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Stink lake 

This slaugh occupies an elongated basin which points northward towar.ds the 
larger Grenora #2 deposit. The southern margin of the latter just crosses the 
county line. Stink lake is only 4! miles west of the town of Grenora., and is 
connected to it by State Highway 50. The Great Northern Railway branch line, 
however, ends at the town of Grenora. Stink Lake is almost a mile in length, 
covers an area of 150 acres, and its surf~ce is 1949 feet below sea level. The 
sides of the basin are covered with glacial boulders. When revisited in September 
1948, the lake was almost dry, there being but a small patch of water remaining 
near the center. Large acicular crystals of mirabilite could be observed on the 
lake bed, the outer surface of which was fringed with pulverulent thenarditeo 

Nothing is known about the depth of water or the presence of a permanent bed. 
If subsequent investigations prove that reserves are too small, this deposit might 
still serve as a collection reservoir for one of the larger nearby deposits. Its 
closeness to the state highway enhances its value in this report. The specific 
graVity of the brine at 77°C was l~235. 

Brine Analysis 

Stink Lake•.••••••••••••• (Surface, south shore) 
Sample collected. • • • . • • • • • • 11-18-48 
Sample anal~ed • • ~ • • • • • • • • 12-16-48 
Analyst . • • • • • • • • • • • • • • W. D. Waldschmidt 
All results are expressed in parts per million (P.P.M.) 

1. Total dissolved solids•••••••• 120,334 P.P.M. 
2. Alkalinity to Phenol. • • • • • . . • 120 
3. Chloride. • . . 0 It • • , • 1, 298• 0 It • • 

0 • 0 • • • • • • • • • •4& Ca1.cium. • • 915
 
50 M'a.gn.esium • • • 2,975
0 • • 0 (I • • • • 0 • 

6. Sulphate . • • • • • • • • • • • • • • 61,970 
7. Sodi'UIn. . . • . • . . . • • • • . • • 23,794
 
8• Carbonate 144
& • • • • • (I • 0 • • 0 • • 

Hypothetical Combinations (in per cent) 

Percentages are based on total dissolved solids. 

Sodium Sulphate. 58.82 
Calcium Carbonate • • • . . . .20 
Sodium Chloride . • • • • • • • 1. 78 
Magnesium Sulphate. • • • 12 0 23 
Calcium Sulphate. • • • • • . . 2.32 
Water of hydration, Organic matter, 

and undetermined residue. • • • • • 24.65 

Recorded Owners of Land, Stink Lake 

Section S-SW~~Henry C. Thomas 

Section 8-NEi-No title 

Horseshoe lake 

This lake which crossed the state line into Montana, occupies a large horse­
shoe shaped basin. It covers an area of 100 acres, and is 1964 feet above sea 
level. A topographic mar of this area lvhich shows both Horseshoe Lake and most of 
Stink Lake is available. (hl) Witkind's geologic map of the Dagmar No.4 quadrangle, 
which covers this area, also includes Stink Lake. 



- 32 ­

This deposit is not as accessible as Stink Lake. It is about 1. 7 miles south 
of highway 50 and approximately 7 miles southwest of the town of Grenora with 
its railroad. Either of the arms of Horseshoe Lake could easily be dammed off to 
provide a precipitation basin. 

~fuen Horseshoe lake was visited in September 1948, it too was almost completely 
dry. Like Stink Lake, it showed large, needle-like crystals of hydrous sodium 
sulphate a short distance from the shore. Near shore, powdery dry thenardite formed 
a fringe around the grayish mirabiIite. A brine sample yielded a strong odor of 
hydrogen suli'ide after standing about two months. 

Recorded Owners of Land, Horseshoe Lake 

Section l7-swi-No title 

Section l8-NEf of NEi-Lots:. 1 and 2 
SE--No title 
SEt of NE~-Guy Larson, Grenora, North Dakota 

Saline lakes of no economic importance 

Name Location 

Nyston r S lake T159N R99W sec. 6 
Unnamed Lake (small) T159N R96w secs. 3, 9 
Unnamed lake (small) T159N R96w secs. 9, 10 
Unnamed Lake (small) T159N R96W sec. 4 
Unnamed Lake T159N RlOOW secs. 22, 23 
Unnamed lake T159N RlOOW secs. 22, 27 
Unnamed Lake T159N RlOOW sec. 1 (already listed, extends into 

Divide County) 
Green lake T159N RlOOlT sees. u, 5, 9- (S.G. 1.07, temp. 66°F.) 
Three Mile Lake (Twin lakes) T159N RlOyW secs. 8, 9, 16 
Unnamed Lake T159N RlO)W secs. 8, 17 
Unnamed lake T159N RlOOW sec. 18 
Unnamed Lake T159N RIOOW sees. 20, 29 
Unnamed Lake T159N RlOOW secs. 20, 21 
Unnamed Lake T159N RlO3W sec. 9 (small but strongly saline) 

Burke County 

General 

More than half of this area lies northeast of the Missouri escarpment where 
no interior drainage is present. A few saline lakes are found southwest of the 
Coteau but only one is large enough to merit mention. 

Upper Lostwood Lake 

T1-],is curbed elongated body of water is about two miles long and about a half 
mile wide. It can be reached fro'!"! the tJWll of Loatwood by following a gravel 
road, State Highway 8, northward to highway So and then westward for a combined 
total of 7 miles. Stanley, the count~- seat, is 11 miles south of Lostwood. Both 
of these tows (as well as nearby 1undsV'alley) are served by the Great Northern 
Railway. 

This lake does not dry up and it is not believed that a permanent bed exists. 
It is also dilut6L:enough· to be use.d as a ga.J1l9 refuge. (All the land is owned by 
the Federal Government)o It is not a major deposit, but was briefly studied for 
evidence bearing on the origin of the sodium sulphate. 
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The south shore of this lake has a thin veneer of sand underlain by silt and 
clay (at least locally). The lake shores and valley sides are strewn with glacial 
erratics. Several springs contribute their waters to the lake brine which showed 
a specific gravity of 1.060 at 58. 5°C. Duxing dry weather and during the fall, a 
thin white crust of mirabilite forms on the lake shores. 

Brine Analysi s #l 

Upper Lostwood Lake. • • . • • • • (South shore, surface) 
Sample collected • • • . . • • • • 8-15-47 

•Sample ana~ed. • • • . 0 • • 5-1-48 
Ana.lyst. Jack C. Thompson0 • 4' • •	 • • • • • • • • 

1 0 Total	 dissolved solids••..•.• 44,310 P.P.M. 
2.	 Total alkalinity. • • • • . • • • • 4,105 

Alk~ to Phenol 1,0140 • • • •	 •• 

3. Chloride••••••••••• 0 420.5• 0 

4e Silica.....	 204' • 4' • 0 • • • •• 

0 • • • •5. Iron and alumina. • • • •	 10 
Iron . . . . q • • • • Trace• 0 • • 

6. Calcium. •••••.••.•... 43.09 
70 Magnesium. . . • . • • • • • • •• 13.14 
8. Sulphate..••••..••••.• 25,122 
9. Sodium (calculated) • • • • . .•• 14,570 

10. Carbonate... • • • • • • • • . . 2,028 
ll. Bicarbonate. . • • • • . • • • •• 2,077 
12 • Nitrogen. . . . . . • • 4' • .10 • • • 

13. Total hardness. (soap method) • .• 910 

Hypothetical Combinations (in per cent) 

Sodiurn Sulphate • • • • 83.8 
Calcium Carbonate • • 14.350 

0 • • • •Sodium Chloride • • • • • 1.56 
Magnesium Carbonate •• .170 

Sodium Nitrate. • • • • • .0004 
Water of hydration, Organic matter 

and undetermined residue • • . • • .1196 

A second brine sample was collected and analyzed about a year later to 
determine the variations in concentration of dissolved salts. 

Brine Analysis #2 

Upper Lostwood Lake. . • • . . (South shore, surface) 
Sample collected • • • • • • . 9-2-48 
Sample analyzed. • • • • • • • November, 1948 
Analyst. • • • • ••• . . . • • . . Jack C. Thompson 

1. Total	 dissolved solids•••..•• 45,540 P.P.M. 
2.	 Total alkalinity. • • • • • • • • • 4,610 

Alk: to Phenol . • • • • • • 1,585 
3. Chloride 9	 438.090 • .. • • • .. • • til .. • • 

4. Silica. .. .. . .. . . ~ . . . . . . •. 42 
5-. Iron and alumina. • • • • . • • : • 32 
6. Calei1lJll . . 0 0 • • • • • .. 12,83• • • 0 

7. IVJa.gIles i'UD1 • • • • • .. • • • • • • • 10.92 
8. Sulphate. • . . . . . . . • • • . . 26,090
 
9. Sodium. (calculated) .••••..• 15,745.35 
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10~ Carbonate • • •	 3,170 P.P ~M.0 • • • • 0 

11. Bicarbonate.	 1,440 

Hypothetical Combinations (in per cent) 

Sodium Sulphate • • • • • • • • • • • 82 •.5 
Calcium Carbonate • • • 15.50 • • • 

Sodium Chloride • • • • • •	 1.460 • 

0Magnesium Carbonate • • • • • • • • .14 
Water of hydration, Organic matter 

Undetermined residue. • • .4 
Saline Jakes of no economic importance 

Name	 wcation 

Seven Mile Slough	 T164N R93W sees. 35, 36 
Hank's Lake T162N R92W sec. 22. 
Sletton Lake T159N R94w secs. 25, 26, 35, 36 
Unnamed Lake (small) T162N R94w sec. 13 
Unnamed Lake (small) T162N R94w sec. 15 
Unnamed lake (small) T162N R94w sec. 17 
Unnamed Lake (small) T16lN R90W secs. 7, B 
Unnamed Lake (small) Tl62N R94w sec. 4 
Thompson Lake T160N R9lW sees. 26, 27, 34, 35 
Unnamed Lake Tl.59N R91W sec. 21 (Nt)
Unnamed lake T159N R9lW sec. 16 
Unnamed Lake ~159N R9lW see. .34 

Mountrail	 County 

General 

The area of young glacial deposits Whose northern border is marked by a 
topographic high, cuts diagonally across Divide and \'filliams and enters Mcnmtrail 
County from the northwest. It narrows as it approaches Stanley. Between Stanley 
and Tagus, however, it widens again, a lobe extending southwestward in the direc­
tion of the Little Knife River. Northeast of this lobe, in the vicinity of Palermo 
and Blaisdell, are the two deposits lrnown as Stanley #1 and #2. These were 
investigated in 1934 and detailed descriptions of them are available. The maps 
(p. 21 and po 22) will serve to supplement the earlier work. 

Lower Lostwood Lake 

This lake lies in the same valley as Upper Lostwood and strongly resembles 
...	 it in its linear, curved appearance. The south shore is floored in part by a thin 

veneer of fine and overlying silt and a wide variety of glacial erratics are 
present. Crystalline metamorphic and igneous rocks are prominent among the large 
boulders. During dry weather the boulders rear the shore are covered with white 
salts. 

The lake itself is more than two miles long and is only six miles northwest 
of Lostwood. The first three miles out of Lostwood are covered by gravel road 
(No.8), the other three by a rough .prairie road. As in Upper Lostwood, no 
permanent bed is believed present. The lake remains liquid (except for freezing) 
the year round. It lies on the game refuge "Which included Upper Lostwood Lake and 
is likewise owned by the Federal Government. Although the flooded part of the 
basin is more than 2 miles in length it is only slightly more than nine feet in 









- 59 ~ 

1. Most cases of closely contiguous saline and fresh water lakes thus far 
studied by the writer show that the saline lake level is topographically lower 
than the fresh one. 
2. Some form of c0nnecting-spillway is frequently present. Most of the lakes 
studied in North Dakota show this feature. Even in northeastern Montana these 
relationships are strikingly shown in the Brush Lake quadrangle. The topo­
graphic map shows not only that the surface level of Brush Lake (fresh) is 5 feet 
higher than the saline slough lying to the southeast, but also reveals a pro­
nounced swale connecting the two. The same map reveals a similar situation in•	 the Horseshoe lake area. Here the "Twin Lakesl!, a chain of partly saline lakes 
near the Montana border, have a lower salinity than nearby Horseshoe Lake~ The 
following is believed to be a typical analysis from the northernmost lake of 
this group. 

Water Analysis 

Three Mile Lake (Twin Lakes) •.•• (northwest shore, 
(T159N, Rl6JN, Sees. 8, 9, 16) surface at northern­

most lake) 
Sample collected. • • • • . • • •. 9-15~48 
Sample analyzed • • • • • • • • • . 10-28~48 
Analyst . • . . • • • • . . . • • • W. D. Waldschmidt 
All results expressed in parts per million (P.P.M.) 

I. Total dissolved solids • . • • 19,565 P.P.Mo 

2. Total	 alkalinity ••••••• 3,190 
A1k: to Phenol. • • • • 820 

.3. Chloride . . . • • • • 5930 • • • 

4. Calci'UDl. • • .• • • • () • • • • 46,092
5. Magnesium o ~ • Do. • 68,3950 • • • 

6. Sulphate • • • • • • • • • • • 9,549 
7, . Sodium	 5,307d • • • •	 • • 0 • • • • 

B. Carbonate. • • • • • • • • • • 744 

Hypothetical Combinations (in per cent) 
Percentages are based on total dissolved solids 

Sodium Sulphate. . . . . . 71. 89 
Calcium Carbonate. • .68 
Sodium Chloride. • • • 4.99 

-, Magnesium Carbonate. 1.39 
Sodium Carbonate • • . • • • • . 4.39 
Water of hydration, Organic 

matter and undetermined 
residue. . . . e • • 16.66• v • 

The map shows that the level of Twin Lakes is 1968 feet and that of Hors~­
shoe Lake 1964 feet. The contours likewise show a pronounced linear low, still 
occupied by a few small water bodies, connecting Twin and Horseshoe Lakes. 
3. Under these conditions all that is needed for a more integrated drainage 
is a more humid climate or at least a succession of wet years. That the latter 
has occured in North Dakota in the recent past has been demonstrated by Will. (66) 

Will's tree ring data goes back 540 years which is only a very short period 
of time when compared to the interval since the end of the Pleisto~;ene. It does, 
howeve~, provide factual evidence of reourrent periods of humidity which might 
well lead to basin filling and overflow. 
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Basin integration may be prevented by topographic obstacles. Stink Lake, 
which is close to the Twin Lakes, is strongly saline because free exchange of 
water and dissolved salts is prevented by a high ridge. 

CONCLUSIONS 

It may be concluded that some of the fresh lakes have been slowly accumu­
lating dissolved saJ.-ts but that during cycles of excessive rainfall a more 
integrated drainage lis temporarily established and the salts from one lake are 
lost by overflow to a nearby basin which is topographically lower o These lower 
basins need not be of the steep-walled, ice-block type, although it is true 
that the deepest and richest deposits belong here. Some of the shallower de­
posits have resulted from inequalities in ground moraine. These are shallow 
with gentle slopes. White lake and St.anley /1'2 are of this type. 

The hypothesis of acceleration of salt concentration by temporary basin 
integration serves to explain the distribution of some of the deposits. Drilling 
is necessary before it can be determined to what extent "sub-surface leakage" 
has operatedo The two hypotheses are not mutually exclusive. In all probability 
no one theory will be found to hold true for all the deposits The same may be0 

said for the ice-block versus the shal~ow lake discussion. For reasons not yet 
clearly understood, the steep bottom deposits are prominent in the west, near 
Grenora, but are scarce or missing to the eastjl near Stanley. At any rate, there 
is no doubt that both types of "saline lakes" exist. (67) 

RECOMMENDATIONS FOR FURTHER INVESTIGATIONS 

There is Iittle that can be added to the bedrock versus mantle QT'igin oon--­
troversyo Several desirable lines of investigation must be followed further if 
the complete answer is to be found. Among these may be mentioned: 
1. Chemical analyses of leached and unleached bedrock in key area~. 

2. Large numbers of chemical analyses of the glacial deposits overlying the Fort 
Union. Geochemical "traverses" in horizontal a nd vertical directions must be 
undertaken. 
3. More detailed water studies to determine the movement of surface and sub­
surface water and the position of the ground water tableo
4. Studies of the bedrock and of the glacial debris by microscepic, differential 
thermal and x;..,ray analysis to discover the minerals (especially the clay minerals) 
present. Among other things, this should serve to demonstrate whether or not any 
bentonite is present. It may be recalled that Cole ascribes the sodium to the 
bentonite which ~8 widespread in the clays of Saskatchewan. In addition the 
lignite.ll pyrite and gypsum must be studiedo Either or both of the two latter nay 
have furnished the sulfate radical 0 The limonite concretions mayor may not be 
one of the residual end products of the oxidation of the Fort Union pyrite • 
S. Geologic mapping sim:hlar to that done at Dagmar, Zahl, and Kermit should be 
extended to areas lying to the southeaste The lakes near Stanley for examplejl 
differ in chemical proportions and in other respects from those at G~enora and 
Alkabo and their relations should be studied more carefully. 
6. Detailed limnological studies, including among other things, variations in 
specific gravity, temperature and salinity of the lakes o More important, studies 
of the flora and fauna are necessary b~fore the possible role that organisms like 
Salicornia have playe(l in the alteration, 'Gransportation or concentration of the 
salts can be determined. 
7. Stratigraphic studies of the various members of the Fort Union. Little is 
kno~m about the attitude of the beds and much remains to be done on the vertieal 
and lateral variations in lithology, texture, permeability and leaching, to 
mention but a few. 
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8. Regional studies of the glacial geology and the pre-glacial and inter-glaoial 
drainage changes. Some of this work is now being done by Arthur Howard of the 
United States Geological Survey. 

This study has embraced only a small part of the large area known to eontain 
saline lakes 0 It is also true that only a beginning has been made on the neces­
sary laboratory investigations. Analysis of the brine samples are being con­
tinued and a start has been ma.de on the microscopic study of the sulfate minerals. 

It appears that the United States Bureau of Mines will undertake reconnais­
sance drilling of the possible deposits early in 1949. It is planned to summartze 
the more important results of this continued research and the drilling in a joint 
work to be published by the Bureau of Mines. The section on technology and on.. the drilling will be written by Dr. Tullis, the section on geology by the writer o 

This cooperative program will undoubtedly shed more light on the reserves am on 
the origin of the sodium suJ:fate deposits of North Dakota• 

..
 

..
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