-
vations, known as White Butte or Chalk Butte. (Plate IX, Tig. 1.)
Erosion has here left two narrow ridges about two miles apart, ex-
tending nearly north and south, the western three miles long and the
eastern less than two miles in length, with a general elevation of
300 to 400 feet above the surrounding plain, Three miles to the
west, on the opposite side of the valley of Sand creek, Black Butte
rises 450 feet above the creck, being capped by the same sandstone
as that forming the top of the other high buttes of the region. But
the beds of the White River group are wanting on Black Butte,
although occurring at a considerably lower level only three miles to
the cast. In White Butte they are, however, found resting directly
on the thick upper sandstone of the Ifort Union, which outcrops at

_ 5
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several points near the base of the western slope of the western ridge
and also at its northern end. (Plate VIIL, Fig. 2.) This sandstone
here dips strongly to the east so that within a distance of three miles
its dip carries it from the top of Black Butte to the hase of the ridge
on the opposite side of the valley, where it is over 200 feet lower.

The following is a general section of the White River beds as they
occur in White Butte: ' '

N

W hite Butte Section.

. Feet Inches

11. Sandstone, rather fine-grained, light greenish gray
in color, weathering into a greenish sand; to

top of White Butte ...t 105

~10. Clay, gray to light greenish color ............ 20 to 25
9. Clay, hard and compact, calcareous, light gray, al-
most white; forms hard ledges which make low
vertical cliffs towards the top of the butte, and

weathers very irregulatly .......... ... .. ... 34
8. Clay, dark gray, calcareous; the line of separation
between this clay and No. 7 is sharp and dis-
tinct, the clay being considerably darker than

the underlying sandstone ................. PR 46

Sandstone, light gray, rather coarse-grained .... 20
6. Sandstone, very coarse-grained and pebbly; in
places the pebbles are so abundant as to form a
conglomerate. Shows cross-lamination. Peb-
bles composed of quartz, silicified wood, many
varieties of igneous rock, among which por-
phyry is common, etc. Pebbles range in size

-1

up to 2 and 3 inches in diameter ................ 26
5. Clay, very light gray, slightly sandy .............. 5
4. Sandstone, light gray, very fine-grained and ar-
SHEREEHE o samca s wom s W o : 5 4
3. Clay, light gray to white, slightly darker than No.
2; contains some fine sand . .....ooiii e it 6
2. Clay, very white and pure .........coiveiinna.ns 6 6

1. Clay, white, containing some fine sanﬂ, hard and
very tough when dry; rests directly on the
sandstone of the Fort Union ................ 14 4

208 _

In No. 8 of the above section was found the skufl of an extinct
species of ruminant, Eporeodon major (?), which is found in the
Oreodon beds of the Oligocene.*

11dentified by Mr. J. W. Gidley.
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Fig. 1. The coarse sandstone of the lower memher of ths White River beds in White
Butte, showing effects of rain er .

Fig. 2. The pebhly sandstone of the lower member of the White River bheds exposed
' in White Butte.
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It will be seen from the section just given that the White River
group is here composed of white clays at the hottom, on which rest
a coarse sandstone which in places 1s filled with large pebbles; this
is overlain by about 100 feet of calcareous clays which in turn arc
overlain by more than 100 feet of fine-grained, greenish sandstone.
(Plate X, Figs. 1 and 2.)

These deposits represent all three divisions of the White River
group, the lower or Titanotherium beds, the middle or Oreodon beds,
and the upper or DProtoceras beds., In the foregoing section Nos.
1 to 7 probably belong to the lower, Nios. 8 to 10 to the middle, and
No. 11 to the upper division.

From the middle and upper horizons Mr. Earl Douglass in the
summer of 1905, collected many fossil mammals.' Among these
were the remains of many rhinoceroses, including very complete
skulls, and several three toed horses. The remains of crocodiles
were also found.  The rhinocereses helong to the species Acerath-
ertume tridactylyp Oshorn and the horses to the two species Mesohip-
pus bairdi {Leidy) and Mesofippus brachystylus?  Osborn.

It was undoubtedly this same White Butte area which was discovered
by Professor E. D. Cope in September, 1883, The discovery was an-
nounced in a letter written from Sully Springs, Dakota, and read be-
fore the American Philosophical Society.?

The following is a pertion of this letter: “T have the pleasure
to announce to you that I have within the last week discovered the
locality of a new lake of the White River epoch, at a point in this
Territory nearly 200 miles northwest of the nearest boundary of the
deposit of this age hitherto known. The heds, which are unmistak-
ably of the White River formation, consist of greenish sandstone
and sand beds of a combined thickness of about 100 feet. These
rest upon white calcareous clay, rocks, and marls of a total thickness
of 100 feet. These probably also belong to the White River epoch,
but contain no fossils, Below this deposit is a third hed of drab
clay, which swells and cracks on exposure to weather, which rests
on a thick bed of white and gray sand, more or less mixed with
gravel. This bed, with the overlying clay, probably belongs to the
Laramie period, as the beds lower in the series certainly do.

The deposit as observed does not extend over ten miles in north
and south diameter. The cast and west extent was not determinea.”

Then follows a list of 20 species of vertebrates which were col-

*Annals of the Carnegie Museum, Vol. IV, Nos. III and IV, 1808, pp. 265-271.
2Proc. Amer. Philos. Soc., 1883, Vol, 21, pp. 216-217,
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lected from this locality, including two species of fishes, tortoises

(Trionyx), rhinocergses and several Oreodons. The white calcare-
ous clay below the upper sandstone is now known to carry fossils
and the sand below this clay is also probably to be included with the
White River group, as already indicated on a previous page. Pro-
fessor Cope, in common with other geologists at that time, regarded

‘the underlying beds as belonging to the Laramie, but as already

stated, they are now on the basis of their plant remains known to
be Fort Union in age. A

Mr. Douglass in 1905 discovered another deposit of ‘White River
beds about 30 miles north and east of White Butte, in Stark county.
The area, which is known as the “Little Bad Lands,” lies some 12
to 16 miles southwest of Dickinson. All three divisions of the ‘White
River group are here present and a number of mammalian remains
were collected. The nearest White River areas to the south are those
mentioned by Professor J. E. Todd as occurring in northwestern
South Dakota in the Cave Hills and Slim Buttes. The former lo-

cality is only about 35 miles from White Butte.

These Oligocene beds are believed to be in part lake deposits and
in part river deposits. The lack of uniformity, the cross-bedding,
and the coarseness of the materials of some portions of the formation
seem to be the result of deposition through river action. Other
portions were apparently laid down in the more quiet waters of a
lake. It is not possible to determine at the present time whether the
beds of the three North Dakota areas were deposited in one large
lake covering a considerable tract in Billings and Stark counties,

‘or whether they were accumulated in several small lakes, After

their formation they were subjected to great and long continued
erosion, which has removed all but these few small remnants of the
Oligocene beds.

During the summer of 1905 Mr. Earl Douglass spent some time
in the White Butte region making collections for the Carnegie
Museum at Pittsburg. Through the kindness of Dr. W. J. Holland,
Director of the Museum, and of Mr. Douglass, the writer was allow-
ed to read the report in manuscript giving the results of the investi-
gations, and wishes to express his great appreciation of the cour-
tesy thus extended.

Mr. Douglas made a more detailed section of the White River
beds than that given on a previous page, in which he includes lists of
the mammalian remains discovered by him. This section is quoted
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from his report, soon to be published by the Carnegie Museum. It is
made from the eastern slope of the eastern portion of White Butte,
and extends from one of the lowest exposures to the base of the up-
per division of the White River group.

Middle White
River.

Section of White River Beds at IWhite Butie.

9. Gray sand, probably with a mixture of vol-

RS FEH o s s awa ws a0 s s S 6 ft.
8. Clay or other fine material . .....ovveiiuinn, 3 ft.
7. Cream colored fine sandy clay «........... U S A
G. Nodular “Oreodon beds”—clay gray to light cream-

colored on surface, darker cream-colored inside.
Nodules brownish, cellular, sometimes containing
bones, cspecially in lower portion. Beds sparingly
fossiliferous from top to bottom. Ictops, Ischy-
ramys, Palacelagus, Merycoidodon  culbertsont,
Leptomerys  evansi, Mesohippus, Hyracodon,
Aceratherinm, ele. . oo an. 35 1t

5. A bhand of rock which weathers gray on the sur-
face, becoming more nearly cream-colored toward
the top, at the base of the Oreodon beds. Some
thin lavers are very compact. Bones .black,
NEGHEBId AR ;. B, suman swmns v s ewsis 15 ft.

4¢, A mixture of hard and soft rock (siliceous clay)
weathering into tough, compact masses.

b. Tough rock with one seam containing nodules of
barite.

a. Rock, white or gray at the bottom, with imperfect
horizontal fractures or division planes...23 to 30 ft.

3. Yellowish sand with fine and coarse grains mixed
with clay and having a slightly saline (?) taste
White on weathered surfaces. When the coloring
matter and the fine clay are washed out it leaves a
very clean sand, composed principally of clear
quartz grains, which have been imperfectly rounded
by the action of wind or water.............. 80 ft.

2. Thinly and horizontally laminated clay and fine
grit, The lighter laminac are light gray, the darker

of a bluish tint. These laminae alternate irregularly
on the weathered surface: they also unconformably

overlie the brownish sand beneath. At the bottom
of a trm{gh—]ikc depression there are two or three
thin bands of iron-stained material about % inch
in thickness. In tracing this upward it was some-
times laminated and sometimes masdive., Part of it
is gray sandstone, and the structure makes it ap-
pear as if part of the mass had been deposited in
an uneven surface of the other portion. Scattered
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Lower White
River.

Another section from another locality on White Butte partly sup-
plements the one just given as it extends upward through the Up-
Tts lowest member corresponds with No. 5
of the preceding section, beginning with the top of the Titanotherium
beds and extending upward through the Oreodon and overlying

per White River beds.

over the surface of the darker gray portion are
fragments of petrified wood; rounded pebbles of
white quartz; granite; granitic rock without mica; .
gray, bluish-gray, brown, and reddish quartzite of
compact texture; and gray, brown, reddish, pur-
plish, and bluish cellular pebbles, some of which
look like volcanic material, but are mostly granular
rock, some of the crystals of which have been dis-
solved. There fragments vary in sze from that of
fine sand to large pebbles, some of which are six
inches in diameter. There are also flat, flinty frag-
ments which contain impressions of plants... 35 ft.

. Lowest exposure found at this place. A brownish-

gray ‘iron-stained; homogeneous sand with small,

brown concretionary masses. Upper surface not

level, but having depressions filled with No. 2. & ft.
Total thickness of section, 210 it.

beds as high as they are exposed at White Butte.

Section of upper portion of western ridge of White Butte.

Upper White
River.

18, Green sand, mostly unconsolidated, gray sand,

shale, and fragments of bones ............. 18 ft..

12. Green sand. Fragments of bones of Rhinoceros,

B qown swrvnonie & ponii S SESIENEY R 8 it
. Green sandstone, unequally hardened so that it
contains irregular cavities (weathered pits) and

root like rods . ...ooviiiiiian VA S - 8 ft.
10. Green sand with some nodules, gray on surface
TEAT TOP 4 4 oie vaavn snvns saih i oas i isias 38 ft.
9. Gray shale, hard in places, sometimes greenish in
color. Bones of Rhinoceros ............... 24 ft.
8. “Rubbly” sandstone in rounded egg-shaped
forms . .......... e e R BN TEREE RS o 4 ft.
7. Harder sandstone than No. 6 ............... 5 ft.

6. Fine greenish sand and clay, in one stratum

cracking vertically, Some imperfect horizontal

parting planes ........ A Bl GrOW e ue 12 it
. Green sand with sandstone concretions...... 6 1t
4, Green and gray clay shales ...........o00a0, 6 in.

. Fine gray sand, with some clay. Merycoidodonts,
Hyracodonts, Mesohippus, ‘ete. .. ooo.... .. 12 ft.
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2. Pinkish-gray clay with brown cellular nodules.

“Oreodon Beds” Ictops, Gymuwoptychus, umys,

Lsehyromas, [Palacologus, Mesohippus, Hayraco-

don, Aceratherium, Merveoidodonts, Lepto-

MErYr, el e e a2 1t

Aiddle White I. Tough sandy clay with appearance of stratification,
River. without brown nodules, but containing a few re-
maing of Merycoidodonts.  Probably belongs to

SOrpaden™ HetlZbil. « comen sl cmmus s G to 8 ft.

Total thickness of section ........... .o 163 it

Total thickness of beds at White Butte about 5320 ft

The Orcodon beds have nearly the same appearance wherever
exposed but the overlying beds are more variable, and probably no
two sections would be just alike. The Oreodon beds at White
Butte are not rich in mammalian remains, and most of the fossils
are fragmentary, though in one place three skulls with portions of
skeletons of Meryeoidodon, and a skull with part of a skeleton of
Tctops were found. In No. 3 of the last section, portions of skulls of
Meryeoidodonts were obtained but probably of different species from
that of the nodular beds. No. 5 contains many remains of #hiioc-
eroses. Two good skulls were found which have been referred to
Aceratheriuan tridactyhon.  Some fragments of bones and teeth of
reptiles and mammals, including jaws of rodents and the tooth of a
crocodile were found in No, 6, Fragments of bones were found in
most of the higher horizons.

ALLUVIAL DEPOSITS.

The youngest of the formations occurring in southwestern North
Dakota are the recent alluvial deposits of the stream vallevs. - They
are of comparatively small extent, although along the Little Alis-
sourl river and some of the larger streams extensive flats or low ter-
races are covered with sediment laid down during times of flood.
These deposits, composed of sand and sandy clay form the rich soils
of the valley bottoms. The strip of alluvium along the Little Mas-
souria varies in width from one-half to one mile and more. It is
widest where large tributary valleys join the main one.

Jillings and Bowman counties were not affected by the contin-
ental ice sheet which covered the greater portion of the state and
left hehind the drift deposits. No glacial materials are found in this
region.
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STRUCTURE.

The geological structure of the region under discussion is very
simple, the beds being nearly horizontal over most of the area and
having undergone little folding since their deposition. Reference
‘has already been made on.a previous page to the anticline which has
brought the Pierre shale to the surface in northwestern Bowman
county. ;

This anticlinal fold is probably a continuation of the one so well
shown on the Yellowstone near Glendive, the axis of which has a
trend S. 38 degrees IE. As a result of this disturbance the strata over
a large territory have been slightly tilted and given a gentle dip
toward the north and east. As might be expected, this dip is not
uniform over the entire region, but is greater in some places than
others. Thus the average dip between Marmarth and Sentinel
Butte is approximately 20 feet to the mile, while for several miles
on Little Beaver creek the dip is 50 feet per mile, and in-the vi-
cinity of Yule there is also a dip to the northeast of 50 feet to the
mile. At Marmarth ‘the base of the somber beds is not far from
2,600 feet above sea level, and at Sentinel Butte the top of the mid-
dle series of the Fort Union lies 2,340 feet ahove sea level; in other
words the same strata are nearly 850 feet lower at Sentinel Butte
than at Marmarth. From Sentinel Butte to Medora there is a dip’
toward the east of 23 feet per mile, while from Buliion Butte to
Medora the dip toward the north is 16 feet to the mile. North of
Medora the dip of the beds is considerably less, being not over 3 to
5 feet to the mile on the average, and the strata are slightly un-
dulating.

The unconformity between the Fox Hills formation and the som-
ber beds has already been mentioned in connection with those form-
ations. It is well shown at two points on Little Beaver creek, in sec-
tion 7, T. 132, R. 106. Here the massive sandstone forming the top
‘of the Fox Hills is seen to have undergone erosion before the de-
position of the brown and black, highly carbonaceous and argillace-
ous sandstone, which shows cross-limitation in places., Some of the
depressions of the former land surface have been ercded to a depth
of 6 feet below the adjoining elevations.

THE COAL DEPOSITS.
CHARACTER AND EXTENT.

Almost the entire area under discussion is undetlain by workable
beds of coal. The only districts where no coal is found are eight or
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tent townships in western Bowman county, and several town-
ships in southwestern DBillings county, where the barren
somber beds occur at the surface. Outside these restricted areas
it is probable that a hole put down in any portion of the region
would strike one or more workable coal beds.

The ILittle Missouri badlands afford exceptionally favorable op-
portunities for the study of the coal deposits on account of the great
number of outcrops, which make it possible to trace individual beds
almost continuously over extensive tracts. It is thus possible to
correlate and place in their relative positions in the vertical section
coal beds which outcrop in widely separated portions of the field.
The number of workable coal beds in scuthwestern North Dakota
is now known to he at least 21, not all of them bheing present at anv
one point, but some occurring in one locality and some in another.
They are distributed through from 1,000 to 1,300 feet of strata and
range from 4 to 35 feet in thickness. The aggregate thickness of the
coal in these 21 beds is 15714 feet.

It was formerly supposcd that the lignite beds were not of great
extent and covered but comparatively small areas, one seam thin-
ning out and being replaced by others at a different horizon. But
the detailed work of the past two vears has shown that some of
the individual coal beds cover large areas. One, with a thickness
varying ftom 5 to 16 feet, has a known extent of twenty miles in one
direction and twenty-five in another, with an area of at least 500
square miles, and probably much greater. Another bed of coal
was traced 36 miles north and south and 24 miles east and west,
and while its known area as shown from outcrops is nearly 900
square miles, it undoubtedly bas an extent of 1,000 to 1,500 square
miles. This coal bed, which had a thickness ranging from 9 to 15
feet and over, has heen largelv burned out or removed by erosion,
but still underlies a number of townships. Other beds of coal are
much less persistent and the arca covered by them is comparatively
small.

The coal beds vary in thickness from less than an inch to 35 feet.
There are at least 6 which have a thickness of 10 or more feet and
three which measure over 20 feet. The thickest is the 35-foot bad
which outereps on Sand ereek; the Dacon creck bed 1s 30 feet and
the Sentinel Butte hed is 21 fect thick. Beds of coal from 4 to 8
fcet thick are common.
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,

The coal of southwestern North Dakota, as of the rest of the
state, is mostly a brown lignite with a decidedly woody structure,
exhibiting clearly the grain of the wood and having the toughness of
that material. It breaks or splits readily along the grain but is hrok-
en with difficulty in any other direction. Portions of flattened
trunks and branches are often found in the beds, bearing a close
resemblance to the original wood except for the brown color, The
same bed is frequently more woody in some portions than others,
being made up of alternating layers of tough brown lignite, and
black,. lustrous, brittle material. ‘

In one outcrop the sandy clay under the coal was filled with the
roots of the trees which had formed the seam. These roots ran
down into the clay three or four feet and some were several inches
in diameter. They were largely changed to coal but still had the
appearance of roots. '

In many of the beds the coal is cut by one or two systems of
joints which are vertical, or nearly so, and from five or'six inches
to one foot and more apart. These joints are usually very clear cut
and regular. On exposure to the air the lignite loses part of its
moisture, begins to crack, and finally breaks up into small frag-
ments. This change takes place much more readily in the coal of
some beds than in that of others. A number of outcrops were ob-
served in which the material must have been exposed for many
months, but back several inches from the face the coal still had the
appearance of being fresh and little affected by the weather. On
the other hand, some beds after no longer period of exposure, show
the effects of weathering for a distance of several feet from the sur-
face.

Many of the coal beds have been burned out over large areas and
there are very few which have wholly escaped burning. Some were
doubtless set on- fire by man, others may have caught [rom prairie
fires, but it seems probable that spontaneous combustion has been the
chief cause.

This burning of the coal beds has doubtless been going on for
many thousands of years, ever since the erosion of the overlying
strata brought them near the surface or exposed them in the bluffs
and buttes. Once started, the fire slowly smoulders and works its
way back farther and farther from the outcrop, the overlying clays
settling down as the coal is consumed and the cracks thus opened
admitting fresh supplies or air. (Flate XI, Fig. 2.) Thus a coal
bed which is not too far below the surface may continie to burn
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Fig. 1. A mass of burnt clay or clinker formed by the burning of a thick coal hed.
Mouth of Deen creek,

TFig. 2. A burning coal bed. The surface over the coal has setiled down many feet and
ground is broken by wide cracks from which the gascs escape.
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for a long period and instances are known where beds have heen on
fire for at least twenty vears. [t seems improbable that this coal
can hurn very far back [rom the outcrop when covered by any con-
siderable thickness of shale or sandstone, for after the coal has been
consumed these would settle down and oceupy its place, thus shut-
ting off the air and smothering the fire. It seems likely, therefore,
that those beds of lignite which have burned out over many square
miles must have heen near the surface, as we find them today,
when they were heing consumed.

The heat thus produced has changed the overlying clays, and cither
burned them to a red or pink clinker, or entirely fused them into
slag-like masses. These clinker beds often have a thickness of forty
to fifty feet and over and are a very conspicuous feature not only
of the badlands, but of the upland prairie as well.  In some instances
where two coal beds are not over thirty or forty feet apart the
clinker produced by each may form but a single layer, the entire
thickness of intervening clavs being burned. (Plate XL, Tig. 1.)

ANALYSES.

The following analyses show the composition of the brown lignite
of North Dakota. The analyses were made under the supervision
of N. W. Lord at the fuel-testing plant of the United States Geologi-
cal Survey at St. Louis by F. M. Stanton, Chief Chemist:

l

\ No. 2 | No.3 | No. 4

‘. ! |

| |
MO oot ee i ie e | 29.78 \ a%.45 | 28.00
Volatile combustible .............. | 32.31 | 28.02 37.78
Fimed carbol - is o vvss svme  semwm & \ .35 27.84 T.86
AN o | | 6.56 ‘ 5.60 | 6.27
BABHALE o s svswse e | | 8RO A 2

| 1 | |
No. 1. The 35-foot bed on Sand creck, section 31, T. 135, R. 101, Bil-
lings county.
No. 2. The 21-foot bed in Sentinel Butte.
No. 3. The 3-foot bed mined at Medora.
No. 4. Near Cartwright, McKenzie county.

Both ultimate and proximate analyses were made of the coal from
three North Dakota mines with the following results:?

Brown lignite from Lehigh mine, Consolidated Coal Company,
Lehigh. This sample consisted of run of mine, and was shipped
under the supervision of M. R. Campbell, of the United States

1Rull. No.290. U. S. Geol. Surv., pp. 135—139.
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Geological Survey. Two mine samples were taken at widely sep-
arated points in the mine for chemical analysis.

s Car
Mine samples sample
Ir-drying 108S . .evivieis maeeiieiien 35.60 |  33.90 10.40
‘3 "Moisture ...................... 42.06 42 .81 32.64
2 Volatile matter .:...... .cocuunn. 24 .55 26.84 29.19
% | Fixed carbon ............. ... 25.73 23.03 26.75
LR R 7.66 -6.42 11.42
[ SUIPHIE  wiws conis 5 o ot smass 1.13 .96 3.54
8 V' Hydrogen ..ovvvve vuvvvvnnnnnan | e L e : . 68.15
g4 Carbon ..l......... ... S O 39.53
'E | Nitrogen ......covevee vevunnnnnn S | S e .49
2 | DRVEen & suwus smaes 5 e oveEsne | i oee s 38.87
Calorific value determined:
CalOFIE . compenas, b s dms 2L | swses 3872
British thetmal units ............ 6158 | ..... 6970

Brown lignite from mouth of Cedar Coulee, four miles southeast
of Williston,. furnished by the engineers of the United States Re-
clamation Service. This sample consisted of run-of-mine coal.
Mine sample was taken from this mine for chemical analysis.

Mine Car
- sample sample
BAPEAE VNG 1088 wvwms capvarmnes  snvmssimese e ey e 33.10 17.30
B T MOISHITE opsmons snmmmmmms ol amemsims 41,13 36.13
£ 4' Volatile matter ........... Sevrans e e 27.17 29,93
0 Fixed carbon ....vvviiiin ciiiiiiiiiiie e 26.34 29.55
B L % Agh wovainr eveip v pesEes BT IRE TR R 5.36 5.04
[ { Sulphur ............. IR AR S 12 .59
B | HArogen: e sesemvmins » 5 onans evies iass 6 | v 8.60
£4Carhon ..iiiiiiiiinn s e s Y| e 42.00
S| NIrOZEN v vvviiiineiriins cmmvecnnennnnnnnne | venes .78
2 LORygen o5 rvous et S50 il et fbes femen | e 45.04
Calorific value determined:
CAlOTIES  wowun wommtmmmns 3 e dointes Sebuses 4 s 1 3603 4070
British thermal units ......ooiiiiieniinnanan., 6485 7326

Brown lignite from the (Wilton mine, Washburn Lignite Coal
Company, ‘one mile east of Wilton. This sample was made up of
lump lignite and was shipped under the supervision of M. R. Camp-
bell, of the United State (Geological Survey. The mine samples
were taken at widely separated points in the mine for chemical
analysis.
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| :

‘ Mine samples | Sa?l?ll)le

| \ |
Airdrying 1088 «ooeverroeeeeee | 3230 | 3350 | 12.70
2 [ Malstilre susawss ssonn wwes see | 40.53 | 41.88 | 35.96
£ ! Volatile matter ....o.ovevviononns | 27.05 | 26.11 41.92
%7 Fixed carbon \ 27,587 26.73 24 .37
2 Lo ABH w sres e e susem s s | 5.00 5.28 7.75H
{t Sulphur .......... e | i 06 1.15
g | Hydrogen ............ ..ooevnnn | e e v w | 6.54
B < Carbom w swwses svesn w5 yeaswon o I s am | — 41.43
£ | Nitrogen ............ s v wamien | s i ..... 1.21
B | OPRTEBN w wprwcics w0 g, & i snbi T 41.92

Calorific value determined: ‘ }

Calories ...ooeeeno.. .. e 3691 | s 3927
British thermal units .............. { (644 ‘ ..... 7068

The test of North Dakota lignite made at the Fuel Testing Plant
of the United State Geological Survey at St. Touis to determine its
value as a gas-praducer fuel showed that it would be an ideal
fuel for this purpose but for its tendency to clinker. It yielded a
rich gas and not very much tar.

DETAILED DESCRIPTION OF THE COAIL BEDS.

For the purpose of description the coal beds of the region may for
convenience be divided into groups and these will be considered in
the order of their occurrence from the lowest (oldest) to the high-
est (youngest). There are five such groups, namely, (1) the Yule
group, (2) Great Bend group, (3) Medora group, (4) Beaver Creek
group, and (5) Sentinel Butte group. (Plate XIL.) Since the
older beds occur in the scuthern part of Billings county, our descrip-
tion will begin with that district.

YULE GROUT OF COAL BEDS,

The coal beds belonging to this group are found in the vicinity of
Yule, and are also exposed farther south on Bacon and Coyote
creeks.  All the beds included in this group occur in the somber
beds formuing the lower member of the Tort Union formation.

Tn following down the Little Missouri river from the southern
boundary of the area no coal is found until two or three miles below
the mouth of Cash creck. Here, in the southwest quarter of section
34, T, 135, R. 103, a coal bed (A) five feet thick outcrops in the
steep bluff of the river, 65 feet above water level. So far as known
i{his is the lowest workable bed outcropping anywhere in the region.
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About two miles west of here the following section is exposed in
some high buttes and ridges in the west half of section 32, T. 135,
R. 105.

4 Feet Incﬁes
Clinker layer formed by burning of a coal bed........

Shale and sandstone, mostly light gray and buff ..., .. 85
Coal, with 6-inch clay seam one foot below top .. & 6
Shale and sandstone .....coviniiiiiiiiinianans. ——— 125
CTH] 5 s s apedomng s RIS AR 4 8-
Shale and sandstone, $0 TIVEE . ...eueiiveiiinniarninas 130

The upper of the three coal beds represented in the above section
has been largely burned out in this vicinity and no measurement of
it could be secured. The lower bed may be the same that outcrops
two miles east of here, but this was not definitely determined.

Three miles below the mouth of Cannon Ball creek, in section 16,
T. 135, R. 105, no less than seven workable coal beds are exposed
on the west side of the Little Missouri river. The section here is

as follows:
Feet Inches -

OBl cunnn sevvcmmnes ¢ o5 we SRGRRSS, ST RIGE 5 4 8
Shale, with 8-inch coal seam ......covvvivirinnrrnnnns 6 8
C0AL v sposs pram s aPeanEn  NaEVEEEEE ¢ wrenae o 4 3
Shale and sandstone ........covve vivirriiiennn S s s 75
Bed B GOl srunn soouvamas ovs s s Suehiagss B8to 9,
Shale and sandstone ........cceeiiiiiiiiiiiiniiineenns 40
S R s | T 3
Shale and sandstofie .......cvvniiiiiiriiiieanens 20 to 30
Bed. B €oal s sowms sewiin shae vnaws ssie o es 2 to 4
Shale and sandstone ... ....voiereriiiienineeronenenans 12
Bed Co Coal, vuns svaws 5 wu smwsn annes ovassmes 8 to 10
Shale and sandstone .........ciiiiiiianiiiian 10 to 20
© Bed B Goal iewess siies s ess seise e dia R 6
Shale and sandstone, to river level .................. 50

" Coal bed B of the above section does not appear in the river bluffs
below this point and probably dips below water level near here.
The upper two coal beds were not seen elsewhere and are too high
. to appear in the bluffs bordering the valley of the Little Missouri.
The four remaining coal beds exposed in the foregoing section,
namely, beds C, D, E and T, appear at a number of points along the
tiver between section 16 and Yule. Thus bed C, which in most
places has a thickness of ten feet, outcrops near water level in the
southeast quarter of section 15, the southwest quarter of section 11,
and the northeast quarter of section 12, all these outcrops being on
the east (or south) side of the river in T. 135, R. 105. Where ex-



NORTH DAKOTA GEOLOGICAL SURVEY

PLATE XII

/7 p—— COAL TN
hﬂcom_ i
UPPER <
FORT UNION
Dark gray shaoles } SENTINEL BUTTE
and sendsfones GROUR
coaL s
k coa R
"
_ccw. Qo_
oAL P
BEAVER CREEK
GROUR
coaL ©
coaL ~ _J
B
coar m
s
FORT UNION :
Suffana‘ light qray shales
and sandsfones COAL /0
coaL o
| &
| 1
‘ CoAL
l CoAL H k GREAT BEND
‘ a GROUF
L coAL G
o
€ <
\ coAL _F
’\
LOWER | g
COAL E
FORT UNION : YULE
04 b : GROUFRP
noesaur- E’Dflﬂ? lcoas ©
Sember beds
coaL ¢
coaL 8
g coae a
Generalized vertical section
showing position end grouping of coal beds

Vertical scale

] 50 1o Feel

e —

The entire thickness of the Upper and Lower Fort Union is not shown, only the coal-

bearing portions are included in the section.
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posed in section 12 the hottom of the coal is below water level and
the dip of the heds carries this coal under the river, s that bed C
is not exposed below this peint.  On the west side of the river, in
the northeast quarter of section 10, T. 135, R. 103, the same ten-
foot coal bed (C) occurs at an elevation of fty feet above the river
and outcrops at various points for over a mile along the valley of
Deer creek, which enters the river at this point.  The coal in bed C
is of good quality and contains no clay seams.

Beds D and K appear in the river blulls almost continuously as. far
as the mouth of Bull Run creek, in section 36, T. 136, R. 105. Coal
bed TM appears at scveral points where the bluffs are high enough to
reach that horizon, but south of Yule it has been largely removed
by erosion over extensive areas. At the sharp bend one mile south
of Yule, in the southeast quarter of section 36, T. 136, R. 105, this
bed is well shown toward the top of the river bluffs. In some places
the coal is overlain by one to ten feet of clay. on which rest twenty-
five to thirty-five feet of sand and gravel. In other places the gravel,
locally hardened into a conglomerate lies directly on the coal.

At Yule, in the bluffs of Williams creek, in section 25, T. 1386,
R. 105, and section 30, T. 136, R. 104, the coal hed ¥ occurs at an
clevation of 110 feet above the river and is six feet thick. It ex-
tends up Williams creck four or five miles and is exposed 1n section
16, T. 136, R. 105, where it has the same thickness.

The beds in the vicinity of Yule have a marked dip to the north-
east and this carries the coal beds down toward river level. Where
the bed I appears in the steep bluff on the east side of the river, in
section 29, T, 136, R. 104, it is eight feet thick and only forty feet
ahove the river., The same bed is well exposed one mile northeast,
in the southwest quarter of section 21, where the following section
is found:

Feet Tnches

Clay P T
0]l o sncesvevs e @ eI RN WIS RRER BNUE 15
Clay. brown, carbonaceous ........ ..o.oevinienannnn 9
Coal, with one-inch clay seam 5 feet 0 inches above
bottom e PR S .
Sand and clay, to river ........... 43

This hed again outerops one and a half miles below here, in sec-
tion 17. TIn the southern part of the section seven feet of coal are
exposed above water level, but half a mile below this coal bed F
disappears below the bed of the river and is not again seen.
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The somber heds are well exposed on Bacon creek, near the south-
ern border of Billings county, and the thick bed of coal outcropping’
on the latter creek occurs in these strata. The coal is exposed at
the T Cross ranch, in the southern part of section 20, T. 133, R, 104,
where it has a thickness of twenty-eight feet above the creek bed
and the total thickness is said to be thirty feet.

About seven miles south of here, on Coyote creek in Bowman
county, in section 30, T. 182, R. 104, what is probably the same bed
is found. Only twelve feet of coal are exposed at this point, the
lower portion being covered by talus and deposit from the creek.
Three miles west of the above outcrop a bed five feet six inches thick
appears along the creek. The coal bed exposed on Bacon and
Coyote crecks lies well toward the top of the somber beds and it is
perhaps to be correlated with bed T, but this could not be deter-
mined with any degree of certainty.

THE GREAT BEND GROUP.

The coal beds of this group occur along the Little Missouri river
from the vicinity Yule to the north line of township 138, one mile
above the mouth of Garner creek, although all the beds of the group
do not extend the entire distance of néarly thirty miles. They are
also found on Deep, Sand, Bullion and other creeks emptying into
the river along this portion of its course. This group of beds lies
in the lower 150 feet of the light colored, middle, division of the
Fort Union, and just above.the somber beds which contain the Yule
‘group.

Two miles east of Yule, on the east side of the river, in sections
21 and 28, T. 136, R. 104, two thick beds of coal occur in the upper
strata exposed here, the section being as follows:

3

‘ Feet Inches

Bed 1: Coal at 200 feet above river ......... . 8 to 10
Shale and sandstone ... . .o oiiii i 35 to 40
Bed H ¥ CHEL s oy svosindin v o somesiammiig 5% to 7
Shale and sandstone, 10 TIVET ....cvirerevansans oo 160

The lower of these two beds, H, outcrops below here in the north-
east quarter of section 17,.and the northeast quarter of section 9, of
the same township and range. Several miles farther down the
river, on the north side, in the northeast quarter of section 1, T. 136,
R. 104, the following beds are exposed:
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Feet Inches

[ VEHEL « o v wamis o s e o s e e s - 8
| Clay 14
Bed 1 4 Coal 2 4
! Clay . ..ooiv .. e e B
Lol & sowon soisns mvavn oo s T 1
Shale and sandstone . ...t 35
Béd TTz €851 © cones vv o sivis svmua oo v een siass v o B
Shale and sandstone 70
Bed G: Coal, overlain by brown clay ............ 4 6

The two upper beds, H and I, appear again m section 5, T. 136,
R. 103, where the upper is five feet thick and the lower six and a half
feet. All three beds of this group are exposed in the blufl on the
north side of the river in section 3, T. 136, R. 103, across from the
J. H. Follis ranch. The section here is as follows:

Feet Inches

Bed T% G0l zems vvems o oo w0 o ieme it 15 g8 8
Shtle aid SOTSIREE swewe comim e smares s e weses e S0

B T8 d@0Al svews sooms v 558 5 8 GoiE wa e, vl aess 5 2
Shile #od OB o cme av ovmes cus 5 ovmmeses o goees 00

Bed 0k T8l sov o8, o8 5505 88 uwursomn wrsomsems 5o 1t g 5 6
Shale and sandstone ... .. 30

These heds are again exposed three miles below, in the east half
of scetion 1, T. 136, R. 103, where, across from the Tyler ranch,
the following section is well shown:

Feet Inches
Shale and sandstone ..........c..oiiiiiiiiiiii., 25

EHE s sosims memn  sos meconen sm S N S W URR HETSE SH 1 6
BUETe v voienn STL R G MR DR B B EERE ot e st 9
Bad Ly B0 s v aosemmomeme s s o iumss S e 2 11 6
Shdler svats pueng ¥ SUREN DEREY  BRE Sreig 50 e masmm s 4 G
Bed H: Coal 5 4
SANdStone srsssovaiea¥s & TESE SEEEY Bud 53 Sl s s T 8
Coal o e e 1 2
SHALE i svwms st 505§ 5 08 GURTEEEN § 8 Maind 55 et senoa o T 6
Bed G: Coal ... e 6 10
Unexposed to river, about ... iii i, T

Omne-half mile north of this section and on the opposite side of
the river only two coal beds occur, beds H and T having apparently
become one by the thinning out of the intervening clay. The sce-
tion here, near the north line of section 1, T. 136, R, 103, is as
follows:

iy
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TFeet Inches

[757:1 AN DD PUPIPP P g 2
Shale and sandstone .....vvviirans ceiiririiae e . 20
Beds H and I: Coal ..ooviiviiiriiniennnrnennnsns 17 6
L0 T 1
CHEL von smvin smnsss sivsmmeamos s maio S 3 1 3
CIAY veeieeeriins maeinie s e 3 8
EOA]  comman peasi e s A m SO s § 2
0 F S T R P R 4 9
THAT 5o samin  dwans ovmmes volis  Sive wioisi Semins 3
[ O R R I 20
EBA] s seimsosm sas S Gt e o 8
Clay, browit, carbONACEOUS ....eevueeiresrrenviases A
Bed G: Coal «.cvviiiiiiiiinniinaen canes fo saime T
Shale and sandstone, tO TIVEr ....eeevicorascisinanees 35

One mile southeast, in the southwest quarter of section 6, T. 136.
R. 102, the three coal beds are present, though the upper one, L

has been burned out in the face of the bluff. The section here is:
Feet Inches

Clinker formed by burning of coal bed T ......oovve.

Shale, buff ...ooriiiinrs viiriisienia i 30
Bed H: Coal ...ovvieiivnannn, P R T 5 6

GRAlE e iirieait heeeeibiaae ameeeaeiesaaeaanas 10
Bed G: Coal ....... T 7 8

Shale and sandstone, to TIVET .....vveveemvecerisnaass 75

One mile east, in the lower part of the Tepee Butte section, given
on a previous page, the three coal beds each contain clay seams as

shown in the following section:
’ Feet Inches

[ o7 (R SN - e e 1 4
CIAY o s wnnion & 5 o aisven smsvniiniesss 3
Bad T 008, s v wmmns 3 Bl s DUSEE  mamis wgs 6
CIA e wideidegys ¥ Ao SRS o 6
Cal o s susmsls 5 g, FEE EEE @ s v 9 4
Sandstone and shale ......oiviiiriiiiiiiiaii i 3
( Coal ..... e B, L SRS BE M e 2 2
Bad H d CHEF sunn dewss ssmes mo sosice s i st 2
A C0AL s somiments S omee § BESMEEY Bag o 2 8
Sandstone and shale .. ....oiiiiiiiiiiiiii s 22
Coal. voeiilie hdes i Eams e GE g e st 10
AR sy v owrwrmn moe vommonis weges AT ypmer o 6
Cial i s T840 §0 SEESFETRE  Sigvam e 1 6
Bed G4 Clay ...oooviiviniinn vianins e 2
oAl e il 200 PNOSHE RN ReansRgR 3 2
’ GBI wosmmnsie wesmoems mmsmonmn e sl 1
b Coal . st b 5 Sesiame o svsuagen 1 8
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A little over one and a half miles southeast of the above section,
in the southwest quarter of section 9, T. 134, R. 102, and opposite
the mouth of Sand creek, only the two upper coal heds appear.
While the lower bed, G, may be present, it does not outcrop, since
the strata forming the lower part of the bluff are largely unexposed.

Feet Inches
Bed T: Coal with 89-inch scam 5 fcet above base.. 21 6

Shale ..., e e 22
Bed H: Coal, with 8-inch clay parting 13 inches
Below 10D i e 6 10
Shale and sand, mostly unexposed, to river ......... 105

Tt will be seen from the foregoing sections that there are three
workable coal beds outcropping in the bluffs of the Little Missouri
river for ten miles above the mouth of Sand creek, the upper (I)
being the thickest and varying from nine to twenty-one feet.

Bed H is exposed two and onc-half miles below the mouth of
Sand creek, in the northwest corner of section 11, T. 136, R. 102.
The upper bed, I, is here represented by a layer of clinker formed
by its burning, and fourteen feet below is the bed H, which shows
the following section:

Teet Inches

Coal with 2-inch clay parting 2 feet below top .... 7 4
LA o wvremss ssveows womin et 4 S0 cWEN NS DUEYPR RIE 2 2 4
Coal oo e 9
I oes s o orwin somees w2 LTEREN W GAERE GEEEA DA 303
Coal ... i . 32
i T g B RS T % SRR A 2
Coal ... o P R

In section 2, about one-half mile below, in the bluff of the Little
Missouri, the upper coal bed, I, lies 135 fcet above the river and
measures 11 feet 4 inches in thickness, while forty feet below is
the bed H, which is 5 feet 4 inches thick.  These same beds appear
in the following section, which is found on the west side of the
valley in the northeast quarter of section 36, T. 137, R. 102:

Feet Inches
Sandstone, fine-grained, argillaceous, to top of bluff. 20

CHEL 5 v svmramn s wmam ST YEVTE G BT
Sandstone, fine-grained, argillaceous ................ T 7
Coal .o 1
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CHBAT =0 cvmme s o Dol By N seme wosien s 3
CIEF o onsn smmsisn o i st S Dy e nys 3 1
( Coall oo opemy topss g5 5 290 o SoEsE Do 14
CUASE s s s wh 8 widpms S TSR 34
Bed 14 Coal R T R PG 4 ee m wweas 10 6
AT« amdimann 5 o i 008 eomion i saoidon Sovessn » 2
L Clal e o e oo & BTSSR SRS € a 1
Shale woiins o svemmelmn . met Soan G S8 eReHs S L 33
Bad. Bt Goal v oo sl (A0 S8 0m dumy 3 8
. Unexposed to river ........... B NS S —— 24

Coal bed H does not appear in the bluffs of the Little Missouri
below this point, since the dip of the strata carries it below river
level, and only one thick bed of coal (I) is present. But the beds of
this group occur on Third, Second and Sand creeks, where thete are
many outcrops.

All three beds of the Great Bend group appear on Third creek.
The presence of the upper bed, I, is made known largely by the
layer of clinker formed by its burning along the outcrop, this clinker
horizon being traceable for many miles up the creek. The middle
bed, H, outcrops in sections 33 and 35, T. 137, R. 101. In the
former locality the section of the bed is as follows:

Feet Inches

Feet Inches

CIOAT o serornns S is PEETEEE 5% REAS i SReTmmE & 8 3
Clay ... G650 Ses dsey  Sopegesmasns & B feaws 2
CORL e eieies eieiiiae e 2

- The lower of the three- coal beds, G, is well exposed in the cut
bank on Third creek, in section 4, T. 136, R. 101, where the follow-
mg section appears:

Feet Inches

SHAlE .ot ierne i arna e e areaare eeaaaeaes 15-50
Coal s ssneivsvs adwimumsnan: » welis e L. TU4-8L4
BhAlE v vt v e e e e 810
COAL ooy s Somaw meastis R SRS 10
SHATE ot vomiwr wmrimis s sigesiaigone smeney von Biae S BB 3
Coal smwais & ssvsasin s s ol S - S




STATE OF NORTII DAKOTA 85

The three coal beds in the above section are considered as be-
longing to a single horizon (G), and they lie from thirty to forty
feet below the middle coal bed of the group.

Second creck empties into the I.ittle Missouri river two miles
below the mouth of Sand creek and thick beds of coal are well ex-
‘posed in the valley. In a ravine tributary to the main valley, in
the northwest quarter of section 12, T, 136, R. 102, the following
section appears:

Feet Inches
BET Tl EOHL s vn s vvsans v o s st sisiin e 1 12 3
S T R g e PR CTIC PR .. | [

One-half mile south of here in the southwest quarter of section
12, T. 136, R. 102, at the J. D. Russell ranch, the lower of the beds
oceurring in the above section is well shown and is here represented
by three coal beds, as follows:

Fect Inches

Shale .6 eisns s SR B B AN SRS S S 10
(an!, with 2-inch clay parting 5 feet be-
| 16w HEB woemn cnswn saman e ovs o eoswess 9h 8
5 ClAY s o s me sne RS
Bed B3 o . 38
‘Clay s v e e w3 LSRR ¥E 11 6
| Coal, exposed above creek ........coouen T

Tt will be noted that the total thickness of the coal exposed in the
above section is 82 feet 4 inches. The twenty-one-foot coal bed
outcrops along Second creck for over a mile above this point.

One-half mile east of* Mr. Russell’s house, in the southeast quar-
ter of section 12, the upper coal bed (1), which is twenty-four feet
above that just given, is well shown as follows:

7 Teet Inches

Shale, Safllly o cpass susse s s P PHSSEN FENER MR 10
[ COBL pus smmmr wsmnn s ows g masen B8 G0 S 7T 6
1 Glag soveas s P S WA RIS S 3
: o (PSRRI T 12
E Bed T4 Clay cooooiiviiiinn o 6
| Coal 2 e o i 514
5 P T PR 2 10

One and a half miles south of the Russcll ranch, at the Geo.
Clark ranch on the Dry Fork of Sand creek, in the west half of
section 24, T. 136, R. 102, the following section is shown along the
creek:
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Feet Inches

SHATE wvews sy 50 9 SRS iRt s SOmLiven B 3 12
&Y A s
Cla3r g cosvn s e S § TREERAE MWL DAL 2
Coal, with 1-inch clay parting 5 feet below top; base

of coal 1s at creek level ... ... ... o iii... 12

Between one and two miles south of here, in the southeast quarter
of section 26, T. 136, R. 102, the following section is exposed:

. : _ Feet Inches
............................ 10-15

Shale .........c....
EBoal - candunn moseian cimen i e SR S & 8 3
L O 2 4
Coal v vviiiesesn e seeeees TR LA 10 4
Sandstone ...iiiiiiiiint diiieiieiaee e 3
Coal, with 2-inch eclay parting ... .......coooin... 5 4
Shale, exposed to creek bed .......cvvviiiiiiiiain.. 6

These are doubtless the same coal beds as those outcropping at
the Clark ranch, except that at the latter place the lower coal does
not show above the bed of the creek. At both localities the horizon
represented is probably that of bed H. (Plate XIII,, Fig. 2.)

About one mile above the mouth of Dry Fork, in the northeast
quarter of section 22, T. 136, R. 102, the bed I is exposed in the
bluff bordering the valley. It is here 20 feet 3 inches thick and a
section of the coal is as follows:

Feet Inches

COAl w sawivn v Shavv e I TES S e 7T 3
100 S 10
o T 9 10
(00 U S 4
CBAL s sy wresvs il B e RIS deviEE ses 2

This coal is burned out extensively in the vicinity and is repre-
sented by a thick layer of clinker, In the northwest quarter of
section 22, T. 186, R. 102, at the junction of Dry Fork and Sand
creek valleys, the following section occurs:

Feet Inches

Clinker layer, formed by burning of coal bed I ..... -

Shale, gray, sandy ......... AR SN ST 1R 24
Shale, BIrOWH ...oviril it eiiiiieieceaaians 16
CORY sopmsn o &3 o GRS AEES 3 IodiewnE 2 4
Bed H Clay ...ooovviivvvinn oo Csmpin  cmie mmi 6
L T T T e 2 8

Unexposed 10 creek ...oovvvivieiiiviiieiierreianannes 90

Both the upper and lower coal beds, H and I, appear on the west
side of the valley of Sand'creek, about three miles above its mouth,
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TFig. 1. Coal bed I of the Great Bena group exposed on Little Missouri near the
TMarmon ranch.  Total thickness of coal, sixteen feet.

TFig. 2. Coal heds of the Great Bend group exposed three and a half miles southeast
of the mouth of Sand creek. Aparegate thickness of coal, twenty-four feet.
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Fig. 1. Coal bed thirty-five fect thick exposed on Sand ecreck. The lower portion of
the bed is covered with talus, hut the coal extends from base of picture to the top.

Fig. 2. A distant view of the 35-foot coal bed on Sand creck. Photo by A. L, Fellows.
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in the southeast quarter of section 28, T. 136, R. 102. The section

is as follows:
Teet Inches

Bad Tt Coal o vmnn vmome oiesn sgsims e v s vws 20
Shale s svese oy w5 G S S G SR R B 15

Bed H: Coal oot ieiiieee viarame e 7T 8
... BB

Unexposed to creek ..............

Tollowing up the valley of Sand creek there are few outerops of
these coal beds until the old Russell ranch is reached, in the north-
east quarter of section 31, T. 135, R. 101. Here is exposed the
thickest coal bed in North Dakota, so far as known, the section being
as follows:

Teet Inches

Glay aid SEHD WASH: vo inen v smns swessr smms eves Do)
Shale (Fort Union) ........coooovin, s vass v 0
CHF B v s wssm 1o sl SO 078 $900 0 04 214
oAl ot e e e, 3D
Clay, to creek bed ..o o 3

The 35-foot bed is clean coal throughout, with no clay seams.
(Plate XIV., Figs. 1 and 2.) It outcrops again on the creek one-
half mile south, near the south line of section 31. This thick bed
of coal has burned out extensively and was traced by its clinker
horizon for many miles down the valley of Sand creek. There is
little doubt that this 35-foot bed is the same as the upper bed (I)
that outcrops on the creek seven or eight miles below, in section 28,
T. 186, R. 102, where its thickness is twenty feet; or it may be that
the upper and lower beds, H and I, occurring in the lewer course
of Sand creck valley, have come together through the thinning out
of the intervening clay, and that the 35-foot bed is formed by the
union of beds H and I.

There are several other coal beds in the Sand creek district which
are above the three forming the Great Bend group, but which are
mentioned here since they cannot be definitely correlated with the
higher beds occurring elsewhere in the region.

A coal bed five and a half feet thick outcrops on the creek at Sand-
creelt Post Office, near the cast line of section 34, T. 134, R. 101
The following occur in Black Butte, where they are exposed near
the east end, in a ravine in section 19, T. 134, R. 101,
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Feet Inches

COHL & v b & covmmsnmams Soms  eohe THEas SRS 5 1
Clay oo e e e 4 5
CBHl & comen whave v » cuwes seran o SEUE BEEEER 3 6
Clay oot e e e 14
COAL & s vpupvaimy sasl 5 VEVES BRORETAN S SR B 3 4

This coal is in the upper, dark colored division of the Fort Union.
Returning to the Little Missouri river, we will now trace the coal
beds of the Great Bend group down the valley from the mouth of
Third creek. At the sharp bend in the southwest quarter of section
19, T. 137, R. 101, near Mr. German’s ranch, the upper member of
the group, bed I, outcrops filty feet above river level. It has a thick-
ness here of sixteen feet, is overlain by twenty feet of sandstone,
and contains several thin clay seams one or two inches thick, Less
than one-half mile northwest of this outcrop the same bed is ex-
posed in a ravine tributary to the river, the thickness of the coal
here being 1314 feet, with a 2-inch clay seam 234 feet above the
base. This bed can be traced in the bluffs bordering the west side
of the Little Missouri valley, both by its occasional outcrops and by
the thick layer of clinker formed where it has burned. At the ox-
bow bend in section 3, T. 137, R. 102, the coal measures 13 feet and
8 inches and lies 50 feet above the river, and its thickness at the
mouth of Bullion creek is ten feet. Between four and five miles
below the mouth of Bullion creek in section 18, T. 138, R. 102, the
.coal bed I is at water level and is 10 feet 4 inches thick. Two miles
north of this point the northward dip of the strata carries this thick
bed below river level and it does not appear again. Tts last outcrop
in going down the river is near the north line of section 5, T. 138,
R. 102, about three-guarters of a mile above the Harmon ranch.
(Plate XIIT, Fig. 1.) The section of bed I is here as follows:

1 Feet. Inches.

‘Shale, buff and gray . ....oouvirine i 10-50

Shale, carbonaceous, black and brown ............... 5 6
(EEBL « st s sl moasm smsrages s SRR 11 8
Clay v sowns v su sem 55 Soud B0 SEwRg ieai Shend i 7
(o [ e Y "y 8
L 1 4
Coal, bottom of bed several inches above low water 3 6

Since the bed I is the highest of the Great Bend group, it follows
that none of the members of that group is exposed north of the
north line of T. 138, although they doubtless extend many miles in
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that direction below river level. Bed T outcrops at various points
on Bullion creek for five or six miles above its mouth. In the
southeast quarter of section 1, T. 13%, R. 103, about onc mile above
its mouth, the coal is ten feet thick; near the east line of section 11
it is nine feet; in section 13, T. 137, R. 104, it is five feet: and at
the old Nollet ranch, near the east line of section 10 of the same
township and range it has a thickness of five feet and lies 25 feet
above the creek. No outcrops of bed I were scen west of this pont,
unless the coal exposed in the northeast quarter of section 9, and
having a thickness of 26 to 30 inches, is this member, which grows
thinner toward the west. In the northeast quarter of section 10
a lower coal bed, possibly T, has been mined on a small scale. The
coal lies two feet above creek level and a thickness of three feet
is exposed, but the base of the bed is not shown. It is overlain by
twently inches of brown, carbonaceous clay.

About one-half mile southeast of Alpha, near the center of sce-
tion 33, T. 137, R, 104, a coal bed is well exposed on a short tribu-
tary of the Little Missouri river. The section is as follows:

Feet. Inches.

Clag Wit o cons wr s o Dooie so we SRSl BY SEE TE Dws BE AR 3-6

Clay, bBlue . oo e 2

Clags, Browl, CIPHSHEEeRNE o susna ve wo™es s saes 8
Coal o e 6 6

Considerable coal has been mined here by the farmers of the
vicinity, who work it by stripping off the cover. This coal probably
belongs to bed H, which appears in the river bluffs several miles to
the southeast. The former presence of a higher coal bed (I) in
this district is evident from the burnt clay seen at many points.

Coal is also exposed in several places in the vicinity of Durkey,
where it outcrops on Bullion creek and its tributaries.  In the south-
east quarter of section 5, T. 13%, R. 105, seven fcet of coal outcrops
just above creek level, and the bottom of the bed is not exposed.
The cover in ten fect thick, increasing in thickness back [rom the
creek. The coal has been mined here for a distance of sixty feet
along its outcrop. In the northeast quarter of section 8, what is
probably the same bed has been mined at intervals for a distance of
100 feet along the creek. The {full thickness could not be deter-
mined here, as the bottom of the coal is below the creck hed. hut a
measurement near by gave a thickness of 7V feet 3 inches.  Coal also
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'outcrops two and a half miles east of Burke.y, in the northern half
of section 11, T, 13%, R. 105, where the following section appears:

Feet.
650 PP 5
AN 5 oottt el ST B RS S0 10
Coal, exposed, but not the entire thickness........ 234

It is evident from the foregoing detailed description of outcrops
that the coal beds of the Great Bend group cover a large area. This
_is especially apparent in the case of the thicker upper bed, whose
outcrops are distributed over a more extensive area than those of
the lower members of the group. This bed, I, is known to extend
from the southern boundary of T. 135 north twenty-four miles to
the northern line of T. 138, and from the eastern edge of R. 101,
west twenty-one 'miles to Yule. It covered an area of at least 500
square miles and undoubtedly much more. It varies in thickness
from five feet and less to thirty-five fect.

THE MEDORA GROUP OF COAL BEDS.

The members of this group outcrop along the valley of the Little
Missouri river from the vicinity of Bullion Butte northward to the
northern boundary of Billings county. The four beds which con-
stitute the group have a vertical range of about 200 feet, the lower
member lying some ninety feet above bed I. The two middle beds
appear in the river bluffs at Medora, whence the name of the group,
and the thicker one is mined at that point. The beds of this division
have been designated in the vertical section by the letters J, K, L
and M. Not only do these outcrop on the Little Missouri river,
but they occur in the northwestern part of the region, on Beaver
and Elk creeks, and on Andrews creek near Sentinel Butte station.

For convenience in description we will begin near Medora and
trace the beds first south, and then north to the county line.

The following is the section of the coal beds which are present
in the bluffs at Medora:

Feet. TInches.

Shale . e e e
Bed Iz G6EL: o o cwsivn cammmne wssmiaans s N 4 6
Shale and sandstome . ... 31 :
[ Coal . e 2
| Clay . . e e 2
Bed K iCoal & e vevmes i dsvimelss Svai gvees s 8
| By & abeavemmars v s weows samssri 3
0 1 11



STATE OF NORTH DAKOTA 91

The lower coal, K, has heen mined here for a number of years.
From six to six and a half feet of coal arc removed and the remain-
der is left to form the roof of the mine. The entry of the present
mine is about 100 feet long. This same bed was fornierly mined
extensively by the Northern Pacific Railway Company, their oid
workings being located on the west side of the river not far from the
railroad bridge.

About two miles south of Medora, in the steep bluft at the mouth
of Sully creck, the beds K and 1. are both well shown. The lower
(K is here cighty feet above the river and is 8% feet thick, while
forty feet above is the upper bed (1.) with a thickness of five feet.

The lower bed is exposed on Sully creek in the northwest quarter
of section 2,"T. 139, R. 102, where its thickness is nine feet, and it
disappears below creck level near this point. Near the southern
edge of section 1, T. 139, R. 102, the two higher beds of the Medora
group appear in the side of the creek valley, the section being as
follows:

Feet. Inches.
Chale and sandstone 5 .. v ivees viaie sveis seven s o

[[Coal . .« i .32

Bed M: 4 Clay, brown and carbonaceous below ... 5 6

L. Coml . . . cdins SecEehan s e s 8 A
Sandstone, massive, with some shale above............ 60
Bed L Coal . i e e e )
Cliyy 30 ek DE wos g svvau wossuse Suem Son SR 10

The upper coal bed, M, is represented in many places by a single
bed. ’
In the bluff of the Little Missouri river at the Custer Trail ranch,
in section 10, T. 139, R. 102, the following exposure occurs:
Feet. Inches.

Betil MEE GIAL o womn swomn svossmon sy pimsn semss mons 214
Shale and sandstome: .. i ovs s o8 25 sasvent G siess o a0

Bl Lo 88 o somve smmeen e sws sy s e savenn e e 4
Shale and sapdstone . ., .4 vveisaiaiiass ddvaws avewi Bi 45

Bed K@ Coal oo 614
Unexposed to river . vivv,veenisnaiivenes ¢ T 05

One and a half miles south of here, in the northeast quarter of
section 22, three coal beds are exposed in the river bluft, as follows:

: Feet. Inches.
I e S N 6

| Clay, brown . . .o.veeiiiiiiiean.. A 6-11
Bed K:d Coal . o ottt i iian 6

| Claw, BEowtl, ¢ i sveis s wiee s i 1

[ Coal . v 6



92 LIGNITE COAL’

Shale and sandstone .

................................ 32

Bed T: G068l & ¢ wwsvnn s e s ssssbiadsm s 7 6
Shale and sandstone . ...l 21
Co8l o wuma s e sl B wwms pacsen g S 4
Shale and sandstone, to river .......e.coiiiiieeiaans 45

The lowest coal bed of the above section does not appear else-
where and is probably only a local seam.

Bed K also outcrops in the northeast quarter of section 6, T. 138,
R. 102, where it lies at an elevation of 125 feet above the river and
is seven feet thick. “About thirty-five feet above K is a bed three
to four feet thick which is probably L. No more outcrops of these
heds were observed in going up the river until Bullion Butte was
reached. Here, in a ravine on the north slope, in section 12, T.
157, R. 103, the following coal bed is exposed.:

‘ ' Feet. Inches.

(97T P 4 4
Claf s casims sy s smh donianeis gRoy b sasammas 4
(0727 O 3 10

This coal lies about 180 feet above the river and probably is to
be correlated with bed K of the Medora group. Five miles to the
east, in the southwest quarter of section 2, T. 13%, R. 102, what-is
doubtless the same bed occurs in the river bluff. It has a thickness
of six to eight feet and is 200 feet above water level. In the divide
south of Bullion creek, between the latter and the Little Missouri,
there is a coal bed five feet thick which belongs to the same group.
South of Bulliori Butte and of the high divide just mentioned the
members of the Medora group do not occur, since the surface of the
plain is below their horizon. -

North of Medora these beds outcrop at frequent intervals for many
miles along the valley of the Little Missouri. They are well ex-
posed where the river swings against the bluff near the center of
section 15, about two miles north of the railroad. - Here the bed K
is six to eight feet in thickness and lies fifty feet above the river,
while thirty feet higher is the coal bed L with thickness of four
feet. The two beds approach each other toward the north and
northeast, and in the bluff in the northeast quarter of section 10 they
ate not over twelve feet apart. The lower outcrops on Knutson
creek for about two miles above its mouth, measuring 714 feet in
thickness. Both are well exposed on the river in the northeast
corner of section 11, across from the Burgess ranch, where the fol-
lowing section is well shown:
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Coal beds of the Medora group exposed on Little Missouri river near the mouth of Ash creek. Total thickness of coal, sixteen feet
and five inches.
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Feet.
Bl Toe Coal & oo cremess 2o o sese sevan semas st 414
Shale and sandstone .o e 11
Ted K: Coal cxposed above water level of the
river, but extends below this.............. 8

These two beds outerop across the river, in a cut bank on Pad-
dock creck, in the northwest quarter of section 12, where only the
upper foot or two of the lower coal is exposed, overlain by 12 feet
of sandstonc and clay and the 5-foot upper coal bed.

A short distance below the outcrop across from the Burgess ranch
the two beds of coal dip below river level, but reappear again about
two miles to the north, in the northeast quarter of section 32, T. 141,
R. 101. Tlere, in the cut bank on the west side of the river, the
following scction appears:

Feet. Inches.

CIAY o e vn s wieswn oh s e sis s p s e i s
CBH] & 5 snoes ommam Sens somn B So% 56 AN MRS o4
01 IR 1142
TEEE Tl EBHL & s o oo veows sxies saets Suess e 414-5

Sandstone, firmly laminated, passing below into clay.. 8-10°
Bed K: Coal, only the upper part of the bed is
shown here, and exposcd thickness is..... 2

TFor over ten miles north of this exposure these two heds are
below the river, and no workable coal is present in the bluffs of the
Little Missouri, but the beds K and I. are probably not far below
the bottom of the valley, for they again appear farther down stream.

In the southwest quarter of section 11, T. 142, R. 102, the follow-
ing section is well exposed in the steep cut bank on the east side of
the river:

Teet. Inches.

Cley  Washy . o e g £ BT 55500 90 S0 &3 003 B Al 0 oA 4-6
GIE,, BT o comns sovrovon s s o 50t vt o traEn 0 6-8

(IR o o s spsshicorsnn o w80 SRRy LAPYY SRR e e B 5 b
Clna] ., 0 s, 50 Sos/s Sovds SRUanes SPUA SRR i BN ReY A 3
Clay, Sandy oo e 6
 Coal 5 ¢ e fu ven v oen o somoms axens S 6

Bad Tot 4 Clay, Safdl o ov con v soen wmmn cossm s 3 6

L Coal . 6 3
Clay exposed above TIVEr .......oiv i 1

Total thickness of coal, 16 feel 5 inches. (Plate XV.)
Three miles below, in the northern hali of section 35, T. 143,
R. 102, a coal bed sixteen feet thick outcrops on the river. (Plate
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XVL, Fig. 1.) Less than one mile below, in the southeast quarter

of section 27, T. 143, R. 102, the following section is well shown:
Feet. Inches.

Sandstone, fine-grained, gray and buff................. 1¢
Sandstone, argillaceous, fine-grained and finely lamin-

ated, contains many iron pyrites nodules. ............. 2 8
Bed Lt 8L ¢ s cvmssmmwn mapan sdeassmn s 2.10
Clay « o ooeiiine it i N 10
{Coal s g N R SV T, 3 4
Bed Ko 5 Ol o s comsn srevn ssman amsssmanis ; 10
Coal . i e 7T

Sandstone, argillaceous, fine-grained and laminated, con-
tains many iron pyrites nodules and some carbonized
roots running down from,coal, exposed above river.. 4-5

The three coal beds of the above section probably represent, as
indicated, K and L, the clay separating the upper and lower coal
having thinned to only ten inches and the lower bed (K) being div-
ided by a ten-inch clay band. : '

In the extreme northeast corner of section 21, T. 143, R. 102, less
than two miles below the last-mentioned outcrop, the same beds are
exposed in the river bluff, and a lower bed of coal appears, the sec-

tion being as follows:
Feet. Inches

‘Sat_adstone U B A SRR RV g el s e
Bed L: Coal . .oiiiriiiiiiie e ieveeeeeieeees 31
EIE & vons spers mpianns SRR SREE B SRR IR 140
Coal . i e e 3 2
Bed K: {4 Clay . . oot 8
) aal ¥ ¥ WersEESLON bEs o e G PRt v 6 8
Sandstone, argillaceous, fine-grained .................. 40
Bed J: Coal, partly under water ................ 31454

The lower bed, J, is a lower coal which does not appear along the
Little Missouri between Medora and this point, hut which was traced
from here to the mouth of Beaver creek. ,

Continuing down the river one mile another good exposure of the
coal beds is found in the steep bluff on the east side of the river near
the west line of section 15, T. 143, R. 102 (Plate XVI., Fig. 2}, the
section being as follows:

Feet. Inches.
Shale and sandstone . ...oovviivniniiiinnieiiiierian,
Bed XK and L: Coal, with three clay partings 1 to
3 inches thick in upper half of the
bed . i e 10
Sandstone and shale . ....cooiiiiiiiiiiiiiiianin e 30
BEd. ] 5 COal cisiionmmin s swmivo sommmss s s 32-34
Clay, exposed to water Tevel ...........iooioiiin, 2-6
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o

I'ig. 1. Coal bed sixteen feet thfc.g, two miles southeast of mouth of Roosevelt creek,
in section 33, T. 143, R. 102,

Tig. 2. Two coal beds about one mile below the mouth of Roosevelt creek, in section
15, T. 143, R. 102. The upper bed is ten feet thick.
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The coal beds K and L, which have been approaching each other
through the thinning of the intervening clay, here unite to form one
thick bed with, however, several clay partings, which farther north
thicken in places and split the coal into several seams. This is well
shown in the northeast corner of section 1%, T. 143, R. 102, where
the same coal heds are well exposed, as follows:

FFeet. Inches.

Sandstone, Argillateosoe o 5 e wwans svman e s 12
Claws 5 gm0 soeis o 5o Spone I . Jull (e B T o SRR 3
(Coal. . i, 2

‘ Clay. oo 4

Coal. v 8

Bed K and Tet 4 Clays sowes suen. vrwys b i 58200 58 4 1
J Coals comn smswn wnmun smevs svaes 7 & 2

G o soman s woeen s o 7

LCoal. o 5 6
Sandstone, massive, with some clay ............. ..., 30

Bed J: Coal . D 32
Sandstone and qhale, to river lc:\ eI .................... 30

The upper coal with three clay seams corresponds to the ten-foot
bed of the preceding section formed by the union of K and 1.

This same upper coal horizon outcrops in the river bluffs two
miles to the north in the southwest quarter of section 33, T. 144,
R. 102, across the river from Roosevelt’s old Elkhorn ranch, the
section here being as follows:

Feet. Inches.

CIAV 5 50 Gans iiniiy sommrss s porer som pnainst mnss o nifheess fmsvens pimse
Coal 8
00 1
Bed Tot GOl wrs st sves 9000asd 5095 18 50050 Seiws 4
SANASTONE 2" o0 memim ca pivas Spanin SR 59005 S a5 .. b6
[ Coal. 8
Bl B2 4 Boilan: cuwws sen s sawes moes s8ews e sse 1L
| Clay. ...t s % R S RN pEE 1 6
[ Coal... e 4
Unexposed to river, about ............................ 50

The lower bed 1s not exposed at this point.

The splitting up of the coal inte many beds by clay seams is well
illustrated in this section. There is no doubt that this is the same
horizon which both to the north and south of here is represented by
a single thick bed of coal.

Less than one and a half miles below the above outerop, in the
west half of section 27, T. 144, R. 102, the following section occurs:
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Feet. Inches.

Sandstone, Massive . ..uvreiier i
{ Coal 1
| Clay 8
Bed K and L: { Coal
| Clay 1540
[ Coal 15
Sandstone and clay; sandstone massive, fine-grained
S JARHATTER 5 wan cav-nence seees seas ammmEes 27
Coal © i e e AL S 6
L1 33 1 o S e 3
1[ Coal, vt i s esater i 10
Bed T: = GV seess v s 5 5,58 e . Lisniin fan 8
| Coal, bottom of bed at river level........ 5

The rapid variation in the thickness of the clay seams is well
shown in this exposure, where within a distance of a few hundred
feet the lower clay in the upper coal varies from fifteen to forty
inches. _ ' '

About three miles to the north, in the southeast quarter of section
9, T. 144, R. 102, the same two beds of coal appear as in the fol-
lowing section:

Shale and sandstone, to top .of bluff................

Codl & s sanms o SR SR HE T BE S e et .26
Shale and sandstone with several thin coal seams, 1
" to 3 inches thick
Sandstotie 16dEe ot s i s sawa s 4-5

Clay, sandy, with thin coal seam ..........cooviuenn. 2
(O e soemmemmsoms AasE AR 5 8
Bed K and L: 4 Clay..... Them st e e s ae 6-10

Coal. i e e 1

Shale and sandstone ........coviiiivnainneiiieeinnn, 25
Bed J: Coal . oo 3 2

Clay, to water level ... ine i eiinnnns 20

These coal beds outcrop again on the west side of the valley,
about one quarter of a mile south of the mouth of Beaver creek, in
section 6, T. 144, R. 102. (Plate XVII,, Fig. 2.) Here in the
bluff of the river the following section is exposed:

) Feet. Inches.
Shale and sandstone to top of bluff with several thin

coal seams, about ........ ... il 150
s SO T —— 7, 10
Bed X and L: § Clay, passing above into coal..... 6 6
oL s o e sonsmm e s e 13-15

Shale & i e i 15
EOEL & wuon warmvin wamnn srven sweres Saaiowet SR PELEE § 10-12
Clay, blue . it e i 20

Sandstone, fine-grained . ......oiiiiiiiie it 10
Bed J: Coal & o e iai i e 3840

Shale, to river bed ..ivvieiinineenenrirrsnainass 14 1
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of coal ed in the bluff
miles e mouth of Ash

souri river just above
feet thick,
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Coal on Beazer Creck,

The two thick coal beds of the above sec-

tion were traced up the valley of Beaver creek for a distance of four

or five miles.

They are exposed one mile above the mouth, in the

southwest quarter of section 34, T. 145, R. 102, McKenzie county,
where the following section appears:

Feet.

SANHSEEIE « w1 e e s s s SE0l S Ve 10

Bed K-L: Coal . ... ... 6

Dumilsterie 0l SHATE wovis e s st v SR ¢ 43
Bed J: Coal . .o

SHalEl o & s evans ek e SHEE SUUE VST S8 8

Sandstone, to creek bed ......... ..., 21

Inches.

7

35

Three miles above the mouth of Beaver creek, in the southwest
quarter of section 2, T. 144, R, 103, there are several cut banks along
the stream where the beds are well shown, as in the following sec-

tion:

Feet. Inches
Sandstone and shale to top of bluff .................. 35
L. 1 e T T 20-24
Shale ...... . .ovu.... e e 18 6
Shale, brown, carbonaceous .............ooovveo ... 3
Shale and sand ... i ., 32 8
Bed. Li Coal wivumn viiin 8555 55y vamse soeiemse sxmms 4 B
Shale .« v e 4 8
s o T 3 4
Shale, passing into sandstone abave ......... 5 2
EORL v ssvin v P B 3 509 Ve s o 15
Shale, BlUe ...ttt 6 6
Shale, Dblack, carbonaceous ............ 0
Coal o e 3
ShalE,, BEAY wows sowwn o o8 Pon o SaEEE B8 Sire n et vy 8
Coal ...ooiviiiin... 8
UGS crman swon s suess 8 S509 SEED VR v v 15 6
Bed J: Coal ... ... o i 3 3
Clay, 16 el ‘Bl sum senes svnny simt 255 55 Sienms v v 18

Beds K and L undoubtedly represent the single thick upper coal
bed appearing on the creck two miles below and also at many points

in the blufls of the Little Missouri.

The three thick coal beds of

the above scction also outcrop about one mile to the southwest, near
the south line of section 10, where the lower coal (J) has a thick-.

ness of four feet.

(Plate XIX., Fig. 1.) The exposure of the beds

in a bluff on the creck near the north line of section 22, T. 144,
R. 103, is as follows:

-7
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Feet. Inches.

Sandstone, TMASSIVE . .vevvrinrrcnnnis criiiirannnaians 65
Bed I.: Coal ........ < SR, I . 2 3
Clay ...... SN, Ovee SO S R SR e 1 ¢
Bed K: Coal ........... Crsimns 5 ommsniine votinnn Sin A 2 4
Clay, blue ..ooveeee-. e e PSR 3 2.
Clay, black, carbonaceous .....ocivevercecninnrinans 310
Coal. .oorms vt dnis SO5aS DReUaEs Mg RN EIEAY S 4
Sandstone;, passing above into shale ................. 702
ey A g e R 1 6
GBI coswnun mosevn sems #lbvesmais 4 o S sinstenn vogsis e 8
Coal .o e SGRLCEEE § SRV ERGERE BSOS 2
Clay + cvswmviwavia s swwmesmsen meeiasaieyes sy sy e 1
Bed Tz Coal .ovwviimmis s e swmins imsavsises o 5 6
GIT wcovcwtssme & 6 tabaemomeia i s e o 10
Coal oy mmnme 56 5 SUSEIE T PIp vneT 8
Clay, to creek level .....ooiiiiviiiiiirrnrreneriennns 1

Tt will be noted that the lower coal bed (J) has thickened to-
ward the south from 3 feet 5 inches in section 2 to 5}% feet two
miles distant. Tt does not outerop on Beaver creek above this point
but passes below the bottom of the valley, the rise of the surface
carrying it above the horizon of this bed. On the other hand, the
beds K and I. have become thinner toward the south and the thin-
ning of the intervening clay has brought them closer together.

The section of the straia in the high bluffs near the south line of
section 22 shows a succession of beds quite different from anything
seen below this point on Beaver creek. It is as follows:

Feet. TInches.

C0al it e e baa s 1 8
Bandstone L...oeiiiein caiie e e 10
Clay, black and carbonaceous below, sandy above .... 8

CORL  cvvps suamaron s i 4 P — 3
Clay, carbonaceous at bottom ........cvenveeinienae. 2

Coal ¢ SR G LA FEN NN AN ST S 8
Sandstone, stained with iron, with some shale ....... 20 4

AT s spren 2es waniemmmnan » .
SHALE. . oo movime s mmnamals, <4 G5550500 DEREN s 7

EOHY o s i fwd  Swen s desie s e s 1 3
3 1 SR WU W | B O v 2 6

Coal, impure, clayey .....oimeveniiiariiaasns w108
Shale, Sandy . .vveriirneerniees cieeineeiianancannns 18 8

Bed M: Coal coooiiiiniiiiiiiiiiii 4
Clay ..vviiiiinnn .. N ALY NELEE daeEl ey Sy 4 3

Coal, IMPUIE . .vnvreeraareciar celiranernannnenns 2

-Shale, sandy, carbonaceous layer 4 inches thick mnear
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-

Fig. 1. Three coal beds of the Medora group which outerop on Deaver creek in section
10, T. 144, R, 103, Aggregate thickness of upper two beds is eight feet,

2. Bluff on Beaver creek, in section 22, T, 144, R. 103, showing ten coal beds.
The thickest coal bed measures four feet and four inches.
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Feet. Inches.

middle .......... i s B
Coal G wea eR BUENAN NG B SUNER NN SSNSUA R Runed 2 10
ClaY e e e IR S i1
O8] cupms s 0 oo 5 Wn ST Se U AN SIS MY 2 4
Sandstone and shale ... .. . 9 6
BEAl vmn covnn sumns Srs e » ave cwmws O & SREREEE A 1 6
Sandstone and shale .o 17 4
Bed Bl iO8aT somew: ox comms 0w ous v evnsiss avsas 4 4
GIEY « v 6
Coal. v swwms seiel © cpevs swann w0 B DA SHERE W 6
Clag, SHHEF sey vomas s s e 23
CIoAL, = o oo a5 Shigns il v Sowe @ S VRN BEEEN 5 10

Glays vl SHIBEOIE o s smamen wr 25 swsmesme 2 s 6
Coall  svess s seag s Gk BERIEE B v Pan GR TUEEH EeTEE 8

Clay and sandstone to creek level ... 10

It will be noted in the above section that there are fifteen coal
beds outcropping in this bluft and ten of them appear in the accom-
panying picture. (Plate XIX,, I'ig. 2.) Therc are only two, how-
ever, beds K-L. and M, which are of workable thickness. Of these
two, the lower is believed to represent the beds I and L, it having
been found that in places these approach each other and even unite
to form a single bed. The upper of the two thick beds corresponds
in position to the uppermost oi the Medora group and is probably
to be correlated with coal bed M. The two thick beds shown in the
above scction and the three thinner ones between them outcrop above
here at frequent intervals for a distance of about six miles in the
bluffs bordering Beaver creck.

They are well shown in the southeast quarter of section 32, T.
144, R. 103, near the Moore ranch, where the following beds occur:

Sandstone ............

............................... 4 3
Coal o e 13
Stale and Sandsfone ...b vuim, i 5. ¥5 LR Svegs weks 14
BBl 50 s msstins muswan Wi SUR  RVERNGE SESEE BRI BRMSE 1 4
Sandstone, argillaceous ...........cv0 ciiiiiiiniie... @
Clags, blacle, CIrBOEREBONS wum am wes s s e v aeis 5% wi ..o 4
UI80F 1omns sioind $hame ¢ Foitotiss SO0 555 50 DUORS 55 58 5 6
Coal o .. 8
Clams; sealiae: o suess g sooe s e semean B o e 3

Bed M: Coal ..o i, D
Sandstone and shale
Coal ... T R
Sandstone and a little shale

2
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Feet. Inches.

Coal ... ... .....: s s Hewnn swwie seeandmen 2
BSF: BT 1 o3« L= SR P 5 10
CORL: i s s an & i AR SR R A 2
BHALE onrovrs wrmmmsenins van e s s sy S Sk 6
COA] ot vumnn wasn S dsws DA, S 2
BHAIE cairevirs snnsar mmnims e ssmmsmin s v anemd e s £ 4 9
Bed K-L: Coal, base at creek level.............. 5 8

The lower coal bed (K-L) outcrops on the creek in the northwest
corner of section 6, T. 143, R. 103, where the base of the coal is
below the bed of the creek, but it is not exposed along the wvalley
above this point, since the coal passes below the bottom of the val-
ley. But the uppermost member of the Medora group (M) is seen
in the bluffs bordering the valley of Beaver creek as far as the Me-
Quillon ranch, in section 20, T. 143, R. 104. It will be mentioned
again in connection with -sections showing the coal beds of the
Beaver Creek group.

In the valley of Elk creek, a tributary of Beaver which enters it
from the south in the southwest quarter of section 11, T, 143, R.
104, only one workable coal bed is exposed. This is probably the
one that appear Lifty feet above creek level at the junction of Beaver
‘and Elk creeks, and in that case is the upper member of the Medora
group, or bed M. It outcrops in the northwest quarter of section
1, T. 142, R. 104, where the following section occurs:

Feet Inches

Sandstone, massive, to top of bluff .................. 20
@1 R N e s % e 8
Clay, DBlue ..ot cinr e cevenninnnarranns 8
Bed N5 Gl o s saes ot sessmmsmmstm 2 4 6
Clay wasssmiimd Sows oiews BU0ay, & SUand Dvss e s 6
EEL mvm s v wonos smmes 8 B dmes e SRS W 4
Sandstone and shale above creek bed ................. 25

Where the coal bed M outcreps in the northwest quarter of section
14, T. 142, R. 104, it is six feet thick and one mile west it measures
five feet ten inches. It is this bed which is mined near the old
T D (now the Wilson) ranch, the mine being in the northwest
quarter of section 21, T. 142, R. 104. The base of the coal does
not show here, but it is at least five feet thick. The mine is in the
bottom of the valley of Elk creck and the coal is obtained by strip-
ping off the cover, which is here only a few feet thick.
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Near the J. B. Bird ranch on Wannigan creek, in section 34, T.
142, R. 103, a bed of coal 3 feet 9 inches thick is exposed. This
is probably bed M.

The upper cozal bed of the Medora group, M, also outerops on
Andrews creck at several points between two and three miles east
of Sentinel Butte. In the southwest quarter of section 21, T. 140,
R. 104, the section is as follows:

Feet Inches

Sandstone, soft, yellowish - .ovovvi . 20
EHL cvman s svean 5 viomes sreass W s s B S G B 5 2

Gl vvis soopmns vpsmene saome o ssmonzos non mmonn s ph nmse Vim0 B2 59 5 B
BT & sewn oo e 8 eRRSRNES DEGIY SRANN B % v S 1

Clay ....oonnn. 5 6
EEEL & soony sssomn won W0 WA B VIOA ARSI BREHER 1T 1 6

The coal is mined here on a small scale during the winter for local
use. A little over one mile below here, in the southeast quarter ot
section 22, T. 140, R. 104, there is another exposure of the same
bed as follows:

Feet Inches

8157 DN — 5y s, v, L o 1 8
Clay, BitUmMOUS: o v v svmis ¢ 85 55 Sreawsowal s 48 0 4
Eoal . e e JoReS R TS G B B e ws 5D

Summarizing the data of the foregoing sections it is seen that
the two midd]e beds of the Medora group, K and L., are 45 feet
apart near the Custer Trail ranch, and the lower of the two is about
100 feet above the Little Missouri. They dip to the north and are
carried below river bed level a few miles bevond the Burgess ranch.
They also approach each other in the same direction, being 35 feet
apart at Medora and only eight feet apart opposite the mouth of
Jewell creek. Then for nearly ten miles these coal heds are helow
the river and do not reappear until near the mouth of Ash creek.
The three beds exposed here are believed to represent I and L,
and the thick upper coal bed occurring in the river bluffs between
Ash creek and.the northern boundary of Billings county, sometimes
split into several by clay seams and sometimes forming a single bed
with no partings. is undoubtedlv the same horizon. Near the
mouth of Roosevelt creek a lower coal bed, J, appears and continues
above river level to the mouth of Beaver creek and bevond.

It will thus be seen that from near the Custer Trail ranch to the
northern limits of the arca two workable coal beds of the Medora
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group are present in the bluffs bordering the Little Missouri, the
only place where they are below water level being the ten miles
between Jewell and Ash creeks.

All four members of the Medora group occur on Beaver creek,
but they disappear successively below the bottom of the valley, bed
K and L near the south line of T. 144, R. 103, and bed M continu-

-ing to within six miles of the Montana line. The Iatter coal bed
also appears on Elk creek as far up as the Wilson ranch.

BEAVER CREEK GROUP OF COAL BEDS.

The coal beds of this group are exposed in the northwestern cor-
ner of Billings county, along the valley of Beaver creek and its
tributaries. They lie above the beds of the Medora group and the
uppermost member is about 100 feet below the Sentinel Butte group.
No workable beds of coal at this horizon were found elsewhere in
the area under discussiom.

In.following up the valley of Beaver creek the lowest member of
the group, N, first appears near the Keen ranch, in the northeast
quarter of section 2, T. 143, R. 104, where the following succession

of strata is exposed:
Feet Inches

B M Gl v aninn svseranmes e e S 5
Shale and sandstone ........ocviiiiiiiiiiiiiinarnnns 42

Bed WLE Coal opsis cawin vwwae swees vain siwass s 2 9
GHAlE ottt i e iieee e aene ey 8

oAl 5 s snmonermins: o Bia 25 SOSREEQNTE DEey  SReEEN 13
Shale ....covvvve onn e IS SRS SRR S 10
Sandstone, to creek bed ... ...l 31

The bed M is without question the upper of the two workable
beds exposed on the creek for many miles below, since it was traced
almost continuously by its outerop or the burned clay bed formed by
its burning. The five-foot bed of the above section therefore lies
over forty feet above the uppermost coal of the Medora group.

The beds M and N of the above section are seen at many points
in the bluffs bordering the valley between the Keen ranch and the
mouth of Elk creek. At the junction of Elk and Beaver creeks the
following section is well shown, in section 11, T. 143, R. 104.

Feet Inches
Shale and sandstone, to top of bluff .................

[0 =) A -/ 3
Bt Wod MBIAY com s v w somamamess § @ Smesn 9 2
CORY, 1o vmmss s sy s smmndiaty BAT SRR W 1 6

Shale and sandstone, not well exposed ................ 42
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Teet. Inches.

EOgY s v wa B SR GENER SR R 3 6
Bed M J Clay .ovvn v e 3
[ COAL e cowsn mnvan | s vwis s smies o5 2
Shale and sandstotie .................. P {1
COAL v o5 spans § s s owduy Swirks SETR IR PR BweEs 3 10
Shale, to creek bed ...ovveiiiii i 16

Bed N has burned out extensively and the clinker layer formed by
it shows in many places along the valley. The bed sixteen feet
above the base of the section appears to be one which is not exposed
clsewhere, unless it be the same coal which outerops about five miles
above, near the McQuillon ranch.

On Beaver creck about three miles above the mouth of Elk creek,
the following section is exposed in the northwest corner of section
21, T, 143, R. 104 :

Feet Inches

Bed O Coal i:u: 503 53 aue G R SN NN BRGNS ¢ 6 6
Shale and sandstone . .......ooiiiieeirrinennne.. 14
Bed Nt Coal , .. v comems b 8o s i aqse o sess 2 4
BRATE s v onesnses § B D deareoaE B3 DRWaE  CUSCHNS M 7
s e 2 2
TTHEEPEER & wvsvmssimn @ pavios s M5 GOSN 65 o0 KaH 46
Bed M: Coal ...... von smanars meeniil SR EEG SRR d 4
Uniexposed. 0 CrEEK v i vm wrwes vvwes sbiean san v o 59

Tt will be noticed in the above section that a workable bed, O, is
here present above coal N, and for eight or ten miles below the
McQuillon ranch this has a uniform thickness of 614 feet and is the
thickest bed appearing in the bluffs of Beaver creek valley. It
it the middle hed, O, of the Beaver Creek group.

A little over a mile west of the above section the following beds
appear in a steep bluff rising from the creek, in the northeast quar-
ter of section 19, T. 143, R. 104:

Feet Inches

Sandstone to top of bluff ... 12
Bed O: Coal, with 3-inch seam 18 inches above base 6 6
Shale and sandstone: «ow svem 9 15 wwans seee vans s o gy 0

C0al vt e 2
BHATET  vonvre cosmminss s e nemeed] BoaEi B 507 5% GUEVeNSRg yEe 10 6
' SCO&I e e e 20
Bl T D TIGY v e v mre o 5 Gl s ¢ g s 3 A0
[ 7=1) (——— i s B R smve s dgy e O B

Shale and sandstone . ...t BT

Bed Nt Gaall o cness cwsen cumne s sos e s s e 3 8
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ping along the creek from the MeQuillon ranch in section 20, T.
143, R, 104, almost if not quite to the Montana line, The upper
bed, P, has a thickness of four feet and was only scen at one point
several miles south of Beaver creek.

The three coal beds occurring helow bed O, above the McQuillon
ranch, are so variable and unlike those farther down the creek that
they cannot be correlated with any certainty with those found else-
where,

The beds of this group undoubtedly extend back from Deaver
creek for some miles to the north and south and should be struck
in boring wells or in prospect holes,

Two beds of workable thickness are present on Little Beaver
creek, in T. 141, R. 105. The outcrop of one of these disappears
below the level of the creek about one-half mile east of the Montana
line, where it is six feet thick.

The coal bed mined in the northwest quarter of section 8, T. 141,
R. 105, shows the following section:

Feet Inches

Eoal ows vwoes s w e e ey R ORE  B
Shale, sandy .ot e 2
COEL oo wvimes o o ¢ weies S50 s ve cwsss B

The same bed is mined in the northwest quarter of section 16,
T. 141, R. 105, where the following section appears:
IFeet Inches

AL woms s cpmvses o S AN SSGRAR B B DRI BN MG SNes 2 2
Clag o vpy v il o & 8 SRS B8R 500 D SERN SR 1]
CIOAY o s oo simes ® 0 oo o Y SR N SREERD) S 5
Glay 4., pomsn oo i5e 0 5 wmens ne G058 25 G w6 6
CELL  cvmvmn wmmss snmsm & 3 s B B SO S e S 5 6

SENTINEL BUTTE GROUP OF COAL BEDS.

The coal beds of this group are the highest in the region and are '
thus named from the fact that at least three of the members are
present in Sentinel Dutte,  Five coal beds are included in this divi-
sion and they have a vertical range of about 300 feet. The four
upper bheds are in the dark strata forming the upper division of the
Fort Union, while the lowest member lies forty to fifty feet below
the contact of the two divisions. The coal beds of the Sentinel
Butte group extend from DBullion Butte and the divide between
Third and Bear creeks on the south to the divide north of Ash creek:
on the north, a distance of 3% miles; they extend from Sentinel
Butte on the west to the divide near I'ryburg on the east, a distance
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’

of 25 miles, and how much farther east they occur was not deter-
mined. These coal beds have been extensively eroded over wide
arcas and they have also burned out on a very large scale. The
bed which lies at the base of the upper Fort Union, R, can be
readily traced by its red clinker horizon in the bluffs and ridges
of the Little Missouri badlands as far as the eye can see.

The outcrops of the Sentinel Butte group south of the Northern
Pacific railroad will first be discussed and later those north of the
track will be considered.

Three of the coal beds of this group occur in Bullion Butte, that
portion of the section containing them being as follows:

Feet Inches
Bed 8 HCOT svens it onims on v swin oues frows s 3 3
Shale, sandy, dark gray, contains near base many fer-
raginous nodules ... iiivis aveaiieeenaans 50
Bed R: Coal, at contact of upper and lower divis-
ions of Fort Union .....vvvinnininnnninnenran 15
Shale and sandstone .......covviivncovrncrreneecnnnn 40
Bed Q: Coal, at elevation of about 380 feet above

Pivel suweemversis o Brvel b miueaavi 8 SR

Coal bed R outcrops in the southeast quarter of section 12, T, 137,
R. 103, near the north end of the butte, and it is also exposed near
the south end in sections 29 and 30 of T. 137, R. 102. In this latter
locality the coal measures 614 feet thick and contains a three-inch
clay seam two feet above the bottom. This thick coal bed undoubt-
edly underlies the entire butte.

About four miles southeast of Bullion Butte two very conspicuois
elevations rise above the nearly vertical bluff of the Little Missouri
and in these Tepee Buttes, as they are called, three high coal beds of
the Sentinel Butte group occur. The detailed section of the strata

' at this point has been given on a previous page and only the upper
part showing the coal is contained in the following section:
Feet Inches

Sandstone and shale to tep of Teepee Buites' ....... cenr B2
Bed T: Coal ...t 4 6
Shzale and sandstone ............ Fi T ST 95
Bed S: Coal ............... U 6 3
Shale and sandstone ..... o webes st aren s B 25
Bed R: Coal, with 2-inch clay seam two feet above
bottom . Bed 400 feet above river ............ 5 2

The lowest coal bed, Q, of this group occurs in the high divide
west of Bullion Butte, between Bullion creek and the river, which
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here has an casterly course. This coal lies about fifty feet below
the coal bed R, and is therefore in the buff, light colored division
of the Fort Union. Tt lies at an elevation of about 320 feet above
the river and has a thickness of ten feet. It is exposed in the south-
cast quarter of section 28, T. 137, R. 103, and at other points in the
divide. No measuremcnt was secured on this divide of the coal bed
R, at the contact of the two divisions of the IFort Union, as it has
burned out over a large area and its outcrop is marked by a thick
layer of clinker.

The heds of the Sentinel Butte group are known to extend at
least eight miles east of the Little Missouri and probably continue
considerably farther in that direction. The beds Q) and R occur in
the higher ridges and divides between Third and Bear creeks, in
T. 137, R. 101. The coal R near the center of this township is
nine feet thick and the lower bed Q, is here only fifteen feet below
and is 514 feet thick. The former bed, R, was traced by its clinker
horizon several miles east of the above township, or as far as the
divide between the drainage of the Little Missouri and Missouri
rivers.

The lower bed, Q, is exposed on Bear creek in the southeast quar-
ter of section 86, T. 138, R. 102, where it measures 4 feet 4 inches
in thickness and lies just above creek level. The bed R outcrops
for some distance along the creek three miles above here, near the
southwest corner of section 34, T. 138, R. 101. The section of the
coal bed is as follows:

Feet Inches

Coal ..ooiiinn. s R EERE 4w pe s s ews 08 B
Gl e o e s somems S0 £ . s s 20

This is one of the few places where this bed of coal contains a
clay seam, and it is generally free from clay partings. Mr. Schuyler
Lebo, who has a detailed and accurate knowledge of township 138,
ranges 101 and 102, states that the coal bed R outcrops in the fol-
lowing sections: 12, 14, 26 of T. 138, R. 102, and in 8, 10, 21 of
T. 138, R. 101. This thick bed of coal underlics practically all of
the latter township, except where it has been cut out by the streams.
A measurement of this same bed was secured in the southeast quar-
ter of section 23, T. 139, R. 102, where the coal is exposed near the
top of the bluff at an elevation of 280 feet above the river. Tt here
has a thickness of seventeen fect and is overlain by fifteen to twenty
feet of clay.
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Along the valley of Sully creck the bed R has burned out exten-
sively and along either side of the valley its horizon is marked by a
thick layer of clinker which forms a very conspicuous scenic feature
of this region. This bed of coal disappears below the bottom of the
valley about one-half mile east of Sully Springs. The burnt clay
so abundant along the Northern Pacific railroad in the vicinity of
Scoria was largely formed by the burning of this coal, although
there is a higher bed which has formed some clinker. The so-called
burning mine, about one-half mile south of Sully Springs, is in this
same coal bed, which has been burning for many years. (Plate
XI.) The only place on Sully creek where an outcrop of the coal
R was found was in the west half of section 14, about one mile
from the above station; the upper part of the coal is here burned
and has also been eroded, so that the full thickness could not be
obtained, but seven feet of coal remain. Layers of clinker indicate
that there are in this vicinity two coal beds above this one. One is
150 feet’ and the other 240 feet above the bed R, and it is quite
likely that they are to be correlated with the two higher coal beds
occurring in Sentinel Butte, at the same relative distances above
the coal R. No outcrops were found on Sully creek where the thick-
ness of these upper coal beds could be measured.

West of the Little Missouri river two members of the Sentinel
Butte group are present in the base of Square Butte. The lower of
the two, R, is five feet thick, and twenty-five feet above, separated
by sandy shale, is the upper bed, S, with a thickness of fifteen fect.
This latter bed is exposed in the notrtheast quarter of section 9,
T. 139, R. 103. East of the river this upper thick bed does not
occur on Sully creck or to the south of that stream. :

Between Flat Top and Sentinel buttes there is a conspicuous
clinker layer formed by the burning of coal bed S. About midway
between the two buttes the lower bed, R, outcrops, with a thickness
of five feet, and lies 50 feet below the clinker layer.

In Sentinel Butte the three upper members of this group are pres-
ent. The lower of them outcrops at several points toward the hot-
tom where it has been mined in the northeastern base, in southeast
quarter of section 5, T. 139, R. 104, and the section of the bed S is

as follows: . Feet Inches
Clay, 88tdy oiw s soums wim 600 i s roe seieoe s o
Coal oo e 14
(EAA atimunin s w0050 TRBNG S8 U0 IR e o mm 3
GOEL s sl s samsn B R RS S ) 6 11
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This same bed has been mined in the northwest quarter of section
7, where it is 20 feet 11 inches thick. It has also been mined in
the southwest quarter of section 5, and on the south and west sides
of the butte. Ninety fect above this thick one is a six-foot bed of
coal. The highest member is known to occur by its clinker and no
exXposure was seern. ‘

A few small arcas underlain by heds R and $ occur in the south-
eastern corner of T. 139, R. 105, where they have escaped the ero-
sion which has removed them from much of the region. Near the
center of section 25 coal has been mined by stripping, the section
here heing as follows:

Feet Inches
Clay, white ............... ..

Coal s A SweRS G R D SARSN MW TWeEs 3 8
CUATE 4 53 5 dis o smes s e P 10
Coal, base not exposed ................... ..., T

This bed also occurs in the base of Rocky Butte, in section 34, but
it is concealed by elinker so that its thickness could not be deter-
mined.

The bed S is present in the base of Camels ITump Butte, in sections
9 and 10, T. 140, R. 104, but the coal has burned out along its ouc-
crop and is concealed by clinker, so that no exposure could be found.

In the divide north of Andrews creek, the two heds R and S of
the Sentinel Butte group occur. Near the western edge of T. 140,
R. 103, they are separated by 55 feet of the dark gray strata of the
upper division and each measurcs 574 feet in thickness. Doth the
beds are extensively burned,

In section 85 of T, 141, R. 102, bed IR outcrops at an elevation of
250 feet above the Little Missouri river, but only the upper 614
feet of coal is exposed to view.

The same coal bed, R, underlies the irregular plateau in sections
8, 9,10, 16 and 17, T. 140, R. 102, at an elevation of about 275 feet
above the Little Missouri river. Its outcrop is nearly everywhere
concealed by clinker so that its thickness could not be determined.

In the divide between Government and Franks creeks, in T. 141,
R. 101, the bed R occurs at the contact of the dark-colored strata with
the buff and light grav beds below. It lies from 230 to 300 fect
above the Little Missouri river and is found in the buttes which rise
above the general level of the divide. In the southwest quarter of
section 5 the coal is 11 feet 6 inches thick, with a 3-inch clay parting
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6 inches from the bottom. In the southeast quarter of section 12
that portion of the bed which is exposed measures 16 feet and the
entire thickness is probahly not much more than this. The bed R
is also found in the divide between Iranks and Ash creeks, though
it is not well exposed in that area, but north of Ash creek the coal
grows thin and partings develop in the bed. Thus in the northeast
guarter of section 4, T. 142, R. 101, the section of this bed is as
follows : |

Feet Inches

CoAL: e soves vrers guass  iumnewEEET S SRS R 1 3
L R 7
CORL: cme swonn smome soms peses 6 Gaiie e SRR WVRGEEN 3

Three workable coal beds are exposed in the valley of Ash creek,
in the eastern part of T.. 142, R. 101. The lowest is bed R and is
at the contact of the light*and dark colored divisions of the Fort
Union. The following section of this bed appears in the north half
of section 14, T. 142, R. 101:

Feet Inches

SHAlE cvpnmm smams o svans o Detiisyenrey VEamr Foves
L7 A 6§ 8
Bed R% Clay, BYay wuam: vovis souws drags  swaiew s 14
Coal viivriil i e 1 4
Shale, exposed above creek .......... % wpet g 3

A short distance below this outcrop, and in the same section, all
three of the coal beds occur in the steep bluff bordering the valley
of Ash creek, the section: here being as follows:

Feet Taches

Coal comwamons s o SN e WA G R & 5
Sandstone ............ ST SRS T AT X 40
Bed 80 0G0EL conuann oo commas 5 e cen ss s 45
Shale and sandstone ..............iiiiiiiiiiiiiiians 35
Bed R: Coal iviiiiiiiiiiiiiineinniiananennnnns &
Shale and sandstone, to creek bed.......... R 20

The upper coal bed does not correspond in position to any bed
~ found elsewhere and is probably of limited extent. The upper two
beds also appear in the northeast quarter of section 13, T. 142, R.
101, where S is 6 feet thick and has been mined on a small scale at
the outcrop. The upper bed here measures 5 feet.
Bed S is well exposed just above creek level in the northeast quar-
ter of section 20, T. 142, R. 100, the section being as follows:
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Feet Inches

Clay wash ... oo 2220
‘\’Coal.u ,,,,,,, B B e SR T A T w B
Bed S 2 Clay ... .. 8 s s s v .. 3

b UEBRE v v oo v wvame wn sewes sosey o 6

Clay, blue, exposed to creek bed ..................... 3

Considerable coal has been mined here from the outcrop by the
farmers of the vicinity, although the locality is not very accessible,
being in the bottom of the valley of Ash creck and about 275 feet
below the level of the upland.

Very few coal outcrops occur on Green river, in northeastern i3il-
lings county. In the southern part of T. 142, R. 59, there is con-
siderable clinker formed by the burning of a coal bed which is per-
haps the same as that mined on a small scale near the base of Saddle
Butte. No measurement could be secured of this bed since it is
everywhere concealed. A workable coal bed is exposed on Green
river in the northeast quarter of section 16, T. 141, R. 98, where it
has a thickness of 4 feet 4 inches, and a few loads of coal have been
taken from the outcrop here.

Two coal beds appear along the upper course of the Knife river

in the northeastern corner of Billings county. Their presence is

indicated chicfly by clinker along their outcrop in the sides
of the valley, but they are exposed in Hungry Mans Butte, in the
southeast quarter of section 35, T. 144, R. 98. The lower bed is 3
feet thick and lies 120 feet above the river; the upper bed is 40 feet
above and has a thickness of 274 feet. Doth beds are in the upper,
dark colored division of the TFort Union. '

Coal in the Vicinity of Rainy Buttes—In Fast Rainy Dutte a bed
with a thickness of at least 6 feet occurs 100 feet above the base.!
This does not represent the entire thickness of the coal, which is par-
tially concealed, and the measurement given above is only for the
portion exposed. It is very probable that the same coal bed is also
present in West Rainy Butte. It is doubtless to be correlated with
one of the lower members of the Sentinel Butte group.

Six or seven miles north of the Rainy Buttes, on the Cannon Ball
river, and at a considerably lower elevation, two workable beds of
coal occur. They are exposed not far from the cast line of Billings
county, where the following section appears:

*Second Bien. Rep. N. D. Geol. Survey, p. 160.



112 'LIGNITE COAL

Feet

AllUVIUM o i e s 4
SEHASHEIE  sow somsrannees reann o SRRl ST S0 5
L0 2
s SBHAL e sween s el e SR SURTES BESIERIGES SYDEE 4
L a ianraims mnsmmsrims s sommsrss dosipsm e i mpiaiaie Riwesals sEessoAs mis 4
[ - e T 5
Clay, to water level ... oo e s 5

COAL IN BOWMAN COUNTY.

No workable beds of coal occur along the valley of the Little
Missouri river in eastern Bowman county. The strata of the latter
area are the somber beds lying below the light gray and buff divi-
sion of the Fort Union and the lower portion of this dark-colored
series is barren of coal except in thin seams.

The most westerly coal outcrop in the county so far as known is
that on Coyote cteek, between three and four miles above its mouth,
in T. 132, R. 105, where a bed 5 feet-6 inches thick appears along
the stream, .

Three miles farther up the creek, in section 30, T. 132, R. 104, 12
feet of coal are exposed, the lower portion being covered by talus
and deposit from the stream, so that the entire thickness could not
be determined. -

Coal outcrops at various points along the North Fork of the Grand
river, in southeastern Bowman county. A bed is well exposed in
the cut bank of the river two miles west of Haley, in section 2%, T.
129; R. 100, the section here being as follows:

Feet
Sandstone and sandy clay . ...oiiiiii i s 25
L= SR li}24
Sandstone, soft, exposed above Tiver.............ovuvn.. 4-6

The coal is mined here from the outcrop, which extends along the
side of the valley for 300 to 400 yards, and is used by the settlers
living in the vicinity. A bed reported to have a thickness of five
to six feet is also mined four miles above, in section 19, T. 129, R.
100. Coal occurs on Spring creek, one of the chief tributaries of
the North Fork of the Grand, and is exposed in section 3, T. 129,
R. 101. A bed outcrops on Lightning creek, between four and five
miles north of Haley and has been mined in section 5, T. 129, R. 99,
by stripping off the cover. Coal is also found on Buffalo creek, and
between the latter and Lightning creek.
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The Consolidated Coal Company has a mine at Scranton, on the
Chicago, Milwaukee & St. Paul railroad. The thickness of the coal
bed is 22 feet and it contains no clay seams. Tts depth below the
surface varies from 30 to 110 feet. The mine is located a quarter
of a mile from the railroad, with which it is connected by a spur,

A coal bed oceurs on the South Fork of the Cannon Ball river, in
the extreme southwest corner of Hettinger county, 01‘11_\’ one mile

east of the Billings county line, Iere, in section 31, T. 133 ., R.97,
314 fect of coal are exposed, but the bed is partly cwmcakd and its
full thickness could not be determined. It is covered by three to
four feet of clay and is readily mined by stripping off the cover,

DEVELOPMENT OF THE COAL RESOURCES.

xcept at a few points all mining 3o far carried on in the region
under discussion has been by the ranchers and settlers for their own
use. The coal is commonly obtained where the beds outcrop along
some stream or in a bluff or butte, so that it can be mined with the
least expenditure of time and lahor. The beds are ir equently under-
mined by river or creek and large masses have fallen off and line the
banks, ready to be broken up and loaded into wagons,  In many
places these outcrops can be reached only in winter when the streams®
are frozen over, and much of the coal is hauled at this time of the
vear or during the fall,

Another common method (‘mplm cd is that of stripping off the
oxuhmg clay, and where the cover is not aver ten or fifteen fect

hick this is an casy and inexpensive way of mining. Tn many cases
j[he cover grows thicker as the bed is followed back into the bluf
so that a limit is reached hevond which stripping cannot be emnloy ed

Probably the first mine to be deve leped in the region was the ane
at Little Missouri, across the river from Medora, which belonged to
the Northern Pacific railroad. Coal was mined here by the rail-
road as early as 1884, by means of drifts running in along the bed.
Some of the old dump piles and timbers may still be seen.

several openings have been made in the nine-foot bed at Medora,
and considerable coal has been shipped from this mine to nearby
towns. The newest entry runs hack over ¥i feet from the face of
the bluff and the cars are pushed out by hand. The thick coal bed
at Sentinel Butte is mined at four or five ¢ points where it is ¢

xposed
near the base of the slope, the coal being taken from tl

1¢ outcrop.

-
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The largest mine in the area under discussion is the one recently
opened by the Consclidated Coal Company at Scranton, Bowman
county, on the Chicago, Milwaukee & St. Paul railroad, to which
reference has already been made on a previous page. The coal is
blasted from the solid and the mine is equipped with mule haulage.

The material over the coal beds is commonly clay, which makes
an insecure roof requiring careful timbering to prevent it from fall-
ing. It is therefore ciistomary, when the bed is of sufficient thick-
ness to allow, to leave from six inches to one or two. feet of lignite
to form the roof of the mine. This makes an excellent roof and
one which frequently requires but little timbering except along the
main entry,

Future Development.—This part of North Dakota is rapidly sett-
ling up and with the large increase of population new mines will be
opened in different parts of the field. At the present time nearly
every farmer and rancher mines his own coal from the nearest and
most accessible bed. In the future an increasing number will obtain
their coal from some mine in their vicinity.

The future development of the coal resources of the region will
depend to some extent upon how widely the gas engine comes into

. use, and also upon the cheap briquetting of the lignite. The value
of the latter as a source of producer-gas for gas engines has been
demonstrated by the tests made at the Fuel-Testing Plant of the
United States Geological Survey at St. Louis, where it was found
that North Dakota lignite furnishes a rich gas for this purpose. 11
the gas engine should come into general use, as many believe it will,
it would result in a greatly increased demand for this kind of coal.
The successful briquetting of the lignite which would allow of its
being shipped and stored for a long period without breaking down
into small pieces would likewise insure its increased use as a fuel.

Tt seems probable that a commercially successful briquetting process

will be found in the near future, and when discovered it will be of
great benefit to North Dakota.



THE GEOLOGY OF NORTHEASTERN
NORTH DAKOTA

WITH SPECIAL REFERENCE TO CEMENT MATERIALS
BY

JOHN G.BARRY AND V. J. MELSTED.







GEOLOGY OF NORTHEASTERN NORTH DA-
KOTA WITH SPECIAL REFERENCE
TO CEMENT MATERIALS

BY

BY JOHN G. BARRY AND V. J. MELSTED.

INTRODUCTION.,

The area under consideration includes Pembina, Cavalier, and
adjoining parts of Walsh and Ramsey counties, comprising town-
ships 1537 to 164 N. and ranges 50 to 64 W., or an area of about
2,400 square miles. As may be seen from the accompanying map,
the region is well provided with railroads with the exception of
that portion lving to the north and northeast of Langdon, in Cav-
alier county. It is probable that a line will be put through this
arez in the near future, paralleling the Hannah branch of the
Great Northern railroad and midway between it and the Walhalla
branch of the same road. The completion of the Northern Da-
kota railroad to Conecrete will also serve as a stimulus and perhaps
as a connecting linl.

The geology of northeastern North Dakota is of much interest
because of the exceptional opportunity afforded for the study of
the Cretaccous formations of the region, particularly in the many
outcrops of the Pembina Mountains, The areca is also of economic
importance from the occurrence in it of materials suitable for the
manufacture of cement. These and other considerations led the
Survey to undertake as delailed a study of the region at time and
funds would allow.

This area and adjoining parts of the Red River Valley in Min-
nesota have received in the past considerable attention from geol-
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ogists. The evidences of the former existence of a great lake in
the Red River Valley were observed in 1823 by Keating, the geol-
ogist of the first scientific expedition to this district;® in 1848 by
Owen ;* in 1857 by Palliser;® in 1858 by Hind;* and in 1873 by Dr:
G. M. Dawson.® FEach of these geologists explored considerable
tracts of the lacustrine area, recogrizing its limits in a few places,
and Hind especially described and mapped portions of the lower
beach ridges. Dr. Dawson’s work was in connection with the
British North American Boundary Commission, and includes de-
tailed notes of the part of this area lying between the Lake of the
Woods and the Pembina Mountains.

The excavation of the valley occupied by Lake Traverse, Big
Stone lake and the Minnesota river was first explained in 1868
by Gen. G. K. Warren, who attributed it to the overflow from this
ancient lake. He made a careful survey of this valley, and his
maps and descriptions, with the accompanying discussion of geol-
ogic questions, are most valuable contributions to science® After
~his death, in commemoration of this work, the glacial river that was
the outlet of T.ake Agassiz was named River Warren.”

That this lake existed because of the barrier of the receding ice-
sheet was first pointed out in 1872 by Prof. N. II. Winchell.®

Considerable work on that part of the area of Take Agassiz
which lies in Minnesota was done by Warren Upham and reported

INarrafive of an expedition to the source of St. Peter’s river, Lake Winnepeek,
Lake of the Woods, etc., performed.in the year 1828, under the command of Stephen
H. Long, M. S. and Topographical Engineer, London, 1825, Vol. II, p. 3.

2Report of a Geological Survey of Wisconsin, Towa and Minnesota. Philadelphia,
1852, p. 178.

3Journals, detailed reports, efc., presented to Parliament, 16th May, 1863, p. 41.

“Report of the Assiniboine and Saskatchewan Exploring Expedition. Toronto, 1859,
pp. 89, 40, 167, 1468,

SReport on the Geology and Resources of the Region in the Vicinity of the Forty- '
niné];sParaII-el, from the Lake of the Woods to the Rocky Mountains. Montreal, 1875,
P A A .

8‘0On certain physical features of the upper Mississippi river,” American Naturzlist,
Vol. 11, pp. £497-502, November. 1869. Armual Report of the Chief of Engineers, United
States Army, for 1868, pp. 304-314. “An essay concerning important pgysical features
exhibited in the valley of the Minnesota river, and upon their significance,” with
maps; Report of Chief of Engineers, 1875. ‘Valley of the Minnesota river and of the
Mississippi river to the junction of the Ohio; its origin considered: depth of bed rock,”
with maps; Report of Chief of Engineers, 1878, and Am. Jour. Sm 3), Vol XXVH
pp. 417-431, December, 1878, (Genéral Warren died August 8, 1882)

Proc. A. A. A, 8. Vol. XXXII, for 1883, pp. 213-231; also in Amer Jour. Sci. (3),
Vol. XXVII, Jan. and Feb., 1884; and Geology of Minnescta, Vol. I, p. 622.

8Geol. and Nat. Hist. Survey of Minnesota, First Annual Report, for 1872, p.
63; and Sixth Annual Report, for 1877, p. 81; Prof. Winchell also expla.med in  like
manner the formerly higher Tevels of the Taurentian lakes, Popular Science Monthly,
June and July, 1878; and the same view is stated by Prof. J. S. Newberry in the Report
of the Geologlcal Survey of Ohio, Vol. 1874, pp. 6, & and 51.
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in the publications of the Minnesota Geological Survey.r More de-
tailed work both in Minnesota and North Dakota was undertaken
later by the same geologist and the report on it was published by
the United States Geological Survey.® DBy the cooperation-of the
ceological surveys of the United States and Canada, Warren Up-
ham was enabled to complete his investigations on Glacial Lake
Agassiz, which were published by the United States Geological
Survey and in part by the Geological and Natural History Survey
of Canada.? The report is a valuable contribution to science.

Altitudes in the lake area have also been included in anotber pub-
lication by the United States Geological Survey.*

Important observations of the beaches of Lake Agassiz farther
northward along the Manitoba escarpment and near the mouth
of the Saskatchewan have been made during work for the Geolog-
ical Survey of Canada by Mr. J. B. Tyrrell®

The Geological and Natural History Survey of Minnesota in
Vol. 4 of its Final Report, 1899, considers the areal geology of
Kitson, Roseau and Marshall counties, lying in the Red River Val-
lev, and these have many characteristics in common with Pembina
and Walsh counties in North Dakota. Dr. C. P. Berkey, did some
work in the vicinity of Walhalla and published the results in the
Am. Geologist, Vol. XXXV, No. 3, March, 1905. Work of a gen-
eral character has heen carried on in the past in this area by Prof.
TBabeock and Dr. Leonard of the North Dakota Geological Survey,
and is reported in the First and Third Biennial Reports.

Acknowledgments are due Mr. J. M. Melsted, of Gardar, and Dr.
R. C. Cliff, of Park River, for their kind assistance in providing
borses for carrying on the work. Thanks are due especially to
Mr. I1. A, Mavo, of Walhalla, for field assistance; and many other
citizens of the counties aided in the work.,

1Geol, and Nat. Hist. Survey of Minnesota, Fighth Annual Report, for 1872, pp.
84-87; Fleventh Annual Report, far 1882, pp. 137-153, with map; and Final Report,
Vols. I and IIL

°17. S. Geol. Survev Bulletin No. 30. The Upper Beaches and Deltas of the Glacial
Take Agassiz, pp. 84, with map.

t(icol, and Nat. Hist. Survev of Canada, Annual Report, new series, Vol IV, for
1880-80. Part E, Report of Exploration ot the Glacial Lake Agassiz in Manitoba, pp.
1561. witﬂh two maps and a plate of sections. U. 8. Geol. Survey, Mono. XXV, pp. G638
38 pl, 1896,

417,78, Geol. Survey, DBulletin No. 72, Altitudes between Lake Superior and the
Rocky Mopuntains, 1891, pp. 2120,

sGeol, and Nat. Tlist. Survey of Canada. Annual Report, new serics, Vol III, for
1887-88, Part I, Notes to accompany a preliminary map of the Riding and Truck Moun-
taing in northwestern Manitoba, 16 pages with map. Other papers by Mr. Tyrrell,
including descriptions of portions of the T.ake Agassiz beaches, are, “TPost Tertiary
Deposits of Manitoba and the adjoining territories of Northwestern Canada,” Bulletin,
G, &

S, AL, Yol I, 1800, pp. 395-110, and “Pleistocene of the Winnipeg Basin, ” Am.
Geologist, Vol. VIII, pp. 10-28, July, 1891
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PITYSIOGRAPHY.
TOPOGRAPHY.

To the most casual observer it is apparent at once that the area
may be divided into three topographic divisions, namely: - the
Red River Valley; the Pembina Mountains; and the high rolling
prairie forming the greater part of Cavalier county. These topo-
graphic divisions are well marked and important geologically.
There are no outcrops of the sedimentary series in either the first
or last divisions while the Upper Cretaceous formations are well,
exposed in the Pembina Mountains. In the Red River Valley and
in Cavalier county geological field work must be confined for the
greater part to the consideration of well records, ahd the study of
the physiographic features and the glacial geology.

. The Red River Valley in North Dakota lies in general between
the Red River or eastern boundary of North Dakota, and range
56 W. The slope of the valley to the north in this area along the
eastern boundary of the state is about 134 -feet per mile. Going
to the west along the southern boundary of Pembina county the
valley bottom rises about ten feet per nlile, although the ascent
through the first half is only about 3 feet per mile. In the next
8 miles the surface rapidly ascends nearly 400 feet more- as one
climbs the Pembina Mountain escarpment, which forms the wes-
tern boundary of the valley. Along the international boundary
the surface rises about 40 feet in 15 miles from Pembina to Neche,
and 187 feet in the next 21 miles to the base of the Pembina
Mountaimns. Here asbefore, the Cretaceous escarpment, known
. as the Pembina Mountains, rises abruptly, giving an elevation of
1,400 feet above the sea, and rising about 400 feet in two miles.
See Plate XX, Fig. 1.

From the foregoing it will be seen that the Red River Valley is
a large nearly level plain, which slopes slightly downward to the
north and upward to the west. In traversing it from east to west,
however, it is at once apparent that there are are upon the surface
certain ridges, which extend in a general north and south direction.
These usually have only a slight difference in elevation from the
valley, commonly 10 to 20 feet on the side towards the Red river,
and 3 to 10 feet toward the west; and vary in width from 10 to 25
rods, There are also step-like terraces which extend longitudi-
nally in a north and south direction and slope upwérd to the west *
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Fig. 1. Escarpment of the Pembina Mountains in the distance with the level plain of
the Red River Valley in the foreground,

IFig, 2. Notch in the Pembina delta cut by Pembina river southeast of Walhalla. The
left of the illustration shows the gentle slope to the abrupt eastern edge of the delta,
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to a height of 10 to 25 fcet. Desides these variations from the gen-
cral level, there is also one of considerable topographic and ecco-
nomic interest which borders the PPembina Escarpment and is cut
by the Pembina river., This is known as the Pembina delta. See
Plate XX, Fig. 2.

Previous geological work in the Red River Valley has shown
that this valley existed previous to the Glacial Period., During the
retreat of the ice-sheet a large body of water was held in this valley
by virtue of the presence of the ice-sheet to the north. This is
known as Glacial Lake Agassiz. During the early part of the
existence of this lake, its outlet was to the south, through the valley
now occupied by Lake Traverse and Big Stone and the Minnesota
river. As the ice-sheet receded to the north the level of the water
of the lake was lowered, and finally found an outlet to the northeast.
The complete retreat and disappearance of the ice-sheet gave present
dav conditions.

During the existence of Lake Agassiz beaches, terraces, and other
evidences of shore lines were formed on its margin, and remained
after the recession of the ice-sheet and the lowering of the water
level. These are evident today and arc important in the topography
of the valley, as well as economically important as supplies of sand
and gravel.

Tn the southern part of the area of this glacial lake, within 75
miles of its outlet at l.ake Traverse, five principal beaches have
been ohserved, and in their descending order have been named,
from towns in Minnesota near which they are well exhihited, the
Herman, Norcross, Tintal, Campbell and McCauleyville beaches.
These shore-lines, however, when traced farther north, are found
to become double or multiple, due to an elevation of the northern
part as the ice-sheet retreated and its great weight was removed
from the earth’s crust.  In the vicinity of Maple T.ake, Minnesota,
the ITerman beach is divided into five beaches, corresponding to
the single Herman beach at the southern outlet. In like manner
the Norcross and Tintah beaches are each represented at the north
by two, and the Campbell and McCauleyville beaches each by three
distinet shore-lines, separated by slight vertical intervals. The
northern part of the lake has thus no less than seventeen shore-
lines, which were sticeessively formed from the highest to the lowest
during the time of the southward outflow through Lakes Traverse
and Big Stone and the Minnesota river to the Mississippi.
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After the lake obtained its earliest outlet to the northeast, sink-
ing below Lake Traverse, it formed fourteen shore-lines. The first
three of these pass near Blanchard, N. D)., and these are denomi-
nated thé Blanchard beaches. The next in descending order is the
Hillshoro beach, the stcceeding two are the Emerado beachés, and
the next lower the Ojata beaches, named similarly from other towns
in this state. The remaining six lower beaches are named from lo-
calities in Manitoba. In the same descending order they comprise
the Gladstone, Burnside, Ossowa, Stonewall and Niverville beach-
es, the last being double. There are thus in total thirty-one separ-
ate shore-lines of this lake in the northern portion of its area; and
all of them, excepting the lowest, extend south of the international
boundary.

- Owing to the conditions under which the field work was carried
on and owing to the fact that Mr. Warren Upham did a large.
amount of detailed work on the shore lines of Lake Agassiz the
results ©f which are contained in Monograph XXV of the United
States Geological Survey the writers thought it unnecessary. to
spend much time on this portion of the work., Instead, some of the
more important features and their relations to the remainder of the
area were studied, and the writers have drawn freely from the
above monograph*in the preparation of this report.

Golden Valley.. Golden Valley on the north line of sections 4
and 5, Vernon township, has an elevation of 1,135 to 1,195 feet,
showing an ascent of 10 feet from east to west 1 its width of 2
miles. About the same transverse slope, raising the west side of the
valley 10 to 15 feet above its east side, is found along its whole ex-
tent of 18 miles from the North Branch of the Forest river to the
Middle and North Branches of the Park river. From the south
boundary of Golden Valley northward, the width of this wvalley
varies from two to only one mile. It is flat, and its bottom and
sides consist mainly of clay free from gravel; but wells find gravel
- intermixed with the clay,probably till, at a depth of a few feet,
and about twenty feet from the surface they sometimes encounter
a waterbearing stratum of gravel, chiefly made of Cretaceous
shale.  The highest part of Golden Valley south of the South
Branch of Park river, along the north line of sections 2%, 28, 29,
in Golden township, is 1,199 feet on the east to 1,211 feet on the
west. Golden Valley, on the north line of section 29, Lampton
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township, is 1,198 to 1,208 feet. In thrs northern part of the valley
limited tracts of its flat area arc strewn with abundant boulders
up to two feet, and less frequently three or four feet, in diameter.
They are probably where swells of till rose nearly to the surface of
the water in this strait of Lake Agassiz, so that its fine portions were
swept away by waves and currents, to be deposited elsewhere in
the valley as clayey silt, leaving the masses of rock which would
not be thus removed. Approaching the Middle Branch of Park
river, the surface of the Golden Valley continues very smooth
and flat, but 1t ceases to have a continuous ascent from east to west,
some portions along the center being depressed a few feet, and thus
allowing the formation of shallow sloughs,

The west border of the Golden Valley was the most western
shore of Lake Agassiz in its highest stage, but it is only very scan-
tily marked by deposits of beach gravel and sand, because of its
sheltered position on the western and leeward side of this narrow
strait. From the southeast corner of section 32, Golden township,
this shore-line extends in a quite direct course a few degrees west
of north through sections 32, 29, 20, 17, 8, and 5 of this township
and the cast edge of sections 31 and 30, Lampton township. For
the next three miles, in the east edge of sections 19, 18, and 7,
Lampton township, it runs nearly due north. Thence it turns to a
nortwesterly course through section 6 of this township, and section
31, Gardar township. In this vicinity the Golden Valley termi-
nates.

Bushes and trees clothe the slope on the west side of the Golden
Valley along its northern part, extending to the south line of Lamp-
ton township; but this ascent farther south, also the entire extent
of the Golden Valley, the drift hills forming its east border, and
the vast plain of the Red River Valley, are prairie, excepting that
narrow helts of timber border the water courses,

Smoothly undulating till rises slowly from the west side of the
southern part of the Golden Valley, but in section 30, Lampton
township, rounded hills of till attain a height of about 100 feet above
the valley or 1,300 feet above the sea. Thence northward a smooth
slope ascends 50 to 60 feet, or in some portions only 30 or 40 feet,
within the first quarter or half mile to the west, succeeded beyond
by a moderately rolling surface with less ascent,
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A terrace of beach sand and gravel, containing pebbles and cob-
bles up to six inches in diameter, extends a third of a mile from
southeast to northwest, with a width of 5 to 30 rods, in the north-
west quarter of section 33, Lampton township, abutting on the west
flank of the rolling and hilly deposits of till which make the cast
border of the Golden Valley. It was formed by currents enter-
ing this strait of Lake Agassiz; it has an elevation of 1,213 to 1,195
feet, declining from north to south, and also sinking one or two
feet from west to east in its width of 100 to 500 {feet, being thus
slightly higher along its verge than where it rests upon the adjoin-
ing hilly till. :

IFrom the north side of section 32, Eden township, Walsh county,
an fsland of rolling and hilly morainic till above the highest level
of Lake Agassiz extends, with the exception of two short gaps,
twenty miles northward, varying in width from a half mile to a
little more than one mile in its southern quarter and from one and
one-half to two and one-half miles through the remainder of its ex-
tent. This hilly tract, commonly denominated “the mountains,”
forms the east border of the Golden Valley. In the north part of
section 38, Vernon township, it has a depression to about 1,180
feet, which probably was a strait of the glacial lake in its highest
stage, an eighth of a mile wide, and a few feet deep. Again in
the center of Golden township, it is intersected by the South Branch
of Park river, which has a valley a quarter to a half of a mile wide
and about seventy-five feet deep. The stream in its course of one
and a hali miles through this belt descends about fiity feet, from
1,165 to 1,115 feet, approximately. It seems almost certain that a
depression slightly lower than the Golden Valley on the west orig-
inally extended across this rolling and hilly area where 1t is cut
by this stream; but the erosion of its valley has undermined and
removed portions of adjoining hills and ridges, so that its inclosing
bluffs now rise 50 to 100 feet, their highest points being about
1,225 feet above the sea, or twenty-five to thirty feet above the
east edge of the Golden Valley, All these bluffs and two plateaus
left in the midst of the valley are till, yellowish near the top and
dark-bluish below.

The elevation of “the mountains” in their southern and narrower
portion varies from 1,190 to 1,250 feet above sea level; in the south
part of Golden township, 1,200 to 1,260 feet and through the north
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half of this township and the south half of Lampton township,
1,200 to 1,275 feet, being highest in section 28 of the township last
named, near the northern end of this hilly tract. These prominent
accumulations of till, rising in the west edge of the lacustrine area,
are probably referable to the ninth or Ieaf Hills moraine and ap-
pear to have been formed on the western margin of the Minnesota
lobe of the ice-sheet, as explained in the general comsideration of
the area,

The Great Northern Railway at Park River depot is 998 feet
above the sea; the natural surface at the southeast corner ol section
23, Golden township, on the road leading west from Park River,
1,178 feet. The crest of the upper Ilerman beach, crossed by this
road ten rods west from the point named, it at 1,187 feet, but twen-
ty rods southeast and northwest from the road its height is 1,192
feet, This 15 a typical beach ridge of sand and gravel, with peb-
bles up to two or three inches in diameter, mostly limestone and
granite. The Cretaceous shale before mentioned is very rare in
the till of “the mountains” and in the beaches formed along thelr
cast side, indicating that the east limit of this shale is the Pembina
Mountains and the western ascent of the Golden Valley, and that
the glacial currents by which the drift here was deposited came
only from the north and northeast, with no intermixture of currents
from west of north.

Take Agassiz Beaches. The highest beach on the verge of south
blufl of the South Dranch of Park river, in the southeast quarter
of section 23, Golden township, is 1,188 to 1,192 {feet high with o
Dasin-shaped hollow o its west side twenty feet lower, which
changes southward to a depression of about five feet. The river
biuff here shows the depth of beach sand and gravel to be two to
ten feet, lying on till. The lower beach, a quarter of a mile farther
cast. extends from northwest to southeast, in the southwest quar-
ter of section 24, and is 1,167 to 1,170 feet high.

The lower Herman beach is a massive ridge of gravel and sand.
extending in a curved course convex toward the east from the
northeast quarter of section 2, Golden township, through the south-
east part of section 33, Lampton township, with a crest 1,160 to
1,165 feet high; through the northeast edge of section 36, and the
southwest corner of scction 25, it is 40 to 50 rods wide, with slightly
undulating surface, and is 1,160 to 1,167 fect high; near the middle
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of the east side of the southeast quarter of section 26, it is 1,165
to 1,166 feet high; and at the quarter-section stake on the north
side of this section 26, it is 1,163 feet.

Near the west line of section 23, Lampton township, two Herman
beaches abutt upon the east flank of the north end of “the mountains”
and extend thence north-northwest two miles to the Middle Branch
of Park river. The eastern one, a well-defined ridge of sand and
fine gravel passes close west of the quarter-section stake between
sections 15 and 10. The elevation of its crest is 1,161 to 1,166
feet, increasing in height from south to north; the descent on the
ealt is fifteen to twenty feet in as many rods, and the depression
on the west is three to eight feet deep and ten rods wide. The
other beach ridge is forty or fifty rods farther west, parallel with
the preceding. and similar in form and material, its crest rising
slightly northward, is 1,178 to 1,176 feet obove sea level, An-
other distinct beach ridge, but of smaller size, runs in a parallel
course through the east part of the southwest quarter of section
9, with its crest at 1,185 to 1,187 feet. These appear to represent |
together the second and third Herman beaches. The lowest Herman
beach in this vicinity passes as a well-marked ridge of gravel and
sand through the west part of sections 11 and 2, Lampton
t-éwnship, and the east part of sections 34, 27 and 22, Gardar town-
ship, having a height of 1,145 to 1,150 feet, from which there is
a descent of five to ten feet on the west.

The upper Herman beach, northward from the north end of

“the mountains,” forms in the northwest quarter of section 21,
~and the west part of section 16, Lampton township, a massive
broad ridge, composed of sand and gravel, with pebbles up to four
or even six inches in diameter, with a crest 1,197 to 1,207 feet
high, rising higher northward, where the beach deposit overlies
the eastern slope of a wave-like swell of till that rises to 1,212
feet. A small beach ridge belonging to this stage is on the east
edge of the southeast quarter of section 8, Lampton township,
and is 1,202 to 1,207 feet above sea level. The surface in the west-
ern part of the southwest quarter of section 9, is 1,197 feet high,
consisting of sand and gravel of this beach to a depth of ten feet.
The summit of a smoothly rounded hillock, probably till, but hav-
ing few or no boulders, in the east edge of the northeast quarter
of section eight, is about 1,230 feet; train of beach gravel and sand
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cxtending thence thirty rods southward, rises 1,217 fcet above sea
level with descent of fifteen or twenty feet on cach side. Contin-
uing beyond the Middle Branch of Park river, this highest beach
is well developed in a broad ridge running due north through the
west part of scetion 4, Lampton township, with its crest at
1,202 to 1,208 feet. On the cast the surface falls thirty or forty
feet, and more slowly heyond, while toward the west a descent
of ten feet is succeeded by a flat surface of till, which rises slowly
from the foot of the beach ridge to a swell at the height of 1,215
to 1,225 feet, a half mile away, {forming the cast boundary of the
Golden Valley. This beach is of sand and gravel, with pebbles
up to six inches in diameter. About half of them are limestone;
nearly all of the remainder are Archcan granite, gneiss and schists;
scarcely ome in two hundred is Cretaceous shale.  Through the
west edge of scction 33, Gardar township, the elevation of this
excellent beach 1s 1,202 to 1,205 feet, and in the southwest edge
of scction 28 and the middle of the east elge of section 29, 1,202 to
1,197 feet, decreasing in size and height northward. Ior a half
mile through the southwest quarter of secticn 33, therc is a slight
secondary beach ridge, four to nine feet lower which lies about
thirty rods cast of the foregoing: its crest is at 1,198 to 1,195 feet
above sea level sinking a few feet from south to north; it is divid-
ed from the higher beach by a continuous depression about three
feet deep .

A very massive beach ridge, composed of sand and gravel, with
pebbles and rock fragments, the largest only slightly waterworn,
up to six inches in diameter, passes a few degrees west of north
through the center of section 20, Gardar township, 1ts crest in the
south half of the section heing at 1,208 to 1,215 feet, and in the north
half 1,215 to 1.223 feet.  On the east iz a descent of twenty to thirty
fect within twentv-five to fortv rods, and on the west ten or twelve
fect from the highest part of the beach within ten rods to a nearly
level arca of till,1,211 fect, which sinks forty rods farther west to
a long slough, about 1,205 feet high, parallel with the beach and a
sixth of a mile wide. Beyond this an undulating surface of till,
partly covered with bushes and small trees, rises to 1,250 or 1,275
feet within two miles, and then in massive swells to 1,450 or 1,500
feet within the next two to four miles. These are part of a platean
rising thence more slowly westward, whose boundary for the seven-
tv-five miles to the north-northwest is the conspictious escarpment

called Pembina Mountain.
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The north end of this massive beach bears.on its crest an arti-
ficial embankment 100 feet long from east to west and twenty feet
wide, raised two feet above the natural surface, its top being 1,225
feet above the sea. This is ten rods south from where the beach
is cut to 1,210 feet by a wide gap as of some ancient watercourse.
In the south edge of the southwest quarter of section 1%, Gardar
township, on the south bank of the North Branch of Park river about
ten rods east from the-ford of the “Hali-breed Road,” this beach
has an elevation of 1,220 feet.

The Nerth Branch of Park river at this ford is ten to fifteen feet
wide and a few inches deep with elevation of 1,203 feet. Its sur-
face at the village of Gardar a mile east, 1,175 to 1,170 feet. Lower
Herman beach, passing from south to north along the west side of
sections 20 and 17, Gardar township, a third of a mile west of the
village, about 1,185 feet. '

Sections 17, 8, and 5, Gardar township, rise from 1,190 to 1,200
feet on their east side to 1,220 and 1,225 feet on the west, includ-
ing, therefore, the upper Herman shore of Lake Agassiz; but they
present no considerable deposits of beach gravel and sand. A
swell of till, sprinkled with very abundant boulders, nearly all
Archean granite and gneiss, up to five feet in diameter, extends
from south to north across the line between sections eight and
five, having its crest at 1,215 feet, from which there is a steep des-
cent of ten or twelve feet to the west.

The south branch of Cart creek, in sections 31 and 32, Thing-
valla township, 1s bordered by a belt of timber, hut it is only a small
channel a few feet below the general surface, and is dry through
the greater part of the year. Its alluvial gravel, like that of the mid-
dle and north branches of Park river, is mostly Cretaceous shale,
derived from the gorges eroded in this rock at the sources of these
streams in the Pembina Mountain,

Along the western border of Lake Agassiz here and northward
into Manitoba extends a prominent wooded bluff, the escarpment of .
a treeless plateau which from its crest stretches with slow ascent
westward. This escarpment commonly called the Pembina Moun-
tain, is a very marked feature in the topography for about seven-
ty-five miles. It is caused by the outcrop, mostly overspread by
glacial drift, of a continuous belt of nearly horizontal Cretaceous
shale several hundred feet thick. Its course coincides nearly with
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the west line of Gardar and Thingvalla townships. Thence it
continues in an almost straight course, a few degrees west of north,
to the international boundary, beyond which it runs nonth-northwest
nearly fifty miles to the vicinity of Treherne. The base of the as-
cent is about 1,225 feet above sea level, and its crest approximately
1,500 feet, northward to the Pemhina river, bevond which the base
sinks to 1,150 and 1,100 feet and the crest to 1,400 and 1,300 feet.
The width occupied by the slope varies from a quarter to a half
of a mile.

The natural surface at the quarter-section stake on the north
side of scction 32, Thingvalla township, is 1,178 feet ahove the sea.
Sections 32, 29 and R0 of this township are mostly till, smoothed
by this glacial lake, the depressions having been filled by leveling
down the higher portions, where many boulders partially embedded
testify to considerable crosion. A broad beach of sand and fine
gravel three to five feet high extends from south to north through
the center of section 29, its crest being at 1,180 to 1,182 feet high.
This is the third in the series of four Herman beaches, The higher
beaches are probably also recognizable one to one and one-half miles
farther west ncar the hase of the Pembina escarpment or “second
mountain,” which 1s 1,220 to 1,230 fecet above the sca; but it is im-
practicable to trace their course and determine their exact elevation,
because woods reach from the base of this escarpment a half mile
east where these beaches helong.

The fourth Herman beach is a broad, low swell of sand and gravel
extending north-northwesterly through the east half of section 20,
Thingvalla township, with elevation of 1,166 to 1,172 fect; through
sections 17 and 8, an eighth to a quarter of a mile wide, and 1,161
to 1,173 feet high, having in some places a depth of at least 10
fect, as shown by wells. On the north line of section 20, and again
in the north part of section 17, it is intersected by branches of Cart
creek, which occupy valleys about 40 fect deep and an eighth to a
quarter of a mile wide. Drush and scattered trees grow in these
valleys and on the arca between them. Toward the cast a descent of
30 to 40 feet is made within the first half mile; westward there is
only a slight ascent, to about 1,200 fect 1n one mile; then a more
considerable slope, covered with woods, rises 20 to 40 feet to the
base of the “second mountain,” on or near the township line.

S
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In the west part of section 8, and again near the northeast corner
of section 6, Thingvalla township, this beach is intersected by the
head streams of Willow creek, in valleys about 35 feet deep. On
the north line of sections 5 and 6 of this township the third and
fourth Herman beaches are merged in an undulating tract of gravel
and sand a half mile wide, which rises from 1,160 feet on the east
to 1,184 feet on the west. A well on the west part of this belt found
the beach deposit 6 feet thick, underlain by till, which forms the
slightly ascending surface next west.

The base of the second Pembina mountain, in the east half of
section 31, T. 161, R. b6, varies from 1,235 feet at the south to
1,220 feet northward, coinciding nearly with the upper Herman
shore of Lake Agassiz. A well twenty-four feet deep was sunk
near the center of section 30, situated about fifty feet above the
Tongue river, a few rods back from the verge of its north bluff,
and was in soil two feet; gravel, nearly all Cretaceous shale.
eight feet; underlain by gravel, nealy all granite and gneiss, with
scarcely an rntermixture of shale, containing pebbles and cobbles
up to four inches in diameter, fourteen feet, yielding a perma-
nent supply of water. This well is close to the base of the
“mountain,” at an elevation of about 1,230 feet. Its hed
of granite grayel appears to be the upper bteach, the overlying
shale gravel being a delta deposit brought by the Tongue river.

The surface in the northeast corner of the southwest quarter of
section 32, T. 161, R. 56, is 1,192 feet. The well here, 14 feet deep,
is wholly stratified gravel and sand, being a beach deposit of the
second and third stages in the Tlerman series. The third beach lies
about an eighth of 2 mile east and is a broad ridge of sand and fine
gravel, a few feet above the land on its west side, with crest, 1,187
feet. - ,

The fourth and lowest Herman beach, of similar form with the
last, but larger, runs a few degrees west of north, through the
west edge of section 33, 1,175 feet, with depression of 1 to 5 feet
on its west side, and descent of 25 feet within 50 or 40 rods east.

The Tongue river, at a bridge near the center of the south half of
section 28, T. 161, R. 56, about 1,110 feet above sea level; bottom
_ land, 10 feet higher; top of the bluffs, about 1,150 feet. Gavins

creek in the south half of section 20, is about 1,140 feet high; valley,
40 feet deep and a sixth of a mile wide.
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The lowest Herman beach forms a massive ridge of sand and fine
gravel in the northeast quarter of section 29, and the east part of scc-
tions 20 and 17, T. 161, R. 56, with its crest at 1,175 to 1,180 feet.

Pembing Delta—The largest tributary of the Red river in North
Dakota is the Pembina river, which has cut a valley about 100 feet
deep and a mile wide in the plateau of the “second” Pembina Moun-
tain. During the recession of the ice-sheet this stream was much
larger than now, being for a time the outlet of glacial lakes in the
basins of the Souris and Saskatchewan rivers.! The delta deposited
in the margin of Lake Agassiz by the Pembina river, swollen by a
great affluent from the melting ice fields at the northwest, beyond
the present limits of its basin, extends about sixteen miles from south
te north, and has an average width of about five miles with a
maximum thickness exceeding 200 feet. Its mean thickness
is probably not less than 150 feet, giving it for its volume
about two and one-third cubic miles, spread upon an area of 80
square miles. Four-fifths of this delta lies south of the Pembina
river reaching nearly to the Tongue river.

Its elevation in the northwest part of section 17, T. 161, R. 56, is
1,200 fect; thence northward it rises slowly in two miles to 1,225
feet in the east part of section 6; and 1n sections 30 and 31, T. 162,
R. 56, it varies from 1,220 to 1227 fect. TFrom this crest of the
southern part of the delta it slopes slowly east and northeast to
1,080 and 1,090 feet at its eastern border, in sections 25, 24 and 13,
which coincides nearly with the east line of T. 162, R. 56. Deep
valleys, with frequent tributary ravines, have been eroded in it hy
several small streams. Westward the delta reaches to the hase of the
second Pemhina Mountain, the belt, a half to one mile wide, next
beyond the crest, only about 5 feet lower, being a very flat, beautiful
prairie, which rises slowly, like the crest, from south to north. The
clevation of this belt in section 18, T. 161, R. 56, is 1,190 to 1,195
feet, and in the middle of the east edge of section 36, T, 162, R. 57,
1,221 fect. Farther west there is an ascent of about 1,240 feet at
the base of the “second mountain.” Wells on this arca penetrate
only heds of sand and gravel easy to dig and needing to be curbed
to prevent caving. A large proportion, probably half, of the gravel
is formed of Cretaceous shale. Water is obtained at depths varying
from 25 to 60 feet.

—_11\',[0:1. XXV, U. S. Geol. Survey, pp. 267-274; Geol. and Nat. TTist. Survev of Minn.,
Ninth Ann. Report, 1880, p. 342: Hinds Report of the Assiniboine and Saskatchewan
Iixploring Expedition, 1895, pp. 118-168,
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The part of the Pembina delta thus far described is divided from,
its central and higher part, which is shown in Plate XXIII, by a Je-
pression about 2 mile wide, through which a portion or whole of the
river flowed during much of the time that this delta was being
formed. In the southwest corner of section 18, T. 162, R. 56, this
depression is 1,205 feet abovve the sea, being 20 feet lower than the
area on the south. It extends eastward with a slow descent, and
rises westward to 1,215 feet, just east of the Little Pembina river,
in section 15, T. 162, R. 57. This stream flows through the escarp-
ment of the “second mountain,” to its junction with the Pembina
river, thus leaving the depression just described, which would seem
to be its more natural course and taking in its stead a channel that
is eroded through a portion of the delta 50 feet higher.

The most elevated point of this delta is about 1,270 feet above the
sea, near the northwest corner of section 11, T. 162, R. 57, east of
the Little Pembina and south’of the Pembina river, and is nearly
300 feet above the junction of these streams, one and one-half miles
distant toward the northwest. Section 12 of this township and the
west part of section 7, T.. 162, R. 56, siope from 1,225 feet on the
south to 1,215 feet on the north; their southern part is the highest
land crossed between the depression before mentioned and the Pem-
bina river by the line dividing these townships. The level of Lake
Agassiz in its highest stage here was 1,220 or 1,225 feet above the
sea, being 50 feet below the top of the Pembina delta, as is shown
by the beach line of this level, 1,226 feet, in the central part of
section 7, where an eastward descent begins. This is the east verge
of the nearly flat area of the delta in sections 12 and 7. Like all of
this delta deposit the material here is sand and gravel, covered by
a fertile goil. * A small proportion of the pebbles of this gravel is
limestone ; a large part is Cretaceous shale, but more was derived
from Archean formations of granite and gneiss. '

The second Herman beach, a ridge. of the usual ferm, is crossed
by the road near the cast side of the northeast quarter of section 7,
T. 162, R. 56, descending from 1,212 feet to about 1,200 feet in a dis- -
tance of a third or a half of a mile from north to south.

A well 110, feet deep, in the northwest quarter of section 8, T.
162, R. 56, at an elevation of 1,189 feet, is in stratified sand and
gravel, with pebbles up to six inches in diameter, fully half Cretace-
ous shale. Water comes in coarse sand at the bottom, filling the low-
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est two feet, Another well of the same description, but 137 feet
decp, is a mule farther east, in the southwest quarter of section 4,
1,192 feet above the sea.

On the road from Olga to Walhalla the crest of the cast margin
of this delta is crossed in the north part of section 33, Walhalla town-
ship, about two miles southeast from the village of this name. Its
elevation is 1,190 to 1,196 feet above the sea. This is a beach ac-
cumulation, belonging to the third Herman stage. Toward the west
and southwest the undulating delta platean is 10 to 30 feet lower for
a width of one to one and one-half miles, averaging about 1,175 feet.
Northeast from the crest of this road a short descent is made to a
prairie terrace, 30 to 60 rods wide, varying in elevation from 1,182 to
1,169 feet, but mainly within 2 feet above or below 1,175 feet. In
general the edge of this terrace is its lowest portion.  Thence a very
steep descent of 169 feet is made on the road from 1,173 to 1,004
feet, this being the conspicuous wooded cscarpment called the “first
mountain.” It is the eroded front of the great Pembina delta, the
castern part of which originally descending more moderately, has
been swept away by the waves and shore currents of the lake dur-
ing its Norcross, Tintah, Campbell and McCauleyville stages. From
section 33 the “first mountain® extends southeast to sections 13 and
24, T. 162, R. 56, and northwest across the Pembina, passing just |
southwest of Walhalla and onward to sections 10 and 3, T. 163, R.
57. TIts highest part is intersected by the Pembina river, above which
it rises on each side in bluffs of gravel and sand, 200 to 250 feet
high, with their crest one-half mile to a mile apart. From this up-
per portion the delta slopes down gradually toward the southeast and
toward the northeast and north, extending cnly two to four miles
north of the Pembina.

The surface at Walhalla is 968 to 994 {cet; Pembina river at the
bridge, a third of a mile cast of Walhalla, at Tow and high water, is
934 to 943 feet. ‘

The highest part of the Pembina delta north of the Pembina river
in sections 25 and 26, T. 163, R. 57, is 1.210 to 1,230 feet, rising
slowly from cast to west; in the west half of scction 26 and the east
edge of section 27 it is depressed to 1,225 and 1,220 fcet; but beyond
this it rises to 1,235 and 1,210 feet, next to the foot of the “second
mountain.” ;
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The surface at the quarter-section stake on the north side of sec-
tion 26, T. 163, R. 57, is 1,191 feet. The crest of the third Herman
beach five rods south of the stake, is 1,197 feet above sea level, from
which there is a descent in five rods to 1,192 feet and in 15 rods to
1,180 feet. This beach curves thence to the northwest and north,
and in the opposite direction runs east-southeast two miles to near
the center of section 30, Walhalla township, where its elevation is
approximately 1,192 feet. Other shore lines of the Herman group
were not noticed north of the Pembina river, '

From the erosion of this first rempina -Mountain, by the glacial
Lake Agassiz during its recession, large quantities of gravel and
sand were swept southward, notably during the Campbell stages of
the lake, when they were deposited in a very massive curving beach
ridge that crosses the Tongue river in the west part of T. 161, R,
55, about seven miles west of Cavalier,

Through Eden township, and the next 5 miles northward to the
vicinity of Edinburgh, the Norcross shores on the eastern side of
“The Mountains” lie mostly within a half mile te one mile from the
highest Herman shore. Upon this somewhat steep slope, intersected
by numerous ravines, neither the Herman shores nor the Norcross
shores are so distinctly traceable as usual, either by beach deposits
or by lines of erosion.

From the northern end of “The Mountains,” near Edinburgh, the
Norcross shore lines run north-northwestward, passing about two
miles east of Gardar, less than a mile west of the village of Moun-
tain, and through the eastern half of section 33, T. 161, R. 56. At
the locality last named the upper Norcross shore lies about a third
of a mile east of the lowest Herman beach, and is marked by a
ridge of gravel and sand 10 to 20 rods wide, with a depression of one
to four feet on its west side and a descent of about six feet in a
few rods to the east. Its crest has an elevation of 1,143 to 1,145
feet, being thirty feet lower than the adjacent Herman ridge.

The outer border of the plateau of the Pembina delta, forming
the “first Pembina Mountain,” was the Norcross shore of Lake
Agassiz. After the ITerman stage of this lake all its lower levels
with southward outflow washed the front of the Pembima delta,
carrying away much of this deposit southward and eastward, and
proc’[ucmcr the steep escarpment, mostly 100 to 175 feet h1gh by
which it is bounded on the east.
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On the more gradually sloping northern edge of this delta, two
to four miles west of Walhalla, a beach formed during the lower
Norcross stage passes irom east-southeast to west-northwest. In
the north half of section 23, T. 163, R, 57, where its crest has an
elevation of 1,185 to 1,120 feet, it is a broad, low ridge, chiefly of
sand, with fine gravel, containing pebbles up to one or two inches
in diameter. Moast of the gravel is derived from the Cretaceous
shale of the Pembina Mountain, but a part is of limestone and
crystalline Archean rocks. A depression of five or six feet, fif-
teen to twenty rods wide, lies on the southern side of the beach,
away from the lake, and its northern side falls off into the lacustrine
area with a gentle slope. -

Two miles farther northwest the Norcross shore-lines, with the
entire Herman scries, leaving the Pembina delta, sweep into the
great Cretaceous escarpment of the second Pembina Mountain
with which they coincide for several miles northward, crossing the
international boundary.

From Eden township northward to the Pembina delta the courses
of the Tintah shores, though not exactly traced, are known very
nearly from the rate of castward descent of the land and from the
mapped course of the next succeeding Campbell beach. At one
locality a Tintah beach ridge was noted, near the middle of the line
between scctions 19 and 18, Kensington township, about two miles
northward from the town of Park River; but for the next two
miles or more northward there is a rather irregularly rolling sur-
face, with no definite beach observable.

The Tintah shores are only a short distance below those of the
Noreross stages on the flanks of the Pembina delta and on the lower
part of the Pembina Mountain escarpment for several miles thence
northward.

Beyond Conway, for a distance of about thirty-five miles, the
Campbell shore-line, passing through the west edge of the town
of Park River and close by the east side of the village of Mountain,
is almost uninterruptedly an eroded escarpment of till, with east-
ward descent of twenty to thirty feet, or rarely forty feet, within
an eighth of a mile or often a less distance. At Park River the
Campbell escarpment falls rather wbruptly from 1,035 to 1,015 feet
above the sea; and thence a gentle slope of till sinks about fifteen
feet lower in a half mile east to the McCauleyville beach and the
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railroad. In the northwest corner of Dundee township, ten miles
north of Park River, the escarpment falls from 1,045 to 1,015 feet,
being steep in the upper half, which consists ‘of till; then it descends
more slowly a few feet, also in till, with frequent boulders; and its
lower third is a somewhat steep slope of beach sand, and coarse
gravel. ) . ‘

From the foot of the escarpment a smoothed surface of till slopes
gradually eastward, having an estimated descent of 100 feet within
three miles. In section 2, Gardar township, the crest of the escarp-
ment, at 1,045 feet, bears a-slight ridge of beach gravel and sand,
two to three feet above the surface of till on the west; but the face
of the escarpment, here falling twenty-five feet within thirty rods to
the east, is till, enclosing plentiful boulders of granite and gneiss. A
few miles farther north, at a distance of about one mile south of
the village of Mountain the steep slope falls from 1,040 to 1,000
feet, and is covered with a beach deposit of gravel and sand from
1,030 to 1,020 feet, while the higher portion and a broader belt form-
ing its foot, like the lower land extending eastward, are till. At
Mountain this shore descends thirty feet, from 1,045 to 1,015 feet,
within a distance of about twenty-five rods. It is wholly till, with
no associated beach iformation, as also are the more gentle slopes

" on both sides, sinking toward the east and rising westward. During

all the Campbell stages of Lake Agassiz erosion was in progress
upon this long escarpment; but in some localities the action of the’
waves in cutting away and removing till was temporarily changed,
alternating with accumulation of shore deposits of wave-brought
gravel and sand.

Erosion of the hase of the “first Pembina Mountain”—that is,
the front of the Pembina delta, along a distance of six miles to the
southeast from Walhalla—supplied an extraordinary, massive
Campbell beach or embankment, verging from a quarter of a mile
to nearly one mile in width, which extends eight or nine miles in
a curving course, convex to the southeast through sections 5, 8,
17, 20, 29 and 30, T. 161, R. 35, and. the south half of section 25,
the southwest quarter of section 26, and the west half of section
35, T. 161, R, 56. This broad belt consists of gravel and sand, fif-/
teen to forty feet or more in depth, which were carried southward
by the shore currents of Lake Agassiz in its Campbell stages, the
greater portion being transported six to twelve or fifteen miles.
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The crest or somewhat plateau-like top of the embankment in its
course of six miles south of the Tongue river has an eclevation of
1,020 to 1,030 feet above the sea. In its narrower part north of
the river, its crest ranges from 1,028 to 1,033 feet along the first
mile from the river; 1,030 to 1,035 feet along the next mile; and
1,035 to 1,045 feet, averaging 1,040 feet, m its third and most
northern mile; passing through the southwest edge of scction 20,
T. 162, R. 55, where it becomes an ordinary beach ridge only twen-
ty to thirty rods wide, with descent of fifteen feet to the east and
five feet to the west. The process of accumulation of the exten-
sive embankment was by transportation of its material along the
shore that is marked by the beach ridge, and by building 1t thence out
into the lake in this long hook bent to the west, which grew grad-
ually in length and in height until it rose to the lake level, its growth
afterward being by addition to its width. Irom 1ts eastern verge
a slope of the same gravel and sand falls thirty to forty feet in a
third or half a mile, to a south to north belt of dunes and sand
ridges, ten to fifteen feet high, which appear to represent the Me-
Cauleyville beaches. West of this embankment a basin fifteen to
forty feet below it, mostly consisting of fertile land, well drained
by the Tongue river, extends six miles from south to north, with a
maximum width of about three miles, lying between the embankment
and the southeastern border of the Pembina delta, which was the
lake shore during the Norcross and Tintah stages. The prevailing
course of the coastal currents of Lake Agassiz, and of the trans-
portation of its beach material here and elsewhere, on both its
western and eastern sides, was from north to south, as now on
Lake Michigan, due then and now to the prevailing directions of
the winds, and especially gales and severe storms, when the broader
and higher portions of the beaches were chiefly amassed.,

At Walhalla and northwestward the Campbell shore-lines run along
the base of the cscarpment of the Pembina delta, where its steep
descent is succeeded by a more gentle slope.  The principal lower
Campbell shore, from one-half mile west of Walhalla to two nules
northwest, is in part a well-developed beach ridge, with crest
1,030 to 1,085 feet above the sca, but is mostly a terrace eroded
in the delta deposit, falling from 1.040 to 1,020 feet approximately.
Tn the northeast part of section 14, T. 163, R. &7, about three miles
northwest of Walhalla, the upper Campbell shores form such a
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terrace, which falls from 1,075 to 1,035 feet; while a more moderate
slope of sand and fine gravel below, to 1,025 feet at the road run-
ning from Walhalla, probably represents the lower Campbell stage.

Three miles farther northwest and about one mile south of the
international boundary a terrace of gravel and sand rn the west part
of section 34, T. 164, R. 57, marks the Campbell beach of the lake.
The front of the terrace rises steeply from 1,015 to 1035 feet above
the sea, and its top has a further gentle ascent of ten to fifteen feet
in its width of about fifty rods to where it abutts on the base of the
lowest escarpment of the Pembina Mountain, which rises from 1,050
to 1,100 feet. From the top of this escarpment a terrace or plateau
of till and underlying Cretaceous shale extends across a width of
three-fourths of a mile west to the principal Pembina escarpment.
The upper Campbell level probably passed along the top of the
sand and gravel terrace, near the elevation of 1,045 feet; the second
level of the series was near the verge of this terrace, approximately
1,085 feet; and the third and lowest stage coincided with the lowest
third of its steep front.

Through a distance of about twenty-five miles irom Park River
to the Pembina delta, the McCauleyville shore, probably marked
throughout by a deposit of gravel and sand, lies about a half mile
east of the Campbell escarpment.

A belt of low dunes in sections 28, 21, and 16, T. 181, R. 55,
running along the eastern base of the great Campbell embankment
that was built out to the south from the frent of the Pembina delta,
probably records the McCauleyville stages, approximately at 1,000
to 980 feet above sea level. North of the Tongue river the Me-
Cauleyville shores lie a third to a half of a nule east of the Campbell
embankment and beach ridge for a distance of five miles. Thence
through the next six mules, extending northwest to the Pembina
river and Walhalla, they run along the base of the first Pembina
Mountain, which is the very steep ascent, 100 to 175 feet high, of
the eroded east border of the Pembina delta platean,

The road from Olga to Walhalla, coming down from this plateau
about a mile southeast of the Pembina river, crosses at its foot a
terrace of sand and gravel, thirty to fifty rods wide, having an ele-
vation of 1,000 to 1,009 feet above the sea, which was formed during
the upper McCauleyville stage. The highest part of the terrace is
at the point where it rests against the “mountain,”” and its surface
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descends a few feet to its northeastern verge. There is next a some-
what rapid slope to 985 feet at the bottom of a depression about
fifteen rods wide, beyond which the road passes over the beautifully
developed lower McCauleyville beach. This ridge is twenty to
thirty rods wide, with smoothly rounded top at 990 to 993 feet, very
level along a visible distance of a third of a mile or more of its
course from southeast to northwest.  Its lakeward northeastern
slope falls about twenty fect within twenty-five rods, and from its
hase a slower descent continues eastward.

All the land of this vicinity, including the plateau and iront of
the delta, the terrace and beach ridge, the intervening hollow, and
the flat country on the east, consists of gravel, sand and fine silt,
belonging to the delta as it was originally deposited, or as it has
been worked over by the lake waves during later stages. Indeed
procecding eastward thirty miles to the Red river at Pembina, St.
Vincent and Iimerson, one crosses only the fine silt which was of like
origin with the delta but was carried into the lake, or the similar
alluvial beds that have been laid down from floods of the Pembina,
Tongue and Red rivers since Lake Agassiz was drained away.

Between Walhalla and the international boundary the McCauley-
ville shore lines lie on the western margin of the flat expanse that
stretches from the Red river to the Pembina Mountain, being a
quarter of a mile east of the first conspicuous westward ascent.
In section 2, T. 163, R. 5%, about two miles south of the boundary,
they form a tract of sand and fine gravel, forty to fifty rods wide,
dricer than the adjoining surface on the west and east, passing by
Elm Point, the eastern limit of the groves, at that place consisting
mostly of large white elms, which extend outward from the wooded
Pembina escarpment along springy watercourses scarcely depressed
below the general surface. The elevation of this gravelly tract is
997 to 1,002 feet. Tt is not a distinct ridge or even swell, and is
recdgnizable chiefly by the contrast of its comparative dryness,
which has caused it to be selected as the site of farmhouses. The
adjoining moist and springy land on the east descends fifteen or
twenty feet in the first third of a mile, but thence the surface
sinks very slowly to the axial lowest part of the lake basin in this
latitude at the Red river, its gradients in this distance being gradu-
ally diminished from fifteen feet to only two or three feet per
mile,
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In the portion of the Red River Valley under consideration the
Blanchard shore lines lie to the east and close to the McCauleyville
beach. They continue close together and nearly parallel but this
part of the Blanchard shore has not been followed with leveling.

Although three pauses in the crustal uplift are shown near Hills- -
boro, on the beach deposits of the same name, yet those stages seem
to be united elsewhere. This shore line has a general northwest
and north-northwest course, excepting that it deviates to a north-
 northeastward course for fifteen miles, between the North Branch
of Park river and Tongue river, turning thus aside to pass by the
Pembina delta. Although the course of the Hillsboro beach is
mapped approximately, yet its height is known by leveling in only
one place, near the centre of section 15, Walhalla township, about .
two and one-half miles northeast of the town of Walhalla, where
the top of the heach is 940 feet above the sea, rising fifteen feet
above its base twenty rods distant to the east and bordered by a
depression of two to five feet on the west.

In the southern part of Pembina county the Emerado shore curves
to a north-northeast course, passing by Crystal to Willow creek,
and thence runs nearly north, crossing the Tongue river about a
mile west of Cavalier. Along a distance of six miles north from
Willow creek a low and broad secondary beach ridge, or more likely
in part an offshore sand deposit that was formed a few feet below
the lake’s surface, has an elevation of 890 to 895 feet, with slopes
sinking a few. feet below this on eath side. The adjoining surface

-is lacustrine silt, deposited in front of the Pembina delta, and the’
ridge is fine sand which has been somewhat guilied and hummocked
by the wind.

Between the Tongue and Pembina rivers and onward to the in-
ternational boundary this beach takes a northwestward course. Turn-
ing to that direction about two miles northwest of Cavalier, it
thence runs nearly straight ten miles to St. Joseph, being through
the greater part of the distance a typical beach ridge of sand,
with scanty layers of very fine gravel. Its crest is mainly 892 to
898 fee above the sea, having a gradual ascent from south to north;
but as it approaches St. Joseph and the Pembina river its last ‘two
miles rise 900 and even 905 feet above sea level. The slopes fall
‘commonly five to ten feet northeastward and two to nine feet
southwestward. The depth of the beach deposit 1s the same as
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the fall of its eastern slope, with hard and dark stratified clay be-
neath. In section 2, and again in section 13, T. 162, R. 53, lying
two to five miles southeast of 5St. Joseph, this beach widens into
sandy tracts, each of which has a width of a quarter of a mile or
more and is slightly raised, like the typical narrower ridge, above
the adjacent suriace of clayey lacustrine and alluvial silt. About
a mile north of the Pembina river the Emerado level of Lake Agassiz
formed a low escarpment of erosion, which passes north-northwest-
erly by the northeast corner of section 17, T. 163, R. 55. Within
forty rods or less from west to east it descends about ten feet, {rom
905 to 895 feet above the sea, approximately.

In that part of the Red River Valley under consideration the
Ojata beaches are found as shown approximately mapped. Thov
arc in general, disconnected accumulations of sand  and  gravel,
whose height above sca 1s about 880 feet, and rise from two to
ten feet above the surface to the ecast. ‘

Tn the area under consideration, as shown on the map, the Glad-
stone shore lies about four miles west of Grafton, two to three
miles west of Auburn, St. Thomas and Glasston, about four miles
west of Hamilton and Bathgate, and five miles west of Neche, The
portions examined by Warren Upham, in Grand Forks county, are
marked by slight erosion in tle lacustrine and alluvial silt.

The course of the Burnside shore is known approximately and
has been drawn provistonally on the map, Plate XXVIII, in ac-
cordance with the elevations ascertained by railway surveys, but
no part of it has been observed to be clearly traceable by either a
continuous beach ridge or an eroded escarpment. 1t lies on the
wide, Hat tract of silt which adjoins the Red river, a surface most
unfavorable for the preservation of delinite shore lines.

Lake Agassiz at the time of the Ossawa beach extended into the
United States nearly sixty miles, but the only part of this shore
which has been rocognized and examined south of the international
boundary is a few miles in Pembina county. In sections 21, 16 and
17, T. 162, R. 52, close south of the Tongue river, at a distance of
four miles northeast from IMamilton, two or three parallel low,
beach-like ridges were observed, elevated two to four feet above
the intervening hollows and general surface, their height being
between 815 and 820 feet above the sea. They run from south-
cast to northwest, and their continuation north of this river was
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noted at the same height four to six miles northwestward in sec-
tions 36 and 25, Neche, about two and one half miles east-north-
east from Bathgate. Both the ridges and the adjoining surface
are fine silt.

‘Lake Agassiz, at the time of the Stonewall beach, probably
extended on the flat Red River Valley to a distance of
about twenty-five miles south of the international boundary, being
some fifteen feet deep at Emerson, St. Vincent and Pembina, while
over the site of Winnipeg its depth was about sixty feet. A some-
what ridged contour upon the otherwise very flat surface of fine
alluvial silt was noted six to seven miles east of Hamilton and Bath-
gate. The wave-like and almost beach-like undulations, rising two
to four feet above the depressions which separates them and" above
the general level, runs north-northwesterly through the east part
of section 11 and the central part of section 2, T. 162, R. 52, close
southeast of the Tongue river. Similar contour was also noticed
in the continuation of this course within a few miles northward be-
tween the Tongue and Pembina rivers. The height of this belt is
about 805 feet above the sea. '

The southern end of Lake Agassiz in the Niverville stage was
near Morris, Manitoba and its level was fifteen to twenty feet above
the surface where the city of Winnipeg is built.

Pembina Mountains., A very remarkable series of highlands,
forming the eastern limit of the elevated plain of the northern part
of North Dakota and of western Manitoba and the Saskatchewan
region, extends in a north-northwest course 400 miles, from the
Pembina Mountains to the Pasquia Hills. Along much of this
distance, a steep, mountain-like escarpment, which was the west
shore of Lake Agassiz, rises 500 to 1,000 feet above the bed of
that lake, now the low plain bordering the Red river and the great
lakes of Manitoba. Topographically, this line of conspicuous high-
lands is allied with the Coteau des Prairies by their forming to-
gether that western ascent from the broad, continuous valley plain,
which in its southeast part passes from the Red River Valley to
the lowlands of the basin of the Minnesota river. Both the Coteau
des Prairies and the Manitoba escarpment consist, beneath their drift
_covering, of nearly horizontal Cretaceous shales, whose continuaticn
has been removed by erosion on both sides of the Coteau, but only
east of the escarpment.
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The southern end of the Pembina Mountain, where it is reduced
to rounded hills, about 100 feet above the lowlands at their east
base and 1,300 feet above the sea, is in section 30, T. 158, R. 56,
hetween the south and middle hranches of PPark river. Thence for
the next five miles northward this ascent is mercly a slope that rises
fifty or sixty fect, or in some portions only thirty or forty {feet,
within a quarter of a mile from east to west, succeeded beyond by a
moderately rolling surface with slower ascent westward. Along
the west line of townships 139 and 160 of range 56 this highland
rises gradually in its course from south to north, attaining an ele-
vation ahout 1,500 feet above the sea; and it holds this height quite
uniformly northward to the Pembina river, in the south part of town-
ship 163, R. 57, about five miles south of the international boundary.
It is a prominent wooded bluft; some 300 fcet high, extending in
a very direct course from south to north or a few degrees west of
north. From its southern end to the Pembina river the base of this
escarpment is 1,200 to 1,225 feet above sea level. The width occu-
pied by its slope varies from a half mile to two or three miles, and
from its crest a treeless plateau, having a moderately rolling sur-
face, stretches with slow ascent westward. North of the Pembina
river its crest sinks to about 1,400 fect, and its base to about 1,023
feet at the international boundary.

Where the Pembina river cuts through this cscarpment, enter-
ing the area of Lake Agassiz, the eroded ecastern front of its delta
deposit forms another conspicuous bluff, about 200 feet high, fall-
ing in a steep, wooded slope from 1,175 to 975 feet, approximately,
above the sea level. The delta b'uff, called the “First Pembina Moun-
tain,” is composd of sand and gravel, and lies about five miles east
of this more prolonged line of highland, which is known in that
vicinity as the “Second Pembina Mountain.” The latter, through-
out its entire extent hoth in North Dakota and Manitoba, is caused
by the outcrop of a continuous belt of almost level Cretaceous
strata, mostly overspread by glacial drift. (Sce Plate XX.)

The ascent of this highland on the international boundary, where
it occupies a width of about one and a half miles, is deseribed hy
Dr. G. M. Dawson as follows:

“The eastern front of the Pembina escarpment is very distinctlv
terraced, and the summit of the plateau, even at its eastern edge,
thickly covered with drift. The first or lewest terrace, which is
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about one-third from the prairie level toward the top of the es-
carpment, does not seem to preserve exactly the same altitude. On
the boundary line its height above the general prairie level was
found to be about ninety feet, a second terrace 260 feet, and that
of the third level, or summii of the plateaw, about 360 feet. The
surface of the first terrace, which is here wide, is strewn with bould-
ers, as is also that of the-second terrace and plateau above. These
are chiefly of Laurentian gneiss and granite, but a few smaller
ones- of limestone occur. The banks of ravines cutting the top of
the plateau and draining westward into the Pembina river show
in some places a great thickness of light colored, yellowish, marly
- drift, with few houlders imbedded in it = .~

The topographic region of the Pembina Mountains 1s bounded
by the escarpment on the east and on the west by the west line
of range 5% as far north as the south line of township 162, and
thence north by the west line of range 58 to the boundary. This
northwest extension of the region is due to the deep valleys of the
Little Pembina and Pembina rivers.

All of the streams in this region have cut deep valleys from 200
to 500 feet deep, which has given rise to the mountainous to-
pography. Most of the stream valleys dwindle down to mere de-
pressions within a few miles west of the escarpment. In the case
of the Little Pembina, the valley is deep as far west as the west
line of range 58, while the valley of the Pembina river is deep and
precipitous far to the northwest in Maniicba. (See Plate XXI.)

In section 6, Fremont township, there is a peculiar hillock known
. as “Heart Mound” and to the northwest about one and a half miles, .
there are a series of similar mounds known as the “Black Hills.”
Thede rise above the general level of the country from fiity to 100
feet. They are formed of Pierre shale, and are remnants leit by
erosion. (See Plate XXIII, Fig.2.)

Stretching westward from the Pembina Mountains, lies a com-
paratively flat plain with slow westward ascent, and gently undulat-
ing surface. It includes the whole of Cavalier county and is formed
by the westward extension of the flat lving Cretaceous strata of
the Pembina Mountains covered by glacial drift of variable thick-.
ness. The relief of this region, although greater than that of the
Red' River Valley, is, however, quite small, and is an example of
high rolling prairie. The swells of this prairie have their axes
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Fig. 1. Deep valley of Little North river near its junction with Pembina river. Shows
Niobrara outcrops. Deep rugged valleys are characteristic of all streams near their
emergence from the escarpment.

Fig, 2, WValley of the Little Pembina river, cut in Plerre shale, north of Stilwell.
Shows the manner in which the wvalleys flatten out and merge into the rolling
prairie west of the escarpment.
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as a rule running in either a north-south or an east-west direction.
The swells are usually about ten feet above the intervening de-
pressions and rarely exceed twenty-five feet,

DRAINAGE,

The Red River Valley is well supplied with streams, but is im-
perfectly drained, due both to the lack of relief of its surface and
also to the character of its soil. The main drainage line of the re-
gion is the Red River of the North which forms the eastern boun-
dary eof North Dakota. Its clay banks are of moderate height,
from twenty to forty feet, and usually rise gradually on one side
and with a more preeipitous slope on the other. The steep banks
are on the outer side of the bends of the river. There is little or no
bottom land. The maximum variability in the height of the river
is a little less than forty feet,

The drainage of the region is carried to the Red river by two
main tributaries, the Park river on the south and the Pembina
river on the north. The three branches of the Park river, are
known as the South, Middle and North branches, These unite
to form the main strecam about three miles northwest of Grafton.
The South Branch of Parle river, rising in southeastern Cavalier
county, flows in a southeasterly direction to the west line of range
56, and then flowing in an easterlv direction to the main stream
drains a belt of country about four miles wide lying to the north
of it, and a belt about six miles wide lying to the south. The Mid-
dle Branch of Park river rises in southeastern Cavalier county, just
cast of the South Branch. It flows in a generally easterly direction
to the west line of range 34, and thence southeast to its junction
with the main stream. It drains a helt of country about three
miles wide on cither side, except cn the northern side of the point
of its change of direction to southeast, where it lies close to the
North Branch.  The North Branch rises in Cavalier county between
Milton and Osnabrock and flows in a general southeasterlv direc-
tion to its junction with the main stream. It drains a strip of
country ahout three miles wide on either side. Cart creek is the
main tributary of the North Branch of Park river and joins it in
the southeast quarter of section 3, Glenwood township. Cart
creek is formed by the junction of many small streams rising just
west of the Pembina escarpment and nearly all joining the main
stream west of the east boundary of Crystal township. Cart creek

10—



146 CEMENT MATERIALS

drains a fan-shaped area about fifteen miles wide to the west, and
three miles wide along the main stream. All of the smaller streams
of the foregoing are dry or nearly so in the summer months.

In the Red River Valley the area lying between the Park and
the Tongue and Pembina rivers, and especially east of the Neche
line of the Great Northern Railway, is imperfectly drained. There
are many depressions in the surface of the valley which are known
as sloughs and contain much water in the spring and fall but arg
dry in the summer. A very accurate leveling of this section has
been made by the state in cooperation with the United States Depart-
ment of Agriculture, and much drainage work and ditching is now
in process of construction in this area. Many of these sloughs con-
tain alkaline or salt waters. '

The Tongue river is the principal tributary of the Pembina river
in the Red River Valley. Rising about eight miles west of the
escarpment and with its branches from the Pembina delta, it flows
in a general northeast course to Bathgate and then in an irregular
east and north direction to its union with the Pembina in Pembina
township. It drains an area of about four miles wide to the south
and about eight miles wide to the north, and contains water the
year round.

The Pembina river after leaving the Pembina delta at Walhalla
flows 1n a general northeast direction to Neche, and thence east by
a little south to its junction with the Red river at Pembina. It
carries much water the year round, and is the most important stream
of the area. Tt drains a strip of country about five miles wide on
either side. Tts channel is only twenty to forty feet deep.

In the Red River Valley all of the streams have banks of la-
custrine soil and clay, and their depth of channel varies from five
to forty feet, with the exception of the Red river, whose channel
is much deeper, some eighty feet.

In the Pembina Mountain region the streams have cut deep chan-
nels through the drift and underlying Cretaceous strata. At their
point of emergence from the escarpment, the valleys of these streams
vary from 200 to 450 feet in depth. In the majority of cases, that
of the smaller streams, the channels change to mere depressions
in the surface from three to six miles west of the escarpment.. Not-
able exceptions to this are the valleys of the South Park, North
Park, Tongue, Little Pembina and Pembina rivers. In the case
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PLATE XXII

Fig. 1. Wide wvalley of the Pembina river in the Pembint delta at Walhalla. Part
of an abandoned ox-bow lake in the foreground. The delta is composed of silt at
this point.

Fig. 2. Wide, deep valley of Pembina river in section 24, T. 163, R. 58, Shows well
developed ox-bow bend of the river. In the middle distance, at the right of the
illustration, the Little North river c¢nters from the north.
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Fig. 1. View looking southwest from bluff in northeast quarter of section 34, T. 163,

57. In the middle distance at the right is the Pembina ri which flows in

front of the wooded bank in the foreground. In the middle distance is the Little

Pembina river, which joins the Pembina in the foreground, to the left, outside

the figure. In_ the middle distance in the center is a remnant of the Pembina delta

with a road winding up from the valdey. In the distance is the Pembina Mountain
escarpment, rising above the delta.

Fig. 2. Ileart Mound, in section 6, Fremont township. A remnant of Pierre shale on
the high plain to the west of the Pembina Mountain cscarpment.
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of the first three the valleys fade out about ten miles west of the
escarpment. The Little Pembina river does not pass into the Red
River Valley region. It rises west of Stilwell and flows in a general
northerly direction for about six miles where it turns to the south-
east.  On its emergence {rom the escarpment it runs east for a short
distance in the Pembina delta, and then flows in a northerly direc-
tion a little west of the line between the escarpment and the delta
until it joins the Pembina in section 34, I'remont township. En-
tering from Manitoba, the Pembina river runs in a deep valley
through the upland west of the escarpment in a southeasterly direc-
tion. After leaving the escarpment it continues in a northeasterly
direction to Walhalla, running through the Pembina delta, where
its valleys varies from 100 to 200 fect in depth. The Little North
viver is the principal tributary of the Pembina river on the north.
It cnters from Manitoba, flowing in a general southerly direction
to its junction with the Pembina in section 24, T. 163, R. 58. It has
cut a deep valley, varying from 200 fcet on the north to 450 feet
on the south. In the majority of cases these streams drain a strip
of land about three mules wide on cither side. (See Plates XXI
and XXII.)

This brings up a subject which may well e briefly considered
here; namely, the age of the different vallevs which are menticned
in this paper.

The smaller and shorter valleys are undoubtedly of post-glacial
cage.  Dut about the Park, Tongue and Pembina rivers there may
arise a doubt in the minds of many as to whether they are of post-
or preglacial age. We are apt to think of glacial erosion as such
a tremendous leveler of previously existing contours, that in sur-
veying a glaciated area we ascribe all the minor features of ero-
sional topography to post-glacial time. But in studying the various
features of the above mentioned rivers one 1s struck by several
features which undeniably point to a preglacial existence,

Primarily there is their great length and in many cases exten-
sive bottom lands, such as we usually associate only with streams
of considerable age.  We must remember that geologically speaking
there has elapsed only a short time since the retreat of the conti-
nental glacier, while to crode a valley the size of the Pembina
valley is the work of a Jong period. Compare the length of the
gorge of the Pembina with other gorges which are known to have
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existed only since glacial times and the latter sink into comparative
insignificance. And the Pembina valley can not be properly called
a gorge; true it has steep, often precipitous sides, but it also has a
well developed flood plain and in many cases shows remarkably
good evidences of terraces. All this is not compatible with our
conception of streams of recent origin. (See Plate XXII, Fig. 2.)’

A second and much more conclusive evidence in favor of their
preglacial origin is this: In many places on all three rivers, where
a section exposing the drift and underlying Cretaceous strata was
obtained, the drift next to the Cretaceous was perfectly fresh and
unaltered while the Cretaceous itself was very much decomposed
but yet preserving its main characteristics such as bedding and
cleavage, in fact having all the characteristics of strata decomposed
in situ. This invariably would occur on the north bank of the
‘stream and often more than half way down the actual depth of the
valley, where naturally the surface would be protected from erosion
by the southward moving glacier, the lower surface not being suffi-
ciently flexible to conform to the steeply pitching surface without
decrease in erosive power and thus leave the weathered surface in-
tact ready to receive its mantle of drift.

This was specially well revealed in the fresh railroad cuts, exam-
ined in the fall of 1908, where the spur of the Northern Dakota
Railway Company follows the Tongue river valley to the Cement
mines. |

Thus it would seem that the occurrance of undoubted fresh drift
upon decomposed Cretaceous strata, well down the side of a valley-
is conclusive evidence of that valley’s preglacial existance. Tt
may be mentioned that every place where the glacier had a good
opportunity of eroding, as in the Red River Valley, the Cretaceous,
where found in contact with the drift, is fresh and unaltered.

The high upland rolling prairie, which includes the greater part
of Cavalier county, and lies to the west of the Pembina Mountain
is imperfectly drained: There are a large number of intermittent
sloughs, which contain water during the wet seasons of the year.
These sloughs are formed by the collection of surface water in the
depressions of the undulating surface. In the spring, 2 series of
these sloughs will often contain water enough so that they may
form a connection with drainage. This is well shown by the series

running through T. 161, R, 61, and T. 162, R. 62, and which drains
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north into Rush Lake. The lake in T. 163, R. 60, and Rush Lake
are further evidence of this imperfect drainage. In dry summer
seasons they do not occupy more than one-half of the area indi-
cated on the map; and the remaining part affords excellent hay
land. In wet seasons, these lakes have outlets to the north into
the Pembina river. The stream shown in T. 163, and 164, R. 64,
has a shallow coulee and drains northward into the Pembina.

GENERAL GEOLOGY.

In this portion of the report, the relations of the district under
consideration to the neighboring parts of the continent are discussed
and thus the general relationship as well as the details of the district
itself are presented. TFor this reason it has been found necessary
to introduce material that is forcign to the immediate topic, but
which throws light an the broader aspects of the geology of the
area.

The Red River Valley 1s characterized by the lacustrine silts,
clays, and beach deposits of glacial Lake Agassiz. DBut the forma-
tions underlying these deposits and exposed by deep well borings .
are also of interest.  Deep wells at Humboldt, Minnesota, Grand
Forks, and Grafton, North Dakota, and Rosenfeld, Manitoba, have
shown that rocks representative of the Archean and Paleozoic eras
underly these lacustrine deposits.

The crystalline rocks of the Archean, which are chiefly granites,
gneisses and schists, constitute the foundation upon which rest
the later sedimentary formations, The Archean was reached at
638 feet at Humboldt, Minnesota, at 903 feet at Grafton, and at
1,035 feet abeve sca level at Rosenfeld, Manitoba. This would
show that the surface of the Archean had a dip to the west and
north of about twenty feet to the mile. These rocks probably
form a part of the great Archean area of Canada and the Lake
Superior region.

The Paleozoic era 1s represented in this area by the Cambrian
and Silurian formation as shown by well records. The only evi-
dence of the occurrence of Cambrian strata is furnished by the
record of the well at Grafton. Here the Archean is overlain by
288 feet of shales and sandstone which are believed to belong
to the Cambrian. Beds helonging to this age are found associated
with the Silurian farther north in Manitoba, south and west of
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Lake Winnipeg. They may or may not be continuous with the
beds found in the Grafton well, since rocks of this age are absent
in the wells at Humboldt and Rosenfeld. It is reasonable to sup-
pose, however, that they were continuous at the time of their depo-
sition. .

Silurian, Silurian rocks underly a portion of the Red River Val-
ley and form a wide belt extending along the western shore of Lake
Winnipeg and to the northwest. Fragments of Silurian limestone,
containing characteristic fossils, are not uncommon in the glacial
drift. They were brought into the state by the continental glacier,
probably from outcrops in Canada. In the Grafton well the beds
referred to the Lower Silurian have a thickness of 31% feet, in-
cluding the Galena and Trenton limestones, 137 feet, the Saint
Peter sandstone, 93 feet, and the Lower Magnesian shales, 87 feet,
In the deep well at Grand Forks, forty miles south, only one foot of
Silurian limestone was encountered just above the granite. This
may indicate either that the Silurian sea in which the strata were
laid down-did not extend far to the south or that, aiter having been
deposited, the beds were eroded over this portion of their area,
leaving only part of their original thickness. The Silurian form-
ation appears to thicken quite rapidly toward the north, for while
at Grafton, as already stated, it is 317 feet thick, sixty miles north
at Rosenfeld, Canada, it has increased to 892 {eet.

Although rocks of the Devonian period are, so far as known,
absent from Niorth Dakota, they cover a narrow strip of territory
lying just west of the Silurian area of Manitoba. At Morden, at
d depth of 412 feet, a well penetrated 188 feet of red and gray
shales and porous limestone believed to belong to the Devonian.” It
is probable that these strata extend south some distance across the
boundary.

CRETACEOUS

Cretaceous beds lie on the west border of the Archean rocks in
Minnesota, and-farther north, along the west side of the lower part
of the Red River Valley and of Lakes Manitoba and Winnipegosis,
they overlie the Lower and Upper Silurian and Devonian strata
which form the floor of this broad flat valley beneath its glacial,
lacustrine and fluvial deposits.  Thence northwestward to the
Mackenzie river and the Arctic ocean, Cretaceous beds border and
overlie the western border of the Silurian and Devonian belt.
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The rocks of this period cover nearly one-half the state and are of
great econoniic mportance, containing valuable clays, cement rock,
and artesian waters.

The Cretaceous beds of North Dakota are a part of a larger
area which forms a broad belt lving cast of the crest of the Rocky
Mountains and cxtending north from Texas. They underlie the
areater portion of the Great Plains region, though they are in small
part covered hy the later deposits of the Tertiary. The beds of
this period are divided into the Upper and Lower Cretaceous, but
only the Upper 1s found in this state.

The standard upper Missouri section of the Upper Cretaceous by
Meek and Havden* is here given:

No. 5. Fox [ills group.
No. 4. Tort Pierre group.
No. 3. Niohrara group.
No. 2. Fort Benton group.
No. 1. Dakota group.

The elevation composed of Upper Cretaceous strata, forming at
the south a massive ridge and at the north a bold escarpment, and
bordering on the west the valley in which Lake Agassiz lay, is called
in successive portions the Coteau des Prairies, Pembina, Riding and
Duck Mountains, and the Porcupine and Pasquai Hills. Tt has
mostly so thick and continuous a covering of glacial drift that only
a few exposures of the underlying strata are scen, chiefly where
channels have been eroded by streams. Throughout their extent of
800 miles the ridge and escarpment appear to consist mainly of the
Fort Dierre formation, presenting a thickness of several hundred
feet of dark shales, mostly soft and somewbat sandy. Under the
Pierre heds are similar shales belonging to the Niobrara and Fort
Benton formations, succeeded below by the Dakota sandstone, which
is not exposed.

As stated later, the southernmost known exposure of Niobrara
cecurs on the North Branch of the Park river, where it leaves Cav-
alier county, about three miles north of the Walsh-Cavalier boun-
dary line, in the northeast quarter of section 13, T, 159, R. 57. The
South Branch of the Park river was visited and a cursory examina-
tion made of a few of the better exposures, but no Niobrara out-
crops were found, but judging by the Pierre, which was exposed

1Proe. Acad. Nat. Sci. Phila., Voel. 8, 18536, pp. R265-280.
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just above the river, the top of the Niobrara was about twenty-five
to thirty feet below the lowest point the river has eroded before it
leaves the escarpment. There are some very characteristic layers
in the lower part of the Pierre, which seem to be harder and more
resistent than the rest. They vary from an inch up to a foot in thick-
ness, and consist mainly of shale highly indurated with iron which
cements the minor cleavage cracks and makes the shale form a con-
cretionary structure. Where these layers occur they protect the
underlying softer formation from erosion, thus forming little shelf-
like projections, very noticeable wherever they are well exposed.
They invariably occur near the bottom of the formation, and it is
from this fact that it is believed that the Niobrara is twenty-five
to thirty feet below the present stage of erosion of the South Branch
of the Park. - This - would give an elevation to the top of the Niobrara
of not more than 1,125 feet above sea level. It may be less,

Beginning with the South Branch of the Park river on the south
and ending with the Pembina on the north, there are several creeks
that have eroded quite deep yet narrow valleys which cut the cliff
perpendicularly to the face. It is along these that the only promi-
nent exposures of the Upper Cretaceous occur. As a general rule
the valleys become deeper as we advance north along the edge of
the escarpment; or probably a more correct way to state this ap-
parent fact would be to say, that as we go northward the valleys ex-
tend deeper down into the Cretaceous strata. This is much more
noticeable than the increase in the actual depth of the valleys. The
cause of this is not so much that the rivers on the north have great-
er érosive power as the difference in elevation of the Cretaceous for-
mations, the top of the Niobrara being about 250 feet higher on the
Pembina than on the South Park.

There is a possibility of the existence of a shelf of Upper Cretace-
ous strata extending east from the escarpment for some distance un-
der the Red River Valley. This is shown by the possible occurrence
of the Dakota sandstone at Park river, and the occurrence of the
Benton and Niobrara in many wells about a mile east of the es-
carpment. (See Plate XXIV.) ‘

DAKOTA SANDSTONE,

At the base of the Upper Cretaceous lies the Dakota sandstone,
which is of great economic importance in North and South Dakota
as the source of artesian water. This formation does not outcrop



NORTH DAKOTA GEOLOGICAL SURVEY PLATE XXIV

FFig. 2. View {rom bridge on DPembina river, showing outcrops of u per  Cretaceous
g g . g ! ¥

beds at the plant of Mayo Brick & ‘Iile Company. The steep part of the bluff is
Niobrara; the lower shelving part is Benton.
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anywlierc in the state, and lies at considerable depth below the sur-
face. In the eastern counties it has been struck at depths varying
from 1,000 feet and less to 1,450 feet. The Devils Lake well reach-
cd the sandstone at 1,431 fect and at Jamestown it was encountere:l
at a depth of 1,450 feet, while further south it lies nearer the sur-
face. The water enters the formation where it outcrops along the
flanks of the Rocky Mountains and Black Hills, and since the beds
dip towards the cast it finds its way through the porous sandstone
to a great distance from the surface exposures. The rock becomes
saturated with water and serves as a reservoir for the artesian sup-
ply. This formation is a very persistent and readily recognizable
horizon.

In the absence of exposurcs within the state, information con-
cerning the character of this formation is derived partly from
deseriptions of it as found elsewhere and partly from the records
of deep wells. The rock is a gray and brown sandstone containing
layers of clay or shale. At the basc of the formation there 1s some-
times a conglomerate. The sandstone varies from that which is
quite firm to loose sand which is barely consolidated and is fre-
quently so soft as to be readily excavated with a pick. TFossil leaves
are very abundant in places, and the flora of the Dakota sandstone
includes no less than 450 species of trees and other plants resem-
bling those of today.

The thickness varfes widely at different points, but it is scldom
more than 500 feet, and 1s commeanly less. At Morden, Manitoha,
twentv-five miles northwest of Walhalla, the deep well record shows
that the Dalkota is ninety-two feet thick, formed of sandstone
with interbedded shales and resting on Devonian strata. Elsewhere
in the same district outerops of the sandstone and wells penetrating
it show that its thickness varies from 50 to 150 fect.

The beds of the Dakota formation are commonly regarded as of
fresh water origin on account of the fresh water shells and abundant
remains of land plants contained in them. TIn Texas and Kansas,
however, marine forms are found and indicate marine conditions
in those districts. The sandstane was probably formed in large
bedies of fresh water, the materials composing it being derived from
the Rocky Mountain region on the west. The waste from the land
was gathered and transported by streams and deposited in these
lakes, where it gradually accumulated to form the sandstone strata.
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It is possible that the eastward extent of the Dakota sandstone
beneath the Red River Valley is greater than previously supposed.
Mr. George Honey of Park River reports that in the well at the
flour mill at that place, after passing through hard pan at 300 feet,
the drill struck a white sandstone formation which gave water rising
to within eighty-five feet of the surface.

COLORADO FORMATION.

Overlying the Dakota sandstone is the Colorado formation, in-
cluding the Benton and Niobrara shales and limestone. These record
a vast invasion of the interior region by the sea. The eastern
limit of the Dakota in our latitude was probably in an approxi-
mate line with the present course of the Red river. The Col-
orado, however, perhaps extended eastward almost to the Missis-
sippt, for in many places in the basin of the Upper Mississippi
throughout Minnesota, Towa and Wisconsin, there occur isclated
patches of deposits which are considered Cretaceous. These may
have been continuous once with the formations to the west, the
intermediate regions being entirely denuded of Cretaceous beds
by erosion; or they may have been originally isolated, but they
have so many characteristics in common with the corresponding
formations .further west that 1t is reasonable to consider them as
outliers of these formations. Thus in Jowa there occurs a formation
referred to the Niobrara series of the Colorado which in composi-
tion and appearance is almost identical with that formation as it
is found in North Dakota.?

Two divisions of the Colorado are recognized, the Benton below
and the Niobrara above.. The Benton consists of shale principally
while the Niobrara is chiefly calcareous shales and limestones.
Both are relatively shallow marine deposits. So far as yet known
their outcrops within the state are confined to Cavalier and adjoin-
ing portions of Pembina counties. The Niobrara outcrops in sev-
. eral places along the gulches that extend two or three miles aTong
the eastern edge of the Pembina Mountain as well as along the
banks of the rivers.

BENTON.

The Benton shale outcrops in only a few places along the Pem-
bina river, none of the other streams having cut through the over-
lying Niobrara. (See Plate XXIV.) It is reported by the Cana-

1Calvin, lowa Geol. Surv., Vol. TII, 1883, pp. 213-236,
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Fig. 1. Exposure of Benton shale on Pembina river in_section 36, Fremont township.
This is the casternmost outerop under the delta. Shows concentration of houlders
I stream.

Fig. 2. Typical exposure of Pierre shale. In northeast guarter section 15, North Loam

township, A concretionary hard layer is shown half way up the slope.
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dian geologists to occur quite extensively to the north. The follow-
ing brief description given hy them serves to illustrate its gencral
character:

“Ovwerlying the Dakota sandstones, the Benton occurs as a band
of dark gray, almost black shale, holding a considerable quantity of
carbonaceous material. This shale is evenly bedded and breaks
readily into thin flakes, on which account it gencrally has sloping
banks. In the base on Vermillion river, the Benton appears to be
178 feet thick and further north on the face of the Duck and Por-
cupine mountains, it is continuously of the same or slightly less
thickness. It is casily recognized cven when good sharp exposures
are absent by its characteristic property of breaking imto more or
less minute graphite-like flakes and not weathering immediate-
ly into a soft clay as usually occurs in the less consolidated bed of
the river. It is generally quite destitute of fossils but in a few places
undeterminable fragments of oysters and inocerami have been col-
lected from the shale™

The Benton in most exposures has weathered to a very plastic
and unctuous clay which is difficult to distinguish from common
residual clay. The only sure way of determining whether 3t is
Benton is to find the contact with the Niobrara above. The strong
petroleum odor of the Benton serves in some cases to distinguish
it from residual or alluvial clays. The Benton is reported n places
to grade insensibly upward into the Niobrara but wherever the
contact was seen in this region there was found a good, clean
and distinct line of scparation, unmistakable when once seen.
The physical character of the two is very dissimilar. The Benton
is soft, very fissile and becomes plastic on the addition of water.
The Niobrara is comparatively hard, breaks with a conchoidal
fracture and ordinarily does not become plastic, cven on long ex-
posure to weathering influences.  The contact between the two may
be likened to the result obtained by sticking a lump of soit putty
on the under side of a hard brick; the putty scparates ecasily leav-
ing the brick projecting over the edge. Thus the Benton can be
dug from under the Niobrara leaving the latter projecting as a
sharp and well defined edge. (Plate XXVI, Tig. 1, and Plate
XXVIL)

1Tyrrell, Ann. Rept. Can. Geol. Surv., Vol. V., part I, report E., p. 210,
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The Benton shales have been used for brick making. by the Mayo
Brick and Tile Company whose plant is located on the north bank
of the Pembina at its confluence with the Little Pemhina river,
section 33, T. 5%, R. 163. About 150 feet of shale are found here,
but of these only the lower part is suitable for brick making.

C. H. Clapp describes the properties of this clay as follows:
“It is of a gray color when dried, is almost black when freshly ex-
posed and contains many dark carbonaceous particles.  Small
ferruginous concretions are also abundant. Pyrite is found in small
quantities, being reduced by the abundant carbonaceous matter. In
the lower beds some of the carbonaceous material has been distilled
and the clay has a strong odor of petroleum. The clay is fine grain-
ed with very little grit, but the concretions are more sandy.”

He also gives the following analysis of a sample collected near
the top of the formation:

Per Cent

BAMEH, st 9, SEaETg soaba e reit e st st 69.90
CAlImIna L. e e 10.66
Ferric oxide . ... oo e s g o 22
Lime ...oooiviiiiiiiiin.. e e, TR — 1.07
Magnesia ................ .... e b e R B wEEs 2.10
Volatile matter ...t it iiies e 6.09

The clay is manufactured into good hollow brick and drain tile
which should find a ready sale in the Red River Valley.

The following detailed sections show the character of the Ben-
ton and 1ts relation to the overlying Niobrara:
. Outcrop of Benton and Niobrara shale on the Pembma river
at the plant of the Mayo Brick and Tile Company.
Feet. Inches.
3-5

8 alagial Arf oo g U TR NS ST e e
7. Clay, yellowish, containing two yellow bands,
much weathered ................ ...... S as 2
6. Clay bands, yellow and black .............. i
8. Shale, calcareous, “cement rock™ .............. 15
4. Clay band, ye]low ........................ 3
3. Shale, calcareous, “cement rock,” various layers
more or less we'athered but Weﬂ exposed 1\10—
BESER Sun snmmmgan s st s S s v 165
% Dhale; blacky Beitn ..vemse szem sxas sesiaioeis 15
1. Unexposed 10/ fIVeY ..vmos ansnsmnion o s fosss 140

The lower 140 feet of this section referred to as unexposed may
be only slightly weathered Benton shale as it is difficult to distin-
guish the fresh shale from ‘some varieties of residual clay. The
contact between the Benton and the Niobrara is at this place very
sharp and easily seen in two or three different places. There were
some springs issuing from the bluff at the contact.
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The Benton is here a rather soft and plastic clay shale, much
softer than either the Niobrara or the Pierre. It is black in color
but weathers to medium gray. It contains coasiderable iron pyrite,
which in a fresh cut sample can be seen glistening in the dark
colored clay. It does not have as marked a petroleun odor as does
the Niobrara above. The Niobrara at the contact is coarse-grain-
ed and hard, and contains some sand. The Benton can bhe dug
away from beneath the Niobrara and parts from it very easily,
leaving a hard projecting ledge with a smooth even surface.

The Pembina delta has been referred to previously in this report
from the topographic view point. Dr. C..P, Berkey pointed out
in his paper on the region that the Benton probably extended to
the east beneath the delta deposit. In examining the exposures
along the Pembina river from the Mayo plant down to Walhalla,
various outcrops of the Benton overlain by till were found. The
last exposure was on the north bank about one-third of a mile east
of the western boundary of section 36 Fremont township. At
this point there was an exposure of about twenty feet of Benton.
This was immediately overlain by till, and a careful examination of
the thickly overgrown bluff showed that the till was about twenty-
five feet thick, and was overiain by gravel to the top of the bluff.
Toward the east the till soon sinks below the level of the river and
is succeeded by the overlying delia deposst.of gravel,sand and finally
fine silt in the southeast quarter of section 29, Walhalla township.
(See Plate XXV, Fig. 1.) '

In the valleys of the Little Pembina, Pembina and Little North
rivers there is a thick growth of brush and weeds, and many slides
from the bluffs have partially choked the valleys in places. The
drift of the region is quite free from boulders. The latter are very
plentiful, however, in the valleys of these streams, where they have
been left as the concentrates of the sizing action of erosion.

Outcrop of Benton and Niobrara beds on south bank of Pembina
fiver at the “Fish Trap,” near the middle of the northern boun-
dary of sectien 30, T. 163, R. 57, ’

Feet. Inches.
GO, 1 vmmrarsaren meann o 2GR PR s el 34
Gravel, coarse, containing glacial boulders of igneous
rock and many fragments of Plerre shale
Sand, fine, with thin layers of clay well stratified 30
Shale, calcareous, “cement rock” 10
Shale, black, Benton .........c..iieeai i 50
Unexposed «oovoeen creriiiiiiiiraeianas SRS a0

oo G
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This outcrop is remarkable inasmuch as it occurs well up on the
“second mountain” and yet all of the Niobrara is eroded away with
the exception of ten feet. Near by on the opposite side Pierre
shale occurs, which would indicate the Niobrara 1s there uneroded.

A short distance above the Fish Trap a small stream enters from
the north. This is called the Little North river. It has a deep
but narrow valley, and cuts from the Pierre through the Niobrara
into the Benton in its short course from the international boundary
to its junction with the Pembina river. ‘

An outcrop appearing in the southwest quarter of section 18,
T. 163, R. 57, shows the following section:

Feet. Inches. -

6. Unexposed to top of bluff ..............ccoeov.... ;
5. Shale, calcareous, “cement rock” .............. 70
4. Unexposed ....... i RN RS e e i 35
3. Shale, calcareous, “cement rock’” ..... S 25
2. Shale, black, Benton ......ce.ivvievnorceionnssns 20
L Unexposed .oovinriiiiininninens ceernennns e 25

‘The cement rock contains numerous small bands of limonite or
clay highly stained with ferric oxide. The crevices and fissures in
the rock are also stained. The contact bettveen the Niobrara and.
Benton is very well marked here.

NIOBRARA.

The Niobrara outcrops at numerous localities throughout the
Pembina Mountain region as far south as the North Branch of the
Park river. Tt is exposed in nearly every gully from the Park
north to the boundary. It is reported by the Canadian Survey
as outcropping all along the northward continuation of the Pem-
bina escarpment and in the Tiger Hills, North of the Assiniboine
river it occurs in Riding and Duck mountains and in the Pasquia
Hills. It is undoubtedly continuous throughout this region and it
has very much the same characteristics wherever seen. Dr. A.
G. Leonard reports the occurrence of similar beds on the Sheyenne
river near Valley City which he thus describes?: “Both in appear-
ance and composition it is distinctly unlike the beds referred to the
Pierre. The clay outcrops near the base of the cut along the Soo
railroad one and a quarter miles east of Valley City, where twenty
feet of light gray and cream colored clay appear. The same light
colored calcerous clays are seen along the bluffs of the Sheyenne
river, at the sharp bend one mile south of town, where the stream

Fourth Biennial Report, N. Dak. Geol. Surv., p. 101.
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Fig. 1. Typical Benton rock, freshly exposed, at the Mayo plant. Fig. 2. Typical Niobrara shale on the Little Pembina north of
The shale yielas conchoidal fragments under the pick. Olga. The long splintery conchoidal fracture is distinetly shown.
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Contact of the Benton and Niobrara at the Mayo plant. The
underlying Benton is soft and sticky; the overlying Niobrara
more fissile; while the contact is sharply defined by a1 arena-
ceous layer.
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cuts against the bluff. Ilere arc exposed 100 feet of light gray
clay breaking into thick irregular pieces and overlain by twenty
feet of black shale which is undoubtedly Pierre.” The following
analysis of a sample from the upper layers is given by the same
writer. The sample was air dried only.

Per cent.

Garbonate 6F HME sawe coamens v soies senims dewassr e 45.00
Carbongte «of MEoiesin weoven s rey summein Ps IR e 3.00
BAEIE: vz swasss owdi e s swink 5§ s SIS Stk SeE s 30.70
Iron and aluminunm oxides ....oviiiiiiiiiiiirreean... 15.20
Moisture and undetermined ... i e G.10
LORAL s s e s vimcs srossmy s momies seeesy ey e s GA 100.00

This analysis shows a close resemblance to those of typical Nic-
brara but is higher in silica and lower in lime than the average.
However, the beds vary much in composition, ranging from forty
to cighty per cent of lime carbonate. But even forty per cent is
much teo high a lime content for any of the Pierre shales since the
most calcarcous of them do not approach that limit.

The rock constituting the greater part of the Niobrara is very
easily recognized by one familiar with its characteristics. It is
a dark gray, moderately hard, calcerous shale. Tt contains num-
erous small white specks of lime which cause it to have a finely
mottled appearance which is plamnly seen on a fresh fracture. Tt
appears that its lime content is due almost entirely to minute For-
aminifera, of which a great number may be observed under the
microscope. Dr. A. G. Leonard has determined two varieties of
these in specimens collected by him. These are Glebigerina cre-
tacea and Textularia globulosa, both of which are common in the
Niobrara deposits wherever found. They constitute the greater
part of the chalk of the European Cretaceous. The theory as to
the origin of chalk i1s as follows:

“There has been much difference of opinion concerning the ori-
oin of chalk. Its resemblance to the foraminiferal coze of the deep
scas long since led to the belief that it was a deep sea deposit; but
closer examination has thrown doubt on this conclusion, for it
appears that the points of difference hetween the chalk and for-
aminiferal ooze are as striking as the points of resemblance. Both
consist largely of the shells of minute protozoans, largely foramu-
nifera; but with them are associated shells of other types, some of
which are similar in the two formations and some dissimilar. The
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echinoderms, the sponge spicules, and the shells of some micTo-
scopic plants found in the chalk, seem to correspond in a generaI
way to those of the ocozes now férming and are consistent with
the deep water origin of chalk. The molluscan shells of the chalk
on the other hand seem to point with clearness to water no more
than thirty to fifty fathoms deep. The distribution of chalk, and its
relation to other sedimentary beds, seem to point to its depo-
sition in water of moderate depth rather than in water correspond-
ing in depth to that in which the oozes are now found. That chalk
may originate in shallow water seems to be clearly indicated by
various facts which have been observed in connection with coral
reefs past and present.”

“Another point in difference between. chalk and foraminiferal
ooze is found jn their relative proportions of lime carbonate, the
proportion being much higher in chalk than in ooze. The elevation
and exposure of the chalk can hardly have led to this difference,
for the extraction of the relatively soluble lime carbonate, must
have increased the percentage of the relative insoluble impurities.
On the other hand, the analysis of chalk, used in this comparison
may have been from the purer portions of the formation and since -
chalk grades off into chalky clay and chalky sandstone, varieties

“of chalk containing no more lime carbonate than the oozes, are
doubtless to be found in abundance.”

“One of the peculiarities of the chalk beds is the presence in -
them of abundant nodules of flint and chert, which are not present
in the modern deposits resembling the chalk. These nodules seem
to have resulted from the subsequent concentration into concretions
of the siliceous material (sponge spicules, etc.), deposited with the
calcareous .shells which make up the body of the chalk. On the
whole, the balance of evidence seems to favor the hypothesis that
the known chalk deposits were made in relatively shallow water.
The conditions for the origin of chalk seem to have been clear
seas with a genial climate. Foraminiferal shells may accumulate
as well on the bottom of a shallow sea as on the bottom of a deep
sea. The purity of chalk depends not on the depth of the water,
but on the absence of clastic sediments.””*

The deposits of the Niobrara in which foraminifera are found
vary in composition from forty to ninety-five per cent of lime car-
bonate, or from nearly pure chalk to a highly calcareous shale.

*Chamberlin and Salisbury, Geology, Veol. III, pp. 149-150.
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This goes to show that the foraminifera exist in water ranging
from that which 1s clear to that in which active scdimentation is
taking place. The centinual presence of molluscan shells, however,
shows that this water never became deep in comparison with the
open ocean of today,

With the change in composition a corresponding change in the
texture of the rock occurs. Pure chalk is soft and exceedingly
friable, but with an increase in the clay content it becomes more
firm, assuming a dense, massive structure, breaking with difficulty
with a sharp, clean conchoidal fracture, It shows no fissility like
shale but upon drying on exposure to the air it tends to part along
bedding planes.  This property is not so well developed, however,
but that it requires considerable force to break a fragment of dry
rock even if very porous and apparently cracked in appearance.
With an increase of the clay content above fifty per cent it begins
to assume the more characteristic properties of shale. Tt is not so
firm and compact; it weathers more easily and crumbles down on
exposure to the air.

Wherever the Niobrara 15 exposed in the Pembina Mountaing
it maintains a fairly uniform character throughout its thickness of
150 feet or more. By far the greater portion of the aggregate
thickness is composed of a dark, bluish-gray mottled rock which
varies from fifty-five to sixty-five per cent of lime carbonate in
passing from onc layer to another. This change in composition does
not seem to alter the physical appearance of the rock to any great
degree. Generally the more mottled the rock appears the higher
it is in lime. Between these thick layers of rock high in lime car-
bonate are others much thinner, varyving from a few inches to a
foot in thickness, which are much lower in lime. They have a
clavey appearance and occur in no regular order, These lavers,
both the thick massive ones and the thin clay seams, are lenticular
in shape and vary much in thickness from place to place, and may
entirely pinch out within a short distance. (See Plate XXVI,
I'ig. 2.) This indicates rather unstable conditions of sedimentation
and shifting sea currents. Iowever, the ageregate thickness of the
Niobrara is much more constant than that of the individual layers.
The total thickness is ahout 165 feet where the entire formation is
exposed in North Dakota. At Morden, Manitoha, the beds are 160
feet thick and farther north they average from 130 to 200 feet in
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thickness, an extreme of 500 feet being reported at Thunder Hill,
Manitoba. This is in the northwestern part of the province and
they reach this thickness only in this one place. It is possible
that the upper part of the beds here belongs to a calcareous mem-
ber of the Pierre shale,

The beds seem to thicken toward the west for at Deloraine a
well reached the top of the Niobrara at an elevation of 569 feet above
the sea level and the base at twenty-four feet above sea level, thus
giving to the Niobrara a thickness of 545 feet.

The ease with which the Niobrara may be recognized, especially
the top layers, makes it an excellent datum plane to work from
in the field. Its top along the Pembina, Porcupine, Riding and
Duck mountains maintains an approximate height of 1,200 feet
above sea level. The beds seem to dip toward the southwest at a
very low angle, probably not exceeding four feet to the mile, which
might well correspond to the slope of the sea bottom on which
they were laid down. In general the dip of the Niobrara as a whole
seems to be southwest, but this is at such a low angle that it is
impossible to note the dip on any single expqsure. The beds as
before stated average about 1,200 feet above sea level along their
eastern edge from the Park river northward to Lake Winnipegosis
in Manitoba. But at Deloraine in Manitoba, just north of the
Turtle mountains, their top has an elevation of 569 feet, denotmg
a dip of about four feet to the mile.

At a distance of about a mile east of the Pembina escarpment
and extending from immediately south of the Pembina delta to the
vicinity of Edinburg, the Niobrara has been encountered in var-
ious wells at depths ranging from 60 feet at the north to 150 feet
at the south. This cannot properly be called an eastward exten-
sion beneath the Red River Valley on account of its proximity to '
the escarpment, but it does indicate at least a terrace or a shelving
off of the strata to the east due to erosion by the Red river pre-
vious to the glacial period.

The following sections show the details of the Niobrara, together
with its relation to the Pierre above and the Benton below:

On the North Branch of the Park river there are numerous well
exposed outcrops of Pierre shale and one outcrop of the underly-
ing Niobrara. This occurs on the southeast quarter of section
13, T. 159, R. 57, where the following section appears: :
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Feet. Inches.
10. Glamal. drift cowws s se coig 15-20
L Shaile, Blask qeesmmmans s s
Clay band, vellow .ooeiiiiiiniiiiiiinainnnnnnn.
Shale, black ...vviireiiit s
Clay band, yellow, similar to No. 4..............
Shale, similar to No. 3 ..ot iannnn. 12
Clay band, wellow, which hecomes dark blue at a
distance varying from one to two feet from the
SUELATE: wymws supuue Do SVEEE TR 5 tee s 6
3. Shale, very dark, carbonaccous, which has marked
petroleum oder and weathers into small {fragments.
Contains numerous seams highly stained by ferric

L=l et el
LD =3 v &

GRS s s o R AR RPN ¥ 15
2. Shale, calcarcous, “cement rock” .............. 6
1., Unexposed to waters edge .....cvvviiiiriiininn... 10

No. 2 of the above section resembles in every particular the so-
called “cement rock” mined on the Tongue river by the Northern
*Cement and Plaster Company. It breaks with a conchoidal frac-
ture, but has no regular cleavage along bedding planes, though
generally it is traversed by numerous fissures, mostly at right angles
to the bedding. Tt resists the action of water but crumbles very
easily when dry. A marked feature is a strong odor of petroleum
which is always found in connection with the fresh roclk.

A sample ‘collected from this outcrop yielded the following re-
sults upon chemical analysis.

Per cent.
B < R 13.72
Alumina ..o e i, D38
errIC 100N ottt e e 2.41
Calcitim carbonate vt s it v e s 64.20
Magtiesia cocws i pvois o4 i Eaedid Ay pnems s s e o T
Sulphur D02 wop: o amves T, o spviny wusansesns Qo
CArhEnAcenns’ Aatairal |« swass crmwre sriun sa 5t Do Soe 8.00

This is the southermost natural exposure of the Niobrara in this
region. Half a mile to the south a well passed through practically
the same siccession of layers and seven or eight miles further south
or about four miles west of Edinburg a deep well struck the Nio-
brara after passing through 150 feet of Prerre shale.

No. 3 and succeeding vellow layers consist of a very peculiar
vellowish clay. Tt is very soft and free from grit, strongly re-
sembling cheese in its texture. Unlike most clay however it ig
absolutely devoid of plasticity, crumbling down into an incoher-
ent mass when moistened. When unweathered it is dark bluish
but on exposure to air turns very quickly to a yellow color, prob-
ably on account of the rapid oxidizing of the ferrous salts which
in contains. It tastes strongly of alum and analysis reveals a
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high percentage of sulphates, but whether they are combined with
sufficient alkalies to form true alums has not been determined. In
physical appearance these layers resemble the “Bentonite” found
in the Benton and Niobrara on the Vermillion river in northwestern
Manitoba.  The layer is there about thirty inches thick,
while numerous thinner layers are distributed all through the Nio-
“brara. On the Tongue and Pembina rivers a single layer of the
same material was found well up in the Pierre. This seems to give
to these layers a wide vertical as well as a wide horizontal range.

Very peculiar conditions of sedimentation must have existed
when these layers were deposited. These can only be briefly dis-
cussed here, but it has been suggested that one condition under which
similar- deposits might be formed would be as follows: That for
some time there existed very quiet seas, free from currents and not
much disturbed by winds. These became heavily charged with
alum which served to settle all fine particles held in suspension
by the water, as well as serving as a precipitating agent. for var-
ious salts held in solution. The strong alum taste of the shales,
their fine, uniform character and wide extent tend to support this
theory, and the settling properties of alum have long been well
known.

A very interesting exposure occurs in the southwest quarter of
section 24, T. 160, R. 57. ’

*  Feet. Inches.
7. Unexposed to 10D . .cvvrnrirnrainiiiiniiainanannns \
6. Glactal drift ... . eecie oons S8imms sibimmisndm s 55 e iwi 4
5. Bhale . cveovsomonsurieis ¥ o Suasiass T B
4; Clay band, yelow s e svvssivesaess vak swmah i 2
Foe SHRIE 5 o v e ematsse vsgyaioe 6% v e s o e 25
2. Clay bands, yellow and black ................n. 57
1. Shale, calcareouns, “cement rock” ................ 6

“An eighty-foot tunnel has here been driven in on a level with the
yellow and black bands so that they are better exposed at this
point than anywhere else, and their peculiar features can more
readily be examined. Here also a bore hole was put down to a
depth of 150 feet below No. 1 of the above section. At a depth
of 150 feet the cement rock had not been passed through, but at that
depth a hard layer was struck which the auger could not pene-
trate.

The two-inch yellow seam (No. 4) which is found in the Prerre
twenty-five feet above the main horizon of black and yellow lay-
ers is 1dentical in appearance to the yellow bands below.
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An exposure occurring further down this same valley and near
the Cavalier-Pembina county houndary line, shows the following
section ;

T'eet, Inches.
11. Clay and soil with many scams of limonite and

BUBSUIN  vomer romemsne 55 S80S S90S 34 S0 SeiEn UGB O 6
10, Clay bands, vellow and black ........ovvvieniion 8
9. Shale, calcareous, “cement rock” ... iiiiiiin 4
8. Limonite wawes cossunsam s i 1
7. Shale, calcareous, “cement rock” ....... ... G
G LA e s w0 aneuess aomals G s iRt SESE 1
5. Shale, calcarcous, “cement rock” ........... ... 4
4. LIMONILE ittt it iemeie e e e 1
3. Shale, calecareous, “cement rock” ............... ... 5
2, Shale, calcareous, weathered and bleached ........ 2
1. Shale, calcarcous, “cement rock” ................ 3

No. 2 resembles chalk but it undoubtedly only a wecathered var-
icty of cement rock, The outcrop was 1 a very sheltered place
where rain and wind could not casily reach it to wash away the
weathered surface. A similarly situated outcrop was found on
the Pembina river, and it also had the appearance of chalk on the
surface, but on digging into the bank the layer gradually lost its
chalky appearance and assumed that of the typical cement rock.

The limonite lavers also seem to be a product of this peculiar
weathering process for in no other place were they found as here.
They probably originated from some highly ferriferous clay layer,
from which the more soluble constituents had been washed away.
These clay layers occur at intervals throughout the cement rock
and weather more readily than the rocl itself.

Section found in northwest quarter of section 13, T, 160, R. 57.

Feet. Inches.

4. Unexposed, and drift to top ef bank ............ 50
3. Shale ......... vy s weee Al B ED VRS S NS SR R 20
2. Clay bands, white and black ...........co i 4
1., Unexposed wows oy eovs s V remm sunin waaol WY 20

Tarther west and half a mile upstream, the following section
was exposed :

TFect, Inches.

6. Drilt, to top of bank ... ... .. oo

5. "Shale ..ovvvvieiniiiiiines 35

4., Clay seamy, yellow: ¢ cvie soess svwvm svan v oy 2
3. Bhale s s ve o v OUERE EE T SR SRR SUEIN B 25

2, Clay bandsz, white and black ..o 3

1. Unexposed .............. SR ORGSR e e

Section occurring in the northwest quarter of section 12, T. 160,

R. 5%,
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Feet, Inches.

7. Unexposed to top ........ Wi s 5 A W S 300

6. Shale .....covve viiiiniinnnnnnns, S S e oo T

5. Clay band, yellow ...oouvinevrerineininnonn, 2
4. Shale .......... .. aEsR e e R RS e 25

3. Clay bands, yellow and black ........... R— 4

2. Shale, calcareous, “cement rock,” with layers of

limonite which vary from 14 to 1 inch in thickness 6
1. Shale, calcareous, “cement tock” ................

At this point the edge of the Pembina escarpment reaches its
greatest clevation and on that account the sides of the valley in
which this outcrop occurs are higher even than those of the Ton-
gue or Pembina valleys though the latter rivers have cut down
deeper into the geological section, as will be seen by referring to
the outcrops occurring on those streams.

When driving over the level and apparently unbroken plain
which stretches back westward from the escarpment one often
comes suddenly and without warning to the very brink of these deep
and steep sided ravines.

The scene from the edge of one of these canyons, and not far
from the summit of the escarpment, is most attractive and pictur-
ésque, for the eye looks down on the green, forest covered sides
of the gorge and out over the fertile Red RiverValley, dotted with
fields of waving grain. '

Outcrop en Tongue river at the plant of the Northern Cement
and Plaster Company.

Feet. Inches.

10. Unexposed. to top of B coyvivn vt sniosinossi.
L Shale ... e 3
Clay seam, vellow ...oevovrrennrnnnn.n. R 2
SHATE s v & wiwmanan e e e e e 114
Clay seam, Fellow ....oviiiiiiieornnnnnnnnnnns - 1
S A I WA . ; |
Clay bands, alternating yellow and black—12 yellow

151 |- U ST N S S R R R 514
Shale, calcareous, “cement rock” ................ 18
Clay seam, yellOW ....vivuiuinirneeniennnennsnnnns 7
Shale, calcareous, “cement rock,” various layers

to bottom of river ........... .. eiiiinnnn

T PN®m poseo

The rock underneath the alternating yellow and black bands is
very heavily stained with iron along all cracks and joints, It also
seems to be more massive than any of the layers below. The
Pierre shale (Nos. 5-10) is full of selenite crystals of varying sizes,
some specimens being perfectly crystallized, others assuming the
shape of the cracks in which they are formed.
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The workings of the cement company reveal very well the char-
acter of the cement rock at this place. One tunnel extends nearly
‘nine hundred fect into the face of the bluff and discloses two small
faults or slips whose strike is approximately north. They dip at an
angle of about seventy-five degrees from the horizontal, both dip-
ping west. They have finely developed fault planes and the sur-
face where the slip has occurred is very smooth and polished.
These displacements show that at one time or another there has
been some slight disturbance, perhaps a slight folding with sub-
sequent faulting.

The different layers of cement rock vary widely in composi-
tion. They may show the following or even greater range in
chemical composition:

Per cent.
Caldium. carDOmAEE & oo s wrvdlvh  Deess STREE SwaEE i 35-80
Silicotn QORIde cvmss ov ims va ot vt & S BEEEERE R S0 12-25
Trerrit BRI ciivinn svamonsn  weanis e Sa e e SR S 3- 7
AN Tr10Side o e, A= 0
Aagnesium carbonate ... s vt b peenikh ShwE G2
Sulphur riexide ..., o S Siess shiete SR S 0.25-0.85

A remarkably uniform and fine-grained laver, at present being

2 5 3 5
used for the manufacture of cement, has the following composi-
tion: ‘

Per cent.

CalolGil CHDONAIE  covanss sivmn svems wom m Resny SR 7 Ge. 00
Silicon QIORIE  woas smenseis s saes S s e LRl
BAEATEE. 250 FEFEE HBIHE s v sewes weares sema sy il
NETHEETATT EREDOEIEE veve vmwse spmen 5 mweis e wmEwmes OO
Sulphur trioxdde ..o e 0.65

This material when properly burned and ground makes cement
which in comparison with the average Portland brands leaves very
little to be desired. The material is easily mined, it breaks with a
clean roof and floor, and requires comparatively httle timbering.

Qutcrop in the southeast quarter of scction 11, T. 161, R. 5%.

Feet. Inches.

7. Unexposed to top of bluff ... ... it

6. Shale ............ 6

& Claw scamt FellOW - cvemw - so s e Boos sEs: sess 2
4, Shale, TIOrre . .0 i v o5 sens 565 & S M ve s 10

A newposed sves e miEe g ET RGeS EoENE BB 15

9. Clay bands, vellow dnd DHEEK o0 vcivn vomm vewwn o B

1. Shale, caleareous, “cement rock™ ... 13

A mile east of the old McLean Post Office, on the same creek
as the above exposure, the black and yellow bands are exposed in
a cut recently made in improving the roadway, on the north bank
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of the creek. They are much decomposed but easily recognized

upon éxamination, and are covered with about five feet of sand and
soil.

Nearly five miles due north of this place, in the Pembina delta
a deep well struck cement rock at a depth of sixty feet. About
six miles south and one mile east of McLean cement rock was
struck at thirty feet. This seems to show that the Niobrara exists
quite generally under the drift and lacustrine deposits of the Red
River Valley at some distance east of the escarpment.

Around McLean there is a large district which is copiously fur-
nished with springs of pure sparkling water. These issue at the
contact of the drift with the underlying Niobrara, which is hard
and compact, being impervious to the water which sweeps along the

. upper surface of the gently eastward sloping Niobrara.

Outcrop on Little Pembina river in the southwest quarter of
section 3, T. 162, R. 57.

" Feet. Inches.

6." Gravel and quite large glacial boulders ............ 20
5. Clay band, yellow .............................. 2
4. Shale, calcareous “cement rock” ................ 15
3. Clay seam, yel]ow............................‘.... i
2. Shale, calcareous, “cement rock” ................ 89
L UIHEMPOREA covninbiisisiitein i sde YEETE e e 40

This section occurs on the east bank of the Little Pembina and
is thought to be a part of the Pembina delta. The delta deposit,
however, is very thin here in comparison with its thickness farther
east. The delta ends toward the east in a high steep bluff locally
known as the first mountain.

Outcrop on the Little Pembina in the northwest quarter of
section 10, T. 162, R. 57.

. Feet. Inches.

8. Unexposed to top, gravel and sand ..............

7. Clay bands, vellow and black ..................... B d
6. Clay band, black .......cooiiiiiiinininiinnnn.. 9
5. Clay band, wyellow ...ooiviieiinnen i, 2
4. Shale, calcareous, “cement rock” ................ 15

3 Clay seam, yellow ................................. 6
2. Shale, calcareous “cement rock” ................ 75

L, TTHeXpeSed covvii v vivaninm cHe S e enrans 35

Outcrop on the Little Pembina, on north bank at the point where

it turns north after leavmg the “escarpment, southeast quarter of
section 22, T. 162, R. 5
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Teet. Inches.

6. Clay bands, yellow and black, much weathered

and exposed under the overlying black loam .... 3
5. Shale, calcareous, “cement rock” ...l 15
4. Clay seam, wellow . .. ivis svess s guens sdoes geds &
3. Shale, calcareous, “cement rock™ ................ 114
2. Clay seanl, vellOw iy voges s s simis o 1.
1. Shale, caleareous, “cement rock” ...t 85

Section on Little Pembina in the southwest quarter of section 21,
T. 162, R. 5%,

Teet. Inches.

8. TIHERDEEEd « v wsimne s vwamitn sma s e s i 100
T Bhale i e e 30
6. Clay band, vellow .o re e 2
S Shale oo s S BE RS EERAE GEES 30
4, Clay bands, yellow and black ... 8
3. Shale, calcareous, “cement rock” ...l 18
2 Clay band; vellow v v v gvswn s s s T
1. Shale, calcarcous, “ecement rock”™ ........... .. ... 39

Quterop in the southwest quarter section 20, T. 162, R. 57,

Feet. Inches.

5. Unexposed to top of bluff ..iiiiiiviivmi,

4. Clay bands, vellow and black ......coociiiiiiiinan, 6

3. Shale, calcareous, “cement rock” ......oooiiii 12

2! Clay bandy vollBW s oo copus semnen wmewes s o 7
1. shale, calcareous, “cement rock™” ... .ot 12

Where this section is exposed a four inch seam of coal was
sard to occur, but it could not be found. A six inch seam of red
earthy hematite is reported in this vicinity and samples of the
hematite were seen which seemed to be pure and in no way inferior
to the common grades of red ochre sold for paint, Locally it is
used to some extent for paint. No definite information could be
secured regarding the location of this deposit.

Outcrop on the Little Pembina in the southwest quarter of section
19, T. 162, R. 57.

Feet, Inches.

. Shales e vreaein Sree SRR B PSR DRGSR DR 84 150
4 Clay band, yellew o ienes s v ssmmnin o s 2
R L R ————— 35
2. Clay bands, vellow and black .........0oivnnn 10
1. Shale, calcareous, “cement rock” ...l 10

In this exposure the thickness of the different layers may be
distorted for the whole bank had the appearance of having slid
bodily toward the river. It is the last outcrop on the Little Pembina
in which any of the Niobrara cccurs. There are numercus fine
outcrops of Prerre for some miles farther up the river and-along
some of its branches.

Section on the Pembina river in the southwest quarter of section
3, T. 163, R. 58,
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Feet. I‘nches.r
50

7. Unexposed to t0p, abott w..eveenerneurnnennnnnr.. ..

6. Shale, gray, Pietre .........ooovvvuonn... T 80

5. Clay bands, yelIow atid blaek ..owvivianedsrinis 9

4. Snale, calcareous, “cement rock” .................. 15

3. Clay ba.nd yel]ow ............. R R R -]
2. Shale, caIcareous “cement 1ock” .o 50

1. Unexposed B 200

Section of beds on the Pembina river in the southeast quarter
of sectlon 4, T. 163, R. 58.

Feet. Inches.

9. Unexposed to top of bluff ...................

8, Shale, gray, PITTe . .ius vt iiiiteiensennomomn o 15

7. Clay band, vellow ..........oovvvo... VRS s 2
6. Shale, Pierre .........cooivieeieiiiinnnnn 30

5. Clay bands, yellow and - v - 9

4, Shale, caIcareous “cement rock” ......iivieania.., 15

3. Clay seam, ye]fow ......................... 5
2, Shale, calcarenus, “cement rock” ..... R R 150

1 Unexposed ....ooiiviiviinene ooriiime i 40

Some of the lower forty feet may be Benton shale, but as the
fresh rock was hidden by talus dropped from above its reference
to the Benton is uncertain, although from the thickness of the Nio-
brara in other places, the Benton should appear near river level,
though the Niobrara may be thicker here than farther to the east.

It is generally difficult to find good outcrops down close to the
river, since for some distance the bluffs rise gradually, often as
much as 150 feet, before the steep welI exposed portions appear
which contain the outcrops.

Section on the Pembina river in the southwest quarter section
29, T. 164, R. 58,

Feet. Inches.

8. Unexposed to top of bluff ........ooovnreennn. ..

7. Shale, gray, Pierre ............ooeveeuoiiononoii 50

6. Unexposed ...................................... 40

5. Clay bands, yellow and Bk cuvs aning s 0he medeaiion 5-15

4. Shale, calcareous, “cement rock” ............... .15-25

3. Clay band yellow T 5
2. Shale, calcareous, “cement roek” .................. 90

1. Unexposed .....ovovnuunnnn.... p— FE— . 100

A great slide had just recently occurred in thxs place when this
outcrop was examined. This had exposed over a hundred feet of
Niobrara, but unfortunately the whole bluff was very much
faulted, so much so that in no two places did the layers present the
same appearance or thickness, the whole mass being much distorted
and disturbed. Tt is the first exposure of the Cretaceous on the
Pembina after it leaves Canada. The valley here appears qurte
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as large as it dees at Mr. Mayo's place, where the Little Pembina
enters the Pembina. It 1s wide and deep. Its hottom is usually
timbered and overrun by vines and tangle weeds.  The bluffs
are timbered with small poplar, while upon the level sides larger
poplar with an occasional oak or other hardwood trees abound.

On looking over the foregoing sections of Niobrara beds the
reader will be struck with their similarity over wide areas. Some
of the overlying yellow clay bands have been traced continuously a
distance of thirty-five miles and a single band two inches thick for
twenty-five miles. Over all this area they have very nearly the same
thickness and the same chemical composition,

In the Duck Mountains of Manitoba one of the writers has
scen several outcrops of Niobrara along the Wilson and Valley
rivers, and in these the same overlying yellow bands appeared, not in
the same order or thickness, but nevertheless the identical bands.
They thus appear to be continuous for over 300 miles.

The underlying Niobrara, though continuous and possessing much
the same appearance varies greatly in character and chemical
composition and the individual Jayers are not so continuous, as
may be scen from three different analyses made upon rock taken
from the same horizon in three widely separated places. The
samples were taken from the layers of rock immediately below
the first vellow layers referred to in the different scctions.

| Sample No.| Sample No,| Sample No.
| 13 4 j

| |
' | j
‘ Per Cent. Per Cent. | Per Cent.
| ) i

\

\
Caleium carbonate .............. | 56.89 | 2,81 64.70
SHEEE  woommr o W B 53 \ 17,18 | 67.51 14.38

Iron and alumina ............ | 9.23 |
0.34

|

|

|
9008 | 7.89

Magnesium carbonate .......... | 0.79 [ 2.55 |

1 |

No. 13 is from the outcrop at Mayo's Drick Plant.

No. 4 15 from the outerop on Park river.

No. 16 is from the outcrop on Pembina just south of the Canad-
ian houndary,

PIERRE SHALE.

Conformably overlying the Niobrara is the Pierre shale, the
lower member of the Montana series. The actual contact of the
two formations is not easy to determine, but approximately it may
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be put at the base of the remarkable series of black and yellow
bands which occurs at the juncture of the two. These bands pre-
sent a striking appearance where well exposed. They also have
2 remarkable uniformity throughout a large area, being very
nearly uniform in number and thickness for a distance of thirty-
five miles along the eastern border of Cavalier county and extend-
ing into Canada for an unknown distance, while their occurrence
near Valley City has been reported by Mr. C. H. Clapp.

These yellow layers consist of a very fine clay-like substance,
which is unctuous to the touch but has a very poor plasticity. They
have a decided astringent or alum taste, and render the water of
wells in which they occur unfit for use. A case of this kind was
reported by Mr. W. Doner southeast of Walhalla, where a well
had been dug through several feet of delta deposit and shale down
to these alum shales, While these bands are yellow on the out-
side they invariably change to a dark blue when penetrated be-
yond the zone of weathering. This shows that the iron exists in
a2 ferrous state, being oxidized to the yellow ferric form on expos-
are. A hand sample of the unaltered material was collected but
in a few days the outside of each lump had turned yellow.

As to the origin of these yellow layers it may be said that their
uniformity denotes a period of quiet and even sedimentation and -
probably also very slow deposition in comparison with that preceed-
ing and following their formation. The water in which the ma-
terials settled was probably heavily laden with solutions of alum-
inum sulphate along with a relatively small amount of the alkalies
which would form alum with the sulphate and thus serve as a pre-
cipitating agent of the fine slimes present.

Analyses of the clay forming the yellow layers indicate the fol-
lowing composition: .

Per cent
SIil et S e v s i QIR sa 49.13
ATUMING .o s aireemma s o s s 88 GEERG SR Susmmae 34 .87
T L I 4.39
Calcithi OXIAE .+ vorrenrroreennarsssesnnmaaasnnesneaess 1.17
Sulphur tHOXIde ......ooiveeis soriiauaaninunntrasnees 4.65
Alkalies and undetermined mOIStUTE ......veeeraceerests 5.79

All of these constituents are soluble in hydrochloric acid -except
the silica, which is left behind in a powdery condition rather than
in a gelatinous form. This seems to indicate that it is present
either in a finely divided free state or very loosely combined with
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the alumina. A considerable portion of the alumina is soluble in
warm water, which indicates the presence of free aluminum sul-
phate or possibly alum.

As already noted, these bands preserve a very uniform character
throughout a very large area in North Dakota, and they also ex-
tend at lcast 250 miles northwestward in Canada. Their occur-
rence was noted in the Cretaccous outerops in the Riding and Duck
mountains by V. J. Melsted, where they have exactly the same
characteristics as in the Pembina Mountains except that they are
better developed. The lowest layer noted in these northern out-
crops was thirty inches thick and was overlain and underlain by
a four-inch band of gritty limestone. The other bands were from
four to six inches thick.

The thickness of the Picrre shale varies widely, It is greatest
in the central part of the state, so far as known, and thins out
toward the east. This is probably due not so much to actual thin-
ning of the beds as to the greater erosion which the eastern por-
tion has suffered. The total thickness left near the edge of the
escarpment in no case exceeds 450 to 500 feet, while toward the
west the formation attains a thickness of at least 1,000 fect.

The Pierre is a gray to black shale, rather soft and free from
grit. In weathering it breaks up into many small flakes which
harden when dry and remain fairly hard. Tt is pebbles of this shale
which arc so abundantly scattered through the soil of the western
part of the Red River Valley and which are commonly but er-
roncously called slate.

The Pierre formation is quite uniform throughout with the ex-
ception of the lower forty to fifty feet in which are found many
layers of clay ironstone which on the weathered exposures form
well defined bands along the blufls.  This is especially well seen
in the excellent exposures on the D'ark river half a mile north of
Alilton. The river here flows through a prairie region and its
hanlks arc for the most part devoid of any timber growth. The
valley is deep and its sides are steep and in many places cut banks
afford a clean, well exposed scction from top to bottom,

The composition of the shale varies somewhat from place to
place in a horizontal section but probably more from top to bot-
tom. A tvpical sample was collected on the well exposed bank
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of a smaller creek north of Union about a quarter mile
east of where the railroad crosses the creek valley. It had the
following composition :

Analysis of Pierre Shale.

Per cent
STHEIE « cusmm v s o e bt o SO A 60.17
i T 17.85
37 o s S s o 4.91
LOEE LT T eL 7. [ 2.09
Magnesia «.oouueoriiiiiiie e e s pewow LT8
Sulphur trioxide ,........... MR SRR W 0.41
Loss on ignition ......ooiviiniiininienrn e, 10.11

In many: places, where it is free from inclusions of pyrite, the
shale is well suited for the manufacture of brick and is used for
that purpose at various places in Manitoba. There is no reason
why similar industries should not thrive here, where this shale is
adjacent to suitable transportation facilities. This subject 1s
treated more fully in another part of this report.

- Upham reports that Cretaceous strata have not been found
east of the foot of the highlands of the Pembina, Riding and
Duck mountains, nor in the regions north and east from Lake
Winnipeg to Hudson Bay.* It seems quite certain, however, that
Cretaceous beds originally extended eastward a considerable dis-
tance, probably so far as to cover the area now occupied by Lake
Winnipeg. As Hind and Dawson have pointed out, it was by the
erosion of this eastern portion that this steep line of highlands
was formed;® and it may be expected that thin remnants of them
will yet be found in central and eastern Manitoha.

Horace V. Winchell and N. H. Winchell have noted in the re-
ports of the Geological and Natural History Survey of Minnesota,
the eastward continuation of the Cretaceous formations in south-
ern and central Minnesota; and also to the north, on the Little
Fork of Rainy river.?

It is known that before the Cretaceous period, when western
Minnesota and the region of the Upper Missouri were depressed
and covered by the sea, a deep channel had been cut by some
river in the Lower Silurian and Cambrian strata of the Minnesota

1Mon. XXV, U. S. ., p. 100 et seq.

"H. Y. Hmd chort of the Assiniboine and Saskatchewan Exp]ormg Expedition,
Toronto, 1859, pp. 188, 169; Narrative of the Canadian Exploring Expedition, Lon-
don, 1860, Vol II, pp. 48, 55 and 265. G. M. Dawson, Geo ogy and Resources
of the Forty ninth Parallel 1875, pp. 253, 254,

5Geol. and Nat, Hist. Survey of Minnesota, Sixteenth Annual Report, for 1887, pp.
403-9, 431, 424, Geology of ilmncsota, Final Report, Vols. I and I
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Valley; but the small width of this channel indicates that the stream
then flowing there, probably westward, was not larger than the
present Minnesota river. This and many other streams of similar
size, flowing into the Cretaceous ocean as it spread to the east
over the former land surface of Towa, Minnesota and Manitoba, con-
tributed part of the detritus which formed the vast mass of sedi-
ments, probably averaging a quarter of a mile in depth, covering
most of its arca. These beds could be supplied only by the exten-

sive denudation of the land areas both west and cast of the Cretace-
ous mediterranean sea.

The great disturbances of the region to the west during the ele-
vation of the Cordilleran mountain ranges, since the Cretaceous per-
iod, make it impossible to trace there the course of the larger streams
entering this sea. On the eastern half of the continent the princi-
pal drainage system, carrying its vast freight of detritus west to the
Cretaceous ocean, is probably marked by the chain of great lakes
from Ontario to Superior; the west end of which is close to the cast
border of the submerged belt. At that time, and onward through
the Tertiary era much of this eastern land area appears to have been
clevated at least three hundred feet above its present level, so that
streams eroded the deep hasins which are now occupied by these
lakes, but which then had a continuous westward descent. It seems
probable also that other great tributaries may have flowed westward
and southward into the Cretaceous sea, bringing sediments eroded
from the areas of Hudscn Bay, Lake Athabasca, Great Slave and
Great Bear lakes. Thus were accumulated in the great Cretaceous
sca of the interior the thick formations of the Great Plains region.

Since their clevation above the sea erosion hasg heen slowly but
constantly wearing away the Cretaceous rocks. When these marine
and lacustrine deposits were first raised to form land they had a mo-
notonously flat surface, and they probably extended east, as we have
seen, over the entire basin of the Red River of the North and the
great lakes of Manitoba and west as far as the Rocky Mountains.
The greater part of the present Cretaceous area, though eroded far
below its original surface, is flat, undulating or moderately rolling.
and constitutes a broad expanse of plains with very slow ascent
westward. But here and there isolated areas of much higher ground
as the Turtle Mountains, consist of remnants of horizontal Cretace-
ous strata which elsewhere have suffered denudation. The plains



176 STATE OF NORTH DAKOTA

have been formed by the erosion of this vast area to a uniform base
level, excepting isolated hilly tracts of comparatively small extent,
which serve to show that on the eastern part of the plains, in North
Dakota and southwestern Manitoba a thickness of not less than 500
to 1,000 feet of the Fox Hills and Fort Pierre formations has been
carried away. But during the same time the erosion about the
Highwood and Crazy Mountains was from 3,000 to 5,000 feet in the
horizontally bedded Cretaceous formations,

When the depth and great extent of this denudation are compared
with that of the subsequent erosion which formed the Red River
Valley and the lowland adjoining the Manitoba lakes by the remov-
al of the former eastward extension of the Cretaceous formations,
the early base leveling seems probably to have occupied a large part
of Tertiary time. Its duration apparently coincided with the cycle
of partial base-leveling which took place in Pennsylvania and other
eastern states. The termination of this denudation of the Cretace-
ous area, and its uplift to undergo the erosion of the Red River Val-
ley and of the present Assiniboine and Saskatchewan valleys, were
probably also contemporaneous with the great epeirogenic move-
ment which in California according to Mr. J. S. Diller, ended a long
cycle of base leveling that had extended through the whole of Cre-
taceous and Tertiary time, and raised a part of that base leveled dis-
trict at the beginning of the Quaternary era to form the lofty, Sierra
Nevada'. Again, the same record of long continued base leveling,
followed by uplift and a new cycle of rapid valley erosion, is found
by Powell and Dutton in the plateaus and Grand Canyon of the

Colorado.® The denudation of these plateaus, when compared with
the studies thus noted in other regions and with the total erosion of

the canyon, seems to have required not only the Eocene and Miocene
periods but also most of the Pliocene; for the ratio of the general
denudation to the canyon-cutting must be neatly or quite as great as -
that between the duration of the entire Tertiary era and the compar-
atively short time since its close. Instead of referring the division
of these parts of the history of the Grand Canyon district to the be-
ginning of the Pliocene, as was done provisionally by Dutton, it
may therefore mark the final stage of the Pliocene and the inaugura-

iEighth Annual Report U. S. Geol. Survey, pp. 428-432.

?Exploration of the Colorado River of the West, 1875, Geology of the Eastern
Portion of the Uinta mountains, 1876. Mon, IL, U. S. Geol. Survey, 1882, Am.
Jour. Sci. (8), Vol. XXXII, pp. 170, 171, Sept., 1886,
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tion of the Glacial period, with high elevation of all the northern
part of this continent and of the glaciated northwestern portion of
Europe.?

At the time of the uplifting of the Great Plains near the cnd of
the Tertiary period this great basc leveled region appears to have
stretched from the Rocky Mountains to the Archean hills on the
eastern border of Lake Agassiz, and to have included also the ex-
pansc.of flat or only moderately undulating country which slopes
gradually irom Lake Winnipeg and the upper part of the Nelson
river towards Hudson Bay. The Tertlary drainage of this district
from the present sources of the Saskatchewan, Red and Rainy rivers
to Hudson Bay and Strait, probably formed a great river flowing
through the Appalachian-T.aurentide mountain belt in the deep valley
which is now submerged to form this strait, and cmpting into the
Atlantic between Labrador and Cape Farewell. The depression of
the lower part of this basin scems referable to the time of the culmin-
ation and departure of the (Juaternary ice-shect. Between the Ter-
tiary base leveling and this subsidence a widely extended cpeirogenic
uplift of North Dakota intervened. To this period of late Pliocene
and early Quaternary elevation belong the erosion of the canyons
of the Colorado and its tributaries, of the canyons on the slopes of
the Sierra Nevada, and much river channeling 6f the plain east of
the Rocky Mountains.

The eastern margin of these plains, which probably extended, as
before stated, over the whole area of Lake Agassiz, was then subject-
ed to renewed erosion, removing the soft Cretaceous strata over a
width of a hundred miles or more and to a depth toward the west
of several hundred feet. Previous to this new cvcle of active worl
by the streams, Riding and Duck mountains stood above the general
level, like the Turtle Mountains and other isolated higher areas
farther west, and the maximum depth of the late stream-cutting by
which the trough of the Red River Valley and Lake Agassiz was
formed 1s approximately measured by the height of the Pembina
Mountain escarpment, which rises 300 to 400 feet from its hase to
its crest throughout an cxtent of about eighty miles. The greater
part of this erosion we must attribute to the probably long time of
elevation preceding, and finally at the climax producing, the ice-
sheet of the Glacial Period. So far as can be discerned, the entire

*Ann. Geol.,, Vol. VI, pp. 327-339, 396, Dec., 1890, Am. Jour. Sci. (3), Vol
XLI, pp. 33-52, Jan., 1891; Vol. X.L.VI, pp. 114-121, Aug., 1893,
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hydrographic basin of Lake Agassiz may have continued, through
all these changes of level, excepting when ice-covered, to be drained
in the same north and northeast direction as during the Tertiary era
and at the present day.!

In the progress of denudation by Tertiary base leveling and by
the later erosion of the depression which was to hold Lake Agaasiz,
some of the Cretaceous strata have proved more durable than those
next above and below, and consequently have had a more important
influence on the topography. This is especially noteworthy in the
case of the Fort Pierre formation, which forms the upper and main
part of the great escarpment that borders the west side of the Lake
Agassiz basin from the Coteau des Praires north-northwest to the
-Saskatchewan river. East of the Red River Valley in Minnesota
the similar but Jess prominent ascent from the flat valley plain doubt-
less also consists of Cretaceous shales, perhaps chiefly the Niobrara
and Fort Benton formations, beneath the envelope of glacial drift.
Farther east and southeast, through northern and central Minne-
sota, it seems certain that at least many knolls and hills thus far had
escaped the general Tertiary and early Pleistocene denudation, but
most of them were leveled during the Ice Age and mingled with the
glacial drift. Westward from the Pembina and Manitoba escarp-
ment the Fort Pierre formation generally constituted the preglacial
surface, and is now the floor on which the drift lies.

The source of the preglacial rivers flowing from the Cretaceous
area west of Lake Agassiz, after the late Pliocene uplifting of the
continent, probably coincided approximately with the present drain-
age lines throughout the region north of the international boundary,
in the Assiniboine, Saskatchewan and Athabasca basins. In North
and South Dakota, the present channel of the Missouri river, as

- shown by General G. K. Warren? and by Prof. J. E. Todd, dates only
from the Glacial Period, this great stream having apparently been
turned to the west and south by the ice-sheet. ' Its preglacial course
may have occupied the valley of the James river, nearly parallel with
the Missouri of today, or perhaps it continued east to the most south-
ern bend of the Souris river, or to the Sheyenne and Red rivers.
Professor Todd finds also in the topography of that region evidence
that in preglacial time the great tributaries coming from the west

*Am. Geol.,, Vol. XIV, pp. 285.246, Oct.,, 1804, Bull. Geol. Soc, Am., Vol. VI,
pp. 17-20, Nov., 1804, .

?Ann. Report, Chief of Engrs.,, U. S. A., {for 1868, pp. 307-314.
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to jein the Missouri, namely, the Cannon Ball river, the Grand and
the Morcau rivers, then united, the Sheyenne, and the White rivers,
flowed east to the valley of the James; and he is inclined to believe
that from that valley the great strcam formed by these affluents pass-
cd northeast to the Red River of the North and Hudson Bay.* That
the greater part of the cxcavation of the trough of Laket;\.gassiz
could be accomplished by a river of such size during the Lafayette
period of continental elevation, following the Pliocene period and in-
augurating the Ice Age, may be readily believed when we compare
it with the Iafavette erosion of the Mississippi, which from Cairo
ssouthward along an extent of about 500 miles, formed a channel 200
to 300 feet deep and averaging sixty miles wide.?

Tertiary and carly Quaternary erosion had sculptured the grand
features of the basin of Lake Agassiz, and 1ts whole extent pro-
bably had approximately the same contour immediately before the
accumulation of the ice-sheet as at the present time. The sur-
face of the feldspathic Archean rocks was doubtless in manv places
decomposed and kaolinized as is now seen in regions that have not
been glaciated, where the rocks are frequently changed to a consid-
erable depth. On these and all the other rock formations the or-
dinary disintegrating and eroding agencels of rain and frost had
been acting through long ages. Much of the loose material thus
supplied had been carried by streams to the sea, hut also remained
and was spread in general with considerable evenness over the sur-
face, collecting to the greatest depth in vallevs, while on rilges
or hilltops it would be thin or entirely washed away. Txcept
where it had been transported in part by streams and consequent-
Iv formed stratified deposits, the only fragments of rock held in
this mass would be from underlyving or adjoining beds. The sur-
face then probably had more small inequalities than now, due to the
irregular action of the processes of weathering and denudation
which are apt to spare here and there isolated cliffs, ridges and hil-
locks; but most of these minor features have been obliterated by
glacial erosion or huried under the thick mantle of drift.

The character of the Pierre shale is well shown in the following
secttons which were measured at a number of outerops, beginning
at the south and going north.

Proc. Am. Assoc. Adv. Seil., Vol NXXXIIL, 1884, pp. 381-393, with map.

ZAm. Naturalist, Vol. XXVITT, pp. 978933, Deec., 1894, DBull, Geol. Soe. Amer.,
Vol V., 1894, pp. 87-100.
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The South Branch of the Park river flows through a treeless
region and even the valley itself is very lightly timbered. It thus
provides a very good field for the study of the different outcrops
which occur along its banks. In no place has it cut through the
Pierre down to the underlying Niobrara, but there are numerous
very fine exposures of the Pierre. A typical section taken about a
mile and a half above where it merges from the escarpment is as
follows: '

Feet. Inches.
4. Glacial drift, varying greatly in thickness. In places
it is practically nothing,the soil consisting of shale
weathered in situ; in other places it is thick, up
to 25 or 30 feet. It consists of a yellowish clay
containing boulders of igneous rock in varying
-amounts, but very seldom being entirely free from
them Fragments of unweathered shale are very
rare, in which respect the drift here differs
greatly from that farther -north, where shale
is a_very common constituent, even in places
) furnishing the bulk of the drift.
3. Shale, dark and uniform in character, varying
in thickness from a few to a hundred feet. It is
darker than the underlying shale and contains no
concretions; is fissile and weathers easily. The
weathered product is a black, very sticky clay.
In places it is quite alkaline ..... ............. 10-100
2. Shale, medium dark and fissile, and interspersed
with numerous horizontal bands resembling clay
ironstone, varying from an inch up to a foot in
thickness. These are more resistant to erosion
than the shale and thus form a very striking fea-
ture of some of the outcrops, as they form little
ledges or sheli-like projections which give the
exposure 2 horizontally banded appearance. The
shale is very fissile but quite compact .and hard
and does not weather readily. It is from this
formation that most of the so-called “slate,”
which characterizes the soil of the Red River
Valley in many places, is detived ............ O 111
1. Shale, carhonaceous, very dark and uniform. Tt
has well developed cleavage, but is mnot very
fissile, and weathers to a brownish plastic clay 30

A sample of shale taken near the waters edge showed the fol-
lowing composition :

) Per cent.
SIHEIE wuvee et ee e 75.87
Alumina . ... e desgevssseas 11:28
Ferric iron .........cooiiiiiiiiiiiian, R S S 3.75
TATIIE, 4 it imibininie 10 imimimimnie ssem: saiois s iosvonis e 4w e s s e e 2.98
Magnesia . ....ovuuiniiti e e 3.15
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The sample was weathered but was stained slightly yellow
along the seams, undoubtedly due to a small amount of ferrous
oxide. It showed no sand on casual examination but a small per
~cent was revealed upon washing the dried sample.

A sample taken near the top of No. 3 of the section just men-
tioned showed the following composition:

Per cent.
e 66.00
L ) s e e Y N - - i
Periis BRI s v womvin v svss SAuemn DUt THNTE USRS D 3.02
LB oo ot wm somsssisonin oy Wi Sesidn SlEt S0 AN WESE R 4G 1.47
AIABHIREE. comonomrammnts mon o SImmms Grosu St S s Luerss snssr il
Sulphur trioxide ... e e .57
Alkalies combined ... ... e 2.13

This sample was free from sand and very fine and compact. [t
represents a tvpical sample from near the top of the Plerre and
it 1s from shale of this composition that the black “gumbo” soil
is produced.

Going north the next locality where the Picerre is well exposed
15 a short distance south of Union, where a small creek has cut a
narrow V-shaped vallev. There are scveral good outcrops along
this stream. The following scction occurring on the southeast
quarter of section 25, T. 159, R. 57, is probably the best exposed.

Feet. Inches.
4, Glacial drift, yellow, and composed of rather sandy
clay with large houlders. Tn places it rests directly
on No. 3, nput in others there 1 a laver of shale

above No. 3, similar 16 No. 2o ivivnvvvvi v, 10-15
3. Pyritic concretions, which near the surface are al-
tered to limonite. These are very hard and resem- .
ble those found in the horizental hands previously-
mentioned on the South Branch of Park river.. 1
2. Shale., medium dark, wvery fissile and all joints
hitatily st Aithe S50 o ey ssensn s 2w ssae 20

1. Shale, dark, carhonaceous. hreakmg into rather
large conchoidal fragments; has many  cracks
slightly stained with iron

North of Union, where the Great Northern Railwav crosses a
deep ravine, therc 1s a very good outcrop on the northeast quarter
of section 26, T. 159, R. 57, as shown in the following section:

Feet. Inches.

R, Drift and soil o e 10
7. Shale, similar to No. 5 ... ... 10
6. Concretionary nodules and shale highly stained by
TEON. e gpmess senss Suaiy S0y G Spha, ol SR Ol Sl 1
5. Sldle, syl VP BESIE vee eae s viian s 13
4. Concretions, similar t0 No. 2 .ooiiiinivimmis vmnwnin 3
3. Clay laver, dark yellowish; very soft and plastic,

free from sand and erit.  Shows joints and seams
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similar to shale but does not resemble clay which
has resulted from alteration of shale ............
2. Concretions, very hard and compact layer. Appears
to be shale very highly impregnated with iron.. 2
1. Shale, very similar to No. 1 in the previous section 6
A very peculiar feature of this outcrop and one not found else-
where in the Pierre formation is the one-foot layer of yellow clay,
No. 3. It was easily traced for a mile along the side of the ra-
vine and preserved the same thickness and general characteristics
throughout that distance. It can hardly be referred to as an
alteration product of the shale as it is overlain and underlain by
unaltered shale. It is possible that it is a stratum which has been
the source of springs of water percolating between the two dif-
ferent layers of shale, but more likely it is a small separate layer
of the Pierre shale which originally differed from the rest in com-
position and character. It occurs between strata which differ rad-
ically in essential features and it may thus represent a transitional
stage.
- On the North Branch of Park river where it cuts through sec-
tions 4, 5, and 9, of T. 159, R. 57, there are numerous fine exposures

of Pierre.  The gorge is here deeper than at any other place

along the river’s course, and from a quarter to a half mile wide.
A description by Warren Upham of an outcrop 1n this gorge will
give a good idea of the lower part of the Pierre as it is exposed

east of Milton.

“In these places the stream flowing at the base of the bluff removes
the talus which in other places conceals its lower portion, and the
section rises with cliff-like abruptness at an angle of sixty to sev-
enty degrees.

“Excepting occasional thin beds the whole thickness of the sec-
tion here exposed is a gray hard shale more or less sandy, divided
into layers from an eighth of an inch to two or three inches thick,
and much jointed as it crumbles down into small fragments on the
weathered surface. Rarely a bed a few inches thick, having the
general dull color, is harder and less jointed, owing to its cementa-
tion by carbonate of lime, and occasionally the ordinary shale is
blackened by the deposition of iron rust and manganese oxide as
films in the jointage seams, the thickness of the portions thus col-
ered being usually only a few inches, but in one instance half way

p the north bluff three or four feet. Gypsum was obseved only
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in minute crystals in fissures coinciding with the beds of stratifi-
cation : and in the form of satin spar filling the mold from which
some shell, usually fnoceramus, has been dissolved away.”

“Fossils are very mfrequent but by careful search Baculiics
ovatus and Scaphites nedosus Owen were found, each represented
by a single specimen; also nuinerous Jicceramus casts, mostly Jno-
coeranmus sogensis Owen, besides casts and fragments  of  other
lamellibranchs, not vet identified; and the teeth of fishes, appar-
ently Pachyrhizedus latimentum Cope and Lamma mudgei. Cope,
a smaller species. The teeth occur somewhat plentifully in a re-
markablv hard laver, six inches to a foot thick, about fitty feet
above the stream. With them this laver contains softer lumps of
somewhat irregular shape from one third to three quarters of an
inch in diameter of a light gray color mmside with a greenish exter-
ior, which are probably coprolites.  The other fossils were found in
the shale fragments forming the talus anfl their olace in the section
was not determined !

The harder lavers referred to above correspond to what have been
termed concretions in the previous paragraphs.  They really are
only shale indurated with iron, but the layers are jointed in such
manuer that the loose blocks resemble regular concretions in shape.
Neither is this the result of metamorphic changes in the shale
itself but has its origin with the deposition of the shale. The
so-called “coprolites” above referred to were determined to be al-
teredd pyrite coneretions. On weathering the somewhat impure
prrite had altered to copiapite.

Further up stream, north and northeast of the town of Milton,
there are sume fine Pierre shale outcrops differing in no essentia
respects from the encs already described. Thev are well shown
from the wagon road north of Millon where it passes along side of
and erosses the gorge of the North Dranch of the Parke river.

1or a distance of three or {four miles north of the point where

the above mentioned branch of the Park river leaves the Pembina

escarpment, there are no natural outerops of cither Flerre or
Niobrara. The escarpment here scems to be relatively low. Near-
Iv the entire Pierre has been eroded and m several places well sec-
ticns reveal the drift Iving directly on the Niohrara, which is quite
fresh and unaltered immediatelv in contact with the drift. The

Nlonograph XNV, T 8 Geel. Survey, pp. 03,
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comparatively recent deposition of the drift has prevented altera-
tion of the freshly glaciated surface of the underlying shale. As
one passes westward from the edge of the escarpment the surface
rises gradually and the Pierre formation is well developed. It
thus appears that the absence of the Pierre on this restricted area
is due to abnormal glacial or preglacial erosion rather than to a
thinning out of the beds. The cause of this undue erosion of the
Pierre may perhaps be due to a slight anticline in the Cretaceous
strata which here seems to reach its maximum, thus rendering
the strata peculiarly susceptible to erosion, especially glacial ero-
sion.

An outcrop of Pierre in the southeast quarter of section 36, T.
160, R. 57, shows the following -section :
Feet. Inches.

30

........................... .10
Yellow band, similar to those in No. 2, and to lay-
ers occurring on the North Branch of Park river 2
Shale, gray, stained a bright vellow in fissures and
containing numerous selenite crystals. This yel-
low stain in numerous places had formed thick
hard crusts resembling impure sulphur, and is
regarded as such by many, but when tested it
yielded zll the reactions of earthy limonite
1. Clay bands, alternating black and vellow.......... 5

This outcrop is on the north bank of a small stream which at
this place has cut quite a wide valley. But half a mile further up
there is only a narrow V-shaped gorge, while two miles above it
has dwindled down to a flat, imperfectly drained marsh. This
seems to be the general condition of all the smaller streams
which leave the escarpment. For a short distance from the escarp-
ment they have large wide valleys rivaling those of the Tongue and
Pembina rivers in depth and width, but they extend only two or
three miles back into the upland plain, while the valleys of the
Tongue and Pembina extend nearly undiminished in size to with-
n a few miles of their source.
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PLEISTOCENE.

During the latest geological period, immediately preceding the
Recent, or present period in which we live, the north part of our
continent was deeply enveloped in snow and ice. Every year the
snowfall was greater than could be melted away in the summer,
and its depth gradually increased until its lower portion was
changed to compact ice by the pressure due to the weight of the
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overlying mass. This pressurc also caused the vast sheet of ice
to move slowly outward from the region of its greatest thickness
toward its margin.

Among the proofs of the Glacial Period, it is first to be ohserved
that the surface of the bed-rock in the northern drift-covered por-
tion of North America hears parallel scratches and markings,
called striae, like those which are found beneath the glaciers of
the Alps. Only one canse is known which can produce markings
like thesc and that is the rasping of stones and boulders frozen
in the bottom of the moving mass of ice accumulated upon the land
in a solid sheet of great extent and depth. As these striac are
found upon the rocky surface of Dritish America and our own
country to a southern limit that coincides approximately with the
course of the Ohio and Missouri rivers, we must conclude that an
ice-shect has covered these regions.

The superficial material that overlies the bed-rock within the
northern glaciated area has heen plowed up and worked over by the
slowly moving ice-shect, and at its disappearance the greater
part of this glacial drift was left as a Jdeposit of clay, sand, gravel
and houlders, mixed in a confused mass which is called till.  The
thickness of the till upon much of the bed of Lake Agassiz is from
50 to 200 feet, hut in some tracts 1t is only five, ten, twenty or thirty
feet. Throughout nearly all of this lacustrine area Iving in Min-
nesota and North Dakota 1t forms a sheet of such great extent
and thickness that exposures of the underlving older rocks are very
rarc or wholly absent, none being known in the Minnesota por-
tion of the hasin of the Red river.

By the directions m which the boulders have heen carried from
their ariginal ledges, and by the courses of the glacial striae, it is
lknown that the ice moved in general from north to south. In the
region of the Great Lakes and westward to the Rocky Mountains,
the ice-flow was mostly to the southwest and south. In western
Minnesota and eastern North Dakota the ice flowed southward
from Lake Winmipeg to Big Stone lake, and thence southeast into
northern lowa, spreading a blue till, with many limestone boulders”
derived from outcrops of Silurian limestone strata near Winni-
peg.

Besides the striae, till, and transportation of boulders, another
proof that the drift was formed by vast sheets of land ice is sup-
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plied by terminal moraines, or hills, knolls and ridges of drift heap-
ed along a line representing a stationary period of the ice border,
These moraines are found stretching in remarkably curved and loop-
ed courses across the northern states from Nantucket and Cape
Cod to North Dakota. The outermost one bounds the areas that
were overspread by the ice-sheet during the latter part of the Glacial
Period, which has been named the early Wisconsin stage;! and
others mark the lines where the ice border paused or readvanced
during its subsequent general recession.

The portion of North America and outlying islands which were
covered by the ice-sheet and are now overspread with drift have
an erea of 4,000,000 square miles. The thickness of the ice-sheet,
known by the limits of glaciation on mountains, increased from
a few hundred feet in the vicmity of its border to about one mile
at a distance of 200 to 250 miles inside the border, both in New
England and British Columbia; and from these data and from the
courses of glacial movement and distribution of the drift, it is
computed to have ranged from one to two miles or more‘in its
central” portions. Probably two-thirds of a mile, or about 3,500
feet, is a fair estimate of the average thickness, or the mean depth
of the ice-sheet at its stage of maximum development. In its re-
cession the ice became the northerh barrier of Lake Agassiz, and its
immense mass probably exercised a great influence in producing
changes in the relative levels of the land, the lakes and the sea.

The prevailing courses of glaciation and ispersal of the drift
have led geologists to recognize the existence of three central areas
upon which the ice was accumulated in greater depth than elsewhere,
and from which consequently it flowed outward on all sides. At
the time of greatest expansion the ice-sheets covered nearly all of
north America down to forty degrees north latitude. Three dis- .
tinct centres or areas of maximum accumulation of the ice have been
identified in northern Canada, from which the great ice-sheets
flowed outward in all directions, though each one of the sheets had
its own episodes of advance and retreat, so that the same region
of country was overflowed, now by extensions from one sheet, and
again by those from another. One of these centres of accumulation
-and distribution lay to the north of the St. Lawrence river, on the

*“Preliminary ‘paﬁer ont the terminal moraine of the Second Glacial Epoch,” by T. C.
Chamberlin, in the Third Annual. Report, U. S. Geol. Survey, pp. 291-402.

*@Glacial phenomena of North America,” fi}rming two chapters in J. Geikic’s Great
Tce age, third edition, 1804, pp. 724-775, with maps. '
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highlands of Labrador, sending its ice mantle southward over the
AMaritime Trovinees, New Iingland and the Middle States, as far
west as the Mississippi river. This is called the Laurentide, or
Tabradorean ice-sheet or glacier. A second centre was near the
west coast of ITudsen Bay, and from this arca the ice streamed out-
ward in all directions, westward to the Rocky Mountains, north-
ward to the Arctic Ocean, eastward into Iludson Day, southward
through Manitoba into the Dakotas, Minnesota and Towa. This
arand ice-sheet has been named the Keewatin glacier, from the
Canadian district of that name, A third centre was formed by the
Rocky Mountaing of DBritish Columbia, which for a distance of
1,200 miles was buried under a great 1ce-mantle that fowed both to
the nortlnvestward and southwestward.

An ice-sheet similar to that of Neorth America in the Glacial
Teriod now covers the Antarctic lands, and another 1s spreacd over
the interior of Greenland. The latter has been so far explored
that its slopes and altitudes mav be compared with the ancient ice-
sheets of North Amerfca anid Europe. In comoaring the slopes
and altitudes of the upper limits of glaciation on mountains in
AMaine, New Hampshire and New York, with those in Greenland,
we observe the remarkable contrast that the former show gradi-
ents onlv about half as steep as the latter.  Apparently the condi-
tions for outflow of the ice in the case of Greenland are similar and
cqually favorable with those which prevailed on our continent in
the (Glacial Deriod. The comparison therefore suggests that the
present clevation of the glaciated portion of this centinent is pro-
bably much changed from that which it had during its epochs of
olaciation. 1f the North American ice-sheet during its stages of
crowtlh and culmination attained stecp slopes and high altitudes
near its borders comparahle with the Greenland ice, the records of
glaciation on our mountains show that during the time of accumu-
lation of the ice and until it attained its maximum extent the glac-
iated area was uplifted as a high continental plateau, with the same
principal topographic features of mountains, vallevs and general
‘contour as in preglacial and post-glacial times, but having in its
outer 100 or 200 miles slopes of probably twenty to thirty feet per
mile, descending from the plateau of the interior of the ice-envel-
oped country to its margin'  Similar uplifting seems also to have
affected the glaciated northwestern part of urope, for there, too,

The Tee Age in North Ameriea, p. 585, -
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the slopes and heights of the limits of the drift resemble those of
North America rather than the Greenland ice-sheet.

At the end of the Glacial Period, however, the glaciated regions
are known to have been depressed somewhat below their present
level.  This change seems to have been well accounted for by the
vast weight of the ice-sheet itself, causing the land to sink finally
beneath its load and the subsequent rise of the land is an expression
of the bouyancy of the earth’s crust when it had been relieved bv
the disappearance of the ice. The preglacial elevation may well
have had some effect in producing a cool climate throughout the
year, with abundant snowfall and resultant ice accumulation: and
the subsidence of the burdened land would cause rapid melting of
the ice upon its borders and thence backward progressively over
its whole area:

During the departure of the ice its melting was due to the in-
fluence of sunshine and rains, the latter being doubtless brought
then, as now, by great storms sweeping across the gontinent in a
northeastward course. In consequence, the borders of the ice-
sheet appear to have been pushed back generally in the same
northeastward direction, beginning on the west in the region of
the Missouri and upper Mississippi rivers and of the Red River of
the North, and uncovering successively or almost contemporaneous-
ly the region of the Laurentian Lakes, New England, and the
eastern province of Canada. Thus Lake Agassiz was formed in
the Red River Valley, and the basins of the Laurentian Lakes be-
came filled by glacial lakes outflowing southwestward to the Mis-
sissippi, until the outlet from Lake Ontario by the Mohawk and
Hudson rivers was uncovered from the ice.

Extensive beds of gravel, sand and clay or fine silt, called strat-
ified or modified drift, were deposited along the avenues of drainage
from the glacial boundary, especially during 1ts rapid final reces-
sion. . The melting of the lice, with accompanying rains, pro-
duced extraordinary floods along all the rivers flowing away from
the waning ice-sheet; and these were heavily laden with detritus
set free from the lower part of the ice in which it had been held,
and brought down by the rills and small and large streams formed
on the melting ice surface.

This closing stage of the Glacial Period was immediately suc-

- ceeded by a time of great erosion of the valley deposits of strat-
ified drift, as soon as the continued glacial recession beyond the
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drainage arcas of the rivers cut off the supply of water and of
drift that had Dbeen derived from the melting ice. The resulting
excavation of the glacial flopd-plains has left remnants of those
deposits in conspicuous terraces along all our river valleys which
lead southward within the glaciated region or on its southern
border.

The direction of the currents of the ice-sheet are shown by
the furrows and striac which boulders and gravel frozen in the
base of the moving ice cngraved upon the bed rock over which
they passed. From these lines of movement the areas of its thick-
est accumulation and consequent outflow are known. In some
districts, also, changes in the outlines of the ice border and in its
slopes and currents during its final retreat are indicated by deflect-
ed glacial striae which run across the earlier courses.  The south-
westward striation in northeastern Minnesota and the southeast-
ward striation in the central and scuthern part of that state belong
to two convergently flowing lobes of the ice-sheet, The central
line of the western of these ice-lobes coincided nearly with the Red
and Minnesota rivers. This may be named the Minnesota lobe
oi the ice-sheet. Ifarther west the Dakota lobe stretched from the
Souris basin and the region of the Turtle Mountains south across
the east half of North and South Dakota to Yankton, its central
line being along the valley of the James river.

On the east Lake Agassiz appears to have been bounded by a
vast ice-lobe outflowing from the region of Lake Superior and
James Bay southwest and south to the lLake of the Woods and
Lake Ttasca, representing the carlier convergent lobes of the north-
eastern and of the western and southern pertions of Minnesota,
while on the west it was bounded by the representative of the Da-
kota ice-lobe, then flowing out from the region of Lake Manitoha
and Riding Mountain southward.

The greater part of the drift is derived from points a few miles
to twenty to fifty miles away, in the direction from which the
ice-sheet moved; but mingled with this material from compara-
tivelv near sources arc other portions, fine and coarse, and boulders,
which have been transported longer distances. The least distance
from the most western of the Archean boulders to the margin of
the Archean helt is abaut 550 miles.

A glacial lake is a body of water bounded wholly or in part by
land ice. The very abundant and extensive development of glac-
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ial lakes which aitended the recession of the ice-sheet in the north-
ern United States and in Canada, was due to the temporary dam-
ming of the waters of glacial melting and rains-on areas where
the land has a northward descent. While the ice-sheet was melt-
ing away from south to north on such a slope free drainage was
prevented, and a lake was formed, overflowing across the lowest
point of what is now the southern watershed of the basin. Many
of these lakes were of small extent and short duration, being soon
merged into larger glacial lakes by the continued retreat of the
ice, or permitted to flow away where basins sloping northward are
tributary to main river courses draining southward.

Five principal evidences of the former existence of glacial lakes
are found, namely: 1. Their channels of outlet over the present
watersheds. 2. Cliffs eroded along some portions of the shores
by the lake waves. 3. Beach ridges of gravel and sand, often,
in the larger glacial lakes extending continuously for long distances.
4. Delta deposits, mostly gravel and sand, formed by inflowing
streams. 5. Fine sediments spread widely over the lacustrial
area, Lake Agassiz has left all these marks of its presence.

The five or six distinct beaches that were formed at the southern
end of Lake Agassiz during its outflow southward are represent-
ed in the northern part by seventeen separate shore-lines, which
are marked by definite beach ridges. The individual beaches
at the south, when traced northward, become double or triple, and
the highest or Herman beach expands into seven successive shore-
lines. The explanation of these changes of level is found in a
differential uplifting of the lake basin, increasing in amount from
south to north.

The departure of the ice-sheets which spread the drift formations
over the northern part of North America, northwestern Europe,
and Patagonia, was in each of these great and widely separated
areas attended by a depression of the land. While each of these
ice-sheets was melting away, the land which they covered was some-
what lower than now, and its coasts were partially submerged by
the sea. These are the only extensive regions of .the earth which
have lately borne ice-sheets that have now melted, and it seems to
be a reasonable inference that the vast weight of their burdens of
ice was an important element in causing their subsidence. Since
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the disappearance of their ice-sheets, each of these continental areas
has been uplifted, probably in large measure because of the with-
drawal of the ice-load.

Though Lake Agassiz attained vast areal extent, its duration or
extent in time was geologically brief, as is shown by the small
volume of 1ts beach deposits and lacustrine sediments in compari-
son with the Pleistocene lakes of the Great Basin and with the
amount of post-glacial erosion and deposition ¢n the shores of the
great lakes tributary to the St. Lawrence and Nelson rivers. It is
variously estimated that from 6,000 to 8,000 years have elapsaed’
sirice the recession of the ice-sheet. When the bed of Lake Agassiz
was gradually uncovered from the water of the receding lake, some
parts of its central plain, through which the Red river flows, pro-
bably remained as broad, shallow basins of water, which have since
been filled with fine clayey alluvium from the river and its tribu-
taries.

Deposits left by the ice-sheets are present throughout the whole
area under discussion. In the Red River Valley they underlie the
lacustrine clays and silts. The beach deposits of gravel and sand
due to wave action on the shores of Lake Agassiz have already
been discussed under topography. West of the Red River Valley
the glacial deposits are found everywhere, and the underlying
formations are exposed only where the stream cutting has pene-
trated through the drift. ’

The locse superficial material provided by preglacial weathering
and stream erosion was generally plowed up and removed by the
ice-sheet, being carried forward in the direction of its motion and
mingled with other materials similarlv gathered along the path of
the ice-sheet. Bestdes the gravel and finer alluvial detritus of
valleys and a mantle of residuary clay, more or less enveloping all
the country, occasional boulders and rock masses were supplied
on the higher lands by the irregular action of the preglacial denu-
dation, ready to be borne along and deposited in the glacial drift.
But the ice-sheet commonly did more than remove the loose mater-
ial previously existing, as is shown by rock surfaces embossed,
planed and striated by glacial erosion, In general, far the greater
part of the drift was thus torn off, and most of its boulders were
torn and plucked away from the rock over 'which the ice-sheet
moved, grinding it with the drift material contained in its basal
portion under the pressure of the enormous weight of thousands
of feet of ice.
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It should be added, however, that the depth of the glacial ero-
sion was probably nowhere so great as to change the principal
and grander topographic features of the preglacial contour. The
most, important influence of glacial action upon the topography was
usually the removal or partial wearing away of comparatively small
projecting knobs, and the filling up of depressions and wvalleys,
bringing the surface to a more uniform contour than before the
ice invasion. A

The thickness of the sheet of superficial deposits overlying the
bed-rock upon the area of Lake Agassiz is shown by wells to vary
from about 125 feet to 260 feet or more in Minnesota, commonly
from 200 to 300 feet in North Dakota, and from 50 feet or less
to 250 feet or more in Manitoba. Wells in North Dakota pass
into the strata underlying the drift at the depth of 220 feet in
Fargo, 250 feet in Casselton, 310 feet near Grandin and Kelso,
and 298 feet at Grafton.

Till or boulder clay constitutes the greater part of the entire
sheet of superficial deposits resting on the bed-rock, both within the
area of Lake Agassiz and upon the adjoining country. But in
some places this unmodified glacial drift is covered by modified
drift or the stratified gravel, sand and clay deposited by streams
which flowed from the ice during its melting, or by lacustrine and
fluvial sediments. TFully half of the area of Lake Agassiz in Min-
nesota and Niorth Dakota has a surface of till. Beneath the delta
deposits of gravel and sand, and along the central portion of the
Red River Valley, where the surface is commonly fine silt or clay,
a sheet of till lies between these sediments and the bed-rock.

The till is the direct deposit of the ice-sheet, as is shown by its
consisting of clay, sand, gravel and boulders, mingled indiscrimi-
nately in an unstratified mass, without assortment or transporta-
tion by water. Very finely pulverized rock, forming a stiff, com-
pact, unctuous clay, is its principal ingredient, whether at great
depths or at the surface. It has a dark, bluish-gray color, except-
ing in its upper portion, which is yellowish to a depth that varies
from five to fifty feet, but most commonly between fifteen and thir-
ty feet. This difference of color is due to the influence of air
and water upon the iron contained in this deposit, changing it in
the upper part of ‘the till from protoxide combinations to hydrous
sesquioxide, Amother important difference in the till is that its
upper portion is commonly softer and easily dug, while below there
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is a sudden change to a hard and compact deposit, which must be
picked and is far more expensive in excavating.  The probable
cause of this difference in hardness -was the pressure of the vast
weight of the ice-sheet upon:the subglacial till, while the upper part
of the till was contained 1n the ice and dropped loosely at its melt-
ing. Upon each side of Lake Agassiz the till has a moderately
undulating and rolling suriace. Within the area that was covered
by this lake it has a much smoether and more even contour, and
in its upper portion, owing to its ‘manner of deposition in this body
of water, sometimes shows an imperfect stratification, with a scan-
tier intermixture of boulders and gravel. Yet even where it has.
distinet lamination it is usually more like ‘till than like ordinary
modified drift, and contains stenes and gravel threugh its entire
mass.

The chief characters of the englacial upper portion of the till,
as compared with the subglacial lower portion, are its looser tex-
ture, its more plentrful and larger boulders and smaller rock frag-
ments, whereas they are mostly worn smooth by glaciation in the
lower till, and the usually more gravelly and sandy and less clayey
composition of the englacial till, owing to the washing away of much
of its finer material by superficial drainage. To these originally
inherent characters we must add the very noticeable post-glac-
ial change of color of the upper till already mentioned.  This
change has generally extended through the englacial till, stopping
at the more impervious subglacial deposit. Between the two there
is also frequently a layer of subglacial stratified gravel and sand,
from a few inches to several feet thick. The extremes of thick-
ness of the englacial till appear to range from almost nothing or
only a few feet for minima, to forty feet or more for its maxima
near massive terminal moraines and where great currents of the
ice-sheet converged.? '

Rock-fragments and other drift enclosed in-the ice at a consider-
able height abeove the ground were borne forward without attrition.
The higher part of the englacial drift is thought by Warren Upham
to have supplied most of the material forming the terminal moraines,
which, therefore, have a remarkable .profusion of boulders and an-
gular .gravel. When the ice-sheet was finally melted, its inclosed
boulders were dropped, and they now He frequently as conspic-

Bull. G. 8. A, Vol. TIT, pp. 134-148. Am. Geol., Vol. VIII, pp. 876-895, Dec.,1891.
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uous objects on both the lower and higher parts of the land. Scat-
tered here and there in solitude on an expanse of prairie, or perched
on the sides and tops of hills and mountains, they at first suggest
transportation and stranding by icebergs or floe ice.

Boulders are frequent or plentiful in the till throughout the area
of Lake Agassiz, their abundance being nearly the same as in the
least rocky parts of the till of New England, New York, and the
country surrounding the Laurentian lakes. Their usual range in
size extends up to a diameter of four or five feet; but in a few lo-
calities, especially in the course of morainic belts, they were observ-
ed of all sizes up to ten or twelve feet in diameter. Generally as large
a proportion as ninety-nine per cent of, the boulders exceeding one
foot in diameter consists of Archean granite, gneiss and schists,
" being derived from the Archean area on the northeast and north.
With these are occasional limestone blocks, derived from the belt
of Paleozoic limestones, constituting on the average perhaps nearly
one per cent of the large rock fragments of the drift. The bedded
" and jointed character of the limestones has prevented their supply-
ing many large boulders in comparison with the more massive
crystailine Archean rocks, yet usually about half of the smaller
cobbles ‘and pebbles in the till and gravel and sand deposits are
from these Paleozoic limestones. Upon the Cretaceous area a
considerable proportion of the gravel and cobbles is derived from the
Pierre shale but this formation supplies no large blocks,

Of the twelve moraines noted by Warren Upham, the Ninth or
Leaf Hills moraine is most important in this district. On the area
of Lake Agassiz the course of the ice front forming its northern
border at the time of the Leaf Hills moraine probably extended
westward from the vicinity of Maple Lake to Beltrami, the Goose
Rapids of the Red river, Buxton and Reynolds, and thence curved
northwestward, passing near Arvilla, Larimore and McCanna, to
the morainic islands in the west edge of Lake Agassiz, forming
the east side of the Elk and Golden valleys. In crossing the cen-
tral part of the Red River Valley, the surface is till, containing plen-
tiful small boulders and gravel, and having slight inequalities of
contour, the small ridges and swells being five to eight or ten feet
above adjoining depressions, remarkably in contrast with the very
flat surface of lacustrine and chiefly alluvial clay and fine silt, con-
taining no gravel or boulders, which elsewhere is the axial lowest
portion of this valley plain, continuous, excepting on this belt,
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from Breckenridge and McCauleyville to Winnipeg, with widths
on each side of the river varying from a few miles to fifteen or
twenty miles. - Where the Red river has cut through this accum-
ulation of till it forms Goose Rapids.

_ In North Dakota the ice barrier of Lake Agassiz during the ac-
cumulation of the T.eaf Hills moraine is believed to have curved
to the northwest, extending upon the area of till along the eastern
side of the sand and silt delta which reaches from McCanna thirty-
five miles south to Portland. The existence of this large delta,
evidently due to drainage from the melting ice-sheet without de-
pendence on the aid of any of the present streams, havipg been
deposited by a glacial river flowing southward from the Elk Valley,
implies that north of it the ice front'was deeply incised. The re-
entrant angle probably moved graduaily toward the north from
near Hatton to Larimore and McCanna and along the whole extent
of the Elk and Golden Valleys; and the ice-lobes stretched south-
ward on each side of the delta, but were like the angle, slowly
undergeing change in their position by a $teady or mostly inter-
mittent recession from south to north.

The islands of morainic till which rose above the surface of
Lake Agassiz at 1ts highest stage along a distance of more than
thirty miles east of the Elk and Golden valleys, between McCanna
and Edinburg, were accumulated during this time on the west
margin of the Minnesota ice-lobe. Their material and that of the
beach ridges formed from their erosion were derived from the
north and northeast, and contain scarcely any Cretaceous shale
from the Pembina Mountain area. No glacial currents coming
from even a few degrees west of north seem to have contributed
immediately to the formation of this moraine, although during
earlier stages of the glaciation currents from the north-northwest
mingled their drift with that from the northeast upon this region.

Recessional moramic accumulations of till and boulders were
dropped on the western side of the Minnesota ice-lobe during its
retreat across the Red River Valley, where it was rapidly melted
back by the laving action of Lake Agassiz, between the chief stages
of formation of the ninth and tenth or Leaf Hills and Itasca mor-
aines. In this class may belong the remarkable profusion of bould-
ers found at a few points in ‘Gilby township, (T. 153, R. 53), one
of which is commonly called “The Island.” Among other note-
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worthy localities of plentiful boulders, the shores and bed of the
Salt Lake of Park River, in section 36, Martin township, (T. 158,
R. 52), should be mentioned, from which a belt of occasienal
boulders in the lacustrine silt extends northward to the vicinity of
Glasston.
~ The ice front forming the northern boundary of Lake Agassiz
at the time of accumulation of the Itasca moraine probably passed
not far west of Red and Roseau lakes to the vicinity of Winnipeg.
Turning southwestward it seems to have reached across the lake
area to the boulder strewn escarpment of the Pembina Mountain
east of Thorn Hill, and beyond to have passed south along the west
shore of Lake Agassiz into North Dakota. The Itasca moraine
seems to be marked by tracts of notably rolling and hilly surface
irom one to six miles in width, such as are crossed to the number
of two or three in a journey from Milton, Osnabrock or Langdon
southwest to Devils Lake. These morainic belts trend mainly
from southeast to northwest, and were apparently accumulated on
the southwestern border of the ice-sheet during slight pauses of
its retreat.
The southern border of the ice-sheet at the time of the accumu-

lation of moraines later than this lay to the north of the area under
consideration,

In that portion of the area west of the Pembina escarpment the
rolling prairie with gradual westward ascent is composed almost
wholly of glacial drift or till. Only those areas. which seemed to
possess distinctive terminal morainic characters were mapped as
such. This differs considerably from the description given by
Upham, in which deposits have been mapped ‘as continuous bands.
It was found impossible to consider much of the extent of these
bands as terminal moraine deposits. '

ECONOMIC GEOLOGY.

The important natural resources of northeastern North Dakota
include cement rock, brick shales and clays, sand, gravel, boulders
and well wéters.

CEMENT ROCK.  ~

Work in mapping the outcrops of Cretaceous beds in the Pem-
hina Mountains was carried on in the field seasons of 1907 and
1908, the work being largely of a preliminary character. A con-
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siderable number of samples of the calcareous Niobrara shale have
been collected and analyzed, and show the general characteristics
of the beds. S

The cement rock of the Pembina Mountains was discovered
some years ago by Professor E. J. Babcock, who subsequently be-
came interested with several others in the establishment of a ce-
ment mill en the Tongue river. The product manufactared is
a natural hydraulic cement which has {found a ready market, bhut
the industry has until recently been seriously hampered by the
location of the plant so far from any railroad. Then, too, there
are no limestone deposits near at hand, so that a true Portland
cement of ‘constant composition cannot be made in this district.
But hydraulic cement has been produced which has given good
tests, ncarly as good as Portland fequirements,

There undoubtedly is -however a market for a good natural
cement at a reasonable price which can be used instead of Port-
land for much minor construction. There is also a field for the
manufacture cf plasters and cement mortars, for which the Nio-
brara will furnish the raw material. The completicn this fall of
the line of the Northern Dakota Railway Company from Edin-
burg to Concrete will undoubtedly lend considerable stimulus to
the industry.

The Pembina Portland Cement Company has recently been re-
ofganized as the Northern Cement and Plaster Company. The
products manufactured by the plant at Concrete have been increas-
ed to include Northern bricklayers’ cement, hydraulic cement,
Northern cement plaster, Northern fiber and Northern stucco..
With the improvements recently made the plant has a capacity of
500 barrels per day. :

It 1s a notable fact that the company does not add gypsum to the
finished product, and tesis made lead us to believe that-this would
materially benefit the product.

The following analvses of the cement rock are given in addi-
tion to those presented on the previous pages:
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Samp12e No. Samplse No. | Sample No.| Sample No.
. 1 5
Per Cent. Per Cent. Per Cent. Per Cent

Silicia ......uv... 29,44 19.06 28.84 41.82
Alumina ......... 11.60 7.32 10.94 13.97
Iron ...oviiiun.. 3.38 2.68 4.94 4.23
Lime ............ 20.23 86.92 22.33 12.27
Magnesia ........ 2.17 0.67 (.69 1.43

2. Lower Niobrara, Junctmn of Pembina and Little Pembina rivers.

3. FEight foot layer in cliff northwest of junction Pembina and Little
North rivers.

4. Top of Nicbrara, Little Pembina north of Olga.

5. Lower Nlobrara, Little Pembina two miles south of Pembina river.

The Niobrara shale is very low in magnesia as a rule. At the
bluff from which No. 2 was obtained, the Mayo Brick and Tile Com-
pany had done considerable sampling and it is reported that the con-
tent in lime carbonate at the top is very high.

The manufacture of hydraulic cement and the laboratory tests
in cement making with North Dakota materials are discussed at
the end of this chapter.

SHALES AND CLAYS.

The following is taken from the Fourth Biennial Report of the
Survey, which is devoted entirely to a discussion of the clays of
North Dakota. A description of the geological and geographical
occurrence of the clays has already been given, so that the follow-
ing pages will be devoted chiefly to a detailed description of the
deposits, to the results of the physical and chemical tests, and to
suggestions as to the uses to which the various clays may be put.

Benton. The Benton shales, while probably underlying much of
the central part of the state, outcrop only in the Pembina Mountain
region, although they have been reported by Upham in the valley
of the Sheyenne, near Lisbon. In the Pembina region they are
exposed in the deep valleys of the Tongue, Little Pembina and
Pembina rivers. About 150 feet of a green and blue clay shale
exposed on the Pembina is classified as Benton.

One of the best outcrops is at Mayo, five and one-half miles
west of ‘Walhalla, in the deep valley of the Pembina river. The
shales are here used by the Mayo Brick and Tile Company, and
were studied in detail. The outcrop is on section 33, T. 163, R. 57,
and is opposite the junction of the Little Pembina with the Pem-
bina,
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About 150 feet of biue and black shales are shown here, the low-
er sixty feet of which are not well exposed, being covered by a slide
from above. The main deposit is quite uniform. It consists of
a very fissile clay shale, soft, easily mined and prepared, and slak-
ing readily. It is of a gray color when dried, is almost black
when freshly exposed, and contains many dark carbonaceous par-
ticles. Small ferrugincus concretions are also abundant. Pyrite
is found in small quantities, being reduced by the abundant carbon-
aceous material. In the lower part of the beds seme of the car-
bonaceous matter has been distilled, and the clay has a strong odor
of petroleum. The clay is fine-grained, with very little grit, but
the concretions are more sandy. It would be almost impossible to
eliminate these small concretions in crushing, but they may be
easily crushed and mixed with the clay.

The unweathered shale, when crushed finely, requires z great
deal of water, as much as 46.3 per cent. being necessary to bring
it up to its maximum plasticity, which is only moderate. The
clay is somewhat sticky. It can, however, he greatly improved
by weathering. A tensile strength of 108 pounds per square inch
was obtained from the dry unburned clay.

The burning tests were as follows:

Cone No.| Cone No. | Cone No.| Cone No.li Cone No.
010 05 03 1 01 ‘ 5
Fire shrinkage-Perct. 2.3 1.3 5.5 7.3 9.3
Absorption —Per cent s 21.8 18.9 1h.8 85
Orange | Orange — Red Dark
Coloe.., s sray Red Red Red R Braii

The bricklets became stéel hard when burned to cone 01, and
were strong. Incipient fusion occurred at cone 5, and vitrification
at cone 8, but the clay did not become viscous below cone 14,

A chemical analysis shows the clay (No. 5901)-to have the fol-
lowing composition:

1

Per cent.
CTH0T0 ammsiommimines smommss st sy spower b DGR SR £69.90
Forrie: DRI |, oo bl 2000 TEks Jeyiss FiahsEiping Srets wae 1 2.32
AN 5 b Shviss S damss o5 0 et R St sk s 10.66
TOIFNE o siiams ot STuE SR SO0 A SRR 4 1.04
BINOITESIT = sovsnvvsaaian Some samien Snmes s Sy S #eeios 2.10

Volatild FHEEEE wa svmmsnses s iom gt wases & Goad i sasemess 6.08
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A weathered sample: (No. 5905) of the slide deposit covering
more or less the main depesit was alse tested. This weathered
shale is coated and seamed more or less by vellowish and white
colored material. It consists of gypsum, part of which has been
reduced by the carbonaccous material to sulphur, and gives con-
siderable trouble in burning. The material of this was evidently
deposited. near the top of: the Benton; which is higher in lime and
sulphur (containing thin layers of gypsum crystals) than the low-
er part, and is consequently a much less desirable clay.

It is a fine-grained clay with little grit, and free from concre-
tions, although containing gypsum crystals. It is a dark olive gray
in color. It slaked very easily, and with 30.4 per cent of tempering
water became very plastic but rather sticky. Tt had a high air
shrinkage of 8.0 per cent, but dried without cracking, possibly due
to the large tensile strength of 192 pounds.

Great trouble was experienced in burning; the clay fused incip-
lently at low temperatures, before all the sulphur was driven off.
The remaining sulphur reduced the iron so that all the bricks had
a black color, as have the stiff. mud bricks made from it on a large
scale. As the clay approaches vitrification the imprisoned - sulphur
dioxide bloats the clay and makes it valueless. Probably by very
careful burning, keeping the clay at low heat for a long time, so
as to eliminate all the sulphur, it could be burned successfully.
As it is, pressed brick, hollow brick, and drain tile only can be
properly manufactured, the thickness through which the sulphur
gases penetrate being small. The results of the laboratory burn-
ing tests were:

Cone No. | Cone No. | Cone No. Cone No.
010 05 | 03 01
Fire shrinkage-Per ct. 1.7 5.5 6.4 failed by warping
Colote. veeiuinnn .. 't orange| light red | light red red hrown
Absorption——Per cent. 3. 6.4 5.8 2,

The clay becotnes incipiently fused at cone 06, was vitrified at
cone 4, and became viscous at cone 11. No chemical analysis was
made of the sample, but it is evidently lower in iron and higher in
lime than the other unweathered shale, due to the fact that it is
from a higher horizon. The great difference in plasticity between
the two samples 1s interesting, and shows the great influence of
weathering. ‘
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Plant of the Northern Cement and Plaster Comgany, at Cencrete
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C. P. Berkey,! who has examined this property in the inferests
of its owner, H. A. Mayo, has published twe-of the following analy-
ses, and one, made by him, was furnished by Mr. Mayo:

Sample No. Samp21e No: Sampl; No.
1 i

Per cent Per cent Per cent
e 1 | |
SHICIA v e | 61.03 | 61.52 67.55
ANMINA voveinnnrnn. S | 22.07 | 18.65 12.40
Fetric oxide ......oovvieniinn.. | 6.53 | 4.90 i 5.86
T oy ey BT 58000 b0 [ 0.97 0.75 | 1.74
Maghesia :seis isesvisenasiies | .51 1.82 | frace
Water o oeoon cmewsin soae, somes j 7 8.80 | 10.45

7.92 |
l

Sample No. 1 was from near the level of the plant, about seven-
ty-five feet above the river, while No. 3 was near the top of the Ben-
ton,and sample No 2 half way between. It is interesting to note
the decrease in alumina and the increase 1n lime upwards.

The clay near the hasc of the Benton is preferable. - It is suitable
for the manufacture of red front pressed brick, and if ground very
Gne or weathered so as to make it sufficiently plastic it may be
worked by the stiff mud machine for making bricks, certain grades
of hollow ware and tile. '

At present the deposit is not on the railread, the necarest point
being the Walhalla branch, about five miles east. A track could be
laid down the valley of the PPembina to meet this branch, a distance
of six or seven miles. The building of this track is contemplated,
and when constructed should open up a good market for the plant
already established. \ '

Niobrara. The Nicbrara formation which overlies the Benton
and 15 not sharply differentiated from it, outcrops most extensively
in the Pembina Meuntain region, and forms a considerable part
of the strata exposed by the Tongue, Little Pembina and Pembina
rivers. It does not, however, contain any shale valuable as a
clay. This is due to the high lime content, varying from twenty
to seventy-five per cent of calcium carbonate. This makes certain
beds of 1t valuable for the manufacture of natural cement, but

“destroys all its usefulness as clay.

The main part of the formation classified as Niobrara, known

as “cement rock,” is rather hard and massive, breaking out in large

sAmerican Geologist, March, 1905, p. 151
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pieces. It is of a gray coler, and contains white specks of carbon-
ate of lime. The uppermost part of the Niobrara is chalky in ap-
pearance, often carrying gypsum, iron concretions and thin layers
impregnated with alum. The cement shales which are high in
lime, burn white at low temperatures, and those which are much
lower in lime cream colored, but none of these are of use in the
manufacture of clay products.

Pierre. The Pierre forms the uppermost horizon of the Cre-
taceous shales, and underlies the entire east central part of the
state, forming a belt probahly a hundred miles wide north and south.
It is for the most part covered with a thick deposit of glacial drift,
so that it is only exposed where the larger streams have cut down
into it. The best outcrops occur along the Pembina, Little Pem-
bina and Tongue rivers, where these have worked back into the
escarpment bordering the Red River Valley. Outcrops are also
found on the Park, Forest and Turtle rivers. The Sheyenne and
James rivers have also eroded through or into the Pierre shales.
Along the-Sheyenne they outcrop at many points from its source
to points below Valley City. Good exposures occur along the
James river and Pipestem creek near Jamestown and a few miles
north. The Pierre thus not only underlies the central part of the
state, but is exposed in many places, and is thus available for use.

In general the Pierre is quite uniform throughout its whole ex-
tent. It consists 6f a dark gray, blue, or black carbonaceous shale.
It is fissile and weathers easily into thin plates.. The shale is
fine grained but contains a little very fine sand. It also contains
many small iron concretions which weather out and are seen scat--
tered around the base of an outcrop. This iron stains the clay
brownish when weathered. Though high in iron, no samples of
the Pierre are high enough in lime to give any effervescence with
acid. Just what pefcentage of lime is present it is impossible to
say, as all the samples were collected too late for a chemical analy-
sis, but it is undoubtedly low.

About 300 feet of Pierre shales are exposed in the Pembina
Mountain region. The lower part consists of a very fissile, dark
gray to black carbonaceous shale. It weathers out into very thin
small flakes. Scattered along the outcrop are seen many small
iron nodules.

An examination of the shale exposed a,Iong the main Pembina
river for two or three miles north of Mayo was made and a sample,
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(No. 5906), was collected about two miles north of the Mayo brick
plant, and fifty feet above the base of the Pierre.  The shale here
is very fine grained, with but little grit. It contains however, a
few small pyrite concretions, which weather to limonite. The
clay is not very hard and could be casily mined and crushed. It
does not slake so readily as the Benton, a piece one inch in diam-
eter took two days to slake completely when immersed in water,
It required 34.0 per cent of water to temper it to its maximum
plasticity, which was good but very sticky. The air shrinkage
was 8.7 per cent, and the tensile strength 94 pounds. In spite of
its high shrinkage it did not crack in drying, except for a few®
small cracks on the surface.

The burning tests were as follows:

T [ [ ;
| Cone No. ‘ Cone No. ‘ Cone No. | Cone No,
010 | [{5) 03 \ 01
; ‘ | =
. ; ] N s [ .
Tire Shrinkage per ct. ‘ 1.5 5.9 5.0 ‘ failed by warping
CBl somimens « . pink ‘ light red | lignt red | red brown

Absorption-—per cent | 17.5 9.4 | 9.7 4.0

The sulphur present in the pyrite caused all the brick to have
o black core. and was also the reason of the failure of-the hricklet
burned to cone 01. Because the cones tested for fusibility were so
small that the sulphur was completely climinated, and the iron
oxidized to a ferric condition, incipient fusion took place at cone
05, but vitrification not until cone 7, and viscosity at cone 14

No chemical anal_vsﬁ was made of this sample. Although this
particular sample was so high in sulphur as to be practically worth-
less for any ware manufactured by the stiff-mud process, good
red dry-press brick could be made. Then, too, the sample which
was taken directly form the outcrop does not represent the best
grade of shales in the neighborhood.

A deposit of clay near Olga is described by E. J. Babeock as a
fine white clay of a slightly acid taste two to three feet in thickness.
This is probably in the Pierre horizon, but higher than the beds
exposed along the Pembina,being overlain and underlain by black
carbonaceous clay shale. It stands a high temperature and burns
to a slightly pinkssh tint. An analysis shows the following com-
position:
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- Per cent
BB, o sompn soemanamies s, 3 sues SOEEeEIaEss Tive i 50.45
AT spenins s inises o6 SREsE IR0 55 0 SRl ales S o 17.57
Betbice! 10008 oo duvie s s i s fosm SEss iy i i 2,80
Lime ...... it SN SRS TOTR R Y R S 0.25
BT T T 1.79
Potash . oo e e et 0.07
o« - R 5 st e s Sastn 0.86
Water and volatife matter .......vveiiiinnenenann.. 2255
QOther matter ............. N T 3.66

The clay cculd be used for stoneware and as a low refractory
clay.

Pleistocene. The valleys of the northward flowing rivers were
damned up by the edge of the retreating ice-sheet toward the close
of the Glacial Period, and great lakes were formed. Lake Agassiz
occupying the Red River Valley was one of these. Clay was in-
troduced by the inflowing streams and deposited on the bottom.
The sediments thus laid down are sandy and calcareous and were
derived mainly from the Pierre and other Cretaceous shales, and from
the glacial drift. These stratified clays reach a thickness of from
fifty to 100 feet in the Red River Valley.

Only the vellow subsoil underlying the surface loam has been
employed as yet for the manufacture of brick. This consists of
a sandy, calcareous clay which is very uniform in its character
and properties throughout the valley. It is overlain by a foot or
two of black surface loam, from eight to ten inches of which are
stripped off in working. Directly underlying the yellow clay is
a mottled yellow and blue clay about three feet thick, known as
“joint clay.” Tt is harder than the overlying material and grades
downward into a blue clay of indefinite thickness. - The typical
yvellow clay which is dug for brick is about threes and one-half feet
thick at Drayton and thins out towards the south, so that the pits
at Fargo and Abercrombie are very shallow, only two feet to eigh-
teen inches being used. At Grand Forks about a foot of the joint
clay 1s mixed in with the yellow. The clay is rather sandy, is light
and porous, containing roots and other carbonaceocus material.
It is colored yellow by the oxidized iron, is highly calcarecus and
carries small lime pebbles and mica. It only developes a moder-
ate plasticity,, and fuses at a low temperature (about 2,200 deorees
F.), with a very small range of from 100 to 200 decrees F. be-
tween incipient. fusicn and viscosity. The bricks when underburn-
ed are pink, but properly burned at 2.000 degrees T. are cream
colored.
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At Drayton there is exposed in the pits about three and a half
feet of vellow clay, overlain by eight or ten inches of black loam,
and underlain by the joint clay grading into the blue clay. The
vellow clay is sandy and is high in carbon, fron and lime. It is
soft enough to go directly from the pit to the pug mill. Tt re-
quired 26.3 per cent of tempering water and developed a moderate
plasticity. Tt had an air shrinkage of 4.8 per cent and the ten-
sile strength of the air dried clay was 173 pounds. The burning
tests were as follows:

_ ' \
| Cone No. | Cone No. i Cone No. | Cone No.
‘ 010 | 05 03 |
L | )
i | | {
Fire shrinkage-Fer ct. | 1.0 1.4 ‘ 1.0 \ 1.9
Color ‘ 't cream | I't cream | cream | light greenish

Absorption—DPer cent | 29.7 3056 | 307 | 24.2

The bricklets were strong and those burned to 01 nearly steel
hard. Incipient fusion oceurred at cone 2, vitrification at cone 4,
and viscosity at cone 3.

BOULDERS, GRAVEL AND SAND.

loulders, gravel and sand occur in some abundance through-
out the area. They are quite plentiful in the Pembina Mountains
and west of the escarpment.

The boulders mclude Archean granites, gneisses and schists,
crvstalline and igneous, and Cambro-Silurian limestone. They are
of great importance locally as a building material, especially for
foundations. They are also an admirable material for road foun-
dations.

Boulders are very abundant in “The Mountains,” a morainic
ridge in Golden and Lampton townships, and lving east of the
Golden Valley. They are found in greatest number on the west
side of this deposit. West of Tdinburg along the railway, there
is a large quantity of boulders lying scattered on the surface to the
sonth. and on the north end of the Golden Valley. Doulders are
very plentiful along the cscarpment of the Pembina Mountains,
and in the vallevs of the streams. They have been concentrated
there hy the erosion of the overlying drift. Boulders are ezpecially
plentiful 1 Cavalier county in the portions indicated as morainic
an the map.
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Gravel is a good road material, and also very useful in making
concrete. There are a few pockets of it in “The Mountains,” es-
peciaily on the east side, but there is also a great deal of clay with
this deposit. Gravel is found in the Herman and Norcross beaches
especially in the vicinity of Edinburg. In section 36, Fremont
township, section 31, Walhalla township, and sections 6, 7, and 18,
Liberty township, there is considerable gravel. This was deposited
along an old outlet of the Pembina river. There is a little gravel
in the valleys of the Pembina Mountains but there is usually too
much associated shale to make it of value. There is some gravel
in the morainic areas of Cavalier county, but there is usually too
much associated clay.

Sand is of great value as a building material and for working in
clay roads. There is a considerable amount of good sand.on the
-eastern slope of “The Mountains.” It is also found in the Her-
man, Norcross, ‘Tintah, Campbell, McCauleyville, Hillshoro, and
Emerado beaches. The Campbell Embankment contains much good
sand for road construction. The Campbell beaches northwest of
Walhalla contain very good sangd. The sand of the Pembina
delta is very fine and silty to the cast, but is very good in the west-
ern part.

WATER SUPPLY.

Water for domestic use and for stock is of great economic 1m-
portance in this region. During seasons of drought in the early
ninefies there was considerable agitation in favor of irrigation
by well waters. Such a course will probably never be adopted
for in average seasons the soil is quite moist. Further, the yield
of the wells is so small as to make such a method of farming too
expensive for the common crops, and after a number of. years
the soil would be rendered useless hy the depostion of much saline
matter from the waters,

The problem of obtaining suitable water for drinking purposes
1s a serious one, especially in the neighborhood of Cashel, and
north and east of there along the line of the Northern Pacific to-
Carlisle. In this district water is not only scarce but that which
is obtainable is usually quite salty and bitter. In the immediate
vicinity of Cashel water is often hauled from wells four or five
miles distant in order to supply the ordinary demands of the farm.
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This discussion of the water supply is necessarily of a preliminary
nature on account of the large amount of time which would have
been required for a detailed investigation. However, data is con-
stantly being gathered in addition to that which has alrcady been
published.?

In general the river waters of this region are good when filtered
to remove their suspended material, but with the growth of cities
and towns along their banks and the increase of stream pollution
by waste matter and sewage, the danger of bacterial infection be-
comes correspondingly great. At best these waters are available to
those favored few who are located near a supply of this sort.

The main dependence of the region then is upon well waters.
These may be provisionally divided into three classes: deep ar-
tesian wells (the source of water is unmistakably bencath the
drift) ; artesian wells in the drift; and common wells.

The deep artesian wells are found in greatest numbers in the
Red River Valley region. Unfortunately, the only available sour-
ces of informaltion in regard to these wells are some of the published
reports just mentioned. The description of the wells differ in
many important generalizations as well as in most of the details
and on this account no positively accurate statement in regard to
the source of water supply can be made. Upham states that the
water of the Grafton well comes from the St. Peter sandstone.
In nearly all cases the waters of these deep artesian wells are briny
and bitter, although they can be used in municipalities for fire
protection and street watering, and on the farm for stock. West of
the Pembina escarpment there are few deep wells.

The following sections are from some of the best known deep
artesian wells.

Hamilton well—Lacated in section 35, T. 162, R. 33, town of
Hamilton, county of Pembina. Owned by the ITamilton Artesian

Well Companv. Commenced November. 1837, Completed, August,
1889. Drilled hy W. B. Clements, Cavalier, North Dakota. Depth,

1515t Congress, 1st Scssion, Senate Ex. Doc. 2221 A Report on the Treliminary In-
vestigation {o Determine the Proper T.ocation of Artesian Wells Within the Area of
the 97th Meridian and East of the Foothills of the Rocky Mountains, 1800.

52nd Congress. IFirst Session, Senate Lix. Doc. 413 A Report on Irrigation and the
Cultivation of the Soil Thmch» 1892,

17th Ann. Report, U, 8. G. S., part 2, 1895-96.

Mon. XXV, U. < i S., Glacial Lake Agassiz, Warren Upham, 1896,

Water Supply Paper, No. 61, U. 8. G. 8., Preiminary T.ist of Deep Borings in the
United States, TPart 1[I (Nebraska-Wyoming). N. H. Darton, 1902.

Folio 117, Geologic Atlas, U. & G. &, Fargo and Casselton (N. D.), Quadrangles.

Bull. 219, U. S. G. S., Summary of -the Controlling Factors of Artesian Flows,
M. 1. Fuller, 1908.
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1,560 feet. Cost, $10,150 or $6.50 per foot. Flow, 26 gallons
per minute. Pressure, 27 pounds per square inch when flow is
shut off. Temperature of water, 4124 degrees. Elevation above
sea level, 824 feet.

Thickness Total

Strata Feet Feet
1273 3 PP 10 \ 10
Blie €Iy i e e 122 132
Coarse sand (surface water) ............c...... 42 174
Hard pan (cemented gravel) ..........ccooevn... 15 189
Ouicksand i soovviminivs in sean e sveas o s 4 193
Red Shale v vovi ivan sevsssmsats v s 32 225
Blige: sHall o emion o sovmneanen e 20 245
Red shale ........... e 4R R PR BT - 43 288
Gray limestone .......... e e 12 300
Blue shale (How) ........ 7 307
Gray limestone ............... 7T | 584
Pink limestone. c. o gy ai simid saeis sia il Shasiinis 75 | 609

Gray limestone (very soft) ......ooviviiiiiiiin, 153 762
Blue shale (caving) ......cciiiiiiiiieieiencnnns 130 892
White gandstoné o coew coniivun o s o s 5 897
BlIue SARIE, e s comun sumen waomm @ s @i 344 1241

White sand (main flow) ...... ... il 114 124914
Blue granite ... ...viiurriiaeranniirnneneann, 14 1244
White sandstone ........oovrmieiinainean.. 315 1560

This ‘hore was put down dor a test well, ;and with the hope of

obtaining ‘a supply -of water for city purposes. Two small flows
of salt water were struck, one at three hundred feet which flowed
80 gallons per ‘minufe, the other at 1241 feet, which at first flowed
45 gallons of brine .per minute. The water contains 2000 grains
of salt per gallon. The bore is cased with 6-inch casing to 330
feet. Inside of this is a string of 897 feet of 4-inch, which starts
from the top. There are 600 feet of drill poles, and a drill in the
hottom of this bore. The lower 350 feet.are in what is supposed
to be Laurentian granite. The bottom of this bore is 736 feet
below sea level, _
" Grafton well—Located in section 13, T. 15%, R. 53, town of
‘Grafton, county of Walsh, N. D. Owned by town «of Grafton.
Commenced February 24, 1885. Completed June 20, 1885. Drilled
by Swan Bros., Andover, South Dakota. Depth 912 feet, cost
-$3,800, or $4.16 per foot; flow, .600 gallons per minute: pressure,
12 pounds per square dinch when flow is shut off ; temperature of
water, 46 degrees; elevation above sea level, 825 feet.
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. Thickness Total
Strata Fect Feet
. \ i

SEI comyy supmy o S B VRS0 590 By ol fresimanase I 3 | 3
Yellowe Clay o v seual ovais viess Sveed e ok | 10 13
BIE iy an svmag sesan av commn 0 g Wimed soms 90 103
GeasElly Slay (BLEEY) « oo i nows names s s 30 133
COicksanid. COAVERY v swamn s pose vz s 22 155
Hard pan ........ st i fRcea | 40 195
Sand and gravel (“lutc 11rrht ]Ow) .............. | 30 225
Sand (coarse while) ..o.ooioeiiiieiii i, [ 20 245
Red shale rock . 10 255
Lime rock (rcddlsh) ........................... | 2 257
Red shale .... | 13 270
White sand rock (l ow of Waler) ¢ 5 se s smm i o | 60 | 330
Blite, shale o svevn oucamans w028 54 3 | 333
BB BHATE o somn javcan smwun aesm o ionnm vrssn 3 | 336
]]111(:10(‘1&(1”&}) iR WG BRG  emaE | 4 | 340
Red slnlc and lime strmlw e 43 \ a3
Green shale (brine flow) ... i [ 2 | 390
Gray lime rock (gritty) ..o | 5 395
Magnesian lime rock ..o e | 200 5946
Cream-colored lime rock ...t | 105 700
Rl shalé atid e 100k s swwe sumes susan oy s | 45 745
Bltd BRalE w guene mewn wvass somn 5 1eamns saws | 135 880
Rl whale Cotitty] oo cowsn vnmn en vooes wowi s 3w | 20 ani
Safd and Gtz TWHIEEY o veern e swmas s s | 3 903
GIBIIES CETY soore suomnn: oo dumsions s S e 1\ 9 . 912

This well was put down for municipal purposes. The water being
salty, is not suitable for domestic use, although used for watering
stock, for fire purposes, and for sprinking strects. No flows were
found belaw 390 feet, and the bore was purposely filled up to this
point.  When allowed to flow freely considerable sand is thrown
up.  The water contains 240 grains of salt per gallon, with a small
amount of Epsom salt. The well is cased with 160 feet of 8-inch
casing, and 290 feet of G-inch. The latter starts from the top and
is secated n the sand rock 100 feet above the lower flow.  The
lower end of the bore penetrates 9 feet into gray granite. Just
alove this is a 3-foot stratum of sand and quartz rock.

A record of the well at the TTonev mill at Park River was con-
tributed by Messrs. ITonev, Dunn and Metz. In gencral. it is as
follows: Soil and till are met with down to 16 feet where there is
a laver of boulders: a dark blue gumbo clay continues to almost
100 fect ;there follows 5 to 7 feet of water bearing dark sand, fur-
nishing water to within 25 feet of the top; blue clay with little
variation contiues to nearly 300 fect; here occurs a sand layer ?

. -
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to 8 feet thick, which furnishes water to within 85 to 90 feet of
the top, the present-supply. The well then continues through hard
conglomerate, and it was impossible to obtain the rest of the record.

Throughout the Red River Valley region there are a large number
of artesian wells in the underlying glacial drift. Their depth is
usually from 100 to 350 feet. After penetrating the overlying de-
posit of soil and lacustrine clay these wells cut through many var-
ieties of glacial drift or 4ill. Much of this glacial material consists
of clay with included rock fragments. However, there afe in these
clays many gravel and sand layers and these act as reservoirs for
the water. They are very irregular in shape and occurrence, as is
shown by the great variation in well logs in the same locality. These
waters are usually hard, and often’alkaline and bitter, especially in
the vicinity of Cashel and north of there. Some have attempted
to account for the water in thesé gravels and sands by supposing
that the water was supplied by rain falling and soaking into the
coarse gravel and sand beaches in the westetrn part of the valley.
But these gravel and sand layers are as irregular in an east-west
direction as in a north-south one, so that it is hardly possible that
the water is supplied directly in that manner. Furthermore, it should
be emphasized that there is no reason for thinking that the beach de-
posits are continuous from one ridge to another. Prcbably the
gravel and sand are the result of a halt in the recession of the lake
so that they were concentrated along those lines, being derived from
the drift materials of the vicinity, Others have claimed that much
of this water was supplied from the Pembina Mountain region
by water running down on the surface of the shale. But these shales
do not continue very far to the east, and this would leave the supply
far to the west of the wells and opposed by a clay barrier. As pre-
viously mentioned, it is probable that the Dakota sandstone was en-
countered in the Park River well at 300 feet. Upham has shown
that the Dakota sandstone rises to the east and perhaps forms the
bed-rock of the middle and western part of the Red River Valley,
though it is probably thin.

The Dakota sandstone which underlies North -and South Dakota
and Nebraska rises to the west and comes to the surface in the
Black Hills and 1n the foothills of the Rocky Mountains, Here it
collects its supply of waters, which is able to circulate through it
because of the porous character, and also on account of lying be-
tween relatively impervious beds. During its journey the water takes
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a quantity of salts into solution. Upham?® has shown that with the
removal of the overlying shales, the water of the Dakota would
make its way upward upon arriving east of the Pembina ¢scarpment.
This is undoubtedly what actually takes place, as is shown by many
facts. The waters are more alkaline and salty than would be ex-
pected if their minerals were derived from the drift. It is difficult
to account for the necessary head of many of the wells in any other
way. There are salt springs rising through the drilt in many places,
especially near Cashel, on the Park river, and on the Forest river,

Common wells are very numcrous in western Pembina county
and in Cavalicr county. As a rule they vary from ten to fifty feet in
depth.  In the Red River Valley region their waters arce usyally
hard, but arc without alkali, while west of the escarpment thev
are often alkaline. Ilast of the line of the sandy beach lines of the
Red River Valley common wells are relatively scarce. There are
many fine wells in this region which are dug in the old beaches or
deltas. Water is found near the bottom of the deposits, due to seep-
age, and is usually of good quality. Most of the common wells cut
through the overlving soil and lacustrine material and into the drift
deposit until they encounter a favorable water hearing gravel or
sand. Conditions vary quite widely throughout the region.

Mon. XXV, U. & Geol. Survey, p.

ot
&
o



212 ‘CEMENT' MATERIALS - -

THE MANUFACTURE OF NATURAL HYDRAULIC
CEMENT. "

BY V. J. MELSTED.

Inasmuch as the manufacture of hydraulic cement may be an im-
portant industry in North Dakota, a brief account concerning its
manufacture 1s given here. As there are many books treating of
" the subject in a very thorough manner, this article will be limited to
. the methods peculiar to and adaptable to conditions surrounding the
manufacture of cement in this. state.

There are three kinds of .cement materials: 1st, those that owe
their hardening qualities to the action of air; 2d, those that owe their
hardening qualities to the action of water, and 3d, those that owe
their hardening in some degree to both air and water. To the first
class belong common lime, which simply absorbs-the carbon dioxide
from the air and resumes 1ts original composition of ealcium carbon-
ate. To the second class may be-referred two distinetly -different
types of cements. (a) Those that by taking up water resume their
original composition, such as gypsum plasters. (b) Those that un-
dergo a distinct chemical change with the formation of compounds
entirely different from those constituting the raw material, such as
hydraulic and Portland cements. To the third class belong the
hydraulic limes which partake of the characteristics of both hydraul-
ic cements and of lime. They are essentially a mixture of hydraulic
cement and free oxide of lime,

THE NATURE OF CEMENT.

A cement may be said to correspond approximately in composi-
tion to'a pure tri-calcic silicate (3 Ca O, $i Os) or to a compound
contasning very nearly three parts of lime to one part of pure quartz
sand. In practice, however, such a cement is never made, since
more or less of other ingredients always enter into the mixture. The
silica is replaced by alumina and iron oxide and in hydraulic cements
magnesium oxide may replace the lime.

The distinction between Portland cements and hydraulic cements
lies in the fact that 1n Portland cement the lime, silica, iron and
alumina are always mixed in a certain ratio which has by experi-
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ence been found to result t the formation of certain definite chem-
ical compounds, and a slight change in ‘this ratio will prohibit the
formation of these compounds, or in addition to them others which
are prejudicial to the soundness of the cement also form. With natu-
ral or hydraulic cements, however it is different. Widely varying
mixtures are used, usually only those already mixed i nature, and
these naturally vary much in different localitics. A Dortland ce-
ment is usually made unsafe only by an excess of the lime constitu-
ent: too low lime simply hrings it into the class of natural cements,

North Dakota is fortunate in possessing an extensive supply of
raw material suitable for the manufacture of natural cement. This
material has been referred to in the foregoing report as “cement
rock.” And a cement rock it truly is, since much of it so closely re-
sembles an ideal Portland cement mixture in composition that a slight
increase in the lime content would bring it up to first class Port-
land cement material.  But it has so nearly this composition
as it is found that a very high grade natural cement is made from it
with no artificial mixing whatever.  The great advantage of this
may be fully realized when it 1s conservatively stated that to make
artificial Dortland costs at least three times as much as to malke
the natural cement, conditions of Tabor, fuel and transportation be-
ing the same.

MANUTACTURE OF NATURAL CEMENTS.

[n the manufacturc of a cement there are three well defined
stages in the process: 1, winning of the material; 2, burning ; and
3, grinding, '

Considering onlv the North Dakota deposits of cement rock, there
are two available ways of getting the material, by mining and by
stripping the overhurden and excavating the rock with a steam
shovel. By far the greater amount of rock can be obtained only
by mining, as it is decply huried under the overlying Prerre. Min-
ing is expensive in comparison with stripping, but it has certain ob-
vious advantages which cannot he overlooked, By mining, the rock
is generally sccured dry, whereas, in an open pit wet weather makes
it very disagreeable to handle. Furthermore, a mine can be operated
in winter as well as in summer, while an open cut method in our
climate could be emploved only in summer, and would necessitate
large storage sheds if continuous operations were to be carried on.
There are several places along the edges of the Pembina Mountains
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where stripping could be carried on and many places along the
ravines where tunnels could be run in. Which method shall be pur-
sued will depend upon.circumstances surrounding each individual
case. _ - ‘

The best method of minting 1s that used in mining coal, and known
as the pillar and room system. A tunnel is first run-in and rooms
are worked off on both sides, leaving pillars large enough to support
the weight of the roof. The main tunnel should be timbered with
sets not more than four feet apart, two posts and ‘a cap constitut-
ing a set. In the side entries less timbering is required. Ten feet
" hetween sets is safe if the roof is occasionally inspected for loose
rocks, which should be timbered up to prevent caving. As a rule
no lagging is required as the rock is hard, breaks clean, and does
not crumble down much under action of the mine air,

Under normal conditions one pound of forty-five per cent dyna-
mite should break loose sufficient rock to produce twenty barrels
of finished cement. Of course, with inexperfenced miners much more
than this may be used, but it is not necessary. Timbers should
be cut to measure and fitted outside the mine entry, as this is
apt to be done in a slipshod manner inside the mine. The mine
should be well drained by ditches\leading to a sump in which the
water should be kept well below the surface of the mine floor.

Burning. The burning constitutes probably the most important
part in the whole process of cement manufacture. With a poor
burn there will result poor cement, no matter how good the raw
material may be. There are two types of kilns in use for burn-
ing natural cement, an intermittent kiln, and a continuous kiln.
The intermittent kiln is practically going out of use. It resembles
an ordinary lime kiln. The rock is piled on top of the grates and
then the fire is built under it and kept burning until the whole mass
above 1s sufficiently burned. Such a kiln is slow in operation and
requires much fuel.

The continuous type now most commonly in use is a straight
shaft kiln about ten feet in diameter and forty feet high. At
the top it narrows down to seven or eight feet in diameter, this
shape causing it to have a better draft. The lower part is lined
with ordinary or low grade fire brick, while the top is lined with
high grade fire brick. To start operations the kiln is filled with raw
rock to within four or five feet of the top, and a fire is then started
on top of this rock. When a good hed of fire has heen secured
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more rock is dumped in and more coal on top of that, and thus in
alternative lavers the rock and coal is continuously thrown in. The
raw rock is drawn out from the openings at the hottom just as fast
as the burner judges the rock is getting burned on top. After the
kiln has been in operation some time burned rock begins to appear.
This is termed clinker and goes to the mill to be ground to cement.

The clinker should be burned so that it is dark gray, with a stony
appearance, It feels heavy and is rather hard to break. If is 1s
tnderburned it is vellow and crumbles down to dust very easily,
while if overburned it has the appearance of glass, is very hard and
difficult to break. To burn properly is an art which is acquired not
by any amount of theory, but by a great deal of practice and close
observation.

Grinding.  After the raw rock is burned it comes out of the kiln
in various sized lumps. While in this condition it is little affected
by water and possesses little if any cementing power.  The reason
for this is not quite plain, but it is known that the chemical activity
of many substances increases with an increase in the fineness of
the material, and in the case of cements experiments have shown
that it is onlv the finer portion of the ground cement that has any
cementing power. The residue caught on a sieve having 10,000
meshes to the square inch is no better than so much sand; while
that which remains on a sieve with 40,000 meshes to the square inch
is only feebly cementing. For this reason it is apparent that the
fine grinding of cement is very important.  Formerly natural
cements did not receive the same attention as to fine grinding that
Portland cements did, but there is no valid reason why at least the
better grades should not receive the same care. With the poorer
grades fineness does not alter their value to such a marked degree
but the tendency is to grind all grades finer.

Various types of grinding machinery are in successful use. The
one most commonly emploved consists of some form of jaw or
rotary crusher for preliminary grinding, a ball mill for intermediate
grinding, and a tube mill for finishing the product.

A jaw crusher, as the name signifies, does its crushing by means’
of a pair of powerful jaws which arc made to alternately open anil
shut, crushing the material between the jaws when they close to-
gether, A rotary crusher acts on the same principle as a coffce
mill, only on a large scale, and they vary i size from a little labor-
atory crusher to immense machines capable of crushing rocks
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weighing a ton or more. For rock or any material that is not very
hard they are far more economical in cperation than the jaw crush-

cer and for most natural cement clinker they form an ideal prelim-

inary crusher. _

A ball mill is a hollow cylinder revolving on an axis at the rate
of twenty to twenty-five revolutions a minute. The mills vary in
size but are commonly six to eight feet in diameter and three to four
feet long. They are lined with heavy steel plates and half filled
with steel balls varying {rom three to-five inches in diameter. The
revolving of the mill causes the balls to roll over each other and
tumble about, in so doing reducing the material to be ground. They
require from forty to fiity horse-power each.

A tube mill is similar in principle to a ball mill but only five to
seveh feet in diameter and from sixteen to twenty-two feet long.
It may be lined with wood, cast iron, steel or a porcelain-like ma-
terial termed silex. Instead of steel balls they are half filled with
flint pebbles. . The material is fed in through a tube at the center
of one end of the mill and passes the entire length, being discharged
at the periphery of the other end, which is' covered with a screen
to prevent the discharge of pebbles. A tube mill makes from
twenty-five to thirty revolutions a minute, according to size and
requires from 75 to 100 horse-power.

A mill equipped with one rotary crusher, one ball mill and two
tube mills, working on good natural cement clinker has an approx-
imate capacity of 800 to 1,000 barrels every twenty-four hours
with an expenditure of about 225 horse-power for grinding. Of
course some extra power would he required for conveyors, depend-
ing upon the interior arrangement of the mill.

The above grinding machinery is expensive to install and con-
sumes much power but costs comparatively little for repairs and in-
sures steady running, as it is very seldom that a breakdown occurs
with these machines. ‘

However, for all clinkers except the very hardest an emery mill
may economically replace hoth ball and tube mills, taking the crush-
ed product from the rotary crusher and finishing it in one opera-
tion. An emery mill consists of two flat disks running against each
other or one may be stationary while the other one revolves, The
disks are made with pieces of emery radiating from the center, usu-
ally set in an 1ron frame. This emery is exceedingly hard and resists -
wear to a remarkable degree, yet these disks require periodical dress-
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ing to keep the grinding surface even. When the disks are worn
out they may be replaced at a nominal cost, To equal in capactiy
the ball mill and two tube mills would require five or six emery
mills, which would cost but little more than one tube mill and save
at least seventy-five horse-power over what the tube and ball mills
require.

After grinding, the cement is sacked in stout canvas bags, cighty-
eight pounds to a bag, and threc bags constitute a barrel. A better
method would be to run it 1nto bins and store it in these for two or
three weeks before sacking. This gives it a chance to “cure”
and insures a more uniform and better product.
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LABORATORY TESTS IN CEMENT MAKING WITH
NORTH DAKOTA MATERIALS.

BY V. J. MELSTED,

These tests show what can be done in the Way of producing
cement from the cement rock in the state. '

The lahoratory work consisted of the analysis of several samples
of cement rock and of chalk suitable for mixing with the cement
rock to make a proper proportion of cement. The natural cement
rock was given several different burns and the resulting clinker
ground, mixed with various proportions of gypsum and subjected
to all the usual tests of cement. The cement rock was further
mixed with chalk in correct proportions as determined by the analy-
sis, given different burns, ground up and varying proportions of
gypsum added, and these were then subjected to the usual Portland
cement tests.? '

RECORD OF TESTS.

The rock used for burning the natural cement had the follow-
ing composition : :

Per cent.
T T T 14.37
Calcium carbonate ......coooouiiiinininnnnn 61.50
Aluming ..o s s 8.87
Ferric fron .........ooviiiiiiiianinnn 2.36
Magnesia ...................... s PR R S 00 L TACE
Sulphur trioxide ................ ... ... 0.95
Bituminous matter ..........oouiiirinniii 8.00

The bituminous matter was determined in the following way,
which though not very accurate give fairly close results. One
gram of the finely powdered and thoroughly dried material was dis-
solved in hydrochloric acid. The residue was filtered, well washed
and dried on the hot air bath. It was then weighed and ignited at
a low red heat to constant weight. - The difference in weight be-
tween the dried and ignited residue was determined as bituminous
matter. The error most likely to result from this procedure is
in the burning off of some of the sulphur which may be present

*These tests were made as part of the work of a thesis in the North Dakota School
of Mines at the,State University.
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in the form of pyrites. This, however, would he only very small
and the method is guick and gives a good idea of the amount of
bituminous matter present,

The cement rock was broken up into sizes varying from the size
of a hazel nut to that of a chestnut. It was then fed in alternate
layers with soft coal into a small circular kiln, in which a good
bed of coke fire had been previously prepared. In this way about
one-half pound of cement rock could be burned at a single burning,
and about half the clinker was underburned. By this method prac-
tically all the sulphur was burned into the cement, causing the
resulting product to have a spotted appearance when made up into
briquettes, To get rid of this sulphur a slightly different method
of burning was tried. Instead of preparing a hot bed of fucl be-
fore introducing the cement rock the fire was allowed to get only
a slight start before putting in a layer of rock. This, however,
did not seem to help matters any, and the resulting cement had
exactly the same appearance as that which was previously burned.
Several more burns were made in this manner but on account of
the small amount of rock which could he burned at a time a con-
tinued operation of the kiln was tried. This method worked ex-
ceedingly well.  The hot clinker was drawn through the draft hole
at the bottom of the kiln and fresh fuel and rock introduced at
the top. In this way over five pounds of rock were burned in one
day. The resulting clinker was sorted into three different groups:
underburned clinker, normal clinker, and overburned clinker. The
underburned clinker had a vellowish, chalky appearance and was
very soft and easily ground. The normal clinker was a dark gray,
verv hard, and had a decided stony appearance, while that which
was overburned was nearly black and glassy.

Prvsicar TeEsts oFr NATURAL CEMENT.

Normal Cemeint.
NO GYPSUM,

Pounds.
(-l mead 5 s oo cn prewn pee SRR PR PO I R SRR RS 225
DEddy TRl vo o sones sueme R SO R BT B SR 203
Tl Bl SR souud samn sweemn ssin. W DRIHE RoSHns S STy 136
DA B0l BT, s e v oo mvos s wem wae wvan LA

For a normal consistency twenty-three per cent of water was
required for the neat cement, and nine per cent for the 3:1 sand
mortar. The color of the briquettes was very dark on the broken



220 . CEMENT  MATERIALS

surface. . This was probably due to the presence of too much sul-
phur, The broken briquettes upon exposure to the air gradually
assumed a normal grayish color. - :

 Initial set: five minutes. _

"Final set: ten minutes.’

Fineness: 100 per cent through 100.mesh.

80 per cent through 200 mesh.
Spec1ﬁc grawty 3.12.

' GYPSUM TWQ PER’ CENT.

' ) ; Pounds.
T-day neat: ........ o cm B e St s mesbaisie et 307
28-day neat ... mtip sl g i e e s 412
T-day 3:1'sand .............. 13 semrin s e e S 223
28-day 3:1 sand .o v cueie s R BT B e T B e 204

Tnitial set:, ninety minutes,

Final set:” six hours. . .
Normal consistency: for reat 23 per cént of water.
INormal consistency: for 3:1 sand 9 per cent of water.
Boiling. test: O. K. - . )
28-day pat: O: K.

GYPSUM ‘FOUR PER CENT. .

With four per cent of gypsum the cement did nof acquire its
initial set in twenty-four hours, and after the brlquettes had been
in the molds for four days they were taken oirt while they were

not yet hard, No further ‘tests were made on th;s sample as it
was evidently worthless. '

. GYP3UM ONE PER CENT.

? i . Pounds.
T-day neat ....... R gmaes Benang oo sucoson SR TG T 422
28-day meat ............ S SR ST S e 530
Today Sl BET ol wnlins sidion s i somm s S8t .. 233
28 day 3:1 sand .... i e Sy i B o awie SO0

Initial set: forty-five mmutes

Final set: two hours.

Normal consistency: 23 per cent of water for neat.
Normal consistency: 9 per cent for 3:1 sand.

The color of these briguettes was greatly improved over that of
the cement without any gypsum. From these tests it would ap-
pear that one per cent of gvpsum is highly desirable as an addition
to this cement. More than one per cent of gypsum does not have
as good an effect and as it is desirable to add as little gypsum as
possible the lowest percentage accomplishing the desirable results
should be used. The cement with one per cent of gypsum comes
very near to the standards of Portland cement and could be used
for all practical purposes instead of artifictal Portland with very
satisfactory results. Tt is entirely safe, but rather low testing Port-
land.
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Underburned Cenient.
NO GYPSUDM.

Pounds.
Tl HIEAT  wie scme sovimintss smssiamsiss oo ©30asin Myl SINNEY SIS 164
DR-daY TCAL Lttt e aa .. 183
T-day sand ... 163
98-day 3:1 sand ..o s 174
Initial set: fifteen minutes.
Final set: twenty minutes.
Tineness: 100 per cent through 100 mesh.
93 per cent through 200 mesh.
Normal consistency: 45 per cent of watér for neat.
17 per cent of water for 3:1 sand.
Specific gravity: 2.6
‘\Tomlal pat: softened on boiling.
GYPSUM TWO PER CENT.
Pounds.
Tl AL s svwimn csmins sin s e s mainns s e wmed b R VR . 195
TREAAT DIBAL. o ces sir e mimsee sin wme sipeney 1o dlF s BE v dens wi g 1AL
Today Bul BENE Lo san s d 5855 52 BEeT SRR DRSS 169
By Bl sand ... b vl S Gp G s o4 s s s e aane L0

Initial set: fifteen minutes.
Tinal se: twenty minutes.
Normal consistency: 45 per cent of water for neat

17 per cent of water for 3:1 sand.

GYPSUM FOUR PER CENT,

T8 HBAE w cumve s v v sonr ae comwine bamonse paen 8 8030 3 173
DB-clAY DCAL .« ottt e e e e e 165
T-day 3:1 sand oo 159
Initial set: twenty minutes.
Final set: thirty minutes.
Normal consistency: 45 per cent of water for neat.
17 per cent of water for 3:1 sand.
GYPSUA SEVEN PER CENT.

Pounds.
TodAy TICAE o e e e e 18
DR-CEY  TEAT oot e e 180

lnitial set: twenty minutes.

IFinal set: thirty minutes.

~ormal pat: softened on hoiling but was O. K. after 28 days
i water.

As previously stated the clinker from which this cement was made
was soft, vellowish in color and very easily ground. When passed
once through a disc mill it came out 1 a very fine floury state. It
is in all wayvs cqual to the ordinary natural cements which are on
the market. On account of the bituminous matter in the rock it
can be made with but very small fuel consumption and on account
of the softness of the clinker the expense of grinding would be
very low. Tor sand mortars it would be equal to lime 1n every way
and would have many advantages on account of its hydraulic prop-
crties.



222 CEMENT MATERIALS

From the previously recorded tests it appears that the cement is
but slightly effected by the addition of gypsum and in that respect’
differs most markedly from the well burned normal natural cement
made from this rock.

Overburned Cement. This glassy clinker when ground fur-
nished a product which had no more cementing powers than any
other finely ground slag or sand. It would appear that any particles
of overburned clinker would have no injurious effect if present in
the normally burned clinker. It would serve simply as any other

inert but harmles adulterant. ; 5

PHYSICAL TESTS OF PORTLAND CEMENT. L

The following is the analysis of the cement rock used for the
first mixture to produce Portland cement :

Per cent.
SMEIE s B2 o e s sovmsnss o sismasssirssiei e o 14.47
Caleium carhonate ..........cooooueon,. 68.04
ATHDIIIA v vves 0% 23008 £5995 Shan swmeimoremisisins soeim fomees 6.12
11 o0 R —————— A 2.66
MaBHESIA . sapmom wwws Som0 Do 2H00E ST £ o e e none
Sulphur triexide ....... ... .73

The following is an analysis of chalk used for mixing with the
cement rock to bring up the lime content of the former to a Port-
land mixture:

Per cent,
SHICTE, s soves s Serr e ssa 2TS S oo, 1.39
Caleium carbonate ................ . ..., e 97.94
Alumina and ferric oxide ............... e T . .6
Magnesia ........... eswel G v R S SRR S L .76
Sulphur trioxide .......voviiiiniiin none

For the second mixture of raw materials a cement rock having
the following composition was used. The same chalk was used for
bringing this up to a Portland mixture as was used for the other
mixture : ‘

Per cent.
Silicia .o e TR s 15.11
Calcium  carbonate ........ovoiieiensrneenn . 61.43
Aluminag ..o 6.59
"Ferric rom ... e 217
Magnesia ......... B S Sy SN RS G RLE S trace
Sulphur triexide ..o A7

The proper proportion ‘of cement rock and chalk for the first
mixture was found upon calculation to be ten parts of chalk to one
hundred parts of cement rock. This, when mixed and finely ground,
would give a cement fairly high in lime, but without danger of
being overlimed if properly burned. ‘
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The proportion for the second mixture was determined to be
fifteen parts of chalk to one hundred parts of cement rock,

The cement rock and chalk were first passed through a jaw crush-
er and then ground to the proper fineness in a small tube mill. Some
trouble was experienced in keeping the mixture from balling up in
the tube mill; but by introducing only a small amount of the mixture
at a time and keeping a good charge of flint balls in the mill a sat-
isfactory grind was obtainable. The materials after being ground
were wetted and made up into round balls the size of a large hazel
nut. These were dried preparatory to burning in the small verti-
cal kiln. The continuous method of burning previously referred
to in connection with burning of natural cement was used. On
account of the high pomt of fusibility of this clinker none of it came
through sufficiently burned the first time, but by passing it through
the kiln a second time only a small amount of underburned chinker
remained. The underburned clinker was carefully separated and
the two kept separate during grinding. A small amount of over-
burned clinker was secured, but not in sufficient quantities for
testing purposes.

UNDERBURNED CEMENT.

Pounds.
2 hour TBAY wwmy ous 58 s B8 5 evins 9 OF PESTEAEE B PN 198
T-dav mneat 224)
T Sl L oy o nomon s moenes s sessE wEREN B B 144

Initial set: ten minutes.

Final set: twenty-five minutes

Fineness: @3 per cent through 200 mesh.

Normal consistency: 35 per cent of water for neat.
13 per cent of water for 3:1 sand.

Specific gravity: 2.7.

Boiling test: pat disintegrated.

These were all the tests which were made on the underburned
portion.  They show conclusively the necessity for a thorough burn-
ing of the raw materials, even when they do not carry the allowable
high limits of lime. These tests along with those made on the
underburned natural cement also show the cxcessive amount of
water necessary to bring an underburned free lime cement up to
a normal consistency. Also the specific gravity 1s very much lower
than on a normally burned cement.
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Normal Portland Cement, first mixiure.

NO GYPSUM.

. Pounds.
24-hour neat ... R R 341
T-day neat voveenevninn i, el T 57

Coday Bel samd . o s s s saili s, sy 253

Initial set: twenty minutes.

Final set: two hours.

Fineness: 89 per cent through 200 mesh,

Specific gravity: 8.12 .

Boiling test: 0. K. 5o

Normal consistenicy: 24 per cent of water for neat.

: 10 per cent of water for 3:1 sand.
Color: very good.

GYPSUM ONE PER CENT.

P : Pounds.
24-hour Neat .u. it i e 293
T-day Meat ... uoiitatieii i e e 595
T-day 3:1 sand ... e, 275

Initial set:. ninety minutes,
Final set: five hours.
Boiling test: 0. K.

GYPSUM TWO PER CENT.

Pounds.
24-ROUE TIRAL 4 vt e e e o e s 275
T-day meat ... 563
T-day 8:1 sand . ... 260
Initial set: two hours.
Final set: ten hours.
Boiling test:. O. K.

Normal Portland Cement, second mixture.
. - NO GYPSUM.

; Pounds.
24-HOUT TEAL L uu vt vttt e e e 325
T-day NeRE .oiiiti it e 617
T-day, Bl fSand e evsiis S Vi criei s s & 240

Initial set: thirty minutes.
Final set: ninety minutes. .
Normal consistency: 24 per cent of water for neat.
10 per cent of water for sand mortar.
Fineness: 87 per cent through 200 mesh.
Specific gravity: 3:13:
Boiling test: 0. K.
‘Color: very good.

GYPSUM ONE PER CENT.

Pounds.
24-hour neat oo e 309
T-day MEAL ...ttt 618
T-day 8:1 sand .............. i, N T NS 289

Initial set: two hours.
Final set: six hours.
Normal consistency: 23 per cent of water for neat.

. 9 per cent of water for sand.
Boiling test: 0. K,
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GYPSUM TWO-PER CENT,

Pounds.
VA TP HEHT somwn weams sness hiees moass susta gumsl sy suwe D98
T-OA% FEEE s on s v vivens saden BeEn BanTeR e NS 609
Tetlany B0l BRI senovn s smems s s e o eans w BOAL
Initial set: two hours.
I'inal set: about eight hours,
Boiling test: O. K.

GYPSUM TIIREE PER CENT.

Pounds.
PLHBUE NEAL i cwn o vl siiies vvess oens soaes voonmot hardened
T-day neat ..... 403

No sand tests made.
Joiling test: checked and warped.
From these tests is appears that the best amount of gypsum to
add to this cement is one per cent, that producing about the right
time of initial and final sets for ordinary Portland cement require-
ments.  The color of this cement was uniformly good. It is diffi-
cult to explain this, inasmuch as the raw materfals contained very
nearly the same amount of sulphur which so hadly discolored the
natural cement. A possible explanation may be this: In the nat-
ural cement there was a considerable excess of clay base and on
that account any sulphur not bhurned out of the cement would have
a tendency to form a sulphate with the iron and alumina.  The
dark ferrous sulphate would discolor the cement upon exposure to
the air or on long storage of the cement this ferrous sulphate would
change to the ferric sulphate. In the ferric state the discolering
action would not be so marked. This accounts for the change of
color in the natural briquettes upon exposure to the air. On
the other hand, in the artificial Portland mixture there would
De practically no excess of clay base. Therefore, any sulphur not
burned out would probably tend to combine with the lime, forming
calcium sulphate which of course would produce no abnormal
color.
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THE GEOLOGICAL HISTORY OF
NORTH DAKOTA

BY A. G. LEONARD.

INTRODUCTIOXN.

It is the purpose of this chapter to present briefly the chief events
connected with geological history of North Dakota. Many of the
subjects which here receive only brief mention, such as the various
rock formations, the Red River Valley and Lake Agassiz, the pe-
culiar features of the badlands and their cause, these and many other
topics are more fully discussed in the preceding chapters on the
geology of southwestern and northeastern North Dalkota, and the
reader is referred to them for details. This paper has becen pre-
parcd partly for use in the schools of the state 1n teaching physical
geography and geology and partly that it may serve to give the
general reader who mayv have little knowledge of geology, some idea
of the ancient history of North Dakota.

The geological story of North Dakota is written 1n its rock forma-
tions, with their fossil remains of the animals and plants of the past.
Through a study of these one may decipher with a large degree
of confidence the ancient history of our state, and may trace the
various changes it has undergone in the course of its graidual de-
velopment from earliest geological time down to the present. The
studv is a fascinating one and brings before us movements of land
and sea affecting the entire continent: the extinction of whole
faunas and floras and the development of new plants and animals
of higher and higher types; changes of climate irom one of tropi-
cal warmth and moisture to the cold of the polar regions.

DIVISIONS OF GEOLOGICAL TIME.

A few words regarding the more important time divisions of
geological history may help toward a clearer understanding of what
follows.

The oldest rocks on the carth, those which are helieved to have
existed at onc time in a state of fusion, belong to the Archean Iira.



230 GEOLOGICAL HISTORY.

These rocks are mostly crystalline, that is, they are composed of
various minerals which have crystallized out of the original molten
mass, and they afford therefore almost no evidence of the existence -
of life at this carly period. The granites are examples of these
ancient igneous or crystalline rocks, which form the foundation
for the more recent beds. Resting on this Archean basement
in many places are rocks which bear every evidence of great age, -
having been much altered by heat and pressure, but are clearly of
sedimentary origin—they are stratified and were formed under
water by the deposition of sediments derived from land masses.
They contain obscure traces of life, some undoubted remains of
animals having been found in them, and the period of time during
which these rocks were formed is known as the Algonkian Era.

The other great divisions of the earth’s history, as recorded in
the strata, are based on the life forms they contarn. The earliest
organisms were of simple structure and the same types existed
all over the globe. There has been a gradual development of
animals and plants by which they have become more highly organ-
ized, more complex in structure and more like modern types. Now
that this succession of life forms has been made out it furnishes
the means of determining the age of the beds forming the earth’s
crust and the order in which they were laid down. Certain fos-
sils are found only in strata of a certain age, others are restricted
to beds of a different age. . It is thus possible by means of the organ-
ic remains contained in them to determine the sugccession of the
formations and to correlate strata in widely separated areas.

The Paleozoic Era, or the time of most ancient life, was charac-
terized by forms for the most part very unlike those of today;
the modern types of animals and plants were almost entirely
wanting and the vertebrates were represented only by strange,
armored fishes and amphibians. The Paleozoic was followed by
the Mesozoic Era or time of middle life when great numbers of
enormous reptiles inhabited the land, the sea, and the air and were
the predominating forms. During the last, or Cenozoic Era, signi-
fying most recent life, modern animals and plants began to appear
and the ancient types became almost extinct.

These three great divisions of geological history are in turn
separated into shorter subdivisions or periods, each characterized
by its own peculiar life forms. The Paleozoic Era, for example,
is divided into the Cambrian, Ordovician, Silurian, Devonian and



STATE OF NORTH DAROTA 231

Carboniferous periods. The Devonian is marked by the culmina-
tion of the fishes, which were present in great numbers and of
large size, and during the Carboniferous coal-forming plants grew
in great abundance and luxuriance.

It is possible from the study of the various characteristics of any
rock formation to gain much information regarding the conditions
under which that particular group of strata was formed. We know
from the observation of present day processes, that sandstones are
formed near the shores of sea or lake, where the coarser sediment
carried by streams is deposited. The finer debris, such as mud
and clay, will remain longer in suspension and will be carrted far
before settling to the bottom at a distance from the shore, to form
a clay rock or shale. Limestone, which is composed of the shells
of sea animals, or of the fragments and calcarcous mud derived
from these shells, is formed only in clear water—found usually
far from shore, where the conditions are favorable for the growth
and accumulation of these limestone- formuing organisms,

Again, the fossils contained in the rocks tell whether they were
formed in fresh or salt water—whether they were laid down in
fresh water lakes or in the sea.

With these few words of introduction we pass to the consideration
of the geological history of that portion of the North American
continent known today as North Dakota.

The oldest part of this continent, that which was the first to be
raised above the sea, was a U-shaped land mass, the two arms of
the U enclosing Hudson Bay and comprising much of northeastern
America. The nearest portion of this land area lay not far to the
north and east of us, in northeastern Minnesota and Manitoba.

PALEOZOIC EVENTS,

At the beginning of the Paleozoic Lra by far the greater part
of our continent, with the exception of the above land, was be-
neath the sea and in this Paleozoic sca the rocks of the future
continent were forming off the shores. As portions of the ocean
floor were successively raised and made part of the original conti-
nental mass, the latter increased in size and extended its borders
to the south, the east, and the west. Throughout all the vast per-
inds of time represented by the Paleozoic, North Dakota and ad-
joining regions scem to have been under water. In this sea were
deposited the limestones, shales and sandstones of the Cambrian,
Ordovician, Silurian and Devonian, which ontcrop about Lalke
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Winnipeg and in Minnesota, but are in this state deeply buried
beneath more recent strata. Some of these beds were encountered
in the Grafton well and indicate that during Cambrian and Ordo-
vician time eastern North Dakota at least was receiving the deposits
which later formed these rocks. The Paleozoic Era closed with
the elevation and emergence from the sea of extensive areas and
it is quite likely that this state shared in the general elevation and
that it remained above the sea during a large part of the succeeding
or Mesozoic Era, since anv rocks belongmg to any of the earlier
periods of the latter era are wanting in this district. But during
late Mesozoic time, or in the Cretaceous period, there was a great
incursion of the sea over the North American continent, brought
about by an extensive subsidence of the land. This vast sea stretch-
ed from the Gulf of Mexico north clear to the Arctic Ocean, cov-

ering much of the western interior region, mcludmcr practically
all of North Dakota.

DEVELOPMENT DURING THE CRETACEQUS.

Dakota Sandstone. For some time prior to this subsidence and
invasion of the sea, North Dakota had been occupied by an exten-
sive lake or lakes, in the waters of which a sandstone formation was
deposited.

The fresh water beds thus formed constitute the 'Dakota sand-
stone, which has an average thickness of from 200 to 300 feet.
This formation does not appear at the surface anywhere in the state
but it is reached by many deep wells and is the source of most of
the artesian water of this region. The porous sandstone is saturat-
ed with water and serves as a reservoir which furnishes a bountiful
supply when it is reached by the drill. The Dakota sandstone
has yielded an abundance of fossil leaves and some 500 species of
plants are known from this one formation. These plants and the
fresh water shells also occurring in the beds are an evidence of
fresh water origin for the sandstone.

After the deposition of the sandstone beds the \vldesplead sub-
sidence, already referred to, followed, and the sea came in and
covered all of North Dakota. The sediments which accumulated
for many ages in this sea built up a series of shale, limestone and
sandstone strata with a thickness of considerably over 1,000 feet.

Benton Shale. At the base of this rock series formed in the Cre-
taceous sea, and resting upon the Dakota sandstone, is the Benton
shale, named from Fort Benton, on the upper Missouri in Montana,
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where it is well shown. The Benton beds outerop in this state
only in the northeastern cornct, in the Pembina Mountains. The
latter form a wooded escarpment bordering the Red River Valley
on the west for thirty or forty miles south of the internaticnal boun-
dary, In this the rivers have cut deep valleys along which the
shales of the DBenton are well exposed. The outcrops are con-
fined mostly to the Pembina and Little Pembina rivers. FElse-
where these shales are covered by more recent strata and are known
only from their being struck in wells.

Niobrara Beds. Following the Benton formation and resting
upon it is the Niobrara shale and chalk rock, named from its exten-
sive development along the Niobrara river ncar its junction with
the Missouri in Nebraska. The surface exposures of this rock
arc likewise confined to the stream valleys of the Pembina Moun-
tain region, where the rivers have cut through the overlying beds
and exposed the Niobrara. This formation is of special interest
on account of its calcareous clay and cement rock, the latter used
in the manufacture of natural hydraulic cement.

During Niobrara time there lived in the Cretaceous sea of this
region countless numbers of microscopic animals which secreted
a calcareous shell. Tt is the minute shells of these I'oraminifera
which, on the death of the organisms, fall to the hottom of the sea
and accumulate to form chalk.  The beds found in Cavalier county
arc not composed of pure chalk, since more or less clay is mixed
with the calcarcous shells. but the latter form a large part of the
rock. Some layers of the Niobrara formation have a chemical
composition which makes them a natural cement rock suitable for
the manufacture of high grade cement and thev are used for this
purpose.

Trossil fishh are not uncommon in the strata of this age and one in
the roof of the Pembina Cement Company AMine has a length of
five feet. Other fossils which have been found are the remarns
of the strange toothed bird (TTesperarnis), a species of crocodile,
and the great swimming reptile known as the DPlesiosaurus, the
latter being one of the rulers of the Cretaceous sea.

Certain calearcous heds outeropping along the Shevenne river
at Valley City probably bhelong to the Niobrara formation.

Picrre Shale. Next above the Niobrara lies the Pierre shale,
named from Fort Pierre, South Dakota, in the vicinity of which it
covers a large area. This shale immediately underlies the glacial
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drift over nearly one-half the state, covering must of the eastern
half outside the Red River Valley. The rock is a black to a light
bluish gray shale, very uniform in appearance over a large extent
of country. There is an interesting occurrence of the Pierre shale
on Little Beaver Creek in Bowman county, in the extreme south-
western corner of North Dakota, where it occupies a small area
along the Montana line. Here the upper portion of the forma-
tion is exposed and it contains large numbers of calcareous concre-
tions varying in size from several inches to five and six feet in
diameter. These are very rich in fossils, about twenty species hav-
ing been collected here, among them many beautiful -ammonites
with the mother-of-pearl sometimes perfectly preserved, besides
the oyster and chambered nautilus. '

Fox Hills Sandstone. The youngest and last marine formation
to be laid down in the sea which covered this region during later
Cretaceous times was the Fox Hills sandstone. This has a thick-
ness of about 100 feet and is exposed at the surface at only a few
points in North Dakota,

Rocks which probably beleng to this formation occur overlying
the Pierre shale in northwestern Bowman county, where they are
seen along Little Beaver creek; they appear on the Cannon Bail
river six miles above its mouth and also on Rice creek, a tributary
of the Missouri river which enters it eight or ten miles north of the
Cannon Ball river.

At the close of the Fox Hills epoch of the Cretaceous period
the marine conditions, which had existed in North Dakota for
many ages, came to an end through an elevation of the land and
the withdrawal and the sea. This district has never again been in-
vaded by the waters of the ocean.

Evidence has been found in the southwestern part of the state,
along Little Beaver creek, that after the formation of the Fox
Hills sandstone, the region was’elevated above the sea and the land
thus formed was subjected for a time to erosion. At several lo-
calities this old eroded land surface is shown and resting upon it
are rocks much younger geologically than those immediately be-
neath,—rocks formed also under very different conditions, since
they are fresh-water deposits and contain fossils quite unlike the
marine beds of the Cretaceous. This old land surface separating
the older beds below from the younger beds above is known as
an unconformity.
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FORT UNIQON BREDS.

These vounger strata overlying the Pierre shale and Fox Iills
sanstone cover the entire western half of North Dakota and consti-
tute a formation with a thickness of 1,600 feet. In many respects
this 15 the most important and interesting geological formation
in the state, for in it occur the lignite beds, while its clayvs and sands
have been sculptured into the picturesque badlands. Tor many
vears therc has been some doubt as to the age of this thick series
of beds but recent discoveries and the many fossils collected during
the past few vears have thrown much light on this, The formation
is now referred to the latest of the great time divisions of the
earth’s history (the Cenozoic Era) and to the earliest stage of this
era. It is known as the Fort Union, a name derived from the old
fort at the mouth of the Yecllowstone, near the site of the present
town of Buiford.

During Fort Union time, then, western North Dakota together
with adjoining portions of Montana and Manitoba, was occupied
by a large fresh water lake in which the sediments washed in by the
rivers were deposited to form the beds of shale and sandstone.
Certain portions of this lake became silted up from time to time and
converted into marshes or swamps where vegetation grew lux-
uriantly as in the Great Dismal Swamp today. The trces and
plants as they died year after year and accumulated under water,
where they were protected from decay., were in course of time
converted into the beds of lignite, so abundant in the Fort Union
formation..

Some of the coal beds are of great extent. One 15 known to
extend twentyv-five miles in one direction and twenty miles in an-
other, with an area of at least 500 square miles and a thickness of
from five to sixteen feet. Amnother bed of coal has been traced
thirty-six miles north and south and twenty-four miles cast and
west, and while its known area as shown from outcrops is nearly
900 square miles, 1t undoubtedly had an extent of 1,000 to 1,500
square miles. The thickness of this coal bed ranged from nine
to fifteen feet and over.

The Fort Union formation is readily separated into three divi-
sions by a marked difference in character and appearance. The
upper beds are composed of rather dark gray sandstones and shales,
with many brown, [ferruginous, sandy nodules and concretions.
The middle division is formed of light ash gray and buff shales
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and sandstones which are remarkably uniform in color and ap-
pearance over extensive areas, The lowest member has a dark
and somber aspect in striking contrast to the light colored beds
above. It s composed of alternating layers of dark gray and
brown shales and sandstones, containing many sandy nodules. The
lower portion of this member contains no workable beds of coal.

All three divisions of thé Fort Union are present in Billings
county and are well shown in the Little Missouri badlands. The
middle Fort Union appears also in the bluffs of the Missouri river
from the mouth of the Yellowstone down as far as old Fort Clark,
near the mouth of the Knife river. Below this point to the mouth
of the Cannon Ball river and beyond the lower Fort Union occurs
in the bluffs and the beds are well shown at the east end of the
Niorthern Pacific bridge at Bismarck.

One peculiarity of the Fort Union formation cannot fail to at-
tract the notice of even the most casual observer, and that is the
vast quantity of burnt and fused clay which is seldom absent wher-
ever there are extensive outcrops of the strata. This clay has been
produced by the burning out of the beds of lignite, the heat thus
generated having been sufficient to burn and often fuse the adjac-
ent clays. This burning of the lignite has doubtless been going
on for centuries and has resulted in the production of an aston-
ishingly large amount of red clay. Bands of this material have
been traced fifteen and twenty miles, and except at a few points
where the coal is still intact, none of the seam has escaped the fire
along its outcrop.

The Fort Union strata are also remarkable for the variety and
abundance of their fossil plants which are represented mostly by
leaves. Nearly 400 species are known from this one formation
and the leaves are often beautifully preserved, showing the delicate
venation in great perfection. One of the most common trees of
Fort Union time was the poplar, many varieties of which are
found. Another tree growing in North Dakota at that time was
the Sequoia or redwood, related to the giant trees of the Pacific
coast. Water lilies and ferns were also present.

In addition to its plant remains the Fort Union contains many
fossil fresh water shells, these being very abundant in some locali-
ties. But its most interesting fossils are the bones of the gigantic
extinct land reptiles known as dinosaurs, During Fort Union
time these strange animals lived in large numbers in North Da-
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kota, Mentana and Wyoming, and their huge and clumsy bones
were buried in the lake deposits of that period. Among the most
common was the massive Triceratops, with 1ts cnormous skull
which projected backwards over the neck in a cape-like exten-
sion, and three horns, a stout one on the nose and a pair of long,
pointed ones on the top of the head. The bones of Triceratops
are found in southern Billings county and fragmentary dinesaur
bones have also been found by Dr. T. W. Stanton on the Missouri
river between Mandan and the mouth of the Cannon Ball river.

To the Fort Union formation belong the high grade fire and
rottery clayvs of the western part of the state. These very pure
and white fire clays cover an area of approximately 4,000 square
miles, lving between the Missouri and Little Missouri rivers.  They
cceur at elevations of from 2,450 to 2,600 feet above sea level,
and are confined to the tops of the higher ridges and divides. Their
maximum thickness is about 150 feet. These fire clays are remark-
ably uniform over the entire district and their white celor makes
them conspicuous wherever they are exposed.

THE BADLANDS.

Tt is in the strata of the Fort Union that the famous badlands
have been eroded. The true hadlands, that is, the very rough
areas that are difficult to travel through, are confined to the vicin-
itv of the streams. Dack from these six or cight miles the land
is a rolling plain and is not “bad” in the sense probably meant by
the old Trench term “mauvaises terres” originally applied to the
rexion with reference to its heing a land bad for the traveler.

Though by no means confined to that stream the badlands are
typically developed along the Little Missouri and Medora is located
in their midst. The soft clavs and sands of the Fort Union formation
have been carved by running water into a multitude of steep-sided
hills, 1solated buttes and an endless variety of fantastic forms.
The change is abrupt from the gently rolling plain to the strip of
badlands hordering the river and forming a belt ten to twenty
miles wide, within which the effects of erosion are so strikingly
seen on every hand. This erosion is greatly facilitated by the
sparseness of the vegetation, the slopes being almost bare of ver-
dure, and by the softness of the rocks. Though the region is one
in which the rainfall is light, every shower 1s highly effective in
washing away the unconsolidated sands and clays. The slopes,
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the sides of every hill and butte, bear the marks of the last shower.
They are grooved with countless tiny channels formed by the little
rivulets of water which poured down the slopes. FEach rivulet
gathers up its load of detritus and carries it on to the main stream.
The river has its numerous tributaries and these in turn have their
branches which are ever working back into the land. And thus
what was formerly a,comparatively level plain, similar to that about
Dickinson is now carved into the weird and picturesque badland
topography which is described and figured in all text books of
geology. : -

Beauty and variety are added to the landscape by the diversity
of color. The colors are arranged in broad bands along the faces
- of the bluffs—gray, yellow, black and red of every shade and tint,
together with browns and pinks. The banded and many hued bluffs,
buttes, domes and pinnacles are a characteristic feature of the bad-
lands and increase their attractiveness from a scenic point of view.

OLIGOCENE BEDS.

At several localities in the state there are remnants of a forma-
tion still younger than the Fort Union, and resting therefore upon
the latter. This belongs to that division of the Cenozoic Era
known as the Oligocene, and the beds of this age are found on
top of Sentinel Butte, they form White Butte in southern Bil-
lings county, and occur in the “Little Badlands” of southwestern
Stark county. ‘

Sentinel Butte enjoys the distinction of being the highest point
in North Dakota, having an elevation of 650 feet above the plain
at its base, and 3,350 feet above sea level. Qccupying thirty or
forty acres on its summit there are beds of white marl and limestone
about forty feet thick, which must have been formed  a fresh
water lake covering a considerable area in the western part of the -
state during Oligocene time. The strata on top of the butte are
merely the remnants of a once widespread formation which has
undergone extensive erosion and has thus been very largely remov-
ed except at a few localities such as this which were favorable for
its preservation, In the waters of this Oligocene lake lived large
numbers of small fish whose remains have been perfectly preserved
on the thin slabs of white limestone. .

White Butte is so called from its chalky whiteness, though the
rocks of which it is formed are not limestones but calcareous clay
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and sand, together with a coarse conglomerate composed of water-
worn pebbles of volcanic rock which must have been brought by
streams hundreds of miles from the Rocky Mountain region or

the Black Hills.

The Oligocene beds are here 300 feet thick and in them Mr.
Earl Douglass, of the Carnegie Museum of Pittsburg, several years
ago collected the bones of the three-toed horse (the ancestor of
the modern horse) and the rhinoceros. The geological collections
of the University contain the skull of an extinet cud-chewing mam-
mal from these same strata.

Rocks of this same age are also found in the so-called Little Bad-
lands of southwestern Stark county and the beds here have yielded
the remains of many extinet mammals.

These Oligocene beds are thought to be in part lake deposits,
as already stated, and in part river deposits. The lack of uniform-
ity, the cross-bedding, and the coarseness of the materials of some
parts of the formation are probably the result of deposition by
rivers, while other portions were apparently laid down in the more
quiet waters of a lake. Whether the beds of the three North Da-
kota Oligocene areas were deposited in one large lake covering a
considerable portion of Billings and Stark counties, or whether
they were accumulated 1n several small lakes, it is impossible to say.

The disappearance of the Oligocene lake or lakes was followed
by a long lapse of time during which no new rock strata were form-
ed in this region but on the contrary erosion was actively going on
throughout the entire area. The land surface was attacked by the
forces which are ever at work to reduce it to sea level, running
water being the most effective of these agencies, and many hun-
dreds of feet of strata were swept away by the streams. The
numerous high buttes which rise above the surrounding country
and form conspicuous features of the landscape, bear indisputable
testimony to the enormous amount of erosion which has taken
place. for they are formed of horizontal beds of clay and sand
which were once continuous over the entire region, but have been
almost whelly carrfed away through the work of running water,
Such buttes as Sentinel, Bullion, Black, Rainy and scores of others
are merely the remnants of these beds and can only be accounted for
by the erosion and reduction of a land surface which must form-
erly have been several hundred feet higher than the highest of these
buttes. The thickness of strata thus removed over extensive arcas
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in western North Dakota could not have been much less than
- 1,000 feet, and it may have been more. This included almost all
of the Oligocene beds and some 700 feet and over from the upper
portion of the Fort Union formation.

THE GLACIAL PERIOD.

At no time in its geological history has the state undergone more
important, far-reaching or more significant changes than during
the time just preceding the present or Human Period, that is, dur-
ing the Glacial Period. The climate now changed to one of Arc-
tic rigor and for some thousands of years it was like that of the
polar regions. Immense glaciers or ice-sheets, comparable to those
found today in Greenland and the Antarctic region, but many times
larger, moved down from the north and buried all the northern
part of North America under thousands of feet of fce. There were
three centers of movement for these great continental glaciers, one
east of Hudson Bay, one west of the same bay and the third in the
Canadian Rockies. The Keewatin and Labrador ice-fields moved
out to the north, south, east and west. South of Hudson Bay they
united and invaded.the United States as one. New England was
completely buried by ice, as were portions of New York and Penn-
sylvania. It extended south to the Qhio river at Cincinnati, and
to southern Illinois and Indiana. West of the Mississippi the line
marking the limits of the glacier passes near St. Louis and Kan-
sas City, then curves northward and follows in a general way the
course of the Missouri river to Montana; here it turns north and
crosses the international boundary a short distance east of the
Rocky Mountains, All of North Dakota except several counties in
the southwestern corner was covered by the ice-sheet and its sur-
face features were profoundly modified by it, while its soils are
largely of glacial origin, directly or indirectly.

When after some thousands of years the -continental glacier
withdrew it left behind a deposit of greater or less thickness which
forms a mantle concealing the bed rock from view. This peculiar
glacial deposit is known as rift and it is composed of clay, sand,
gravel and boulders mingled together to form a heterogeneous
mass. The chief constituent is commonly a stiff blue or gray clay
through which are scattered numerous pebbles and boulders of
granite or other igneous rock. One very noticeable feature of this
boulder clay or till, as it is called, is that very many of the boulders
and pebbles are unlike the bed-rock of the vicinity. They have
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been transported by the ice from localities often hundreds of miles
distant, and while being moved along on their journey many of the
pehbles and bowlders were smoothed, polished and scratched cn one
or more sides,

The thickness of the drift varies within wide limits, being all the
was from a few feet to several hundred fect. In the eastern part of
the state it is shown by wells to be commonly from 200 to 300 feet
thick and it is probable that these figures also apply 1o the central
part of the district. Wells pass through 220 feet of drift at Fargo,
250 feet at Casselton, 298 feet at Grafton and at Grand Forks a
well penetrated 380 feet of lacustrine deposits and drift before
reaching bed rock.

That there were several periods of glaciation during which the
continental glacier advanced far to the south, followed by inter-
glacial periods when the ice-sheet retreated and left the surface
ifree to be covered once more with vegetation, is clearly shown by
the different dnft sheets, some of which are much younger than
others. Named in the order of their age from oldest to youngest
these are the sub-Aftonian, Kansan, Illincian, Towan, Earlier Wis-
consin, and Later Wisconsin. Between the periods of ice invasion
when these were deposited there were times of retreat and these
interglacial intervals are marked by vegetable accumulations rep-
resenting old forest beds and soils, often many {feet in thickness,
and by heavy depesits of gravel and sand laid down by the streams
flowing from the melting ice.

There is considerable evidence that only the later of these drift
sheets are present m North Dakota, namely, the Earlier and Later
Wisconsin, although some geologists have thought the Kansan
driit also occurs in the state. ’

During the final retreat of the ice-sheet northward it paused from
time to time and its end remained stationary, often for long periods.
During these pauses in its withdrawal, terminal moraines were heap-
ed up by the ice, the materials brought forward to the end of the
glacier accumulating and piling up there in very irregular fashion.
Each of these moraines consists of a single ridge or a belt of ridges
and hills varying from or two to fiftecen and even twenty miles in
width. The individual hills sometimes rise 100 to 200 feet abave
the general level of the country, or again, they are low and gentle
elevations. Among the hills are many hollows and depressions
which are frequently occupied by lakes and marsnes, so character-

16—
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istic of terminal moraines. There are as many as eleven of these
moraines in the eastern half of North Dakota and their presence
adds much to the roughness of the surface. These hilly belts often
form conspicuous topographic features and can be seen from a
distance of many miles.

The outermost and the best developed of all these moraines is

known as the Altamont moraine, which forms a conspicuous belt of
1rregu1ar hill and hollows ten to fifteen miles wide. The margm
. of the ice-sheet must have remained statlonary here for a long
time to allow the rock debris carried by the glacier to accumulate
in this great stretch of morainal hills. This Altamont moraine has
been traced across the state from north to south; 1t traverses Ward
county from northwest to southeast about thirty-five miles west
of Minot, turns south through eastern Burleigh county, crosses
northeastern Emmons and after making a loop to the east into
Logan and McIntosh counties, again enters the southeastern corn-
er of Emmons, whence it continues into South Dakota. The
Northern Pacific railroad crosses the Altamont moraine between
Driscoll and Sterling.

The drift outside is very little older in appearance than that
inside the moraine, and is strikingly different from the Kansan
as it appears farther south in Iowa and Kansas, For this reason
it is believed to be Earlier Wisconsin, and the drift within the
moraine is probably Later Wisconsin.

The continental ice-sheet is the cause of the wide-stretching,
gently rolling to rough drift plain with its numerous lakes and
imperfect drainage which occupies nearly two-thirds of the state.
Its effects are everywhere apparent and unmistakable. Before
its advent the area was undoubtedly more uneven than at present,
since it was an old land surface which had been roughened by the
long continued erosion of streams. The ice-sheet modified all this
and tended to level up the region by wearing down the hills and
ridges and filling the valleys with debris. Upon its retreat there

“was left the heavy mantle of drift which conceals from view the
old preglacial surface. It is this drift which forms the rolling,
and in places rough, plain stretching westward from the Red River
Valley clear to the Montana line north of the Missouri, and ex-
tending fifty miles or more west and south of that river.

The broad, flat plain known as the Red River Valley was also
formed through the agency of the ice-sheet. The valley consti-
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tutes a well marked depression extending south from the basin of
Lake Winnipeg as far as the Scuth Dakota line and bordered on
the east and west by land rising 400 to 600 feet above the bottom
of the valley. Toward the close of the Glacial Period the great
body of water which has been named Lake Agassiz occupied this
valley and extended far north into Manitoba, having an area of
110,000 square miles, or more than the combined area of the Great
Lakes. The lake came into existence when the continental glacter,
during its retreat northward, gradually uncovered the broad de-
pression of the Red River Valley, and formed an immense dam
of ice at the north which prevented the drainage of the melting ice
from finding an outlet in that directon. As the ice-shect retreated
the lake was gradually extended and continued to increase in size
until its maximum area was attained. The rivers emptying into
Lake Agassiz carried large quantities of sediment which were dis-
tributed by the waves and currents and settled to the bottom to
form the sandy clay or loam of the lacustrine deposits. When
the 1ce finally disappeared from the Lake Winnipeg basin, Lake
Agassiz was drained and its bottom was left to form the level and
fertile plain of the Red river.

That but a short time, geologically speaking, has elapsed since
the close of the (Glacial Period is proved by the fact that this plain
and the drift plain occupying so large a part of the state have suf-
fered wvery little erosion. The disappearance of the continental
ice-sheet has been of such recent date that the streams have not had
time to dissect and roughen the surface with their valleys, as they
have done in the unglaciated, southwestern corner of the state.
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THE BOTTINEAU GAS FIELD

BY JOHN G. BARRY.

During the past year and a half several discoverics of natural
gas in Bottincau county and eastern Ward county have caused con-
stderable excitement. The first discovery was made at the Parker
farm about nine and a half miles south of Westhope on July 3,
1907, when gas was struck at a depth of 1¥8 feet while drilling a
well for water. Since that time many wells have been drilled for
gas in the same region and a number of them have been successful.
A preliminary investigation of the region was made carly in Sep-
tember, 1908. Since the time possible for this work was very lim-
ited, only the main facts in regard to the field were obtained.

The wells drilled in the vicinity of the Parker farm pass through
the glacial covering and cut a gas bearing sand at depths ranging
from 154 to 176 feet. Four wells at this place have shown good
flows of gas, while three others drilled to the north, toward West-
hope, have been unsuccessful. A pressure exceeding 100 pounds per
square 1mch and a flow of two million cubic feet per day is reported
for each of the successful wells. The Great Northern Oil, Gas
and Pipe Line Company, which has been carrying on prospecting
at the Parker farm, has drilled a deep well in hope of striking a
deep scated body of gas.” At the time of the visit to this region
this deep well had reached a depth of 1,180 feet. An oil well borer
of the usual American type with « derricl built on the ground was
in use. (Plate XXIX). The hoiler was fired with gas from a
nearby well. The following strings of casing were in place: 175
feet of 10-inch, G600 feet of 8-inch, and 995 feet of 6-inch, all start-
ing from the surface. On September 11, 1908, this well showed the
following section:

Fe%t Tnches

Yellow clay and gravel ... ... i, 30
Blue clay oo i e 122
Gravel with sand below (no flow of gas) .............. 16
White slate .... s e B S SR SR i G 00

Black sand senm. (Pmru‘) S T R e
Soft blue shale (caving) (Pierre?) ..o 24
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Feet. Inches.

Black “slate” (Plerre?)....ocvvuvrnrnnrnens creveineers B0
Blue shale (caving) (Pierre?) .....cooviirvuenennnn. 205
Yellow hard rock (limestone) (Niobrara?)..... e .. B
Blue shale .........coiiiis Ciiiiiiii el e 145
Sandy shale ....ooeiiiiiin i e 10
Blue shale to bottom (Benton?) .........’vcveeuvn.... 320
1,180

Oil seepage is reported in the common wells of this vicinity, but
this is probably due to decompesing organic matter in the drift.

In the vicinity of Mohall there are two wells that have yielded
gas. They are about seven miles west and north of the town, and
about 26 miles west of the wells at Westhope. A generalized sec-
tion of these wells is as follows: '

Feet
Yellow Bl cuwsvmmmsnniomsanines oo sossims 20 to 25

Blue clay ..o e e e 200
Blue shale including streaks of hlack sand and coal (?) 70 to 80
Gas was reported to occur at a depth of 225 feet, at the junction

‘of the blue clay and blue shale, and showed a pressure of 25 pounds
per square inch. It was also claimed that further drillings gave
gas at 340 and 470 feet, but this was due probably to loose casing .
‘with gas leaking down and around the bottom from the occur-
rence at 225 feet.

Since the visit to this region gas has been reported as having
been struck at the following places: Maxbass, sixteen miles south-
west of Westhope; Lansford, ten miles southeast of Mohall; and
at the McCaslin farm, fourteen miles southwest of Mohall, and
five miles west of the Parker farm, at a depth of 200 feet.

The sand in which the gas is found varies in thickness, in most
cases, from 16 to 20 feet. It is medium fine grained, rounded,
and of a greenish black color, due to an admixture of decomposing
carbonaceous matter.

An analysis of the gas made by Professor E. J. Babcock, of
the University of North Dakota, shows the following results:

Per cent
Hydtogen. wwmmsase sswsnsasy  sibng v areamst  Som 98 v 1
MEHAnE: . voowmmsmms s A A seet 827
Ethylene and other illuminants ..:..............cc..... 0.2
Carbon monoxide .........ooiiiiiiiiit i 1.2
CIXYEON s isimai SEasees Volebsne S 056 i el B 3.0
PPOWEIL v wuin s amovess s 5 i s W6 piems s 12.4

B. T. U. (calculated) 886 per cubic foot. ;
The oxygen and nitrogen are probably in the form of air.
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Boring for natural gas nine miles south of Westhope, Bottineau county.
The boiler is fired by gas.
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The gas has a slight blue color, when blown off at the well. From
the sample analyzed this appears to be a dry gas, and would doubt-
Tess be serviceable for power as well as for heat and light. TFor
lighting purposes, it would probably give the best results by use
of the mantle. From the analysis and heating power, it will be
seen that this is a valuable gas for household and industrial uses
It has an odor similar to that of gas driven off from North Dakota
lignite by distillation, and it is probable that the carbonaceous matter
of the gas-bearing sand originated either from the erosion of lig-
nite beds, or from the same kind of vegetable matter as the lignite.

In general, a flow of gas is struck in this region after penetrating
the glacial drift, at a depth varying from 154 to 200 feet. The gas
is contained in a carbonaceous sand whose thickness is between
16 and 20 feet. With the exception of the two wells at Mohall and
the one at Lansford, the gas occurs within the known area of glac-
cial Lake Souris.

It is impossible at present to definitely outline the possibilities
of the arca. The gas is now being used locally in farm houses
and 1t is proposed to pipe it to Westhope for use there, and later
to some of the other surrounding towns. Just how large a quantity
of gas is present in the arca is uncertain. TFurther prospecting
should be carried on in this area and careful records kept of all the
wells, and further analvses and accurate determinations of pressure
and flow should he made. Should this prospecting show a consider-
able arca of gas bearing sand, it is quite possible that with judicious
use this arca might supply the local demand for light, heat and
power for a mmuber of years.

Origin.—Tt has heen previously pointed out that most of the
wells of this area which have been productive are situated within
the area of glacial Lake Souris, and that the gas occurs in a
laver of sand immediately underlying the drift. Upon the re-
cession of the ice sheet from the Coteau du Missouri a glacial lake
known as Take Souris was formed, lying between the Coteau and
the southern border of the ice sheet.r The western border of this
lake extended from between Hargrave and Elkhorn, Manitoba,
on the Canadian Pacific Railway, in a southerly direction to the
international boundary at T. 164, R. 82, (United States), and thence
south to the vicinity of Minot,

Upham, Monograph XXV, U, 8. Geol. Survey, p. 267,
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From that point the lake shore extended in a southeast direction to

the southwest corner of T. 153 R. 80, northeast to the vicinity of
Rugby, and north to. Dunseith; it followed the foot of the Turtle
Mountains to the west and north; and from the northern part of
T. 1, R. 18, (Manitoba) ran in a northeasterly direction to Kil-
larney and Pelican lake. The lake occupied the basin of the Mouse
river from near the southern portion of its loop in North Dakota,
to its “elbow™ in Manitoba, where the stream changes from a south-
east to northeast direction about eighteen miles south of Brandon.
The lake stretched north along the Assiniboine to a'point a short
distance above the mouth of the Qu'Appelle river. Its extent
eastward was limited and its shore line deeply indented by the
- Turtle Mountains. In a north-south direction the lake extended
170 miles, and north of the Turtle Mountains it had a width of
about seventy miles. This lake was at first drained to the south
by the Sheyenne river, later to the north and east by Pelican and
Rock lakes and the Pembina river, and finally to the north by the
Assiniboine river, which is the present drainage outlet for the
area.

Another important fact in regard to this region should be men-
tioned. The Cotean du Missouri lies about fifty miles to the south-
west of Upham, in northern McHenry coutny, and runs in a north-
west-southeasterly direction, The Turtle Mountains lie about
twenty-five miles to the northeast of Upham. Both the Coteau
du Missouri and the Turtle Mountains have a considerably greater
altitude than the region under consideration. It is known that the
shale beds of the Cotean, underlying the glacial drift, are several
hundred feet higher than the surface to the east, and these same
shales occur in the Turtle Mountains, but are absent from the inter-
vening area. Undoubtedly the Coteau and the mountains were at

“one time continuous, but the strata of the intervening area have
been removed by erosion.

It is thought that the ice-sheet did not change to a marked degree
the larger; preglacial topographic features, but that its erosive ac-
tion was limited mostly to wearing down the smaller elevations
and partly filling the pre-existing valleys with its debris, and thus
creating a surface of more uniform contour. It is not likely that
the ice-sheet would ercde to any great extent so wide a strip of
country as that separating the Coteau du Missouri and the Turtle
Mountains. The latter, then, were separated from the Coteau prev-
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ious to the advent of the ice-sheet. Considering the course of the
Coteau du Missouri, and the Souris and Sheyenne rivers, it is reas-
onable to suppose that previous to glacial time there lay to the north
and east of the Coteau a principal drainage area which had a
northwest-southeast course, and which probably drained to the
south and east.

Whetlier this drainage was occupied by a freely flowing river
or by a large lake is not known. It is certainly reasonable to sup-
pose that there was deposited throughout the region a considerable
amount of detrital material with an admixture of organic matter,
probably of vegetable origin. Upon the advent of the ice-sheet
part of this detrital material was no doubt eroded, but some of it
could easilv be covered by the relatively thick and impervious
drift deposit. Upon the decomposition of the organic matter the
preglacial debris would act as an excellent gas reservoir. The
occurrence of this gas-bearing sand over so wide an area leads to
the belief that this preglacial drainage channel was perhaps oc-
cupied for a time by a lake.

Another possible source for the gas is the organic matter of the
shales underlying the drift and gas-bearing sand. The gas may
have formed in the shales and collected in the overlying sand.
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GOOD ROADS AND ROAD MATERIALS

BY W, H. CLARK.

ITISTORICAT,

The ecarliest knowledge we have of road building is in Egypt.
Some recent excavations near the pyramids have brought to light
the fact that a metal roadway was constructed from the Nile to one
of the pyramids.  The excavations have not been carried far
enough to determine how the road was constructed. We have a bet-
ter knowledge of the roads built m the Orient by Darius, Long
roads were built radiating out from his capital city, Susa. These
were mere trails leading from Susa to the capitals of the twenty
provinces which were under the jurisdiction of this great organiz-
ing monarch. The purpose of the roads was to faclitate rapid
communication between the king and his satraps in the provinces.
While it is true that these roads were chosen with much care, there
was very little done in the way of what we now call road building.
The hest geographical pesition was chosen, and obstructions were
removed and overcome, Turther than this there was no evidence
of road engineering. This was about five centuries before Christ.
It was not until a late period in Roman history that road building
was considered a problem for the engineer.

The earliest notable picce of permanent road building we know
of in Ttaly was hegun by Appius Claudius, 312 B. C. From this
time down to and including the Roman Empire thousands of miles of
roads were huilt. The Roman roads covered Ttaly as a network
and extended to all parts of the Roman Empire. They were built
by soldiers and slaves under the direction of an engineer, and it was
then that roadmaking was put upon a scientific basis. Since then
road construction has been considered work for the engineer, though
after the method and material have been determuined upon every
farmer becomes in a sense a road maker.

VALUE OF GOOD ROADS,

A cursory perusal of the reports of railroad commissioners and
of the data compiled by the Departments of Agriculture would
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convince the most skeptical theorist that the agricultural and trans-
portation interests of the United States overshadow in importance
the manufacturing and all other interests combined. The question
of our success as a nation depends not on what we can make,
valuable. as this element is, but on what can be raised from
the soil and transported to the consumer at a cost that will not be
prohibitive. Therefore it follows logically that our national im-
portance hinges in a large measure upon the condition of the high-
ways throughout the country ; for, if crops be abundant, labor plen-
tiful, and money for transportation can be had at reasonable rates,
- but the roads cut off communication from farm to shipping points,
the price of the produce becomes abnormally high and what ought
to become a public benefit becomes a national calamity.

The lines of inquiry in one experiment showed that the average
length of cartage over country roads was slightly over twelve miles,
with an average weight of a little over two thousand pounds per
load, and a consequent cost of about twenty-five cents per mile. Al-
though these figures are correct for upward of a thousand cognties
throughout the United States, they would be modified by complete
data covering the whole country, but they are indicative of the
general condition and cost to the farmer of transporting his pro-
duce. We would not for a moment permit the railroads of the coun-
try to charge such an exorbitant rate, but the grangers and others
have for years acquiesced in a practice that has robbed them of the
comforts and in many instances of the necessities of life.

On good roads heavier loads can be drawn faster and the differ-
ence between the selling price of the produce when carried in a
wagon over a smooth road for an hour and the price of the same
product transmitted over a rough road for three hours is oftentimes
the difference between profit and loss. It has been mathematically
demonstrated and shown to the eye by the use of highway maps
that the improvement of from eight to sixteen per cent of the total
highway mileage of the state, being the main highways which follow
the valleys or are arbitrarily established in level sections, will
leave no farm further than five miles from the main highways.
Therefore, the improvement of a comparatively small percentage
of the total mileage is of a certain and positive value to the entire
agricultural interests of the state. The following table shows the
cost of hauling products five miles, which gives readily to the eye
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the reason why a longer haul is not profitable unless the products
transported be of greater than ordinary value as compared to the
usual product carried.

A1.25 will haul a ton Cost per mile
3 ntlles on & eommisn Fomwd ool vvnin eneei e siwnn e 30LES
1205 to 15 miles on a well made road SR wEaan v A2
miles on g trelley road ... R
250 miles on a steam toad ... 005
1,000 miles on a steamship ... i L0012

Stated briefly, the economies effected by good roads are:

1. Reduction of the number of horses kept for hauling. 2. Re-
duction of wear and tear on horses. 3. Saving of repairs to
wagons and harnesses. Considering the first of these, in 1900
there were 314,193 horses in North Dakota. Good roads would
mean that this number could be decreased one-fourth. It can be
seen that a large saving would be effected. Farmers would not
need to keep more than the usual number required for the regular
work on the farm. In addition to the hauling done directly by the
iarmers themselves, there is 'a large amount done by dairymen,
freighters, ranchers and others who keep horses solely or princi-
pally for the purpese of hauling on the roads and they would cer-
tainly require fewer horses if the roads were improved. The
load which ean be drawn by a horse depends upon the grade and the
surface of the road. The following table shows the relative number
of horses necessary to pul an equal weight on various level sur-
Taces:

Surface Number of horses
LiTe R o R 1
DISERAAN, & spemn ponsy SHETE  BUETEE DRUE O 8RB 40 Uh. b AR 34
Earth SN RS DREG DEE NUAIEN SR DU 20)
Sand . e 20)

Another way in which good roads will increase the hauling ca-
pacity of a horse is in the fact that much lighter wagons could
be used than are now required to withstand the jars and shocks
of our bad roads, and more of the horse work would go directly
into hauling the load and less into merely hauling the dead weight
of the wagon.

Secondly, the wear and tear on the horses is a very serious ftem
to farmers, both by reducing the life service of the animal, and alsa
by increasing the necessary food. Iigures on this point are very
difficult to make accurately, hut everyone having the care of horses
will recognize that the saving will be considerable,

i 2
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Thirdly, there s a great saving in the repairs to harness and
wagons effected by good roads. Here again it is difficult to produce
accurate figures, but it has been estimated that the saving in the
repair bill will be about one-third.

INCREASE OF LAND VALUE,

We see then that the economic saving in good roads by the re-
duction in the number of animals, the wear and tear on horses,
and repairs to-wagons and harnesses, is of great importance, yet
there is another important consideration which we must not over-
look. This is the increased value of land. Tt is trae that we cannot
get any information from North Dakota on this phase of the sub-
ject for not much road building has been done. But much evi-
dence can be secured from the eastern states, all of which shows an
advance in the price of land as soon as the roads are improved.
In New York a hard road was put in at a cost of $1.50 per acre
of the adjoining farms and the land increased in value from $20 to
$30 per acre. In Connecticut there are three towns in a line, the out-
er two of which have improved their roads with the result that their
land values are fifty per cent higher than those of the middle town.
In Maryland a large number of farmers were asked their opinion
on this subject and the universal answer was that the lands would
increase in value.

Before leaving this phase of the subject of the appreciation of
land values by good roads, it must not be overlooked that such
roads increase land prices by increasing the demand fer the land,
For what farmer in changing his home would not, other things be-
ing equal, move to a region of good roads rather than to one of bad
roads. The reverse is true, and bad roads tend not merely to keep
off prospective scttlers but they even drive away those who have
already made a home in the neighborhood, and thus depreciate
land values. -

This line of inquiry concerning the importance and indispensa-
bility of good roads in every community, conducted by government
and state, has shown the present prohibitive cost of cartage and
the great necessity of hauling at a cheaper rate. Nearly all are
convinced of these facts. That which is more to the point at this
time, and which is extremely more valuable to farmers and all
concerned is to indicate how this prohibitive tax of hauling may be
decreased. Information regarding this may come from a num-
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ber of sources, including the Nerth Dakota Geological Survey,
which can furnish valuable data. Tt has been the purpose of the
Survey in its field work to locate road materials and examine their
‘quality, There is a wide variance in the gravels of the state. It
is not only necessary that farmers and other road builders know
where the most available road material is located but money may be
saved in many instances if a poor worthless material is avoided
and a hetter one substituted.

The study of road metals and road surfacing materials in North
Dakota has been greatly neglected, both because North Dakota,
in common with South Dakota, Nebraska, and Kansas has a nat-
urally good road surface; and hecause there has not been any
public demand until recently for such information.

RELATION OF ROADS TO TOPOGRAPHY AXND GEOLOGY.

The relation of”the topography, geology and climate of North
Dalkota to the roads is not so complex as m many states. For our
purpose North Dakota may be divided into three parts. First, the
river valleys, which include the Missouri, Mouse, James, Red and
their tributaries; second, the glaciated area of the state exclusive
of the river valleys; and third, the unglaciated portion in the south-
western corner of the state. The latter includes Billings, Bowman,
Stark, Hettinger and Adams counties. The purpose of this class-
ification is two-fold, in that these subdivisions indicate the material
of the natural roadbed, and also the gradients.

The River Falleys. The natural road surface of the Red River
Valleyv is typical of the other river valleys of the state. It is a
black sticky loam., When wet it is extremely tenacious and when
dry it bakes very hard. The indications all pomnt to the probabil-
ity that if the road surface was properly smoothed and erowned after
each rain it would dry into an ideal roadbed. But the fact still
remains that it is alwavs heavy and sticky when wet. This, then,
demands that the road should be surfaced. Now the Red River
Valley 1z poorly situated with reference to road metals. The only
road surfacing materials are found along the western portion of
the valley, in the old shore lines of Lake Agassiz, which consist
of sand and gravel. These beaches commence approximately at
the southeastern corner of North Dakota and run northwest for
seventv-five miles, to T. 133, R. 51 W thence they extend nearly
due north. These old beaches which mark the former shore-line
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of Lake Agassiz contain all the road surfacing material for that
part of the Red River Valley which lies in North Dakota. The
beaches of themselves form 2 natural highway, no surfacing is re-
quired, and the grade in passing northward is only two hundred feet
in three hundred miles, or two-thirds of a foot per mile. Practi-
cally no stone is found throughout this entire area, except the gravel
of the heaches.

The beaches, which are approximately parallel, vary in number
from six to fifteen, and occupy a strip one to six townships wide.
They include an area of at least four thousand square miles. All
of the roads in this area are so favorably located that they can be
cheaply surfaced. Not all the material in these heaches is suit-
able for road surfacing, but there is an abundance of excellent grav-
el. At the southern end of Lake Agassiz, where the shore lines
enter North Dakota, there is a delta of large area, formed by the
Sheyenne river. The surface from a depth of from fifteen to
forty feet is compesed of delta sand and gravel. It is a plain sloping
gently eastward and crossed by the Herman and Norcross shore-
lines, and in part by the Tintah and Campbell shores on its eastern
and southeastern border. The front of this delta begins at the
Herman beach in the south tier of townships in Cass county. From
the Maple river it extends eastward eight miles, passing Leonard,
and thence southeasterly twenty-five miles. Its greatest length
fifty miles from southeast to northwest and its greatest width is
thirty miles. It covers an area of 800 square miles. Large
tracts of this delta are channeled by the winds and heaped up in
dunes which rise to a height of twenty-five to one hundred feet or
more. Most of - the delta is composed on the surface of coarse
sand, though gravel deposits are found 1n places. The four beaches
which border this delta, three on the east and one on the west, fur-
nish an abundance of gravel for road surfacing material. As this
area is crossed by five railroads, the sand and gravel are readily
available.

The road problems which exist on this delta are the opposite of
those found in adjacent parts of the Red River Valley. Here the
rainfall readily soaks into the soil leaving it dry and sandy. The
cheapest method of preparing such a road surface for traffic
would consist in surfacing it from the gravel beds. On the other
hand the sand and gravel of the delta would be serviceable in pre-
paring the roads of the muddy valley to the east. It has been
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determined by a large number of experiments all over the United
States that sand and clay  mixed to the point of saturation make
a hard and durable road surface. The Shevenne delta, then, will
not only furnish gravel for its own roads hut 1t is an abundant source
of supply for sand and gravel for a large arca hetween it and the
Red river. The grades on this delta, as in the Red River Valley,
are unperceptable.

The geological and topographical conditions which we find on
the Sheyenne delta largely prevail on the Elk Valley delta. The
latter commences in T. 156, N., R. 56 W., and ends in T. 147 N,
R. 55 W. It is about sixty miles from north to south and has an
average width of nine miles. This extensive delta of sand and fine
clavey silt was brought into Lake Agassiz by the glacial river of
the Elk Vallev. It 1s traversed on its eastern border for twenty
miles by the Tintah heach which contains an abundance of sand
and gravel highly desirable for road surfacing. This delta is also
traversed by the lower IHerman and Norcross beaches which also
contain suitable road materials. ‘

In the extreme northern part of the state, along the shore-line of
Lake Agassiz, is found the delta of the Pembina river. This lies
mostly in T. 162 and 163 and R. 56 and 57, In the gravel of this
delta the pebbles of some beds are mainly Cretaceous shales. of
others mostly Iimestone, and of others granite and gneiss.  In the
aggregate these three classes have a nearly equal representation,
and thev are commonly fntermingled in the same beds.  White
quartz and moss agate are frequent, and bits of silicified wood oc-
cur rarely. All of the constituents of these gravel beds malke ex-
cellent road surfacing material with the exception of the argil-
laceous shale, which is soft and when ground up by the atirition
of wagon wheels becomes slippery.

The three ecastern beaches, namely, Burnside, Gladstone and
Ojata, are largely clay mixed with a Iittle gravel and sand. These
will not make good road surfacing material as thev have too large
a proportion of lacustrine silt. The Emerado beach which runs
parallel to these on the west is mainly composed of sand and gravel
of a high road surfacing qualitv. Extending as it does for a long
distance through the vallev with mud roads on both sides of it.
its sand and gravel are available for many miles of highway. Tt
crosses the northern boundary of North Dakota in the north-
eastern corner of T. 164, R. 55, and extends southeast to Cava-
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lier. From that point it passes in a southerly direction to Crystal ;
from Crysal southeasterly to Emerado and Buxton. In sections 2,
11, 12 and 13, T. 162, R. 55, the Emerado beach widens out info
a sand deposit. The Campbell beaches north of the Pembina delta
in T. 163 and 164, R. 5%, are composed of sand suitable for mixing
with ¢lay. Along the banks of the Pembina and Little Pembina
rivers many fine exposures of sand, gravel and boulders are found,
as in section 36, T. 163, R. 57, and extending northeast for a mile,
On the Pembina delta in sections 13, 14, 23, and 24, T. 162, R. 5%,
are found good gravel Jeposits, which also occur in section 18, T.
162, R. 56. The Campbell embankment west of Cavalier, in T.
161, R. 55 and 56, is formed of sand suitable for mixing with clay.
The Herman, Norcross, Tintah and Campbell beaches in T. 158,
159 and 160, R. 56, show much sand and gravel.  These extend
southeast of Edinburg, where the Great Northern railroad has
opened a gravel pit in the Norcross beach. The “mountain™ which
extends south from Edinburg through T. 157, 156 and 155, R. 56,
is a glacial moraine. The drift composing it contains many bould- -
ers, sand, clay and grauel, ‘which is especially well shown on the
South Branch of Park river. At Arvilla there is a large gravel
pit opened by the Great Northern railway. The morainal depos-
its in Cavalier couhty, in the southeast corner of T. 159, R. 64,
and in T. 160, R. 61 and 62, contain good gravel suitable for road-
making.

The soil of the Red River Valley is typical of the other rive
valleys of the state, thongh they are much narrower. The fact
that the flood plains of the rivers are relatively narrow and that
abundant supplies of gravel occur along the sides of the valleys
make well surfaced roads cost much less than similar roads in the
wide valley of the Red river. The distance of road material from
the place where it is to be used largely determines the cost, and
sometimes actually prevents mprovement. The valley of the
Mouse river along its northward course is very wide. Very little
gravel occurs in the valley proper though gravel terraces are found
along the river bank, and on the edge of the bench land border-
ing the valley. The gravel in the latter location varies in size from
fine material to large water worn pebbles.

The central part of the state in common with the eastern has no
natural rock desirable for road materfal. In the neighborhood of
Denbigh occcur sand dunes which supply’ good material to mix
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with the vallev clays. It is a matter of common observation that
here and there in North Dakota are found stretches of sand-clay
roads never known to be bad. This fact has led to numerous ex-
periments with varying results, but all indicate that the cssentials
to success in sand-clay road building are puddling and saturation.
v puddling is meant that the clay is mixed until it is homogeneous.
Saturation means that sand is added until each grain is in contact
with other grains on all sides. The scarcity of road metals in
North Dakota indicates that sand will have to be used in many
cases as a substitute {or other materials.  So many experiments have
heen carricd on by the government and local organizations that
no doubt now remains but that sand and clay when properly mixed
make a road that will stand the severity of public travel. For
this reason, it is desirable to know the location of sand pits and
sand dunes. None except sand composed of angular grains is
adapted to sand-clay road making. Sand with grains which are
rounded, or sand which has been ground up by the action of wheels
or water until very fine is unsatisfactory and often worthless. The
wse of such material should be avoided, as a perfect bond cannot
be effected. Care should alwavs be taken to sclect the sharpest
and cleanest sand that can be found. TFerruginous clays are the
best and chalky clavs are the poorest for road-building purposes.
Sedimentary clays are quite difficult to get fully saturated with
sharp sand so as to become unyielding and homogeneous.

The numerous sandbars and gravel terraces along the Mouse,
James, Missouri, Shevennce rivers and their tributaries form a
widely scattered and abundant supply of these materials for many
parts of the state. For many years to.come sand and gravel will
be the surfacing material for the wagon roads of North Dakota.

The Glecial Drift Plain. Thirty-two countics of the state are
more or less covered with glacial drift.  The drift extends west
from the Red River Valley and exclusive of the river valleys takes
in all the remainder of the state except Stark, Bowman, Billings,
Adams and Hettinger counties in the southwestern part. The
chief characteristic of this area is its imperfect drainage, Kidder
county, for example, having no rivers. Throughout this region
there are many marshy, swampy places which need to be graded.
The surface is a gentle rolling prairie, and the road work to he
done will usually consist largely of cutting down the elevations
and filling up the depressons.
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The sorl of the glaciated part of the state is admirably adapted.
to making a natural road surface. It is a glacial drift composed of
sand and clay, and containing some gravel and boulders. . This area
is abundantly supplied with scattered rock which was brought by
the ice-sheet and left scattered over the surface. The cost of
good permanent roads per mile in the glaciated region is less than
for the same class of roads in the valleys.

The drift contains a varying amount of gravel, often in sufficient
quantity for road building. Throughout North Dakota the glacial
deposit forms a mantle of such thickness and extent that exposures
of the underlying bed-rock are very rare or wholly absent. West
of the Missouri tiver the drift thins out until the underlyimg rock
is exposed in several counties. Where the continental glacier in
its retreat remained stationary for a time it built terminal moraines,
or hills, knolls, and ridges of drift heaped along the ice border.
There are eleven of these moraines which form hilly belts in the
eastern half of North Dakota. These are a possible source of road
surfacing materials over a large part of the state. In many places
there 1s just the right proportion of clay and sand to make an ex-
cellent road. In very few places is the soil as sticky and slippery
as the lacustrine silt of the Red River Valley..

While the ice was retreating there was a large amount of water
flowing from its outer border. These streams sorted the materials
of the drift and left deposits of gravel and sand in many places.
This modified or stratified drift is found in many countiesof the state,
and its gravels are available for roads. Taken as a whole, the
roads in the glaciated parts of the state are superior in their un-
improved condition to similar roads of the valleys. While in some
respects North Dakota is poorly supplied with road making mater-
ials, vet no state can boast of a larger proportional number of
miles of road which give continuous satisfactory service. And
this is due to the glacial drift and its natural adaptation to road
surfacing.

Great numbers of houlders occur 1n the drift covered area, most
of them composed of igneous rock. If broken and crushed, these
would afford excellent road materials.

Roads in the Unglaciated Arca. In that portion of the state
which is not covered with drift different conditions prevail. The
surface is well drained by the numerous streams, and there are
none of the marshes, swamps, and lakes of the drift plam. While
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much of the region is a gently rolling plain, where the roads have
gradual grades, along the main streams, particularly the Little
Missouri, the country is exceedingly rough, and the roads for the
most part either follow the streams or the divides. The badlands
are confined largely to the Little Missours, and form a belt from
fifteen to twenty miles wide, within which the streams have dis-
sected the surface into a labyrinth of valleys, ravines and gorges.

Throughout this section there is very little gravel for road sur-
facing. On the other hand, soft sandstone and shale are abundant,
though their usefulness as a road buwilding material is doubtful.
11 the sandstone was used for road purposes, it would rapidly dis-
integrate into sand ,though-it may have a function in forming fills.
The shale occurs in all gradations from sandy to clavev. What has
heen said of the sandstone can also he said of the arenaccous
shale. PBoth may endure for a long time in fills when kept {rom
the disintegrating action of climate and wagon wheels.  The
highway engineer in choosing cither of these road metals should
have data from the testing laboratory. Morrison, in his Highway
Engineering, sayvs that argillaceous shale is unsuited for road build-
ing purposes. Tt weathers into a slippery clay. It is important
that these facts should be known, as it may save money to road
builders by causing them to discard the sandstone and shale in favor
of a more durable road metal.

A road surfacing material is found in the southwestern coun-
ties which does not occur in any other section of the state. This
is burnt clay, frequently called scoria. In other states of the
Union where wood is plentiful, one method of hardening the pre-
pared road surface is by burning wood which is piled upon it.

TTere in North Dakota we have an abundance of clay already
burned. Lignite coal beds, many hundred square nules in extent,
have burned out in places, leaving a vast amount of clay burned
to a bright red color. If fully burned the material is entirely chang-
ed in character, and when wet it has no tendency to form mud.
The heat entirely destrovs the plasticity and a light clinker is form-
ed which, though not particularly hard, when pulverized forms a
smooth surface and seems to wear well. It is used for sidewalks,
crosswalks, and paving in some of the smaller western towns of
the state, and is proving highlv satisfactorv. Tt is hard, absolutely
clean, and does not wash easilv. Moreover it is casily handled.
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Found in small flakes on the surface of the ground: it can be
shoveled into a wagon as easily as loose coal. When it is remembered
" that burned clay occurs in large quantities in several counties, it
will be seen that it one of the important road surfacing materials
of the state.

CLIMATE AND ROADS,

s

There is a very close relation between the climate of a state and
the character of its roads. Climate profoundly modifies topog-
raphy and topography is presumably the most important factor af-
fecting roads. For example, in the eastern part of North Dakota
the rainfall is moderate while in th western part of the state it us-
ually occurs in a torrential manner. Now it is easily seen that
the surface in-the tatter section will he washed and gullied more than
where the rain falls slowly.. Also, where the rain comes gently
more of it soaks into the ground, making the soil spongy in the
summer and heaving it in the witner. A sandy soil will permit water-
to pass through, while a clay surface retains water. The natural
forces to be withstood by a road metal are: 1. Heavy ramns,
which tend to wash the road. 2. Winds, which have a tendency
to sweep away zall the fine material ground up by travel, instead
of allowing it to become consoclidated again with the mass of the
road. 8. Great changes of temperature. 4. Frost. The’ effect
of the first and last of these forces in the different parts of the
state is varied. Under any condition a road has to lie open to
rain. A heavy rainfall on a clay soil makes the road soft in summer,
and frost toosens the bed of the road in winter, adding to the soft-
ness each succeding summer. The rain cannot be kept off the road,
but highway construction can keep the water from soaking into
the road. The two important effects of rain are washing the sur-
face of the road bed, and soaking the foundation. Tn the Red River
Valley, the washing of the road surface is inconsiderable, but the
soaking of the sub-surface is often disastrous. When the base is -
saturated with water the whole roadbed becomes soft and traffic
is stopped. On the other hand, the effect of rain in the unglaciated
section is reversed. When the roadbed is not placed upon the na-
tural rock foundation, it has a sandy base which lets the water
pass through it. When, however, the rain comes in the usual for-
rential manner, the road surface is badly washed and gullied.
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WINDS

Winds, which tend to sweep away all the fine material ground up
by traffic, have little effect on valley roads. Their great influence
is noticeable in the glaciated part of the state where the soil is of
a sandy nature. This fine material has a cementing influence if
allowed to wash into the surface of the road. Good binding power
has long been known to road builders to be one of the most impor-
tant properties possessed by a satisfactory road stone. 1i the fine
material of a road hinds well, it protects the foundation of the road
from soaking, and withstands better the action of the wind and
rain. Cementing power is a very important and valuable property
of any road material.

The soil of the river valleys of North Dakota bonds well. This
is easily recognized from the appearance of a dry road that was
badly cut up by wagon wheels when wet. After baking in the sun
the uneven edges are cemented powerfully enough to sustain a
heavily loaded wagon. If such a road surface were smoothed be-
fore drving it is scen that while dry it would prove an ideal high-
way. Then, again, if the natural surface can be manipulated to
prevent soaking and capillary action, the road building process m
river valleys is practically solved.

The soil in the glaciated area does not bind so well as that of
the river vallevs, but containing a large proportion of gravel, it is
on the whale better than that of the valleys. Great changes of tem-
perature are characteristic of the whole state. The rapid {reczing
and thawing will alwayvs he an important disintegrating factor, les-
sened only when water is kept from the surface and foundation o
the road.

SOME RULES OF ROAD BUILDING.

While it is true that each road officer knows best the conditions
which prevail in his own community, there are some general rules
applicable to all places.

First, what chall be the cross-section profile. From side to cen-
ter it should rise from one to three inches per foot, depending upon
other conditions. An arc of a circle is often used, and is a very
caad form, but on the whele a curve more convex toward the
center than toward the sides is best.  If there is no grade the roadbed
does not need much crown. The crown should increase as the
grade increases. On a level road, the water is cast off at right
angles from the center of the road. Now if the grade increase
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and the crown of the roadbed does not, the water will run down the
road guite a distance before it reaches the side, that is, providing
there are no ruts or wagon tracks. If these are present water start-
ing from the center of the road, beiore reaching the ditch, will
flow into the wagon tracks, and thus down the grade, gullying the
road in this manner. Some figurés might be used to illustrate the
relationship between crown and grade. Suppose a smooth road
has a ten per cent grade and a ten per cent crown. Water starting
from the center of the roadhed would flow away from it at an angle
of forty-five degrees from the center line of the road. In a road
of greater grade and less ¢rown the water would never reach the
ditch, but would flow <down the wagon tracks, It has been deter-
mined that the crown should never be less than the grade®and pre-
ferably a little greater.

While the cross-section is important, it is probably not so impor-
tant as the gradient. The force necessary to pull a load on level
macadam road is one-thirtieth of the load. A gradient of one in
thirty doubles the above force. Descending, a load will just move
of itseli. Now if a load pulls three and one-half times as heavy
on sand as on macadam, the force required on a level sand road
will be seven-sixtieths of the load. To this add any considerable
gradient and it will be seen that the load will have to be cut down
0 keep it within horse-power. .

' MACHINERY.

What will be the machinery used to produce the desired cross-
section and gradient? Tn a level country the grader is the ideal
machine. It will not only remove the material from the ditch to
the roadbed, but will give the surface the desired form. That which
seems more important than the machinery to make the first road-
bed is the machinery to keep the roadway reshaped and recrowned.
Two simple but important home-made implements are worthy of
consideration. The first of these is the home-made roller. A num-
ber of two-hy-fours cut to the desired length of the roller are
stood on end in a circular form and fastened together. In the
center of this cylinder a gas pipe is placed, protruding at either end.
Then the roller is filled with cement. A tongueé is attached to the
ends of the gaspipe. Any desired weight of roller can be obtained
by varying the diameter of the cylinder,

The other implement referred to is the King split log drag used
in many states. The Minnesota State Highway Commission has
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adopted 1t, their description of which is found in the Road Red
Bock. One very important feature of proper road maintenance
is that of keeping the ruts out by continual dragging. The split
log drag is easilv and cheaply constructed and consists of the two
halves of a ten or twelve inch log, cight fcet long, iramed to-
gether after the manner of a wooden rack, and drawn with the
split faces to the front along each side of, and at an angle of forty-
five degrees to the line of the road. This drag should be used
while the road 1s wet as it is then in the best condition for puddling
and smoothing. During each dry period the attrition of wheels
has ground up some fine material.  Mention has alrcady been made
of the binding properties of this fine matter. DBinding power is
probably the most important property to be sought for in any road
surface, and its presence 15 always necessary for the best results,
Now, a rain soaks this binding material into the surface of the
roadbed. Continued application of the split log drag puddles it,
and spreads concentric lavers of impervious material over the sur-
face of the road. This puddled surface will not only turn water
but capillary action is almost entirely stopped, so that it will not
soak up water from a wet foundation. A road treated in this man-
ner has as good a rain proof roof as the shingled dwelling house,
provided the soil has a natural binder in it. Now it may be safely
assumed that any soil which drys into hard impervious lumps has
a natural binder. These seem to be the two simple, popular and uni-
versally used road machines.
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