UPPER ORDOVICIAN AND SILURIAN ROCKS
OF NORTH DAKOTA

ABSTRACT

The Upper Ordovician and Silurian rocks of North Dakota are
comprised of three formations which in ascending order are the
Stony Mountain, Stonewall and Interlake Formations.

The Stony Mountain Formation of Upper Ordovician age is
divided into two members, a lower or Stoughton Member and an
upper or Gunton Member. The Stoughton Member is thickest in
the southeastern part of the state where it consists of about 110
feet of calcareous, silty shale and silty, shaly limestone. It thins to
about 30 feet of interbedded shaly limestone and calcareous shale
in the northwestern part of the state. The Gunton Member is
thickest in the northwestern part of the state where it consists of
about 100 feet of dolomitic limestone, limy dolomite, and one thin
bed of anhydrite. It thins southeastward where it consists of about
45 feet of dolomite near the erosional limit of the Stony Mountain
Formation.

The Stonewall Formation of Upper Ordovician to Lower Silu-
rian (?) age consists of about 120 feet of finely crystalline limestone
and dolomite with two thin anhydrite beds near the base in the
central basin area. The anhydrites pinch out towards the margins
of the basin where the Stonewall Formation consists of light color-
ed dolomites.

The Interlake Formation of Silurian age ranges in thickness
from about 1,100 feet in northwestern North Dakota to an erosion-
al edge in eastern North Dakota. It has been divided into three
intervals on the basis of fine grained clastic marker horizons which
mark interruptions in the predominantly carbonate deposits. The
lower two intervals are mostly finely crystalline dolomites while
the upper interval consists of limy dolomite and dolomitic lime-
stone.

The upper interval of the Interlake Formation has produced
oil from three fields along the Nesson Anticline and shows have
been reported from the Stony Mountain Formation in the same
area of North Dakota. Both of these formations are productive in
the Montana portion of the Williston Basin and should be prospec-
tive horizons in other areas of North Dakota.
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SILURIAN AND UPPER ORDOVICIAN ROCKS
OF NORTH DAKOTA

INTRODUCTION

General Introduction

Oil and gas in commercial quantities have previously been
found in rocks of Silurian age in the Williston Basin in three pools
along the Nesson Anticline in northwestern North Dakota, along
the Cedar Creek Anticline in southeastern Montana, and the Out-
look area in northeastern Montana. The purpose of this study is
to present information about the Silurian knd Upper Ordovician
rocks of North Dakota, thus making this information more readily
available and perhaps encouraging further exploration of the petro-
leum potentials of these rocks in North Dakota.

The stratigraphic nomenclature for the interval of study has
been derived from the outcrop areas of southern Manitoba and ex-
tended into the subsurface of the Williston Basin with some modi-
fications. The Ordovician-Silurian systemic boundary has not been
satisfactorily established in the Williston Basin, because deposition
was probably continuous, or nearly continuous, from the Upper
Ordovician through the Lower Silurian epochs. Therefore, for con-
venience of study, the studied interval includes the Stony Moun-
tain Formation of Upper Ordovician age, the Stonewall Formation
of Upper Ordovician to Lower Silurian (?) age, and the Interlake
Formation of Silurian age.

A location map (Fig. 1) shows most of the wells which have
penetrated Silurian or older rocks in North Dakota. Wells omitted
are some field wells along the Nesson and Cedar Creek Anticlines
and a few wells south and east of the erosional limit of the Stony
Mountain Formation in southeastern North Dakota.

Sample cuttings, cores and mechanical logs from the wells
penetrating Silurian rocks furnished the basis for the present study.
The lithologic studies included examination of cuttings and cores
with a binocular microscope, thin section and insoluble residue
studies. Descriptions of cuttings were available from North Dakota
Geological Survey Circulars for a number of wells and some of
these descriptions were used on the cross sections (Figs. 3 to 6).
Some of these samples were also restudied by the writers.
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Previous Work

Prior to 1951, nine oil exploration wells and a few water wells
in the northeastern part of the state had penetrated Silurian rocks,
but the character and distribution of Silurian rocks in North Dakota
was still a matter of conjecture. Laird (1941) published sample
descriptions for a few of these wells and Kline (1942, p. 347) sum-
marized briefly the lithology and distribution of Upper Ordovician
and Silurian rocks in North Dakota. However, Seager, et al (1942,
p. 1421), in a discussion of Kline’s paper, expressed a difference of
opinion as to the areal extent of the Silurian rocks in North Dakota.

Exploration activity in 1951 and 1952 furnished much new in-
formation and provided a basis for reliable correlations and a better
understanding of the areal distribution of the Silurian and Upper
Ordovician rocks in the Williston Basin. Thus, Rader (1952, p. 52-54)
described the general lithology and distribution of the Stony Moun-
tain and Interlake + Gunton Formations in the central Williston
Basin and Towse {1952, p. 8) briefly described the Upper Ordovi-
cian and Silurian rocks of south-central North Dakota. Laird and
Towse (1953) described the Stony Mountain Formation and the
Silurian rocks of North Dakota and mapped the areal distribution
of these rocks. Present concepts of the areal distribution of these
rocks agree with their maps except for minor revisions along the
southeastern erosional margin. General descriptions of the lithology
of the Upper Ordovician and Silurian rocks of North Dakota have
also been published by the North Dakota Geological Society (1954),
Folsom and Anderson (1955), Hainer (1956), Middleton and Ken-
nedy (1956), and Carlson, et al (1960).

Porter and Fuller (1958, 1959) published detailed studies of the
Lower Paleozoic rocks of the northern part of the Williston Basin
which included the northern part of North Dakota. Andrichuk (1959)
published a detailed studv of the Ordovician and Silurian strati-
graphy of southern Manitoba and Fuller (1961) discussed the Upper
Ordovician and Silurian rocks throughout the Williston Basin.
These papers pertaining to detailed subsurface stratigraphy and
the relationships of the subsurface and surface sections in Manitoba
are of particular value to any study of the Upper Ordovician and
Silurian strata in North Dakota because of the demonstrable physi-
cal equivalence of the North Dakota and Manitoba subsurface sec-
tions and the extension of the stratigraphic nomenclature from the
surface sections of Manitoba to the subsurface of the Williston
Basin.

Porter and Fuller (1959, p. 131-133) demonstrated the physical
equivalency of the subsurface and surface sections of the Lower
Paleozoic rocks of Manitoba. Then, they traced subdivisions of the

4



Lower Paleozoic rocks through the subsurface of the Williston
Basin by the use of marker horizons. These marker horizons were
found to be useful in the present study and we have attempted to
extend them throughout the areal extent of these rocks in North
Dakota.

However, this approach leads to a problem of nomenclature
because the Saskatchewan Geological Society (1958) proposed for-
mal names for the subdivisions of the Lower Paleozoic rocks as
defined by Porter and Fuller. Since the basis for subdivision was
marker horizons, which they believed to be time-parallel markers,
ratner than based on lithology, they called these subdivisions Beds
(i. e., para-time rock units) rather than Members (i. e., rock units).
The American Code of Stratigraphic Nomenclature makes no pro-
vision for para-time rock units. It provides that key or marker beds
may be named, but such names are usually considered as informal.
Therefore, if one is to follow the Code, the problem is resolved to
one of whether these subdivisions are considered as time-strati-
graphic or rock-stratigraphic units.

The subdivisions of the Stony Mountain Formation in North
Dakota based on lithology coincide with the subdivisions based on
marker horizons. Therefore, the terms proposed by the Saskat-
chewan Geological Society as para-time rock units are herein ac-
cepted for these rock-stratigraphic units in North Dakota.

Their subdivisions of the Interlake Formation are based on
clastic horizons marked by characteristic deflections on Gamma
Ray logs in an otherwise quite similar carbonate sequence rather
than on lithologic differences above and below these marker hori-
zons. Therefore, we have used their marker horizons for subdivi-
sion of the Interlake Formation, but since these are not rock-strati-
graphic units, we prefer to call these subdivisions intervals rather
than Beds or Members.

STRATIGRAPHY

Stony Mountain Formation

Name and Definition:

The Stony Mountain Formation was defined by Dowling (1901,
p- 46) as the Ordovician rocks lying between the top of the Trenton
and the base of the Silurian rocks in the Stony Mountain, Manitoba
area, Okulitch (1943, p. 60) determined a thickness of about 110
feet for the Stony Mountain Formation in the type area and divided
it into four members which in ascending order were: Stony Moun-
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tain Shale, Penitentiary, Gunton and Birse Members. Baillie (1952,
p. 8) accepted Okulitch’s lower two members, but included the
Birse in his Gunton Member. Baillie’s three member subdivision has
generally been accepted for the outcrop area of Manitoba, but Sin-
clair and Leith (1958, p. 244) proposed that the term Gunn Member
be applied to the lower member (Stony Mountain Shale) so as to
abide by the Stratigraphic Code (Art. 16, d) which states that the
same names should not be applied to a unit as a whole and to a part
of that unit.

The relationships of the surface and subsurface sections of the
Stony Mountain Formation in southern Manitoba have been pre-
sented by Porter and Fuller (1959, p. 131, Fig. 4). They divided the
Stony Mountain Formation of the subsurface into two units, the
lower or Stony Mountain shale Member which they believed to be
equivalent to Sinclair and Leith’s Gunn and Penitentiary Members
of the outcrop section and an upper or Gunton Member equivalent
to the Gunton Member of the outcrop section. The Saskatchewan
Geological Society (1958) used the same twofold subdivision as
Porter and Fuller, but they introduced the term Stoughton Beds for
the lower or Stony Mountain Shale Member. The writers have ac-
cepted this twofold subdivision of the Stony Mountain Formation
in North Dakota and have accepted the terms Gunton and Stough-
ton for the upper and lower members respectively.

Age:

Fragments of brachiopods, bryozans and other invertebrates
are relatively common in cuttings of the Stony Mountain Forma-
tion. Most of these are fragmentary and would be difficult to identi-
fy but cores of the Stoughton Member from the Union Oil Com-
pany — Aanstad No. 1 well (NDGS No. 20) in northeastern North
Dakota are quite fossiliferous and might provide a representative
fauna. These paleontological studies were not included in this stu-
dy however, and the age of the Stony Mountain in North Dakota
is based on lateral continuity to adjacent areas where its age has
been established.

The Stony Mountain Formation is quite fossiliferous in the out-
crop sections in southern Manitoba where it has been established
that it is of Upper Ordovician age (Dowling, 1900, Okulitch, 1943).
Subsurface studies of the Stony Mountain Formation in eastern
Montana (Ross, 1957) and the Stoughton Member in Saskatchewan
(Brindle, 1960) have shown that these subsurface sections are also
of Upper Ordovician age. Since the Stony Mountain Formation of
North Dakota is laterally continuous to these areas and is relatively
uniform in thickness throughout these areas it must also be of
Upper Ordovician age in North Dakota.
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Lithology:

The Stoughton Member consists of medium dark gray (N 4),
fossiliferous limestone interbedded with dark gray, (N 3), calcareous,
fossiliferous shale in the central part of the Williston Basin. In-
soluble residue studies of this member show the shale content gen-
erally increasing downward from about 20 per cent in the upper
ten feet to from 45 to nearly 50 per cent in the lower part of this
member in the central Basin area based on core chips from the
Amerada Petroleum Corporation — Boe, Olson No. 1 well (NDGS
No. 1403). Cores from the Amerada Petroleum Corporation — An-
telope Unit No. 1 well (NDGS No. 2373) show generally similar
results but one ten foot interval (13,082 to 13,092) had about 55
to 60 per cent insoluble residue.

In the eastern and southern parts of North Dakota the Stough-
ton Member consists of light gray (N 7), argillaceous, fossiliferous
limestone and light gray (N 7) to light greenish gray (5 G 8/1) and
grayish red purple (5 RP 4/2), calcareous, fossiliferous shale. The
shale and silt content gradually increases to the east and south.
Cores from the Union Oil Company — Aanstad No. 1 well (NDGS
No. 20) in northeastern North Dakota have about 40 per cent in-
soluble residues for the middle part of the Stoughton Member
and 55 to 60 per cent insoluble residues for the lower part of this
member. No cores of this member are available for the south-cen-
tral part of the state, but cuttings and mechanical logs indicate that
the percentages for that area would be similar to those found in
the northeastern part of the state.

The Gunton Member consists of brownish gray (5 YR 4/1) to
yellowish brown (10 YR 6/2), finely crystalline, limy dolomite and
dolomitic, fossiliferous limestone with a thin bed of anhydrite in
its upper part in the northwestern part of the State. The anhydrite
pinches out rapidly toward the margins of the Basin and the car-
bonates become more dolomitic so that the Gunton Member is
predominantly yellowish gray (5 Y 7/2), fine grained dolomite in
the southern and eastern parts of North Dakota. Sandy zones have
been noted in cores of the upper part of the Gunton Member of
the central Basin area, but they are often difficult to note in sample
cuttings. However, the sand content increases towards the east and
south and the sandy zones are usually noted in cuttings from those
areas.

Thickness:

In that part of North Dakota where the depositional thickness
has been preserved the Stony Mountain Formation ranges in thick-
ness from about 115 to 180 feet (Fig. 7). However, beyond the cover
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of the overlying Stonewall Formation, the Stony Mountain Forma-
tion thins rapidly due to post-Silurian erosion and is absent from
the southeastern part of the State.

Isopachs of the two members of the Stony Mountain Forma-
tion show quite dissimilar patterns (Figs. 8 & 9). The Stoughton
Member thins continuously and gradually from about 110 feet in
southeastern North Dakota to about 30 feet in the northwest. Con-
versely the Gunton Member, about 100 feet thick in the northwest
corner, thins to about 45 feet near its erosional limit in the south-
east. This regional thinning of the Gunton is interrupted by a slight
basinal thickening in west-central North Dakota. Thus the thickest
section of the Stony Mountain Formation lies in west-central North
Dakota where it coincides with the area of greatest thickness of
the underlying Red River Formation. This suggests little change
in basinal subsidence patterns from the Middle Ordovician epoch
g the beginning of the Upper Ordovician epoch in the Williston

asin,

Relation to Adjacent Strata:

The Stony Mountain Formation conformably overlies the Red
River Formation and is conformably overlain by the Stonewail For-
mation except where the Stonewall Formation has been removed
by erosion near the erosional limit of the Stony Mountain Forma-
tion. The Stony Mountain Formation is unconformably overlain by
rocks of Devonian age in southeastern North Dakota and by rocks
of Jurassic or Cretaceous age in the northeast.

Stonewall Formation
Name and Definition:

Kindle (1914, p. 249) proposed the term Stonewall Formation
to include all of the Silurian rocks of southern Manitoba, naming
them for a quarry near Stonewall, Manitoba, which exposes the
lowermost Silurian beds. This usage was generally accepted until
Baillie (1951, p. 9) proposed that the Stonewall Formation be re-
stricted to include only the lowermost Silurian strata of southern
Manitoba and proposed a new name (Interlake Group) for the en-
tire Silurian section of southern Manitoba. Stearn (1956, p. 10) ac-
cepted Baillie’s definition of the Stonewall Formation, but on the
basis of faunal studies excluded it from the Interlake Group and
assigned an Upper Ordovician age to the Stonewall Formation.
Most subsequent workers have followed Stearn’s interpretation and
considered the Stonewall to be a separate formation of probable
Upper Ordovician age, but this interpretation has not been un-
challenged. Andrichuk (1959, p. 2381) discussed the age and cor-
relation of the Stonewall Formation and concluded that the main
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sedimentary break in the subsurface occurs at the base of the Stone-
wall Formation. Therefore he included the Stonewall Formation
in the Interlake Group. However, since the Stonewall Formation
can be separated from the rest of the Interlake Group with a
fair degree of accuracy and most writers have favored treating it
as a separate formation it is herein considered as a separate forma-

tion and its subsurface usage is as defined by Porter and Fuller
(1961, p. 131, Fig. 4).

Age:

The Stonewall Formation was generally considered to be of
Silurian age until Stearn (1956) in a report on the outcrop area of
southern Manitoba separated the Stonewall Formation from the
Interlake Group and assigned an Upper Ordovician age to the Stone-
wall Formation. This interpretation has been questioned by others
(Porter and Fuller, 1959; Andrichuk, 1959). Porter and Fuller (1959,
p. 178) noted that the Upper Ordovician fauna comes from the
lower part of the Stonewall Formation and suggested that the upper
part of the Stonewall Formation might be of Silurian age. Andrichuk
noted that the main lithologic break is below the Stonewall Forma-
tion and considered the faunal evidence to be inconclusive.

No fossils were noted in cuttings or cores of the Stonewall For-
mation in North Dakota. Brindle (1960, p. 18-19) reported a few
fossils from wells in Saskatchewan which tend to support the sug-
gestion that the Ordovician-Silurian systemic boundary might lie
within the Stonewall Formation but the evidence is not conclusive
as yet. Therefore in this report, the Ordovician-Silurian boundary
is tentatively placed within the Stonewall Formation.

Lithology:

In northwestern North Dakota, the lower part of the Stonewall
Formation consists of a thin bed of anhydrite at the base overlain
by about 20 feet of light (N 7) to medium dark gray (N 4), finely
crystalline limestone. Next above is another thin anhydrite bed
overlain by 20 to 25 feet of medium gray (N 5) to brownish gray
(5 YR 4/1), finely crystalline, dolomitic limestone. The upper part
of the Stonewall Formation consists of light brownish gray (5 YR
6/1), finely crystalline dolomite in this same area. Toward the
margins of the Basin the anhydrites pinch out, the entire section
becomes dolomitic and the dolomites are lighter colored, being
yellowish gray (5 YR 8/1) to moderate orange pink (10 R 7/4) ex-
cept where weathering has introduced pink and reddish alteration
near the erosional limits of the Interlake and Stonewall Formations.

Thickness:

The isopach map of the Stonewall Formation (Fig. 10) shows a
typical Williston Basin pattern with the area of greatest accumula-

9

tion of sediments in the northwestern part of the state and a grad-
ual depositional thinning toward all flanks of the Basin. Thus it
reflects a change in depositional patterns and resembles the isopach
of the overlying Interlake Formation rather than the underlying
Stony Mountain and Red River Formations. This map also shows a
reflection of the Nesson Anticline structure with a thinning of the
Stonewall Formation in that area. The Stonewall Formation is
absent from the southeastern part of the state where it thins rapid-
ly beyond the cover of the overlying Interlake Formation due to
post-Silurian erosion.

Relations to Adjacent Strata:

The Stonewell Formation conformably overlies the Stony Moun-
tain Formation of Upper Ordovician age. It is conformably over-
lain by the Interlake Formation of Silurian pge except near its
erosional edge where it is unconformably overlain by rocks of
Devonian age in the southeastern part of the State and by rocks
of Jurassic and Cretaceous age in the northeast.

The upper contact has been placed at a clastic zone which
marks a slight interruption or diastem in carbonate deposition. This
clastic zone is no more prominent than other clastic zones in the
lower interval of the Interlake Formation, but Stearn believed that
this clastic zone marked the Ordovician-Silurian systemic boundary
and this is perhaps the main reason that the Stonewall Formation
has continued to be recognized as a separate formation. The lower
contact is placed at the base of an anhydrite bed in the central
Basin area which grades laterally to a fine grained clastic zone to-
ward the margins of the Basin.

Interlake Formation

Name and Definition:

Baillie (1951, p. 6) proposed the term Interlake Group to in-
clude all “the strata that overlie the Stony Mountain Formation of
Ordovician age and underlie the Ashern Formation of Silurian or
Devonian age” in the Interlake area of Manitoba. As has been noted
earlier, Stearn (1956, p. 6) removed the Stonewall Formation from
the Interlake Group, but Andrichuk (1959, p. 2381) again included
the Stonewall Formation in the Interlake Group. Baillie’s original
definition and Andrichuk’s revision of the Interlake Group have
some merit, because the marker horizon at the top of the Stone-
wall Formation is no more prominent than some other markers in
the Silurian strata. Nevertheless the majority of workers have re-
cognized the Stonewall as a distinct formation of possible Ordovi-
cian age and since the marker bed by which the Interlake is separ-
ated from the Stonewall in the subsurface can be traced through-
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out the area of study the Interlake Formation is herein used as de-
fined by Stearn and extended to the subsurface by Porter and Fuller
(1959).

Stearn (1956, p. 6) divided the Interlake Group of the Manitoba
outcrop area into six formations. However, these subdivisions of the
surface sections cannot be traced into the subsurface and a more
satisfactory subdivision for the subsurface is the three unit sub-
division of Porter and Fuller (1958, p. 35). Here a problem of
nomenclature arises since they used the para-time rock term “Beds”
for their subdivisions and the Saskatchewan Geological Society
(1958, p. 12-17) proposed formal names for these Beds. We have
accepted Porter and Fuller’s marker horizons as the basis for sub-
division of the Interlake Formation in North Dakota, but since
these are para-time rock units we prefer to call these subdivisions
intervals rather than Members or Beds. Since intervals are informal
units and since the Saskatchewan Geological Society chose lease
names rather than geographic names for their subdivisions, we have
used upper, middle and lower for our subdivisions of the Inter-
lake Formation in North Dakota rather than formal names.

Age:

The Interlake Formation is considered to be of Silurian age by
all writers, but there has been some dispute as to what part of
the Silurian System it represents. Stearn (1956, p. 8) considered the
entire Interlake Group of the outcrop area of southern Manitoba
to be of Middle Silurian age with a disconformity between the In-
terlake Group and the Stonewall Formation representing the entire
Lower Silurian Series. This interpretation has been questioned by
Porter and Fuller (1959, p. 178) on the basis of the reported fauna
and on a depositional basis since on a regional scale there is no
evidence of a sedimentary break between the Stonewall and Inter-
lake formations.

The Interlake Formation is very sparsely fossiliferous and no
fossils were noted in cuttings, cores, or in the insoluble residues in
the present study. Brindle (1960, p. 22) reported paleontological stu-
dies of the Interlake Formation in Saskatchewan and on the basis
of these studies agreed with Porter and Fuller’s suggestion that
the Interlake Formation represents Lower and Middle Silurian
deposition. He further suggested that the boundary between the
Lower and Middle Silurian might lie within the lower interval of
the Interlake Formation.

Lithology:

The lower interval consists of light brownish gray (5 YR 6/1)
to brownish gray (5 YR 4/1), very finely crystalline dolomite inter-
bedded with three thin beds of anhydrite in the central basin area.
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The uppermost anhydrite bed is the marker horizon which separ-
ates the lower and middle intervals of the Interlake Formation. The
anhydrite beds pinch out rapidly toward the margins of the basin
and the lower interval consists of very pale orange (10 YR 8/2) to
light yellowish gray (5 Y 8/1) and white (N 9), very finely crystal-
line dolomite in those areas.

In the central basin area, the middle interval consists of light
yellowish gray (5 Y 8/2), very light brownish gray (5 YR 7/1), and
very pale orange (10 YR 8/2), fine to medium crystalline dolomite
containing some white and very light gray chert. The chert has
been noted only in cuttings, so it is not known whether it occurs
as bedded chert or as nodules. Toward the margins of the basin,
the middle interval consists of white (N 9) to very pale orange (10
YR 8/2), very finely crystalline dolomite which is very similar to
the lithology of the lower interval in that area. Since the anhydrite
beds of the lower interval are absent toward the margins of the
basin the lower and middle intervals become inseparable in those
areas.

The upper interval consists of light brownish gray (5 YR 6/1)
to very light gray (N 8), limy dolomite and dolomitic limestone with
a red clastic zone at its base which may mark a disconformity with-
in the Interlake Formation. Carbonate textures vary from finely
crystalline to pelletoidal, fragmental and microgranular. Vuggy
porosity is common. The basal beds consist of pale red (5 R 6/2) to
grayish pink (5 R 8/2), silty, sandy, dolomite which in some wells
grades to a fine to medium grained, dolomitic sandstone.

Thickness:

The Interlake Formation ranges in thickness from about 1100
feet in northwestern North Dakota to 0 at its erosional margin in
eastern North Dakota. The cross sections (Figs. 3 to 6) and the
isopach of the upper interval of the Interlake Formation (Fig. 12)
show that most of the thinning is due to post-Silurian — pre-Devon-
ion erosion. Thus it can be seen that most of the increased thick-
ness of the Interlake Formation in the central part of the Williston
Basin is due to an increased thickness of the upper interval in that
area. The lower and middle intervals thin from about 550 feet in
the central part of the basin to about 450 feet near the erosional
limit of the overlying upper interval, whereas the upper interval
varies in thickness from a maximum of about 570 feet in the cen-
tral part of the basin to 0 at its erosional limit. Beyond the cover of
the upper interval the middle and lower intervals also thin marked-
ly due to pre-Devonian erosion.

In the central part of the Williston Basin the upper and mid-
dle intervals of the Interlake Formation are separated on the basis
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of a prominent gamma ray marker associated with a clastic zone
which seems to have a quite wide-spread distribution. However,
a problem of correlation of the upper and middle intervals arises
on cross section B-B’ in northcentral North Dakota, where a red-
dish zone with a prominent gamma ray deflection was encountered
at a depth of 8713 to 8745 in the Wanete Oil Company — M. O. Lee
No. 1 well (NE NE Sec. 24, T. 156 N., R. 85 W.). The total section
of Interlake Formation is thick enough so that some upper Inter-
lake should be present in this well, but whether this marker hori-
zon is the same marker horizon as the one used to separate the
middle and upper intervals in the central part of the Basin is un-
certain because there is a distance of 60 miles between these wells
with no subsurface control. If this is the same marker it indicates
a slight unconformity between the middle and upper intervals on
the northeast flank of the Basin, and, although this interpretation
cannot be proved, it was used for the isopach maps. The basis for
using this interpretation are; (1) a reddish zone is also found in the
California Company — B. Thompson No. 1 well (SW SE Sec. 31, T.
160 N., 81 W.) at a depth of 6770 to 6797 feet and (2) in both of
these wells the lithology is predominantly dolomitic limestone
above the reddish zone and predominantly dolomite below the
reddish zone, a lithologic pattern similar to that of these intervals
in the central part of the Basin.

Relations to Adjacent Strata:

The lower contact is conformable and gradational with the un-
derlying Stonewall Formation. The upper contact is marked by
the pre-Middle Devonian unconformity with the Interlake Forma-
tion unconformably overlain by rocks of Devonian age except in
northeastern North Dakota where it is unconformably overlain by
rocks of Jurassic and Cretaceous age.

CONDITIONS OF DEPOSITION

Silurian deposition in the Williston Basin is characterized by
rather quiet conditions with relatively few tectonic disturbances and
generally continuous, slow, subsidence, modified by minor epeiro-
genic movements around the edge of the Basin and by discontinu-
ous movements along the Nesson Anticline. The period was ended
by pre-Middle Devonian uplift and erosion. Even this last uplift
was of epeirogenic nature as it was a regional uplift of the whole
Williston Basin which produced few major folds or faults.

The upper Red River, Stony Mountain and Stonewall Forma-
tions are a succession of rhythmic carbonate and evaporite de-
posits interrupted by thin, but widespread, argillaceous and sandy
beds (Porter & Fuller, 1959, p. 173). The alternating beds of eva-
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porites and normal marine carbonates are a record of deposition
in a shallow basin which was restricted from time to time by slight
movements. The thin anhydrites were probably deposited in shal-
low evaporitic seas in the center of the depositional basin and re-
present intervals of standstill at the ends of periods of epeirogenic
uplift (Kent, 1960). After deposition of the anhydrite, normal marine
conditions were re-established and another cycle began.

The argillaceous and sandy marker beds in the Upper Ordovi-
cian strata generally are considered as clastic incursions interrupt-
ing the dominant carbonate and evaporite cycles. The shale beds
of the Stoughton are the most prominent of these incursions. Porter
and Fuller (1959) formerly believed that these beds had their source
area to the southeast, probably from the Transcontinental Arch or
Sioux Uplift Area. Increase in subsurface information and rein-
terpretation of previous data (Fuller, 1961, Pdtterson, 1961) have
shown that this theory of origin is wrong. The Stoughton and
analagous beds do increase in argillaceous content to the south-
east but no unconformity exists in the Sioux Uplift area to demon-
strate uplift and erosion. Fuller (1961, p. 1351) now believes that
the source area was to the southeast but much more distant than
the Sioux area.

Therefore, the Upper Ordovician beds of the Williston Basin
show a record of carbonate deposition in a shallow marine basin.
Conditions alternated from normal marine to penesaline and lime-
stone, primary dolomites, and anhydrites were deposited. This
carbonate and evaporite succession was interrupted by argillaceous
beds, probably derived from the southeast.

Apparently no unconformity or diastem exists between Or-
dovician and Silurian deposits of the Williston Basin. A gradual
change in basin orientation and depositional patterns occurred
near the end of the Ordovician since the isopach of the Stonewall
formation resembles that of the Interlake more than that of the
Stonv Mountain or Red River. The Stonewall thins over the Nes-
son Anticline, indicating shoaling of the sea which leads one to
suggest that movement of that structure occurred during Stone-
wall time.

Devositional conditions during Interlake time were similar to
that of the Uvper Ordovician beds. Anhvdrite beds exist in the
lower Interlake but are not so widespread nor cyclical as in the
Ordovician. The sea was probablv more saline than normal marine

and the fine-grained dolomites of the Lower Interlake probably are
primarv.

] On the margins of the basin, the lower and middle Interlake
intervals have a similar lithology and, in the absence of marker
beds, or paleontologic evidence, are not separable at the present
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time. In the center of the basin, the middle interval contains dolo-
mite which is more coarsely crystalline and of a different color than
the lower interval. Also, unlike the lower interval, the middle Inter-
lake contains chert but no anhydrite.

From- this evidence, the middle Interlake carbonates were
probably deposited in a sea slightly more saline than normal marine
but which never approached the conditions necessary to precipitate
anhydrite.

Chert has been found to date only in the middle Interlake in
the center of the basin. The chert has been observed in cuttings
only and the authors have seen no evidence to support a con-
clusion as to whether the chert is primary or secondary.

The lower and middle Interlake intervals appear to be con-
formable except locally in the Beaver Lodge area of the Nesson
Anticline. In that area (see Figure 3) a few beds at the base of the
middle Interlake are missing over a high in the Lower Interlake.
There is no change in thickness of the lower Interlake so the high
is not the result of carbonate build-up. This suggests that there
was slight upward movement of the Nesson Anticline at the be-
ginning of middle Interlake time.

The upper Interlake consists of pelletoidal and fragmental
dolomitic limestone. It was probably deposited in a shallow sea
near wave base or in a similarly high-energy environment which
formed the pellets and pseudo-oolites.

It is not known how much or what kind of sediments may have
been deposited after the upper Interlake interval. Uplift followed
upper Interlake deposition and this could have led to the forma-
tion of a restricted evaporitic sea in the Williston Basin and the
dolomitization of the upper Interlake beds by the reflux mechanism
(Adams & Rhodes, 1960). The dolomite could have been introduced
during the pre-Middle Devonian erosion or during deposition of
the Middle Devonian sediments.

In the absence of fossils, the upper Interlake is assumed to be
Middle Silurian in age (Fuller, 1961, p. 1361; Brindle, 1960, p. 22).
At some time between the Middle Silurian and the Middle Devon-
jan the entire area was uplifted and any Upper Silurian rocks that
may have been present were removed by erosion. Even though the
control points are widespread, there does not appear to be much
topographic relief on the pre-Devonian surface, and the area was
probably eroded to base-level. The Upper Interlake is thin over
the Nesson Anticline indicating uplift either before or during the
period of erosion.
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During Interlake time thin, sandy, argillaceous beds were de-
posited in the Williston Basin intercalated with the carbonates.
These are analagous to similar deposits in the Upper Ordovician
strata but are not so prominent. They probably had the same origin
as the marker beds of the Upper Ordovician formations.

In summary, the Interlake Formation was deposited in a shal-
low sea slightly more saline than normal marine waters. Carbonates
were by far the dominant sediments deposited. In the center of
Fhe basin, anhydrite and evaporitic dolomites were deposited dur-
ing lower Interlake time and chert was formed during middle In-
terlake time. The upper Interlake was deposited under high-energy
conditions which produced pellets and pseudo-oolites. Occasional-
ly Qun‘ng the Interlake thin argillaceous and sandy beds were de-
posited. The Nesson Anticline was uplifted slightly during the first
part of middle Interlake time and at sometime after deposition of
the upper Interlake. Between Middle Silurian and Middle Devonian
time the area was uplifted and eroded.

ECONOMIC GEOLOGY
Introduction

Tl}e original discovery of oil in North Dakota was from Silurian
rocks in the Beaver Lodge field at the Amerada Petroleum Corpora-
tion — Clarence Iverson No. 1 well (SW SW Section 6, T. 155 N,
R. 95 W.) on April 4, 1951. However, with the subsequent dis-
covery qf oil in the Madison Group (April 26, 1952) in the Beaver
Lodge field the original well was plugged back to the Madison re-
servoir and there was no further development of the Silurian pool
until 1957, when a development program began. The limits of the
Beaver Lodge-Silurian pool had been defined by 1959 with 20
wells capable of production, although because of high gas-oil
ratios these wells have been shut in.

The second Silurian pool (North Fork Field) was discovered
by the Amerada Petroleum Corporation — H. H. Shelvik,, Tract 1,
No. 1 well (NE SW Section 35, T. 150 N., R. 97 W.) near the south
end of the Nesson Anticline on March 1, 1958. However, this proved
to b.e a marginal well and it was plugged and abandoned after pro-
ducing 3,029 barrels of 53.6° API gravity oil and 2914 barrels of
water in an eight month period.

The Antelope-Silurian pool was discovered by the Amerada
Petroleum Corporation at the Antelope Unit “A” No. 1 well (NE SE
Section 1, T. 152 N., R. 95 W.) on February 16, 1960, and the cum-
ulative production of this well to January 1, 1962, was 69,781 bar-
rels of 44.9° API gravity oil. A northwest extension was completed
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by the Amerada Petroleum Corporation at the Oleson Unit No. 1
well (NW SE Section 30, T. 153 N., R. 94 W.) in August, 1960, and
cumulative production from this well to January 1, 1962, was 97,901
barrels of oil. Six wells penetrating Silurian rocks were drilled
either within or offsetting the Antelope field limits as of January
1, 1962, however four of these have been abandoned. Information
from these wells indicates that the Antelope-Silurian pool has at
least as much closure as the Antelope-Sanish pool (Devonian). How-
ever, the Silurian oil accumulations in this area seem to be con-
trolled by porosity and permeability variations as well as structure,
so some of the early development has been discouraging and the
limits of the Antelope-Silurian pool must await further development.

Beaver Lodge — Silurian Field Study
Development:

The Beaver Lodge field is the only Silurian pool which has
been completely developed in North Dakota to date. It was deve-
loped on a spacing pattern of 320 acres with 20 producing wells for
a total area of 6400 proven acres. The producing horizons are at
depths of about 11,350 to 11,750 feet with a net pay of about 180
feet. No production history is available, but the initial potentials
ranged from 42 to 609 barrels of 50.1° API gravity oil and averaged
about 196 barrels per day. Initial reservoir pressure was 5350 psi
and gas-oil ratios ranged from 2817 to 1 to 15,463 to 1. Since this
is a condensate reservoir the State Industrial Commission has shut
in the Beaver Lodge-Silurian pool with the hope that the field
would prove to have enough reserves to warrant construction of
a re-cycling plant for the gas production. However, no such plant
has been built to date and the pool is still shut in.

Structure:

A structure map on the Interlake Formation in the Beaver Lodge
Field (Fig. 14) is very similar to structure maps of the Beaver
Lodge-Madison reservoir but differs inasmuch as the Silurian re-
servoir has a slightly greater closure in the southwestern part of
the field and the closures in the northeastern and southwestern
part. of the field are separated on the Interlake structure map,
whereas they are connected on the Madison structure map. Thus
the Silurian reservoir covers a greater area than the Madison re-
servoir in the southwestern part of the field, but is non-productive
in the northeastern part of the field. The cross section (Fig. 15)
shows mechanical log characteristics of the upper part of the Inter-
lake Formation and the producing horizons in the Beaver-Lodge-
Silurian pool.
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Producing zones:

Production in the Beaver Lodge-Silurian pool is from the upper
Interlake interval. Nearly three-fourths of this interval was cored
during the drilling of the Amerada-Iverson, Nelson Unit No. 1 well
(NE 1/4, Sec. 2, T. 155 N., R. 96 W.) and thin sections of this core
were made in order to gain a better understanding of the charac-
teristics of this interval.

Petrography:

The classification of carbonate rocks proposed by Folk (1959, p.
14) seems to be most useful for the upper interval of the Interlake
and was used for the petrographic descriptions. Grain size terms
for the allochems are also used as defined by Folk (1959, p. 16).

The cored portion of the upper Interlake can be divided into
three lithologic units. The upper lithologic unit extends from the
top of the Interlake at 11,453 feet down to about 11,565 feet (9,137-9,
249 feet below sea level). The middle lithologic unit of the upper
Interlake interval extends from about 11,565 feet to about 11,600
feet (9,249-9,284 feet below sea level) and the lower lithologic unit
of the upper Interlake extends from about 11,600 feet to the base of
the core at 11,785 feet. Cuttings and mechanical logs indicate that
similar rocks are present down to the base of the upper Interlake in-
terval at 11,910 feet.

The most prominent rock type of the upper unit consists of med-
ium, round to subround intraclasts, closely to loosely packed in a
matrix ranging from sublithographic limestone with scattered fine
dolomite crystals to a very finely crystalline carbonate containing
common to abundant dolomite crystals ( Plate I, Figs. 1-4). Some
beds contain common fine pellets which are mostly structureless,
sublithographic limestone and are generally round to subround.
Large fragments are rare, generally angular to subangular and
may themselves contain smaller fragments. Oolitic coatings are very
rare.

The matrix is generally either a very finely crystalline to sub-
lithographic limestone with scattered dolomite crystals or a finely
crystalline calcareous dolomite. Only one specimen was seen in
which the cementing material was sparry calcite. (Plate II, Fig. 1).
The dolomite is probably secondary so this rock type can be classi-
fied as a dolomitized intramicrite-microsparite under the system of
Folk (1959) or as a fine to medium calcarenite under the system of
Beales (1958). It is by far the most common rock type in the upper
unit, making up 60-70% of the beds.

Interbedded with the intramicrite-microsparite are beds of fine-
ly crystalline calcareous dolomite containing rare intraclasts or the
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ghosts of intraclasts (Plate II, Figs. 2-3). In some cases there can be
seen a gradation from intramicrosparite, containing loosely packed
to scattered round intraclasts, to dolomitic microsparite containing
a few remnants of intraclasts.

A minor rock type in this unit is a sublithographic to very fine-
ly crystalline dolomitized limestone (dismicrite-microsparite of Folk,
1959). This type contains irregular-shaped, smooth-walled pores
which are usually filled with coarsely crystalline calcite or anhydrite.

Fine to very fine angular anhedral quartz grains are scattered
throughout the upper lithologic unit of the upper Interlake in-
terval. While they are found in all the different rock types they are
more common and slightly larger in the intramicrite-microsparite.

Interstices in the intramicrite and the pores in the dismicrite are
generally filled with calcite and/or anhydritg or rarely with what
is questionably identified as celestite. Fair to poor porosity is de-
veloped in local zones where these interstices have not been filled.
Vertical fractures, which are common, are also an important part
of the porosity and permeability of this unit. Black to brown live
oil staining is present in the pores (Plate I, Fig. 3), on the fracture
surfaces, and in large spots in the finely crystalline dolomite.

Definite fossils or fossil fragments were not seen. Possible lami-
nated algal growths are present in a few beds (Plate I, Fig. 5).

The middle lithographic unit is mainly interbedded sublitho-
graphic dolomitized limestone and finely crystalline calcareous dolo-
mite. Closely packed medium to fine intraclasts are present in a
few thin beds and the finely crystalline dolomite commonly contains
remnants and ghosts of intraclasts (Plate II, Fig. 4 and Plate III,
Figs. 1 & 2).

Anhydrite is present as pore fillings in the intraclast parts of
the rock and as rare lath-shaped crystals in the finely crystalline
dolomite, but is not as common as in the upper lithographic unit.
Calcite and rare celestite (?) are also present but likewise are not
as common as in the upper unit. Fine quartz grains are present but
are very rare. No fossils were seen.

Pinpoint and vuggy porosity is present in local zones where the
interstices of the intraclast rock have not been filled, and where
pores are present in the dismicrite. Fractures are common and are
the most important part of the effective porosity. Oil staining is
present on fractures, in the local porous zones, and in the finely
crystalline dolomite.

The most prominent lithology of the lower lithologic unit of the
upper Interlake is fine to very finely crystalline dolomite which in
places contains remnants and ghosts of intraclasts (Plate III, Figs.
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