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INTRODUCTION

The gravity maps presented here are a part
of the continuing program of the North Dakota
Geological Survey to investigate the geology of
the state. These maps are expected to be of con-
siderable interest to those studying the geologic
structure of this area.

Field data was obtained during the 1960 and
1961 field seasons using elevations taken from
the United States Geological Survey topographic
maps. The location of the topographic maps may
be found by reference to the “Index to Maps of
North Dakota” published by the U. S. Geological
Survey. In instances of road construction after
publication of the maps new elevations were es-
timated by determining the change in elevation
from the old road to the new road or from bench
marks to the new surface. Detailed work would
necessitate considerably more accurate elevations,
but for a regional map, as presented here, such
elevations were deemed sufficiently accurate.

The writer is indebted to Miller Hansen, Assis-
tant State Geologist, for his advice and instruc-
tions and for the initial field work accomplished
in the mapped area.

INSTRUMENT DATA

A Carter Type “Y” gravity meter was uséd
for all observations in this report. The meter is
a null-type instrument so constructed as to be
unaffected by variations in barometric pressure.
The combination of a vacuum filler for insulation
and a self-contained thermoregulator, permits the
use of this meter through a wide range of tem-
perature variations. Adaptation for use in North
Dakota required only a latitude adjustment.

Each dial division is equal to 0.71 gravity
units. Rider readings taken occasionally indicated
that during the course of the survey no appreci-
able change in instrumental sensitivity occurred.

FIELD PROCEDURE and COMPUTATIONS

The gravity meter was transported in a special-
ly adapted vehicle for field operation, thus pro-
viding protection for the meter and decreasing
the time required for observations.

Lines of observations were restricted to no
more than three miles apart, where possible, with
stations normally established at each section corn-
er. Lines were generally established in an east-
west direction to facilitate observation of the more
rapid gravity changes. Whenever necessary, due
to extreme variation in readings, the lines were
run at one mile intervals. Experience indicated
that in much of the region covered observation
lines at two mile intervals were sufficient especial-
ly when supplemented with occasional readings
one mile apart.

Instrumental drift was normally quite low,
being on the order of tenths of a gravity unit.
The drift was determined by making a second
observation at the base station at the close of
each run. Runs were limited to three hours or
less, and corrections were made by distributing
the difference linearly with time among all
stations read between the two base station read-
ings. On occasion, extreme variations on the
order of 5 gravity units or more were observed
between the two base station readings. These ex-
tremes were attributable to excessive rises in the
daily temperature causing the gravity meter to
overheat. On such occasions these stations were

re-run during cooler weather to insure accuracy.

Values determined for this map are directly
dependent upon the first base stations establish-
ed by Hansen (1960) in Section 32, T. 163 N., R.
94 W. Subsequently, Hansen completed an unpub-
lished gravity profile from the Columbus area
to the Antler region via State Highway 5. The
present map is a continuation of Hansen’s work.
The initial base station was arbitrarily assigned
the value of 500 gravity units, with all other
stations dependent upon this value as the gravi-
metric survey was expanded eastwardly from the
western part of North Dakota. No station was
considered to be a bass station iinless it was tied
in from at least two directions with successive
readings closely related. Tie-ins of this nature
varied commonly by no more than one gravity
unit, with extremes being less than two gravity
units.

Computations were conducted in accordance
with the method of Nettleton (1940). Free-air and
Bouguer corrections were combined into a single
correction. Latitude corrections for the area map-
ped amount to 12.9 gravity units per mile.

Terrain correction were unnecessary through-
out most of the area mapped due to the low topo-
graphic relief. Terrain corrections were computed
for stations in the Turtle Mountains region in the
northeastern portion of the mapped area, but were
not included in the final values for several rea-
sons. The primary reason was that complete topo-
graphic map coverage was not available for all
stations in and around the Turtle Mountains to
allow complete terrain corrections for all zones
in the method outlined by Hammer (1939).
Attempted corrections indicate an average in-
crease of 0.37 gravity units for those stations
located more than four miles from the Turtle
Mountains, 1.83 gravity units for stations located
in a belt of one to four miles width along the
perimeter of the mountains, and 0.63 gravity
units for those in the Turtle Mountains. In view
of the fact that these stations are all located on
a rapidly increasing gravity high, and that the
corrections are relatively minor in comparison to
the size of the anomaly it seems unnecessary to
consider the terrain corrections in order to keep
within the accuracy of this map.

RESIDUAL GRAVITY

Because observed gravity values are a super-
position of local gravity fields upon regional gra-
vity fields it was deemed advisable for better
definition of local anomalies to produce a residual
gravity map. Since there is no one accepted
method, the residual gravity map is a reflection
of the writer’s conception of the proper procedure
for the north-central North Dakota area and for
a regional map of this type. Griffin (1949) indicates
that a residual map is dependent upon the selec-
tion of the size and shape of the geometric form
used to calculate the residual value. Thus it may
be that the reader will prefer a variation on the
writer’s system or perhaps even a new system.

In the absence of observed values at various
section corners, estimated values were obtained
for these positions by assigning the average value
of the surrounding stations to that location.

Residual gravity values were determined for
each section corner by the formula

A g=g(0)-g(r)

where £ g is the residual gravity value, g(o) is
the observed gravity at a given point, and g(r) is
the average observed gravity value at a radial
distance r from point g(o).

The value g(r) was determined by using an
octagon with its points lying on a circle with a
radius of 3 miles (Fig. 1). In order to achieve
maximum accuracy residual gravity values were
determined for only those points so located that
all points of the octagon possessed either observed
or estimated values. Therefore, residual gravity
values were determined for all stations exclusive
of a peripheral belt three miles wide along the
fringes of the mapped area. Also, due to the sparse-
ness of stations in the Turtle Mountains region
no attempt was made to evaluate the remaining
unobserved positions, and to remain within the
established procedures no residual values were
determined for this region.

Positive residual values indicate that the value
of g(o) is greater than the average value of the
surrounding points while negative residual values

at point g(o) indicate that this point has a lower
gravitational attraction than the surrounding aver-
age value.

DISCUSSION OF THE OBSERVED
GRAVITY MAPS

Corrected values in gravity units were plotted
on the map and gravity contours were drawn at
intervals of 10 gravity units or 1 milligal. The
map indicates a gravity high north and east of
Dunseith, T. 162 N., R. 73 W., with a relatively
gentle gradient to the east and south. West of
this anomaly the gradient is uniform and extreme-
ly steep until reaching a north-south line running
appproximately through Souris, T. 163 N., R. 77
W., and east of Kramer and Upham, T. 160 N., R.
78 W., and T. 159 N., R. 78 W. respectively.

West of this north-south line the overall char-
acter of the observed gravity map changes con-
siderably. A series of parallel gravity highs and
lows occur to the western edge of the map. The
first series of anomalous highs consists of one
northwest of Kramer and a second northwest of
Upham. Gravity lows occur southwest of Souris
and at Kramer.

A second row of anomalous gravity highs is
composed of one located northeast of Westhope,
T. 163 N., R. 80 W., a second west and southwest
of Newburg, T. 160 N., R. 79 W., and a third due
south of the Pratt oil field.

A major gravity low extending from a posi-
tion southwest of Westhope almost due south to
an area southeast of Glenburn, T. 158 N., R. 82
W., separates the previous series of gravity highs
from a third row of highs positioned along the
western border of the map. Here an anomalous
high lying west of the Minot Air Force Base ex-
tends northward with a gradual decrease in size.
South of Antler, T. 163 N., R. 82 W., this gravity
high reverses its character and increases in degree
as the International Boundary is approached.

Dr. H. D. B. Wilson reports (personal com-
munication to Dr. W. M. Laird, State Geologist)
that teams from the University of Manitoba in
making gravity observations have traced a large
Precambrian mountain range from the Hudson
Bay area to the Manitoba, Saskatchewan, North
Dakota boundaries. The southern extension of the
gravity high referred to by Dr. Wilson is shown
in the Antler vicinity on the observed gravity map.

In general the overall situation in regard to
the observed gravity map is one of decreasing gra-
vity values from east to west. This conforms with
the configuration of the basement complex which
becomes deeper toward the western part of North
Dakota.

Indicated on the observed gravity map are all
wells drilled outside of the oil field boundaries.
Within the limits of the fields only the discovery
well is shown. The well numbers used are North
Dakota Geological Survey well file numbers.

DISCUSSION OF THE RESIDUAL
GRAVITY MAP

Residual gravity values were plotted for each
location possessing a complete complement of sur-
rounding observed or estimated values. Gravity
contours were drawn at intervals of 5 gravity units
or 0.5 milligals.

The area south of Dunseith has two major
trends apparent. The first is manifested by a north-
south residual gravity high south of Dunseith. This
is delimited on the west and east by residual lows.
The second trend is found midway between Dun-
seith and Rugby, T. 157 N., R. 72 W., where the
anomalies assume an approximate east-west line-
ation. In this area a residual east-west high is
again bordered by negative residual values. North-
west of Rugby another east-west trending high
occurs.

Between Willow City, T. 159 N., R. 75 W., and
the Souris-Kramer-Upham line the apparent trend
of anomalies is northwesterly. These anomalies
lack the degree of development found in other
areas. In contrast to these less well defined anom-
alies there occurs, on the southern edge of the
map just east of the Souris-Kramer-Upham line,
the most pronounced residual high within the en-
tire mapped area. For several reasons this resid-
ual high is of interest. First, it is the most wester-
ly expression of any of the features oriented in
an approximate east-west manner. Second, it is
exceedingly well developed in an area which seems
to lack significant residual gravity strength. Third,
a comparison of this residual anomalous area with

the comparable area on the observed gravity map
shows that it is masked by the regional gravity
field when viewed on the observed gravity map.
In the case of the latter only a slight nose is indica-
tive of its presence.

West of the Souris-Kramer-Upham line the
approximate trend of residual gravity features has
become reoriented to an apparent north-south line-
ation. This orientation persists to the western edge
of the mapped area. Its first manifestation is a
series of residual lows lying immediately west of
the Souris-Kramer-Upham line and extending
from the south edge of the map through Upham,
Kramer, and to a northeasterly trending gravity
low at Souris. It should be further noted that west
of the Souris-Kramer-Upham line observed gravity
and residual gravity anomalies are closely related
in respect to position and outline.

A residual gravity high is present northwest
of Upham and a second lies northwest of Kramer.
These residual anomalies were orginally indicated
on the observed gravity map. The southern half
of the Kramer anomaly is covered by the Star-
buck group of oil fields.

On the west these residual highs are separated
from a second set of north-south highs by a series
of lows. The latter residual highs extend from the
southern border of the map to the area west and
northwest of Newburg with only a minor interrup-
tion near the Pratt oil field. The northern exten-
sion of this residual high is covered by the New-
burg and South Westhope oil fields.

A pronounced north-south residual low extends
throughout nearly all the mapped area from a
position southeast of Glenburn to the southwest
corner of the Westhope oil field. West of this low
the residual gravity is almost plateau-like in char-
acter with only minor fluctuations above and below
the zero value.

Oil fields in the north-central North Dakota
region are located in varicus modes with respect
to the residual gravity. As previously noted the
Starbuck group and the South Westhope and New-
burg fields occur on prominent residual highs.
The Haas group of fields is located on an area of
increasing residual values starting in a residual
low. The Wiley field and the Glenburn field are
similary positioned. The Wayne and Landa fields
on the other hand, lie within residual highs, while
the Westhope field is almost entirely within a re-
sidual low.

DISCUSSION OF ANOMALOUS FEATURES

The gravity survey covers approximately 3200
square miles, portions of which have been mapped
for other investigations conducted by the North
Dakota Geological Survey.

The gravity high west of Newburg occupies
the same general locations as the anomaly shown
on a magnetic map prepared by Hansen (Folsom,
et al, 1958).

A comparison of the gravity maps with the
Madison subcrop map (Anderson and Carlson.
1958) shows several similarities of features. First,
a prominent nose which extends southward from
the Canadian border in T. 160 N. through T. 164
N, R.81 W, R. 82 W, and R. 83 W., is similarly
located with respect to the observed gravity high
and the residual gravity plateau found in the
western portion of the gravity maps. Further com-
parison in this area shows that in T. 162 N., R.
83 W, a trough is suggested in the Madison sub-
crop map where gravity lows occur in both the
observed and residual maps.

The Madison subcrop map referred to above
shows an apparent trough with a north-south orien-
tation in T. 159 N. through T.. 163 N., R. 80 W.
and R. 81 W, as well as a thickening of the Spear-
fish Formation in the same general area. This
trough occupies the approximate location of the
gravity low occurring on both gravity maps east of
Glenburn and extending toward the Westhope oil
field. Another expression of this trough-like feature
is illustrated on the structure map of the Frobisher-
Alida marker (Eastwood, 1961) where a pronounc-
ed structural low occurs southeast of the Glenburn
field and extends northward. Since the publication
of Eastwood’s report, Cardinal Petroleum’s No. 1
Henderson (Section 17, T. 160 N., R. 81 W.) has
reported the Frobisher-Alida marker at 2561 feet
below the datum, which would tend to extend the
trough even further northward (Eastwood, per-
sonal communication).

One further illustration of similarity is the
prominent nose developed in T. 159 N. and T. 160
N., R. 78 W. and R. 79 W, as seen on the Madison
subcrop map. The same feature is also well de-
veloped on the Frobisher-Alida structure map.
Both gravity maps show, in this area, a north-south
anomalous high with a slight nose toward the
southwest.

Sedimentation in certain areas of the Williston
Basin has been influenced by salt tectonism.
Anderson (1958) mentioned this phenomenon in
conjunction with his study of California Oil Com-
pany’s No. 1 Thompson (Section 31, T. 160 N., R.
81 W.). McCabe (1959) discussing Mississippian
stratigraphy in Manitoba, disclosed that similar
tectonism may be regional in certain areas. On
the observed gravity map the No. 1 Thompson
well lies within the gravity low that extends from
a position southwest of Westhope to an area south-
east of Glenburn, and it lies within the increasing
gradient going west from a similarly located low
on the residual gravity map.

CONCLUSIONS

The cause of gravity anomalies on the observed
gravity map is the result of the superposition of
regional gravity fields upon local gravity fields.
Through this, anomalous areas may have their
actual character masked or altered. A residual gra-
vity map more thoroughly portrays the actual local
gravitational conditions.

However, residual gravity anomalies are still a
composite of many factors. Basically they are
manifested by changes in density of the material
being observed. In the area under consideration
anomalies may be created by lithologic changes
in the sedimentary rocks, or by subsurface struc-
tures. Whatever the cause of residual anomalies
there is no surface expression appearing in this
portion of the Williston Basin to account for any
of these anomalies. Deeper drilling is needed since
most drilling in the area is carried no deeper than
the upper part of the Mississippian leaving 2500
to 3000 feet of sediment above the Precambrian
virtually untested.

The development of the increased regional gra-
vity field east of the Souris-Kramer-Upham line
is prompted by the basement complex becoming
shallower towards the eastern portions of the
mapped area.

There are certain similarities of features on
several maps when compared with the observed
and residual gravity maps. The distinct possibility
exists that structures shown on subcrop maps or
structure maps are also reflected by the gravity
maps. Also structures which are known in Missis-
sippian sediments may also be present in deeper
formations.

Not all the gravity anomalies have apparent
known similarities. However, this should not ex-
clude them from exploratory consideration for
they may be reflections of pre-Mississippian fea-
tures.

References:

Anderson, S. B. 1958, Mississippian Possibilities, World
Oil, Dec., 1958, North Dakota Geological Survey, Re-
port of Investigation No. 31.

______________________ , and Carlson, C. G., 1958, Madison Sub-
crop-Spearfish Isopach Map-Bottineau Area, North
Dakota Geological Survey, Report of Investigation
No. 30.

Eastwood, W. P., 1961, Maps of the Frobisher-Alida In-
terval, North Dakota, North Dakota Geological Sur-
vey, Report of Investigation No. 37.

Folsom, C. B., Jr., Hansen, M., and Anderson, S. B,
1958, Preliminary Report on the Newburg-Spearfish-
Charles and South Westhope-Spearfish-Charles
Pools, North Dakota Geological Survey, Report of
Investigation No. 29, p. 11.

Griffin, W. R., 1949, Residual Gravity in Theory and
Practice, Geophysics, Vol. 14, N. 1, p. 38-56.

Hammer, S., 1939, Terrain Corrections for Gravimeter
Stations, Geophysics, Vol. 4, No. 3, p. 184-194.

Hansen, M., 1960, Regional Gravity Map of Northwestern
North Dakota, North Dakota Geological Survey, Re-
port of Investigation No. 35.

MecCabe, H. R., 1959, Mississippian Stratigraphy of Mani-
toba, Manitoba Department of Mines and Natural
Resources Publication 58-1, p. 51-52.

Nettleton, L. L., 1940, Geophysical Prospecting for Oil,
McGraw-Hill 1st Edition, p. 51-62.

lo1®

A ' N

g
g

4
@

i SUS——

C A D
Y - N ;////{4////// /\///////////[/////LZ_L[ L L L L
1 et : = ) ) L -
1. % : Sherwood e i 7 i o e
l 18N \ % ./\,”\" :".\:T-” s roki}j\_ ! g B
H f: \,..’ ‘\.)w\__?}\._ J\/r 20 Jmé%’
! \ § 4 . 13 Gl
'L Y X . S
I T 4 N ] ]}':
, Norma. ? \N; -
. et 79 , Sz K
vt LY (
s H
s, 0)
nv\; _r RB
E— \‘?-{;19\. - Oyz,.?.:
B L
| \ll /‘JQ’
L g NE
| A
1 - g -zing: ?V‘ Q
R . AL e RUGBY
55
'I : ")
. Granvi C .E
7 -af orwidl o
<3 [ ol

NE]val

. S

LOCATION MAP

INDEX MAP

e @]

T

IMile
S

Fig.l. Rectangular grid for residual calculation



NO/?\ Y AroYS
7 OF
H ’:"K-\»O EN e
A & -z G A
MOg~ MAp
] L'.Z'!SO/\/
Ty

NORTH DAKOTA GEOLOGICAL SURVEY WILSON M. LAIRD, State Geologist REPORT OF INVESTIGATION 39

TI64N.

SASKATCHEWAN MANITOBA
| : R 73 W R 72 W. R 71 W R. 70 W.
R. 83 Ww. i R. 82 W. R. 81 W R. 76 W, R. 75 W. i R 7 4W. . . . g 8‘
I 7---h4-- [s225  lazez  Jazio 4 PYYI PIT S PP l TT TON Y N 7 T W B Y - — ~

!
|
-
’JIOO 3
L
1
/I
L~
A

358.9\-

———— —— )
375.7 386.7 \ 405. 421.3

Ll L L VW

1319.0 / 3388

/ e
323.5 < 337.2

X\SL\' B I Y A /2 0 I N N A S N N N == T

M</> \ / / / / s
994 - 1130
I ) / / 2 /o§a &>
13911 399.7 O 416.5 416.6 415.5 406.5 3997 390.8 376.7 369.4 363.9 363.9 358.1 348.5
— J

[Baa\,
{

< / 703.1 706.0 704.7 707.6 /”l."\ 709.4 708.4 \ 690.0 709. —1706.6

1\
|
/
(
/

-—-—————/

163 N.

T

162 N.

T

< 1237
99.6 400.2 395.6 384.5Q [3771 O\ 348.5

3408 /|338.2

ol T ——
n
\—
—
e ——t
o
N
23
 S—
—

[t |
702.6

376.3 393.6 4i2.3 438.4

639.2 655.0 664.7
75
N— 92/

/ . . f /
= s [ \ — ~ s\ \ ‘ A 7 4 | — ®l
/ A \ (—! \_“\ \ \ go \ / / 1 / /— -\ / o N 696.9 \ 2021 /]
1386. 391.4 392.8  |395.8 4035 _|4072 411.1 4102 aur 4069, 3985 _ |3909 {3846  |373.8 |3702 3646 | |35 355.0 3251 332.8 335.6 352 \3805\ 3968 \ |ai2's 522.1 543.7 600.0 / ; 6985 698.5 [ |7024 fir N L2 \k N1
N— \\ 1898 /5?8 \ \ / V4 //7 2% / [ E— e
/\ 1264 2741 ._—/ 1518 1669 /_—\ \ /;;30 '¢'955 / | \ // \ 718.2 710.8 /r273,3 695.7
'3855  |386. 3893 3911 @ |397. 401.3 4080|053 Jao7.s Olaozs/ |see. 3923 3823 | (3790  [3708  [365.2 3509 379 |3288 3315 3469  |3569 3768 3930 llaio'2 ) A / Nooso”  ledsa’ Mazo ears? lese's sora J‘Gi%z— 6998 1016 708.7 716 7134 p o 728.8  |7226 \ . S >7 _
3/15, [EEEEEEE EETEEEEEEEEE SEEEEEEEEEEn f !
: LT RS ¢ = AN | 2077 e AEZS R | | :
i i < / ( < 7N \ oz / / / / / / | , ¢ i / \ \ iz 690.8 ©
3793 13859 38414 5 40l 4009  [397.9 3794 352.6 345, 3a26/ |33 . 3432 324.6 _[320.1 319.3 324.3 \ [333.0 3443  [3597 3746 - Ola007 4358 531.0 558. 17.9 638.1 6760  |686.9 697.9 L] \ \ -
B Lo 4 / L 21199 S I L 10 ! £ -
-- / /.go»/ 1208 \ \ 1673 |
o1 |ss0z Qlssost” s 2% lsrri ( zsr.i : ;

)

314.5 322.7 / 334.3 7{4 ‘

A N TN e 3 ; z — a9 P )
, il }aas : F/'cld S > /3?/ \__, 1222 2/32 : 1702 5 &
SN ' : o943 /] é % ° | Souris /
\ 3709|3755 \ {3811 as.o‘fﬂq 389.6 392.8 3906 _ [385.0 ﬂ.a 3767 /l3ess / |ssee 345,5I 3350|3280 |32 ' 3359 3364  [3374 : 3220|3123 3104 309.7 _ [308.3  )|3i3.7 3234|3309 / 353, 3¢34 43804 is_ez 4ls.6 2420/ la70.0 \
S [ : : 2 T
\\_/\ i\ 'L;'oa,; & s \ / / / % / sz' &> Iig.’ ™ \ : : 17 Ve / g /ﬁ/ Ol / /// 8/ 2;6‘)
SIS TN ; i ) b S > 7
i / / A = ’ ,F\ \\ . ; 331.5 . ; 4319.7 310.8 305.7 308.8 317.8 / /3~ 40 /lzore” 4|o.4/43|.3 / / 4752)
\ /530 /gogQ /9,?4 "03 K /%G g 27529 / y / /
! \zo/z 2263 /<> i (< < N \
3685 3679 370.1 369.6 O [375.0  l37au 383.3 3884 383.5 ?l.e 3755  [3658  |3566  [3484  |3366 3& 3150|3154 ! : ) X 5> b . 318.2 3089  |3053 3024 /|3105 / 3698 ‘4022 4059\ lazas \ lasBi [ Zes.
& : L / r N % )
e T / / / gy Sl a0 / fope ) 1525
2534 / —\ S : f 2638 I
3;7-3 3685 \3700  [3710 3731|3756  |[3764 3\79g 3853 [3865  [3829 /l /s2s 3385|338 3347|3258 (3167|3065 (3043 3077 | [3is7|< [32a5  [3374 376.6 / azai | laazs 02.7 .
2945 2676 1859 839 5& 4 / / \
1 / 1465 / / \ < / /
368.9 372.4 3710 3729 3754 3785  [380.0  [38p2 3842 330‘3 3753|3717 363.1 340.1 3322 [ |315.2 3069|3021 3057 _/ 338 3368 325, 315.4) 3089 3089 ‘MBI0.7 317.9 326.1 334.7 \ 3546\ (3765 | |301.0 \422.7 as6.4 [ |are.a’  Hsos 521.7
S

i 2 v/ |
\\ o /(7;;25 / / j / / / %)2{9 ( ZL 1/ — 326.;\830 \Qk_[_,:z)z/ ‘3|3‘| 3|7.7\3zo.5\ 335) \34\9.a 37\23 1.& \ R\ \ ( ( ( ( ( (
32 \ \ \

WA NN
\

st e L. BRI AR A e
LA WL T UL

7134 ( ( \
702.8 705.4/ I7I5.5 719.0 / ! 722.7 735.4 738.6 7379 j 724.7 / // 705.7 696.8 \

( | | : // 7 )
{o [ \ //J ’

\ /
726.8 728.5 729.6 735.1 729.1 7204

N .

<l

162/

368.5 367.3 3676 \ 3858 389.9 3924

q
N
\J ]
2
~
(O
]
A
Y
=

~—

683.3 676.3 670.6

5184

500
\O./

733.5 735.1 A 722.5 69"2.0

—

—
T~
\\

)

I~

T —

1

\\_‘/-\

4 ) 649.1 656.1 665.2

-
:EQ.N/
_/
o —
§,
-
—
/

76.0 664.6

N

-

¢I5/7 /

046 | —"] / 6813 674

8

v

616.4 652.1 668.9

/

1830
379.9 3110 < |oN39

N
\
T 162 N

457.0 479.5 504.9 523.3

N.

T 161

160 N.

T

/ / 7037 696.5 694.9 692.8 ) i‘y /lezss

159 N.

T

T 158 N.

T I57 N.

688 681.7 66
: 591.3 615.9 634.9 # 7—‘—
4 \ IﬁS‘ \ 53‘?8 \4/ ' / /"\-—'/
2{:4 \ zo¢5a et ) _\5 3 /
e | o =4 } q : / W / N A e/ 7055 6574 2% eass leroa  lerez 6620/ 16540
3693 |3728 3732 377.4 377.0 3773 |378.0 3800 3781 3738 1019|3033 [s04.9 ?_9 316.5 3282 - 338.0 3265 321.4 317.0 3!9.6// 326.0) ) 13115 311.9 326.7 |3a98 X 5 44011 415.2 434.5 | |458.3 [ |a86.l 511.8 5297 ;49 Js71. 5949 A lsi6o 636.5 506 | |665.5 675.8 683.6 6925  1699.0 7018 l7075 7001 | ; /
&% 1427 1637 - : / 544 \ \ \ R | Dunseith / /®/
< W 1 — ] \ — A
- ° i 7 = #e%8 / / S \ ) 48 / P / co1d  |eszo” |e7es  |e7ea _ levas  leror” ler20 leTos  lesid
2700 3751 s Al 307.6 /< §o.s 326.2 325.2 323.2 327.1 / 3186 31.4 315.5 327.2 348.3 382.1 399.1 / 433.8 459.2 4895 1o 535.9 558.3 578.0 600.6 636.1 651.8 6754 | _690.8 16963 699.9 703.0 696.5 697.4 @1705.8 7137 719.3 S =
/ /\\/‘_\ / / / / / / 7 7 v o3 \ / / / / / 'a ( ( ( Z ( / / 7 / / / /}} / / / . ) ) ) ) > > \ \ gz Py ' ) 1oz ] / / / | / /6‘30
) . ) / /
S L 028 28 A 378.7 3784 e e 372'6/366'6 /359.| - sple / 3258 43099 085 304.2 3069 322.5 / 334"/ 3427 / _327.6 325.7 1 3323 321 — 3261 / 336.3 / 3534 / v \ 9 414.2 434.5 464.1 493.9 / 518.1 539.8 6005 . |619.4 634.5 650.9 663.1 672.3 \680.3 682.1 689.9 693.5 1696.4 | 714.5 717.7 717.2 704.3 693.9 680.3 / \Q"'_‘"‘ / /
l 1962 N / / / % 2205 29089 ~ 2157 / \ \ - AO&’ 2685
res \ 2827 2532 / e { Q1120 / . ~——" 9 =94 / \ | / v 5669
) . 660.2  [664.7 664.7 __ |660.2 649.9 645.2 / 6372
- \\ / R 299.5 \ 349.1 3235 I3254 /3305 337.8/ 3471 ks\ 336.1 334.3 / 342.1 354.9 \ 3818 463.4 f5203  [lsazia / 562.1 £ 602.1 616.6 gsm 666.1 690.7 698.1 689.8—, 16934  [6934  f7004 '1’707,5 712.6 /lss0.8 690. /le7el 664.6 / }
7 N L A ( \ ))ﬁ)/ " e S AN ]{(Z(((&((“\HK(( ((K< ’K\ ? ( \ o/ / // ( \ ) oy O
3017 1058 |::: 661.0 - (o}
893 /oo [sese\ _Lseer | fsour ) s WodE \ 3796 lsrz.s  [seni| © oa7  l2957] l3060 Jis229/ [3395 / 3523 / A /N / 3350 |saos [3azz  llseas \lzep7  [so72 \ laise \ lazeo |lsees] |laos3) Vseos | |saza | |seso \ |sssz N 353 \lesie \ leeso\_lezis  [er61 \| goas \ es62 | leo28 l < f0L0 16967 \ / =
/ AN \_7 / T i < K \ \ /52;0 } } } / / / / !5?4, ) / / / ) \ \ \L \\2862 \%’——-/ 1630 \ —— =
i _ 327 >
- ] ' \ ¢ 1579 / o | X X .8 659.6  |658.1 652.7 51.7 650.2 6394
—— = Q 691 3658 3773 A 364.3 : S . ;D 321.7 354.8 3475" 6% 3180 ] : 3332 3387 3328\ |3a53 §5§0\ 3778 5 ) 2184/ faara [ fazo / / / 5483/ lsess /lsesi | |596.7 \ 6493  Nec04  |eesl  [& 6916 le99.0 \ |6839 . l6863 69474 7015 |706.2 7024 / 6972 |69l 6839  |678.3) [6659 | 1659
' NN ECE RN R T B ) (i aa N wamn NI AL ——
. S E T i \ ( (
: [EEEESEEER | SEEEEE W o FHE (RS O et N 1 \ 689.7 68l 673.6 Ya
2945 394.1 395.1 390.2 385.8 376.9 363.3 tiit ] HEHER ) T B \ SEHIA : 2894 287.8 \ [303.3.\ |3220 341.7 353.9 365.0 354.2 3431 1{332.0 22?7 314 82269 : ; A327.4 4 99 | [3a07 359 3783 419.1 4452 | |474. 501.6 525.7| [547.4 / 597.0 | |e13.9 629.9  |645.0 %75.8 681.6 689.l 6935 684.2 685.2 694.1 | / : -
1 /(9 \ \ } \ \ \ .\236; i \ \ 143 \ / /30?9 / 1054 \\ \\\—\ 7 | \ :\00
< > \ SON N T \ b | sz / f
3947 |394.a 388.6 391.3 3903 385.6 375.7 3614 353.9 337.1 333.9 3197 Y3100 293 Ezasf? \ 3195 \337.9 356.0\ _ [3655 3665 / 358.6 349.2 3413 3297 3196 315.9 ] 3227 3234|3285 \|34L 3626 13743 | [3933 415.1 4450] llaree| §5000 520.3 547.8 566.4 _ |579.9 596.3 6i2.2 >35.9 60.3 \ 572.3 679.4 lseo.s |686.0 690.0 699.1 2.3 //mx %7 /
)/ / / Mgxboss Gas \ ) ! N 3057 / | /
r 962 1910 G
AN — \ “ e ¢ ¢ | - : 48/ \ \ | /
o 1 644.3
3952 [s0aa  lsoe7  [sess  flsree  [srez/ |seso /lssss /] / / 2859  |2853 | |297.3 | |3i54'  Y3339| [349.2 és.‘t HEX el 3207 |3200 |3262 ;440.3 3563 | |373.4 Jaios | lazre (o) \ 5172\  Ys409  |sssa \ |s7az 6674 16693~ _l6745  |6757 N 6904” leges 683 6823  |674.6 16666
/ A \ 4 2481 < N (B L N\ b | o I / / /
i (L qC Ainna=dvnN ot o L L ' e P N D N P ~ Aos o/
195 — i / A658.2 653.6 647.8 643.9 638.3
|396.8 o267 356.1 > < / 285.6 / 349.9 325.8 316.2 3i34 313.6 316.1 \ 325.9 3238 3178 03|7‘.s‘l 323. 3390 357.3 3736 392.3 411.8 4383 466.2 | |488.7 514.4 \573.4 657.7 < 663.0 < l575- \53' 8§ 685.6 / / / /
/ \%b \ \ \ \ \ \ \ 29(7}5 / ( \ \ ,bbol ] } / 1ciny \’ 20540 \K— L_| Kromer \ \ ) ) ) ) ) / / / / / / ( ( ( kl\ \\\ \ \ \ \ N~—_| 1 N\ N / / / =
i 2770 > <> /x N ? 4 6362 |650.4 o
397.5 4028 402.7\ 396.5 393.3  [3865 3797 [3716 3596 | |3438 335 3259 312.7 2968  [286.3 2860  [l290.6 3178 3293 3395 346 349.7/ 3469 3421 3329 [323.7 /\ 310.9 3116 3146 375 /| 324.2 K/ 321.9 3374 | [357.0 391.7 a12.4 463.4| |485.0\  [509. 529.8 548.1 566.4 0 N\ | 3 . 2 \les51.0 656.! \662.I 664.2  [666.9 668.1 // £er3 f_%o,/sss.s / _— 9/76 = ©
/ / \ /7zg / \ \ \25696 / I83/ / 297?2 / <>26‘39 ( K & \ \ \ \ l \ k N— ' \ / / — / / |
/ / I / \ \ \ /<> / / \ 484.7 507.0 5446 563.3 §999 12.9 6349 | 654.8 6527 656.0 \ |662.0 P — e YA 665.2 /1658.2 isis.-—stss.o 29.5
/ 359.8 284.0 \ \ 3387 < - 316.8 307.6 309.0 311.0 3214 3289 (3241 319.6 3259 338.7 35%8 l373la Y3006 a13.6 4354) laels 84. ! F‘ 2\ jes. ! - 5} < : / /
[ CLL LT VT V| T T ¥ ST IO RN S ML S = LA T /
| — 633.6  |6327 630.4  |624.7
2938 4033 14007 (3963 3201 3866 3793 370.7 3593 Law f 2;9.6 2972 3039 3120 332.7 3357 336.2 334.0 / 328.8 385 /3092  |304.2 307. 3114 317.6 . \ 3208 3259 339.5 353& 3698 \ 4115 436.0 4505 | (484.4 \ Is04.7 522.0  |539. 594.7 607.6 617.9 625.1 630. 6400|6421 645.0 649.7 6538 l6s58 658.6 657.8 / /
! ARy RARARINIRIA T 77 =
50 L —]
| \ } ( ( < ( ( \38 \ ) \ 647.0™—648.0—— 643.5""582 6475 /]635.4  |e389 633.2~ |627.5 62638 626.6 624.2
4035 4025 358.9 3489, [3376 320.9 307.7 29599 2891 2869 /] y 3011 329.7__ |338.5  \I3509 3669 |{386.4] \[413'8 436.9 1 [4593 501.3 _ \|520.3|_Is389 | |557.7 [ |576.3  |s88.7 623.0 637.2 636.2 ——— 1847, —
2 < 7 7 R H B A B I~ N - f el o T ‘ Sere \
Lansford \ 2844 1069 ~—— 75 /—
' ; E \ 1{ {5@ / \ \ \ _\ T 6340 6386 638.2 6400 6374 627.4  |622.2 6208 |617.4 614.6
4005 4009 |a01f 397.7 391.9 385.9 3772 369.7 3611 2859 2948 3054 311.0 '314.3 321.7 325.9 325.0 321.6 3134 299.8 298.2 3h9.6 316.5 327.1 X . 328.3 A /3514 3659 388.1 407.9 4334 | lasso | |a73e | |494. \ ' 584.0 5.2 < leize 2 E - / 7
/ \ \ 5%078 / / / d / ‘7 ]_ l.9g / / 1963 / / [ / ( ( ( ({ ( ( 45%2( k k \ \ \\\\\ \ \ \ \ \\ &E \ \\ | / /
© 2 ] I~ ! i . 622.0 618.9 616.8 615.2  |e13.2
Lio67 \ A /sszo / 343.8 3083 2927 285.1 2847 325 | / / 299.1 / 313.7 _ /3332 / 3410 3415 3337 3284 25K29.7 % 3666 386.9 4112 4'}4.0 4539 \ |472.0  \|4904 Sozs 5252 \ |sa60 |\ Vse2.1  [573.3 }6.5 96.5  |605.1 609.0 6139 |6I7.5 619.3 622.1 628.6 \_[633.] 6334 632.7 634.4 _ |631.0 6/32 8 |e27.4 .
L (/] ([ e O[S\ Y VR VDN L) L NS N S T — S —— =
1889 -
™\ \T\ ) 3 /sls.l 618.3 614.9 e
409.2 2099 laosa 4036 / 3972 392.2  |3846 375.1 365.5 356.7 7 / / / : l/ 320.0 314.0 303.4 ;{o?ousg 301.0 ) 3156 / 327. 335.1 B304 3408 3332 [3303 326.7\ 3440 & \ ‘l \\ 3es.4\ \ M2o3 \ 468.7 481.7 ) Lzu 5420 15598 5675 577.1 587.9 596.2 -\\GIB.I 16203 827N 6375 // 628.3  |625.2 / 2
/\ / / o ~ 2'59/‘{7}_’ / /, /] / ) } ) / ( U \ \\ \ N T~ / w4
. . 12.2 609.2  |603.
/ 4006 3202 331.3 3174 309.1 305.0 303.2 310.7\ 322.5 330.5 3360 [3375 4:;327.5 :zp:‘:'m 326.4 334.1 / )J / /452.3 4682 483.2 \517.9 §34.s ls51.5 561.7 580.8 88.9 \6‘00._- -598.6\ |602.6 _ |606.6 614.9 6242|6266 lezes 628.5 627.2 625.8 A6I9.4 613.5 614.3 612.6 3 /
/ \ \ AR NN \ / CLOLCATF //(Q\\\\\ \ \\\\ N A\ K\ o /
[ | N sl2.8— | {6092 6050 [ |s078
416.0 4140 \ 'a09.1 4052\ |3964  [390.6 382.9 3732 3644 353.5  |3420 N \310,7 3087 > 3206 és\ 3336 323.6 335.3 341.9 355.0 372.1 / 4659 480.7, gsaj 512.8 531.2 l 554.8 573.1 5809 [ | T\ 617 618.8 |626.0 ¢ 6306 /
\ /((( — ) S Ly NV \ 1) / HH/U)/ I \\\ N\ N . /
B \ 62!. 5.0 6292  |e27.7  le226 16200  |614.3 13,4 - - — I
AT ! = = -7 == - - B SR L - \330" 2272 ;\\ffﬁ\ 319.3 319.4 k 322.6 326.6 326.9 32{% 322. 337.5 3473 358.3 3764 396.0 4977 528.9 2‘*_';0__3491_560.2 __ses9 _-_|5729 ;;5—7_\ 581.5 _ _1588.6 596.6 8045 \JollA__eled 2 b B / / /
v 2 . B ) 03 616.4 612.5 606.6 6064 597.2 5046 /|585.1
//422'3 g2 398.9 255D 385.0 s 3374 331.9 324.6 3i6.8 322.7 / 315.7 315. 322.5 ( / / ﬁa 382.2 00.1 4185 < 4592 \ 536.0 5465 O 15573 564.3 N ’1_2\ : \530.3 \59|.5 \\ 6094 612.4 6168 618 2 /——/ ~ / . /
\ 7 " N
/ L \ \ \ \ \ ) ) : : — \\—// Y ‘ Hég / \ \ \ \ \\ \\ ] 07.4 - 596.4 _ |595.3 5909/ 586.0
a273 [lass  laso  |ars  |eoeo 3870\ [3783 \ |se76 ||s573 | |3458 . i N5 3065 T3ais |ssse  |szes  |sses 3253 \ bize  biesa  lize  lsise  Jaue 3264 | |3a67 ] 3637/ 3778 / aoh7  Jlazs? / 523.4 5435|555 5503 {se20  |sesa 5694|578 5848\ 5909  |s935  |595.2 6006 |604.9 605.90/600.7‘ 607. / .
1 . ] / / / 3 2o -~ 5794 15787 5794  |s82.3 / 684 ®
: Barton A . 590.0~ [583.1 . - . . A568:
— \ = e \ \ =18 N 3462 3477 Y3307 ;A 315.2 316.5 313.3 311.8 317.9 370,3/ 386.8 418.3 /432‘2 444.’2/973 456.9 470.9 4945 L? 507.8 5411 \J550.2 557.7 se02 | se2s 5676 572.6 574.9 576.7 579.2 583.6 587.7 ~—1588.4, _— / / 0
\ ) ’ SV / /v B ~__ [ | — — »
/ ¥ \ N_— / 2765 / 274 \ ~_ | —— /
| : 2 ; . 56 571. 572.0  |579.5——567.4 ,
4349 [4320 4252 \ |a1sa 409.2 4007 [|3s92 3797 369.2 359.7\ [348.7 3390 326.8 ) . . 339.2 3465 A352.8  |355.1 355.1 353.9 )5144 }3.5 3395 \ [322.9 316.5 /322‘7 340.5 3551 | |376.3 /394,9 /427‘7 faa3) /454. : ) / 4078, / \ 530.9  |539.7 5524 |557.0 557.4 \55|.e 563.1 \572.3 576.0  [5774 576.7 576.9 |57 8 4 30¢ oo /\_/
’ \ \ / v / %35 / 550 — \/'\ - T DR \_// B 0/ g/
/:‘m X \ \ \ 02643/ / / /—- /\\/\ \I 5533 N 5633|5675 567.7 5689  |568.9  |s654  |5637 564.0 /] 5554  [553.4 530
/ : \ 99.5 \333.1 3628 [3505 3443 3309 \|319.9 N 3063 \297.3 3925 299.0 31587  A336.4 ]352.9 ’_"/354_6 365.6 366.9 3554 349.8 339, 3264 318.0 316.0 — 3297 [ |3a2s8 358.2 418.6 435.0 460.2 537.2\\ 5484 \\551,9 . \ / B P m——
N\ R
\ \ /300/ // 7 | T \ \ \\-/ / / / / / / / / / / 2546/ \/ \ ] 6.0 554.7 /{546.4  |5420 53BIN, 5416 /
__Jaars 440.0 4337 _l425.2 414.0 401.7 3905 380.2 370.9 363 _1.,.0369 . ™\ / / / / ? si0 \ 1 544.9 548.8 551.0 554.6 558.4 559.9 557.9 556.8 566.6  /558.1 . 5 S T -
— > 0 - - . L. 9 Bess | N O - < ~—{320.7 _ _ 3/09.7 7 {31587 fb310 }53.5 376.6 3779 3763 andy  |seze  lseor N 417 330.0 339.1 4 363.6  /]384.0 4064 J4233 3403 / (4553 65.0 <l > ] \ \\\— / / ,____/ ————
\ ; ! —— 2567 /
- ) _] \ \ \ \ < \ /// // ///i? . \ \ \ \ \ zgu/ ( / ¥ / / / / / // / / / ( ( \ o \ \ \ ﬁ\ \ ¢ — / // e R v 0
N T 1 Cara— oy X 556.6 553.7, 531.4 525.5 523.4 .
A45_2§\ 445.) 4282 416.4 403.9 3934 383.8 376.0 369.9 3634 355.9 3478 3404 N331.0 WZ’»Z‘LB/SS&B A3546 /376_7 1391.0 }3\92.0 387.0 k \ 358.5 3464 334.7 325.4 3255 3324 34(:,}7 356.3 369, /391,7 /4|2.| /433_0 4478 458.6 469.5 4792 500.0 503.5 514.2 \ 521.2 522.5 524.1 528.0 ‘532.9 5364 539.8 544.0 547.8 kS ' 5 554.7 / /
N \ N \ \ N SV SN A T\ N NN / T K3 \ . 7 K < e 4;9____/
— Q 307/ -~ 9 |
as00 !‘492 4295 AN \ - \\ 5 \\ //36/%///§\ \\ \ \ \ };402\ 5 ) T / / / / / / / ) ) / / / ¢ 2% ! \ 532.1 5355\ ls407 __|sess  lsass 54::7\ S4s9  [ssas  |ssze 553.2/ 5473 4 sSos 175 ~ |soes—so7e |
- 4 4 \4'97 \ : < 376.1 366.8 360.8 355.1 3504 3338——| 344.6/3/59.2 /4045 14155 __—{420.8 \4|9.o 414.1 404.7 396.9 394.7 3739 363.3 \ 339.2 326.9 334.2 ’ 376.0 03.6 4233 /443.6' /466.4 /473.8 /484.| 492.0 498.5 503.7 510.6 - Ny ~\ / / .
Q \ \ \ wor ‘Q" — \ = V4 ¢ \.\ L L \ \\ \ \ / / / / / /—\/-\ \ — / / / /
: N N ‘L\_l Bape \ / /D‘O/ ! \_\*\\ \\ N\ N\ \ \ / / / / T VT~ [543 520.7 5272\ __[533.0 \ 5418 5445 15496  [55.3 A548.4  [5439  |533. 5i4.2 497.8 14955 B
AZ6Q3 9507 14426 14324 14208 3787 3659 \[3598 3491 __A3554 364 380. = |402.3”7 Ase6.0 /1/’— aaor ~—t—— [N TN N\ 3824 |372.4 | 3615 3470 325.9 338.6 / 352.5 85.7 4485 [flasea” |aras asiz 12 5062|5097 lsize 512.3 506.8  |508.8  [5079 <P : AN < 507 / 0/ _—_— fg)
/ ) \ \ \ \\ /L } \\ \ \\ [~ / 4 / // — \\ \\/5.% \ \ l 26‘42‘5 — 7 0’ \ \ 2728 \ / / p & / e
__// / / / o \_\8%3 N \ oos \ K / / C\ s I / / /‘ sou! oo
: . : “ . 5432  [541.8 537.2  /|528.1 5174 508.5 99.0
460.1 454.) 446.5/ 436.2/ 4274 47.5 407 392.9 385.2 3803  |3738  |3673 3658 3627 3666 37} e ?2.8 4007 / w235/ ¢ 46777 2738 47|.2i453.4 ‘b-/.s 4311 }cz.o \393.5 37%1 366.6 }sz.s 3273 \333.9 VETE \3&3% \334.:\ 407.2 \525.7 \447_2 4613 \472_9 4847 |4943 7/ 517.0 516.9 510.7 50:;5 \@ [~ Jasro~j. 493.0 509.2 pie.2 52::7 B309 5833 IO 541.8 ] e
/ ——— 2556 \ 1471 \ \ \ S N —
R96.6="" . : . : 537.3 533.2 284 519.9 5125 028 495.2 56 [lazes
4z 445? 4.?7 4/2!.6 ;IO.I }01.5 392.8 /Nzzes \v/ans\_/ 377,5/ /402.7/ /4452/ 4ae.4/r/\ 496.5\\\ §7o.o \ \\ \>°5' N 3z 3575 3238|3019 ;,1 \355{\\\& \ \hgs,.e ;\\ >;5_5 482.9 ( 5182 519.7 518.0 ?1,9 506.57" |496. / \\ \\ \\ 522.7 4.l 8211 \i 536.2 //
/‘
(L] =N N MRR DN NS AR NN SN LSRR AR S 72 A AT T , =
| . X | 1
R. 84 W. R. 83 W. R. 82 W. R. 81 W. R. 80 W. R 79 w R. 78 W. R.77 W. R. 76 W. R. 75 W. R 74 W R. 73 W. R.72 W

OBSERVED GRAVITY NORTH-CENTRAL NORTH DAKOTA
CONTOUR INTERVAL 10 GRAVITY UNITS OR | MILLIGAL

e o | 1 | ]

N | 0 | 2 3 MILES HIGHWAYS OIL FIELDS (i

(Over) PLATE |




39

o

REPORT OF INVESTIGATION

WILSON M. LAIRD, State Geologist

MANITOBA

SASKATCHEWAN

NORTH DAKOTA GEOLOGICAL SURVEY

‘N +91 L N g9l 1 ‘N 291 1 ‘N 191 1

R. 70 W.
P
PLATE Il

/
0.7

.._ ‘N 0911 ‘N 661 1 ‘N 861 1 ‘N 2611

0 o
S //
1 N g - '
W7 _
a_1./4 )
i N 3\U/ / ]
- \4..!\7,,34 ! S :
(40N : I ; A
| ,o” = C\L\»\o\\sv [.K s m\/ 4 o4 o § F =9 //N < . B m\ T 2 ,_,.\A\ 7 ﬂA o
© o ~ ¥ ") . ol 2 M) < ~Lr~ - o .
u/ /m I B+ 2 o . 4 o ox N Ajlud 3 < N \n x‘v /o k \n < mm ¢ g 5 A sl N\ =

. \L—V TN T T T~ | | AN\~ )Y T / N
< i L e L Nd s T i@\ s AN A o e g [
2 == (YT P dA 208

o o J o e\ ad e . ol 4 d A T ] W o N d ] e 4
i . - - m _ AN g TS /A_u hj e + o < \o..//|_...\\u X < h ; 3 3 N o 7w S /\A\

L I N~ \\ A 7o, 2/6, © V — % o o
- BC I\ N - M/ /4 4 g \d s 74 4 4 8 A = A./m.// SN A NN C R RN B Ve
_ ) =< N [\Q ] — SN[V
i oV I N I - N S s I I " g [ B N /(% (R " S W i N - I = - - B
. it < i — & =~ .
” e A A T T NS D L LR
e 2 p - b b 0 < N © o o n © & S = < @ = © S ¢ © < ) [\9]
- R d A w0 o8 9 g /9 9 \g Ve ] e/ 9 e\ 9/ 2 7 I 5
L o — X /s J el s //“L\:.u / T _Drn.
" N I N ¢ - I m/m of o o \ I - A S S F N - B NT AR B . N I N - - N
~ ] © o © < © = o ; ; = ) = o
| : - % Y o ) ;
. I NN I NG - - I I 7 S S \ N ~ 3 A : / af A 4 4 8 Y 3 /9 s ﬂJJJ\
3 B ///..l\ ~ ~— 5..\.4 ) o = —ﬁ . ) : o ./l-/.\ 7 = 5 ;A/A
. - — o o ~ 9./1 o \5 © o \ 0 - " o O¢ &
co LN N I - I I gl IR R L NH T ZQM“ I \H 1 o o9 /e 8 ¢ o 3 Ko
) \ = - - = OI = B T —1" = = \ N
s~ s/ls T AN \w ﬁl/. 2 _ mmdb s R c I O - M/f
. T N 7 - - T I ¢ - N (S N - 0 I I T T N c - B T S S S
- IRY e  al ‘WA (B ) ;g
- - - - - O A | | S S © 3 2 S mrlJ/m/ = s N N o : ° a A_v./ = o S o " o
- - - - - - - - L\ : — AN / N
_ 0 © © < O\’(\ K Y,b/ () // < 0 ZV - @ = < =
7 G I P < [ IS AR E I u_///m AN 9 2 A~ N
n ““\\M// Vi / VX, ) / w / | \ ) \ IS «
et Ve ENANE G - O . N 5 SR 3 o 4 \s 5 o W 1s 3 8/ 3 I g
. ! ; D N NERER [ N
] 0 o v @ ) = < 0 o0
_ s e G DR . e/ e J q 8 - u/m 28§ TN 8 m/“ % I R R 1 W N b
N N 2\wyas S A s X N Wi
o o " >\||J 5 o 4 N 3 \ o P X e o o o v |._ b m/’w. ~ - o © 2 ~ o =
M AN 4 ] a4 A A 4 4 1 N 4 T 4o A T
N ES I S T T iRes
" S N N W VA () U e o/vs J danldld 4 DNd 4 4G 4 g /m o, &
5 .51 e e O Pl
N 0 o o 5 i - /h/l\l o of b < N ) < o T oa g —
S < . 4 = - < \.m. b A\ 5 o s /o 9= 3 N /4_ N 3 x \ 2 S A\ i 7
| .~ Vinps = - I T VAN P\ S
- I W B - 0.5 Iy S e xR D I B S B B 4 oA J /4 4 o1 4 8 Al
%00, \.\\\ /” g \II.K/O\B © /3 ) < o o = Mm_ \\ \ h/m//,o//llll w
S HE I NN 197 [N N I\ ﬂ I T I e N I N N N SN NN € N B B - B - I AN AN N o
~—1- 2] o /l.ll. ~ N © % < el o o = 0 /” / / Ab
= 0 ﬂﬂ/a\. < ~ o < = / / ! // / / R V.M ﬂs ﬁ v A
o o o = L o = o 3 2 b 5 x 3 x 5 5 o 3 s " a - < p ¢ % o 9 3 o —
~ ® ~—7 N — T3 N
. ./2/ 0 < 0 \AMFO ~ o .../.ll/ — S~ o ® /6/9&9 o Eg G.J N O
® ! @ < hd o : ) o = 2 “._ - o H/ p N b h e < N = o S ¥ < o o < R N < K
sV L/ / \.. /..l\.. -—r- AN 4 =
® n < < ~ © ] IO a
o " L] i < m A o ~ ; © 0 - 0 o o ~ - ~ o 2 5 - ° o ~ 3 o o
“ 5 ] — o o \M_/m o 5_ &\ ) ] = o ) ™ = \./ ] N ) i o /fl.\ ) © D ] =
8 TN / VI /TI\ \ (2]
! —iPe o o W /4 4 o iy o= S y N - d T 3 9
i _I_ (L) i 4 \\2/0\ /JM N A/o o m.w e < \m o © :_.// o g /S 3 o N 5 NAI/ i K & m\\ T ”._ m
/A Mv. /w m b s M Q M /MJ l/ v SIFIIL\II.._luLZ. 6_ ~ \ @ - ~ 9 /M 6.\ 0 ) /4. 8.\m - VM.IO o v l\ w. R “._ -
a < ,/ DI ° 3 § @ 5 2 3 5 " S ° 2 £ N 3 o 2 =N s © O = S
\ BoIsE IS 00 A
: N—E— T\ g \ 8 4 @ ¢ o A\ AN A o« H AN % 8 9 e [y i s g) Y o ] x
- LN S NN T T T ) N P T A I T o T (R 3 5
© SN : : . ) 5 S 3 dN\.s /5 2 5 o 3 Z = R o S g o, ¢ N T 5 5 o ¢ ,
: P T INE e S RPN D N D E g
,// K =\ oo DN /| - - g 3 i 3 3 g ¢ 5 N A /o 3 u\\m ) uJ " S @ 0 ° 5 p \m\ m\ Z D ?
" IVIRE N EVENS Ny e CERE IO GYZar [ 4 A oL ]
LNg ) 8 s S~ @ 5 5 ¢ i v S 2 8 e T 9 5 3 » 5 @ 3 s = 4 ) fo ) = = < © v o o o Q -
{7 N X — [ = _ NV _ _ = 8 = 7 = F—F . 1 >
! /3/ i As 4.\\9 o.//w m/r..wu > = # " /u«\\lﬂlqllx\ﬁo\,/o/s _ 4/”/7_,\M o ® //b\ o N \ el § — - \ \ N I M ®
! i W | R 2 7 BRI _ _ _ iy I A I N W L B M e N I I B~ R I R VAN - R AN % il 28 WA — % =
N \_ o —— / x s / \!\ X VT . o =
: 9 2 /% |9 /3 LI\ ot e R R E \ g g g ded ad o d—ar N O 4 ¥ LA 4_\ = o © z
; . s : E . : : : (¢ & : DIRAN B  H: a B | N ~ I s VA, g \ o/ ~ T
=TT S T A TR R © 2]
@ ~ o o o ® < ol @ - ol o = h N 2 ~ o - ~ < o’ On_ o ol o o o o < o o .
' g ﬂ i i s F < = ..\ e e 5 : .4_1\ : 4\H 7 A 3Ty 3 i 7 \AmJa x 5 5 B /ol A\ m o\ e \_% wv\ = \_\ = > W
S // \ \ \ O\J y XJ o,/ ) \\/ ] \ \ | % < 1 \ |74 \ AR, \ \ \ —
m 2 3 3 g o S o b S /9 7 3 p ki i ¢ t 5 y 3 o 3 S s p i = bt o " @ o o < o Vel VY ° K —
__.H / / / _,o 1 \ \\ F \ // \ v 7 _\V\ ﬂ o w w n.\lm z/ /M ///m/ ///w\ M M W mw
(i 3 o 3 3 5 N — X, b : i & @ ~ © ¢ M . /NA \ \ 5 // \\ > =
_ 1, g 1.// _ / 0//3 E 2 L5 _ : > / .m‘\a ! ¥ IV ki 3 " s \m 5~ 9\ m/ 5 5 m o nHUV =
NN~ F<it R 5 TS TSN Y L
M z 2 s_.m/ o B 3 M Vi o _ < 3 : 4 o 2 © o q4 "= b 2 3 m/ 2 ° 3 2 ] W
NIFFAE T2 N . e i S L\ < 8
“ S AR A\ / d 1 s Loy a8 ] ] a4 N )
// Lo R N 7 T~ o = 2 . Q 4
/u//,m/ 5N\ s m/m/ 5 A)s,”_,@,. 2% \s ) /% b : S s o > N E - ~ o /Im\ / = N
1 ~ —"" 7 5 0 T 5 g 2 w o < W \
. AV Y \ '), A ~T ) N 2 © n
N EFISYAEN — % W \ \ _ N Ll 1°
U RN LY U NN e | S u//[ R I N S ,,.\ 2 e ]

. /PI\W % { = . _ ! / ; S 7 1
= i " R _/ ¢ /sy oy JL 9/4, m 2.(.\.\0\N B
@ . d : . T~ 9 . 1_./,,_./ o 0 i 5 ? 5 ¢ H LS

. / N N N T ~1L A1 T
o M,_. M ~ 5/ A/ a N @ @ 9 = NA pid by

\ \4 gy \ _ _ _ | _ | /rl...ro,\w\u_ Lt >
s D2V e B T I B B I ey
‘\4 \I.\\\ \\ \lo.l/
L3 g o3 o8 d d o4 d o A
3 : w__u o M\H/M/M/ﬂl\ﬂ m o =
. v 1 o T v ' ' O| = 0 N
\ \.ﬁ T~ h A‘ ~
; 3 e . 9 3 5 3 N ~ (i
= 4 // . - : 2 - 3] e
~ : h N uq b 2 5 = \m m/a“ x
= 0 0 0y o
x© a //1\\\ \ Ny W .
1 14 3 9 9 494 +4 /9 3 85 & 3
— \\
\ ) “ © =) \||\2 -
i s S I I s
..... - \
- x . ki o
_. ‘ 8
_. &

: _
= r = b = X
S F A 3 I 5 B q - ;

o 19 - s B R B AN\ WAV
1 AT R //I\\\l./ / / N
: o s) A &)y = . wv M// / <
" @ ™) ®» N - © @ 6,7 OA © 0
3 3 \7_. QA/ [M 5 ® \M /,_./m..
_ g //w <
m CEERE 2\ 3 @
N / = i <
8_o_._o__ . ] _ . <]
“ | 4 9 A 1A ¢ N
| F A T AN
] ©
_ g o ol 4/ 4 :
| = % = \
] 0 o o < < o
_ﬂ § Q9 =@ < " -5 < N [
“ Lsz J Al /o . o
o <+ = o <+ 0 o " W
(a¥]
e ) o 0 ~ © ~ ©
= _ I T N *
o g 3 N o 9 9 =
@ ! /I\n/ \
R. ) J/:\.M.lb.\\z ) [S) » o
et AL) |
| ™ AN\ 3 3 4 9
2 - //... 5\\’6£ /0
—— - of oW e~—e o @z A\l o & o= o )\n_u..v/, 2 M = I
v H.ﬁ_ o - q b =2 = ! ¥4 9% w0 < o A ¢ Vnsv o ") o W0 I,dml_a o 3
i 5 _ _ _ _ : : T s - = AL 9 2 3 o o
5r\7.},o - o o © o \ \ 6/ %
; . NS TN I N N S N 740 - N E- I I - R VAN - - - - :
z _ \ — // /,o / x
m g g 3 MA E e i o// 5/ N o o R > =z @ \ﬂ/ © ®
0 H o =) 2 o ai = o o N < o po o =
. i \\ \ \ / / > / /ﬂ
e
i _ B B It - - -
I ! _ £
_ _ _ B _ _ _ ) _ _ _ _ _ _ _ - _ _ 1 3
| | @
L n «

NP9l N ¢9] 1 ‘N 291 1 ‘N 191 1 ‘N 091 1 ‘N 661 1L ‘N 861 1L ‘N LG 1



