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GEOLOGY OF THE CANYON FERRY QUADRANGLE 

BY JOHN B. MERTlE, JR., RICHARD P. FisCHER, AND S. WARREN HoBBS 

ABSTRACTS 

The Canyon Ferry quadratrgle lies between meridians 111 °30' and 111 °45' 
and parallels 46°30' and 46°45' in west-central Montana. As a new dam on the 
Missouri River is to be built at Canyon Ferry, the Reclamation Service wished 
to obtain all available information regarding the geology and mineral resources 
of this quadrangle. With funds furnished by the Reclamation Service, the 
accompanying geologic map and report were made in 1946 by the Geological 
Survey. 

The Missouri River :flows northwest across the quadrangle, and an old dam 
at Canyon Ferry impounds a lake 6 miles long, called Lake Sewell. Two tribu
taries of the river from the northeast, and one from the southwest, are perennial; 
all the others are intermittent throughout most of their courses. The· Big Belt 
Mountains constitute the northeastern watershed; and the Spokane Hills, though 
not a principal watershed, bound the valley on its southwest side. Prominent 
river-cut terraces at several levels are present. 

This region has a semiarid climate, characterized by short, warm summers 
and long, cold winters. The mean annual precipitation-about 12 inches-falls 
mainly in May, June, and July; and a cyclic variation exists, with minima every 
15 years. Vegetation and animal life are scant. Canyon Ferry is the only 
settl~ment in the quadrangl~. 

The Reclamation Service plans to irrigate large tracts of land in the valleys 
of Jefferson, Madison and Gallatin Rivers, the headwaters of the Missouri. Much 
of the water used for this purpose will never return to the river; and to com
pensate for these losses, larger storage facilities must be provided. A new dam 
therefore will be built at Canyon Ferry, with a power plant for generating 67,000 
kilowatts. 

The sedimentary rocks that are mapped consist of 5 pre-Cambrian formations, 
11 Paleozoic formations, 5 Tertiary units, and gravels of Pleistocene and Recent 
age. The pre-Cambrian formations comprise the Newland limestone, Greyson 
shale, Spokane shale, Empire shale, and Helena limestone, all belonging to the 
Belt series. An unknown thickness of overlying Belt rocks has been removed by 
erosion, so that the oldest Cambrian. rocks rest unconformably on the Helena 
limestone. 

The Paleozoic rocks comprise six formations of Cambrian age, two of Devonian 
age, two of Carboniferous age, and one of Permian age. The Cambrian forma
tions, named from oldest to youngest, are the Flathead quartzite, Wolsey shale, 
Meagher limestone, Park shale, Pilgrim limestone, and Dry Creek shale. The 
Park and Dry Creek shales have not everywhere been separately mapped, but 
instead have been included respectively witli the Meagher and Pilgrim limestones. 

1 



2 GEOLOGY 01' THE CANYON FERRY QUADRANGLE, MONTANA 

The upper part of the Meagher limestone is dolomitic. The Devonian formations 
are the Jefferson limestone, which is dolomitic, and tbe overlying Three Forks 
shale. The Carboniferous units, named from oldest to youngest, are lower and 
upper units of the Madison limestone, and the lower and upper units of the 
Quadrant formation. The Permian formation is tentatively designated as the 
Phogphoria formation. 

The Tertiary beds consist 'Of four mappable units and one unit of undifferenti
ated sediments. All of them are lake beds, composed in whole or in part of 
volcanic debris. The oldest unit is conglomeratic; the next younger contains 
beds of bentonite, and one or more beds of diatomaceous earth; the third is largely 
reworked volcanic detritus; and the youngest consists of conglomerate, grit, and 
some limestone. Less consolidated beds of Miocene age are present just 'Outside 
the quadrangle. 
, Pleistocene gravels occur as bench deposits at three principal levels, approxi
mately at 250, 150, and 50 feet above the present level of the Missouri River; 
but other ancient gravels also are present at intermediate altitudes. Glaciation 
of pre-,Visconsin age is believed to have preceded the deposition of the oldest' 
~ravels; no Wisconsin glaciation has been recognized in the area. Recent gravel, 
sand, and silt constitute the alluvium of the valley floor. 

The igneous rocks comprise monzonitic and granitic intrusives with felsic 
and mafic differentiates; pyroxene diorite and gabbro; latitic intrusives that 
~ay b~ related to the monzonitic rocks; andesitic intrusives, commonly green
stones; and lava flows and dikes of basalt. The monzonitic and granitic rocks 
are believed to be of early Tertiary age and the lavas are probably of Miocene 
age; the ages of the other igneous rocks are indeterminate. 

The principal industries are farming and stock raising, but gold placers and 
gold lodes were mined in earlier years, and a small amount of gold placer mining 
is still being done. Descriptions are given of the principal sites, past and present, 
of gold mining. Many deposits of copper ores have been located, but only one 
was ever brought to the stage of production. A small amount of platinum metals 
was produced as a byproduct of gold placer mining. The nonmetalliferous re
sources include dimension stone, road metal, concrete aggregate, riprap, ballast, 
lime, cement rock, dolomite, bentonite, and industrial sapphires ; only sapphires 
have been produced commercially. 

The production of placer gold from this quadrangle and its vicinity is estimated 
to have been $17,500,000; of lode gold, $600,000; of copper, $501,000; of sapphires, 
$75,000; and of platinum metals between 150 and 200 ounces. 

INTRODUCTION 

LOCATION OF AREA 

The greater Helena mining region is defined by Pardee and 
Schrader ( 1933, p. 1) as an area of about 3,000 square miles, sur
rounding the city of Helena, in west-central Montana. The Canyon·. 
Ferry quadrangle, bounded by meridians 111 °30' and 111 °45', and by 
parallels 46°30' and 46°45' constitutes an area of about 205 square 
n1iles in the eastern part of the greater Helena mining region. About 
6t·squ'aremiles of the northwest part of the quadrangle lies in Lewis 
a:nd Clark County; the remttinder is a part of Broadw,at~r County. 
This q~adrangle, though not yet formally named, takes its tentative 



INTRODUCTION 

designation from the small settlement of Canyon Ferry, which lies 
near its western edge, about 16 miles N. 78° E. of the business section 
of Helena. 

EARLIER SURVEYS 

A bibliography of reports describing the geology and mineral 
resources of the greater Helena mining region has been presented by 
Pardee and Schrader (1933, p. 8). The principal geologic publica
tions that apply directly to the Canyon Ferry. quadrangle are the 
following:-· 

Walcott, Charles D., Pre-Cambrian fossiliferous formations: Geol. Soc. 
America Bull., vol. 10 pp. 199-244, 1899. 

Douglass, Earl., New vertebrates from the :Montana Tertiary: Carnegie 
:Mus. Annals, vol. 2, pp. 145--200, 1903. 

Walcott, Charles D., Algonkian formations of northwestern :Montana: 
Geol. Soc. America Bull., vol. 17, pp. 1-18, 1906. 

Douglass, Earl, Some new merycoidodonts : Carnegie :Mus. Annals, vol. 4, 
pp. 99-109, 1907. 

Douglass, Earl., Fossil horses from North Dakota and :Montana: Carnegie 
:Mus. Annals, vol. 4, pp. 267-277, 1908. 

Jennings, 0. E., Fossil plants from the beds of volcanic ash near :Mis
soula, western :Montana : Carnegie :Mus. Annals, vol. 8, no. 2, pp. 
385--427, 1920. 

Pardee, J. T., Geology and ground-water resources of Townsend Valley, 
:Montana: U. S. Geol. Survey Water-Supply Paper 539, 1925. 

Pardee, J. T. and Schrader, F. C., :Metalliferous deposits of the greater 
Helena mining region: U. S. Geol. Survey Bull. 842, 1933. 

Earlier engineering surveys constitute the geodetic control for the 
base map on which the accompanying geologic map, plate 1, is charted. 
The triangulation was done by the Missouri River Commission, the 
Forest Service and the General Land Office. Plans and profile sur
veys of the Missouri River, prepared by the Geological Survey (Mar
shall, 1914, pl. 1-F) in 1913, show its position and character at that 
time. Airplane photographs, from which the base map was compiled, 
and on which the geologic boundaries were drawn in the field, were 
supplied by the Agricultural Adjustment Agency and the Forest 
Service. The land net shown on plate 1 is based mainly on cadastral 
surveys made by the General Land Office. In 1945 and 1946 the 
Reclamation Service prepared a topographic map in 6 sheets showing 
the terrain along the Missouri River from the site of the newly pro
posed Canyon Ferry clam upstream to Townsend. This map is 
drawn to a scale of 1: 12,000, with contour intervals of 5 and 10 feet, 
with a maximum altitude of 3,800 feet. The land net along the river, 
relocated at the same time, is shown also. The altitudes mentioned 
jn this report are based on first-order and second-order leveling done 
by the Coast and Geodetic Survey, andon third-order altitudes sup
plied bythe Forest Service. 
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PRESENT WORK 

The building of a new Canyon Ferry Dam, proposed in 1944 1 to 
replace the older dam built about 50 years .ago, supplied a cogent need 
for this report. The Reclamation Service wished to obtain all pos
sible information regarding the geology and mineral resources of 
the Canyon Ferry qua.drangle, wherein the new reservoir will be 
situated; and to this end requested the Geological Survey to prepare 
a geologic map and report on this quadrangle. 

The personnel assigned to this work in 1946 included Richard P. 
Fischer, S. Warren Hobbs, and John B. Mertie, Jr., assisted by Stan
ley E. Good and Peter J oralemon. Fischer spent 4lj2 months in 
field work; Hobbs, 3% months; Mertie, 4% months; Good, 3~ months; 
and Joralemon, 3 months. A mineral resources "appraisal party", 
consisting of Robert M. Dreyer assisted by Alfred L. Bush, spent 
about 1Jf2 months in and about Helena in a study of the nonmetal
liferous resources. Dreyer and Bush mapped unit 2, of the Tertiary 
sequence. 

The base map on which the geologic map is plotted was prepared 
by the Topographic Division of the Geological Survey under the di~c
tion of Mr. Jesse Mundine. The base map was prepared on a scale 
of 1 : 31,680, which therefore became the scale of geologic compila
tion. The geodetic control consisted of 41 locations within or lying 
close to the Canyon Ferry quadrangle: 7 were established by the Mis
souri River Commission, 2 by the General Land Office, and 32 by 
third -order triangulation done by the Forest Service. The aerial 
photographs, from which the base map was prepared, were made with 
a S:JU-inch lens from an elevation of about 13,750 feet above the 
ground to produce a scale of approximately 1:20,000. These photo
graphs had overlaps of 50 percent or more so that the geologists were 
able, by the use of folding pocket stereoscopes, to obtain three-dimen
sional imagery in plotting geologic contacts. 

The geologic map was prepared by Fischer, Hobbs, and Mertie: 
Fischer mapped the hard-rock geology of the southeastern Big Belt 
Mountains and the Spokane Hills, Hobbs mapped the northwestern 
part of the Big Belt Mountains, and Mertie mapped the Tertiary rocks 
and alluvial deposits. Fischer and Hobbs contributed notes on the 
pre-Cambrian and Paleozoic rocks ; Dreyer and Bush prepared a state
nlent on the bentonite and other nonmetalliferous deposits of the 
quadrangle, parts of which were used in the present report; and 
Mertie obtained the available information on gold placers and certain 
other deposits of economic significance. The report was written by 
Mertie. 

1 Missouri Jtivr~r Basin : Conservation, control, and use of water resources. 78th Cong., 
2d sess., S. Doc. 191, presented, by Mr. O'Mahoney on. April 12, 1944. Washington, 1944. 
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GEOGRAPHY 

DRAINAGE 

The Missouri . River, master stream of the region, flows about 
N. 40° W. across the Canyon Ferry quadrangle, dividing it into a 
southwestern triangle having an area of about 55 square miles,.and a 
northeastern polygon with an area of approximately 150 square miles. 
At Canyon Ferry a thirty-foot dam, built in 1896-98, impounds a 
reservoir known as Lake Sewell, at an altitude of about 3,678 feet. 
The altitude of water level at the Winston bridge across the Missouri 
is about 3,715 feet, whereas it is 3,650 feet at the foot of the Canyon 
Ferry Dam. Therefore, in an airline distance of 12 miles, the orig
inal fall of the river was about 5 feet to the mile. Lake Sewell, whose 
length is between 5 and 6 miles, conceals the original course of the 
Missouri in this stretch, but it is evident that the river crowded the 
west wall of its valley throughout the quadrangle. 

The drainage pattern is unsymmetrical, as nearly all the larger 
tributaries enter from the northeast. The principal southwest-trend
ing tributary valleys are those of Confederate Creek, White Gulch, 
Bilk Gulch, Avalanche Creek, Hellgate Gulch, Little Hellgate Gulch, 
Magpie Creek, Cave Gulch, Oregon Gulch, and in the northwest 
corner of the quadrangle, Trout Creek. Horse Gulch and Clark 
Gulch are major tributaries of Oregon Gulch; and York Gulch, with 
its tributary Kingsbury Gulch, are important branches of Trout Creek. 
Confederate and Trout Creeks are perennial streams, but all the others 
are intermittent, though White Gulch, Avalanche Creek, Hellgate 
Gulch, and Magpie Creek are commonly perennial within the Big 
Belt Mountains. The only east-flowing tributary .of any size is Beaver 
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Creek, a perennial stream which heads in the Elkhorn Mountains and 
crosses the southern end of the quadrangle, emptying into the Missouri 
River about 2 miles upstream from the mouth of White Gulch. 
Spokane Creek drains the western slopes of the Spokane Hills and 
enters the Missouri River beyond the northwestern limit of the Canyon 
Ferry quadrangle. 

Certain features of the tributaries entering from the northeast merit 
special mention. The headwater courses of all of them trend from 
south to southwest, so that they appear as a back-hand drainage with 
respect to the Missouri. Farther downstream, on the foreland south
west of the Big Belt Mountains, the back-hand drainage is less evident. 
This feature, in the absence of structural control, suggests that the 
stream that preceded. the present Missouri River may have drained 
southeastward during some earlier physiographic cycle. 

The gradients of Confederate, Beaver, and Trout Creeks are adjusted 
to the present base level of the Missouri, but the streams of smaller 
size are only partly adjusted. Thus streams of intermediate size, 
such as White Gulch, Avalanche Creek, Hellgate Gulch, and Magpie 
Creek, and Cave, Oregon, and Clarks Gulches, have headwater gradi
ents that are adjusted to an ancient base level, oversteepened gradients 
farther downstream, and gradients in their lower courses that are 
adjusted to the latest base level. Still smaller streams show lack of 
adjustment even in their lower courses. An extreme example is a 
broad valley floor, known as Dry Hollow~ which lies northwest of 
the lower valley of Confederate Creek, and clearly was a former outlet 
of that stream to the Missouri. 

Beaver Creek, issuing from the Elkhorn Mountains, originally 
flowed southeastward in the direction of Townsend, or more probably 
discharged at the east side of these mountains into some master stream 
that flowed southeastward, draining the Prickly Pear Valley. The 
present lower valley of Beaver Creek is a new outlet to the Missouri, 
produced by strean1 piracy or by superposition. 

The Missouri River and its tributaries in western Montana show 
many physiographic anomalies that have not been satisfactorily ex
plained. One of them is the broad open valley of the Missouri River 
upstream from Canyon Ferry, with a succession of gorges and open 
stretches downstream that made possible the Canyon Ferry, Hauser, 
and Holter dams. From the mouth of Magpie Creek downstream for 
about a mile, the Missouri originally followed an old course northeast 
of Canyon Ferry, impinging against the gravel bluffs at the mouth 
of Cave Gulch. A later superposition of the river onto its western 

, wall has formed a short gorge, at the lower end oi'which the present 
Canyon Ferry dam is located. 
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RELIEF 

MOUNTAINS AND VALLEYS 

The Big Belt Mountains on the east and the Elkhorn Mountains 
on the west bound this part of the Missouri River Valley. The crest 
of the Big Belt Mountains, at the heads of Avalanche and Magpie 
Creeks, is a rolling upland that rises between 3,000 and 4,000 feet 
above the valley floor of the Missouri River. The tributaries of the 
river, however, are deeply incised, and the southwestern limit of the 
mountains is very abrupt so that the northeastern wall of the valley 
appears precipitous. From the southwest face of the Big Belt 
Mountains a gravel-covered foreland, ranging in width from 1 to 6 
miles, slopes gently toward the river or to Lake Sewell. This fore
land, which appears to be a gravel-covered pediment, has a complex 
geomorphic history as it was originally the site of an ancient lake 
but later became the main valley of the Missouri. Owing to its low 
altitude and the terraces carved upon it, this foreland is regarded as· 
a part of the valley floor. The Spokane Hills, between the Big Belt 
Mountains and the Elkhorn Mountains, constitute an intermediate 
bounding divide that rises to an altitude of 1,500 feet above the Mis
souri River. The northeastern lateral spurs of the Spokane Hills 
descend abruptly to the valley floor. 

The valley of the Missouri River; between the fronts of the Big 
Belt Mountains and the Spokane Hills, is a basin with a maximum 
width of about 6 miles. It forms one arm of a much longer and wider 
depression, called Townsend Valley, that extends from Canyon Ferry 
upstream for 35 miles to Toston. The Prickly Pear Valley, another 
arm of this depression, lies west of the Spokane Hills and was probably 
at one time the main valley of the Missouri. The Spokane Hills con
stitute in reality a hard-rock peninsula that separates these two arms 
of Townsend Valley. The Townsend and Prickly Pear Valleys, con
sidered as a unit, exemplify a number of extensive basins, separated 
from one another by constricted courses of the river, that characterizes 
the headwaters of the Missouri. The present bed of the river Is 
slightly incised in the older valley floor of Townsend Valley. 

TERRACES 

Numerous terraces, which mark older base levels at which the Mis
souri River and its tributaries successively flowed, are well developed. 
Terraces have longitudinal slopes that depend principally on the older 
stream gradients, and lateral slopes that depend on several ca:uses. 
In order.to correlate such erosion levels throughout an area, the older 
stream gradients must be determined and projected from place t(l 
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place, and for such an undertaking a detailed topographic map is indis
pensable. No such map has yet been 1nade of the Canyon Ferry quad
rangle, and the correlations mentioned below therefore must be re
garded as tentative and subject to revision. 

Pardee (1925, p. 6-8) has divided these bench-like forms into three 
major groups, on the basis of their relative ages. The oldest, and 
highest, of these terraces has altitudes ranging from 250 to 300 feet 
above the present level of the Missouri River; the second, or next 
younger terrace, has altitudes from 150 to 200 feet above the river; 
and the third, or lowest, terrace is about 50 feet above the river level. 
Besides these terrace lev~ls, numerous less well developed erosion levels 
exist, but their correlation at present is impracticable. 

The best example of the first or oldest terrace is the sloping gravel
covered surface that extends from the south end of the Spokane Hills 
southeastwar~ beyond the Canyon Ferry quadrangle toward the Mis
souri River. Beaver Creek transects this surface, but from the hills 
on either side of the creek, its original continuity is apparent. The 
diversion of Beaver Creek to its present course occurred at the time 
when this stream, or the master stream into which it discharged, flowed 
at the level of this old erosion surface. Below this level, but above 
that of the second terrace, an intermediate level is imperfectly devel
oped at a few places along the south side of Beaver Creek. 

The second of the more distinct terraces is well developed in the 
valley of Beaver Creek, and at many other sites within the quadrangle. 
On Beaver Oreek it shows as a wide flat on both sides of the creek, 
sloping gently toward the Missouri. Along the northeast side of the 
Missouri River, the second terrace forms the upper surface of the 
foreland that extends southwestward from the face of the Big Belt 
Mountains. Between Confederate Creek and Avalanche Creek, it is 
everywhere present and shows at numerous places as a low escarpment 
rising above one or more lower terraces, but nowhere is it close enough 
to the Missouri to form any high escarpment. Farther downstream, 
ho:wever, the second terrace is well developed at two bluffs close to 
Lake Sewell, one just northwest of the lower course of Hellgate Gulch, 
and another, known as Magpie Bluff, which is just southeast of the 
lower course of l\fagpie Creek. Along the top of the spur west of 
Cave Gulch, the terrace is developed close to the face of the Big Belt 
Mountains. Farther up the river, beyond the limits of the quadrangle, 
the second terrace also is visible along the southwest wall of the 
~fissouri. 

The lowest of the well-marked terraces, known as terrace 3, lies at 
an altitude of about 50 feet above the mean water level of the Missouri. 
It is shown along both sides of the valley of Beaver Creek, though it 
if3' less well developed than the second terrace. It is believed that this 
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erosion surface may be correlated with the low one along the east side 
of the Elkhorn Mountains, contiguous to the valley of the ancient 
stream that discharged toward Townsend. It may be correlated also 
with the well-developed low terrace that marks the eastern wall of 
Spokane Creek, along the west flank of the Spokane Hills. 

The lowest terrace is well marked along Confederate Creek, and 
a]so along the northeast bank of the Missouri River downstream from 
Dry Hollow. At these two localities, however, an erosion level below 
terrace 2, and about 50 feet above terrace 3, also shows to advantage. 
The valley floor of Dry Hollow, which is cut at the level of terrace 3, 
connects with the river through a short steep gorge. The unadjusted 
valley of Dry Hollow shows that Confederate Creek discharged 
through this outlet at a time when the base level of the Missouri was 
about 50 feet higher than at present. The lowest terrace is also inter
lnittently developed southwest of the Missouri River, upstream from 
the limits of the quadrangle. 

The lowest terrace shows in most of th~ larger valleys, from White 
Gulch to Canyon Ferry. Another erosion level, very imperfectly 
developed in the lower valley of Avalanche Creek, lies below terrace 3. 
The latter, and other less perfectly developed erosion levels, are recog
nizable on the lateral spurs descending into Hellgate Gulch and Mag
pie Creek, and in Cave Gulch. Near the mouth of Cave Gulch, north
west of the junction of the Cave Gulch road and York road, is a thick 
bank of gravel resting on the eroded surface of tilted Tertiary beds. 
This surface is about 50 feet above the present level of the Missouri 
River, and unquestionably correlates with the lowest or third terrace. 
It dates the stage of erosion .when the Missouri flowed northeast of 
Canyon Ferry and impinged against these gravel bluffs at the lower 
end of Cave Gulch, and it serves to correlate this stage with the de
velopment of Dry Hollow. 

CLilYIAT.E 

Climatic records .have been kept at Canyon Ferry and at Helena by 
the U. S. Weather Bureau for many years. At Canyon Ferry the 
record began in 1899, and at Helena in 1880; these records have been 
summarized by the U. S. Weather Bureau (193'6) up to. 1930. The 
tabulation of mean temperatures, given below, is taken from this 1930 
compilation, but the mean precipitation and snowfall, which are of 
greater importance for a reclamation or power project, has been sup
plemented and brought up to date by including the annual records of 
the Weather Bureau from 1931 to 1945. 



Climatic Data at Canyon Ferry and Helena, Montana 

[Records of U.S. Weather Bureau] 

Length of Febru-record January ary March April May June July August 
(yenrs) 

-- ------------------
Average monthly temperature 

(oF.): 
Canyon Ferry ____________ 32 19. 4 23. 2 33. 3 44. 6 53. 0 61. 2 68. 4 65. 9 
Helena __________________ 51 20. 2 23.6 32. 6 43. 7 51. 6 59. 6 67.3 66. 1 

Average maximum temperature 
(oF.): 

Canyon Ferry ____________ 32 28. 6 34. 0 45. 0 58. 0 66. 6 75. 7 84. 7 82.0 
Helena __________________ 51 28. "4 32. 2 41. 8 54. 0 62. 2 71. 1 80. 3 79. 1 

Average minimum temperature 
(oF.): 

Canyon Ferry _______ .,. ____ ' 32 10. 1 12. 3 21. 6 31. 3 39. 4 46. 8 52.2 49. 8 
Helena ______________ -' ___ 51 12. 1 15. 0 23. 4 33. 3 41. 0 48. 2 54. 2 53. 1 

<\. verage monthly precipitation 
(in.): 

Canyon Ferry ____________ 47 . 41 - 41 . 47 . 81 1. 90 22. 0 1. 24 . 93 
Helena __________________ 66 . 79 . 59 . 75 1. 01 1. 95 2. 27 1. 10 . 79 

Average monthly snowfall (in.): 
Canyon Ferry ____________ 45 6. 4 5. 1 4. 5 0. 9 0. 1 T 0. 0 0. 0 
Helena __________________ 66 10. 2 8. 4 9. 3 5. 4 1.9 T T T 

-· ·"··- ·--·-·· ___ ,__ __ --·---.- ... ,..,_ ~ ~ ----

Septem- Novem-
ber October ber 

---------

56. 0 44. 2 32. 3 
55. 6 45. 3 32. 9 

69. 5 56. 6. 42. 0 
67. 1 55.3 41. 3 

42. 5 31. 8 22. 6 
44. 1 35. 4 24. 4 

1. 13 . 73 . 44 
1. 19 . 85 . 66 

T 1.0 3. 7 
0. 9 3. 8 6. 5 

Decem-
ber Annual 

------

21. 0 43. 6 
24. 8 43. 7 

30. 0 56. 1 
32.4 53. 8 

12. 1 31. 0 
16. 9 33. 4 

. 47 11. 14 

. 73 12. 68 

5. 9 27. 6 
8. 6 55. 0 

"'"'"' 0 

0 
t:;1 
0 
~ 
0 

~ 
0 
""J 
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~ 
l".1 

0 

~ 
t<l 
0 z 
""J 
l".1 
~ 
l;:tl 
t<l 
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~ 
~ 
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The climate of this part of the Missouri River Valley, at altitudes 
between 3,500 and 4,000 feet, is characterized by short warm summers 
and long cold winters, with the precipitation of '3. semiarid country. 
The midday temperatures in June, July, and August are high, with 
a maximum as high as 104°, and a mean maximum ranging from 76.8° 
at Helena, to 80.8° at Canyon Ferry; but the mean minimum tem
peratures for the three su1nmer months ( 51.8° at Helena and 49.6° 
at Canyon Ferry) show that the nights are cool. The mean minimum 
temperatures for the months of December, January, and February 
are 14.7° at Helena and 11.5° at Canyon Ferry. The extreme range 
in temperature is from 104° in summer to -42° in winter, a total of 
146°. The humidity, however, is :fairly low, with day to night 1neans 
from April to September of 39 to 66 percent, and similar means from 
October to March of 60 to 71 percent. The average dates of the first 
and last killing frosts at Helena are September 29 and May 7; and at 
Canyon Ferry, September 22 and May 13. 

The distribution of precipitation and snowfall throughout the year 
at Canyon Ferry and Helena is given in the preceding tabulation, and 
is shown graphically in figure 1. In this chart, snowfall is converted 
to water by the conventional assumption that 10 inches of snow is 
equal to 1 inch of water. The true ratio in this area is closer to 13 

fl) 
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• 
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FIGURE 1.-Monthly precipitation and snowfall, Canyon Ferry and Helena. 
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to 1. The maximum rainfall is in June, and the maximum snow:fall 
in December, but these are average values and dates from which 

. great departures occur. The total mean precipitation at Helena is 
about 14 percent greater than at Canyon Ferry, and the mean snow
:fall is about twice as great. 

A periodic variation in the annual precipitation was stated by 
Pardee (1925, p. 12) to exist with a hal:f-period o:f 9 years, but 25 
years o:f additional observations are now available beyond those to 
which Pardee had access. To test this periodicity, the mean annual 
precipitation :for Canyon Ferry and Helena is charted in figure 2, 
:from the time o:f the earliest records to 1945. The maxima, or peaks 
of the wet periods, are not well defined, but :from 1891 to 1908 to 1925 
a period o:f 17 years is suggested. The minima, however, which show 
the peaks o:f the dry periods, are better defined, and :from 1889 to 
1904 to 1919 to 1935 indicate a period o:f 15 years. Most or' the rain:fall 
in this area comes :from summer thunderstorms, which are erratically 
distributed. It is there:fore too much to expect that the records of 
precipitation at one or two stations will show per:fect cyclic variation, 
even i:f such cycles were really well defined. A better interpretation 
of climatic periodicity could be obtained by averaging the records 
:from many stations; and as an index o:f the compensation that might 
thus be obtained, the 1934 low at Canyon Ferry may be cited, correct
ing by 1 year the 1935 low at Helena, and producing a perfect 15-year 
cycle o:f lows. 

MAGNETIC DECLINATION 

The average horizontal declination o:f the compass, :for the center of 
the Canyon Ferry quadrangle, during 1946 WQ.S 19°14' east. The 
record of this variation :for the last 100 years, as supplied by the 
U.S. Coast and Geodetic Survey,2 is as :follows: 

East Magnetic Declination at Helena, Montana, 185o-1947 

[From records of U. S. Coast and Geodetic Survey] 

Year 

1850 ________________ _ 
1860 ________________ _ 
1870 ________________ _ 
1880 ________________ _ 
1890 ________________ _ 
1900 ________________ _ 
1910 ________________ _ 

Declination 

19°53' 
20°10' 
20°21' 
20°10' 
19°54'· 
20°00' 
20°33' 

Year 

1920 __________________ _ 
1930 __________________ _ 
1935 __________________ _ 
1940 __________________ _ 
1945 __________________ _ 
1946 __________________ _ 

1941-----------~-------

Declination 

20°34' 
20°03' 
19°50' 
19°36' 
19°17' 
19°14' 
19°10' 

These variations are shown in figure 3. It will be seen that the change 
in declination has been about 1lh degrees in the last 27 years, or about 
1 degree in 20 years. 

2 Letter responding to a request by telephone. 
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19°30
1 
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1850 1900 1950 

FIGURE 3.-Magnetic declination, Canyon Ferry quadrangle, 1850-1947. 

VEGETATION AND ANIMAL L·IFE· 

The Big Belt Mountains and Spokane Hills were originally well 
timbered with pine and fir, and some cedar and juniper. The placer 
miners of the early days, however, cut much of the timber that was 
accessible to their camps; and as usually happens near mining camps, a 
great deal more was accidentally burned. As a result, only the upper 
reaches of the valleys in the Big Belt Mountains, and the upper slopes 
of Spokane Hills are now well timbered. Evidence ·is available to 
prove that more water flowed in the streams of the Big Belt Mountains 
80 years ago than at present; and in the absence of climatic data 
indicating a greater precipitation at that time, probably deforestation 
is responsible for the present lower amount. 

Along the strean1 courses in the Big Belt Mountains is a sparse 
growth of willow brush, poplar and aspen, grasses, and other vegeta
tion that grow near moisture in such an environment. Beyond the 
mountains, however, the vegetation is sagebrush, tumbleweeds, cactus, 
bunch -grass, and other plants that are characteristic of the semiarid 
West. · · 

Few animals live in this region. Deer are common in the higher 
ranges, and antelope are fairly common, both in the hills and in 
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the lower country. A few blac>k bear live in the Big Belt Mountains, 
and some beaver are found along the perennial streams. Coyotes and 
ground squirrels, and rabbits are fairly common. Rattlesnakes are 
not restricted to any one section, but are most common in the low 
arid hills north of the lower part of Beaver Creek. Black snakes are 
probably as numerous as rattlesnakes in the Big Belt Mountains, but 
nre less prevalent in the lower country. 

SETTLEMENTS 

Canyon Ferry, founded by John Oakes in 1865, is the only settle
ment in the Canyon Ferry quadrangle. The population consists of 
several farmers and their families, a school teacher and family, the 
manager of the power plant and his family, and several government 
employees and their families. East Helena is the nearest source of 
supplies. 

Several towns, now entirely abandoned, once existed in or close to 
this quadrangle when gold placer mining was a thriving enterprise. 
Among them were Cavetown in the valley of Cave Gulch; Jimtown at 
the head of Clarks Gulch; White City on White Gulch; Diamond City 
on Confederate Creek; and French Bar on the Missouri River. 'Soon 
after the discovery of gold on Confederate Creek, Diamond City 
became a town with a population of 5,000 persons; and White City, 
soon after its founding, had a population of 1,000. 

TRANSPORTATION 

The highway connecting Three Forks with Helena passes across 
the southwest corner of the Canyon Ferry quadrangle, and makes 
readily accessible the western flanks of the Spokane Hills. Three 
secondary roads lead eastward from this highway to three bridges 
crossing the Missouri River, and connect with other secondary roads 
along the northeast side of the river. The northernmost of these roads 
crosses the Missouri at the mouth of Trout Creek and continues on 
to York, and a branch from this road leads southward via Clarks 
Gulch and Cooper Gulch to Canyon Ferry. The second side road 
leads from East Helena dir~ct to Canyon Ferry~ The third secondary 
road leads eastward from Winston down the valley of Beaver Creek 
to a bridge across the Missouri, whence it connects with the network 
of secondary roads on the northeast side of the river. Five tertiary, 
but passable, roads cross the Big Belt Mountains, within or close to 
this quadrangle. They follow up the valleys of White Gulch, and 
Trout, Magpie, Avalanche, and Confederate Creeks, and connect with 
similar roads on the east side of the Big Belt Mountains. Local roads 
of the same type also go some distances up the valleys of Cave, Hell
gate, and Little Hellgate Gulches. 
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INDUSTRIES 

This part of Montana was settled first by prospectors, who in 1864 
discovered gold on Last Chance Creek at the present site of Helena, 
and on Confederate Creek. A narrative of these and other discov
eries is given in a later chapter; but it suffices here to state that a gold 
placer mining industry was soon established which, in its waning 
stages, included some mining of gold and copper lodes. Placer min
ing was still in progress near Helena in 1946, on Indian Creek west 
of Townsend, and on White Gulch; and new work was being planned 
for Confederate C:reek. Mining, however, can no longer be consid
ered animportant industry in or close to the Canyon Ferry quadran
gle, though changing economic conditions may rejuvenate this indus
try to some degree in coming years. 

Farming and stock raising are now the principal industries of the 
Canyon Ferry quadrangle. Farming is done mainly on the floor of 
Townsend Valley, but 8 miles of this valley floor is already submerged 
by Lake Sewell, and 14 additional miles will be flooded eventually by 
the new Canyon Ferry dam. Most of this farming is done by means 
of irrigation, as the area is too dry to raise crops consecutively by dry 
farming only. Some dry farming is done, but is successf'ul only dur
ing years or cycles of excess precipitation. 

The generation of hydroelectric power may be regarded as an in
dustry in this quadrangle and will become still more important after 
the new Canyon Ferry dam is constructed. Three important dams 
have been built on the Missouri River in the 28-mile stretch down
stream from Canyon Ferry. The smallest and oldest of them is the 
Canyon Ferry dam, which was completed in 1898, and now generates 
6,700 kilowatts of power. The Hauser dam, about 12 miles down
stream, was completed in 1907, was washed out in 1908, and was re
built in 1911. At this site 17,000 kilowatts of power are generated. 
The Holter dam, about 28 miles downstream from Canyon Ferry, was 
built about 1918 and generates 38,400 kilowatts of power. These three 
and certain other hydroelectric plants farther downstream are pri
vately owned and operated. 

The Reclamation Service plans to irri'gate large tracts of land in 
the valleys of the Jefferson, Madison, and Gallatin Rivers, the head
water tributaries of the Missouri which join at Three Forks. New 
dams will be built for this purpose and the water from one older dam, 
now used for power, will be diverted to irrigation. Much of this water 
will never return to the river, for which reason large losses of water 
will result. The Reclamation Service therefore was obligated to pro
vide larger storage facilities to maintain the present flow of wat~r. 
The new Canyon Ferry dam will be constructed primarily :for this 
purpose, though a small part of its water will be pumped to irrigate 
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26,600 acres in the Helena Valley. It will be built 6,900 feet down
stream from the present dam, and its power plant will generate 67,000 
kilowatts. 

The new Canyon Ferry dam will impound water to an altitude of 
3,800 feet, and will flood ~he Townsend Valley to the mouth of Indian 
Creek, about 1% .miles downstream from Townsend. Large tracts of 
fertile bottom land that are now cultivated thus will be destroyed, and 
some additional land adjoining the reservoir will become unusable. 
Moreover, no new land will be irrigated along the terraces northeast 
of the river, as the water is to be used mainly for storage and power. 
A new Holter dam, downstream from the present one, would have 
given an equivalent storage of water, and would have submerged no 
agricultural land; but such a project would have flooded the present 
Holter and Hauser power installations. The over-all cost of a new 
Holter dam was therefore regarded as excessive, and the project was 
not developed. -

GENERAL GEOLOGY 

SEDIMENTARY ROCKS 

The Canyon Ferry quadrangle shows an incomplete section of pre
Cambrian and Paleozoic rocks, no recognizable rocks of Mesozoic age, 
a great thickness of Tertiary beds, and Quaternary gravels of several 
ages. Five pre-Cambrian formations, belonging to the Belt series, 
have been recognized and mapped. The Paleozoic sequence comprises 
six formations of Cambrian age, two of Devonian age, and five units 1 

of Carboniferous and Permian age, all of which are separately 
mapped where this is feasible. At some localities, however, poor 
exposures made it necessary to map two formations as a single unit. 

The Oligocene beds are fresh-water deposits of lacustrine and fluvia
tile origin that have been divided into four mappable units. Another 
group, probably also of Oligocene age, whose stratigraphic relations 
to the mapped units of this age cannot be exactly determined, is shown 
as undifferentiated Tertiary. Miocene beds occur at two localities, 
one just south and the other just north of this quadrangle. 

The Quaternary deposits have a long and involved history that is 
incompletely understood. Pleistocene gravels of several ages could 
be distinguished and mapped, but without the aid of a topographic 
map they are grouped as a single unit. The Recent gravels of the 
valley floors are separately shown. 

PRE-CAMBRIAN ROCKS 

BELT SERIES 

The Belt series consists of thick units of shale, siltstone, sandstone, 
and limestone, with an aggregate thickness within this quadrangle of 
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more than 8,000 feet. The series is divided into five formations based 
on lithology and structure, but each formation grades into adjoining 
ones, so that their boundaries are to some extent a matter of interpre
tation. Most of the rocks in th~ Belt series are thinly and evenly 
bedded. 

The rocks of the Belt series are well exposed but do not commonly 
fonn bold outcrops, except along steep valley walls. On the rolling 
upland t~at forms the crest of the Big Belt Mountains, these rocks 
crop out inconspicuously; but at many places along the west slope of 
the Spokane Hills, the Spokane and Empire shales have been eroded 
to form smooth gentle slopes with very few outcrops. 

An erosional unconformity at the base of the Cambrian rocks tran
sects the two uppermost pre-Ca1nbrian formations, so that their total 
thickness is not exposed. Recent work by Clyde S. Ross,3 moreover, 
has demonstrated that the pre-Cambrian rocks of the Big Belt Moun
tains are only the lower part of the Belt series of Montana. 

NEWLAN!) LIMESTONE 

The Newland limestone is the oldest pre-Cambrian formation that 
occurs in this quadrangle, but it is not the basal member of the Belt 
series. It crops out in the northeastern part of the quadrangle, in the 
central part of the Big Belt Mountains. Its base is not exposed, but 
its local thickness is estimated to be about 2,000 feet. 

The Newland is a m1iformly dense, dark-gray, dolomitic limestone, 
thinly and evenly bedded, except in its upper part. It crops out 
at few places, but fonns abundant float of brown platy fra.gments 
that resemble a hard fissile shale. Thin beds of blue-gray limestone 
are common in the upper part of the formation, and the uppermost 
200 feet consists of bands of such limestone, separated by zones from 
20 to 40 feet thick of alternating thin beds of limestone and shale. 
These uppernwst beds constitute a transitional sedimentary facies that. 
marks the top of the Newland limestone and the base of the overlying 
Greyson shale. The contact is arbitrarily drawn on the highest recog
nizable bed of limestone. At some places these uppermost ·beds show · 
considerable deforn1ation, consisting of minor folds, contortions, and 
even faulting, but such deformation cannot be traced far into adjacent 
beds of shale. 

GREYSON SHALE 

The Greyson shale crops out in a broad, northwest-trending band in 
the Big Belt Mountains. It is well exposed along Avalanche, Magpie, 

3 Ross, Clyde S., oral communication. 
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and Trout Creeks, but it forms few good exposures on the divides 
between the valleys. Its thickn.ess.is between 2,000 and 3,000 feet. 

The formation consists mainly of shale, siltstone, and fine-grained 
sandstone, all of which are thinly and evenly bedded. ·The color 
of these rocks is dark gray to dark brown, but they weather to sombre 
shades of brown or red. Mediun1- to coarse-grained sandstones, in 
places somewhat conglomeratic, are present in the upper few hundred 
feet of the formation. They are dominantly light brown or light 
gray, but partly white or red. Some of these beds show cross-bedding 
and ripple marks, indicative of deposition in shallow water. 

The Greyson shale grades upward through a transitional zone 
about 200 feet thick into the overlying Spokane shale. These transi
tional rocks consist of red shale of the Spokane type interbedded with 
light-colored sandstone. The contact between the two formations is 
drawn at the top of the uppermost recognizable bed of sandstone. 

SPOKANE SHALE 

The Spokane shale crops out with good exposures in the Big Belt 
Mountains from the vicinity of White Gulch along the east side of 
the quadrangle northward to Trout Creek. It crops out also on the 
west slope of the Spokane Hills, which is the type locality, as estab
lished by Walcott in 1899. The thickness is between 1,500 and 2,000 
feet. 

The Spokane consists mainly of soft, poorly bedded shale, and some 
~iltstone is present in the lower part of the formation. Bright red is 
the dominant color, but a part of the rock is altered to a greenish col
or in small spots, bands, or along zones several tens of feet thick. In 
some places this greenish coloration appears to be related to fractures 
or igneous intrusions; but in other places· it is uncertain whether the 
rock was originally red or green and what caused a change, if such 
occurred, from one color to the other. For this reason, the criterion of 
red versus green color, which in the Big Belt Mountains is the prin
cipal difference between the Spokane and Empire shales, may not 
hold over any extensive area. 

The Spokane shale, though soft, is tough and resistant to weathering, 
so that it forms rather prominent outcrops. It breaks down into 
small chips and flakes that resist abrasion, and are transported for 
considerable distances in the stream beds. Detritus of such material is 
particularly noticeable in the uppermost unit of the Tertiary beds. 

EMPIRE SHALE 

The Empire shale is exposed from the eastern side of the quadrangle, 
in the vicinity of White Gulch, to the vicinity of Oregon Gulch, where 
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it pinches out; it is present also along the west and north sides of the 
Spokane Hills. The formation has a maximum thickness Df about 
1,000 feet in the vicinity of Rellgate canyon and is about 800 feet 
thick on the west side of the Spokane Hills. Northwest of Magpie 
Creek and on the west side of the Spokane Hills, where the Helena 
limestone is absent, part of the Empire was probably eroded before 
cleposition of the Flathead quartzite, of Cambrian age. 

The Empire is commonly a hard, dense, siliceous shale or argillite 
that is thinly bedded and banded. The color ranges from light to 
dark shades of greenish gray but red shale like that in the Spokane 
is abundant in its lower part. Some thin beds of limestone are inter- · 
layered with the siliceous shale in the upper part of the Empire. Most 
of them are fine-grained to dense, blue-gray beds; but those near the 
top are light-brownish gray and closely resemble the limestone of the 
overlying Helena lilnestone. 

The contact between the Empire and Spokane shales is gradational 
and is the most difficult contact in the Belt series to establish and map. 
At most places it is arbitrarily drawn at the base of the lowest green
ish, siliceous shale that characterizes the Empire, but in a few places 
some of this shale is included in the Spokane. The Empire shale, as 
mapped, thus may include in its lower part a considerable amount of 
red shale of the Spokane type; and the contact shown on the map is 
therefore consistent only within an interval of about 200 feet. The 
contact of the Empire and Helena also ~s gradational, with rock types 
characteristic of each formation alternating. at the contact, but only 
through a stratigr.aphic interval of 25 to 50 feet. 

HELEN A LIMESTONE 

The Helena limestone is exposed only along the western part of the 
Big Belt Mountains. It is about 500 feet thick at Hel,gate Gulch and 
possibly a little thicker in the vicinity of White Gulch; but owing to 
an erosional unconformity which transects the uppermost pre-Cam
brian rocks at a low angle, this formation thins to a feather edge in the 
valley of Magpie Creek. 

The Helena is composed of thinly but unevenly bedded, commonly 
laminated, fine-grained to dense dolomitic limestone. Most of the 
beds are a small fraction of an inch thick, but some are as much as 2 
inches thick, and a few are a foot thick. Thin partings of shaly lime
stone or limy shale occur between some of the beds of dolomite. 

The Helena limestone does not form conspicuous bluffs, but numer
ous small exposures ar~ common. The dolomite disintegrates as hard 
platy layers, so that the area where this dolomite crops out is strewn 
with such platy ·fragments that weather tan to reddish brown. 
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PALEOZOIC ROCKS 

CAMBRIAN SYSTEM 

FLATHEAD QUARTZITE 

The Flathead quartzite crops out along the southwestern slopes of 
the Big Belt Mountains and along the crest of the Spokane Hills; 
it is exposed also in the headwater part of Avalanche Creek in the 
northeastern corner of the quadrangle. In the Big Belt Mountains, 
this quartzite forms a single hogback ridge southeast of Hellgate 
Gulch; but northwest of that stream it is involved in the folding that 
predominates in that part of the quadrangle, forming repeated hog
backs and synclinal canoe-shaped ridges. 

The quartzite acts mainly as a brittle unit and is displaced by 
numerous small cross faults ;which do not appreciably affect the 
adjoining formations. Locally these cross faults are so numerous 
as to produce jagged, steplike outcrops of the formation. Some are 
of mappable dimensions, as in the area south of Hellgate Gulch, and 
in. the central part of the Spokane Hills; but at numerous other places 
the displacements are too small to be mapped on the scale of the 
accompanying map. Northwest of Hellgate Gulch, the Flathead 
is tightly folded and bent, but shows little rupturing. The average 
thickness is about 200 feet. · 

The Flathead is composed of medium-grained to rather course
grained quartzite, part of which is finely conglomeratic. The beds 
of conglomerate are irregularly distributed throughout the formation, 
both stratigraphically and along the strike. No basal conglomerate 
is present." The quartzite is dominantly light colored, mostly pale 
gray; but purple-red banding is common and conspicuous. It weathers 
tan to brown, but much of the weathered surface is covered with 
lichens, which give the rock a dark appearance when viewed from a 
distance. Bedding is well developed, mostly in layers 1 to several 
feet thick; but some of the quartzite is thin-bedded and some is 
cross-bedded. 

The contact of the Flathead quartzite with the Belt series is every
where covered with talus; it is obviously an unconformable one as it 
truncates the Helena limestone and part of the Empire shale, though 
at a very low angle. Similarly the contact with the overlying Wolsey 
shale is covered with talus in most places, but poor exposures in the 
Spokane Hills suggest that the Flathead grades upward into the 
Wolsey. 

WOLSEY SHALE 

The W alsey shale is exposed in the central part of thE~ Big Belt 
Mountains at the head of Avalanche Creek, along the southwestern 
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slope of the mountains from White Gulch to Trout Creek, and along 
the crest of the .Spokane Hills. As the formation is soft and lies 
between resistant strata, strike valleys and saddles :form on it. Out
crops are poor, but its presence generally can be established by float. 
The Wolsey varies greatly in thickne~s as a result of deformation, 
but its average thickness is about 400 feet. 

The Wolsey is composed mainly of fine-grained sandy shale, and 
thin discontinuous layers of sandstone. Most bedding surfaces of 
the sandy beds are crinkly' and show mud cracks, worm borings and 
casts, and in addition minor wrinkles probably resulting from defor
mation. The bedding surfaces are partly covered with films of 
greenish shale and abundant mica, which imparts to the weathered 
rock a bright sheen, resmnbling that of a phyllite. The sandstone 
is brown, but the associated shale is gray-green and gives a gr~enish 
color to most of the rock. A little red sandstone and shale is present 
in places. 

Limy shale and thin and irregular beds of limestone also form a 
part of the Wolsey shale, particularly in the upper horizon. The 
limestone is partly fine-grained and blue-gray, and partly medium
grained and gray, tinged with green and red. Glauconite grains are 
common in some of the crystalline limestone, and oolite occurs rarely. 

In the northern part of the Spokane Hills, near the Canyon Ferry 
stock, the Wolsey strata are considerably altered, both by thermal 
metamorphism, and by the injection of Tertiary igneous material. 
By thermal metamorphism the shale is baked to a dark-colored horn
fels, the sandy beds are changed to dark quartzite, and the limy layers 
are changed to a dense, hard, siliceous, light- to dark-green rock. 
At several sites in the Spokane Hills, however, the shale shows lit
par-lit and other forms of igneous injection; and at some places the 
rock is so altered that it is mapped as igneous. 

The Wolsey shale is thought to grade upward into the overlying 
Meagher limestone, with an increase in limestone and a decrease i,n 
shale. Exposures of this gradational zone, however, are uncommon 
and generally poor. 

MEAGHER LIMESTONE 

The Meagher limestone is well exposed along the southwestern slope 
of the Big Belt Mountains from White Gulch to Trout Creek, and in 
the central part of the mountains at the hea'd of Avalanche Creek. It 
forms bold outcrops in cliff faces and along ridges. It is well exposed 
also along the crest of the Spokane Hills, though its outcrops are 
subdued compared with those in the Big Belt Mountains. 

The Meagher in the Big Belt Mountains is a fine-grained, gray 
limestone that weathers light gray to blue gray. From a distance it 
appears to be a massive rock, but actually it is thinly though unevenly 
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bedded in layers frmn 1 to3 inches thick. On weathering, however, 
it does not separate into slabs along these bedding planes. Some beds 
are medium-grained and granular, representing possibly recrystallized 
oolites, or a sand of fossil fragments. Near the top and base of ,the 
formation are thin discontinuous layers of light gray to bright yellow 
and bright red limestone. Commonly this bright-colored limestone 
occurs also as small "chips" in the gray li1nestone, thus suggesting an 
intraformational conglomerate. The Meagher in the Spokane Hills, 
close to the Canyon Ferry stock, is recrystallized to a coarse-grained, 
white marble. The thin-bedded character is less conspicuous in the 
Spokane Hills. . 

The Meagher lime~tone has reacted to disastrophism in· somewhat 
the same way as the Flathead quartzite, though to a lesser degree. It 
appears as a resistant member of the sedimentary series, and is cmn
monly fractured by cross faults. Owing to its massive character and 
its wide distribution, it forms prominent outcrops, which outline better 
than any other li1nestone the structure of the Paleozoic rocks. In the 
area of tight asymmetrical folding near the mouth of Magpie Creek, 
it is involved in an overturned anticline, whose axial plane is a reverse 
fault. Adjacent to this anticline is a syncline that is overturned in 
the opposite direction. In such areas of complex folding, the thick
ness is inconstant, but in general is about 300 feet. 

PARK SHALE 

The Park Shale, which lies above the Meagher limestone and below 
the Pilgrim limestone, occurs both in the Spokane Hills and in the Big 
Belt Mountains, but is everywhere poorly exposed. Its outcrop at 
most places can be mapped because shallow strike valleys and saddles 
are formed on it. AlQng the southwestern. slope of . the Big Belt 
Mountains, however, it has not everywhere been differentiated from 
the Meagher limestone, as it rarely crops out and its topographic 
expression is not striking. Shale belonging to this formation was 
not recognized at the head of Avalanche Creek. 

The Park shale in the Spokane Hills is commonly gray to greenish, 
and weathers greenish or olive drab, or is stained brown with limonite. 
It is fairly well-bedded, and thin-bedded, somewhat micaceous, and 
in part silty, with su~ordinate fine-grained sandstone layers. Near 
the Canyon Ferry stock it has been altered to a hard, black snale. · 

The Park Shale in the Big Belt Mountains is gray, thin-bedded, and 
finely silty. It weathers in places to splinter-shaped fragments and 
pencil slate, which cover the surface of the ground, and in the absence 
of outcrops, serve to identify the formation. Pseudomorphic crystals 
of limonite after pyrite are common in places. 

The Park shale, because it is soft and incompetent, and because 
it lies between two massive limestones, is 1nuch deformed. The pro-
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duction of splinter shale seems to be related to tight squeezing near 
the crests of folds. Owing to the structure the thickness varies 
greatly, ranging from a knife edge to nearly twice its usual thick
ness. The thickness in the Spokane Hills is probably about 300 feet; 
but along the southwestern slopes of the Big Belt Mountains the 
thickness appears to be less than 100 feet. Nowhere in the quadrangle 
are exposures good enough to determine its structural relation to the 
overlying and underlying limestones, but it is believed to be conform
able with both. 

PILGRIM LIMESTONE 

The Pilgrim limestone forms bold outcrops along the crest of the 
Spokane Hills, where it is about 500 feet thick. It is well exposed 
in the faces of cliffs and along ridges in the southwestern slope of the 
Big Belt Mountains and at the head of Avalanche Creek. Where 
measured in Hellgate canyon the formation is faulted, so its true thick
ness could not be determined; but it is thought to have about the same 
thickness in the mountains as in the Spokane Hills, even though. the 
lithology differs appreciably in the two areas. 

The Pilgrim limestone in the Spokane Hills is a fine-"grained to 
medium-grained dolomitic limestone of granular texture. It is domi
nantly light gray, with a darker gray mottling, and at some places 
white (bleached~) areas. Some of it, notably the upper part, is white. 
Most of the limestone is rather massive and poorly bedded, though 
near the top it is well bedded and in places thin-bedded. The basal 
part is thinly bedded and contains platy layers and intraformational 
conglomerates of light-gray, red, and yellow limestone. 

The Pilgrim limestone in the Big Belt Mountains can be divided 
conveniently into two units. The lower, thicker unit is rather uniform 
in general character though varied in detail. It is composed of some 
dense or fine-grained limestone, either dark gray or white; some rather 
coarse-grained limestone; and some "muddy" limestone, which is light 
gray, yellow, or red in color and forms irregular and discontinuous 
layers and intraformational conglomerates. These beds weather buff, 
yellow, or reddish brown. All of them are thin-bedded, and many 
have a jagged o:r hackly surface. They grade into the upper unit, 
which consists of light-gray medium-grained dolomitic limestone of 
granular texture. This limestone occurs in rather well-bedded strata, 
one to several feet thick, and contaii\s no intraformational conglomer
ate, though locally it shows coarse and irregular mottling. 

DaY CREEK SHALE 

N'o good exposures of the Dry Creek shale exist in the quadrangle, 
though its outcrop makes a narrow but fairly continuous bench on the 
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eastern slope of the Spokane Hills, where it is distinguished on the 
map from the underlying Pilgrim limestone. Outcrops of the Dry 
Creek shale were recognized only in a few isolated places in the Big 
Belt Mountains, and the formation is differentiated on the map from 
the Pilgrim limestone only at a few places. 

The shale is soft, brownish, and somewhat sandy and micaceous. 
Its average thickness in the Spokane Hills is about 50 feet, and it is 
certainly no thicker than that in the Big Belt Mountains. 

DEVONIAN SYSTEM 

JEFFERSON LIMESTONE 

The Jefferson limestone occurs in the Big .Belt Mountains at the 
head of Avalanche Creek, and along the southwestern slope of the 
mountains from the vicinity of Avalanche Creek to Trout Creek. 
It commonly crops out as ridges and hogbacks, making it easy to recog
nize; and it also produces a characteristically blocky type of dark 
brownish-gray float that serves to identify it where outcrops are lack
ing. It is well exposed along the eastern slope of the Spokane Hills, 
though it makes no bold outcrops. The formation is about 400 feet 
thick in Hellgate canyon, and about 500 feet thick in the Spokane 
Hills. 

In the Big Belt Mountains the Jefferson limestone is a dark gray 
to brown, dolomitic limestone, part of which has a strongly fetid or 
oily odor when freshly broken. The rock is medium-grained, with 
a granular texture, and weathers to a felted or sugary surface. Bed
ding is pronounced and even, mostly in layers from a few inches to 
a few feet thick, and part of the limestone is thinly banded or lami
nated, though it shows little or no tendency to weather along these 
planes. A little light gray, brown-weathering chert is present along 
some bedding planes. Some of the limestone beds are brecciated and 
consist of small fragments that are firmly cemented with a matrix the 
same as or similar to the fragments. They are more easily seen on 
a weathered surface than on a fresh one. As no definite relation 
between this brecciation and regional deformation is apparent, the 
breccia: may possibly be of sedimentary origin . 
. All of the above-mentioned lithologic features, except color, apply 

to the Jefferson limestone in the Spokane Hills, where it is either blue 
black, weathering black, or pale-gray weathering white. The contact 
between limestones having these contrasting colors generally follows 
the beds, but at places it crosses the bedding, the blue-black color 
fading into the pale gray through an interval about 1 foot .thick. 
This color contrast is less pronounced some distance away from exposed 
igneous rocks, and possibly is related to thermal alteration. 
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The Jefferson limestone folds without shattering, and acts as a 
resistant rock forming the crests of synclinal ridges. Northwest of 
Hellgate Gulch, four such synclines occur within a distance of 7 miles. 
The contacts of the Jefferson limestone with the underlying Dry Creek 
shale and the overlying Three Forks shale were not seen. 

THREE FORKS SHALE 

The Three Forks shale crops out in the southeastern part of the 
Spokane Hills, and though exposures are rather poor, it makes easily 
recognized strike valleys and saddles. It is about 300 feet thick. 
Along the southwestern slope of the Big Belt Mountains the outcrop 
was reeognized and mapped separately from the adjoining formations 
in only a few places; else.where it is included with the Jefferson lim,e
stone. The thickness of the Three Forks in the Big Belt Mountains 
was not determined by measurement but is probably less than 300 feet. 

The Three Forks is con1posed mainly of drab to purple-gray, poorly 
bedded. shale. It weathers dark gray to brown, 'vith abundant limo
nitic stains in places. Pseudomorphic crystals of limonite after pyrite 
are common. Some of the shale is finely sanded and slightly mica
ceous and some is calcareous, in part forming shaly limestone that con
tains poorly preserved fossils. A minor amount of black, thinly lami
nated shale occurs with the siliceous shale. In the Spokane Hills the 
upper 30 to 50 feet of the fonnation consists dominant_ly of thinly 
bedded, dense, and hard siliceous shale of light-gray, creamy, or pale
green color. As the outcrops are distinct and produce easily recog
nized float, this formation is a useful horizon marker. 

CARBONIFEROUS. SYSTEM 

MADISON LIMESTONE 

The Madison limestone crops out in the southeastern part of the 
Spokane Hills, along the front of the Big Belt Mountains from Little 
Hellgate Gulch southeast to Bilk Gulch, in the vicinity of White Gulch, 
and at the head of Avalanche Creek. It forms many bold, cliff
forming outcrops, such as those along the mountain front in Hellgate 
Canyon and in the canyon of Avalanche Creek. No completely un
faulted section of the formation exists in the quadrangle. The Madi
son limestone has been divided into two units, which are separately 
mappe,d. 

The lower unit of the Madison limestone is thin-bedded, and in most 
places is readily distinguished from the upper, 1nore massive unit by 
this character alone. Beds more than a foot thick are rare in the 
lo.wer unit and most of them are only a- few inches thick. The color 
of the limestone in the Big Belt Mountains is dominantly light, mostly 
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gray, but shades of blue, brown, and red are present in places, and 
some of the rock is dark gray, and has a faint oily odor when freshly 
broken. The limestone commonly weathers cream or buff, but in some 
places is reddish brown. Equivalent beds in the Spokane Hills are 
blue gray except near large igneous intrusions, where they are altered 
to white marble. The granularity of the unaltered limestone ranges 
from dense to coarse. Some of the beds, especially those that are 
coarse-grained, are fossiliferous, many consisting of fragments of 
shells and crinoid stems. A little light-colored chert is present in 
places. At the head of Avalanche Creek a minor amount of soft, 
fine-grained, thin-bedded, yellow and reddish sandstone occurs with 
beds of fossiliferous limestone. 

Part of the upper unit of the Madison is massive and poorly bed
ded; part is thinly and evenly bedded but weathers as a massive rock. 
The limestone is dominantly light gray, but some of it is dark gray 
and has a fetid or oily odor .when freshly broken. Except in the 
Spokane Hills, where the upper Madison everywhere has been altered 
to a coarsely crystalline marble, the granularity ranges from dense 
through fine-grained to coarse-grained limestone; some of the dense 
limestone has an almost vitreous or waxy luster. The coarse-grained 
rock commonly shows abundant fragments of fossils, but specimens 
well enough preserved for identification are rare. 

One collection of fossil invertebrates was made from the Madison 
limestone. The locality, collector, and determination of the fossils 
by James S. Williams, are given below: 

46 F 72 c. Site near the crest of a south-trending spur in the NE1;4 sec. 5, T. 5 
N., R. 14 E., about half a mile north of Avalanche Gulch, at an alti
tude of 6,200 feet. Collector, Richard P. Fischer. 

This fauna is a characteristic Madison limestone fauna, containing such 
characteristic species as Spirifer centronatus Winchell, Chonetes logarni Nor
wood and Pratton, Leptaena analoga (Phillips), Chonetes loganensis Hall and 
Whitfield, and other species generally found associated with these. 

The lo.wer and upper limestone units of the Madison limestone are 
probably to be correlated with two similar and persistent fo;rmations 
of Mississippian age, the Lodgepole and Mission Canyon limestones, 
which are typically exposed in and near the Little Rocky Mountains, 
in north-central Montana about 200 miles east-northeast of the Canyon 
Ferry quadrangle. 

The contact of the Madison limestone with the underlying Three 
Forks shale is not exposed, and the upper contact of the Madison was 
not definitely recognized, though possibly· a normal contact with the 
Quadrant formation is present in the southeastern part of the Spokane 
Hills. The total thickness of the Madison is about 1,000 feet. 

921852-51-3 
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QUADRANT FORMATION 

The Quadrant formation is exposed along the front of the Big Belt 
Mountains in the vicinity of White Gulch and at places in the south
eastern part of the Spokane Hills. Two units have been recognized 
and mapped between White Gulch and Bilk Gulch, and for a short 
distance southeast of White Gulch. These units are distinguished also 
at the southeastern end of the Spokane Hills. Elsewhere the recogni
tion of separate units is not feasible. Beds included in the Quadrant 
consist of quartzite, in part interbedded with limestone, and sandstone 
and shale. These beds have probably an aggregate thickness of 
several hundred feet, but are too poorly exposed and are too much 

. deformed by faulting and folding to establish accurately their true 
thickness and stratigraphic sequence. 

The quartzite of the Quadrant is hard, tough, and brittle, and is 
dense to glassy in appearance. It is predominantly light gray and 
light pink, weathering brownish. Bedding is obscure except where 
the quartzite is interbedded with limestone. The limestone is fine
grained, gray to brownish gray, weathering light gray, and is fairly 
well bedded, with irregular thin cherty layers along some bedding 
planes. The sandstone is thin bedded, and is brown, red, or gray. 
Most of it is soft and shaly, but some is quartzitic and some is limy. 
Impressions of plant fossils show along some of the bedding planes. 
The shales are mostly sandy and red, though some purple, green,· and 
gray shale are present. 

PERMIAN SYSTEM 

PHOSPHORIA ( ?) FORMATION 

A group of rocks of doubtful age is exposed along the front of the 
Big Belt Mountains in the vicinity of White Gulch, and for a short 
distance to the south. Several hundred feet of these beds crop out in 
the valley of White Gulch, but as the formation is bounded by faults, 
its total thickness cam:wt be determined. Tentatively these rocks are 
assigned to the Phosphoria formation. 

The formation is composed of limestone, shale, and a subordinate 
amount of sandstone. All of the limestone is thin-bedded and most 
of it is shaly. Brownish gray, weathering to light brown, is the pre
dominant color, but some of it is blue gray and some is black with a 
strong oily odor. Black chert occurs with some of the limestone beds, 
particularly those that are black. The granularity of the limestone 
ranges from fine to coarse, the latter commonly containing poorly 
preserved fossils. The shale is poorly exposed but is probably fairly 
abun_dant. It is brown to light gray and weathers brown; some is 
limy and some is silty. The sandstone is brown to red, fine-grained, 
and thin-bedded. 
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One collection of :fossil invertebrates was made :from the rocks· here 
described as a part of the Phosphoria ( ~) :formation. The locality, 
collector, and determination of these :fossils by James S. Williams and 
Helen Duncan, are given below : · 

46 F 25. Small mining prospect in SE1,4NE1,4 sec. 19, T. 10 N., R. 2 E., just south 
of the road that leads up White Gulch, and about half .a mile east of 
the mountain front. Collector, Richard P. Fischer. 

This collection consists of one individual horn coral, several bryozoans, and 
many pieces of brachiopods. The coral has been tentatively referred to the 
genus Bradyphyllum, and the bryozoans to the genera Septopora, Fenestella., 
Eridopora( ?) , and Rhombopora. There is also a stenoporoid bryozoan. Except 
for a new species of Productus, sensu lato, a single specimen referable to Lino
productus phosphatious ( Girty), another specimen that may be an Aulosteges, 
and some Compositas, the ~rachiopods, though common, are represented by incom
plete and macerated specimens that are not definitely identifiable. The brachio
pods, in general appearance, resemble a Phosphoria assemblage; the bryozoans. 
though not diagnostic, are agreeable to a Phosphoria age assignment ; and 
Linoproductus phosphaticus (Girty) is a Phosphoria species. The evidence is 
not conclusive, but the factors cited above make a Phosphoria age assignment 
a plausible one. 

CENOZOIC ROCKS 

TERTIARY SYSTEM 

GENERAL CHARACTER 

The headwater part of the valley of the Missouri River; and some 
of its tributary valleys, are characterized by a number of wide basins 
that are the sites of :former Tertiary lakes. After these lakes disap
peared, their basins were aggraded and filled with sediments of 
various types, including much material of volcanic origin. One of 
these basins, heretofore described as the Townsend Valley, is the site 
of a great sequence of Tertiary beds, largely of volcanic origin, which 
in the Canyon Ferry quadrangle occupy the lowland between the 
Spokane Hills a·nd the southwestern :front of the Big Belt Mountains. 
Tertiary beds are present also southwest of the Spokane Hills, within 
the adjacent basin known as the Prickly Pear Valley. 

The Tertiary sediments are composed dominantly of tuffaceous 
materials, but in various degrees are mixed with non volcanic materials 
derived :from the nearby hills. These sediments were deposited mainly 
in ponds, but prior to final deposition, many of these materials, both 
volcanic and nonvolcanic, were reworked and transported by streams 
within the basins of Townsend and Prickly Pear Valleys. The total 
thickness of these sediments is between 6,000 and 10,000 feet. 

Pardee (1925, pp. 17-21) has listed and summarized all the paleon
tological data that bear on the age and mode of deposition of these 
Tertiary beds, both in this area and in other of the Missouri basins. 
The general consensus of all this information indicates that the oldest 
known Tertiary lake beds in the Canyon Ferry quadrangle are of 
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Oligocene age. The fossils so far found suggest that beds of Miocene 
age are present at other localities close to this quadrangle; but con
sidering the great thickness of this sequence, this range is not unusual. 

The general geology, structure, and geomorphology of all the upper 
Missouri basins are similar, but their specific stratigraphy and struc
tural histories differ in important respects. The smallest area that 
can be satisfactorily studied and described is a single basin, such as 
the entire Townsend and Prickly Pear Valleys; and Pardee's de
scription of the Townsend Valley, based upon reconnaissance work, 
is a first and necessary step. Pardee, however, was unable to divide 
the Teritary beds into mappable units, but he did point out significant 
differences in their character and ages. In the present report, the 
Teritary beds of the Canyon Ferry quadrangle, are divided into five 
mappable units, but these units apply only within this quadrangle, and 
are doubtless only a partial section of such rocks in the Townsend 
and Prickly Pear Valleys. This fact is emphasized by the mapping 
of similar beds along the southwest flanks of the Spokane Hills as 
undifferentiated Tertiary. Other beds of Miocene age crop out just 
north and south of the quadrangle. . 

The westernmost and possibly the oldest of the Tertiary beds within 
the quadrangle consist of impure tuffs that flank the south and west 
sides of the Spokane Hills. All of them are mapped as undifferen
tiated Tertiary. Unit 1, of the Oligocene sequence, consisting of con
glomerate, interbedded with red shale and some bentonitic beds, lies 
along the east side of the Spokane Hills. Unit 2, composed of volcanic 
conglomerate, tuffs, and other beds, extends eastward to the flats o:f 
the Missouri River. The principal deposits of bentonite occur at the 
base of this unit. Unit 3, composed mainly o:f reworked tuffaceous 
mat'erial without bentonite, extends from the Missouri River eastward, 
and occupies most of the foreland southwest of the Big Belt Moun
tains. Unit 4, consisting mainly o:f conglomerate with a calcareous 
matrix, lies still :farther east, extending to the hard rock of the Big 
Belt Mountains. No unconformities or disconformities are known to 
separate units 1 to 3. On the contrary, all evidence indicates that 
these three units grade imperceptibly into one another; and the only 
basis for their separate delineation is the observable differences in 
their lithology. Unit 4, however, may lie unconformably on unit 3. 
Another group of Tertiary deposits, beyond the limits of the quad
rangle, comprises certain slightly consolidated beds, which are ex
posed near the Winston bridge across the Missouri River and atop 
the Big Belt Mountains. The beds of this unit are probably of 
Miocene age. 

UNDIFFERENTIATED TERTIARY BEDS 

, The undifferentiated Tertiary beds are poorly exposed in low bluffs 
along the north side of Beaver Creek, beginning 0.7 mile east of 
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meridian 111 °40', and extending westward for about 2 miles. Thes~ 
beds also form the bedrock beneath low interstream ridges south and 
southwest of these bluffs. They extend southward, beyond the margin 
of the Canyon Ferry quadrangle, under the high gravel-covered ridge 
south of Beaver Creek, and northwestward under similar gravel
covered ridges in the valley of Spokane Creek. 

The beds in the valley of Beaver Creek, are composed of soft, porous, 
slightly consolidated, buff sediments. A few grains as large as 2 
millimeters are visible to the unaided eye. Under the microscope they 
are found to consist largely of angular grains and elongate shards of 
glass, as much as half a millimeter in size but averaging a tenth 
millimeter or less. Angular grains of quartz and plagioclase, together 
with rounded grains of country rock, iron ores, and rounded clusters 
of glass particles, constitute the remainder of these sediments. Othe:rt 
beds are composed dominantly of quartz and felspar, and subordi~ 
nately of glass. Most of the igneous material had little or no trans
portation, but the rounded grains show an admixture of alluvial rna· 
terials. These. beds are classified as impure .water-laid tuffs. 

The attitude of the beds along the north side of Beaver Creek is 
indeterminate. West of the highway and north of Winston · un .... 
differentiated Tertiary beds strike N. 45° W., and dip 40° NE.; but 
farther north on the highway, near Clasoil, conglomeratic beds occur 
that are nearly horizontal, dipping slightly southwest. The absence 
of structural observations in the undifferentiated sequence close to 
unit 1 renders the relationship between these units indeterminate. It 
is possible that the undifferentiated Tertiary beds west and southwest 
of the Spokane Hills underlie those of unit 1; but lithologically they 
resemble most the beds of unit 3, and to a lesser degree the silty 
sediments interbedded with the Miocene gravels along the Missouri 
River just south of this quadrangle. The relative and absolute ages 
of the undifferentiated Tertiary beds along the west side of the 
Spokane Hills, and westward into the Prickly Pear Valley, are un
known, but they probably are a part of the Oligocene sequence. 

OLIGOCENE BEDS 

Unit 1.-The beds of unit 1 crop out in a belt ·along the east side 
of the Spokane Hills, for a distance of about 3 miles. At its southern 
end, this belt is overlapped on the west by terrace gravels; near its 
middle point, unit 1 is eroded so that the sediments of unit 2 are in 
contact with the Paleozoic rocks; but in the northern half of the belt, 
unit 1 rests on the hard rocks. The width of this belt near Beaver 
Creek is about two-thirds of a mile. 

The boundaries of this unit are not well-defined. The beds include 
some conglomerate, which disintegrates by weathering so that the 
resulting material is not easy to distinguish from the terrace gravels. 
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Along its eastern boundary, the sediments grade into those of unit 2, 
so that this boundary is a matter of interpretation. The boundaries 
shown are therefore necessarily somewhat inexact. 

The sediments of unit 1 are nowhere continuously exposed. A few 
outcroppings show that the unit consists of conglomerate and red 
shale; the latter including some bentonitic hori~ons, but the propor
tions of conglomerate to shale cannot be determined. At one site 
along the north side of Beaver Creek, the conglomerate is in place, 
and consists of well-rounded gravels, cobbles, and boulders, as much 
as 3 feet in diameter, with an average size of about 6 inches. They 
are mainly basic lava, with a small amount of quartzite. Some of the 
cobbleg are exfoliated by weathering. The matrix consists of a 
yellow to reddish grit, made up of small well-rounded grains of lime
stone, and a small amount of other kinds of country rock. About a 
mile north of Beaver Creek, the red shale is exposed in an elbow
shaped bend of a small gulch. These beds are banded, tuffaceous, and 
bentonitic, and are composed mainly of grains as much as 0.1 milli
meter in size, averaging perhaps 0.025 millimeter. The reddish-brown 
grains, originally glass, are altered to montmorillonite and kaolin. 
Angular grains of quartz, ·sericite, chloritized biotite, and altered 
iron ores are the other constituents. In the next gulch to the south, 
about three-fourths of a mile north of Beaver Creek, 10 feet of red
dish-brown conglomerate and grit are exposed, the matrix of which is 
composed mainly of grains of limestone. At the north end of this 
belt, the conglomerate is similar in character, except that the cobbles 
and matrix are composed entirely of white limestone, derived from 
nearby hard rock in the Spokane Hills. 

The materials of the sediments comprising unit 1 are primarily of 
local origin. Near Beaver Creek, the cobbles appear to be a mixture 
of rocks from the Elkhorn Mountains and the Spokane Hills. Farther 
north, the quartzite, limestone, and shale of the Quad·rant formation 
were the source rocks; and the reddish color of some of them was 
transmitted to the rocks of unit 1. At the north end of the belt, the 
beds are clearly derived from white Paleozoic limestones. 

Few observations of structural :features are available, and therefore 
this belt has to be mapped largely on the basis of disintegrated con
glomerate between which reddish shale debris and bentonite can be 
recognized. At the exposure on Beaver Creek, the beds strike N. 25° 
W., and dip 25 ° NE. ; and at the site of the reddish brown conglom
erate and grit, about three :fourths o:f a mile to the north, the strike 
is N. 45° W., and the dip 15° to 20° NE. Assuming an average dip o:f 
20°, the stratigraphic thickness of unit 1 is at most 1,200 ·feet; but an 
unconformable overlap on the east-sloping surface o:f the older rocks 
would diminish this figure greatly. 
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At a site north of Beaver Creek, unit 1 is in contact with, and dips 
under ·unit 2. This relationship, together with the data given above, 
show definitely that unit 1 underlies unit 2. But unit 1 has all the 
appearance of a local :formation that was deposited along the slopes 
of the Spokane Hills, thus casting doubt upon the assumption that the 
nearby undifferentiated Tertiary beds are older than unit 1. The 
occurrence of bentonite, however, interbedded with the conglomerate 
of unit 1, shows that airborne volcanic debris was being, or had 
already been, deposited at or before the time when the conglomerate 
was deposited. 

Unit ~.-The beds mapped as unit 2 extend :from the eastern bound
ary of unit 1 to the last outcroppings of the Tertiary along the south
west side of the Missouri River. Farther south, however, beyond 
the limits of the quadrangle, beds that would be assigned to unit 3 
crop out on the southwest side of the Missouri. 

The lower third of unit 2 consists essentially of fragmental rocks 
of volcanic origin, which include about 25 percent bentonite, 25 percent 
partly bentonized tuff, 35 percent unaltered or little altered tuff, 10 
percent tuffaceous conglomerate, breccia and sandstone, and 5 per
cent of other sediments including shale and chert. Except the ben
tonite, these beds range in color through shades of white, gray, green
ish gray, cream, yellow, and buff. Most of them are well-indurated. 
The :fabric is varied, ranging :from fine-grained tuff whose grains 
cannot be recognized with the unaided eye, to grit and conglomerate 
containing pebbles that reach a maximum of several inches in di
ameter. The lithology is inconstant along the strike, so that parallel 
sections are difficult to·correlate. 

The conditions under which these sediments accumulated are re
vealed by more detailed examination. The pebbles of the conglom
erates are of two kinds: cream-colored well-rounded pebbles of ben
tonized and kaolinized tuff, and dark-gray subangular to angular 
pebbles of glassy rhyolite that resemble smoky quartz. The soft ben
tonized pebbles are composed of rounded globules of glass, as much 
as 0.2 millimeter in size, aggregates of the same, glass altered to mont
morillonite and opaloid material, and ghosts of twinned :feldspar 
phenocrysts, set in a matrix of altered glass. The subangular to 
angular pebbles of rhyolite porphyry are holocrystalline, fine-grained 
and microporphyritic, and consist of microphenocrysts of sanidine 
and quartz in a fine matrix of the same two minerals, together with 
some biotite, and rarely sphene. 

The tuffaceous grits and sandstones are cream-colored to greenish, 
the latter color indicating incomplete bentonization. The granules 
and coarse sand of these rocks are subangular to subrounded and com
prise quartz, sanidine, microcline, oligoclase or andesine, and pieces 
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of rhyolite; but there are also spherical to ellipsoidal ovoids of chert 
or opal, shards of the same, and porous glassy aggregates. The 
matrix cementing all these materials is fine glassy material, completely 
kaolinized or bentonized. Many of the finer-grained sandstones and 
tuffs are similar to the grits, except that some of them are undisturbed 
and unreworked airborne volcanic debris that settled directly in ponds. 
Such beds are commonly much whiter, and are little bentonized. 

The most · bentonized sediments, here called bentonites, consist 
largely of grains and aggregates of glass, altered to montmorillonite, 
sericite, kaolin, and other secondary products, together with grains 
of quartz, potash and lime-soda feldspar, and iron-ores in various 
stages of oxidation. Most of the glass, from which the bentonite was 
derived, is greatly altered. Some of the glass has an index of refrac
tion between 1.50 and 1.51, but the bentonites are composite rocks, 
and it is probable that this glass is different from that from which 
the bentonite was derived. 

The data presented above indicate that the lower third of unit 2 
consists of two kinds of debris, first a glassy volcanic material that 
was subject to bentonization under certain conditions, and second a 
rhyolitic rock which is resistant to this process. The rounded grains 
of the bentonitic rock and the altered glassy aggregates show that the 
vulnerable glass accumulated and was to some degree consolidated, 
and probably largely bentonized under subaerial conditions, before 
it was transported by streams to its final resting place. The admix
ture of rhyolitic glass occurred before or during the stage when the 
bentonized glass was finally deposited. 

Bentonites occur throughout this lower thir-d of the sequence, but 
they are least impure and form the thickest beds, near the base. Along 
the strike these bentonitic horizons crop out to the northward for 
about a mile, and southeastward beyond the Canyon Ferry quadran
gle for a mile and a half. At the surface these beds range through 
shades of green, yellow, and red, have a waxy appearance, and are 
invariably cracked as a result of swelling from the absorption of 
water and subsequent drying and shrinkage. Below the surface, 
where they have not been wet, they are gray, yellow, or brown com
pact rocks, that are readily cut with a knife. Their swelling factor 
is approximately two. Thin beds of chert, opalized in places, are 
. commonly found at the bases of the larger beds of bentonite, though 
at many places they occur also within the bentonized zones. 

The middle part of unit 2, according to Dreyer and Bush, consists 
largely of tuffs, about two-thirds of which are bentonized in various 
degrees. The beds of bentonite, however, are fewer and thinner, and 
aggregate probably 10 percent or less of this part of the sequence. 
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The proportion of chert, which appears to be a function of the degree 
of bentonization, also is much smaller. Tuffaceous conglomerate, grit, 
and sandstone continue as a part of the sequence. 

The upper part of unit 2 differs in several respects from the two 
lower parts. First, it is made up largely of tuff, of which only about 
10 percent shows any appreciable bentonization; and the amount of 
bentonite proper is negligibly small. Second, an appreciable part 
of the sequence, perhaps 10 percent, consists of a light-gray lime
stone, in part tuffaceous, which occurs in beds from 1 to 5 feet thick, 
increasing in thickness toward the top of the unit. Third, several 
beds of chocolate-colored sedimentary breccia consisting of volcanic 
detritus form a part of the sequence. These beds are composed of 
friable, pumiceous material, scoria, and ash, which form cliff-making 
beds that are useful as stratigraphic horizon markers. Finally, there 
occur at least two thin beds of snow-white diatomaceous earth in the 
upper part of the sequence. A specimen of this material was exam
ined under-the microscope, and 95 percent of it was found to consist 
of closely ma.tted, unoriented skeletons of diatoms, about 0.02 by 0.003 
millimeter in size. Several genera and a number of species are pres
ent. Small organisms, with circular cross sections about 0.006 milli
meter in diameter, also are present. 

The beds of unit 2, together with those of unit 1, compose a hoino
clinal sequence of rocks that dip east-northeastward at angles ranging 
from 15° to 30°. At the western limit of unit 2, the sequence is dis
turbed by several normal faults, the westernmost of which follows a 
fault plane striking north and dipping 70° E. One of the beds of 
bentonite apparently is displaced by this fault, but the throw appears 
not to be large. Other similar faults occur nearby to the east. The 
beds of unit 2, however, tog,ether with those of unit 1, appear to con
stitute a relatively undisturbed homoclinal sequence of rocks. The 
total thickness of unit 2 is given by Dreyer and Bush as approxi
mately 1960 feet. 

Unit 3.-The sediments comprising unit 3 extend from the Missouri 
River northeastward to an ill-defined contact with unit 4. This con
tact is definitely located in the valley of Cave Gulch, and is approxi
mately located in the valley of Magpie Creek. Southeastward, how
ever, it,is inferred to lie between easily recognizable· sediment of 
units 3 and 4. At the eastern end of the quadrangle, lack of exposures 
make it impossible to trace this boundary into the valley of Confed
erate Creek. 

The sediments of unit 3, at their northwesterr-. limit, have an irreg
ular contact with the underlying rocks of Paleozoic and pre-Cambrian 

. age. The southeastern limit of the belt is not known. The north
eastern contact, with unit 4, trends east-southeast at the northwestern 
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end of the belt, and southeast at the southeastern end. The south
western contact of unit 3 with unit 2 is unknown, but on plate 1 these 
sediments terminate where they are overlapped by the alluvial deposits 
of the Missouri River. 

Exposures are too few throughout the belt to warrant a detailed 
stratigraphic section of unit 3, but the general lithology is fairly well 
known. Most of the sediments are cream to buff, porous, weakly con
solidated, impure, water-laid tuffs, but they include a few beds of 
water-laid tuff that contain little or no admixture of nonvolcanic 
materials. Toward the top of the sequence, howeyer, several beds of 
limestone occur, and above them the tuffs are interstratified with beds 
of grit and conglomerate, some of which have calcareous matrices. 

The impure tuffs consist of varied amounts of colorless volcanic 
glass of all sizes and shapes, but principally angular and elongate 
shards and angular grains. They range in maximum size from 0.1 
to 2.0 millimeter, and in average size from 0.1 to 0.005 millimeter, 
thus producing rocks that range from fine sandstone to siltstone. This 
glass, which constitutes a third to two-thirds of the impure tuffs, has 
an index of refraction of a little less than 1.52. The partly devitrified 
glass has a higher index of refraction. The other common constitu
ents are angular to subangular grains of quartz, sanidine, orthoclase, 
with a little chloritized biotite. The more impure tuffs contain 
rounded grains of country rock, which include slate, chert, quartzite, 
and limestone, together with rounded grains of more basic plagioclase, 
epidote, muscovite, and iron ores. All these components, in various 
amounts, produce a considerable variety of rocks, here designated col
lectively as impure tuffs. 

Beds of relatively pure w.ater-laid tuff, ranging in thickness :from 
a few inches up to 10 feet, occur here and there throughout the se
quence. These beds are white or light yellow, and by their lighter 
color are in contrast with the impure tuffs. Such a bed, ranging in 
thickness from 4 to 7 feet, shows plainly in Magpie Bluff, east of the 
mouth of Magpie Creek. About 90 percent or more of such sediments 
consist of volcanic glass. These beds of tuff are lenticular, and cannot 
be used as horizon markers. 

Tuffaceous sandstone and grit, with some beds of limestone, char
acterize the upper p~rt of unit 3; and at or near the top of the sequence 
are several beds of conglomerate. The tuffaceous sandstone and grit 
differ in their degree of granularity from the impure tuffs, and also 
differ in having a larger proportion of quartz grains; some o:f them 
have calcareous matrices. The limestone is a well-indurated, white to 
cream-colored rock, that is characterized by numerous cavities, some 
of which . are filled with secondary calcite. Small black veinlets o:f 
wad, as much as one-fourth inch in length, are common. The ground; 
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mass of calcite is resolvable only with a microscope. Five or six such 
beds of limestone, 2 to 3 feet thick, show in the lower valley of a small 
gulch about a mile northwest of Avalanche Creek. By an increase 
in the proportion of other minerals and fragments of ;country rock, 
these limestones grade into the calcareous grits. Beds of pure lime
stone are much less common than beds of impure limestone, or cali 
careous grit, leading to the belief that the pure limestone is lenticular 
and locally developed. 

Non calcareous grit and conglomerate occur near and at the top of 
unit 3. These are well-sorted rocks, composed of rounded pebbles 
and gravels, mainly quartzite and quartz, as much as 6 inches in 
diameter, in a sandy quartzose matrix. Cbnglomerate of this type 
occurs within 100 yards of the rocks of unit 4, in a little gulch tributary 
to Cave Gulch, about 3,500 feet east-northeast of the old site of Cave
town. Many beds of this type crop out in Cooper Gulch. 

The beds comprising unit 3 dip from 10° to 30° northeastward, and 
therefore constitute a northeastward continuation of the homocline 
that characterizes units 1 and 2. In the vicinity of Magpie Creek, 
the width of the belt occupied by the beds of unit 3 is about 10,000 
feet; and in the valley of the Missouri River, at the mouth of Beaver 
Creek, the width of the belt is probably about the same. The strati
graphic thickness is therefore on the order of 2,500 to 3,000 feet. 

Unit 4.-The rocks of unit 4 are the easternmost of the entire 
Tertiary sequence. They are bounded on the southwest by the sedi
ments of unit 3; and with numerous gaps, the contact between units 
3 and 4 may be traced across the quadrangle. In the vicinity of 
Avalanche Creek, however, the distance of this contact from the south.:. 
western face of the Big Belt Mountains is almost 4 miles, within which 
distance the Tertiary rocks are completely concealed by overlying 
gravels. The Tertiary rocks, moreover, do not crop out along the 
front of the mountains southeast of Magpie Creek. · The true width 
of unit 4 in the central part of the quadrangle is therefore unknown. 

At the northwestern end of the Tertiary belt, the rocks of unit 4 
diminish in thickness to a thin wedge, and pinch out against the hard.:. 
rock. The relations to the hardrock at the southeastern limit, how
ever, cannot be determined, because the entire sequence close to the 
Big Belt Mountains is buried by the gravels that cover the forel~nd. · 

The rocks of unit 4 are dominantly conglomerate, with a minor 
proportion of gritty and sandy rocks that are similar to the matrix 
of the conglomerate. This conglomerate differs markedly from those 
t~at form the upper part of unit 3. It is brown to reddish brown; 
and consists of poorly sorted, subangular pebbles and gravels, which 
are composed largely of flat pieces of the rocks of the Belt series, 
notably the slabby material of the Empire and Spokane shales~ 
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Moreover, the matrix is invariably calcareous, so that all these rocks 
are well-indurated and dense. The pebbles and gravels have a maxi
mum size of approximately 6 inches, averaging perhaps 2 inches. At 
its extreme northwestern limit, where the unit wedges out, the rock 
is a porous white limestone, not greatly dissimilar to the nearby 
Paleozoic limestone. This unique part of the unit, which does not 
persist laterally, may be an ancient hot spring deposit. 

Little is known of the structure of unit 4. The outcroppings are 
few where strikes and dips can be measured, but these observations, 
mainly in the valleys of Cave and Cooper Gulches and Magpie Creek, 
suggest a certain irregularity notpresent in the underlying beds of 
unit 3. Moreover, many of the beds appear to dip eastward and 
southeastward rather than northeastward. The beds, however, are 
close to the southwest front of the Big Belt Mountains, where post
Oligocene faulting is believed to have occurred. The irreguhtr struc
ture may, therefore, have been caused in part by such movements; 
but the lithology and structure of units 3 and 4, close to their contact, 
is sufficiently different to suggest that they are separated by an uncon
formity. These conditions, together with the 4 miles of gravel
covered pediment to the southeast, make an estimate of the total 
thickness impracticable. Any thickness from 500 to 5,000 feet is 
possible. 

MIOCENE BEDS 

Another group of Tertiary deposits, beyond the limits of the quad
rangle, includes certain slightly consolidated beds that crop out along 
the route to Winston around the point of the spur between Confederate 
Creek and the bridge across the Missouri River. These beds are com
posed of well-rounded pebbles and cobbles, from 1 inch to 2 feet in 
diameter, averaging perhaps several inches. They range in thickness 
from a knife edge to 5 feet, and commonly lens out laterally within 
50 to 100 feet. They are separated by beds of buff, slightly con
solidated silt or clay, that resembles reworked tuffaceous material. 
Some of these beds are perceptibly tilted to the southeast, so that the 
thickness of exposed beds may aggregate 100 feet or more. The 
remains of a Miocene horse ( M eryohippus ( ~) missouriensis), de
scribed by Douglas (1908, p. 295), are reported to have been found 
in these beds. Pardee (1925, pp. 29-30) mentions several other 
localities, all south of the Canyon Ferry quadrangle where similar 
beds of Miocene age occur. They are generally softer than the Oligo·· 
cene beds, are poorly exposed, and are less tilted. In the valley oi: 
Dry Gulch, about 6 miles southeast of Townsend, the discordance 
in dip between the older and younger beds is said by Pardee to be~ 
between 4 ° and 8 °. Evidently these Miocene beds were laid down 
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in shallow valleys carved in the older Tertiary beds, after the latter 
had been tilted to a third or a half of their present inclination. 

Miocene gravels occur also in the extreme headwaters of Hellgate 
Gulch, at an altitude near 7,000 feet, and about 3,300 feet above the 
level of the Missouri River. At this place, beyond the limits of the 
quadrangle, the gently sloping hills form well-marked small parallel 
ridges, separated by undrained hollows. The tops of these hills 
consist of flows of basalt. This ridge and hollow topography is 
apparently the site of ancient gravels, which have moved downhill 
under the action of solifluction or some related process. These gravels 
are not exposed except at one place where they have been prospected 
for placer gold. The component pebbles, ranging in size to as much 
as 3 inches in diameter, are well rounded, but show secondary angu
larity resulting from disintegration. They are derived mainly from 
the Spokane, Greyson, and Newland formations. Several colors of 
gold were panned from a 60-pound sample of these gravels. These 
gravels are not necessarily contemporaneous with the Miocene deposits 
along the Missouri River; they may be considerably younger. 

QUATERNARY SYSTEM 

OLDER GRA. VELS 

The alluvial deposits are classified primarily on the basis of their 
relative ag~s, as determined by the altitudes of the bedrock underlying 
them. Approximate geologic ages have been assigned, but, lacking 
any paleontologic basis, they are merely an interpretation of the 
physiographic evidence. Four groups of alluvial deposits are thus 
recognized. The oldest consists of early Pleistocene gravels that 
cover the high hills on both sides of Beaver Creek, east of Winston. 
The second group comprises mid-Pleistocene gravels that mantle the 
Tertiary foreland, from the southwest side of the Big Belt Mountains 
nearly to the Missouri River. The third group consists of late 
Pleistocene gravels that lie on bedrock about 50 feet above the present 
level of the Missouri River. The youngest group includes all the 
gravel, sand and silt in the valley floors of the Missouri and its 
tributaries. 

These designated groups do not constitute a complete record of 
alluviation in this part of the Missouri Valley. Gravels have been 
deposited on terraces that subsequently were completely destroyed; 
other terraces, with or without a mantle of gravels, are partly pre
served and fit in between the four principal groups; and still other 
terraces and terrace gravels, at some distance from the Missouri, 
cannot be correlated exactly either with or between the principal 
groups, because ancient stream gradients cannot be determined without 
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a topographic map, or many line traverses. The four groups here
with mentioned are therefore to be regarded merely as reference 
markers in the general history of alluviation. 

Early Pleistocene gravels are found northeast, east, and southeast 
of Winston, on a high ridge that is really the southeastern extension 
of the Spokane Hills to the Missouri River. The valley west of this 
ridge, and east of the Elkhorn Mountains, was formerly either the 
lower course of Beaver Creek, or more probably that of a southeast
flowing master stream into which Beaver Creek discharged. In early 
Pleistocene time, however, Beaver Creek cut across the high gravel 
ridge, and began to carve its present course to the Missouri. At the 
northern lill).it of this ridge, where it forms the south end of the 
Spokane Hills, the high gravels lie upon the undifferentiated Terti
ary beds and the beds of unit 1, but overlap onto the Paleozoic rocks. 
South of Beaver Creek, these gravels lie upon similar Tertiary beds 
that are exposed in gulches leading to the Missouri River. The old 
erosional surface atop the ridge is nowhere exposed, so that its alti
tude is not known; but the gravel-covered top of the ridge is about 
300 feet above the level of the Missouri. 

The character and thickness of the high gravels east of Winston 
cannot be completely determined, because they do not occur in exposed 
banks. Instead, they are found on top of a ridge, the fine material has 
settled, and the coarser material is disproportionately conspicuous. 
As seen in this envi!onment, however, the gravels contain a high pro
portion of cobbles and boulders, which are as much as 5 feet in 
diameter, and are in places so prevalent as to form a houlder pave
ment. They are composed o£ volcanic rocks of intermediate and basic 
character, most of which were originally rounded to subrounded; but 
they are now spalled, exfoliated, and fractured, with the development 
of a secondary angularity. Some of the coarser-grained volcanics 
are deeply weathered. These gravels are .obviously very old. A 
peculiar and unexplained feature along this ridge is the presence 
tOf conical or elongate piles of cobbles and boulders, up to 4 feet in 
height. One of the elongate piles is 15 feet long, 7 feet wide and 4 
feet high. Some of the piles are isolated; others lie along straight 
lines for some distance. 
· The source of most of these high gravels was the Elkhorn Moun
tains, though local debris from the Spokane Hills is present north of 
Beaver Creek. The only east-flowing drainage of any size in this 
area, however, is that of Beaver Creek. But the gravel ridge is now 
separated from the Elkhorn Mountains by a broad valley which is 
2 miles or more in width. The rounded character of the gravels 
suggest their original eluvial and alluvial origin, but their size and 
distance from their source, render doubtful the possibility that they 
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could have been transported by Beaver Creek, or by the ancestral 
master stream that flowed in the valley between Spokane Hills and 
the Elkhorn Mountains. The suggestion is therefore advanced that 
glaciation existed in the Elkhorn Mountains in early Pleistocene time, 
and that these boulders were picked up by ice and transported to their 
present site. 

Glaciation, if it existed in the Elkhorn Mountains, must have 
existed also at the same time in the Big Belt Mountains. No glacial 
gravels, or outwash deposits, however, have been recqgnized, but large 
erratics are present in some of the gravels that lie on top of the 
foreland between the ·Big Belt Mountains and the Missouri River, and 
in younger deposits close to the river. The erratics are large boulders 
of Flathead quartzite, up to 12 feet in diameter, that are believed to 

'have been moved outward from the mountains by ice, and deposited 
originally on some ancestral surface that existed southwest of the 
Big Belt Mountains. They are now residual erratics that have bee:t;1 
incorporated in younger gravels of several ages. The presence of 
such boulders on the low hills just east of the dam at Canyon Ferry 
suggests that ancient glaciation extended to the Missouri River. 

The foreland that extends from the Big Belt Mountains nearly to 
the Missouri River is a gravel-covered pediment carved on the 
upturned edges of the Tertiary beds. Close to the river, as at Magpie 
Bluff, and other high bluffs to the southeast, the top of this foreland 
is about 150 feet above the level of the river, but rises gradually 
northeastward toward the Big Belt Mountains. At the surface of 
the foreland, the gravels are not everywhere visible, because they are 
covered with finer sediments, which in large part originated as 
coalescing alluvial fans on the pediment. Wind-borne material of 
later origin has still further obscured these deposits. Commonly, 
however, the gravels are revealed by shallow excavations. 

The gravels of the foreland are well exposed a.t Magpie Bluff, east 
of the mouth of Magpie Greek, where they form a horizontal mantle. 
overlying unconformably the tilted Tertiary sediments. The section 
here comprises 10 feet of loose gravels, underlain by 10 feet of gravels 
that are more or less cemented by calcite to a conglomeratic caliche. 
The upper 5 feet of the lower half of the section can be loosened and 
disintegrated with a pick, but the lower 5 feet has a hard calcified 
matrix. The cemented material consists of subangular to rounded 
detritus, ranging in diameter from a fraction of an inch to a foot; 
but at the top are some larger boulders, commonly quartzite, that reach 
a maximum of 2 feet in diameter. The overlying 10 feet of incoherent 
gravels are smaller and better rounded. Laterally this gravel deposit 
changes both in thickness and in the size of its detritus, but is every
where calcified ·at its base. It is probable that some of the con-
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glomerate in the uppermost part ofTertiary unit 3 has been reworked 
to form the lower part of the gravel deposit. 

Near the outlets of some of the larger valleys the foreland is strewn 
with gravels, cobbles, and boulders, which constitute a younger set of 
mid-Pleistocene gravels. They were laid down in shallow valleys cut 
in the foreland, and represent the earliest gravels of the rejuvenation 
that lasted to the late Pleistocene and reduced the 200- to 150-foot base 
level of erosion to 50 feet above the present level of the Missouri. 
They are the oldest gravels that contain the erratics of Flathead quartz
ite mentioned above. Because they occur at, or nearly at the same 
level as the gravels on top of the pediment, and because they are imper
fectly exposed, these ancient stremn gravels are not readily separated 
from the gravel cover of the foreland. The best example of such 
gravels is on top the spur west of Cave Gulch, close to the mountains,· 
where they have been exposed by mining operations. They are sub
angular gravels, composed largely of quartzite and subordinately of 
other kinds of country rock, mainly derived from the rocks of the Belt 
series. The average size is 1 to 2 feet in diameter, but they range 
upwards to large boulders, one of which was seen that measured 12 
feet across. Close to the front of the mountains, these gravels are 
commonly limestone. The thickness is estimated to range from 10 
to 20 feet. The tenor of these gravels in gold is said to have been 
high. 

Stream gravels that lie at lower altitudes than those on top of Cave 
Hill, but at higher altitudes than the level 50 feet above the Missouri 
River, are present in the lower stretches of a number of the tributary 
valleys, and on top of some of the terraces below the 200- to 150-foot 
level. These deposits, similar in character to those on Cave Hill, occur 
along both walls of the lower valleys of Cave Gulch, Magpie Creek, 
and other streams to the east and west, where they were prospected 
and at some sites mined for their content of placer gold. Along the 
northwest wall of Magpie Creek, for example, these gravels, as exposed 
by mining, have a thickness as much as 15 or 20 feet, and consist of 
poorly sorted, angular to subangular cobbles and boulders, mainly 
quartzite, with a maximum size of 5 feet. The matrix is clayey, and 
layers of sand and silt are interstratified with the coarser beds. These 
deposits do not continue up the small gulches tributary to Magpie 
Creek, showing that they were deposited before these gulches were 
carved. They occur, and have been worked, at several levels on Mag
pie Creek and Cave Gulch. 

The lowest, and youngest, of these Pleistocene bench gravels are 
well exposed by mining operations at the southwest end of the spur 
between· Cave Gulch and Cooper Gulch, where they lie on tilted and 
beveled Teritary beds that form a bedrock surface 50 feet above the 
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Missouri River. The gravels lie in horizontal beds with an aggre
gate thickness of 35 to 50 feet, and are composed mainly of quartzite. 
The gravels in the lower beds of the section range from 1 inch to 12 
inches in size, averaging perhaps 4 or 5 inches. They are separated 
by several beds of muddy sediment, up to a foot thick. The gravels 
in the upper part of the section are larger, up to 3 feet in diameter, 
and one boulder on the hillside, that comes from this deposit, is 8 feet 
in diameter. The tenor of gold is said to have been low; and evidently 
this statement was true, for a large volume of the deposit was never 
mined. 

The youngest bench gravels at the mouth of Cave Gulch are of 
special interest. The ~Iissouri River evidently flowed at one time 
at or nearly at the level of bedrock below these gravels·. For causes 
yet obscure, the river at that time was aggrading its bed at the mouth 
of Cave Gulch and Magpie Creek, and this action helped to produce 
the considerable thickness of gravels at the mouths of these streams. 
·After this aggradation, the bed of the river was about half a mile 
northeast of its present site, and at least 100 feet higher, so that it 
flowed close to the present site of the road along the northeast side 
of the river. As a result of this aggradation, the Missouri migrated 
southwestward, and was superposed on a spur of quartz monzonite, on 
that side of its valley. This aggradation and superposition are prob
ably connected genetically with the back-hand drainage of the tribu
taries of the Missouri within this quadrangle, hut a final answer to this 
problem must await geologic study over a much larger area. 

YOUNGER GRAVELS 

The alluvium that forms the present valley floor of the Missouri 
River and its tributaries consists of gravel, sand, and silt derived from 
many s9urces. Chief among these materials are the gravels derived 
fron1 the hard rocks of the Big Belt Mountains and Spokane Hills, but 
much of this material has been deposited on terraces and reworked 
by later streams. The coarser debris lies mainly close to bedrock, and 
is not generally visible, except at places like the mouth of Magpie 
Creek, where these lower strata have been lifted to the surface by 
dredging. These gravels are well rounded and as much as two feet 
or more in size. Finer debris that acts as a matrix for the gravels, 
and also exists as strata of sand and mud, both between and above 
them, has been produced in part by comminution of the hard rocks, 
but in larger part by extensive erosion of the Tertiary lake beds. 
The thickness of these Recent alluvial deposits may be as much as 75 
feet in the valley floor of the Missouri, but is much less in the tributary 
valleys, decreasing from the river to the face of the Big Belt 
Mountains. 

921852-51-4 
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IGNEOUS ROCKS 

Intrusive igneous rocks o:f numerous kinds, and one group o:f lavas, 
are present in the Canyon Ferry quadrangle. The intrusive rocks 
include the Canyon Ferry stock, ranging in composition from quartz 
monzonite to granite; the lamprophyres and related rocks associated 
with this stock, likewise restricted to the Spokane Hills; the dioritic 
and gabbroic dikes and sills of the Big Belt Mountains; the andesitic 
dikes o:f the Big Belt Mountains and Spokane Hills; and the por
phyritic quartz latite and. associated intrusives o:f the Big Belt Moun
tains. The extrusives are basaltic lavas that occur mainly at or near 
the crest o:f the Big Belt Mountains; certain basaltic dikes are corre
lated with these lavas. 

No extensive collections o:f these rocks were made. Instead, repre
sentative specimens were taken for the determination o:f their general 
petrographic character; and the many intrusives were correlated 
largely on the basis o:f field work. The :following petrographic data 
indicate the main types o:f igneous. rocks that were :found. 

MONZONITIC AND GRANITIC INTRUSIVES 

Intrusives o:f quartz monzonite, granite and related rocks occur 
mainly at five localities. The Canyon Ferry stock, along the north
east side o:f the Spokane Hills, extends north-northwest :for 4% miles, 
and has a maximum width o:f l% miles. At its northern end, it is 
terminated by an incomplete sill or ring dike that follows around the 
north side o:f the hills. The elongation o:f the Canyon Ferry stock is 
generally parallel to the strike o:f the Paleozoic rocks that lie west of it, 
but locally the contact is irregular and discordant. 

At the south end of the Spokane Hills is a small ovaloid stock, with 
a major dimension o:f llh miles :from north to south, and a minor di
mension o:f a little over a mile. About a mile to the north is a still 
smaller pluton, about hal:f a mile long and wide, which is irregular 
in outline, and markedly discordant with regard to the surrounding 
country rock. A short distance north west o:f the ovaloid stock is an 
elongate discordant pluton, or dike, that has a length o:f 2 miles, and a 
width ranging :from 0.1 to 0.5 mile. This pluton transects Devonian, 
Cambrian and pre-Cambrian rocks. 

A large body of quartz monzonite, which lies maip.1y outside the 
Canyon Ferry quadrangle, shows in the extreme southwestern corner. 
The size and shape o:f this pluton are not known. Its westward 
extehsion indicates that it is one o:f the outliers o:f the Boulder 
batholith. 

The monzonitic and granitic intrusives, as mapped, include at least 
four types of ign~ous rocks. At the north end of the Canyon Ferry 
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stock, as seen along the Canyon Ferry road, the intrusive is a coarse
grained granite. About a mile to the south, however, the granularity 
decreases and both granitic and monzonitic phases are present. Felsic 
and mafic segregates also have developed, so that aplitic dikes. and 
larger bodies of lamprophyre are present. 

The granitic intrusive at the north end of the Spokane Hills is a 
coarsely crystalline, gray rock, mottled by light-colored crystals of 
quartz and feldspar, and dark-colored crystals of biotite and other 
1nafic minerals. Some of the rock is notably porphyritic, with tabular 
crystals of feldspar as much as 25 millimeters or more in diameter. 
Under the microscope, the principal rock-forming minerals are found 
to be orthoclase and microcline, perthitic intergrowths of microcline 
and albite, plagioclase, quartz, and biotite. A. little hornblende is 
present in som~ of these rocks, and rarely diopside. The common 
accessory minerals are apatite, iron ores, sphene, and zircon. Most · 
of the plagioclase is oligoclase, but some of it is zonally grown, ranging 
in composition from oligoclase to labradorite. Quartz and orthoclase 
occur in graphic intergrowth but not commonly. Some of the plagio
clase is partly sericitized, and epidote occurs as a secondary mineral 
replacing hornblende. Potash feldspar is so strongly dominant that 
these rocks are classified as granite or monzo-granite. 

The intrusives that form the southern part of the Canyon Ferry 
stock, the smaller stocks farther south, and the pluton at the southwest 
corner of the quadrangle, consist of nonporphyritic rocks of medium 
granularity, most of which are darker in color, and more m.afic in 
composition than the main stock. All these plutons are doubtless 
related genetically to the Boulder batholith, farther to the west. The 
minerals that compose these rocks are essentially the same as those in 
the main granitic intrusive, but the proportions are different. Most 
of the potash feldspar is orthoclase ; the plagioclase, though zonally 
grown, is between oligoclase and andesine; and the ratios of potash 
to lime-soda feldspar range from 3 : 2 to 3 : 1. The former ratio is 
most common, so that most of these rocks are called quartz monzonite 
though some are granites. Both biotite and green hornblende are 
present, but one or the other. of these two minerals predominates at 
different places. A. little brown hornblende was seen in one specimen, 
and a little diopside, partly replaced by green hornblende, in 
another. The biotite is commonly somewhat chloritized. The chief 
accessory minerals are those named above, but west of this quadrangle, 
in the Boulder batholith, a site was found where the granitic rocks 
were sufficiently decomposed to be picked and panned. A. sample of 
concentrates thus obtained by Mertie was examined by Prof. Adolph 
Knopf, of Yale University, and was found to contain, in addition to 
the accessory minerals cited, some grains of allanite and monazite. 
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FELSIC AND MAFIC DIFFER;ENTIATES 

Both silicic and mafic differentiates are associated with the monzo
nitic rocks. The silicic fractions, which are aplite, are uncommon 
and occur as thin light-colored fine-grained dikes that cut the quartz 
monzonite and granite. At some places the boundaries of these dikes 
are indistinct ; at others, the dikes are bounded by joint planes. One 
dike was found to consist mainly of orthoclase and quartz, graphically 
intergrown, with traces of chloritized biotite and iron ores. Such . 
dikes are too scarce and too small to justify separate mapping. 

The lamprophyric fractions of the monzonitic rocks crop out at two 
places on the Canyon Ferry road, one about half a mile northwest of 
Canyon Ferry, and the other about 75 feet west of the Flathead 
quartzite. The rock of the first· locality has no distinct boundaries, 
and is included with the Canyon Ferry stock, but it may connect with 
the sill or incomplete ring dike that follows around the north side of 
the Spokane Hills. 011 its west side the ring dike is offset by faulting 
at several places, but probably was continuous originally with the 
lamprophyre at the second locality on the Canyon Ferry road. South
ward from this site, the dike continues for several miles, and there
after gives place to several larger bodies of similar intrusive rock. 
The southernmost of these bodies cuts sedimentary rocks as young as 
Devonian. These occurrences of the lamprophyres are shown on the 
geologic map, plate 1. 

The lamprophyres are dark-colored rocks of medium granularity. 
They differ from the quartz monzonite in having a much higher per
centage of dark-colored minerals, and in having a smaller proportion 
of quartz. The dark minerals, which commonly constitute two-thirds 
or more of these rocks, comprise hornblende and biotite; but diopside 
also is present in many of them, and is the predominant mafic mineral 
in a few of them. Iron ores are present, both as primary minerals, 
and as ordered clusters that suggest a secondary origin. Apatite is 
more common than in the quartz monzonite. Some of the quartz is 
free, but most of it is graphically intergrown with orthoclase. Plagio
clase is the dominant feldspar, and is zonally grown, ranging in 
composition from oligoclase to labradorite. The ratio of potash to 
lime-soda feldspar varies, so that these intrusives range from quartz 
monzonite through granodiorite to quartz diorite; but the concentra
tion of dark minerals renders lamprophyre a better generic designa
tion for them. 

The age of the monzonitic and related intrusives cannot be deter
mined in the Canyon Ferry quadrangle from stratigraphic evidence. 
These intrusives are correlated however, with the Boulder batholith; 
and the latter, in the vicinity of Butte, intrudes lavas that are either 
of Upper Cretaceous or Eocene age. The Boulder batholit4 is there-
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fore probably of early Tertiary age, and the monzonitic rocks of the 
Canyon Ferry quadrangle also are believed to have been emplaced in 
the Tertiary. Mgst of the lake beds in this area are of Oligocene age, 
but none of them has been invaded by these intrusives. Such negative 
evidence means little, but it tends to restrict the emplacement of the 
quartz monzonite and its satellitic rocks to the Eacene. 

DIORITE AND GABBRO 

The intrusives of diorite and gabbro group, so far as known, occur 
only in the Big Belt Mountains, within the several formations of the 
Belt series. Many of them have the appearance of sills, and smne 
actually are sills; others are steeply pitching dikes that are approxi
mately parallel to the bedding of the Belt series, but diverge at places 
to cross from one formation into another. The dike that is farthest 
northeast, is really a narrow elongate pluton, 'that is disrupted into 
segments by faulting. A general characteristic of all these intru
sives is that they have been injected principally by pushing apart, or 
expansion, of the formations of the Belt series, without any percep
tible assimilation or impregnation of these beds. 

These intrusives are dark-greenish to greenish-black rocks of mod
erate granularity that weather brown. A few are porphyritic, show
ing phenocrysts of feld~ars and mafic minerals, but this fabric is 
uncommon. Some of these rocks are mottled, owing to the presence 
of small areas of silicic minerals or of feldspar phenocrysts. 

The characteristic modal minerals are plagioclase and augite, which 
commonly are intergrown in a poikilitic habit, such that the outlines 
of the pyroxene are determined by the crystals of feldspar. Iron ores 
are invariably present; and apatite, rarely also sphene, are the acces
sory minerals. Small amounts of quartz, or of quartz graphically 
intergrown with orthoclase (or microperthite), occur in the interstices 
between other rock-forming minerals, and constitute a characteristic 
feature. Primary green hornblende is a subordinate mafic mineral 
in some of these rocks, but in others this mineral occurs as a replace
ment of augite~ Biotite and brown hornblende occur sporadically; 
and chlorite has developed :from both the mica and the hornblende. 
Alteration of the feldspar has produced sericite, chlorite, and epidote. 
The plagioclase is zonally grown, but numerous determinations indi
cate that its average composition is either andesine or labradorite. 
This fact, together with the small but constant percentage of quartz 
and potash feldspar, indicates that 1nost of these rocks are quartz 
pyroxene diorite or quartz gabbro. Some are diabasic in character. 

Certain other dikes, of a more silicic type, have been identified in 
the general vicinity of the most northwesterly of these dioritic and 
gabbroic rocks, but they are either unmapped or have been included 
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in this general group. One is a quartz monzonite, and another is a 
soda-.syenite. The presence of these dikes suggest that intrusives of 
the Canyon Ferry stock also are present in the Big Belt Mountains, 
and their presence in the vicinity of the main diorite dike that is asso
ciated with gold mineralization, suggests that the Tertiary monzonitic 
and granitic rocks may be in fact the true source of the gold and copper 
mineralization of the Big Belt Mountains. The presence of granitic 
intrusives at the heads of Montana Gulch and Johnny Gulch also sug
gests the same conclusion. 

No conclusive evidence exists regarding the age of this group of 
dioritic and gabbroic dikes. They resemble, to a degree, some of the 
lamprophyres associated with the Canyon Ferry stock, in the Spokane 
Hills; but the differences are so marked that the correlation of these 
two groups is considered improbable. The only stratigraphic evi
dence bearing upon their age is that they are restricted, so far as 
known, to the Belt series, and cut all formations up to the Empire 
shale. Therefore they are younger than most of the Belt rocks ex
posed in the Big Belt Mountains, but may not be younger than other 
Belt rocks that lie to the westward. Their minimum age is indetermi~ 
nate. It is possible that they are of pre-Cambrian age, but they may 
be much younger. It is improbable that they are of Mesozoic or 
Tertiary age. ., 

LATITIC INTRUSIVES 

Latitic intrusives occur at two principal localities, both along or 
near the southwest face of the Big Belt Mountains. One is a dikelike 
pluton, with a maximum width of 1,500 feet, that extends from White 
Gulch to Bilk Gulch. The other, which lies at the head of the south 
fork of White Gulch, is a body of less regular. shape that extends be
yond the limits of the quadrangle. The two intrusives are closely 
related, and may connect below the surface. Dikes of quartz latite 
also are present, but not all of them were mapped. One occurs on 
Bilk Gulch about 6'1;2 miles from its mouth. Much detrital debris of 
the same petrographic character lies on the foreland, between White 
Gulch and Dry Hollow. These intrusives, like the pyroxene diorite 
and gabbro, appear to have invaded the country rock by expansion of 
the beds along bedding planes. 

The latitic intrusives are light-gray to medium-gray porphyritic 
rocks, consisting of phenocrysts of feldspar in a fine-grained ground
mass. Judging from the detrital material found on the foreland, 
other facies of this intrusive also are present, which in their color, 
granularity, and composition, resemble granite and granite porphyry. 
The rocks found in the two intrusives bodies consist of phenocrysts of 
plagioclase, set in a matrix of orthoclase, plagioclase, quartz, and 
green hornblende, with smaller amounts of iron ores, apatite, and 
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ephene. The plagioclase, particularly the phenocrysts, is zonally 
grown, and ranges in original composition from oligoclase to labra,.. 
dorite. Both are sericitized and albitized. Small amounts of diop~ 
side and biotite are present in some specimens, and one contains no 
quartz. Most of these rocks are considerably altered, with the devel
opment of chlorite, calcite, limonite, sericite, and albite. A consider: 
able range in composition probably exists, as quartz latite, latit~, 
dacite, and granite porphyry have been identified. The average type 
is best described as quartz latite porphyry. 

These intrusives invade the Paleozoic rocks, but no additional strati
graphic data on their age are available. Possibly they are the finer
grained equivalents of the Canyon Ferry stock, and as such should be 
referred to the Tertiary. 

ANDESITIC INTRUSIVES 

The andesitic intrusives are mainly small dikes, but one larger 
intrusive body is known. Most of them occur in the rocks of the 
Belt series, in the valleys of Hellgate Gulch and Avalanche Creek, 
in Bilk Gulch, and on or along the divides between these streams. 
The single larger body crops out in the heads of Timber Gulch and 
Cow Gulch, when~e it extends northwestward to and beyond Ava
lanche Creek, where it splits into two small dikes and disappears. 
It lies entirely within the Greyson shale; and to the southeast·· it 
extends beyond the limits of the quadrangle. This body and some 
of the dikes have been mapped. Some small dikes in the Big Belt 
Mountains, shown as andesite, are too greatly altered for accurate 
determination, and may not in fact belong in this group. 

Somewhat similar, but possibly younger dikes of the same general 
character occur in the Spokane Hills south of the Canyon Ferry road 
and east of the lamprophyric intrusives. Another dike of the. same 
general type was found on French Bar. 

The rocks of this group in the Big Belt Mountains are dark gray, 
modified by shades of green and red. Most of them are either macro
or micro-porphyritic, the phenocrysts being invariably feldspar. The 
matrix is fine-grained. The feldspar, both of phenocrysts and 
groundmass, is plagioclase, which is entirely altered to sericite, 
chlorite, epidote, and albite, so that the original character is inde
terminate. The general appearance, however, suggests a plagioclase 
of intermediate composition. The mafic minerals are completely 
altered to sericite, epidote, chlorite, and calcite, but certain prismatic 
and hexagonal outlines indicate that originally they may have been 
hornblende. A little quartz is rarely present, but most of it is prob~ 
ably secondary. Apatite and altered iron ores constitute the acces
sory minerals. The degree of alteration of these rocks suggests the 
designation of andesitic greenstone. 
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The andesitic dikes o£ the Spokane Hills are similar in general 
appearance to those described above, except that they are less altered 
and lack the shades o£ green and red. Some o£ them are porphyritic, 
others are not. The plagioclase is albitized and sericitized, but some 
unaltered biotite is recognizable. A little apatite and some iron ores 
also are present. These rocks, though mapped with the andesites, 
actually may be a fine-grained £acies o£ the monzonitic lamprophyres. 
One o£ these andesites £rom French Bar is o£ special interest in that 
it was £ound to contain a £ew crystals o£ corundum. This is a very 
fine grained ·porphyritic rock, with small phenocrysts o£ feldspar and 
biotite. The groundmass is partly glassy. The plagioclase pheno
crysts are altered to carbonates, but fine laths o£ unaltered plagioclase 
in the matrix are either andesine or oligoclase. Phenocrysts o£ 
corundum are very rare, and a little garnet is present. 

The andesites of the Big Belt Mountains are restricted to the rocks 
o£ the Belt series. They are more altered than any other igneous 
rocks o£ the quadrangle. They may be o£ pre-Cambrian age, though 
no positive proof can be offered. The andesitic dikes o£ the Spokane 
Hills may be o£ Mesozoic or Tertiary age. 

BASALT 

Lava flows o£ basalt lie on the ancient surface that £orms the crest 
of the Big Belt Mountains. The flows have been dissected by erosion 
so that isolated masses are separated £rom the principal flows. One 
such body occupies a rounded area about hal£ a mile in diameter at the 
head o£ Grouse Gulch, a tributary o£ Magpie Creek. Basaltic lava 
as detrital material is prominent on the ridge northwest of Magpie 
Creek, just southwest of the southwest £ace o£ the Big Belt Moun
tains ; but this material was not £ound in place. 

Dikes o£ basaltic rock were observed at two places in the Spokane 
Hills, in the vicinity o£ the monzoniti,c lamprophyres, but were not 
separately mapped. It is probable that these dikes are genetically 
related to the lamprophyres. 

Several types o£ extrusive basalt occur at the head o£ Grouse Gulch. 
They range in color £rom black to reddish brown, and in texture £rom 
massive to vesicular and amygdaloidal. Some specimens are holo
crystalline and microporphyritic, with phenocrysts o£ labradorite in 
an intersertal groundmass o£ plagioclase and pyroxene, together with 
some iron ores, apatite and a little biotite. Other samples are partly 
glassy, with about the same mineral composition. The detrital mate
rial on the ridge northwest o£ lower Magpie Creek is nonporphyritic 
and partly glassy. The lavas are believed to be o£ Miocene age. 

The intrusive basalt o£ the Spokane Hills is holocrystalline and 
microporphyritic, with phenocrysts o£ plagioclase, pyroxene, and 
olivine. It is classed as an olivine basalt. 
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~·TRUCTURE AND GENERAL RE.LATIONS 

PRE-TERTIARY ROCKS 

The Canyon Ferry quadrangle comprises three areas of structural 
unity: the rugged uplands of the Big Belt Mountains that are de- ·
veloped on steeply dipping and in part complexly folded and faulted 
beds of pre-Cambrian and Paleozoic age; the nearly isolated ridge that 
forms the Spokane Hills and is also developed on steeply dipping pre
Cambrian and Paleozoic rocks; and the low lands, forming the broad 
valley of the Missouri River southeast of Canyon Ferry that are 
carved in the soft lake beds of Tertiary age. 

BIG BELT MOUNTAINS 

The Big Belt Mountains occupy the northeastern one-third of the . 
quadrangle and extend beyond the limits of the map. Their structure 
is that of a broad, northwest-trending, uplifted arch. Along the 
central part of the arch, pre-Cambrian rocks have been thrust-faulted 
northeastward onto strata of Paleozoic age, as shown in the extreme 
northeast corner of the map; this Jaulting represents a strati
graphic displacement of several thousand feet. Southwestward the 
dips in the pre-Cambrian rocks are moderate, increasing in amount 
near the southwestern flank of the mountains. There the dips are 
generally nearly vertical or are overturned, and the overlying 
Paleozoio beds and in places the pre-Cambrian rocks are tightly folded 
and cut by high-angle thrust faults. The zones of faulting in the 
central part of the mountains and along the southwestern flank are 
extensions of regional deformation that continues northward into the 
Glacier National Park. 

The southwestern front of the Big Belt Mountains is a zone of partie· 
ular structural significance. This escarpment forms a broad, rather 
smooth curve that has a northerly trend in the southeastern part of the 
quadrangle, and a westerly trend in the northwestern part. The geo
logic structure along the southwestern front of the Big Belt Mountains 
is highly complex, and is characterized by an intricate pattern of folds 
and faults that affect ·the Paleozoic and pre-Cambrian rocks. The 
trend of these structu.res, however, is not the same as that of the south
western face of the Big Belt Mountains, so that the structure obliquely 
transects the mountain front. 

Tight folding along the southwestern flank of the Big Belt Moun
tains is best shown in the Paleozoic beds northwest of Hellgate Gulch 
and is nearly absent to the southeast. The beds dip steeply and in 
places are vertical or overturned, and the axial planes of these folds · 
are vertical or dip steeply to the northeast. The folds are asymmetri
cal, as the beds on the north limbs of the anticlines dip at moderate 
angles and those on the south limbs dip steeply or are overturned.. The 
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crests and troughs of these folds are sharply flexed and the beds on 
any single limb have nearly constant dips, so that the folds in cross 
section resemble a series of tilted "W's." Where the folds are espe
cially tight and well developed the Flathead quartzite, Meagher lime
stone, and Jefferson limestone are exposed in prominent ridges, where
as the shales.and softer limestone beds are reduced in thickness and are 
poorly exposed. 

The Madison limestone, which is restricted in the Big Belt Moun
tains to the western front of the range south from the vicinity of Little 
Hellgate Gulch, displays some structural features that emphasize and 
illustrate the structural complexity along the southwestern front of the 
mountains. In Hellgate canyon the Madison forms a great wall of 
rock standing nearly vertical but flattening higher up on the canyon 
walls to a normal westerly dip of 40°. Northwest along the strike, 
however, the Madison is progressively overturned, until near Little 

· Hellgate Gulch it is rotated more than 180° and dips to the west at a 
low angle but in a reverse position. Northward from this site, the 
Madison is concealed below the surface of the pediment and cannot 
be traced. This structure is not well understood, but the available 
evidence suggests that a large recumbent fold is buried beneath the 
pedimentto the southwest. ~ 

The high-angle thrust faulting in the Paleozoic rocks along the 
southwestern flank of the Big Belt Mountains is complex and difficult 
to analyze. It is best shown in the southeastern part of the qttadrangle, 
where tight folding is negligible. Though some of the faults locally 
dip at low angles to the southwest, in general they dip steeply, mostly 
to the southwest but in places to the northeast. In the vicinity of 
White Gulch and in the area a short distance west of Hellgate Gulch 
the rocks are cut into slices, which are bounded by a series of branching 
faults. In the northwestern part of the quadrangle some of the tight 
folds pass laterally into strike faults that commonly dip steeply to 
the north or northeast. 

High-angle normal faults of relatively small displacement, which 
trend generally northeast across the strike of the formations, also are 
present. The longest one, which is more than 4 miles in length, cuts 
across pre-Cambrian beds in the vicinity of Hellgate Gulch. Most of 
the others that were mapped are in Paleozoic beds, probably because 
these beds locally are more intensely deformed than are those of pre
Cambrian age, but possibly because faulting is more easily recognized 
in them. These faults, which cut and displace the folds, thrust faults, 
and igneous plutons, are unrelated to the small displacements that 
offset resistant formations, such as the Flathead quartzite. 

The country southwest of the Big Belt Mountains is largely covered 
by Tertiary lake beds, so that few data are available regarding the 
structure of bedrock. In the northwestern part of the quadrangle, 
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however, where the Tertiary beds are absent, a major 'structural break 
vJong the northwest continuation o:f the mountain :front is more 
strongly suggested. There the Greyson and Spokane :formations are 
upparerrtly in :fault contact with beds o:f Cambrian age, and the struc~ 
tural trend o:f the Spokane Hills abuts against that o:f the Big Belt 
Mountains. Furthermore a line o:f prospect openings, showing inten
sively brecciated rock and traces o:f ore minerals, is indicative o:f a zone 
o:f strong :fracturing. 

SPOKANE HILLS 

The Spokane Hills :form a rather broad north-trending ridge, de· 
veloped on steeply upturned beds along the western limb o:f a general 
synclinal structure, the axis o:f which occupies the eastern slope of 
the Hills. This major structure is modified by minor :folds and igne .. 
ous intrusions. 

Beds of Cambrian age everywhere form the highest parts of the 
ridge, dipping steeply in an east~rly direction, though in places they 
are vertical or slightly overturned. They are flanked to the west by 
pre-Cambrian strata that stand nearly vertical. East o:f the Cam
brian rocks progressively younger Paleozoic beds are present which 
have easterly dips that lessen eastward toward the axis o:f the syncline. 
Actually this synclinal structure consists ·o:f several discontinuous, 
slightly overlapping smaller synclines· arranged in a staggered pat
tern, each associated with a comp~imentary anticline a short distance 

· to the east. Not only are these :folds somewhat irregular in form, 
but they are also partly interrupted by faulting and igneous intru
sion. The northernmost syncline· and anticline are rather open, nearly 
symmetrical, folds that plunge southward and abut against the 
Canyon Ferry stock. The :folds southwest of Canyon Ferry are rather 
tight ones with steeply dipping limbs, but those in the southern 
part o:f the Hills are relatively open. Where the :folds are rather tight 
the axes in places pass laterally into strike :faults. 

No true thrust :faults were recognized in or along either side of the 
Spokane Hills, but steeply dipping normal :faults that cross the strike 
of the :formations at high angles are common. The longest one, which 
is in the southern part of the Hills, has a length of nearly 3 miles; 
but most o:f the others are less tha:n a mile in length. In places the 
Flathead quartzite is cut by many small cross faults o:f small dis
placement that evidently extend only a short distance into the adjacent 
:formations. 

The north end o:f the Spokane Hills abuts structurally against the 
Big Belt Mountains. On the east side of the Hills for a distance of 
·about 4 miles southward from Canyon Ferry the Paleozoic sediments 
are bordered on the east by the Canyon Ferry stock. . Southeast, south, 
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and southwest of the Hills the Tertiary lake beds lap onto the up
turned Paleozoic and pre-Cambrian strata, and the same relationship 
is present on the western and northwestern slopes of the Hills west 
of the quadrangle. 

GENERAL INTERPRETATION 

The general structure of the pre-Tertiary. rocks within the Canyon 
Ferry quadrangle, ignoring :faulting and minor :folding, is that of a 
great synclinorium plunging southeast. But the Paleozoic and pre
Cambrian rocks of the Spokane Hills curve eastward and southeast
ward just west of the Canyon Ferry dam, suggesting that these rocks 
are the western limb of a smaller southeast-plunging syncline. On the 
other hand, this curvature might be regarded merely as a minor fluting 
in the major syclinorial structure. The Paleozoic and pre-Cambrian 
rocks of the Big Belt Mountains therefore may be interpreted either 
as the eastern limb of a syncline that is separated from the syncline 
of the Spokane Hills by an anticlinal structure, or as the eastern 
limb of the major synclinorium of which the structure west of Canyon 
Ferry is a mere fluting. The evidence in the valley of the Missouri 
River that might decide between these alternatives is completely con
cealed by Tertiary rocks, so that no decisive conclusion can be drawn; 
but the distance at the southeastern end of the quadrangle between 
the Paleozoic rocks of the Big Belt Mountains and those of the Spo
kane Hills suggests the possible presence of an intermediate anti
clinal structure of major size, the axial plane of which plunges north
west. Such a structure would fit better with the presence of thrust 
faulting along the southwest flank of the Big Belt Mountains. 

Strong evidence of thrust faulting along the south side of the Big 
Belt Mountains is found, but the direction and age of such :faulting are 
not entirely certain. Pardee and Schrader (1933, pp. 24-25, 129-1·30) 
have described two thrust faults, called the Eldorado and Scout Camp 
overthrusts, that bound the Big Belt Mountains respectively on their 
southwest and northeast sides. Both of these fault planes are said 
to dip southwestward, so that the overthrust blocks have moved up
ward and to the northeast. Only the Eldorado overthrust is here 
considered, as the Scout Camp thrust lies mainly beyond the north
eastern limit of this quadrangle. ,Most of the :fault planes observed 
in the vicinity of White Gulch dip southwestward, but many of those 
:farther to the northwest dip northeastward. These multiple fault 
planes, however, are best interpreted as :fractures accessory to the main 
thrust faulting, so that none of them is the actual plane of thrusting. 
The actual plane of the Eldorado thrust is recognizable with assurance 
only in Clarks Gulch and Oregon Gulch, wher~ it brings the Grey
son shale into contact with the Flathead quartzite. Elsewhere to the 
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east and southeast it probably passes beneath the Oligocene and later 
beds. Pardee considers that the Eldorado overthrust continues north
westward to connect with the Lewis overthrust, and southeastward 
to connect with the Lombard. overthrust. 

The intense folding and thrust faulting along the southwestern 
flanks of the Big Belt Mountains probably postdated the general fold
ing of the pre-Cambrian and Paleozoic rocks, but clearly antedated 
the faulting that produced the Tertiary lake basins and affected the 
Oligoc~ne lake beds. The Lewis overthrust is considered by Pardee 
to be of Eocene age, and this interpretation fits with the evidence 
adduced in the Canyon Ferry quadrangle. 

TERTIARY SEDIMENTS 

The structure of the Tertiary beds is essentially that of a homocline 
dipping east-northeastward at angles from 10° to 30°, but the dips 
close to the Big Belt Mountains are more irregular and somewhat 
less than along the southwest side of the Missouri River. Thus, these 
beds overlap normally the eastern slopes of the Spokane Hills, in fact 
merging with these hill slopes; but along the front of the Big Belt 
Mountains they appear superficially to dip under the Paleozoic rocks. 
These facts and others presented below constitute evidence that a zone 
of normal faulting lies just south of the Paleozoic rocks that form 
the southern front of the Big Belt Mountains. This faulting is later 
than and unrelated to the thrust faulting that has affected the pre
Cambrian and Paleozoic rocks close to the southwestern face of the 
Big Belt Mountains. The trace or traces of this inferred faulting are 
largely covered by the sediments that lie atop the adjacent pediment; 
but where such traces might be discernible, they are obscured by the 
older thrust faulting heretofore mentioned. 

The lithology, paleontologic data, and structure of the Tertiary 
rocks require further explanation. It is clear that a depositional basin 
was first provided in the early Tertiary ; that the floor of this basin 
continued to subside during the deposition of the Oligocene sedi
ments; that these sediments were subsequently tilted by orogenic move
ments; and that much of this tilting occurred subsequent to sedi
mentation, though some of it took place before the youngest sediments 
were deposited. A depositional basin could have been produced either 
by downwarping or by faulting, but either gradual downwarping or 
intermittent normal faulting along the southwest side of the Big Belt 
Mountains throughout the deposition of the Oligocene beds would 
have resulted in a much greater range in the dips of these beds than 
actually exists. Therefore the basin of deposition is conceived to have 
been at the outset a graben, or block that dropped downward along 
two bounding faults, with little or no tilting. One of the bounding 
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faults of such a structure must have been near, though probably south
west of, the present southwestern face of the Big Belt Mountains. The 
other bounding fault must have been some miles west of the Canyon 
Ferry quadrangle, possibly along the northwest side of the Prickly 
Pear Valley. At a much later date, after most of the sediments had 
been deposited in this basin, but probably just before the fourth Oligo
cene unit was formed, further movement began along the northeast 
side of the graben, that resulted in the east-northeastward tilting of 
the older Oligocene beds. This normal faulting, inferred in t:he pre
ceding paragraph, continued after the youngest Oligocene beds were 
deposited; and judging by the similar tilting in Miocene beds farther 
south,. these orogenic movements continued throughout most if not 
all of Miocene time. 

The last disturbance that affected the Oligocene beds is normal 
faulting, striking north and dipping steeply east, which has affected 
mainly units 1 and 2. Similar faults, however, have been observed 
elsewhere in this sequence, even in the youngest Oligocene beds. These 
faults are not continuous for any distance, and their displacements 
are small, so that generally they have not been mapped. This faulting 
therefore constitutes the youngest orogenic movement of which there 
is any observable record. 

The volcanism that supplied the debris of which the Oligocene beds 
are largely made must have originated during the Oligocene epoch, 
as the Miocene beds seem to be composed mainly of reworked volcanic 
detritus, mixed with coarser materials derived from the nearby hills. 
The Elkhorn Mountains, west of the Prickly Pear Valley, are com
posed of a variety of igneous rocks, including surficial volcanics of 
andesitic and more felsic character. Owing to,their proximity and 
the character of the rocks composing them, these mountains, are re
garded as the principal source of the ash and scoria found in the 
Oligocene beds. Such material could easily have been moved across 
the intervening distance of 30 to 40 miles by prevailing westerly winds. 

ECONOMIC GEOLOGY 

FIRST DISCOVERIES OF GOLD 

The earliest reference to mineral wealth in Montana is said to have 
been made by V erendrye, in his report to the French Government in 
1739. The Lewis and Clark expedition (May 1804-Sept.1806) passed 
through the Canyon Ferry quadrangle on July 20-22, 1805, and gave 
the name of Whitehouse Creek to the stream later called Confederate 
Gulch, and still later Con~ederate Creek. Members of this expedition 
are said to have known or heard of the presence of gold in this region, 
but no true discoveries are recorded. 
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Two men have been credited with the discovery of gold in Mon.:. 
tana. One was a Red River half-breed, named Francois Finlay (or 
Findley) and called Benetsee by his friends. In 1852 he discovered 
gold on Gold Creek, a small stream that heads in the northeastern 
part of Granite County, flows through Powell County, and joins Clarks 
Fork. The other discoverer was Samuel M. Caldwell, who is reported 
to have found gold in 1852 on Mill Creek, west of the Bitterroot River 
and about opposite Fort Owen. Most historians give priority to 
Finlay. 

Ten years after the first discovery, the gold placer camps of Mon
tana began to be established. Bannock City was founded with gold 
discoveries on Grasshopper Creek in 1862, Virginia City grew up 
with the discoveries along Alder Creek in 1863, Helena on Last Chance 
Creek and Diamond City on Confederate Gulch were established in. 
1864, and Pacific City on McClellan Gulch in 1865. By 1876, about 
500 gold-bearing gulches had been found in Montana. 

The original discovery on Last Chance Creek was made in July 
1864 on a bar of Dry Gulch, one of its tributaries, not far from the 
present site of the Masonic Temple in Helena. The discoverers were 
a party of Georgians, of whom John Cowan, Robert Stanley, and 
Gabe Johnson were members. Not satisfied with their first discovery, 
they prospected northward as far as Sun River, but finding nothing 
better, they returned to Last Chance Creek in September, and began 
placer mining. The "lateness of the season accounts for the name. 
"Last Chance," which they gave to this stream. 

This area was at first called the Rattlesnake district, but the name 
of Helena was soon adopted for the town. The overland distance 
from Helena to Fort Benton, head of navigation on the Missouri, 
was only 140 miles ; and the town, supplied by this route, ,grew rapidly. 
A government assay office and substantial buildings were soon erected; 
and in 1874 the Territorial seat of government was transferred from 
Virginia City to Helena. From this settlement came those who dis
covered and developed the placers of the Big Belt Mountains. 

The earliest discoveries of gold in the Big Belt Mountains are said 
to have been made by ex-Confederate soldiers. During the Civil War, 
Sterling Price's army of bushwackers and irregulars attacked the 
Union forces under Colonel Mulligan and after 7 days of fighting 
captured Lexington, Missouri. A short time later, however, Price's 
army was defeated and captured, and the Confederates were given 
the option of returning to their homes, or of banishment to the West. 
Many were thus transported up the Missouri to Fort Benton; and as 
the new discoveries of gold were being reported at that time, numbers 
of these men started for the gold diggings. 
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Along the southwest side of the Big Belt Mountains, gold placers 
were found between 1864 and 1866 in a number of streams, including 
Confederate Creek, White Gulch, Avalanche Greek, Hellgate Gulch, 
Magpie Creek, Cave Gulch, Clarks and Oregon Gulches, and York 
Gulch. Confederate Creek proved to be the most productive. On 
the northeast slopes of the Big Belt Mountains, less productive placers 
.were located on Thompson, Indiana, Elk, Thomas, Benton, and Beaver 
Gulches, named from south to north. 

The bonanza placers were worked out in a fe'Y years, after which 
the lower-grade placers began to be worked. ..A.t or about the same 
time, a search began for gold lodes, and one, the Old Amber lode, was 
discovered in 1870. Others were located in later years, but all of the 
higher-grade lodes .were worked out by 1902. The lower-grade, or 
unoxidized ores, were worked for a number of years thereafter . 
. Both placer and lode mining of high-grade and medium-grade gold 

deposits are a thing of the past in the Big Belt Mountains. The min
ing of low-grade placers, however, has been carried on until very 
recent years, and the indications are that such work will continue on 
some stream and river bars in the years to come. The future of lode 
mining is doubtful. Only one small property is· now being worked, 
and any similar mining of high-grade ores .will necessarily b~ of small 
magnitude. In certain localities, however, as on the divide between 
Confederate Creek and White Gulch, it is possible that large-scale 
lode mining of low-grade ores some time may be attempted. 

In the following paragraphs, the production of gold is given for a 
number of streams draining the southwest slopes of the Big Belt 
Mountains. Production data are given in dollars rather than in 
ounces of gold, because the original publication of the production was 
reported in this form. These dollar values should be increased by 
69.3 percent, to accord with the devaluation of the gold dollar in 1934. 

METALLIFEROUS DEPOSITS 

LODES 

Lode deposits in the quadrangle are valuable mainly for gold or 
copper; silver values are reported to be generally low, lead minerals 
occur at a fe,w places, and one deposit containing manganese has been 
prospected. Exposures of rocks showing evidence of mineralization 
have been prospected at many places in the Big Belt Mount~ins and 
in the Spokane Hills, but few such deposits have been developed into 
mines, though a number of them have yielded test shipments of ore. 
None of the prospects in their present state of development, however, 
offers much, if any, encouragement for profitable exploitation. 
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GOLD LODES 

MINERALIZATION 

Most of the developed gold lodes of the Big Belt Mountains lie out~ 
side the Canyon F~rry quadrangle; none of them, except the Golden 
Messenger mine, has been worked for many years, so that their work~ 
ings are no longer accessible. The mineralogy and economic geology 
of these deposits have been adequately described by Pardee (1933, p. 
139-164). For these reasons, only the names, locations, and general 
character of these lodes will be stated, principally for the pu!pose of 
showing their relations to the gold placers. 

A dike of dark-colored diorite extends from the east side of Ava
lanche Creek westward to and beyond Trout Creek. Partly as a 
result of faulting, and partly owing to erosion, this dike is not con
tinuously exposed at the surface, but there is little doubt that the 
seg1nents shown on plate 1 belonged originally to a single dike. 
Another intrusive of the same type extends from the east side of 
Avalanche· Creek west-northwestward to and possibly beyond the 
northern limit of the quadrangle. Most of the gold lodes in the 
northern part of the quadrangle occur in or close to these intrusives, 
but the intrusives appear to be unlikely sources of the gold mineral
ization. Small dikes and bodies of a more silicic type, however, 
have been found near these larger dikes, thus suggesting that intru
sives related to the Canyon Ferry stock may actually be the source 
of the mineralization, and that the dioritic dikes have functioned mere
ly as channels for the mineralizing solutions. A small granitic plu
ton is present on the divide between Confederate Creek and White 
Gulch, at the heads of Montana, Greenhorn, Johnny, and Benton 
Gulches. No petrographic study of this intrusive has been made, 
but one specin1en collected at the head of Montana Gulch is an alaskite; 
hence the conclusion that this is a granitic type of rock. A fifth 
significant intrusive is a light-colored quartz diorite, that was mapped 
by Pardee ( 1933, p. 134) along the northwest side of Confederate 
Creek, opposite the mouth of Boulder Creek. 

These intrusives constitute the principal sites of gold mineraliza~ 
tion along the southwest flanks of the Big Belt Mountains; and they 
in turn are the bedrock sources of the gold placers. This mineraliza
tion, however, is neither continuous nor of the same character or 
intensity at all places along these intrusives. One site of intense min
eralization lies along or close to the principal dike of quartz diorite, 
in a stretch from the head of York Gulch to well beyond Trout Creek. 
In this area the Golden ~Iessenger, Old Amber (Golden Cloud), Little 
Dandy and Daisy mines, together with a number of less well known 
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gold lodes, were discovered and developed. Near the eastern limit 
of the dike, where it crosses Hellgate Gulch, both gold and copper 
mineralization is apparent, but the gold mineralization was weak, 
and no gold lodes have been developed in this area. Farther down
stream on Hellgate Gulch, and also on Avalanche Creek, lodes con
taining ores of copper, lead, and zinc were found, some of which were 
developed to the producing stage. However, they are 2 to 4 miles 
south of the dike, and the genetic relationship is obscure. A third 
site of gold mineralization lies along and in the vicinity of the short 
dike of quartz diorite that crosses Avalanche Creek north of Thompson 
Gulch. Little lode development was done in this area, but the placer 
gold found in Avalanche Creek indicates clearly that gold lodes of 
some kind are, or at some time were, present in this zone of mineral
ization. A fourth locus of mineralization lies in and about the 
granitic intrusiv.e at the head of Montana Gulch. Here the Miller 
mine was developed and, under the present name of the Champion 
Mine, is the only gold mine now being operated in the Big Belt Moun
tains. Scores of lode claims are held, and old prospect holes and 
small operating tunnels are everywhere evident. It is not know how 
many of these lodes were brought to the stage of production, but 
clearly this is an area of gold mineralization, that is an adequate 
source of most of the placer gold found in the valleys of Confederate 
Creek and White Gulch. The fifth site of mineralization was in the 
vicinity of the small dike on Confederate Creek, opposite the mouth 
of Boulder Creek. At this place, known as Norris Hill,· much pros
pecting was done, and the Baker, Satellite, and other mines were devel
opened. The gold from Norris Hill doubtless enriched the placers of 
Confederate Creek, but the real contribution cannot be gaged. 

PRI~CIPAL GOLD MINES 

The largest and best known of the gold lodes in the Big Belt Moun
tains is the Golden Messenger lode, located on Browns Gulch (Dry 
Gulch) on the north side of Trout Creek, about 4,000 feet west of 
the forks of Kelley Gulch. The Golden Messenger mine lies just 
west of the northwest corner of the Canyon Ferry quadrangle. The 
history, development, and character of this property are given fully 
by Pardee (1933, pp. 146-157). The lode is a stockwork or quartz · 
stringers and veins, some ranging in thickness from a knife edge· 
up to 30 feet. They lie within the diorite, and strike generally north
northeast, with a westerly dip. The upper horizons of the lode were 
found to be oxidized ore containing free gold; but the lower zones 
are unoxidized, so that the gold-bearing sulfides had to be treated 
with cyanide. The recoverable tenor of the oxidized ore was $6 to 
$1 a ton, and the unoxidized ore had a tenor of $4 to $20 a ton. The 
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lode was therefore of relatively low grade, differing in this respect 
:from most of the other lodes in the area. The latest work on this 
property was done between 1926 and 1942, when the lode was inter
mittently mined. The mine was closed by order of the War Produc
tion Board in 1942. 

Other lodes were located and developed in the vicinity of the Golden 
Messenger mine. .Among them was the Little Dandy lode, located 
about half a mile east of the Golden Messenger, on the spur between 
Browns Gulch and Kelley Gulch. This lode consisted of a vein of 
quartz,· from a few inches to 3 or 4 feet thick, that crossed the dike 
of quartz diorite, striking about north, and dipping 30° to 40° east. 
The unoxidized ore in the upper workings is reported to have had a 
high tenor in gold. .Another lode of the same kind, called the Golden 
Charm lode, was located near the west end of the dike, west of the. 
Golden Messenger mine. It consisted of several quartz veins ranging 
in thickness from one inch to a foot or more, in a country rock of 
shale. The ore of this lode also was of high grade. Both of these 
mines were practically worked out by 1900, but some work on the 
sulfide ores was later done at the Little Dandy mine. 

The Old .Amber, or Golden Cloud lode is located on the southeast 
side of York Gulch, a short distance downstream from the mouth of 
Rattlesnake Gulch. This was the first gold lode to be discovered and 
worked in the York district. The lode consisted of three or more 
quartz veins, striking about N. 70° W., and dipping 30° S., that lay 
south of the diorite dike. The ore in the upper levels was oxidized 
a.nd of high grade; but that of the lower levels consisted of sulfide 
ores. .Another property of the same general type, known as the Daisy 
]ode, was located nearby, on the northwest side of York Gulch, north 
of the quartz diorite. Both of these lodes contained high-grade ores; 
both were developed by the same owners; and both were worked out 
by 1902. 

The Champion mine (earlier called the Henry 0. Miller mine) is 
located at the head of Montana Gulch, beyond the limits of the quad
rangle. The ore body consists of seams of quartz and altered wall 
rock, in a metamorphosed shale close to the granitic intrusive. The 
ore is high grade, with a reported tenor of $100 a ton, or more. In the 
vicinity of this same intrusive are a number of other lodes, including 
the Schabert-Durant.lodes at the head o"f Montana Gulch, the Hum
mingbird lode at the head of Johnny Gulch, and others. The upper 
or oxidized zones of all these properties were reported to have con
tained high -grade ore. 

The Baker mine was located on Norris Hill, on the west side of 
Confederate Creek, opposite the mouth of Boulder Creek. This lode 
consisted of quartz veins in altered quartz diorite, ranging in thick-
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ness from one to five feet, and striking northeast with a dip of 65° 
to the northwest. The ore had a high tenor in gold. The Satellite, 
and other veins of the same kind, also were located in this same 
general vicinity. 

COPPER AND OTHER LODES 

No large base-metal lodes have been discovered or developed along 
the southwest flanks of ·the Big Belt Mountains, but one copper prop
erty, the Argo mine, was operated for several years and produced 
5,831 tons of ore, with an average tenor of 25.7 percent copper. Pardee 
(1933, pp. 164-171) describes or mentions about a dozen other metal
liferous lodes, none of which ever had any significant production. 

The Argo mine is located on the east side of Hellgate Gulch, about 
3 miles upstream from the place where that stream issues from the 
Big Belt Mountains, and about 8,000 feet upstream from the north 
side of the Flathead quartzite. Details regarding the discovery, 
development, and operation of this property are given fully in Pardee's 
report. The Argo ore body is located at or near the contact between 
the Spokane and Greyson shales, and strikes about. N. 70° E., dipping 
steeply north. In the oxidized zone, which extends downward to a 
depth of 100 feet, the ore body is 4 to 5 feet wide, and consists of 
spongelike brown iron oxides and n1alachite, together with a little 
unoxidized chalcopyrite intergrown with quartz. Copper-stained 
quartz stringers lead into the wall rock. Both red and green argillite 
constitute the country rock, but it is recorded that the ore occurs 
only in the green argillite. Below the zone of oxidation, the vein 
ranges in thickness from a few inches to 18 inches, and consists of 
ankerite, quartz, and chalcopyrite. Some of this ore had a tenor 
of 26 percent copper. Ores of lower tenor were concentrated to this 
grade before shipment. The vein is cut and displaced by faulting. 
The ore body was developed for 500 feet along its strike, and for 
600 feet down its pitch. The principal development of this mine 
occurred during the First World War, when the price of copper was 
high. 

Small pods or discontinuous stringers of vein quartz crop out in 
many places in the pre-Cambrian rocks of the Big Belt Mountains. 
Many have been tested with shallow prospect pits, particularly in the 
vicinity of the Argo and Old Amber mines and along the diorite dike 
north of Thompson Creek. Few if any of these quartz veins have 
visual evidence of metallization, and none of these prospects is located 
on the map. 

From the mouth of Cave Gulch to the west edge of the map the 
contact between the Paleozoic rocks to the north and the Tertiary 
and pre-Cambian rocks to the south marks a zone of major faulting 
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and brecciation. Numerous pits, trenches, small shafts, and adits 
explore traces of ore minerals that have been deposited along this 
zone. Near Cave Gulch and for a quarter of a mile to the west 
scattered nodules and stringers of manganese oxides have been found 
in soft brown gouge. Along the same zone and just north of. the 
small monzonite stock that is centered between Oregon Gulch and 
Clarks Gulch several small shafts open a zone of brecciated Greyson 
shale partly impregnated with copper carbonates. West of Clarks 
Gulch a series of moderately extensive adits explore a large low
dipping gouge and fracture zone. A very few small stringers of 
galena ore were found in all of these workings. 

Pardee describes or lists the following properties, which are tabu
lated herewith : 

1. The Conshohocken group of claims, on the west side of Hellgate 
Gulch, a short distance upstream from the Argo mine. This is a 
copper property, and the ore minerals mentioned are quartz, ankerite, 
limonite, chalcopyrite, and chalcocite. 

2. Mike Finch and Hellgate claims, east and down the slope from 
Conshohocken group. These are copper claims. 

3. Claims of Ideal Mining Co. on west side of Hellgate Gulch, 
opposite the Argo mine. This is a copper property, whose ore con:
tained quartz, ankerite, and chalcopyrite. 

4. Rex claim,. on Gabisch Gulch. This is a copper claim, showing 
ores of quartz, ankerite, and chalcopyrite. 

5. Whitmire claims, on northwest side of Magpie Creek, a short 
distance downstream from the mouth of Coxie Gulch. This is a 
copper lode. One surface sample of 16 tons showed 17 percent copper. 

6. Sibyl Ann claims, in Coxie Gulch. Ore consists of quartz, 
ankerite, and chalcopyrite. 

7. Big Copper lode, located 800 feet north of the Golden Messenger 
gold lode. The ore is mainly ankerite, with some other minerals 
and a very small amount of copper-bearing ores. 

8. Copper Queen Co. lode, on ridge south of York Gulch, about 
three-fourths of a mile west of Old Amber gold lode. Ore minerals 
are mainly calcite and quartz, but include a little chalcopyrite. 

9. Lode on Upper Number 2 Gulch, tributary of White Gulch. Ore 
is quartz, ankerite, and a little chalcopyrite. 

10. l{orizek mine, on south slope of French Bar. Ore consists of 
quartz, barite, and galena, with smaller amounts of pyrite, chalocopy
rite, cerussite, malachite, and chrysocolla. The mineral cuprodecloi
zite, containing vanadium, copper, zinc, and lead, is also present. An 
ore pile is reported to have assayed from $60 to $97 a ton in silver, lead, 
and copper. 
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11. Ankerite lode, on south side of Missouri River, opposite French 
Bar. 

12. Tom lode, half a mile north of ankerite lode. The ore consists 
of iron oxides, quartz, cerussite, and galena. 

13. Manganese lode, alonge south face of limestone, where Cave 
Gulch emerges from the Big Belt Mountains. The ore consists of man
ganese oxides, derived probably from rhodonite and rhodochrosite. 

In addition to these properties, the following also should be 
mentioned: 

1. The Doolittle copper mine, on northeast wall of Doolittle Gulch, 
about 300 yards from Avalanche Creek. The ore consists of quartz, 
barite, chalcocite, bornite, malachite, and other sulfides. One sample 
is reported to have assayed 7 percent copper and 6 ounces in sj]ver. 
Some ore was shipped from this property. 

2. Another copper lode, similar to the Doolittle lode, on Kellogg 
Gulch, a tributary of Avalanche Creek. 

3. Prospect at mouth of small gulch on west side of Hellgate Gulch, . 
abo~t 2¥3 miles upstream from Argo Mine. Ore consists of stringers 
of chalcopyrite and galena, in the quartz diorite dike that crosses here. 

4. Lead- and copper-bearing veins associated with a dioritic dike 
have been prospected at two places along Hellgate Gulch about 2lj2 
miles upstream from the Argo mine and also just east of the divide 
between Hellgate Gulch and Spring Gulch. The veins follow the con
tact of the dike with the Newland limestone or fractures within the 
dike, and they range from a few inches to a foot or so in width. The 
veins are composed of quartz containing some pyrite, galena, copper 
sulfides, and perhaps sphalerite. 

5. Narrow copper-bearing veins have been prospected on the west 
side of Avalanche Creek about a half mile south of Kellogg Gulch. 
The veins range from 1 inch to 6 inches in width and are weak and dis
continuous. They are partly filled with barite and carbonate gangue, 
through which small masses of chalcopyrite and secondary copper 
minerals are irregularly distributed. 

6. In the Spokane Hills, as in the Big Belt Mountains, many out
crops showing some evidence of mineralization have been tested with 
shallow prospect pits or with a litnited amount of underground work. 
In the pre-Cambrian strata along the west side of the Hills quartz 
pods or stringers are common along fractures or at the contact with 
igneous rocks, where as in the Paleozoic beds mineralized fractures 
and contacts are indicated by silicified limestone or jasperoid. Traces 
to small amounts of secondary copper minerals are present at ~any 
places, and in some of the prospects a few grains of copper, lead, or 
iron sulfides are exposed. 
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PLACERS 

EARLY PLACER MINING 

CONFEDERATE CREEK 

The placers of Confederate Creek, though outside the Canyon Ferry 
quadrangle, deserve mention because the lower part of this valley lies 
within the quadrangle, and may contain gold placers. Confederate 
·Creek heads in the Big Belt Mountains and flows southwestward for 
about 12% miles to the Missouri River. Cement Gulch, one of its 
tributaries from the northwest, joins Confederate Creek about 11 miles 
from the Missouri. At distances of 2, 21j3 , and 2% miles downstream 
from Cement Gulch, three other tributaries enter from the northwest, 
known respectively as Montana, Greenhorn, and Dry Gulches; and 
.about 0.3 mile downstream from ·Dry Gulch, Boulder Creek enters 
from the east. . 

According to several accounts, the discoverers of gold on Confed
~erate Creek were Jack Thompson, Washington Baker, and Pomp 
Dennis. Ascending the Missouri River in the summer of 1864, this 
party camped at or near the mouth of Confederate Creek, where 
Thompson sank a prospect hole, and found gold-bearing gravel valued 
at 10 cents to the pan. The tenor of the gravel increased as they 
prospected up the valley. A second discovery ·farther upstream was 
made a few weeks later by John Wells and another small party of 
propectors. The bonanza gravel on Confederate Creek was located 
-on December 3, 1864, at a point on the creek somewhere near the mouth 
()f Dry Gulch. This gravel was reported to have had a tenor of $180 
to the pan. 

Later discoveries in Confederate Creek were made by a party from 
Virginia City, known as "the Germans," including Charles Fred
-ericks, John Schonneman, and a number of others. These men found 
rich placers farther upstream on Confederate Creek, and also in 
Montana and Cement Gulches. Eventually Confederate Creek was 
mined from Cement Gulch downstream for 7 miles. Some of the 
German group discovered very high grade placers along a northwest 
terrace of Confederate Creek, between Montana and Greenhorn 
·Gulches, which was called Montana Bar. A downstream continuation 
of Montana Bar, known as Diamond Bar, was later located west of 
Greenhorn Gulch; and still later a high-level placer, known as Boulder 
Bar, was discovered on the opposite side of Confederate Creek, on the 
spur north of BQulder Creek. 

The discovery of the rich placers of Confederate Creek and its 
tributaries, and of Montana and Diamond Bars, led to a sudden and 
tremendous boom. The town of Diamond City was built on the ter
race between Greenhorn Gulch and Dry Gulch, and its population 
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quickly reached 5,000 people. Stores and hotels were built, and :for 
3 or 4 years, the town was very prosperous. Thereafter it gradually 
declined and although most of the town was destroyed when Diamond 
Bar was mined, it still boasted 3 stores and 2 hotels in 1875. By 1880, 
however, the population had decreased to 64, and by 1895 little was 
left of this settlement. 

Montana Bar was one of the highest grade placers on record. Dis
covered in October 1865, it was opened up and worked out :from May 9 
to August 15 of 1866, producing gold valued at nearly $1,000,000. 
Later reworking of the gravels and additional mining operations 
along the margins of the pay streak and at higher levels on the bar, 
yielded an additional $500,000 to $800,000. The bedrock level of Mon
tana Bar was about 50 feet above the ]evel of Confederate Creek; its 
length in an easterly direction was about 1,600 feet; its greatest width 
was 400 feet; and its total area was about 5 acres. The richest part 
of the pay streak, however, was much narrower, as it was completely 
covered by claims 200 feet wide, and is said to have been contained 
in an area of about 2 acres. The thickness of the deposit ranged from 
zero at the wall of the valley to 40 feet along its north side. The 
gold was coarse, and it is recorded that one nugget valued at $900 was 
recovered. Very rich streaks and crevices were :found on or in bed· 
roek, and from one such place a pan of gravel valued at $1,000 is said 
to have been taken. The average tenor, however, gaged by the re
covery from 2 acres was at least $10 to the square foot of bedrock; 
and if the average thickness of the deposit is taken as 18 feet, the 
tenor was not less than $15 to the cubic yard. The fineness of the gold 
is not known to the writer, but one shipment of gold, reported to have 
weighed somewhat less than 2 tons was valued at $900,000. The fine
ness cannot be determined from these figures, because it is not known 
how much blacksandthe shipment included. If the net weight of the 
shipment is estimated at 3,800 pounds, the fineness in gold was not less 
than 785; but if this weight included much black sand, the fineness 
was considerably higher. 

Diamond Bar, west of Greenhorn Gulch, is the downstream con
tinuation of Montana Bar, and has about the same level above the 
creek. It extended from Greenhorn Gulch intermittently to Dry 
Gulch, so that the length of the pay streak in an easterly direction was 
about 2,300 feet. The average width of the pay streak was reported 
to be about 250 feet. The tenor of the gold-bearing gravels on Dia
mond Bar was less tha~1 on Montana Bar, but the deposit was never
theless high grade. 

Boulder Bar, on the south side of Confederate Creek, north of 
Boulder Creek, is about 150 feet higher than the valley floor. The 
gravels of this bar were of high grade, and the deposit is no~ mined 
out. 
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Nearly all o'f the gold on Confederate Creek was transported into 
its valley via Cement, Montana, and Greenhorn Gulches, principally 
from the first two. No placers were found upstream from the mouth 
of Cement Gulch. Johnny Gulch, a tributary of White GulCh, which 
heads against Montana and Greenhorn Gulches, also had high-grade 
placers. And Benton Gulch, one of the placer-bearing streams in the 
northeast side of the Big Belt Mountains, likewise heads in this high
land area. It is therefore evident that the bedrock sources of most 
of this gold were lodes localized at the heads of these streams, on the 
high dome known as Miller Mountain, lying beyond the limits of the 
quadrangle. 

Cement Gulch was mined for a distance of 1.4 miles air line from 
its mouth, and according to Pardee ( 1933, pp. 172-173), two claims 
near its mouth, aggregating 400 feet in length, yielded $400,000 in 
gold. Pardee estimates the total yiel9. of Cement Gulch as between 
$800,000 and $4,000,000. Montana Gulch was similarly mined for 11,4 
miles above its mouth, and produced between $600,000 and $3,000,000 
in gold. The total production from Confederate Creek and its tribu
taries is estimated by Pardee as approximately $12,000,000. 

The complete history of placer mining in the valley of Confederate 
Creek has not been recorded. Doubtless much of the ground was first 
worked by drift mining, which required the construction of long 
underground bedrock drains. Later an organization known as the 
Flume Co. hydraulicked the stream gravels from about a mile down
stream from Boulder Creek to half a mile upstream from Montana 
Gulch. The pay streak in this ·stretch is said to have been from 40 
to 150 feet wide, and the gravels 30 to 40 feet thick. The tenor of the 
gravel in these operations is unknown but was probably high grade. 

A home-built dragline scraper was constructed and put into opera
tion in 1940 by a man named Woodward, who in this and the two 
following years worked about a half mile of marginal ground that 
had been left by the Flume Co. Woodward worked a width of 20 to 
30 feet, but he was handicapped by old tailings, and did not get to 
bedrock. The tenor of the gravel which he handled in· these opera
tions is reported to have been 25 cents to $1.00 per cubic yard. An
other dragline scraper plant is reported to have worked on Con
federate Creek during 1940· and 1941. 

A summary of the recent placer mining on Confederate Creek has 
been given by Lyden (1948, p. 17), who states that Boulder Bar was 
worked with a power shovel and a stationary washing plant from 
1938 to 1941, inclusive. The plant probably cleaned at least 400,000 
cubic yards of gravel, the tenor of which was 23 cents or more in gold 
to the cubic yard. As no sluice water was available at the level of 
Boulder Bar, the washing plant was located in the valley floor. A 
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part, or all, of this later mining was done by a man named Lematti; 
the deposit is now owned by Charles Sheridan of Helena. 

Farthe:r down the valley of Confederate Creek, but within the hills, 
a stretch of three-quarters of a mile was worked from 1939 to 1941, by 
a man named Burkstrand. The work was done by a dragline dredge, 
often called a "doodle-bug" plant, which consists of a dragline ex
cavator, feeding gravel to a floating washing plant similar to a dredge 
but without a digging ladder. The gravel is reported to have been 
32 feet thick. The pay streak here is about 200 feet wide, and as a 
result of drilling was reported to have a tenor of $1.20 a cubic yard; 
but the excavator did not reach to bedrock, ·and only a part of the 
gold thel'efore. was recovered. 

WHITE GULCH 

The valley of White Gulch is shown on the Canyon Ferry map, 
plate 1, from the mouth of Number 16 Gulch downstream to its mouth. 
Between. Number 16 Gulch and the southwest face of the Big Belt 
Mountains, the valley floor is narrow, and the stream gradient is steep 
owing to lack of adjustment of the upper valley to the present base 
level of the Missouri River. 

About 2 miles upstream from Number 16 Gulch, Spring Gulch 
enters from the northwest, and Miller Gulch enters from the southeast 
a few hundred yards downstream from Spring Gulch. Johnny Gulch,. 
a tributary from the southeast, joins White Gulch about 3 miles up
stream from Number 16 Gulch; and Park Gulch, from the northwest,. 
enters about a hundred yards farther down~tream. Johnny Gulch 
heads against Montana and Greenhorn Gulches, tributaries of Con
federate Creek, in the high dome-shaped ridge called Miller Mountain. 

The history of placer mining on White Gulch is not completely 
known. Apparently the original discovery was made on Whites Bar,. 
a low terrace on the northwest side of the creek, which extends from 
the mouth of Park Gulch downstream for 0.6 mile to the next gulch,. 
and continues intermittently downstream for 0.7 mile to Spring Gulch. 
Gold was discovered on Whites Bar on May 2, 1865, and shortly there
after White City was located on this bar, about l~ mile downstream 
from Park Gulch. In the early boom days, the population of this 
town was 1,000 persons. 

The surface of bedrock on Whites Bar, at the old site of White. 
City is about 30 feet above the level of the creek, but slopes gently 
upward for 150 yards to a gravel bluff about 40 feet high which marks. 
the limit of the old hydraulic mining operations. At the base of this 
bluff, but several feet above bedrock, the writer took four pans which 
showed considerable ~ld. Evidently mining terminated at this 
point, not because the lateral limit of the pay streak had been 
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reached, but because the recovery in gold no longer paid for removal 
of the thick overburden. All of Whites Bar but only parts of its 
downstream continuation to Spring Gulch were worked. Just down
stream from Spring Gulch, along the. northwest wall of the valley, 
other workings show on a small terrace called Frazer Bar, which is 
about 75 feet above the level of the creek. Similarly, just downstream 
from Miller Gulch, on the southeast wall of the valley, is another 
small terrace called Ryans Bar, where many good-sizednug.gets, son1e 
weighing as much as 3 ounces, were found. 

The floor of White Gulch was mined by drifting from some unde
termined point, possibly as far downstream as Number 16 Gulch, 
upstream to Johnny Gulch; and shallow drift workings and open
cuts are visible in Johnny Gulch for at least a mile above its mouth. 
Placer workings are present in White Gulch for only a few hundred 
yards above the mouth of Johnny Gulch. It is evident that most of 
the gold found in White Gulch was transported from the lodes on 
Miller Mountain via Johnny Gulch, though some gold may have 
entered the valley by way of Miller Gulch. Pardee ( 1933, p. 179) 
estimates that the total production of gold from White Gulch had a 
value between $1,000,000 and $1,500,000. 

AVALANCHE CREEK 

Avalanche Creek is shown on plate 1 for a distance of about 6 
miles upstream from its mouth. At this point a· south-flowing tribu~ 
tary called Shannon Gulch enters ; and about 500 feet ·downstream 
another tributary, known as Cayuse Creek, enters from the east. Up
stream from these two gulches are a number of 0thers which are 
named. The two most important are Nary Time Gulch, entering from 
the northeast, and Thompson Gulch, entering from the west, about 
2.1 and 2.7 miles upstream respectively from the mouth of Shannon 
Gulch. The valley floor of Avalanche Creek, for about a mile up
stream from the southwest face of the Big Belt Mountains, has a 
steep overall gradient, showing incomplete adjustment to the latest 
base level of the Missouri River. 

Few placer mining data on Avalanche Creek are extant. Some 
prospecting may have been done in the stretch between Doolittle 
Gulch and Shannon Gulch, but no signs of any extensive mining 
remain. From Shannon Gulch upstream for some distance, Tom ' 
Shannon did considerable drift mining about 1900; and from Need
ham Gulch upstream to the mouth of Thompson Gulch the valley 
floor was drifted almost continuously. This work was done by Barnes 
and Huncks, Frank Carney, Art Spencer, and others, about 1900; 
but more recent work in this stretch has been done by John H. Bird. 
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The placer workings also continue up Nary Time Gulch for some 
distance. Thompson Gulch was worked by hydraulic mining. No 
placer mining in the valley floor of Avalanche Creek was done 
upstream from Thompson Gulch, but a low terrace along the south
west wall of the valley has been worked at a number of sites through
out a distance of a mile. This terrace is about 50 feet above the 
level of the creek. 

Some of the gravels underlying the gravel floor, as at the mouth 
of Shannon Gulch, had a thickness of from 20 to 35 feet. Drift min
ing of such ground required underground bedrock drains of con
siderable length. To pay for the amount of necessary dead work, 
these gravels must have had a fair tenor in gold, though they are 
known not to have been as high grade as those on White Gulch. The 
value of this gold, on the basis of a sale made in 1939, was $28 an 
o'unce, thus indicating an approximate fineness of 800. The pay 
streak is narrow, but it is possible nevertheless that sometimA this 
gravel may be reworked. 

HELLGATE GULCH 

Hellgate Gulch was doubtless· prospected at or about the time .when 
mining was in progress in adjacent valleys to the southeast and north
west, but evidently no high-grade placers were found, as no tailing 
piles of any size are visible. Some drift mining, however, is known 
to have been done years ago. 

In the headwaters of Hellgate Gulch, beyond the limits of the quad
rangle, at an altitude of approximately 7,000 feet, and almost on the 
divide between Hellgate Gulch, Magpie and Avalanche Creeks, gravels 
were found that are capped by basaltic lava of Tertiary age. These 
gravels had been prospected at several sites and three pans taken by the 
writer from the prospect dumps were found to contain several fine 
colors of gold. These are the oldest auriferous gravels known in the 
Canyon Ferry quadrangle. 

MAGPIE OREEK 

Magpie Creek heads in the Big Belt Mountains, flows southwesterly 
and discharges into the lower end of Lake Sewell. The extreme head
waters of Magpie Creek lie outside the Canyon Ferry quadrangle, but 
all of its valley is shown wherein plaeer mining was done. . 

A highland known as Hedges ]\fountain lies at the head of Bar 
Gulch, a tributary of Magpie Creek from its north.west side; and Cave, 
Oregon, Kingsbury, and York Gulches, farther to the west, likewise 
head in this highland area. Hedges Mountain, and particularly its 
southern and southwestern slopes, is the site of the bedrock sourees 
of the placers in all of these streams. The pay· streak in the valley 
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of Magpie Creek therefore starts in Bar Gulch, and from its mouth 
continues downstream. 

Magpie Creek, like White and Hellgate Gulches and Avalanche 
Creeks, flows through a constricted stretch in its valley, near the south
west flanks of the Big Belt Mountains. The valley floor within this 
stretch has a gradient higher than it has farther upstream or down
stream, and represents, as in the other valleys mentioned, an incom
plete adjustment to a base level lower than that which formerly con
trolled the upper valley. Magpie Creek differs, ho.wever, from White 
Gulch and Avalanche Creek, in that gold placers occur both above 
and below the constricted part of its valley. Gold placers are p-resent 
from the mouth of Bar Gulch downstream for about 2 miles; and begin~ 
ning beyond the southwest face of the Big Belt Mountains,. continue 
intermittenly for about 2 miles to its mouth. 

Little is known of the history of mining on Magpie Creek. Gold 
was discovered in this valley probably about 1870, but apparently 
little or no mining was done until the eighties. The valley floor of 
Bar Gulch was worked for a distance of 114 miles from its mouth, 
mainly by drift mining. The old shafts appear to have been about 
15 feet deep, indicating that thickness for the deposit. The gravel 
is small, and angular to subangular. Magpie Creek, from the mouth 
of Bar Gulch downstream for 2 miles was .worked continuously by 
drifting in the eighties by Courtney Sheriff, and later by the Magpie 
Mining Co. and individual operators. In the early drifting opera
tions by Sheriff an underground bedrock drain was constructed, so 
that a stretch of half a mile, the length of the drain, was never 
worked. According to Pardee (1933, p. 178), the Magpie Mining 
Co. sank a shaft in this stretch in 1928, and discovered that the depth 
to bedrock was in excess of 60 feet. The pay streak in the part of 
the valley that was mined is said to have had a maximum width of 
150 feet; and the gold, which sold commercially at $17.25 an ounce, 
is reported to have had a fineness of 825. A 2-ounce nugget was dis
covered by Sheriff. The production in this part of the valley of Mag
pie Creek and from Bar Gulch, is estimated by Pardee at $180,000. 

Gold placers .were worked at a number of sites along Magpie Creek, 
for a distance of 2 miles above its mouth. In the upper part of this 
stretch the valley floor was not mined, but four cuts were worked 
along the northwest side of the valley floor, at distances of 300 to 30 
yards from the creek. The largest and most northeasterly cut was 
about 11-h miles from the mouth of Magpie Creek, and was 1,500 
feet long with a maximum width of 200 feet. The second cut, which 
begins 1,900 feet downstream from the lower end of the preceding 
one, has a length of 1,250 feet and a maximum width of only 100 
feet; but farther upon the valley wall, two smaller cuts were worked 
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at a higher level. The northeast end of the lower cut, curves laterally 
into a small gulch; and this same feature is noticeable in a third cut, 
which is really a downstream continuation of the second, interrupted 
by the small gulch up which it follo.ws. The fourth or lllOSt south~ 
westerly cut is close to the mouth of Magpie Creek, is 1,000 feet long 
and about 175 feet wide. 

The southwest wall of Magpie Creek, from the face of the mountains 
downstream for a mile, is a rather steep gravel bank, cut by numerous 
small gulches with a n1aximum length. of a quarter of a mile. 
Small-scale placer mining has been done in five of these gulches, and 
between two of them. Southeast of this valley wall is a well-developed 
terrace that forms the divide between Magpie Creek and the ,head
waters of Little Hellgate Gulch. The top of this spur; and its cor
responding level in the northwest side of Magpie Creek, are parts of 
terrace 2, as heretofore described. Old prospect pits and small open
cut workings are visible on this spur, southeast of Magpie Creek, but 
the corresponding terrace north west of Magpie Creek is not gravel 
covered. The distribution suggests that the course of Magpie Creek, 
at the time when it debouched from the hills onto terrace 2, was south
southwest, conforming with its course just within the Big Belt Moun
tains ; and this in turn indicates that its backhand drainage across the 
Tertiary foreland to the Missouri has not been modified. 

The gravels for1ning the walls of Magpie Creek, and covering the 
terrace on its southeast side, are angular to subangular, poorly sorted, 
and unconsolidated or only very slightly so. They include coarse 
cobbles and boulders, the latter ranging in size to a maximum of 
5 feet in diameter. Much clayey material is present in the matrix, 
and sandy or clayey strata are commonly interbedded with the gravels. 
All these gravels, and their included placers, are ancient, probably 
Pleistocene, detritus from the Big Belt Mountains, which was de
posited when terrace 2 was formed, and has in various degrees been 

. reworked by streams of later date. 
The Recent gravels in the valley floor of Magpie Creek have been 

dredged from its mouth upstream for nearly a mile. This work was 
done during 20% months of the years 1911-13, and is reported not 
to have been a profitable enterprise. The dredge, built by the Union 
Iron Works, had buckets with a capacity of 5 cubic feet, and was 
driven by electric power. Pardee (1933, p. 178) estimates that the 
gold produced by this dredging operation had a value of $50,000. 

CAVE GULCH 

Cave Gulch resembles White and Hellgate Gulches and Avalanche 
and Magpie Creeks in that if flows through a constricted stretch in 
its valley, just inside the Big Belt Mountains, where its gradient is 
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abnormally high. Cave Gulch resembles Magpie Creek in that it has 
two pay streaks, one above and one below the constricted stretch in 
its valley. 

A small settlement, called Cavetown was located in Cave Gulch, at 
the mouth of a small tributary from the east, a~out 0.7 mile from the 
Missouri River. The settlement of Canyon Ferry, however, founded 
in 1865, must have been the principal supply point for this area. No 
trace of Cavetown remains. The lower pay streak on Cave Gulch was 
discovered by Dan Mcintosh in 1866, before the upper one had been 
found. 

Cav-e Gulch differs from Magpie Creek 'in that its course across the 
Tertiary foreland is south-southwest instead of southwest, thus con
forming with its general course through the Big Belt Mountains. 
Unlike Magpie Creek, gravels are distributed on the high terrace on 
both sides of its lower valley, though most of the placer mining was 
done along its west side. Numerous s1nall mining and prospecting 
pits, however, show along its east side, particularly' along the head
.water stretch of the small tributary of Cave Gulch, that enters at the 
old site of Cavetown. 

Two types of placer deposits were worked along the west side 
of the lower valley of Cave Gulch. Both are terra.~e deposits, but 
they lie at different levels. Near the mouth of Cave Gulch, ·and ex
tending northwestward to Cooper Gulch, the spur separating these 
two drainage channels is wide and spatulate, and consists of thick 
deposits of gravel which extend northeastward for about a third of a 
mile. These gravels have been mined, and therefore their· strati
graphic section is well exposed in the old mining faces. They range 
in thickness from 25 to 50 feet, and rest on the eroded surface of 
Tertiary beds, which dip gently east-northeast. This old surface of 
erosion lies about 50 feet above the present level of the Missouri River . 

. The gravels are poorly sorted, suba.ngular, and range in size from 1 
inch to 5 feet, averaging perhaps 3 inches. Large boulders, ranging 
in size from 2 to 5 feet in diameter, are rare, but are invariably 
quartzite, cleary derived from the Flathead quartzite. Among the 
finer: gravels is much gray, green, and red slate, eroded fro1n the 
several formations of the Belt series. Thin layers of mud, laterally 
discontinuous, and ranging in thickness from 2 to 10 inches, are 
present throughout the section, but are much more prevalent in its 
lower part. 

These gravels were worked by hydraulic methods along the lower 
west wall of Cave Gulch, along the front facing the Missouri, and 
most extensively in a. long cut between Cave Gulch and Cooper Gulch. 
The gold is said to have been distributed throughout the gravel~, 
though most of it was close to bedrock. Panning near bedrock by the 



7 4 GEOLOGY OF THE CANYON FEHRY QUADRANGLE, MONTANA 

writer resulted in the recovery of several fine colors of gold. It 
is reported that mining operations were not profitable, probably be
cause too much gravel had to be handled for the amount of gold re
covered. This report is doubtless true, because obviously a very large 
volume of unworked gravel remains. 

The spur separating Cave Gulch and Cooper Gulch rises gradually 
to the northeast, and becomes narrow along its summit; and about 0.6 
mile from its southwestern end, it rises abruptly to a higher level, 
estimated to be about 175 feet above the valley floor of Cave Gulch. 
This higher part of the spur, known as Cave Hill, is everywhere 
covered by gravel, which has been worked almost continuously for 
a mile southwestward from the face of the Big Belt Mountains. These 
gravels are much thinner than at the southwest end of the spur, and 
in the stretch from the rise of the spur to the face of the mountains 
are estimated to have a thickness of frmn 10 to 20 feet. They are 
composed largely of quartzite, and have an average size between 1 and 
2 feet. Large , boulders of quartzite, eroded from the Flathead 
quartzite, are common. One had a diameter of 12 feet. 

The desposits along the spur described above were worked by small
scale hydraulic mining and by open-cut shoveling-in operations. 
The gravels are said to have had a high tenor in gold, estimated by 
Pardee (1933, p. 178) to have been $5 to the square yard. of bedrock. 
Pardee gives also the probable production in gold as $500,000. 

Little is known of the character of the upper pay streak in Cave 
Gulch, within the Big Belt Mountains. The placers lay mainly in 
the valley floor, and are said to have been worked by drift mining 
for a distance of 2 miles. Pardee estimates that the gold produced in 
this upper stretch of the valley had a value of $400,000. It is probable 
that this estimate is too high, as most of the gold from Cave Gulch is 
said to have come from its lower valley. 

COOPER GULCH 

Cooper Gulch is a small western tdbutary of Cave Gulch which 
joins the latter close to the Missouri River. This gulch, with a total 
length of a mile, heads in the Tertiary foreland, and taps no bedrock 
that could be a source of gold. The gold of Cooper Gulch came there
fore from the old valley of Cave Gulch, and the placers were formed 
by a reworking of the terrace gravels on Cave Hill an¢! on spurs lead
ing westward therefrom. These placers were mined first by Van Camp 
and Boswell, soon after the deposits on Cave Hill were found; and 
later by Boswell and Tandy. 

The principal placers of Cooper Gulch are those along the south
west end of the spur which lies between this gulch and Cave Gulch. 
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These gravels were worked by hydraulic mining, but like those at the 
mouth of Cave Gulch, are said to have had a tenor too low for profit
able mining. The tops of several small spurs in the valley of Cooper 
Gulch are likewise covered by gravel, which has been reworked and 
reconcentrated as a pay streak in the valley floor. It is reported that · 
this pay streak was worked over a distance of 2,000 feet, and nu
merous old pits and storage reservoirs for water tend to cor
roborate this report. Cooper Gulch is totally devoid of water except 
during heavy r~ins, and the water for this placer mining is said to 
have been brought by ditches from larger valleys to the east. 

OREGON GULCH AND CLARKS GULCH 

Oregon Gulch, with an airline length of 51,4 miles, heads in Hedges 
Mountain, and flows southwesterly to the Missouri River. About 
three-quarters of a mile from its mouth, Clarks Gulch enters from 
the west. Oregon Gulch and Clarks Gulch, like others farther east, 
are not in adjustment to the present base level of the Missouri, and 
therefore have constricted stretches where rejuvenation is working 
upstream. The stretch of oversteepened gradient on Oregon Gulch 

· extends from a point one-fourth of a mile below the mouth of Holiday 
Gulch downstream for a mile to the mouth of Clarks Gulch; and a 
similar stretch is present on Clarks Gulch. 

The placers of Oregon Gulch were discovered in 1865 or 1866, and 
were largely worked out by 1870. The original site of discovery was 
about 1,000 feet downstream from the mouth of Holiday Gulch. From 
this point, a pay streak in the valley floor was worked intermittently to 
the head of the valley. According to vVilliam H. De Borde~ who was 
born and raised at Jimtown, the paystreak in the valley floor extended 
from the upper end of the gorge upstream for 2,000 feet. Little work 
was done in the next 2,000 feet; but thereafter the pay streak con
tinued for another 1,000 feet. Most of this was drift mining. In 
addition, terrace gravels along the northwest wall of Oregon Gulch 
have been mined by open-cutting, starting about a quarter of a mile 
above the gorge and continuing intermittently upstream for about 
half a mile. 

Clarks Gulch has a sinuous valley about 3 miles in length, measured 
al.ong the course of the creek. Upstream from the outcrop of the 
Flathead quartzite, the stream gravels of Clarks Gulch and its tribu
taries were worked to their extreme headwaters. Below the gorge, 
the terrace gravels of Clarks Gulch, including Centennial Bar on the 
west side of the valley, were worked to its mouth, and for some 
distance down the valley of Oregon Gulch. 

Jimtown was built at the head of Clarks Gulch, and served as a 
supply center for Oregon Gulch and Clarks Gulch. Water for mining 

921852-51-6 
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these gulches was taken from the drainage basin of Trout Creek, and 
was c;trried to the head of Clarks Gulch by an S-mile ditch, which 
took several years to construct. The gold recoyered from Oregon 
Gulch and Clarks Gulch is said by Pardee (1933, p. 177) to have had 
values, respectively, of $500,000 and $300,000. 

YORK GULCH 

York Gulch heads against Cave Gulch, and certain gulches that 
flow northwest to Trout Creek, and drains west-southwest for 5 mile~ 
to join Trout Creek. The valley is deep and narrow. The principal 
tributary is Kingsbury Gulch, which enters from the southeast, about 
1.2 miles above the mouth of York Gulch. A smaller tributary, called 
Rattlesnake Gulch, joins York Gulch from the south side about 1%, 
miles upstream from Kingsbury Gulch. The Old Amber, one of the 
best known gold-quartz lodes in this area, is situated on the southeast 
wall of the valley of York Gulch, about midway between Kingsbury 
and Rattlesnake Gulches. 

York Gulch is next in importance to Confederate Creek, as a 
producer of placer gold in the Big Belt Mountain district. Gold is 
said to have been discovered in the lower valley of York Gulch by 
a man named Price, in 1864, at the time of the Sun River stampede, 
but organized placer mining apparently began in the spring of 1866. 
In 1867 the town of New York, later called York, was established at 
its present site at the junction of York Gulch and Trout Creek, north 
of the former~ Another town, now abandoned, know as Brooklyn, 
was established south of York Gulch. A large mining population 
occupied this district, and in the late sixties York was next to 
Diamond City in size. 

The gold placers of York Gulch were mined from its mouth up
stream to Rattlesnake Gulch. Placer mining also was done on Kings
bury and Rattlesnake Gulches. The greatest amount of gold was 
recovered from the stream gravels reaching from Kingsbury Gulch 
to Trout Creek. In thi~ stretch,.the pay streak appears to have ranged 
from 50 to 150 feet in width, averaging 100 feet or more, though a 
much smaller width was worked in the original drift mining. The 
thickness of the gravels is about 40 feet. Most of the gold was found 
on or close to bedrock, but two runs of gold, of different grades, ~re 
said to have been present. At the outset, this part of the pay streak, 
together with the stream gravels upstream from Kingsbury Gulch, 
yielded richly; but by 1874 all the gravel that could be worked by 
drifting had been exhausted. ·Thereafter the ownership of all the 
claims downstream from l{ingsbury Gulch was consolidated in the . 
Trout Creek Mining Co.; and from 1888 to 1891, Frank D. Spratt, 
principal owner of the company, worked this stretch by hydraulic 
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methods, producing the open-cut that is now visible. Water for these 
operations was obtained from the McCune ditch, which carried 600 
miners inches for 3¥2 miles from Trout Creek. 

The stream gravels of York Gulch, from Kingsbury Gulch upstream 
to Rattlesnake Gulch, are 10 to 20 feet thick, and constituted a pay 
streak that ranged in width from 15 to 50 feet. This gravel was 
mined by drifting but was never hydraulicked owing doubtless to lack 
of water. The valley floor in this stretch is narrm,v, and has a fairly 
steep gradient, so that successive floods have swept away most of the 
old· tailings. Little evidence. therefore remains of- the early drift 
mining. 

Rattlesnake Gulch, for 500 feet upstream from its junction with 
York Gulch, is a steep gorge with a very high gradient, in which no 
placers were found. For 3,000 feet farther upstream, the valley floor 
was evidently worked intermittently by drifting; and at this point, 
a gulch entering from the southeast shows some old gravel piles. York 
Gulch, above the mouth of Rattlesnake Gulch, was apparently not 
worked. Kingsbury Gulch, the principal tributary of York Gulch 
is said to have had no continuous pay streak, because the gold was 
erratically distributed, or "spotted." The valley floor of Kingsbury 
Gulch, however, was worked intermittently to the headwaters, though 
some of this work was not profitable. 

York Gulch, until 1870, is said to have produced $800,000 in gold, 
obtained entirely from underground mining. The total production, 
including all mining of every kind on the gulch and its tributaries is 
not definitely known, but is reported to have been as great as $5,000,-
000. Even if the production was only half as much as this, York Gulch 
rates next to Confederate Creek as a producer of placer gold. 

TROUT CREEK 

The valley floor of Trout Creek, for a mile and a half downstream 
:from York has a maximum width of 300 feet, but from this point to 
the Missouri River it flows in a narrow gorge. ·Two shafts have been 
sunk in the valley floor, one a half mile and the other two miles below 
York. From these shafts it is known that the thickness of the gravels 
in this stretch ranges from 60 to 90 feet. In the early d~ys of mining 
in this district, the average flow of water in Trout ·creek is said to 
have been 2,000 miners inches, but it is much less now. 

The long pay streak in York Gulch, extending from some of its 
headwaters downstream to its mouth, naturally led to the belief that 
workable gold placers should be present in the valley of Trout Creek, 
below York. ·About 1890, Augustus N. Spratt started an open bed
rock drain at the mouth of Trout Creek, which was intended to reach 
bedrock at some point well below York. On the completion of this 
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drain, he planned to mine the gravels of Trout Creek by hydraulic 
methods, but the project never materialized to the stage of mining. 
The shafts mentioned abm;e were sunk for the purpose of drift min
ing, but the flow of water was too great to be controlled. The gravels 
below York were drilled in 1931, and were undrilled a few years ago, 
but the results of this exploration are not known. If the valley floor 
of Trout Creek is ever mined, the work will be done with a dredge, 
or perhaps with a drag line excavator, and a pumping system to provide 
sluice-water under pressure. 

MISSOURI RIVER TERRACES 

A number of terraces covered by gold-bearing gravels are present 
along the Missouri River, from Canyon Ferry downstream for 20 
miles or more, measured airline along the river. French Bar, the ter
race farthest upstream, is situated on the southwest side of the river, 
about 2¥2 miles downstream from the Canyon Ferry dam. Only the 
eastern part of French Bar lies within the Canyon Ferry quadrangle. 
In the early days of placer 1nining in this district, a settlement called 
French Bar existed for some years at that site, close to the river. 

The other principal bars are Gruel Bar, on the northeast side of 
the river, about 4¥2 miles northwest of Canyon Ferry; Spokane Bar, 
on the southwest side of the river, opposite Gruel Bar; McCune 
(McQueen) Bar, on the east side of the river, about 6 miles northwest 
of Canyon Ferry; and Eldorado Bar, on the north side of the river, 
about 7%, miles northwest of Canyon Ferry. Other bars to which 
reference is made in the literature are Ruby Bar, believed to lie be
tween Gruel and Eldorado Bars, Danas Bar, on the peninsula east of 
the lower end of Lake Helena; and American and Mings Bars, along 
the east side of the river, much farther downstream. 

Gold placers were found on all these bars soon after the discovery 
of gold in the nearby streams. On French Bar, according to Pardee 
( 1933, p. 180), the principal bedrock terraces lie at altitudes of 200, 
240, and 260 feet above the level of Hauser Lake which, opposite 
French Bar, is about 15 feet above the original level of the river. 
Mining was done, however, at numerous other levels. The gravels 
lying on these terraces range in thickness from 1 to 6 feet, above which 
lies a varied thickness of sand, silt, and alluvial material. The old 
mining pits range in width from 50 to 400 feet, and extend eastward 
for over a mile. One assay of the gold recovered from French Bar 
in 1927 shows that the melted bullion contains 864.25 parts gold, 135 
parts silver, and only 0.75 part dross. This amount of dross is un
usually small. Water for these mining operations was obtained from 
two long ditches which took water from the headwaters of Spokane 
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and Beaver Creeks, and carried it northwestward along the southwest 
side of the Spokane Hills. 

The area worked on French Bar is estimated by Pardee to have been 
150,000 square yards, and the tenor about $10 a square yard, resulting 
in a gold production of $1,500,000. Another estimate given to the 
writer, however, was 50 cents a cubic yard, which if the total over
burden was as much as 18 feet, would indicate a value of $3.00 to the 
square yard of bedrock. Possibly some of the bonanza gravel was as 
rich as stated by Pardee, but probably the average tenor was much 
lovy-er and the total production not over $500,000. 

Spokane Bar is 3% miles downstream from French Bar, on the 
same side of the river. According to Pardee, the gravels on Spokane 
Bar lie about 100 feet above the old valley floor of the river, and are 
composed of well-rounded cobbles, 6 to 8 inches in size, that are partly 
indurated by a rusty-red cement. The gold-bearing gravels are only 
a few feet thick, and are overlain by 5 to 20 feet of barren gravel, sand 
and soil. The old workings are about 3,000 feet long, 50 to 500 feet 
wide, and from 6 to 25 feet deep. The value of the gravels is stated 
by Pardee to have been possibly $3.00 to the square yard of bedrock, 
thus indicating a possible production of $500,000. It is know, how
ever, that the tenor on the river terraces decreased downstream. If 
the average tenor is taken as 40 cents a square yard of bedrock the 
average thickness of the gravels as 18 feet, and the average width of 
the paystreak as 400 feet, the production would have been only 
$120,000. 

Little information is available on the other terraces, between 
Spokane Bar and Eldorado Bar, but recent dredging on Eldorado Bar 
has yielded some dependable data. At this site hvo well-marked old .. 
erosion levels exist, one about 160 feet above the level of Hauser Lake, 
and the other about 35 feet below the level of the lake, though minor 
intermediate terraces also are present. Allowing a fall of 5 feet to 
the mile, from Canyon Ferry to Eldorado Bar, these levels would be 
220 and 25 feet above the original bed of the river. At the upper 
level, where the latest work was done, the face of the cut shows 8 feet 
of gravel, overlain by 15 feet of fine hillside wash. The gravels range 
in size to a maximum of 30 inches, with 18-inch boulders fairly com
Inon, though the average size is about 5 inches. The overlying ·debris 
is almost entirely derived from the Belt series, and ranges in size from 
one-eighth to three-fourths of an inch. 

The gold recovered by the dredge is said to have occurred as small 
grains, with no nuggets of any size. The fineness of the gold ranged 
from 870 to 910; and 29 assays, supplied to the writer by Mr. Owen 
Perry, showed an average fineness of 890.2 in gold and 105.6 in silver. 
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The remainder was dross. Some platinum metals also were recovered 
every year, and onli estimate indicates the presence o:f 7.86 ounces o:f 
platinum, 0.56 ounce o:f osmium-iridium, and 0.42 ounce o:f palladium 
to the 100 pounds o:f well-cleaned concentrates. Ruthenium and 
rhodium, though probably present, were not reported by Wilberg 
Bros., the analyst. 

In the early days o:f placer mining, Eldorado Bar was worked by 
hydraulic mining. Water :for this purpose was taken :from Trout 
Creek and was carried :from 15 to 16 miles in a ditch that delivered 
1,000 miners inches. In December 1938, a dredge was built on Eldo
rado Bar by the Perry-Schroeder Mining Co. and was operated until 
June 1944. This dredge was constructed o:f steel pontoons, and the 
hull measured 100 by 50 :feet. It worked with two spuds, aided by 
bow and stern lines.· The stacker was 100 :feet long. The digging 
ladder consisted of 93 buckets o:f 6 cu. :ft. capacity, and the gravels 
were cleaned in a 40-:foot trommel screen, perforated with holes rang
ing :from three-eighths to three-fourths o:f an inch in size. Four flow 
lines led :from the trommel, with two 42-inch jigs in each line. There 
were also 16 cleaner jigs. The dredge was equipped to dig to a depth 
o:f 48 :feet, and had to do so on the lower pay streak, where it worked 
below the level o:f Hauser Lake. 

This dredge worked both the lower and the upper pay streaks. In 
t~e 61h years during which it was operated, it handled about ten mil
lion cubic yards o:f material. The value per cubic yard is not known, 
but allowing :for the known decrease in tenor downstream :from French 
Bar, and :for the :fact that some o:f this ground had been worked by 
hydraulic methods in the early days, the average tenor :for this yard-

. age is estimated to have been between 15 and 25 cents to the cubic yard. 
The byproduct output o:f platinum metals was small, amounting prob
ably to about 25 ounces a year, or roughly a.total between 150 and 
200 ounces. An important byproduct output o:f sapphires, however, 
was made. 

PRESENT AND PROPOSED PLACER MINING 

CONFEDERATE CREEK . 

M. A. Ellis, who is now operating a dragline excavator· on Indian 
Creek, west o:f Townsend, has acquired title to all o:f the valley o:f 
Confederate Creek, :from its mouth upstream to Cement Gulch. He 
owns also 1320-:foot claims at the lower ends o:f Cement, Montana, 
and Greenhorn Gulches. A:fter completing the placer mining on 
Indian Creek (probably about 1948) Mr. Ellis plans to install a drag
line plant on Confederate Creek; and starting about llj2 miles up
stream :from the "doodle-bug" tailings, he will work progressively 
upstream to Cement Gulch, and up the lower valleys o:f Greenhorn, 
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Montana, and Cement Gulches. If this venture proves profitable~ 
Ellis and his partner, A. R. Douglas, will later install a bucket dredge 
in the lower valley of Confederate Creek. It is estimated by these 
operators that 30,000,000 cubic yards of workable gravel remain in 
this valley. 

WHITE GULCH 

A dragline plant was installed in August 1946, to work the stream 
gravels of White Gulch. Starting about 0.9 mile upstream from 
Number 16 Gulch, a 700-foot bedrock drain was dug, to get to bed
rock. At the upper end of this drain, where mining begins, the depth 
to bedrock is estimated to be 35 to 40 feet. 

The excavator is a No. 411 "Walking Page" monighan, made by 
the Page Engineering Co. The power consists of a diesel engine , 
rated at 120 horsepower, which uses 35 gallons of fuel oil in 24 hours~ 
This machine has two spuds in front, and one behind, each of which 
has shoes, the ·rear shoe being the largest. The spuds elevate the 
excavator, and after its elevation it is moved forward or backward,. 
as needed. A boom, 60 feet in length, swings a bucket with a capacity 
of 1% cubic yards. Three winches are used, two for the boom and 
shovel, and one for moving the excavator. The washing plant and 
pump had not been delivered on the ground by the fall of 1946. Fred 
Gooden of Los Angeles. Calif., is the owner and operator of this 
plant. 

The valley floor of White Gulch, southwest of the Big Belt Moun
tains, is not known to have been prospected, but it is possible that a 
low-grade pay streak exists on this foreland. If this were ever mined,. 
the work would be done probably by dredging. About 3 miles of this 
stream course will lie above the level of the lake that is to be formed 
by the new Canyon Ferry Dam; and as dredging can be done under 
water, the dam will cause no difficulty. In fact, as this part of the 
stream bed is dry, the closer proximity of water would aid the opera
tion, as pumping would have to be used for dredge flotation~ 

HELLGATE GULCH 

During the summer of 1946, two men attempted to work a small 
open-cut on Hellgate Gulch, about 6 miles from its mouth, and about 
1,000 feet upstream from the north side of the Flathead quartzite. ThP" 
operation was not successful, but the work uncovered some old mining 
timbers, showing that drift mining or prospecting had once been done 
at this site. 

CAVE GULCH AND COOPER GULCH 

The foreland southwest of Cave Hill and Magpie Bluff is now agri
cultural land, which has not been available for mining. After the 
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new Canyon Ferry dam is built, this land will be flooded. If a pay 
streak continues from Cave Gulch and Cooper Gulch onto this fore
land, it is possible that this ground could be dredged. The feasibility 
of such a project would have to be determined by drilling, and by the 
rate of flooding on this land after the completion of the new dam. 

OREGON GULCH AND CLARKS GULCH 

One man worked on a very small scale for about 6 weeks in 1946, 
trying to mine the bench gravels along the southeast side of Oregon 
Gulch, near the mouth of Clarks Gulch, but this work was unsuccess
ful. Two other men were preparing to work the terrace gravels in 
the southwest side of Clarks Gulch, about a quarter of a mile above 
its junction with Oregon Gulch. 

Above the canyon on Oregon Gulch, William H. De Borde has been 
working on a small scale for 3 or 4 years . About 2,000 feet upstream 
from the mouth· of Holiday Gulch, a high terrace along the west"' side 
of Oregon Gulch was extensively worked in the early days of mining, 
as was also the bed of the creek. Between these two workings is a 
narrow intermediate bench, which was either overlooked, or was in
completely mined. Here, about 50 yards from the creek, Mr. De Borde 
has sunk several shafts, and has driven drifts from them. At this site 
the section consists of 2 to 4 feet of auriferous gravel, overlain by 6 
feet of hillside wash, in turn overlain by 6 feet of tailings from the 
older terrace workings. The gravels are fine and fairly well rounded, 
and the gold occurs mainly on the surface of bedrock, though some 
gold is found in the lower foot or two of gravel. In places, however, 
it is necessary to mine all the gravel to obtain a high recovery of gold. 
The fineness of the gold is about 830. 

MISSOURI RIVER TERRACES 

The dredge operated by the Perry-Schroeder Mining Co. on El
dorado Bar is now idle on the upper terrace, where it last worked. The 
company is looking for a new site for dredging in this vicinity, and ' 
for this reason were prospecting, during the summer of 1946, along the 

. bars of the Missouri, downstream frmn Canyon Ferry, and on the sub
merged terrace ground offshore from French Bar. The results of this 
prospecting are not known to the writer. It is possible that dredging 
may be attempted along this stretch of Hauser Lake. 

ORIGIN OF THE PLACERS 

SOURCES OF THE GOLD 

The principal gold lodes in the York district lie in the valley of 
Trout Creek, above the mouth of York Gulch, and in York Gulch near 
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the mouth of Rattlesnake Gulch. No pay streak, however, has been 
found in Trout Creek above the mouth of York Gulch; and the placers 
of York Gulch continue upstream above the principal lodes, to the 
heads of Rattlesnake Gulch and Kingsbury Gulch. This distribution 
of placers indicates a major source of gold on the flanks of Hedges 
Mountain; and the placers of Oregon Gulch and Cave Gulch confirm 
this interpretation. No workable lodes, however, have been found on 
Hedges Mountain. 

The lack of a pay streak on upper Trout Creek may be explained by 
the assumption that the gold lodes in that area have not been bared 
to erosion long enough to provide the necessary gold. But the situa
tion in the valley of York Gulch requires a different explanation. One 
or two conditions must have prevailed. The gold lodes on Hedges 
Mountain may be widespread but so low grade that they cannot be 
developed as mines; or the lodes, either high or low grade, that 
originally existed may have been partly or completely eroded. Cer
tain data that might have a bearing on this question, such as the 
fineness of the placer gold, and of the gold in the developed lodes, can 
no longer be obtained. But the high elevation placer at the extreme 
head of Hellgate Gulch shows that some gold lodes have been bared 
to erosion since early Tertiary times. Therefore, though no real 
proof can be offered, it is believed that the placers of York Gulch 
have been in the process of concentration and reconcentration for a 
very long time ; and the explanation is favored that all or most of the 
original lode material on Hedges Mountain has been removed by 
erosion. This explanation will account also for the absence of 
workable lodes at the heads of Oregon Gulch, Cave Gulch, and 
Avalanche Creek. The scarcity of placer gold in the valley of Hell
gate Gulch must result from the small degree of gold mineraliza
tion at the head of that stream. 

The pay streak on Johnny Gulch is the head of the pay streak on 
White Gulch; and the pay streaks on Montana Gulch and Cement 
Gulch are the heads of the pay streak on Confederate Creek. These 
two gulches head in Miller Mountain. Therefore no conflict exists 
regarding the sources of the gold, and the beginnings of the several 
pay streaks; As in the York area, the placer gold and the gold now 
being recovered from the lodes cannot be compared ; but the enor
mous volume of gold in the valley of Confederate Creek points to 
long continued erosion, concentration and reconcentration. The 
high-terrace gold on Boulder Bar also also suggests the same origin. 
No conclusions, however, can be drawn regarding the character and 
tenor of the lodes eroded from Miller Mountain, as compared with 
the uneroded lodes that still remain. 
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OUTLINE OF PHYSIOGRAPHY 

The formation of pay streaks is inextricably coupled with the 
physiographic history of the Missouri River and the Big Belt Moun
tains. The earlier chapters of this history are obscure and incomplete, 
but they can be neglected, as they constitute an unessential part of 
the story of the placers. 

The earliest part of the significant physiographic history starts 
with an ancient erosional surface of Miocene age. This surface, or its 
t·eflection after long-continued residual and fluvial modification, is 
now a rolling terrain of moderate to low relief, which forms the 
top of the Big Belt Mountains. The Pliocene history of the Big Belt 
Mountains is obscure, because no erosional relics, or terraces, of that 
:age have been recognized. The best example of an early Pleistocene 
erosional surface is the high gravel-covered terrace east of Winston, 
across which Beaver Creek has carved a course to the Missouri. Cogent 
evidence indicates that the deposition of the gravels on this terrace was 
concurrent with ancient glaciation in the Elkhorn and Big Belt Moun
tains. Subsequently, in mid-Pleistocene time, the streams draining 
the Big Belt Mountains were adjusted to a base level that was about 
150 to 200 feet above the present level of the Missouri River. During 
this period of stability a pediment was developed southwest of the 
Big Belt Mountains, on the upturned and eroded edges of the Tertiary 
lake beds. Workable placers, if they were formed on this frontal pedi
ment, have not been preserved. 

At some later stage of the Pleistocene, starting in mid-Pleistocene 
time and extending probably to late Pleistocene time, the local base 
level of erosion was rapidly lowered to an altitude about 50 feet above 
the present level of the Missouri River. This sudden change in base 
level initiated rejuvenation in the streams draining the southwest 
slopes of the Big Belt Mountains; and this rejuvenation has worked 
upstream for various distances, depending upon the water supply and 
<>ther factors. The adjustment is nearly complete in the valleys of 
Trout Creek and Confederate Creek, but in the valleys of less vigorous 
streams, such as Oregon, White, Cave, and Hellgate Gulches, and 
Magpie and Avalanche Creeks, the adjustment is incomplete, with 
the result that canyons or constricted stretches with high gradients 
are present upstream from their outlets onto the pediment that flanks 
the Big Belt Mountains. Upstream from these stretches the streams 
flow in hanging valleys with gradients that are still adjusted to an 
:ancient base level of erosion. 

This general rejuvenation incised the lower valleys of the streams 
draining the Big Belt Mountains, and caused a progressive reworking 
of pr.eformed bench and stream placers. Gold thus acquired was de
posited in the lower valleys of these streams, forming a series of 
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placers ranging in age £rom the earliest one, formed in shallow 
valleys atop the pediment, to others occupying sites at various altitpdes 
along the valley walls of the present streams. 

In Recent time, another rapid lowering of the local base level of 
erosion took place, with the result that the Missouri River now flows 
at an altitude about 50 feet lower than its valley floor during late 
Pleistocene time. This likewise produced a rejuvenation which for the 
larger streams was largely completed in the foreland between the 
river and the face of the Big Belt Mountains~ Incomplete adjustment 
of stream gradients is noticeable only in certain small gulches that 
head in the Tertiary foreland. Dry Hollow, with a sharp gorge at its 
mouth, is one of the best examples. 

FORMATION OF PAY STREAKS 

Pay streaks of several ages are distinguishable in the Big Belt 
Mountains. The oldest is represented by the high gravels in the ex
treme headwaters of Hellgate Gulch, at an altitude close to 7,000 feet, 
or about 3,300 feet above the level of the Missouri River. This pay 
streak·consists of old stream gravels which were laid down in some 
ancient drainage channel upon an erosional surface of Miocene age. 
After the deposition of these gravels, late Tertiary lavas were dis
~harged, with the result that some of the gravels were covered by lava 
and shielded from erosion. The high gravels at the head of Hell
gate Gulch, originally preserved in this way, have now been bared to 
erosion. They are gold bearing, and therefore are classified as an 
ancient pay streak. 

The general courses of the upper stream valleys draining the Big 
Belt Mountains were determined in early Pleistocene time. Most of 
the upper valleys are hanging valleys, separated by stretches of 
steeper gradient from their lower valleys ; but the zones of separation 
are not of the same length or gradient. Other valleys, such as those 
of Trout Creek and Confederate Creek, are largely adjusted to the 
Pleistocene rejuvenation, and have no clearly recognizable zones of 
steepened gradient. Correlation of the placers in valleys adjusted, 
and in those unadjusted, to the rejuvenation is difficult, particularly 
without the aid of a topographic map. The correlations suggested 
are therefore tentative, and subject to revision. 

The oldest Pleistocene placers are thought. to be the bench placers 
that occur in unadjusted streams, above their zones of steepened 
gradient. Examples are the bench placers in the .. upper valleys of 
Oregon Gulch, and Avalanche Creek, above the mouth of Thompson 
Gulch. Correlative with them are the placers of Whites Bar, on 
White Gulch. 
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The several bench placers at different altitudes on Confederate Creek 
might be assumed superficially to correlate with much younger placers 
in lower valleys, such as those in the lower valley of Magpie Creek. 
But the terrace deposits of Confederate Creek are considered to be 
related to an old valley floor which is so far upstream that it has been 
little lowered by rejuvenation. It is thus conceived that the adjust
ment of Confederate Creek to the Pleistocene and Recent base levels 
of erosion has taken place largely downstream from Montana, Dia
mond, and Boulder Bars, and that the placers on those bars therefore 
correlate with bench placers in the upper valleys of Oregon Gulch and 
Avalanche Creek. An alternative interpretation might be that the 
placers of Montana and Diamond Bars are correlative with the undis
turbed stream placers of Oregon Gulch and Avalanche Creek, above 
their zones of oversteepened gradient, and that Boulder Bar is to be 
correlated with the bench placers in those upper valleys. The. prepa
ration of a good topographic map of this district should throw much 
light on this problem. 

The bedrock floors of the hanging valleys have not been greatly 
modified since the time of their formation, but the gravels overlying 
these bedrock surfaces have to various degrees been reworked, so that 
they range in age from the mid-Pleistocene to Recent. The lower 
levels of these gravels, however, have probably been little disturbed; 
and as the gold occurs close to bedrock, they constitute a part of the 
second or next younger group of Pleistocene placers. Examples are 
the placers on the floors of the upper valleys of Oregon, Cave, and 
Rattlesnake Gulches, and on Avalanche Creek. The placers in the 
valley floor of White Gulch, downstream :from Whites Bar, probably 
constitute another example. 

Downstream :from the zones of steepened gradients, the streams 
draining the Big Belt Mountains differ in regard to the pay streaks 
that they contain. Hellgate and White Gulches and Avalanche Creek 
have neither stream nor bench placers in this part of their courses; 
but Oregon and Cave Gulches have bench placers at several levels. 
l\fagpie Creek also has placers at several levels, and in addition a pay 
streak in the stream gravels near its mouth. York Gulch has both 
stream and bench placers. 

The oldest of the bench placers in the lower reaches of these streams 
were formed in shallow valleys on the pediment, at the time when 
rejuvenation of these valleys was just beginning. Examples are the 
placers on Cave Hill, atop the ridge west of Cave Gulch, and the 
placers of Centennial Bar, on lower Oregon Gulch. These deposits, 
though somewhat younger than the undisturbed stream placers of 
the upper valleys, are correlated roughly with the~. This group of 
st.rearn placers in the upper valleys, and uppermost bench placers in 
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the lower valleys, therefore constitute the second, or intermediate 
group of Pleistocene placers. 

Below the highest bench placers in the lower valleys of the streams, 
at the west end of the quadrangle, are the bench placers at lower alti
tudes. Examples are the placers at several levels in the lower valleys 
of Cave, Cooper, and Oregon Gulches, and in the lower valley of 
Magpie Creek. They were formed at different times throughout the 
period when these streams were undergoing readjustment to a base 
level 150 feet lower than the surface of the pediment flanking the 
Big Belt Mountains. Possibly some remnants of low terraces in the 
valley of Confederate Creek should be correlated with these. This 
group of bench deposits, at different altitudes a;nd of different ages, 
are classed together as the youngest of the Pleistocene pay streaks. 

After the last lowering of the base level of erosion, the streams 
continued to rework and redeposit the older gravels, producing on some 
streams pay streaks in the present Yalley floors. The pay streak at 
the mouth of Magpie Creek, that was n1ined by dredging, is an example. 
Confederate Creek and York Gulch also have pay streaks of Recent 
age. All these auriferous gravels in the present valley floors, how
ever, which lie downstream from hanging valleys, or on streams where 
no hanging valleys exist, are grouped together as the fifth, or youngest 
of all the pay streaks. They are essentially post-Pleistocene in age. 

NONIVIETALLIFEROUS DEPOSITS 

The nonmetalliferous deposits of the Canyon Ferry quadrangle, 
were studied by an appraisal party of the Geological Survey,, consist
ing of Robert M. Dreyer and Alfred L. Bush. The principal re
sources listed in this report are dimension stone, road metal, concrete 
aggregate, riprap, lime, cement rock, dolomite, bentonite, and sap
phires. A part of the data on these deposits, exclusive of the sap
phires, is taken from the work of Dreyer and Bush. 

DIMENSION STONE 

Two types of igneous rocks are available in the Canyon Ferry 
quadrangle that might be usable as diiil.ension stone. One, a coarse
grained granitic rock, crops out along the road close to Canyon Ferry, 
and is well-exposed at an old quarry near the Canyon Ferry dam. 
This rock was used in the construction of the dam. It consists of a 
granular granitic groundmass set with large tabular phenocrysts of 
potash feldspar. Biotite is the principal dark mineral, but other 
dark minerals are present. The over-all color is gray 1 and the rock 
should yield a good grade of unfinished or finished building stone. 
It is probably too much fractured to be quarried as a monumental 
stone. 
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Farther south in the Spokane Hills, and also in the southwestern 
part of the quadrangle, this intrusive is a granular nonporphyritic 
quartz monzonite, containing about the same minerals as the granite, 
but in different proportions. The quartz monzonite should be useful 
for unfinished or finished building stone, curbing and similar applica
tions. It is possible also that it would yield desirable monumental 
stone, but this application would have to be determined by a study 
of its jointing, sheeting, and natural plaries of fracture. 

Several limestones are present in the Big Belt Mountains and the 
Spokane Hills, of which the Madison limestone is probably the most 
desirable as a building stone. This formation consists of two mem
bers. In the Big Belt .Mountains, a part of the. upper member is 
massive and imperfectly bedded, whereas another part is evenly 
bedded, but weathers as massive rock. The lower member is thin
bedded, and weathers to slabs. The limestone of both members is 

. dominantly light gray. The limestone of the lower member could 
be used where little trimming is required. The evenly bedded, but 
massive" limestone of the upper member might be used where larger 
blocks would be needed, and more splitting and cutting could be af
forded. Both of these limestones crop out near the southwestern face 
of the Big Belt Mountains, and are therefore readily accessible. 

The Madison limestone of the Spokane Hills has undergone con
siderable thermal metamorphism, so that the upper member is every
where a coarse-grained, friable, white marble, that probably would 
be undesirable as a building stone. Much of the limestone of the 
lower member likewise is marmorized, but some blue-gray beds occur 
that might be useful. None of these limestones or marbles, however, 
is near a road and for that reason they are unavailable. 

BROKEN STONE 

Crushed and broken stone is used for many purposes, of which a 
few are road metal, concrete aggregate, railroad ballast, and riprap. 
Any of the limestones, quartzites, or ign~ous rocks of the quadrangle 
should make satisfactory road metal, but the upper Madison limestone, 
the Jefferson limestone, and the igneous rocks are massive rocks, which 
would have to be quarried and crushed. The lower Madison, Pilgrim, 
and Meagher limestones, however, could be more easily quarried, and 
are accessible along the face of the Big Belt Mountains. Gravels 
suitable for road metal are available at many places, but most of them 
would have to be screened to remove the larger boulders. The most 
readily accessible are the bench gravels exposed by placer mining in 
the cliffs at the end of the spur between Cave Gulch and Cooper Gulch. 
Stream gravels are available in the bed of Magpie Creek, where they 
have been bared by dredging. Large quantities of gravel, likewise 
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bared by mining operations, are accessible on French and Eldorado 
Bars. Similarly at the south end of the quadrangle a large quantity 
of washed gravel can be obtained from the dredging dumps of Con
federate Creek. 

The same rocks that. could be used for road metal would be satis
factory also for concrete aggregate, except that limestones would have 
to be selected that are free from beds. and laminae of shale. Double 
sieving of the gravels at the mouth of Cave Gulch would be required, 
because they contain many muddy beds. The stream gravels on Mag
pie Creek, and the bench gravels of French and Eldorado Bars havH 
been washed free of fine sediment, and would require only a single 
sieving for classification to a suitable size. The same is true of the 
gravels bared by dredging on Confederate Creek. Most of the larger 
boulders are quartzite. These would be suitable for riprap. 

So far as known, only the Madison limestone is sufficiently pure to 
be used in making quicklime and hydrated lime. This limestone is 
being mined for these purposes at Elliston, about 20 miles west of 
Helena. The suitability of the Madison or other limestones for the 
manufacture of Portland cement would have to be determined by 
chemical analysis. 

The Jefferson limestone is dolomitic, as is also the upper part of the 
Pilgrim limestone. These formations are readily . accessible at the 
front of the Big Belt Mountains. The Helena and Newland lime
stones, of the Belt series, also are dolomitic, but they occur farther 
northeast in the Big Belt Mountains, and are relatively inaccessible. 
No analyses of these several dolomites, to determip.e their suitability 
for various chemical purposes, have yet been made. 

BENTONITE 

Bentonite occurs in unit 2 of the Tertiary sequence. The principal 
locality is north· and south of 'Beaver Creek, from 3 to 5 miles north
east of Winston. The deposits were studied by llieyer and Bush, and 
the field data here given are largely the result of their work. 

The beds of unit 2 occur northwest of Beaver Creek and east of the 
Spokane Hills; they extend southeast of Beaver Creek for a short 
distance, beyond which they are covered by terrace gravels. The beds 
of bentonite occur near the base of this Tertiary unit, and the benton .. 
ization of the ash beds diminishes both eastward, across the strike, 
and northward from Beaver Creek. South of Beaver Creek the,ben
tonized beds disappear below terrace gravels. The total distance along 
the strike, wherein the bentonite occ1,1rs, is about 3 miles; and the dis· 
tance across the strike varies from a half to three-quarters of a mile. 
The best bentonite occurs within a mile north and south of Beaver 
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Creek. A sketch map prepared by Dreyer and Bush, is presented 
herewith as plate 2. 

The beds of bentonite are commonly brownish green, but locally 
are buff, tan, and red. Repeated wetting and drying at the surface 
has resulted in expansion and contraction, that has produced the 
characteristically cracked appearance. The factor of swelling is 
about two. The tendency of this material to flow when it is wet 
has caused it to spread laterally over adjacent beds, so that the strati
graphic limits of the bentonite are not well defined. This bentonite 
consists partly of montmorillonite, and partly of other material that 
is not subject to bentonization. Therefore all of the beds are impure. 
Also they grade both along and across the strike into other beds that 
show less, or even no appreciable alteration. For all these reasons, 
the zones of bentonite that are mapped in plate 2 are less definite than 
their mapping indicates. They represent the best judgment of Dreyer 
and Bush regarding the sites where commercial deposits might be 
available. 

Only the principal beds or zones of bentonite are shown in plate 2. 
Others that are too small to map have not been shown, and still others 
that are considered too impure to be useful have been on1itted. The 
width of each of these zones is particularly indefinite because of sur
ficial flowage, so that it is probable that the beds .will be thinner below 
the surface than they appear on the map. It is nevertheless true that 
a large volume of low-grade bentonite is present, that would be useful 
as a sealing agent for dams and canals, and other purposes _for which 
a low-swelling material is satisfactory. Gravel roads along both sides 
of Beaver Creek render these deposits easily accessible. 

SAPPHIR:~S 

DISCOVERY AND EARLY MINING 

The earliest reference to sapphires in Montana, according to Kunz 
(1899, p. 692), was the discovery of such gem stones by E. R. Collins, 
on May 5, 1865, at some unspecified locality; but Browne ( 1868, p. 502) 
mentions specifically that they were known in the alluvial deposits 
of Eldorado Bar by 1867. In 1889, according to Kunz (1893, pp. 
542-544), a British company, called the Montana Sapphire and Ruby 
Co., Ltd., was organized to mine the sapphires on Eldorado Bar and 
other bars of the Missouri River farther upstream. This company 
was capitalized at 450,000 shares of stock, which were offered at one 
pound a share; and it purchased 4,000 acres of Eldorado Bar from 
Augustus A. Spratt, Frank D. Spratt, and other owners of this 
ground. One subsidiary called the Spokane Sapphire Co., and also 
independent companies, were organized. F·or a few years, both before 
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and after the formation of the Montana Sapphire and Ruby Co., Ltd., 
a small output of sapphires of gem-stone grade was made, but the 
project did not flourish, and in 1893 the company failed. Sapphires 
were mined also by one of these early companies on a terrace that 
lies south-southwest from Canyon Ferry. 

Kunz ( 1890, pp. 48, 49) states that the value of the gems cut from 
material found in this district amounted at one time to $2,000 a year. 
He mentioned also among the recovered sapphires an oriental emerald 
of 31h carats, other gems weighing from 4 to 6 carats, and one steel
blue stone of 9 carats. He further states that a crescent-shaped piece 
of jewelry was made from these stones by Tiffany & Co. in 1883. 

DISTRIBUTION 

Sapphires have been found at many places along the Missouri River, 
from the vicinity of Canyon Ferry downstream to and probably be
yond Eldorado Bar. Most of these occurrences are in unconsolidated 
deposits, but a few are in bedrock. 

The southeasternmost known limit of the sapphires is at the mouth 
of Magpie Creek, where small amounts are reported to have been 
found in the concentrates recovered by dredging. Sapphires were 
found also in the low-grade auriferous gravels at the southwest end 
of the spur between Cave Gulch and Cooper Gulch, and in the terrace 
and stream gravels of Oregon Gulch, close to the Missouri River. The 
largest volume of sapphires, however, was found on the bars and ter
races of the river, from French Bar to Eldorado Bar. 

A gravel deposit containing sapphires is situated on a high terrace 
south-southwest of Canyon Ferry, about 240 feet above the level 
of the river. The bedrock at this place is decomposed granitic 
rock, which is overlain by ancient river gravels ranging in thickness 
from a few feet to 10 feet. These gravels are well rou]}ded, and have 
a maximum size of one foot in diameter. They consist mainly of 
andesitic volcanics, Flathead quartzite, rocks of the Belt series, and 
some of the local granitic bedrock. Sapphires were evidently found 
in these gravels, which were explored by a number of shallow shafts 
and inclined drifts. A tunnel also was driven into the gravels at the 
face of this terrace. All these old workings are now caved. It is 
reported that the gravels from this site were hauled to thQ river, where 
they were washed for their content of sapphires. 

Sapphires have been found also in place at several localities. Kunz 
~ 1890, p. 49) mentions a specimen, shown to him, of a trachytic dike 
in which were embedded well-defined crystals of sapphire. The ex~ct 
locality was not stated, but it was said to be along the Missouri River 
near and above Eldorado Bar. A more specific reference was. made 

921852-51-7 
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by Kunz (1893, pp. 543-544) to 2 dikes found on Ruby Bar, which 
was said to be 6 miles upstream from Eldorado Bar, (evidently be~ 
tween French Bar and Gruel Bar). A third bedrock locality is at 
French Bar, where according to Benjamin T. Smith,4 of York. thA 
Montana Sapphire and Ruby Co., Ltd., drove several tunnels wherein 
one or more sapphire-bearing dikes were discovered. These tunp_els 
are now submerged by the water of Hauser Dam, but in one of these 
dikes, visible at the surface, crystals of sapphire occur sparingly. 

CHARACTER AND ORIGIN 

The sapphires recovered in recent years by gold-dredging operations 
on Eldorado Bar are predominantly tabular six-sided crystals with 
rounded edges. Most of them are light green or light blue, but some 
ar'~ nearly colorless, yellow, lavender, or pink. The concentrates re
coYered by the dredge were classified from 2-mesh to 8-mesh, and 
the sapphires were separated from these fractions. Few, if any, crys
tals larger than three quarters of an inch in size were found, and no 
attempt was made to save the material smaller than 8-mesh. Rela
tively few stones of gem quality were recovered. 

The first dike found on Ruby Bar contained visible crystals of 
sapphire, garnet, and sanadine. The second dike, bared by mining 
operations, was a vesicular mica-augite andesite containing pheno
crysts of brown mica and augite, in a matrix of feldspar microlites, 
interstitial glass and much magnetite. The sapphire-bearing dike on 
French Bar is a light-gray finely porphyritic rock, consisting of phen
ocrysts of plagioclase and biotite, in· a matrix of minute needles of 
plagioclase and glass. The phenocrysts of plagioclase range in size 
to a maximum of 3 millimeters; the phenocrysts of biotite are smaller. 
The plagioclase phenocrysts are almost altered to carbonates, but 
smne of the plagioclase in the matrix is unaltered, and appears to be 
andesine. Sapphires are rare, but where present are commonly as 
laJl'ge or larger than the phenocrysts of feldspar. Some crystals of 
garnet also are present. The rock is probably an andesite porphyry. 

Some of the earlier writers have assumed that dikes of this kind 
are the principal sources of the sapphires along this stretch of the 
Missouri River. The volume of sapphires so far recovered, however, 
together with the discarded and unrecovered material, is known to 
aggregate many tens of thousands of ounces. Moreover, these dikes, 
with or without sapphires, are rare; and as they originate at depth, 
they cannot be assumed to have been more plentiful at the Pleistocene 
or Pliocene surface than they appear to be at the present surface. 
Such dikes are therefore regarded as totally inadequate sources of 
the sapphires. 

41 Smith, Benjamin T., oral communication. 
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The origin is indicated by the horizontal and vertical distribution 
of the sapphires, and by the local geology n~ar Canyon Ferry. The 
sapphires, as heretofore noted, are found in the stream gravels of 
Magpie Creek, and in the high-terrace gravels on the southwest side 
of the Missouri River, opposite Magpie Creek. They are not reported 
anywhere upstream from this point on the Missouri, and are found 
everywhere downstream, both in stream and terrace gravels. Evi
dently therefore the bedrock source did not lie southeast of Magpie 
Creek; and judging by the occurrence of sapphires in the highest river · 
terraces, the bedrock source was bared to erosion before the beginning 
of the Pleistocene epoch. The country rock along the southwest side 
of the Missouri River, at and near Canyon Ferry, is pre-Cambrian 
shale and Cambrian limestone, that are intruded by a monzonitic 
pluton, with an elongation trending northwestward. At its north
western end, near Canyon Ferry, this intrusive rock is characterized 
by numerous variations in fabric and composition, such that several 
variants are present that differ materially from the normal type of 
quartz monzonite farther to the southeast. It is believed that these· 
Yariants of the quartz monzonite, in contact with the country rock, and 
particularly in contact with limestone, produced contact-metamorphic 
deposits, wherein a large volume of corundum was formed. Such 
deposits apparently were formed along the roof of the intrusive; and 
in the long interval since they were bared to erosion have been entirely 
eroded. The total or part. obliteration of bedrock sources is more 
common than otherwise in the apparent genesis of placers. 

RECENT MINING 

The dredging of auriferous gravels on Eldorado Bar between 1938 
and 1944 has already been described. A byproduct ·of this mining 
was the production in 6% years of about 58,000 Troy ounces of sap
phires, suitable for jewel bearings. An equal or greater amount of 
lower-grade material also was produced, and sold for other uses. As 
no sapphires smaller than 8-mesh size were saved, the percentage of 
corundum per cubic. yard, or per unit weight of concentrates, is not 
known. At an average price of $1.00 a Troy ounce, however, the 
tenor of the gravels in plus 8-mesh sapphires is estimated to have been 
about four-sevenths cent to the cubic yard, and the value of the output 
was probably between $60,000 and $75,000. 
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