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Abstract approved 

The thesis area includes 54 square miles of the Madison and 

Gallatin Ranges in the south central part of Gallatin County3 Montana. 

The north-flowing Gallatin River separates the Madison Range to the 

west from the Gallatin Range to the east. Approximately 8, 500 feet 

of late Paleozoic, Mesozoic, and Cenozoic sedimentary and igneou 

rocks are exposed in the area mapped. 

A thick sequence of Early Mississippian Madison Group 

limestones and dolomites are separated from the overlying Late 

Mis sis sippian-Pennsylvanian Amsden Formation detrital dolomite 

and red sandstone by an erosional disconformity. Quartz arenites of 

the Pennsylvaiian Quadrant Formation rest conformably on the Ams- 

den. The Permian Phosphoria Formation sandstones and bedded 

cherts disconformably overlie the Quadrant. Dolomite, detrital 

limestone, and quartz arenite of the Triassic Dinwoody Formation 

discpnformably overlie the Phosphoria and intertongue with the 



overlying Woodside Formation red beds. Jurassic rocks are repre- 

sented by marine oolitic limestone s of the Rierdon Formation, shal- 

low water marine detrital limestones of the Swift Formation, and 

nonmarine mudstones, sandstones, and limestones of the Morrison 

Formation. The Early Cretacéous is represented by the continental 

sandstones, mudstones, and fresh water limestones of the Kootenai 

Formation and the disconformably overlying marine Thermopolis 

Shale. The Muddy Sandstone disconformably overlies the Thermo- 

polis Shale and represents shallow water deposition in a regressing 

sea.. Large amounts of pyroclastic debris in the Muddy Sandstone, 

in the disconformably overlying Albino Formation, and in the Late 

Cretaceous rocks indicate volcanism accompanied Laramide orogenic 

activityfrom late Early Cretaceous to Late Cretaceous. The con- 

tinental Livingston Formation of Late Cretaceou to Paleocene age 

disconformably overlies Late Cretaceous rocks and is the youngest 

formation deposited in the area before folding. 

In early Eocene time the Laramide orogeny formed folds and 

accompanying faults in the thesis area. Buck Creek Anticline trends 

northwest and is asymmetric to the southwest. Buck Creek Syncline 

is adjacent to the southwest limb of Buck Creek Anticline. Snowflake 

Anticline trends north-south and is overturned to the east. A high- 

angle reverse fault with small displacement occurs on its east limb, 

and cross-faults that formed contemporaneous with the folding cut the 



anticlines in several places. 

The Specimen Creek volcanic conglomerates of middle Eocene 

age overlie the Livingston Formation sandstones with angular dis- 

cordance. Pliocene (?) high-level gravels in the area are capped by 

Pliocene rhyolitic welded tufi that is similar to the Yellowstone Tuff 

in Yellowstone National Park, Wyoming. 

Quaternary glacial tills south of the area indicate three stages 

of glaciation, and terraced river gravels along the Gallatin River 

floodplain indicate renewed downcutting in Recent time. 

The possibility of finding commercial petroleum accumula- 

tions in the area is very poor. All the structures with closure are 

breached by erosion, and the stratigraphic sequence above the Ams- 

den is believed to be dry. 
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STRUCTURE AND STRATIGRAPHY OF THE 
CINNAMON MOUNTAIN AREA, GALLATIN COUNTY, MQNTANA 

INTRODUCTION 

Location and Accessibility 

Cinnamon Mountain is located in the south central part of Gal- 

latin County, Montana, approximately 55 miles south of Bozeman 

(Plate I), and it occupies a central position in the rectangular thesis 

area. Fifty-four sections in Township 8 South, Ranges 3, 4, and 5 

East constitute the area mapped. The southeast corner of the mapped 

area nearly touches the northwest corner of Yellowstone National 

Park. The north-flowing Gallatin River bisects the area with the 

Madison Range on the west and the Gallatin Range on the east. Both 

ranges are within the Gallatin National Forest. 

U. S. Highway 191 parallels the Gallatin River through the 

area and is the only route north to Bozeman and south to West Yellow- 

stone. Three secondary roads (in sec. 27, T. 8 S. , R. 4 E. and 

sec. 2, T. 9 S. , R. 4 E. ) maintained by the U. S. Forest Service 

originate at U. S. 191 to provide very limitedaccess to the area by 

automobile. Only the Taylor Fork Road extends more than a mile 

from the main highway. Forest Service pack trails provide foot ac- 

cess to many parts of the area during the summer months. 
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Purposes and Methods of Investigation 

The primary purposes of the thesis problem were: 1) to map 

the surface geology of the area; 2) to delineate the major structures 

of the area; 3) to make a detailed study of the sedimentary petrology 

of the Madison Group (Mississippian) limestones; and 4) to measure 

and describe the exposed Mississippian through Tertiary stratigraph 

je section. 

Field work began June 21, 1965 and was completed September 

24, 1965. Low altitude (1:20, 000) aerial photographs and two U. S. 

G. S. l5minute topographic quadrangle sheets, Sphinx Mountain and 

Crown Butte, were used as base maps. Photointerpretation of the 

area plus field-obtained attitudes taken with the Brunton compass 

were plotted on the photos and then transferred to the base maps. 

Stratigraphie thicknesses were measured directly using a 

Jacobs staff or a tape and compass. The composite geologic section 

was measured at outcrops selected from the author's area and from 

Timothy C. Lauer's area directly south. Most lithologic descrip.- 

tions were made in the field with the aid of a lox hand lens, a sieved 

set of grain sizes for sand, and a ten percent solution of hydro- 

chioric acid to determine the calcareous nature of sedimentary 

rocks. Microscopic study of 75 thin sections prepared from selected 

samples supplemented the field descriptions. 



The classification of sandstones followed in this report is 

that of Gilbert (64, p. 289-297). Calcareous sedimentary rocks are 

classified according to the system proposed by Leighton and Pendex- 

ter (34), and the Rock-Color Chart (24) was used to determine all 

rock colors. Carbonate rock texture and fabric were described ac- 

cording to the terminology proposed by Friedman (21). 

Previous Work 

The first geologic report on the Upper Gallatin River Valley 

was an 1872 reconnaissance by F. V. Hayden (27). He described 

Precambrian rocks in the Spanish Peaks along the Gallatin River and 

various structures involving Paleozoic and Mesozoic strata in and 

around the thesis area. 

A. C. Peale (45), a member of several of Hayden's survey 

parties, mapped the Three Forks Quadrangle, Montana, including 

the thesis area, in 1883-89. 

In 1916, sections of the phosphate beds of the Phosphoria 

Formation (Permian) were measured along Buck Creek, Elkhorn 

Creek, and on Cinnamon Mountain by Condit et al. (12), who pub- 

lished a map of the Upper Mississippian, Quadrant (Pennsylvanian), 

and Phosphoria outcrops of the region between Three Forks and Yel- 

lowstone Park. Condit (il), in 1918, published a map showing the 

distribution of the Phosphoria Formation in Montana and the Embar 
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Formation (Permian) in Wyoming. 

In 1944 Hendricks et al. (23) measured sections of Amsden 

(Mississippian-Pennsylvanian), Quadrant, and Phosphoria at Elk 

Horn Ranch and at the mouth of Buck Creek. These measured sec- 

tions were incorporated into a regional study of Mesozoic and Upper 

Paleozoic rocks in south-central Montana. 

The Carrot Basin Anticline seven miles south of the thesis 

area was mapped by James A. Wilsey, Jr. for Phillips Petroleum 

Company during 1947-48. His work is summarized by W. D. Tutten 

(60). 

West of the thesis area F. M. Beck (3), in 1958, compiled a 

geologic map centered around Sphinx Mountain for an unpublished 

M.A. thesis. 

In 1960, R. L. Egbert (17) synthesized published and unpub- 

lished work in a geologic map of the Madison Valley-.Hebgen Lake 

area of southwestern Montana for the Billings Geological Society 

Eleventh Annual Field Conference. 

The Upper Gallatin River Valley was mapped by W. B. Hall 

(26) in a 1961 unpublished Ph. D. dissertation. Hall's map encom- 

passes about 159 square miles surrounding Cinnamon Mountain, in- 

cluding the author's thesisarea. 

I. J. Witkind (66) in 1964, produced a preliminary geologic 

map of the Tepee Creek Quadrangle, Montana, immediately south of 



the thesis area. Some of the structures mapped by Witkind extend 

north into the author's area. 

To the north, McMannis and Chadwick (38) mapped the Garnet 

Mountain Quadrangle, Gallatin County, Montana in 1964. Similar 

structural trends can be seen in the Garnet Mountain area and the 

area mapped by the author. 

Topography 

The minimum elevation in the area is 6, 240 feet near the 

junction of Buck Creek with the Gallatin River (Plate 4). The walls 

of the two steep-sided valleys cut by these streams rise above this 

level to 9, 235 feet at the summit of Cinnamon Mountain, the greatest 

elevation in the mapped area. The maximum topographic relief is 

approximately 3, 000 feet. 

The areas with greatest relief center around northwest-trend- 

ing Cinnamon and Burnt Top Mountains which are separated by the 

Gallatin River Valley (Figure 1). North of Cinnamon Mountain, 

gentle north-dipping backslopes are traversed by valleys with bold 

rock cliffs that parallel the drainages and dominate the topography 

in the northern half of the area mapped. Madison Group lime stones 

are good cliff-forming units along Buck Creek, Elkhorn Creek, and 

the Gallatin River (Plate 4, Figure 1). Treeless cliffs up to 200 feet 

high form the walls of Buck Creek Canyon in sec. 7, T. 8 S., 
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Figure 1. View southeast up Gallatin River Valley. Burnt Top 
Mountain in middle background; Elkhorn Creek mouth in middle. 
Madison Group limestone forms prominent cliff dipping gently north- 
east. Amsden and Quadrant Formations overlie the Madison Group 
with Phosphoria capping Burnt Top backslope. Sunshine Point can 
be seen on right skyline. 



R. 4 E. (Plate 4). Considerable surface runoff over the steep cliff 

faces in the spring and summer from snow melt and thundershower 

activity aids landslide development along these drainages. 

South of Cinnamon Mountain, rounded hills are separated by 

less deeply incised stream valleys. Large areas of gently sloping 

upland meadow near Meadow and Albino Lakes (Plate 4) are formed 

on a west-facing dipsiope of Upper Cretaceous shale s and sandstones. 

The local relief, centering around flat-topped, lava-covered Wilsey 

Butte, is between 600 and 1,200 feet (Figure 2). 

In the southeast corner of the area Grouse Mountain, a north- 

trending ridge, interrupts the northwest trend of Cinnamon and 

Burnt Top Mountains (Plate 4). This sharp crested ridge is cut by 

Buffalo Horn Creek. Northeast of Grouse Mountain the southern end 

of Blizzard Ridge is separated from an unnamed ridge to the east by 

Cow Flats. Both ridges are held up by resistant beds in an over 

turned stratigraphic sequence. The two ridges converge northeast of 

Lone Indian Point (SE1/4 sec. 6, T. 8 S. , R. 5 E.) to form a single 

ridge that ends just north of the mapped area. Local relief ranges 

from 1 , 000 to i , 200 feet on the eastern border of the area. 

Vegetation 

Moderate to heavy vegetative cover exists throughout most of 

the area. Shaded north slopes are most heavily vegetated. Thick 



Figure 2. View east to flat-topped Wilsey Butte. Cinnamon Moun.- 
tain in left background. Upper Cretaceous sandstones and shales 
form middle and foreground rounded hills. Ramshorn Peak on 
skyline. 
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stands of lodgepole pine (Pinus contorta) and subordinate spruce 

(Picea engelmannii) dominate the higher elevations while Douglas fir 

(Pseudotsuga menziesii) exists mostly at lower elevations. Creek 

bottoms and landslide areaspromote minor aspen (Populus tremu- 

bides) communities at various elevations. Abundant wild flowers, 

grasses, and sage brush (Artemisia tridentata) cover the lower open 

areas and the highland meadows. 

Exposure s 

Moderately forested areas with good herb and grass cover 

tend to obscure outcrops; however, in dense bodgepole pine areas 

ground cover is minimal and exposure generally is fair. Grass- and 

sagebrush-covered meadows must be studied carefully in the field 

and on aerial photos to determine outcrop patterns. Exposures are 

best along steep-sided stream valleys arid ridge crests. 

Climate 

Hebgen Dam and West Yellowstone U. S. Weather Bureau 

stations provide cbimatobogical data within 25 and 35 miles re spec- 

tiveby of the thesis area. 

The average annual temperature at these stations, over a 30 

year period, is about 350 F. Winter temperatures often drop below 

350 F. , but average about 130 F. (16). Summer temperatures 
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seldom rise above the low 80's and average 59°F, with July normally 

the warmest month. 

Approximately 20 to 25 inches of precipitation per year occur 

at the above stations. Winter snowfall accounts for the largest per- 

centage of this while summer thunderstorms contribute most of the 

rain during the drier summer months. Snowfall accumulations to 

depths greater than 60 inches have been reported, but are unusual. 

July, August, and early September are the most pleasant 

months for field work in the area. However, late spring or early 

fall snowfalls can be expected to interrupt field work for short peri- 

ods. The higher elevations are generally free of snow from June 

to early October. 
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S TRATIGRAPHY 

The thesis area includes about 8, 500 feet of exposed sedimen-. 

tary and volcanic rocks that represent the periods of the Paleozoic 

beginning with the Mississippian, all Mesozoic periods, and all Ce- 

nozoic epochs except the Oligocene and Miocene. 

Table 1 is a summary of the stratigraphic units described in 

this report, and Plate 2 is a regional correlation chart for the units 

described in Table I. Rocks older than Mississippian are not exposed 

in the mapped area, however, they have been described by Ross (52) 

from outcrops in an adjacent thesis area to the southwest and have 

included in Table 1 to complete the regional 

Measured stratigraphic sections are included in the text as 

tables that contain detailed field descriptions supplemented by petro-. 

graphic analyses of selected rocks. 

Madison Group 

The name "Madison" was used by Peale (44, p. 33-36) in 

1893 to denote laminated limestones, massive limestones, and jas- 

pery limestones that rest upon the Devonian Three Forks Shale at the 

type section along the Gallatin River near Logan, Montana. 

In 1922, Collier and Cathcart (10, p. 173) gave the Madison 

Formation group status and divided it into two distinct formations - 
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Table i. Summary of Stratigraphic Units. 
- 

Thickness 
Age Formation Lithology (in feet) 

Quaternary alluvium, landslide 
debris O-100 

Unconformity 

Quaternary glacial till O-S 

Unconformity 

Tertiary welded tuff O-ZOO 

Unconformity 

Tertiary high-level gravels O-3 

Unconformity 

Tertiary volcanic conglomer- 
ates and tuffaceous 
sandstones O-400 

Angular Unconformity 

Tertiary- Living ston volcanic breccias 
Cretaceous Formation and volcanic sand- 

stones with fossil 
leaf impressions 0-600 

Unconformity 

Cretaceous black shales, sili- 
ceous shales, and 
cross-bedded sand- 
stones 3, 000-4, 000 

Disconformity 

Cretaceous Albino bentonitic claystones 
Formation and siliceous silt- 

stones 0-250 
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Table 1. (Continued) 

Age Formation Lithology 
Thickness 
(in feet) 

Disconformity 

Cretaceous Muddy cross-bedded, 
Sandstone salt-and-pepper 

sandstones 50-100 

Disconformity 

Cretaceous Thermopolis dark, calcareous 
Shale fissile shales 

and siltstones 100-150 

Cretaceous Kootenai conglomer atic 
Formation sandstones, mud- 

stones, gastropod 
limestone and 
quartz arenites 430 

Disconformity 

Jurassic Morrison varicolored mud- 
Formation stones; limestones 

and sandstones 320 

Disconformity 

Jurassic Swift glauconitic, con- 
Formation glomeratic cal- 

careous sandstones 60 

Jurassic Rierdon fossiliferous, 
Formation argillaceous 

limestones and 
glauconitic lime- 
stones 120 

Dis conformity 

Triassic Woodside red siltstones 
Formation and sandstones 135 
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Table 1. (Continued) 
i xiicicnes s 

Age Formation Lithology (in feet) 

Triassic Dinwoody limestones contain- 
Formation ing Lingula and 

calcareous sand-. 
stones 105 

Di s conformity 

Permian Phosphoria phosphatic, salt- 
Formation and-pepper sand- 

stones; bedded 
cherts 155 

Disconformity 

Pennsylvanian Quadrant cros s -bedded 
Formation quartz arenites 270 

Pennsylvanian- Amsden red detrital dolo- 
Mississippian Formation mites and limestones 100 

Di s conformity 

Mississippian Madison Group thin-bedded argilla- 
ceous limestones 
and massive dolo- 
mites 1,324 

Devonian Three Forks shale s, red lime- 
Formation* stone breccias, 

and sandstones 190 

Devonian Jefferson dolomitic lime- 
Formation* stones 330 

Disconformity 

Cambrian Park varicolored 
Formation* micaceous shales 100 

Cambrian Meagher brown dolomitic 
Formation* limestones 412 
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Table 1. (Continued) 
Thickness 

Age Formation Lithology (in feet) 

Cambrian Wolsey and sandstones, thin- 
Flathead For- bedded limestones, 
mations un- and shales 
dif f e r enti ated* 

Angular Unconformity 

Precambrian Precambrian* gneiss with sub- 
ordinate schist 

*Rocks that do not crop out in the thesis area 

T1 

unknown 
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Lodgepole and Mission Canyon - for exposures along Lodgepol,e Can- 

yon and Mission Canyon on the north flank of the Little Rocky Moun- 

tains, Montana. The fossiliferous, thin-bedded limestones and 

shales of the Lodgepole Formation underlie the massive gray lime- 

stones of the Mission Canyon Formation. 

In the thesis area the Madison Group is mapped as a single 

unit because inadequate exposure made it impossible to determine 

the contact between the Lodgepole and Mission Canyon Formations. 

Distribution and Topographic Expression 

The Madison Group is well-exposed along the walls of the 

Gallatin River Valley north of Almart Mountain Lodge where it is a 

cliff-former in the lower part and a slope-former in the upper part. 

Vertical cliffs cut in Madison Group limestone s also form the valley 

walls of lower Buck Creek and those along the lower Elkhorn Creek 

Valley. 

On the southeast flank of Burnt Top Mountain folded Madison 

Group lirnestones have been eroded into a sharp-crested ridge that is 

transected by Buffalo Horn Creek. In the El/Z sec. ¿5, T. 8 S. 

R. 4 E. cliffs have been eroded in vertical to overturned Madison 

Group limestone. 
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Thickness and Lithology 

The thickest Madison Group section exposed in the area map- 

ped is in sec. 22, T. 8 S. , R. 4 E. , but inaccessible cliffs and steep 

talus slopes prevented measurement at this location. Instead, a 

stratigraphic section was measured in detail about one mile south of 

the thesis area and is described below. The description includes 

selected thin sections that are characterized in Table 2. 

Table 2. Measured Stratigraphic Section of the Madison Group. 
The following section of the Madison Group was measured from the 
6, 600-foot elevation on the northeast bank of the Gallatin River in 
the NE1/4NE1/4 sec. 11, T. 9 S., R. 4 E., north-northeast up a 
steep slope to about the 7,600-foot elevation in the SE1/4SE1/4 sec. 
2, T. 9S., R. 4E. 

Thicknes s(Feet) 
Madison Group Unit Total 

Top of Madison Group placed at break in slope 
above breccia zone. Madison Group overlain at 
erosional disconformity by Amsden Formation. 
Contact concealed. 

Unit 29. Limestone breccia: color ranges from 
gray to yellowish gray according to clast; in- 
crease in clast size upward from base, angular 
pebbles to angular boulders, mostly limestone 
boulders and chert pebbles in a matrix of finely 
crystalline limestone ; mas sive cliff-forming 
unit with small caves and overhanging ledges 96 1324 

Unit 28. Dolomite: yellowish gray (5Y 8/1), 
weathers pinkish gray (5YR 8/1); 3'5' beds 
alternate with 21T beds; beds thin to 1' towards 
top and become less distinct; top 13' covered; 
thin section 161 has dolomite porphyrotopes in 
a fine-grained hypidiotopic dolomite matrix; 
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Table 2. (Continued) 

Thicknes s(Feet) 
Madison Group Unit Total 

thin section 153 is a porous, fine-grained 
hypidiotopic dolomite .......................... 64 1228 

Unit 27. Dolomite: yellowish gray (5Y 8/1), 
weathers pinkish gray (5YR 8/1); poorly bedded; 
highly fractured; numerous calcite veins; thin 
section 151 has a fine crystalline hypidiotopic 
dolomite matrix with irregular shaped calcite 
porphyrotopes that commonly maintain optical 
continuity; low porosity ........................ 11 1164 

Unit 26. Dolomite: yellowish gray (5Y 7/2), 
weathers light olive gray (5Y 6/i); indistinctly 
bedded to massive; unit is largely covered but 
sparse outcrops in talus slope indicate uniform 
character of unit; thin section 149 is a porous, 
fine crystalline hypidiotopic dolomite ............ 200 1153 

Unit 25. Oolitic limestone: light olive gray 
(5Y 6/1), weathers light gray (N7); massive; 
oolites are composed of concentric layers of 
micrite on a nucleus that is a skeletal frag- 
ment; skeletal grains include echinoid spines, 
bryozoans, and crinoid columnals; thin sec- 
tion 147 ...................................... 15 953 

Unit 24. Limestone breccia: light olive gray 
(5Y 6/1), weathers light gray (N7); bedding in- 
distinct; contains white and brown angular chert 
pebbles and granules, also angular limestone 
pebbles up to 3" long in a crystalline limestone 
matrix; possible solution breccia ............... 25 938 

Unit 23. Dolomite: light olive gray (5Y 6/1), 
weathers light gray (N7) ; bedding irdistinct; 
thin section 142 is a fine crystalline, moderate- 
ly porous hypidiotopic dolomite with consider- 
able poikilotopic calcite replacing the dolomite; 
some argillaceous material present ............. 10 913 
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Table 2. (Continued) 

Thickness( Feet) 
Madison Group Unit Total 

Unit 22. Dolomite: light olive gray (5Y 6/1), 
weathers light gray (N7); thinly laminated 
(less than 1/411); thin section 137 is a fine 
crystalline hypidiotopic dolomite with a trace 
of authigenic quartz; subordinate crinoid 
columnals .................................... 30 903 

Unit ¿L. Skeletal limestone: pale yellowish brown 
(1OYR 6/2), weathers light olive gray (5Y 6/1); 
beds range from 1/2" to 2', average 14"; skeletal 
fragments of crinoids, brachiopods, and endo- 
thyrid foraminifera are well-sorted, sparry cal- 
cite cement; upper 15t covered but assumed to 
be similar; thin section 133 .................... 45 873 

Unit 20. Skeletal-oolitic limestone: pale yellowish 
brown (1OYR 6/2), weathers light olive gray (5Y 
6/1); massive; noncoated skeletal grains are 
crinoid columnal s, brachiopod shells, echinoid 
spines, and endothyrid foraminifera tests; most 
oolites have skeletal grains as nucleus; sparry 
calcite cement recrystallized from micritic 
lumps; thin section 126 ........................ 25 828 

Unit 1 9. Oolitic-skeletal limestone: pale yellowish 
brown (1OYR 6/2), weathers light olive gray (5Y 
6/1); 4' beds of oolitic limestone alternate with 
a series of 1" to 2" beds in 43 units; thin beds ap- 
pear chalky; oolites subordinate, some with 
skeletal grain nucleus; skeletal grains include 
crinoid columnals, echinoid spines, and endo- 
thyrid foraminifera, grains poorly sorted; 
cement is pore-filling sparry calcite; thin section 
123 .......................................... 17 803 

Unit 18. Skeletal-oolitic limestone: pale yellowish 
brown (1OYR 6/2), weathers light olive gray (5Y 
6/1); massive; oolites formed of micrite layered 
around skeletal fragments of crinoid columnals, 
endothyrid foraminifera, echinoid spines, and 
ostracods; some skeletal grains uncoated; sparry 
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Table 2. (Continued) 

Thicknes s(Feet) 
Madison Grout Unit Total 

calcite cement and void filler; thin section 121 .. . 13 786 

Unit 17. Skeletal limestone: pale yellowish brown 
(1OYR 6/2), weathers medium light gray (N6); in 
lower 70' bedding ranges from 1!! to 1', averages 
3U; skeletal grains include crinoid columnals, 
ostracods, bryozoans, and algal structures; lower 
10' of unit is dolomitic.skeletal limestone to 
microcrystalline dolomite with a trace of detrital 
quartz; thin sections 99 and 117 ................ 110 773 

Unit 16. Skeletal limestone: brownish gray 
(5YR 4/1), weathers pale yellowish orange 
(1OYR 8/6); massive; skeletal fragments are 
echinoid spines and algal structures, subor- 
dinate bryozoan fragments; sparry calcite 
is the void-filling cement; the lower 5' is dolo- 
mite; recrystallized skeletal grains form a 
microcrystalline mosaic of subhedral dolomite 
grains; thin sections 92 and 96 ................. 20 663 

Unit 15. Calcareous dolomite: brownish gray 
(5YR 4/1), weathers pale yellowish orange 
(1OYR 8/6); laminations (less than 1/aTT) and 
beds from 3" to 8" are interrupted by argilla- 
ceous micrite layers which are very thinly 
laminated (less than 1/32"); porphyrotopic dolo- 
mite recrystallizing from micritic matrix; a 
few crinoid columna].s present; thin section 
90 ........................................... 57 643 

Unit 14. Skeletal-micritic limestone: argilla- 
ceous micritic layers (less than 1/32") alternate 
with 2" to 5" limestone beds; micritic limestone 
has micro- cut-and-fill structures with skeletal 
grains filling cuts in the micrite surface; skeletal 
grains include ostracods, crinoid columnals, 
echinoid spines, bryozoan fragments, algal struc- 
tures and endothyrid foraminifera; selective 
replacement of some skeletal grains by chert; 
thin sections 73 and 77 ........................ 60 586 
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Table 2. (Continued) 

Thickness(Feet) 
Madison Group Unit Total 

Unit 13. Lump.- skeletal limestone: beds Z to 5t!; 

lumps composed of micrite; skeletal grains include 
ostracods, crinoid columnals, and brachiopods; 
brachiopods are preferentially replaced by chert; 
thin section 66 ................................ 30 526 

Unit 12. Arglllaceous.-lump limestone: argilla.- 
ceous micritic layers (less than l/32T) alternate 
with ZU to 5U limestone beds; contains recrystal.- 
lized skeletal fragments that are too poorly pre.- 
served to identify; trace of detrital quartz present; 
thinsection60 ................................ 25 496 

Unit 11. Micritic limestone; dense; limestone beds 
from 2 to 5fl; patches of sparry calcite occur in a 
micritic matrix ............................... 30 471 

Unit 10. Argillaceous-lump limestone: light olive 
gray (5Y 6/1), weathers moderate yellowish brown 
(1OYR 5/4); thin-bedded (1/Zttto 4") limestone inter- 
rupted with at least 60 repetitionsof paper.-thin 
argillaceous micrite layers (less than 1/32"); 
micrite layers become less abundant near top; 
argillaceous, micritic4umps are about 0. 5 mm 
in diameter; thin section 51 .................... 40 441 

Unit 9 . Skeletal limestone: pale brown (SYR 5/2), 
weathers grayish orange (1OYR 5/4); massive; 
contains skeletal fragments of brachiopods, algal 
structure s , crinoid columnals , bryozoans, 
echinoderm spines, and ostracods; sparry calcite 
cement; minor replacement of crinoids by chert; 
thin sections 39and44 ........................ 34 401 

Unit 8. Skeletal limestone: bedding ranges from 
3" to 10", averages 9"; skeletal grains include 
algal structures, bryozoans, crinoid columnals, 
and brachiopods; cement is microspar; trace of 
authigenic quartz; chert replaces some crinoid 
fragments; thin section 34 .................... . 44 367 
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Table 2. (Continued) 

Thicknes s(Feet) 
Madison Group Unit Total 

Unit 7. Skeletal-lump limestone: 8tt to lO lime- 
stone beds alternate with argillaceous micritic 
laminations (less than 1I32'); lumps composed of 
micrite; skeletal fragments include crinoids, horn 
corals, brachiopods that are selectively replaced 
by chert, and subordinate gastropods; matrix is 
micrite; some detrital quartz present; thin sec 
tion 28 ...................................... 18 323 

Unit 6. Crinoidal limestone: pale brown (5YR 5/2), 
weathers grayish orange (1OYR 5/4); this massive 
bed interrupts the thin-bedded sequence above and 
below: consists mainly of crinoid plates, some re- 
placed by chert, subordinate bryozoan fragments; 
thin section 26 ........................... .,.. 10 305 

Unit 5, Dolomite: light gray (N7), weathers grayish 
orange (1OYR 7/4); matrix of fine-çrystalline hy- 
pidiotopic dolomite; contains small (1/8v' to l/2t! 
diameter) circular hematite-cemented areas 
which occur in this unit only; trace of authigenic 
quartz present; thin section 25a ................ 2 295 

Unit 4. Chert-skeletal limestone: 10" beds alter- 
nate with 1H layers of argillaceous micrite which 
increase to 2 near top; chert replaces skeletal 
fragments of brachiopods, horn corals, and 
crinoid stems; chert nodules elongated parallel 
to bedding; thin section 23 ..................... 20 293 

Unit 3. Argillaceous-skeletal limestone: pale 
brown (5YR 5/2), weathers grayish orange (1OYR 
7/4); chert, olive gray (5Y 4/1), weathers pale 
yellowish brown (1OYR 6/2); lU to 4! chert beds 
alternate with limestone near base; chert layers 
thicken (up to 10") near top; skeletal fragments 
include crinoid columnals, horn corals, bryo- 
zoans, ostracods, and bracIiopods; most are 
in part replaced by chert; matrix of microspar 
to micrite; thin sections 18, 16, and 6 .......... 80 273 
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Table 2. (Continued) 

Thickness(Feet) 
Madison Group Unit Total 

Unit 2. Skeletalmicritic limestone: isolated chert 
layers and nodules l/Ztt to 3fl thick; skeletal frag 
ments include bryozoans, horn corals, brachiopods, 
and crinoid columnals in a micrite matrix; consider 
able chert replacement of matrix and skeletal frag 
ments; thin section4 ............................ 5 193 

Unit 1. Skeletal limestone: light olive gray (5Y 6/1), 
weathers moderate orange pink (5YR 8/4); bedded 
chert lenses range from 1141v tò i 1/4 thick and 
from 4' to 20' long, alternate with limestone beds 
of to 8H; skeletal fragments include bryozoans, 
ostracods, horn corals, and crinoid çolumnals; 
chert replaces skeletal fragments in layers; bot 
tom 172' covered, isolated outcrops indicate nearly 
uniform lithology; base of Madison Group not ex- 
posed; thin sections 1 and 2 .................... 188 188 

Total 1324 

The Madison Group consists of two carbonate rock types: 1) 

thin.bedded ske],etallimestones in the lower part, and 2) poorly bed 

ded to massive dolomites in the upper part. 

The pale yellowish brown skeletal limestones are character- 

istically laminated to thinbedded and contain abundant micro- and 

megafossil assemblages. Chert selectively replaces fossil frag- 

ments in many of the skeletal limestones and is present locally as 

irregular nodules up to 3 thick and 1' long. Bedded chert, in 1 to 

lou thick layers, alternates with limestone layers in several of the 

units. 
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Argillaceous lumps up to 0. 1 mm in diameter are abundant 

in some limestone beds, and in many of the thin-bedded units a very 

thinly laminated argillaceous micrite separates the skeletal lime- 

stone beds (Figure 3). 

Detrital quartz, where present, is in very minor amounts, 

and detrital heavy mineral suites are conspicuously absent from both 

the limestones and the dolomites. 

The light olive gray dolomite beds of the upper part of the 

Madison Group are characterized by a less variable mineralogy and 

fossil content than the thin-bedded lower part of the Madison Group. 

Chert, fossil fragments, and argillaceous material are less abundant 

in the dolomite beds; however, oolitic limestone is present only in 

the lower part of the dolomite sequence. 

The dolomites generally have a fine-crystalline hypidiotopic 

fabric that is composed of subhedral dolomite grains. The porphy- 

rotopic dolomites have a hypidiotopic fine-crystalline matrix of dolo- 

mite surrounding larger dolomite o r sparry calcite porphyrotopes. 

Most of the dolomites are thick-bedded to massive and are generally 

less resistant than the limestone beds. Their lack of resistance to 

erosion is probably a reflection of a lower chert content compared to 

the skeletal limestones. 

The breccia of Unit 24 appears to be the breccia Roberts (51, 

p. 20) used for the base of his upper Mission Canyon Member 
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Figure 3. Outcrop of lower Madison Group thin-bedded skeletal 
limestone layers separated by very thinly laminated argillaceous 
mic rite. 



subdivision of the Madison Group. Roberts (51, P. 19) reviewed sev- 

eral workers ideas about the formation of the breccias and concluded, 

that laterally continuous breccia beds in the Mission Canyon 

Limestone at Livingston are solution breccias.. . '. Some workers 

have correlated the solution breccias with anhydrite zones (51, p. 

19) of the Upper Madison Group (Charles Formation) and suggest 

formation of the solution breccias by leaching of evaporite beds. The 

author found rio evidence of anhydrite in the Upper Madison Group of 

the thesis area. 

Unit 29 (Figure 4) is also a breccia zone but the author be- 

lieves this breccia represents a karst deposit that developed on the 

upper surface of the Madison Group during pre-Amsden erosion. 

This breccia is similar in some respects to Unit 24 described above, 

but the irregular outline of the deposit, larger clastic limestone 

boulders, and the lack of bedding in Unit 29 suggest solution cavern 

filling by roof collapse. 

Table 3 is a summary of thin section constituents and rock 

names for selected samples from the Madison Group, and Figure 5 

is a summary of the weight percent of insoluble residues in a 50- 

gram sample collected adjacent to each of the thin sectioned sam- 

ples listed in Table 3. The insoluble residues include clay minerals, 

quartz, chert, silicified fossil debris, and subordinate pyrite and 

iron oxide. Clays from the Madison Group have been identified by 
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Figure 4. Limestone breccia contact of Unit 29 and Unit 28 in the 
Madison Group section of Table 2. Note the angularity of the lime-. 
stone boulder clasts and the lack of sorting or bedding. 
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Table 3. Summary of Thin Sections and Rock Names for Selected Samples from the Madison Group. 
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Figure 5. Insoluble residues in the carbonate beds of the Madison 
Group. 
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Roberts (51, P. 8) as illite, kaolinite, and mixed-layer clays, with 

illite averaging about 90 percent of the total clay minerals. 

There is a definite trend in Figure 5 from large insoluble 

residue percentages near the base of the measured section to very 

low percentages near the top of the measured section. This trend is 

a reflection of the decreasing abundance of chert, silicified fossil 

debris, and clay minerals between the bottom and the top of the sec- 

tion. 

A comparison of Table 3 and Figure 5 reveals that the percent 

of insoluble residue decreases with the increased occurrence of dolo- 

mite beds. This trend is probably a reflection of dolomitization of 

originally microcrystalline limestones or skeletal limestones which 

were clean with respect to argillaceous material. 

Fossils and Age 

The lower lime stones of the Madison Group are very fossil- 

iferous but fossil abundance decreases markedly in the dolomite 

beds. The following list is a composite collection of micro- and 

megafossils from the Madison Group in the thesis area. 

Phylum Protozoa Phylum Coelenterata 
Endothyra sp. Syringopora sp. 

Hapsiphyllum sp. 
Phylum Mollusca Lithostrotionella sp. 

Platyceras sp. Horn corals, unidentified 



Phylum B rachiopoda 
Dictyoclostus sp. 
Linoproductus sp. 
Echinoconchus sp. 
Leptaena sp. 
Derbya sp. 
Schuchertella sp. 
Camaroloechia sp. 
Stegerhynchus sp. 
Hustedia sp. 
Spirifer sp. 
Orthotetes sp. 
Atrypa sp. 
Composita sp. 
Dielasma sp. 
Schellwienella (?) sp. 

Phylum Bryozoa 
Fenestrellina sp. 
Aulopora sp. 
Lioclema sp. 

Phylum E chinode r mata 
Platycrinites sp. 
Schizoblastus sp. 
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According to Laudon and Severson (32, p. 507), the Lodge- 

pole and Mission Canyon Formations (Madison Group) in the Bridger 

Range represent continuous deposition through all of Kinderhook and 

perhaps earliest Osage time. 

Depositional Environment 

The thin-bedded skeletal limestones in the Madison Group 

separated by argïllaceous micrite layers indicate cyclic deposition 

of carbonate material in an environment of variable energy. The 

skeletal fragments indicate higher energy conditions of deposition 

than the very fine-grained argillaceous micrite and probably reflect 

conditions of shallow water, nearshore deposition alternating with 

intervals of offshore, relatively deep water deposition. 

The dolomite beds of the Madison Group, probably 
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recrystallized from finely crystalline carbonate layers, are post- 

depositional, prelithification in origin (51, p. 8). 

Amsden Formation 

In 1904, Darton (14, P. 396) named the Amsden Formation 

for a succession of red shales and limestone s with cherty and sandy 

members that is well exposed along the Amsden Branch of the Tongue 

River west of Dayton, Wyoming. 

[n the thesis area red dolomitic sandstones and limestones of 

the Amsden Formation disconformably overlie, and stain with red 

iron oxides, the Madison Group. 

Distribution and Topographic Expression 

The Amsden Formation is a good stratigraphic marker where 

exposed in the thesis area. Its characteristic dark red weathered 

slopes can be seen overlying the Madison Group in the Gallatin River 

Valley and along Buck and Elkhorn Creeks. A red zone of weathered 

Amsden crops out on the eastern crest of Cinnamon Mountain and 

trends southeast along the south flank of Burnt Top Mountain to the 

north flank of Grouse Mountain where it is part of an overturned, 

folded sequence. 

In the SE1/4 sec. 34, T. 8 S. , R. 4 E. Amsden is exposed on 

the east side of the Gallatin River, but at the same stratigraphic 
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level on the west side of the river Amsden is missing from the sec- 

tion and the Quadrant Formation overlies Madison Group limestones. 

The Amsd9n is a slope-former throughout the mapped area. 

It is much less resistant to erosionthan the urderlying Madison 

Group or the overlying Quadrant Formation. 

Thickness and Lithology 

A detailed description of a stratigraphic section of the Amsden 

Formation is given in Table 4. 

Table 4. Measured Stratigraphic Section of the Amsden Formation. 
The following section of Amsden Formation was measured from the 
6,480-foot elevation on the east side of the Gallatin River across 
from Red Cliff Camp up to the 6, 600-foot elevation in the SW1 /4 
NE1/4 sec. 4, T. 8 S., R. 4 E. 

Thickness(Feet) 
Amsden Formation Unit Total 

Contact with overlying Quadrant Formation is 
conformable and gradational; most noticeable 
change is color, from red of Amsden to light 
gray of Quadrant. 

Unit 6. Sandstone: moderate reddish brown 
(1OR 6/4), weathers pale reddish brown (1OR 5/4); 
bedding indistinct; very fine-grained quartz in a 
calcareouscement ............................ 11.5 100.2 

Unit 5. Dolomitic intr aformational conglomerate: 
consists of subangular to rounded, yellow to white 
intraclasts of sandy dolomite, dolomitic sandstone, 
and micritic limestone in a matrix of fine-grained 
detrital dolomite sandstone that contains quartz, 
chert, and detrital dolomite rhombs; most detrital 
grains have a heavy coating of hematite; traces of 
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Table 4. (Continued) 

Thickne s s(Feet) 
Amsden Formation Unit Total 

zircon, tourmaline; sparse authigenic chalcedony 
spherulites in sandstone matrix; cement formed 
by overgrowths on detrital dolomite grains; 
sample 6 ..................................... 5. 5 

Unit 4. Dolomitic quartz arenite: pale reddish brown 
(1OR 5/4), weathers moderate reddish orange (1OR 
6/6); finegrained; subangular to rounded quartz, 
microcline, orthoclase, quartzite, detrital dolo- 
mite, and chert with very subordinate tourmaline 
and zircon; overgrowths on dolomite grains form 
cement; sample 5 ............................. 16. 5 83. 2 

Unit 3. Quartzose detrital dolomite: light olive 
gray (5Y 6/1), weathers light gray (N7); bedding 
averages 5" thick; very fine- to medium-grained, 
euhedral to broken detrital dolomite grains with 
heavy hematite coating; interstitial very fine- 
grained quartz and quartzite grains; calcite over- 
growths on the dolomite form the cement; upper 
28' is stained moderate reddish brown (1OR 4/6) by 
overlying red beds; samples 3 and 4 ............ 53.4 66. 7 

Unit 2. Dolomite: yellowish gray (5Y 8/1), weath- 
ers grayish yellow (5Y 8/4); bedding averages 3H 
thickness; very finely crystalline hypidiotopic, 
recrystallized dolomite; sample 2 .............. 1.7 13. 3 

Unit 1. Micritic limestone: light olive gray (5Y 
6/1), weathers light gray (N7); a few euhedral 
grains of dolomite occur in a micritic calcite 
matrix. Contact with Madison Group at top of 
ledge; contact slightly undulating and discon.. 
formable because of pre-Amsden erosion of the 
Madison Group surface; sample i ............... 11.6 11.6 

Total 100. 2 
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The Amsden Formation lithology changes from a gray weath- 

ering micritic limestone at its base to dolomite to red stained detrital 

dolomite to sandstone at it top. The micritic limestone of Unit i 

contains a few euhedral dolomite rhombs in a micritic matrix, and 

Unit Z is a dolomite that appears to have recrystallized from a mi- 

critic limestone similar to Unit 1. 

The quartzose detrital dolomite of Unit 3 and the dolomitic 

quartz arenite of Unit 4 have essentially the same mineralogy but in 

different proportions. Microscopically they consist of detrital dolo- 

mite rhombs that are euhedral to subrounded to broken. Many 

rhombs have a coating of hematite specks on theír outer surface, and 

a large percentage of the rhombs have a rhombic-shaped central 

area outlined in iron oxide that is surrounded by clear dolomite over- 

growth in optical continuity with the nucleus grain. Quartz, quart- 

zite, chert, orthoclase, microcline, tourmaline and zircon are also 

present in varying amounts. 

The intraformational conglomerate of Unit S has many intra- 

clasts of dolomitic sandstone, sandy dolomite, and micritic lime- 

stone all in a detrital dolomite sandstone matrix similar to Unit 4. 

The intraclasts range in size from 1/8" to l long and most are sub- 

angular to rounded. 

The sandstone of Unit 6 consists of very fine-grained quartz 

in a calcareous cement. It has a transitional boundary with the 



overlying Quadrant Formation that is placed at the top of the last red 

bed. 

Ag e 

No fossils were found in the Amsden Formation within the 

thesis area so its age must be based upon its stratigraphic position 

and general lithologic similarity to a section of Amsden described by 

Mundt (40, p. 1931) as Chester (Mississippian) to Middle Pennsyl- 

vanian in age. 

Provenance and Depositional Environment 

The large concentration of detrital dolomite and quartz in the 

Amsden Formation indicates a sedimentary rock provenance rich in 

dolomite and sandstone. Minor quartzite, chert, and orthoclase and 

traces of microcline, zircon, and tourmaline can also be explained 

as second cycle detrital grains derived from a sedimentary terrane. 

The diverse mineralogy of he Amsden points to at least two 

separate depositional environments. The first is one of normal 

marine carbonate mud deposition that took place in areas of little or 

no current. The second is one of increased current activity that 

winnowed out the carbonate mud and deposited well-sorted detrital 

dolomite and quartz that were derived from a dolomite-sandstone 

terrane. Mechanical weathering was active as evidenced by large 
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amounts of detrital. dolomite, and hematite grain coatings suggest 

that these sediments were subjected to subaerial oxidation. 

Quadrant Formation 

Peale (44, p. 39-43) in 1893 applied the name Quadrant For- 

mation to a series of red limestones and cherty limestones capped by 

a quartzite layer northeast of Three Forks, Montana. 

In 1899, Iddings and Weed (Z8, p. 33-34) named Quadrant 

Mountain in northwest Yellowstone National Park as the type locality. 

Thompson and Scott (58, p. 349-350) in 1941 redefined the 

Quadrant at the type locality on the basis of fusilinids and measured 

a total thickness of 279 feet of calcareous quartzite, limestone, and 

sandstone. 

Distribution and Topographic Expression 

The Quadrant Formation is well-exposed in the thesis area 

and forms steep cliffs at many places along Buck and Elkhorn Creek 

valleys. 

North of Almart Mountain Lodge, good exposures of thick- 

bedded Quadrant Formation high on the walls of the Gallatin River 

Valley trend northeast and also cap the eastern end of Cinnamon 

Mountain. The formation forms a sharp ridge from Cinnamon Moun- 

tain east-southeast along the south flank of Burnt Top Mountain until 
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changing to a slope-former in the N1/2 sec. 26, T. a s. , R. 4 E. 

Farther southeast it forms the north face of Grouse Mountain and is 

included in the overturned section northeast of Grouse Mountain. 

Thickness and Lithology 

The only variation in thickness of the Quadrant Formation 

noted in the area mapped was at Grouse Mountain where thinning 

through attenuation along the oversteepened flank of the anticline has 

occurred. A detailed section of Quadrant is described in Table 5. 

Table 5. Measured Stratigraphic Section of the Quadrant Formation. 
The following section of the Quadrant Formation was measured from 
the 6, 800-foot elevation in the NE1/4NW1/4NW1/4 sec. 2 T. 9 S. 
R. 4 E. northeast up a steep ridge to about the 7,100-foot elevation 
in the NE cor. NE1/4NWÌ/4 sec. 2, T. 9 S., R. 4 E. 

Thickne s s(Feet) 
Quadrant Formation Unit Total 

Covered: contact with Phosphoria is disconform- 
able, placed on the basis of soil color change and 
break in slope ................................ 5 268 

Unit 4. Quartz arenite: very light gray (N8), weath- 
ers yellowish gray (5Y 8/1); medium-grained, angu- 
lar to subrounded quartz and chert grains, sub- 
ordinate clasts of cherty limestone; sparry calcite 
cement; moderate sorting; cross-bedding near 
base decreases upward; limonite cemented lumps 
prominent throughout unit; zone of abundant limon- 
ite cemented lumps (up to 1 l/2 long) 15* from 
top; unit weathers into large rectangular blocks; 
samples2and3 .............................. 100 263 

Unit 3. Quartz arenite: very light gray (N8), 
weathers light gray (N7); laminations (less than 
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Table 5. (Continued) 

Thickness(Feet) 
Quadrant Formation Unit Total 

112H) alternate with beds ranging from 4" to 4'; 
fine-grained, subangular quartz and chert grains 
in a calcite cement ........................... 63 163 

Unit Z. Quartz arenite: very light gray (N8), weath. 
ers light gray (N7); multi-directional cross-lamina- 
tions (less than 1/2"); fine-grained, quartz and sub- 
ordinate chert; well-sorted .................... 17 lOO 

Unit 1. Quartz arenite: thin- to thick-bedded (4" to 
3?); well-sorted, fine-grained, subangular to sub- 
rounded quartz and chert; cement is sparry calcite; 
beds form small ledges near top of unit; contact with 
Amsden is covered, but appears gradational and 
conformable elsewhere; base placed at soil color 
change from red of underlying Amsden Formation 
to gray of Quadrant Formation; sample i ......... 83 83 

Total 268 

The Quadrant Formation is very uniform in composition. It 

consists of light to yellowish gray quartz arenites in which quartz 

and chert grains far outnumber rock fragments of cherty limestone. 

The sandstones are moderate to well-sorted, fine- to medium- 

grained, calcite cemented, and locally cross-laminated. 

Ag e 

No fossils were found in the Quadrant Formation. Age deter- 

mination must rest upon its stratigraphic position between the under- 

lying Amsden Formation and the overlying Phosphoria Formation and 
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its general lithologic similarity to the type section at Quadrant 

Mountain (58, p. 349-350) which is considered Desmoinesianin age. 

Provenance and Depositional Environment 

The high detrital quartz content of the Quadrant Formation 

indicates the source area was rich in quartzose rocks, and subordi- 

nate chert and limestone rock fragments indicate carbonate rocks 

were also present in the source area. Acid igneous rocks and/or 

sandstone in combination with limestone probably furnished the ter- 

rigenous material. 

The well- sorted, cross-laminated, and calcite - cemented 

nature of the Quadrant sandstones suggest deposition in a marine 

shallow nerit.c to nearshore environment in which winnowing through 

wave or current action was effective. 

Phosphoria Formation 

Richards and Mansfield (48, p. 684) named the Phosphoria 

Formation in 1912 for exposures in Phosphoria Gulch northwest of 

Meade Peak, Idaho. Approximately 415 feet of phosphatic shales, 

some limestones, and bedded cherts were described at the type lo- 

cality. 

The author has followed the procedure of Hall (26) who, in 

1961, mapped salt-and-pepper sandstones, pelletai phosphorite, and 



phosphatic sandstones interbedded with chert as the Phosphoria For- 

mation. This same sequence was mapped in 1960 as the Shedhorn 

Sandstone by Cressrnan and Swanson (13), who restricted the name 

Phosphoria to the phosphorite zone between the lower and upper sand- 

stones. The inability to locate accurately these members throughout 

the thesis area forced the author to retain the name Phosphoria for 

the entire sequence. 

Distribution and Topographic Expression 

The Phosphoria Formation, being quite resistant to erosion, 

caps large areas of the dip slopes on the north sides of Cinnamon 

and Burnt Top Mountains. Along the crest of Cinnamon Mountain 

resistant bedded cherts form the core of the Buck Creek Anticline. 

On the north side of Buck and Elkhorn Creeks the Phosphoria 

is moderately well-exposed and the cherty sandstone layers generally 

form small steep-faced ledges. 

Near Cinnamon Station south- southeast-dipping Phosphoria 

disappears under alluvium but reappears east across the Gallatin 

River as a steep ridge along the south flank of Burnt Top Mountain 

where, in sec. 26, T. 8 S. , R. 4 E. , it caps the south dip slope and 

is dissected by Buffalo Horn Creek. After passing through the axis 

of the Buck Creek Syncline the formation crops out at the 320 Ranch 

and up Wilson Creek draw. Still farther south the Phosphoria is very 
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well-exposed in a bold cliff face at the south border of the area. 

In sec. 36, T. 8 S., R. 4 E. the flanks and top of Grouse 

Mountain are capped by Phosphoria Formation while less weil-ex- 

posed Phosphoria extends northeast of Grouse Mountain as a mcm- 

ber of the overturned sequence. 

Thickness and Lithology 

A nearly uniform thickness was observed for the Phosphoria, 

where exposed in the area mapped with an exception of the over- 

turned sequence where thinning has occurred through folding. A de- 

tailed stratigraphic section is described in Table 6. 

Table 6. Measured Sratigraphic Section of the Phosphoria Forma- 
tion. 

The following section of the Phosphoria Formation was measured 
fron the 7, 100-foot elevation at the NE cor. NE1/4NW1/4 sec. 2, 
T. 9 S. , R. 4 E. up a steep ridge to the 7, 400-foot elevation in the 
SW1/4SE1/4SW1/4 sec. 35, T. 8 S. , R. 4 E. 

Thickness(Feet) 
Phosphoria Formation Unit Total 

Contact with overlying Dinwoody Formation is 
disconformable; sharp change in lithology from 
salt-and-pepper sandstone of Phosphoria to 
dolomite of the Dinwoody. 

Unit 10. Sandstone: contains chert stringers 
from 1 to 5" thick, P to 2' long; fine- to 
medium-grained, subrounded to subangular 
quartz and chert grains cemented by calcite; 
dark chert grains give salt-and-pepper appear-. 
ance to rock ............................. 11 155 

Unit 9. Bedded chert: chert beds 1" to thick; 
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Table 6. (Continued) 

Thicknes s(Feet) 
Phosphoria Formation Unit Total 

contain abundant sponge spicules that are arranged 
subparallel to bedding, also some collophane; al- 
ternate with 1" to 2" beds of sandstone, fine- to 
medium-grained quartz and chert in a calcite 
cement ...................................... 25 144 

Unit 8. Sandstone: yellowish gray (5Y 7/2), weath- 
ers dark yellowish orange (1OYR 6/6); bedded 1" to 
2" thick; chert stringers from P' to 5" thick, lt 

to 2' long, nodular chert abundant near top of unit; 
sandstone composed of subangular to subrounded 
quartz and chert grains, subordinate glauconite 
and collophane; quartz cement .................. 10 119 

Unit 7. Sandstone: yellowish gray (5Y 7/2), weath- 
ers darkyellowish orange (1OYR 6/6); contains 
nodular chert zores and vertical sandstone struc- 
tures that are cylindrical, possibly filled animal 
burrows; fine-grained, subangular to subrounded 
quartz and chert grains cemented by calcite; 
sandstone inside vertical burrows is identical to 
surrounding sandstone; vugs in top 5', from 1/8" 
to 3" in diameter, lined with chalcedony ......... 32 109 

Unit 6. Quartz arenite: yellowish gray (5Y 7/2), 
weathers dark yellowish orange (1OYR 6/6); con- 
tains abundant vertical animal burrow-structures 
that penetrate lower siltstone beds, some from 
3" to 4" in diameter, 1' to 6' long; vertical 
chert stringers, 3" wide and 3' long; subangular 
to subrounded quartz and chert grains; well- 
sorted; unit forms steep cliff; sample 4 ......... 25 77 

Unit 5. Siltstone: brownish gray (5YR 4/1), weath- 
ers grayish orange (1OYR 7/4); thinly laminated 
(less than 1/4'') ............................... 3 47 

Unit 3. Chert-pebble conglomerate: well-rounded 
chert pebbles up to 1" in diameter; matrix of slightly 
calcareous, salt-and-pepper, fine-grained quartz 
arenite with subangular to subrounded quartz grains 
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Table 6. (Continued) 

Thickne s s( Feet) 
Phosphoria Formation Unit Total 

and round collophane ovules, cemented by chert 
containing sponge spicules and bone structures; 
sample Z .................................... 1 44 

Unit Z. Sandstone: vertical, sandstonefilled animal 
burrows 1 1/2" in diameter and 6" long; nodular 
chert abundant; subangular to subrounded quartz 
and chert grains; well-sorted .................. 4 43 

Unit 1. Phosphatic quartz arenite: grayish orange 
(1OYR 7/4), weathers grayish orange pink (5YR 7/2); 
fine- to medium-grained, angular quartz, chert, 
and round collophane grains cemented by chert; color 
change upward to yellowish gray (5Y 7/2), weathers 
light olive gray (5Y 6/1); contains 3" vugs elongate 
to bedding near top; contact covered, base placed 
at change from gent'e slope to small ledge at bottom 
of this unit; contact appears disconformable else- 
where; sample i ............................... 39 39 

Total 155 

The Phosphoria Formation varies in lithology from quartz 

arenite to phosphorite to bedded chert. The quartz arenites contain 

angular to subrounded, fine- to medium-grained quartz and chert with 

minor amounts of collophane and glauconite. Calcite is the most 

common cement. A peculiar type of vertical sandstone structure is 

present in Units 2, 6, and 7 (Figures 6 and 7). The structures ap- 

pear to be vertical animal burrows filled with the same sandstone 

that surrounds them. They usually occur in combination with vertical 

chert stringers in thick-bedded sandstone. Local conglomeratic 
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Figure 6. Abundant vertical sandstone structures that appear to be 
filled animal burrows in Unit 6 of the Phosphoria Formation. Note 
their corrugated nature and crookedness although they are perpendic-. 
ular to the bedding. Hammer at left is for scale. 



Figure 7. Vertical chert stringer perpendicular to bedding in Unit 
6 of the measured Phosphoria Formation. Pocket knife in upper 
left is for scale. 



layers occur in the sandstones, and near Cinnamon Station in the 

NW1/4NW1/4NW1/4 sec. 27, T. 8 S. , R. 4 E. a layer of sand-filled, 

silicified Bellerophon shells occurs in a two-foot thick conglomeratic 

zone along with well-rounded quartzite cobbles up to 3H in length. 

The layer is not continuous throughout the area but locally the Bel- 

lerophon shells are so numerous that they form the framework of the 

conglomerate. 

The phosphorite of Unit 4 contains about 95 percent collophane 

oolite and ovules and five percent collophane cement. Detrital 

quartz grains form the nucleus of some of the oolites that exhibit a 

concentric growth structure. The ovules are rounded collophane 

gr3&ns that show no concentric structure. 

The dark gray to black bedded chert of Unit 9 is composed al.- 

most entirely of sponge spicules. It is generally interbedded with 

sandstone and is probably the Tosi Chert Tongue of the Phosphoria 

35 mapped by Cressman and Swanson (13, p. 227). 

Fossils and Age 

Well preserved Bellerophon shells were found in the lower 

part of the Phosphoria, and a few poorly preserved spirifer-type 

brachiopods were found in the upper sandstone. 

McKelvey etal. (36, p. 27) state that M. U. de Laubenfels 

has examined many Phosphoria chert thin sections and ". . . nearly all 
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the spicules in the Phosphoria were derived from sponges of the 

class Demospongia and from species that probably lived in waters 

less than a few tens of meters in depth. 

The Phosphoria is accepted as Middle Permianin age (41). 

Provenance and Depositional Environment 

The Phosphoria Formation is characterized by abundant de- 

trital quartz and chert that were probably derived from pre.existing 

sandstone and limestone. 

The nondetrital bedded chert and phosphorite occurrences in 

the Phosphoria are best explained as products of the same environ- 

ment of deposition. McKelvey et al. (36, p. 27) state that: 

The largest amounts of silica in the sea now 
are in the cold waters which are also rich in p1os- 
phate and nitrogen. Moreover, some of the areas 
of large and frequent diatom blooms are the areas 
of phosphate-rich upwelling water... 

This statement suggests that the silica for the bedded chert was 

precipitated by organisms and subsequently rearranged by diagenesis 

after burial. 

The phosphorite oolites indicate that some current was pres- 

ent where they formed, probably on a 'tgently shoaling bottom that 

received cold, phosphate-rich waters from the open oceans! (36, 

p. ¿5). 
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Dinwoody Formation 

The Dinwoody Formation was named by Blackwelder (4, p. 

425_426) for rocks cropping out in Dinwoody Canyon on the northeast 

flank of the Wind River Range, Wyoming. At the type locality the 

formation consists of about 250 feet of greenish gray shales with in- 

terbedded thin, platy, calcareous sandstones. 

In the thesis area the Dinwoody Formation consists of dolo- 

mite, limestone, and ripplemarked calcareous sandstones. 

Distribution and Topographic Expression 

The nonresistant Dinwoody Formation is exposed along the 

north sides of Elkhorn Creek valley and Buck Creek valley where it 

generally forms grass-covered slopes. Along the flank of Cinnamon 

Mountain the formation is nearly always covered by talus from the 

topographically higher Phosphoria Formation except north of Cinna- 

mon Station where ripple-marked sandstones of the Dinwoody cap the 

dip slope. South of this point the formation is partially covered by 

alluvium at the base of the slope parallel to U. S. 191. Small patches 

of incomplete sections of Dinwoody Formation cap Burnt Top Moun- 

tain and the dip slope south of Wilson Creek in the Sl/2 sec. 35, 

T. 8 S. , R. 4 E. Poor exposures and vegetative cover prevent sep- 

aration of the Dinwoody and the overlying Woodside Formation along 
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the south side of Buffalo Horn Creek and along the east flank of 

Grouse Mountain where they are mapped as Trias sic undifferentiated 

('R u). 

Thickness and Lithology 

Where the Dinwoody Formation is totally represented.in the 

area mapped, a nearly uniform thickness was observed. A measured 

stratigraphic section of the formation is described in Table 7. 

Table 7. Measured Stratigraphic Section of the Dinwoody Formation. 
The following section of the Dinwoody Formation was measured from 
the 7,120-foot elevation up to the 7,240-foot elevation in the SW1/4 
NEÌ/4NE1/4 sec. 5, T. 8 S., R. 4 E. 

Thickness(Feet) 
Di.nwoody Formation Unit Total 

Contact covered: the Rierdon Formation discon- 
formably overlies the Dinwoody; pre-Rierdon 
erosion or local nondeposition has omitted the 
Woodside Formation at this location. 

Unit 4. Sandstone: yellowish gray (5Y 7/2), 
weathers pale yellowish brown (1OYR 6/2); ripple- 
marked; fine- to very fine-grained, angular to 
subrounded quartz, quartzite, chert, broken 
fragments of phosphatic Lingula sp. , and a trace 
of glauconite in a calcite cement .............. 15 105 

Unit 3. Quartz arenite: pinkish gray (5YR 8/1), 
weathers very pale orange (1OYR 8/6); fine- 
grained subangular quartz, chert, and phosphat- 
ic brachi.opod shell fragments; well-sorted; ce- 
ment is micrite, partly recrystallized to micro- 
spar; slope partly covered; sample 3 ............ 20 90 

Unit 2. Detrital limestone: yel1owish gray (5Y 8/1), 
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Table 7. (Continued) 

Thickne s s( Feet) 
Dinwoody Formation Unit Total 

weathers very pale orange (1OYR 8/2); thin- 
bedded, from 2" to 6"; fine-grained, subangu- 
lar to subrounded quartz, chert, and phos- 
phatic shell fragments in a microspar ce- 
ment; sample 2 ............................... 30 70 

Unit 1. Dolomite: very pale orange (1OYR 8/2), 
weathers pinkish gray (5YR 8/1); bedded from 
3" to 8" thick with stylolites along some bedding 
planes; subhedral micro-rhombs form a grano- 
blastic texture that includes a small amount of 
detrital quartz, chert, and phosphatic Lingula sp. 
fragments; dis conformable contact with under - 
lying Phosphoria Formation partly covered but 
assumed to be at top of salt-and-pepper sand- 
stone layer; sample 1 .......................... 40 40 

Total 105 

The shaly lower part, characteristic of the Dinwoody Forma- 

tion at its type locality, is not present in the thesis area. Instead, 

the base is marked by a dolomite that contains numerous Lingula 

shell fragments that are chitino-phosphatic in composition. The dolo- 

mite appears to have recrystallized from a micritic limestone and 

contains minor amounts of detrital quartz and chert. 

The detrital limestone of Unit 2 consists of about 25 percent 

detrital quartz arid chert, limestone fragments, and skeletal frag- 

ments of Lingula, all in a microsparite cement. 

In the top 35 feet of the formation fine- to very fine-grained 
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quartz arenites contain 75 percent quartz, minor chert, quartzite, 

and Lingula fragments, and a trace of glauconite. Calcite cements 

these sandstones which are wellsorted and often ripple-marked. 

Fossils and Age 

The only fossils found in the Dinwoody Formation in the thesis 

area were poorly preserved Lingula sp. Kummel (30, p. 183) dis 

cusses correlation of the Dinwoody in Wyoming, Idaho, and south- 

western Montana on the basis of ammonites and assigns it an Early 

Triassic age. 

Provenance and Depositional Environment 

Detrital quartz, chert, quartzite, and limestone fragments 

above the basal dolomite indicate the provenance was one of earlier 

sandstones, limestones, and metamorphic rocks. 

The mineral maturity, good sorting, and Lingula fauna sug- 

gest a depositional environment of transgressing, shallow marine 

waters with active bottom currents that effectively winnowed the 

sediments derived from pre-existing sedimentary rocks (31, p. 457- 

458). 

Woodside Formation 

In 1907 Boutwell (6, p. 446) named a 700-foot-thick section of 



dark red shale the Woodside Shale for exposures along Woodside 

Gulch in the Park City Mining District, northeastern Utah. At the 

type locality a homogeneous lithologic character is maintained 

throughout its thickness. 

The Woodside Formation in the thesis area is remarkably 

uniform throughout with only thin beds and lenses of fine..grained 

sandstone interrupting the reddish brown siltstone sequence. 

Distribution and Topographic Expression 

The Woodside Formation generally is poorly exposed. North 

of Cinnamon Station (NEl /4 sec. 28, T. 8 S., R. 4 E.) the Woodside 

siltstone.s crop out in a small gully between the Swift Formation above 

and the Dinwoody Formation below. North of this point the Woodside 

thìns markedly, disappears along the south flank of Cinnamon Moun. 

tain, and does not crop out farther north in the area mapped. The 

Woodside Formation has an intertonguing facies relationship with the 

Dinwoody Formation. Kummel (31, p. 441) states: 

The zone of intertonguing for the Dinwoody 
Formation follows a line from southwestern Montana 
along the Idaho-Wyoming boundary and turns sharply 
westward in northern Utah. East of this line red 
beds are predominant; west of this line red beds are 
absent or of minor thickness. 

Intertonguing plus post.Early Triassic and pre-Rierdon erosion may 
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be the reason for the lack of Woodside Formation north of Cinnamon 

Mountain. South of Cinnamon Station the formation crops out along 

the base of a slope parallel to ti. S. 191. North of the 320 Ranch an 

incomplete section of Woodside Formation is overlain with angular 

unconformity by Tertiary welded tuff s and is discontinuous both to 

north and to south. 

Along the east flank of Grouse Mountain, and along Buffalo 

Horn Creek in sec. 26, T. 8 S. , R. 4 E. , the Woodside was corn- 

bined with the Dinwoody Formation (u, Figure 8; Plate 4) because 

poor exposures did not permit their differentiation. 

Thickness and Lithology 

The Woodside Formation ranges from zero in the northern 

part of the thesis area to at least 133 feet thick near Black Butte 

Ranch, about five miles south of the mapped area. A detailed de- 

scription of the Woodside Formation at that locality is given in 

Table 8. 

Table 8. Measured Stratigraphic Section of the Woodside Formation. 
The following section of the Woodside Formation was measured up 
the west side of a small ridge from the 7, 120-foot elevation to the 
7, 280-foot elevation in the 5W1/45Wl/4NE1/4 sec. 28, T. 9 S. 
R. 5 E. 

Thickne s s(Feet) 
Woodside Formation Unit Total 

Contact: sharp, disconformable between Woodside 
and overlying Rierdon Formation; top of Woodside 
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Table 8. (Continued) 

Thickness( Feet) 
Woodside Formation Unit Total 

placed at change in sandstone color, from red- 
orange of Woodside to gray of Rierdon. 

Unit 3. Sandstone: very pale orange (1OYR 8/2), 
weathers pale yellowish brown (1OYR 6/2); lam- 
inated to thin-bedded (less than l/2Tt and up to 
4"); very fine-grained, angular quartz and chert 
grains with a calcite cement ................... 8. 2 133.4 

Unit 2. Siltstone: dark reddish brown (lOR 3/4) 
fresh; angular quartz and chert grains in a calcite 
cement; alternates rhythmically every 4f to 5' 
with 4" to 6" layers of very fine-grained quartz 
arenite; pale olive green ( lOY 6/2) , weathers pale 
brown (5YR 5/2); thinly laminated (less than 1/4"); 
angular quartz, chert, and limestone grains with 
traces of tourmaline, monazite, and muscovite in 
a calcite cement; hematite layering around detrital 
grains; samples 1, 2 and 3 .................... 90 125. 2 

Unit 1. Covered section: holes dug through cover 
indicate rock is red siltstone with thin lenses of 
very fine-grained sandstone; base assumed near 
break in slope at tree line ..................... 35. 2 35. 2 

Total 133.4 

The reddish-brown siltstones of the Woodside Formation al- 

ternate rhythmically with green quartz arenites over a 90-foot inter- 

val. Hematite-coated quartz and chert grains make up the siltstone 

while considerably more variety in terrigenous material appears in 

the quartz arenite. Quartz and chert are the major constituents but 

traces of monazite, tourmaline, muscovite, plagioclase, and 



microcline are present. The hematite grain coatings are less pro- 

nounced in the quartz arenites, and sparry calcite cements both rock 

types. 

The upper sandstone of the Woodside is a thin-bedded, very 

fine-grained quartz and chert sandstone that lacks the deep red color 

of the lower siltstones. 

Hall (26) reports a few thin layers of gypsum in the Woodside 

Formation (mapped by Hall as Chugwater). The only gypsum found 

by the author were small chips of float on outcrops of red Triassic 

Undifferentiated along the overturned sequence east of Grouse Moun- 

tain. 

Ag e 

The Woodside Formation is unfossiliferous in the thesis area, 

as it is at the type locality (42,. p. 945), so its age must be consider- 

ed Early Triassic on the basis of stratigraphic position and its inter- 

tonguing relationship with the Dinwoody Formation. 

Provenance and Depositional Environment 

The quartz, chert, and limestone grains plus a minor heavy 

mineral suite of tourmaline and monazite in the sandstones of the 

Woodside Formation indicate that the provenance was pre-existing 

sedimentary rock - probably limestones and sandstones. The 



angularity of the grains is probably a reflection of the small size, 

plus the absence of coarse material, rather than a function of the 

transportation history (46, p. 535). 

The red bed origin of the Woodside is controversial but the 

author feels that the association of red beds and gypsum points to a 

subaerial to continental origin in part, while Reeside (47, p. 48) 

agrees with Branson that: 

. . the gradual transition laterally from fossiliferous 
marine red and nonred sediments into unfossiliferous 
red beds, the widespread regularity and parallelism 
of bedding in great thicknesses of rock, the lack of 
course materials, etc, , do not harmonize well with 
a postulate of fluviatile origin of the deposits. 

Ree side (47) believes that a large part of the Woodside was deposited 

in a marine environment. 

Ellis Group 

In 1893 Peale (44) applied the name Ellis Formation to rocks 

in the Three Forks, Montana area that lie below the Cretaceous 

Dakota Sandstone and above the Quadrant Formation. Peale did not 

establish a type locality and in 1945 Cobban etal. (9, p. 452) des- 

ignated the Ellis type section as that exposed along Rocky Creek Can- 

yon, Gallatin County, Montana. Shortly thereafter Cobban (8) pro- 

posed that group status be given the Ellis with subsequent division 



into three formations: the lowest to be called Sawtooth, above that 

the Rierdon, and the highest the Swift. In the thesis area no rocks 

corresponding to Sawtooth Formation are recognized, and the Rier- 

don and Swift Formations are mapped as discrete units. 

Rierdon Formation 

Distribution and Topographic Expression 

The Rierdon Formation crops out along the north valley walls 

of Buck Creek and Elkhorn Creek in the northern half of the area and 

along the south flank of Cinnamon Mountain in the southern half of the 

area. Limited exposures of the Rierdon Formation are also found 

along the east flank of Grouse Mountain in the overturned sequence 

(Figure 8). The Rierdon Formation contains nonresistant beds that 

are easily eroded, and covered slopes make well-exposed sections 

difficult to find. Oolitic limestones near the top of the formation 

help define its upper contact, and the change in color to gray from 

the red of the underlying Woodside Formation, where the latter is 

present, helps to locate its lower contact. 

Thickness and Lithology 

A fairly constant thickness was observed throughout the map- 

ped area with the exception of exposures along the overturned 
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Figure 8. View of overturned beds along U. S. 191 on the east limb 
of Snowflake Anticline in the NE1/4SE1/4 sec. 12, T. 9 S. , R. 4 E. 
The Quadrant Formation ( FPq) forms a bold outcrop at the left, and 
red Triassic rocks ('Tau) form a swale between the Quadrant and 
Rierdon Formations (Jr). Note that the Phosphoria and Dinwoody 
Formations are missing due to faulting along the Snowflake Reverse 
Fault. Orange colored Swift Formation (Js) crops out in the center 
with varicolored exposure of the Morrison Formation (Jm) to the 
right. The basal conglomeratic sandstone of the Kootenai Formation 
(Kk) is poorly exposed at the far right. The photo illustrates the 
typical colors of these formations on outcrop. 



sequence east of Grouse Mountain where thinning caused by folding 

has occurred. A detailed stratigraphic section of the Rierdon For- 

mation is described in Table 9. 

Table 9. Measured Stratigraphic Section of the Rierdon Formation. 
The following section of the Rierdon Formation was measured on the 
north side of Taylor Fork from the 6, 800-foot elevation to the 6,960- 
foot elevation in the El/2NW1/4SW1/4 sec. 9, T. 9 S., R. 4 E. 

Thickness(Feet) 
Rierdon Formation Unit Total 

Contact with overlying Swift Formation is sharp 
and conformable, placed at top of the oolitic lime- 
stone which does not contain glauconite. 

Unit 6. Oolitic limestone: pinkish gray (5YR 8/1), 
weathers dark yellowish orange (1OYR 6/6); oolites 
have both radial and concentric structure, some 
with nucleus of detrital quartz or skeletal frag- 
ment; microspar cement; contains gastropods 
and pelecypods; some hematite-cemented areas 
1/4" to 1/2" in diameter; sample 4 ............. 4 119.9 

Unit 5. Limestone: light olive gray (5Y 5/2), weath- 
ers pale greenish yellow (1OY 8/2); abundant Ostrea 
and other pelecypods .......................... 31.6 115.9 

Unit 4. Covered section with only sparse outcrops: 
holes dug in slope indicate rock is limestone, light 
olive gray (5Y 5/2), weathers yellowish gray 
(5Y 7/2); thinly bedded, from 1" to 4" ........... 20 84.3 

Unit 3. Micritic limestone: dark yellowish brown 
(1OYR 4/2), weathers very pale orange (1OYR 8/2); 
has a corchoidal fracture; thin-bedded, from 1" 
to 4"; contains gastropods and pelecypods; sam- 
ple3 ........................................ 32.8 64.3 

Unit 2. Micritic - skeletal limestone: pale yellow- 
ish brown (1OYR 6/2), weathers grayish orange 
(1OYR 7/4); argillaceous; brittle with conchoidal 
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Table 9. (Continued) 

Thickne s s( Feet) 
Rierdon Formation Unit Total 

fracture; abundant Ostrea sp. and gastropod 
shells preferentially replaced by hante; sam- 
pleZ ........................................ 26.5 31.5 

Unit 1. Feldspathic arenite: light gray (N8), weath- 
ers pale orange (1OYR 8/2); laminated (less than 
1/2"); very fine-grained, subrounded quartz, 
chert, and plagioclase (oligoclase) grains with 
traces of muscovite, microcline, and tourmaline 
in a sparry calcite cement; base of Rierdon 
placed at sharp, disconformable contact with 
underlying red, fine-grained sandstone of the 
Woodside Formation; sample 1 ................. 5 5 

Total 119.9 

The Rierdon Formation in the thesis area consists of lime- 

stone with a sandstone layer at its base. An oolitic limestone at the 

top is a distinctive marker bed in an otherwise poorly exposed se- 

quence. 

The light gray basal sandstone of the Rierdon overlie s red 

sandstones of the Woodside Formation with apparent disconformity in 

the southern half of the area and overlies the Dinwoody Formation 

disconformably in the northern half of thê mapped area because of 

pre-Rierdon erosion or local nondeposition of the Woodside Forma- 

tion. 

The sandstone is composed of about 65 percent subangular to 

subrounded, very fine-grained detrital quartz and chert plus ten 
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percent plagioclase (oligoclase). Muscovite, microcline, and tour- 

maline are present in trace amounts. Medium-crystalline sparry 

calcite is the cementing agent. 

The lime stones range from gray to yellow brown and some 

contain abundant skeletal fragments of Ostrea sp. , pelecypods, and 

gastropods that are preferentially replaced by barite. Oolites are 

very abundant in Unit 6; those in the lower part have no detrital 

grain nucleus, while those in the upper part exhibit concentric growth 

around a nucleus of detrital quartz. The cementing agent for the 

oolitic limestone is generally micraspar. The limestone of Unit 

3 is composed of micrite. 

Fossils and Age 

Wherever the Rierdon Formation is exposed in the area fos- 

sils are abundant. A composite collection from several localities 

was identified by Robert Rose(5Z) and includes Ostrea sp. , Phola- 

domya sp. , Pholadomya Kingii, and Trigonia sp. Emlay (29, p. 496) 

has dated a faunal assemblage for the Rierdon Formation in south- 

western Montana as being early Late Jurassic in age. 

Provenance and Depositional Environment 

The basal sandstone of the Rierdon Formation is made up of 

detrital grains supplied by the erosion of pre-existing sedimentary 
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rock. Imlay (29, p. 492) suggests that . most of the sandstones of 

Middle Jurassic and Callovian (early Late Jurassic) age were derived 

from the east or southeast and were probably reworked from older 

sandstones. An acid igneous rock source is also indicated by the 

minor amount of plagioclase, muscovite, and microcline in these 

sandstones. 

The oolites of the Rierdon Formation according to Imlay (29, 

p. 493) t.. . especially characterize the beginning and ending of ma 

nne transgressionsu, The micritic limestones, in contrast, proba- 

bly represent carbonate accumulation in deeper waters that were not 

subjected to the constant agitation of the littoral zone in which oolites 

most commonly form (54, p. 475). 

Swift Formation 

Distribution and Topographic Expression 

Exposures of the Swift Formation are considerably betten 

than those of the underlying Rierdon Formation. The calcareous 

pebbly sandstones of the Swift Formation are more resistant than the 

rocks of the Riendon Formation and they generally form a thin ledge 

along the south flank of Cinnamon Mountain where the formation dips 

moderately to steeply southwest. In the SE1/4 sec. 11, T. 8 S. 

R. 3 E. the Swift Formation supports a bold cliff face along the 



headwall of a landslide area. Farther northeast along Buck Creek 

exposures of Swift pebbly sandstones form thin rounded ledges, but 

along the north side of Elkhorn Creek valley the Swift exposures are 

very subdued and, in general, poor. However, on the east flank of 

Grouse Mountain Swift sandstones form a small ridge that separates 

the underlying Rierdon and the overlying Morrison Formations (Fig. 

ure 8). 

Thickness and Lithology 

A uniform thickness was observed throughout the mapped area 

for the Swift Formation, and only minor thinning occurred at the over- 

turned sequence on the east flank of Grouse Mountain. A measured 

stratigraphic section of the Swift Formation is described in Table 10. 

Table 10. Measured Stratigraphic Section of the Swift Formation. 
The following section of the Swift Formation was measured on the 
north side of Taylor Fork from the 6, 960-foot elevation to the 7, 040-rn 
foot elevation in the E1/2NW1/4SW1/4 sec. 9, T. 9 5. , R. 4 E. 

Thicknes s(Feet) 
Swift Formation Units 

Contact: Morrison Formation nonglauconitic 
limestone disconformably overlies the Swift 
Formation glauconitic detrital limestone with 
a sharp contact. 

Unit 1. Detrital limestone: dusky yellow (5Y 6/4), 
weathers yellowish gray (5Y 7/2); six crossbedded 
detrital limestone beds from lt to 8' thick alternate 
with six oolitic-skeletal. limestone beds from 1' to 
9t thick; detrital limestone contains fine to coarse 
grained, recycled oolites, rounded detrital quartz, 
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Table 10. (Continued) 

Thickne s s( Feet) 
Swift Formation Unit 

angular chert, devitrified volcanic glass fragments, 
limestone, sandstone, and traces of plagioclase 
(oligoclase) , tourmaline, monazite, and glauconite; 
recrystallized sparry calcite cement; Oolitic- 
skeletal limestone: olive gray (5Y 4/1), weathers 
pale yellowish brown (1OYR 6/2); medium-grained 
oolites, some heavily stained with limonite; 
skeletal grains include bryozoan, echinoid, and 
pelecypod fragments ; subordinate detrital grains 
of rounded quartz, angular chert, broken recycled 
oolites, and glauconite; locally abundant glauconite 
imparts a green color to the limestone; cement is 
recrystallized sparry calcite; contact with the under- 
lying Rierdon Formation is sharp and conformable, 
glauconitic, oolitic-skeletal limestone of the Swift 
overlies nonglauconitic, oolitic limestone of the 
Rierdon; samples 1, Z, and 3 ................... 60. 6 

Total 60. 6 

The Swift Formation is easily recognized by its oolitic and 

glauconitic composition. Gray to yellow oolitic-skeletal limestones 

are interbedded throughout with cross-bedded detrital limestone s. 

This sequence overlie s the Rierdon Formation with apparent con- 

formity. 

The oolitic-skeletal limestones have a framework of round, 

medium-grained oolites and fine to coarse-crystalline skeletal frag- 

ments of bryozoans, crinoids, pelecypods, and echinoids that con- 

stitute 60 to 80 percent of the rock. Subordinate angular detrital 

quartz, chert, plagioclase, and rounded limestone and sandstone 



grains make up 10 to 15 percent of the rock. Recrystallized, pore- 

filling sparry calcite is the cementing agent. Glauconite is a minor 

constituent (one to five percent) in the limestones and occurs as 

green rounded grains. Local concentrations of glauconite give some 

limestone beds a greenish color. Near the top of the formation zones 

of pelecypod shells occur within the limestones while gastropods, 

echinoid spines, and crinoid columnals are abundant locally through- 

out the formation. 

Microscopically the oolites commonly have detrital quartz 

grains or shell fragments as nuclei. The oolites show either a radial 

or a concentric structure. Some of the oolites are oblate; however, 

most are spherical. Limonite staining has imparted a rusty brown 

color to the majority of the oolites. Sparse angular to subangu.lar 

fragments of limestone composed of two or three oolites indicates 

that some of the framework grains have been recycled from older 

oolitic limestone units. 

The detrital limestones are composed of subangular to sub- 

rounded, fine- to coarse-grained detrital quartz, chert, devitrified 

volcanic glass, plagioclase (oiigoclase) , calcareous oolites, lime- 

stone, and recycled oolites, all cemented in partly recrystallized 

sparry calcite. There are local thin chert-pebble conglomerate 

layers. Multi-directional cross-bedding is almost universal in the 

detrital limestones. 



Fossils and Age 

Fossils collected from the Swift Formation at various local- 

ities throughout the area include Pentacrinus sp. columnals, belem- 

nite guards, rounded pieces of a coral believed to be Astrocenia, and 

Ostrea shells. Many unidentified pelecypods, gastropods, and echi- 

noid spines were also observed. 

The Swift Formation has been assigned a Late Jurassic age 

by Cobban (8, p. 1264) in the Sweetgrass Arch, Montana. A fossil 

assemblage similar to that described by Cobban (8, p. 1286) indicates 

that the Swift of the thesis area is also of Late Jurassic age. 

Provenance and Depo sitional Environment 

The detrita]. framework of the limestones and sandstones indi- 

cates that the provenance was rich in sedimentary rocks. Quartz and 

sandstone grains were derived from pre-existing sandstones, while 

chert, limestone, recycled oolites, and glauconite grains were de- 

rived from pre-existing limestones. A volcanic igneous terrane 

most likely contributed the plagioclase and volcanic glass grains. 

Oolites in the limestones indicate the depositional area was 

one of shallow, constantly agitated, saline water (21, p. 482) proba- 

bly in the littoral zone. The presence of gastropods, pelecypods and 

Ostrea shells plus cross-bedded, pebbly sands also indicates 
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deposition in a normal marine littoral zone (29, p. 82). 

Morrison Formation 

The name Morrison Formation was applied by Emmons et al. 

(19, p. 60-62) in 1896 to beds near Morrison, Colorado which crop 

out between the Cretaceous Dakota Sandstone above and a brown and 

pink sandstone of Trias sic age below. Waldschmidt and LeRoy (62, 

p. 1097-1114) later described the type section in detaiL 

In the thesis area the Morrison Formation consists of gray, 

green, orange, and brown mudstones alternating with limestones and 

cross-bedded sandstones. The formation was not subdivided into 

membersin the thesis area. 

Distribution and Topographic Expression 

Poor exposures of Morrison Formation occur along the north 

valley walls of Buck and Elkhorn Creeks. Along the south flank of 

Cinnamon Mountain the Morrison forms gentle grass-covered slopes. 

On the east flank of Grouse Mountain overturned Morrison Formation 

has been eroded into a slope-forming unit lying between more re sis- 

tant Swift Formation sandstones and Kootenai Formation conglomerat- 

ic sandstones (Figure 8). The best exposure of Morrison Formation 

within the area mapped occurs in the SW1/4NE1/4 sec. 11, T. 8 S. 

R. 3 E. along the scarp of a landslide. Unfortunately the cliff face is 
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too steep to permit description at this locality. 

Thickness and Lithology 

The only thickness variation observed in the Morrison Forma- 

tion was along the overturned sequence east of Grouse Mountain, in 

the E1/2 sec. 25, T. 8 S. , R. 4 E. A detailed stratigraphic section 

of the formation is given in Table 11. 

Table 11. Measured Stratigraphic Section of the Morrison Forma- 
tion. 

The following section of the Morrison Formation was measured from 
the 7, 040-foot elevation to the 7, 300-foot elevation on the north side 
of Taylor Fork in the El/2NW1/4SW1/4 sec. 9, T. 9 s., R. 4 E. 

Thicknes s(Feet) 
Morrison Formation Unit Total 

Contact: Kootenai Formation di s conformably 
overlies the Morrison Formation at a sharp 
contact; Kootenai conglomer atic sandstone 
rests on Morrison quartz arenite. 

Unit 9. Quartz arenite: light olive gray (5Y 6/1), 
weathers light brownish gray (5YR 6/1); thin- 
bedded (1" to 4'), flaggy; cross.=bedded in part; 
fine- to medium-grained, subangular to sub- 
rounded, quartz, chert, quartzite, plagioclase, 
microcline, with trace amounts of zircon and 
tourmaline; siderite and ankerite form sub- 
ordinate cement; the cement is quartz over- 
growths on the quartz grains plus micro- 
crystalline quartz pore fillings; contains scat- 
tered black carbonaceous flakes of plant debris; 
sample8 .................................... 28.5 319.6 

Unit 8. Quartz arenite: moderate orange pink 
(5YR 8/4), weathers moderate brown (5YR 3/4); 
cross-bedded in part; subrounded, medium- 
grained quartz, chert, quartzite, sandstone, 
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Table li. (Continued) 

Thickne s s(Feet) 
Morrison Formation Unit Total 

and siltstone fragments, cemented by quartz 
overgrowths; well-sorted. Grades downward 
(reverse grading) into fine-grained quartz arenite: 
yellowish gray (5Y 7/2), weathers moderate brown 
(5YR 3/4); bedded in 4" layers with cut-and-fill 
structures; angular to subangular quartz, chert, 
quartzite and rock fragments (possibly argillite); 
samples 6 and 7 .............................. 
Unit 7. Covered: small holes dug in soil cover 
indicate the rock is a quartzose sandstone ....... 

73.5 291. 1 

59 217.6 

Unit 6. Mudstone: grayish brown (5YR 3/2), weath- 
ers moderate brown (5YR 3/4); calcareous; poorly 
exposed mudstone units from 20' to 40' thick al- 
ternate with quartz arenites from 8' to 12' thick. 
Quartz arenites: grayish orange (1OYR 7/4), 
weathers light brown (5YR 6/4); massive; very 
fine-grained, angular to subangular quartz, chert, 
siltstone, plagioclase, orthoclase, and microcline 
fragments with a microcrystalline ankerite cement; 
samples4and5 .............................. 120.1 158.6 

Unit 5. Micritic limestone: medium gray (N5), 
weathers light brownish gray (5YR 6/1); micrite 
calcite inclosing patches of pseudospar, minor 
authigenic quartz , and unidentified microfo s sus; 
sample 3 ..................................... 2.5 38.5 

Unit 4. Mudstone: grayish olive green (5GY 3/2), 
weathers dusky yellow green (5GY 5/2; calcareous 6.4 36 

Unit 3. Quartz arenite: pale yellowish orange 
(1OYR 8/6), weathers darkyellowish orange 
(1OYR 6/6); cross-bedded in part; very fine- 
to fine-grained, angular to subangular quartz 
grains with subordinate plagioclase, orthoclase, 
and chert in a sparry calcite cement; sample 2. . . 7. 2 ¿9. 6 

Unit 2. Mudstone: grayish olive green (5GY 3/2), 
weathers dusky yellowish green (5GY 5/2); 
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Table 11. (Continued) 

Thickne s s(Feet) 
Morrison Formation Unit Total 

noncalcareous ................................ 16.6 22.4 

Unit 1. Quartz arenite: light olive gray (5Y 6/1), 

weathers dark yellowish orange (1OYR 6/6); fine- 
grained, subangular quartz, chert, orthoclase, 
plagioclase, and quartzite grains with interstitial 
ankerite and quartz overgrowth cement; contact 
with the underlying Swift Formation is sharp and 
disconformable;samplel ...................... 5.8 5.8 

Total 319. 6 

The Morrison Formation has a repetitive bedded character- 

istic from Unit i through Unit 6. Gray to orange quartz arenites al- 

ternate with green to brown calcareous mudstones in beds of differing 

thickness. This sequence is interrupted once by the micritic lime- 

stone of Unit 5. Above Unit 6 thick beds of quartz arenite are not 

interrupted by mudstone. 

The quartz arenites are similar in composition from the bot- 

tom to the top of the formation. Quartz, chert, and quartzite grains 

are dominant wjth subordinate orthociase, plagioclase (oligoclase ?), 

microcline, and fine-grained rock fragments of argillite (?), silt- 

stone, and possibly volcanic rock forming less than ten percent of 

the framework. The lower arenites are impoverished regarding 

heavy minerals but Unit 9 has traces of zircon and tourmaline. The 

most common cements are calcite and ankerite; however, Unit 9 has 
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a considerable amount of authigenic quartz overgrowth that acts as 

cement. Alteration of some of the rock fragments in the arenites 

produces varying amounts of limonite grain coatings but is greatest 

above Unit 7. 

The micriti.c limestone of Unit 5 is fossiliferous, however the 

shells are very small and their outlines have been blurred by recrys- 

tallization. A few pieces of angular quartz arid plagioclase (composi- 

tion unknown) up to 0. 1 mm occur throughout this limestone. The 

Morrison limestone s are considered to be fresh-water deposits by 

Baker (Z, p. 10). 

Ag e 

No fossils were identified from the Morrison Formation with- 

in the thesis area, so its age is assumed equivalent to other sections 

of Morrison in southwest Montana on the basis of stratigraphic posi- 

tion. In 1926 Simpson (56, p. 214) concluded that the Morrison is 

Late Jurassic in age. 

Provenance and Depositional Environment 

The diverse mineralogy of the Morrison Formation arenites 

suggests multiple source areas. Table 12 indicates parent rock 

types that could supply such a diverse mineralogy. 
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Table 1Z. Minerals Characteristic of Source Rock Types. 

Low-Rank Reworked 
Acid Igneous Metamorphic Sediments Volcanic 

Quartz Quartzite Quartz Volcanic Rocks 

Orthoclase Quartz Sandstone Plagioclase 

Microcline Argillite Siltstone 

Zircon Limestone 

Tourmaline Chert 

The Morrison is considered a widespread, fluvial and lacus- 

trine deposit (39, p. 18h). The limestones apparently formed in 

ephemeral lakes that periodically covered large areas of river flood- 

plains. 

Kootenai Formation 

The Kootenai Formation was named by G. M. Dawson (65, 

p. 1119) in 1885 for sandstones, shales, conglomerates, and coals 

that containan Early Cretaceous flora ir the Rocky Mountains of 

southern Alberta, Canada. 

In the thesis area no coals. were foundin the Kootenai Forma- 

tion. A basal conglomeratic sandstone unconformably (38, p. 17) 

overhies the Morrison Formation throughout the area mapped. 

s 



Distribution and Topographic Expression 

The Kootenai Formation caps the dipslopes of Beaver Ridge 

and Elkhorn Mountain in the northern half of the area mapped. In the 

southern half the Kootenai Formation is exposed along the south flank 

of Cinnamon Mountain from Buck Creek Basin to Cinnamon Station 

where, with a change in strike, the formation trends south to the 

border of the mapped area. Beds of the Kootenai Formation also 

crop out in the overturned sequence on the east flank of Grouse Moun- 

tain. 

The basal conglomeratic sandstone of the Kootenai Formation 

is quite resistant and forms prominent ridges and ledges, especially 

along the overturfled sequence east of Grouse Mountain and along the 

south flank of Cinnamon Mountain. The middle member of the for- 

mation includes ledge-forming oolitic-skeletal limestones that are 

good stratigraphic markers. Siltstones and mudstones in the Kooten- 

ai Formation are generally poorly exposed and form covered slopes. 

One exception to this occurs in SE1/4SE1/4 sec. 24, T. 8 S. , R. 4 

E. along Buffalo Horn Creek where overturned mudstones and silt- 

stones are well exposed. 

Thickness and Lithology 

A measured section of the Kootenai Formation 430 feet thick 
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is described in detail in Table 13. 

Table 13. Measured Stratigraphic Section of the Kootenai Formation. 
The following section of the Kootenai Formation was measured on the 
east side of the Gallatin River from the 6, 260-foot elevation to the 
6, 8OO-foot elevation in the SW1 /4SW1 /4NE1 /4 sec. 21, T. 7 S. 
R. 4E. 

Thickness(Feet) 
Kootenai Formation Unit Total 

Contact: a sharp conformable contact exists be-. 
tween the black shales of the overlying Thermopolis 
Formation and the upper quartz arenite of the 
Kootenai Formation. 

Upper member 

Unit 26. Quartz arenite: pale yellowish brown 
(1OYR 6/2), weathers moderate brown (5YR 4/4); 
cross-laminated; very fine- to medium-grained, 
subrounded quartz, chert, sandstone, and quart- 
zite grains with subordinate zircon and muscovite, 
some interstitial ankerite; cemented by quartz 
overgrowths; ledge-forming unit; sample 14 21 <ì 430 

Middle member 

Unit 25. Siltstone: indistinct bedding; argillaceous 
laminae separate some beds; sandy, quartz and chert 
grains abundant, a few widely scattered pebbles of 
chert present; chert decreases towards top; 
sample 13 .................................... 35 409 

Shatter zone: minor normal fault zone about Z' 
wide; section offset 50' east to avoid repetition 
of beds 

Unit 24. Quartz arenite: light gray (N7) weathers 
brownish gray (SYR 4/1); laminated (less than 1/2"); 
fine -grained, subangular quartz , quartzite , siltstone, 
chert, and subordinate zircon, muscovite and tour- 
maline; interstitial ankerite; quartz overgrowth 

7 cement; sample 12 ............................. 12' 372 
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Table 13. (Continued) 

Thicknes s(Feet) 
Kootenai Formation Unit Total 

Unit 23. Siltstone: light gray (N7), weathers 
brownish gray (5YR 4/1); thin-bedded (1" to 
31?); quartz and rock fragments; weathers 
platy........................................ 4ì.Z' 360 

Unit 22. Sandstone: very fine-grained, quartz, 
quartzite, and chert fragments; upper 1' is spotted 
with limonite-cemented areas .................. 4» 2 I 356 

Unit 21. Mudstone: dark reddish brown (1OR 3/4) 
to grayish red (1OR 4/Z); poor exposure ......... 3 352 

Unit 20. Quartz arenite: very fine-grained, sub- 
angular quartz, quartzite, chert, with minor 
muscovite, zircon, and interstitial ankerite; 
quartz overgrowths on quartz forms cement; 
symmetrical ripple marks, load casts, and 
flute casts in 1.5 zone at baseof unit; sample 11. 5 ,i 349 

Unit 19. Siltstone: moderate brown (5YR 4/4), 
weathers grayish orange (1OYR 7/4); thinly lami- 
nated (less than l/4H); subangular quartz and 
chert fragments plus minor amounts of ankerite 
and muscovite; authigenic quartz forms the 
cement; sample 10 ............................ 
Unit 18. Mudstone: yellowish gray (5Y 8/1), 
weathers pinkish gray (5YR 8/1); lack of resis- 
tance to erosion causes break in slope .......... 
Unit 17. Oolitic-skeletal limestone: pale yellow-. 
ish brown (1OYR 6/2), weathers moderate yellow- 
ish brown (1OYR 5/4); massive; gastropod shells 
and ostracod ( ?) tests in a framework of oblate 
oolite s and rounded detrital lime.stone intraclasts; 
chalcedony has replaced much of the matrix between 
the oolite grains .............................. 
Unit 16. Siltstone: yellowish gray (5Y 8/1), weath- 
ers pinkish gray (5YR 8/1); thin-bedded (1" to 4H); 

2517» 344 

12 37 319 

/ c 
8 307 
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Table 13. (Continued) 

Thickness(Feet) 
Kooteziai Formation Unit Total 

sandy, quartz and chert are most abundant; 
cementis calcite ............................. 
Unit 15. Oolitic-skeletal limestone: pale yellow- 
ish brown (1OYR 6/2), weathers moderate yellowish 
brown (1OYR 5/4); oblate oolites, gastropod frag- 
ments and rouñded detrital limestone grains form 
the framework; pore-filling sparry calcite is partly 
replaced by chert and chalcedony; contains lens- 
like, gray to black stringers of siltstone up to 1' 
long and 1?? thick; sample 9 .................... 

7 299 

3»t 292 

Unit 14. Siltstone: olive black (5Y 2/1), weathers 
olive gray (5Y 4/1); angular quartz and chert grains 
in a calcareous matrix; has cut-and-fill structures 
filled by overlying oolitic limestone; strong fetid 
odor on fresh break ............................ 2. 289 

Unit 13. Skeletal-oolitic limestone: pale yellowish 
brown (1OYR 6/2), weathers moderate yellowish 
brown (1OYR 5/4); skeletal grains are gastropods 
and ostracods ( ?) ; oolites and intraclasts of detrital 
limestone also present; sparry calcite cement is 
partly replaced by chert: a 1' bed of nonfossiliferous 
limestone occurs near the bottom of this unit, medium 
dark gray (N4), weathers pinkish gray (5YR 8/1); 
sample8 ..................................... 13f' 287 

Unit 12. Covered: soil color changes from red at 
base to yellow-tan at top ....................... 41 274 

Unit 11. Mudstone: olive gray (5Y 3/2), weathers 
grayish red (5R 4/2); poorly exposed; has nodular 
weathered surface; calcareous nature of this unit 
decreases upward; sample 7 ................... 40 233 

Unit 10. Quartz wacke: dusky brown (5YR 2/2), 
weathers grayish brown (5YR 3/2); massive; fine. 
to medium-grained, angular to subrounded quartz, 
chert, quartzite, shale, with minor chlorite, 
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Table 13. (Continued) 

Thickness(Feet) 
Kootenai. Formation Unit Total 

ankerite and hematite in an argillaceous matrix; 
poorly sorted; sample 6 ....................... 19 193 

Unit 9. Siltstone: pale red (1OR 6/2), weathers 
dark yellowish orange (1OYR 6/6); massive; sandy, 
quartz and chert are most abundant grains ....... 50 174 

Unit 8. Tuffaceous mudstone: dusky red (5R 3/4), 
weathers blackish red (5R 2/2); indistinctly bedded 
to massive; devitrified volcanic glass shards with 
irregular patches of ankerite and hematite spots; 
sample5 ..................................... 19 124 

Unit 7. Micritic limestone: pale reddish brown 
(1OR 5/4), weathers dark reddish brown (1OR 3/4); 
micrite has been recrystallized to microspar; 
contains detrital quartz and angular devitrified 
volcanic glass fragments that range from 1/8t to 
i 1/2" in diameter near the top of the unit; 
sample 4 .................................... 16 105 

Unit 6. Limestone breccia: dusky red (5R 3/4), 
weathers dark reddish brown (1OR 3/4); indis- 
tinctly bedded; subangular intraclasts of microcrys- 
talune limestone ranging from 0. 1 mm to 1. 0 mm 
in diameter in a matrix of microspar; heavy 
hematite staining along fractures; small concen- 
trations of detrita]. quartz grains between lime- 
stone intraclasts; sample 3. Grades upward 
into calcareous mudstone, pale yellowish brown 
(1OYR 6/2), weathers grayish orange (1OYR 
7/4) ......................................... 11 89 

Lower member 

Unit 5. Sandstone: yellowish gray (5Y 8/1), 

weathers grayish orange (1OYR 7/4); massive 
to indistinctly bedded; fine- to medium-.grained 
quartz and chert; salt-and-pepper appearance given 
by included light quartz and dark chert .......... 8 78 



Table 13. (Continued) 

Thickne s s( Feet) 
Kooteiiaì FormaUon Unit Total 

Unit 4. Chert pebble conglomerate: medium- 
grained quartz and chert sandstone matrix with 
a salt-and-pepper appearance; contains well- 
rounded i" to 3H long black chert pebbles; cut- 
and-fill structures present; overlain by very fine- 
grained, quartz arenite composed of subangular 
quartz, chert, quartzite, ad devitrified volcanic 
glass; subordinate interstitial calcite, zircon, ard 
tourmaline; quartz cement as overgrowth; sam- 
pleZ ........................................ 18 70 

Unit 3. Sandstone: yellowish gray (5Y 7/2), weath- 
ers moderate brown (5YR 4/4); massive; medium- 
grained quartz and dark chert give rock a salt- 
and-pepper appearance ........................ 6 52 

Unit Z. Chert pebble conglomerate: fine-grained, 
salt-and-pepper quartz and chert matrix; chert 
pebbles are subangular to subrounded ........... Z 46 

Unit 1. Quartz arenite: pinkish gray (5YR 8/1), 
weathers light brown (5YR 6/4); cross-laminated 
(less than l/ZH); fine- to coarse-grained sub- 
rounded quartz , chert, sandstone, siltstone, and 
volcanic glass fragments cemented by quartz; a 
few normally graded beds; beds and lenses of 
chert pebble conglomerate from l to Z' thick 
interrupt the sandstone sequence; alternations 
of sandstone and conglomerate become rziore 
regular near top of unit; this unit forms a prom- 
inent cliff; sharp, unconformable contact with 
underlying nonconglomeratic Morrison Forma- 
tion at base of cliff; sample 1 .................. 44 44 

Total 430 

The Kootenai. Formation can be divided into three members 

in the thesis area. In ascending order they are: 1) the lower member 



composed of conglomeratic sandstones overlain by limestone, 2) the 

middle member composed of mudstones, siltstones, and oolitic- 

skeletal limestones, and 3) the upper member of quartz arenite (Fig- 

ure 9). 

Lower Member. The pinkish gray conglomeratic sandstone 

at the base of the formation is given a salt-and-pepper appearance 

by its included dark chert grains. Thin section evaluation of one of 

the conglomerate lenses within this fine- to coarse-grained sand- 

stone revealed clasts of iltstone, sandstone, chert, and partly de- 

vitrified volcanic glass all in a matrix of subangular to subrounded 

detrital quartz grains. Conglomeratic sandstones alternate with well- 

sorted, fine- to medium-grained sandstones throughout this member. 

An iron-rich carbonate, probably ankerite, appears in the upper 

sandstones of this member along with an increased amount of hema- 

tite which, altered to limonite, imparts a rusty brown color to some 

weathered surfaces. 

The limestone breccia overlying the basal sandstone appears 

to be intraformational in character. The texture of the intraclasts 

is the same as that of the matrix. Minor accumulations of detrital 

quartz between the subangular intraclasts indicates that some dis- 

placement of the clasts took place. Recrystallization of the original 

micritic limestone has produced ghost outlines of the intraclasts in 

a microspar matrix. 
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Figure 9. View of the Kootenai Formation at the measured section 
in the SW1/4SW1/4NE1/4 sec. 21, T. 7 s., R. 4 E. The Morrison 
Formation (Jm) is poorly exposed below the Kootenai Formation (Kk) 
which is divided iito three members: the lower member 1, the mid- 
dle member 2, and the upper member 3. 



Middle Member. Overlying the lower member is a series 

of mudstones and siltstones that range in color from black through 

gray to yellow to red. The shades of red are proportional to the 

amounts of limonite which reach a high of about ten percent in Unit 

10. 

The first mudstone, Unit 8, is tuffaceous, and microscopic 

inspection shows relict glass shard outlines with some devitrification 

of the glass. The remaining mudstones and siltstones contain be 

tween 5 and 30 percent carbonate in the form of ankerite and micro 

spar that cements frameworks of volcanic rock fragments, quartzite, 

chert, and detrital qu.artz grains. Trace amounts of muscovite, zir- 

con, and tourmaline were also observed. 

Near the center of this member limestone beds containing 

vast numbers of fresh water gastropods (67), ostracods (?), and 

oolites alternate with a dark siltstone that has a fetid odor on fresh 

break. Microscopically the gastropod shells are filled withmicrite 

with some selective replacement of the micrite by chert. Trace 

amounts of detrita]. quartz grains occur in the framework of the lime- 

stone. 

Above the oolitic-skeletal limestones, another sequence of 

mudstones and siltstones is interrupted by thin beds of quartz aren 

ite. The quartz arenites contain very fine- to medium-grained, sub- 

angular to subrounded fragments of quartz, chert, quartzite, 



siltstone, and subordinate amounts of muscovite, zircon, tourmaline, 

and ankerite. Most of the quartz arenites are cemented by quartz 

overgrowths on the detrital grains. 

Upper Member. The upper member of the Kootenai consists 

of one thiçk, cross-bedded quartz arenite that is highly limonite- 

stained to shades of brown on weathered surfaces. Microscopically 

it is a well-sorted, very fine-grained sandstone composed of sub- 

rounded to subangular detrital quartz along with chert, sandstone, 

and quartzite fragments. Ankerite and hematite are the most abun- 

dant trace constituents. 

Ag e 

Yen (67) describes the Kootenai Formation molluscan fauna 

as a standard fresh water Early Cretaceous fauna in North America 

on the basis of gastropod and pelecypod assemblages investigated 

near Iiarlowton, Montana. 

Provenance and Depositional Environment 

Abundant chert pebbles in the lower conglomeratic sandstones 

may reflect a sedimentary provenance of limestone and sandstone 

enriched in chert or it may indicate that a moderate amount of trans- 

portation has eliminated less resistant particles. Devitrified volcan- 

ic glass particles indicate the influence of volcanic rocks in the 
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source area. 

The cross-bedded basal conglomeratic sandstones of the 

Kootenai Formation indicate deposition took place in an environment 

of highly variable competency of transport, probably a fluvial en- 

vi r onment 

In the middle member, tuffaceous mudstones indicate ex- 

plosive volcanic activity. The other siltstones and mudstones most 

probably reflect the existence of limestone, sandstones and quartzite 

in the provenance area. The gastropod and other limestones were 

probably deposited in shallow lakes that were subjected to wave 

action which produced local concentrations of oolites. 

The well-sorted sandstone of the upper member reflects a 

highly quartzose source area, probably of pre-existing sandstone 
Q)) 

c," 

limestone because the grains are texturally immature and mineralog- 

ically mature. Cross-bedding indicates unidirectional currents were 

active during this interval of deposition. 

Thermopolis Shale 

In 1916 Lupton (35, p. 168) named the Thermopolis Shale for 

exposures of shale underlaii by the Cloverly Formation and overlain 

by the Mowry Shale near Thermopolis, Wyoming. He noted that a 

persistent sand bed of variable thickness occurred near the middle 

of the formation and that it was referred to as the "Muddy sand" by 



drillers in the area. 

In the thesis area the author has followed Hall (Z6) and mapped 

the Thermopolis to exclude the Muddy Sandstone, because each unit 

is an areally extensive, lithologically distinctive, mappable unit. 

Distribution and Topographic Expression 

The only outcrop of Thermopolis Shale in the northern half of 

the area occurs on the top and backslope of Elkhorn Mountain in secs. 

Z and il, T. 8 S., R. 4 E. In the southwest part of the area, Ther- 

mopolis Shale is exposed from the NW cor. sec. 14, T. 8 S., R. 3 E. 

along a southeast trend on the south flank of Cinnamon Mountain to 

Cinnamon Creek where the formation trends south-southeast. Be- 

tween Cinnamon Creek and the south border of the area the exposures 

are interrupted at several places by landslide debris. 

On the east side of the area, poorly exposed Thermopolis 

Shale trends north from the southern border in the WitZ sec. 31, 

T, 8 S. , R. 5 E. to the SW1/4 sec. 18, T. 8 5. , R. 5 E. 

Thickness and Lithology 

A near constant thickness was observed for the Thermopolis 

Shale in the western half of the area, but thinning of the unit occurs 

along the overturned sequence east of Grouse Mountain. Thermopolis 

Shale thickness and lithology are described in Table 14. 



Table 14. Measured Stratigraphic Section of the Thermopolis Shale. 
The following incomplete section of the Thermopolis Shale was meas- 
ured on the east side of the Gallatin River from the 6, 800-foot eleva- 
tion to the 7,000-foot elevation in the SW1/4NEÌ/4 sec. 21, T. 7 S.., 
R. 4 E. 

Thickness(Feet) 
Thermopolis Shale Unit Total 

Contact: a sharp disconformable contact exists 
between gray shale of the Thermopolis and over- 
lying Tertiary welded tuff. 

Unit 3. Calcareous shale: dark gray (N3), weathers 
olive gray (5Y 4/1); laminated, fissile shale con- 
taining concretions; poor exposure .............. 100 180 

Unit 2. Siltstone:dark gray (N3), weathers olive 
gray (5Y 4/1); laminated; weathers to plates, 
average l/Z thick; this unit appears more resis- 
tant than shale above and below, forms small 
ledges; slightly calcareous ..................... 40 80 

Unit 1. Shale: dark gray (N3) fresh, olive gray 
(5Y 4/1) weathered; slightly calcareous; laminated, 
fissile shale containing many plant (?) impressions 
with branching structures 1/8" wide and up to 1 

long; sharp conformable contact with underlying 
quartz arenite of Kootenai Formation ........... 40 40 

Total 180 

The Thermopolis Shale is very uniform in character. It is 

calcareous throughout and contains concretions in the upper portion. 

A 40-foot thick siltstone that interrupts the shale in the lower part 

of the formation is more resistant than the shale above and below 

and it forms thin ledges. The siltstone sequence weathers platy 

while the shale weathers to a soft mud-like soil. 



Fossils and Age 

No fossils, other than plant (?) impressions, were found in 

the Thermopolis Shale within the thesis area. However, Dr. Enlows 

of Oregon State University and the author did locate a fossiliferous 

zone in the Thermopolis along the West Fork of the Gallatin River in 

sec. 35, T. 6 S. , R. 3 E. The ammonite Douvilleiceras sp. and the 

pelecypods Inoceramus sp. and Unjo sp. were collected at the above 

locality. The age of the Thermopolis is considered Albian (late Early 

Cretaceous ) by Cobban and Reeside (9). 

Depo sitional Environment 

The extremely fine-grained nature of the Thermopolis Shale 

indicates deposition took place in moderately deep water where some 

current was periodically active to introduce material of slightly 

larger grain size. Eicher (18, p. 88) suggests that the lower Ther. 

mopolis Shale was deposited during the transgression of a large Cre- 

taceous sea from the north. 

Muddy Sandstone 

Lupton (35, p. 168) first described the Muddy Sandstone in 

1916 as a persistent sand within the Thermopolis Shale. 

In 1962 Paull (43, p. lOZ) summarized recent workers' 



thoughts that the Muddy Sandstone is a distinct, mappable unit and 

should be given formational status. He proposed a reference section 

for the Muddy near the type area of the Thermopolis Shale, about 

five miles northeast of Graybull, Wyoming. 

Distribution and Topographic Expression 

The Muddy Sandstone is exposed low on the south flank of 

Cinnamon Mountain where it forms ledges topographically below the 

shale slopes of the Thermopolis. In the S1/2 sec. 20, T. 8 5. 

R. 4 E. the outcrop trend changes from southeast to south-southeast 

and from there to the south border of the mapped area in sec. 33, 

T. 8 S., R. 4 E., Muddy Sandstone is exposed in steep scarps at the 

head of several landslides. 

East of the Gallatin River overturned Muddy Sandstone crops 

out from the southern border of the mapped area in the Wl/2 sec. 

31, T. 8 S., R. 5 E. north to the overturned sequence in the SW1/4 

sec. 18, T. 8 S., R. 5 E. 

Thickness and Lithology 

The thickness of the Muddy ranges from about 50 feet along 

the south flank of Cinnamon Mountain to a maximum of 99 feet at the 

measured section described in Table 15 (Figure 10). 
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Table 15. Measured Stratigraphic Section of the Muddy Sandstone. 
This section of the Muddy Sandstone was measured on the north side 
of Taylor Fork, 1/2 mile west of Meadow Creek mouth, from the 
7,000-foot elevation to the 7, 180-foot elevation in the Wl/2SW1/4 
NE1/4 sec. 7, T. 9 S., R. 4 E. 

Thickness(Feet) 
Muddy Sandstone Unit 

Contact: covered, top of the Muddy Sandstone 
selected as the top of the last calcareous sand- 
stone; Albino Formation dis conformably6verlie s 
the Muddy Sandstone. 

Unit 1. Lithic arenite to subfeldspathic lithic 
arenite: light gray (N7), weathers pale yellowish 
brown (1OYR 6/2); thinly laminated to thinly 
bedded (1/2" to 3!t); cross-laminations and cut- 
and-fill structures locally; very fine- to medium- 
grained, angular to subrounded quartz, orthoclase, 
plagioclase (oligoclase), chert, quartzite, sand- 
stone, devitrified volcanic glass, basalt ( ?) , and 
argillaceous fragments cemented by authigenic 
nontronite, chlorite, and other alteration clay 
minerals; some beds lack feldspars but have sparry 
calcite as a cementing material; dark chert and 
volcanic rock fragments give the sandstone a salt- 
and-pepper appearance; local accumulations of 
chert pebbles up to l in diameter and wood frag- 
ments are common near top of unit. Discoriforniable 
contact with Thermopolis Formation is covered 
but selected at break in slope and soil color 
change; sample 1 and 2 ........................ 99. 5 

Total 99. 5 

The Muddy Sandstone is generally thin-bedded to laminated 

and in places cross-laminated. It is light gray in color, has a salt- 

and-pepper appearance, and weathers platy on outcrop. 

Microscopically the sandstone varies mostly in the amount 



92 

Uku 

Ka 

Figure 10. View north to outcrops of Thermopolis Shale (Kt), Muddy 
Sandstone (Km), and Albino Formation (Ka) in the W1/2NW1/4NE1/4 
sec. 7, T. 9 S., R. 4 E. where the Muddy and Albino were meas-O 
ured. Upper Cretaceous (UKu) beds crop out on the left skyline. 
Alluvium (Qal) covers the foreground. 
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of feldspar so that both lithic arenites and subfeldspathic lithic aren- 

ites are present. These sandstones consist of angular to subrounded 

fragments of devitrified volcanic glass, basalt (?), argillaceous rock 

fragments, sandstone, quartzite and minor amounts of quartz, ortho- 

clase, plagioclase (oligoclase), and chert. The cementing material 

is authigenic chlorite and nontronite in some sandstones and sparry 

calcite in others. Local accumulations of chert pebbles and wood 

fragments are usually present near the top of the Muddy. 

Ag e 

No identifiable fossils were found in the Muddy Sandstone 

within the thesis area so its age is based upon its mineralogic simi- 

larity to described sections in Wyoming and its stratigraphic position 

(18, p. 79). The age of the Muddy is considered to be Albian (late 

Early Cretaceous) (9). 

Provenance and Depositional Environment 

Various types of rock fragments in the Muddy Sandstone in- 

dicate the multiple source areas outlined in Table 16. 

The larger grain size, immature mineralogy, and cross- 

bedding of the Muddy Sandstone, as compared to the Thermopolis 

Shale, indicate rapid deposition in shallow water. Eicher (18, p. 91) 

suggestthat the rapid lateral variations of the Muddy Sandstone in the 
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Table 16. Source Rocks for the Muddy Sandstone. 

LowRank 
Volcanic Terrane Sedimentary Terrance Metamorphic Terrane 

Plagioclase Quartz Quartzite 

Devitrified volcanic Chert Quartz 
glass 

Basalt (?) 
Sandstone 

Argillaceous 
rock fragments 

Big Horn Basin, Wyoming are a reflection of deposition in a variety 

of local shallow water environments including paludal and nearshore 

marine. The volcanic debris probably marks the early stages of 
Laramide orogenic activity in the Cretaceous. 

Albino Formation 

In 1961 Hall (26) described an unnamed section of bentonites, 

claystones, and shales on Taylor Fork, presumably on the southeast 

side of Lincoln Mountain in the NE 1/4 sec. 7, T. 9 5., R. 4 E., and 

named it the Albino Formation. The author, in combination with 

Lauer (33) and Ross (52) measured the same section of this forma.. 

tion (Figure lO). 

Distribution and Topographic Expression 

The occurrence of the Albino Formation is confined to the 



95 

southwest corner of the thesis area where it crops out on the south 

side of Cinnamon Mountain from the SE1/4 sec. 14, T. 8 s., R. 3 E. 

in Buck Creek Basin to Cinnamon Creek in the SWÌ/4 sec. ZU, T. 8 

S., R. 4 E. South of Cinnamon Creek the outcrops trend southeast 

to the southern border of the mapped area. 

The Albino is very poorly exposed and because of its lack of 

resistance to weatheringit is a slope- and valley-forming unit. Its 

high bentonite composition induces many small slump and landslide 

features throughout its outcrop area. 

Thickness and Lithology 

The thickness of the Albino Formation ranges from zero east 

of Grouse Mountain to 251 feet at the measured section in sec. 7, 

T. 9 S., R. 4 E. Table 17 is a measured stratigraphic section of 

the Albino Formation. 

Table 17. Measured Stratigraphic Section of the Albino Formation. 
The following section of the Albino Formation was measured on the 
north side of Taylor Fork, 1/2 mile west of Meadow Creek mouth, 
from the 7, 180-foot elevation to the 7,470-foot elevation in the W1/2 
NW1/4NE1/4 sec. 7, T. 9 S. , R. 4 E. 

Thicknes s(Feet) 
Albino Formation Unit Total 

Contact: gradational contact with dis conform 
ably overlying Upper Cretaceous nonsiliceous 
shales; contact selected at top of last tuffaceous 
unit. 

Unit 13. Shale to claystone: light pink fresh, 



Table 17. (Continued) 

Thickness(Feet) 
Albino Formation Unit Total 

pink weathered; black shale at base; many coaly 
wood fragments; grades upward to siliceous 
siltstones .................................... 17. 5 251.5 

Unit 12. Mudstone: greenish buff; tuffaceous beds 
of cream, brown, green, and black mudstone to 
siltstone; weathered surface has popcorn texture. 27. 5 244. 0 

Unit 11. Siltstone: red and black laminations 
(less than 1/2"); siliceous; section partly covered 
in middle; top 3' is greenish mudstone with weath 
ered surface of popcorn texture ................ 12 206. 5 

Unit 10. Claystone: black to brown; tuffaceous; 
wood fragments abundant; top 5' light green fresh, 
white weathered; contains visible glass shards. . . 22. 5 194. 5 

Unit 9. Siltstone: white to red; tuffaceous; finely 
laminated (less than 1/4"); upper 15' is pink to 
cream colored siltstone; contains hematite specks 
andglass shards .............................. 22.8 172.0 

Unit 8. Covered section: soil is pink mud 60 149. 2 

Unit 7. Siltstone: green, purple and black; sili 
ceous; contains hematite specks ................ 6 89. 2 

Unit 6. Claystone: green to dark gray; contains 
hematite specks ............................... 23. 5 83. 2 

Unit 5, Covered section ....................... 13. 5 59. 7 

Unit 4. Sandstone: dark gray; siliceous; very fine 
grained hematite specks, biotite grains, and fine 
grained argillaceous rock fragments ............ 4 46. 2 

Unit 3. Sandstone to siltstone: purple to gray 
fresh, white weathered; siliceous; contains very 
fine grained hematite specks , biotite grains, 
and glass shards .............................. 27. 5 42. 2 
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Table 17. (Continued) 

Thickne ss(Feet) 
Albino Formation Unit Total 

Unit 2. Claystone: cream colored; loosely 
consolidated; weathered surface has popcorn 
texture; poor exposure ........................ 9. 5 14. 7 

Unit 1. Covered section: float of siliceous clay- 
stone; contact with underlying Muddy Sandstone as- 
sumed at top of last calcareous sandstone 5. 2 5. 2 

Total 251.5 

The varicolored nature of the Albino Formation is very dis- 

tinctive. Its beds range in color from gray to green to pink to black. 

Most of the beds form a soft, popcorn-textured weathered surface. 

Samples for thin sections were collected at random so their 

value is in terms of generalized mineralogical content. The miner- 

alogy and grain size is highly variable from bed to bed; however, in 

gross aspect the sequence is rich in volcanic detritus. In the lower 

part of the formation lithic wacke is the most common sandstone. 

Microscopically the wacke has angular to subrounded quartz, plagio- 

clase (oligoclase) , microcline , chalcedony, sandstone, devitrified 

volcanic glass, and over 70 percent fine-grained argillaceous rock 

fragments which are all cemented by a montmorillonite matrix. 

In the upper part of the formation, laminated mudstones and 

siltstones contain large amounts of angular red volcanic glass plus 

quartz, plagioclase (oligoclase), and biotite in an authigenic 



montmorilloriite matrix. A red fibrous mineral, probably saponite 

(a magnesium..rich montmorillonite), occurs as flakes throughout 

many of the upper beds. Some of the siltstone beds also have fern- 

like impressions and coaly wood fragments along their bedding sur 

faces. 

Ag e 

The age of the Albino must be based on its stratigraphic posi- 

tion between the Muddy Sandstone below and the Upper Cretaceous 

beds above. No identifiable fossils were collected from the Albino 

but its physical characteristics and stratigraphic position are similar 

to those of the Mowry Shale (53), although any suggested correlation 

is highly speculative. The Albino Formation is probably late Early 

Cretaceous in age. 

Provenance and Depositional Environment 

The immature mineralogy of the Albino Formation with its 

angular plagioclase, microcline, volcanic glass shards, and mont- 

morillonite matrix indicates a volcanic provenance. The subrounded 

quartz and sandstone grainsin minor amounts indicate that a second 

source, one of older sedimentary rocks, was also contributing de- 

tritus to the site of deposition. 

The limited areal extent of the Albino Formation, its 



thin-bedded to laminated nature, its tuffaceous to siliceous composi- 

tion, and its multicolored beds suggest deposition in standing water; 

possibly in large lakes that lacked currents strong enough to disrupt 

the fine-grained sediments once they were deposited. Volcanism is 

indicated at this time by the high concentration of pyroclastic debris 

throughout the Albino Formation. 

Upper Cretaceous Rocks 

In 1961 Hall (26) mapped Upper Cretaceous rocks in the thesis 

area as an undifferentiated group possibly correlative to the Colorado 

and Montana Formations of Peale (45). The author has followed the 

same procedure because exposures were too poor to permit separa- 

tion of the sequence into mappable units. However, general agree- 

ment exists between Ross (52) and the author concerning division of 

the Upper Cretaceous, and these divisions will be discussed in a 

following section. 

stribution and Topographic Expre s sion 

Upper Cretaceous rocks occupy the southwest corner of the 

thesis area from Buck Creek Basin to the southern border. The sili- 

ceous middle member forms a definite ridge from the SW1I4 sec. 

33, T. 8 S. , R. 4 E. northwest to the edge of the Tertiary welded 

tuff in the SE1/4 sec. 25, T. 8 S. , R. 4 E. 



100 

On the east side of the mapped area Upper Cretaceous rocks 

overturned to the east have been eroded into a northsouth valley in 

secs. 19 and 30, T. 8 S. , R. 5 E. In the Nl/2 sec. 31, T. 8 S. 

R. 5 E. a low divide developed on overturned strata separates a 

northflowing Buffalo Horn Creek tributary from a southflowing 

Tepee Creek tributary. 

Thickness and Lithology 

Hall (26) estimated the thickness of the Upper Cretaceous 

rocks to be 8, 000 feet. To the west near Sphinx Mountain, Beck (3, 

p. 131) measured 3, 600 feet of Upper Cretaceous rocks. No stra 

tigraphic section measurement was attempted in the thesis area for 

the Upper Cretaceous, but an estimated thickness from Plate 4 in 

sec. 19, T. 8 S. , R. 5 E. is about 4, 000 feet. 

The Upper Cretaceous rocks unconformably overlie the Albino 

Formation. Ross (52) in an adjoining thesis area to the southwest 

has divided the Upper Cretaceous into three members; 1) the lower 

member consists of gray to black shales and mudstones; 2) the mid 

die member consists of green, massive, whiteweathering siitstones 

and vitric tuffs; and 3) the upper member consists of gray cross- 

bedded, salt-and-pepper sandstones with calcareous cement. Rock 

samples were collected from separate localities in each of these 

units and a brief description of each will be used as a broad 
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generalization for their lithologies. 

The shales and mudstones of the lower member are gray to 

green to black, noncalcareous, fissile, and thick bedded. Some beds 

contain abundant wood chip impressions. 

The middle member consists of siliceous gray to green silt- 

stones and hard, green vitric tuff s. The siltstones commonly contain 

small pelecypods and leaf impressions. Microscopically the si1t- 

stone consists of angular to subrounded quartz, chert, plagioclase 

(oligoclase), quartzite, orthoclase, devitrified volcanic glass, 

argillaceous rock fragments and traces of biotite. The grains are 

cemented by microcrystalline quartz overgrowths. 

The vitric tuff contains about 98 percent very fine-grained 

devitrified volcanic glass shards and two percent angular quartz, 

feldspar, and biotite grains. 

The upper member contains highly cross-bedded subfeldspath- 

ic lithic arenites and feldspathic volcanic wackes. Microscopically 

the arenites consist of angular to subrounded, fine- to coarsegrain- 

ed quartz, chert, plagioclase (oligoclase), orthoclase, devitrified 

volcanic glass and traces of monazite and authigenic chlorite. Sparry 

calcite is the pore-filling cement. 

The wackes contain the above grains plus sanidine, calcite 

grains, and a montmorillonite matrix. 

Ross (52) reports a thin coal seam near the middle of the 
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upper member but the author was unable to find it exposed. 

Fossils and Age 

Several Cardium sp. were found in the middle member, and 

one zone of Ostrea sp. was found in a cross-bedded sequence in the 

upper member. Shimer and Shrock (55) date Cardium as Late Cre 

taceous. 

Provenance and Depositional Environment 

Abundant volcanic glass indicates that explosive volcanic ac- 

tivity was very common in Late Cretaceous time. Plagioclase, sani- 

dine, and orthoclase also originated in a volcanic rock provenance. 

Argillaceous rock fragments, quartz, chert, and calcite grains re- 

flect the occurrence of a sedimentary rock provenance that also was 

contributing terrigenous material to the site of deposition. 

Wood chip impressions in the black shales of the lower unit 

suggest a quiet water site of deposition, possibly a paludal environ- 

ment. Pelecypods and leaf impressions in the siliceous siltstones 

and associated vitric tuffs suggest deposition in protected, marine 

waters adjacent to an active volcanic landscape, and the highly cross- 

bedded upper unit containing marine Ostrea suggest deposition in a 

normal marine, nearshore environment. 
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Livingston Formation 

In 1893 Weed (63, p. 21) proposed the name "Livingston" for 

a series of beds that overlies the Laramie coaL-bearing strata in the 

vicinity of Livingston, Montana. He divided the Livingston Formation 

into three general units and called them, in ascending order, the 

"leaf beds", the "volcanic agglomerates", and the "conglomerates". 

Only the unit containing the leaf beds is exposed within the area map 

ped. 

Distribution and Topographic Expre s sion 

East of Buffalo Horn Station, Livingston Formation volcanic 

sandstones hold up an unnamed ridge that trends north from the 

NE1/4NE1J4 sec. 31, T. 8 S., R. 5 E. along the eastern boundary 

of the map area (Plate 4). In general the formation is poorly ex 

posed, but in the NE1/4NE1/4 sec. 19, T. 8 S., R. 5 E. overturned 

resistant sandstones have been eroded into west-.facing hogbacks 

along the ridge top (Figure 11), and the exposures are good. Farther 

north along the ridge landslide debris and vegetative covermake it 

- impossible to map the exact contact with the underlying tipper Cre- 

taceous beds. 
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Figure 11. Outcrop of thin-bedded, fine-grained Livingston Forma- 
tion sandstone that is overturned to the east (right) and contains 
abundant fossil leaf impressions. This resistant unit forms an un- 
named ridgein the NE1/4NE1/4 sec. 19, T. 8 S., R. 5 E. 
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Thickness and Lithology 

No section measurement was attempted for the Livingston 

Eòrmation in the thesis area, but to the west near Sphinx Mountain, 

Beck (3, p. 131) measured a thickness of about 1,060 feet in the low- 

er unit. Only the lower 400 to 600 feet of the Livingston crops out 

in the thesis area. 

The contact between the Livingston Formation and the under- 

lying Upper Cretaceous rocks is concealed in the thesis area but. 

McMannis and Chadwick (38, p. 34) report that the Livingston For- 

mation unconformably overlies Upper Cretaceous rocks. 

The lowest unit observed in the Livingston Formation is a 

basalt flow breccia that contains angular fragments of its own com- 

position in a vesicular matrix. A gray coarse-grained volcanic brec- 

cia containing angular andesite, welded tuff, and basalt fragments 

overlies the flow breccia. The remaining part of the Livingston For- 

mation in.the thesis area consists of greenish-gray, fine- to coarse- 

grained volcanic sandstones that contain quartz, plagioclase (ande s- 

me ? ) augite, hornblende, magnetite, biotite and volcanic rock 

fragments. Microcrystalline quartz is the most common cement. 

Leaf impressions are abundant in the fine-grained sandstone beds. 
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Fossils and Ag 

The author collected several good fossil leaf impressions 

from the Livingston Formation along the ridge crest in the SW1/4 

SE1/4NE1/4 sec. 30, T. 8 S., R. S E. that included Cereidiphyllum 

arcticum (Heer) Brown, Acer trilobatum tricuspidatum Heer, and 

Viburnum antiquum (Newberry) Hollick. These are identified by 

Brown (5) as Paleocene in age, and the Livingston Formation is con 

sidered Late Cretaceous to Paleocene in age (SO, p. 86). 

Provenance and Environment of Deposition 

Abundant volcanic fragments in the Livingston sand 

stones indicate that the provenance was rich in basalt and ande site. 

Roberts (50, p. 87) states: 

McMannis . . . and Klapper and others. . . also 
conclude that the thick deposits of volcanic material 
in the Elkhorn Mountains (Montana) were most likely 
the source of much of the Livingston Formation. 

The Livingston Formation is a continental sequence that was 

deposited in a variety of environments including volcanic, fluvial, 

and lacustrine (50, p. 87). 

Specimen Creek Formation 

The Specimen Creek Formation was named by Hall (Z6) in 
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1961 for exposures of volcanic sediments, basalt, and welded tuff 

that crop out on both sides of Specimen Creek in the northwest corner 

of Yellowstone Park, Wyoming. 

In the thesis area the Specimen Creek overlies Upper Creta 

ceous rocks with angular unconformity. 

Distribution and Topographic Expression 

The northeast corner of the mapped area is covered by the 

Specimen Creek Formation, however,, it is poorly exposed because 

of dense vegetative cover, and unit contacts within the formation are 

difficult to locate. 

In the E1/2 sec. 13, T. 8 S., R. 4 E. Specimen Creek vol- 

canic sediments cap Blizzard Ridge, and in the center of sec. 7, 

T. 8 S., R. 5 E. a resistant basalt flow caps Lone Indian Point. 

Thickness and Lithology 

Hall (26) estimates that the thickness of the Specimen Creek 

Formation ranges from O to Z, 000 feet. The author made no attempt 

to measure the formation. 

Volcanic pebble to boulder conglomerates interbedded with 

tuffaceous sandstones are the lowest units of the Specimen Creek in 

the thesis area. (Figure 12). The conglomerates are poorly sorted 

thick-bedded deposits that contain angular to rounded boulders to 
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Figure 12. Outcrop of Specimen Creek volcanic boulder conglomer- 
ate and interbedded tuffaceous volcanic sandstone on Blizzard Ridge 
in the SE1/4NW1/4SE1/4 sec. 13, T. 8 S., R. 4 E. 
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pebbles of basalt, scoria, andesite, and welded tuff. The gray- 

weathering sandstones are medium. to coarse-grained and contain 

angular to subrounded volcanic rock fragments, tuffaceous material, 

and pieces of petrified wood. The sandstones are lenticular deposits 

with cut-and-fill structure s and multidirectional cross -bedding. 

A finely crystalline olivine (?) basalt with crudely developed 

columnar jointing and an upper surface of red flow breccia overlies 

the tuffaceous sandstones. A cliff-forming light red welded tuff con- 

taming sanidine crystals, collapsed pumice, and volcanic rock frag- 

ments is the youngest unit of the Specimen Creek Formation exposed 

in the thesis area. 

Ag e 

Hall (26) considers the Specimen Creek Formation a correla- 

tive of the Early Basic Breccia in Yellowstone Park, Wyoming, and 

Dorf (15, p. 259) assigns the Early Basic Breccia flora a middle 

Eocene age. 

Provenance and Environment of Deposition 

Abundant volcanic debris in the sedimentary units of the Spec- 

imen Creek indicate a provenance areain a volcanic terrane that in- 

cluded basalt, andesite, and rhyolitic welded tuff. 

Cross-bedding, cutand-fi11 structures, and alternating 
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sandstone and conglomerate lensesindicate a fluvial depositional 

environment for the sedimentary units. Stream competency varied 

with tectonic activity causing the deposition of alternating very 

coarse- and fine-grained sediments. Detrital deposition in the Spec- 

imen Creek Formation was interrupted by periods of volcanic activity 

in which olivine (?) bas alts and welded tuffs were deposited. 

High-level Gravel 

A layer of gravel described by Hall (26) as Pliocene (?) gravel 

underlies Pliocene rhyolitic welded tuff at isolated outcrops in the 

thesis area. The deposit is too thin to place on the map (Plate 4) but 

its occurrence will be located by rectangular coordinates. 

Distribution 

North of the 320 Ranch in the S1/2NE1/4SE1/4 sec. 27, 

T. 8 S., R. 4 E. a gravel layer is exposed between the Woodside 

Formation below and the rhyolitic welded tuff above. South of the 

320 Ranch a gravel layer overlies the Phosphoria Formation and is 

overlain by rhyolitic welded tuff on both sides of the mouth of Wilson 

Creek in the El/ZNE1/4 sec. 34, T. 8 S. , R. 4 E. Each of these de- 

posits is located near the 6, 800-foot elevation. 

A third occurrence of gravel at the 6, 800-foot elevation is 

north of the mouth of Buck Creek in the NW1/4SW1/4NW1/4 sec. 4, 
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T. 8 S., R. 4 E. and rests on the Amsden Formation. This outcrop 

is not directly overlain by welded tuff; however, welded tuff does oc 

cur on. the slope above the gravel. 

Lithology 

The gravel layer includes sand with pebbles and cobbles of 

well-rounded basalt, gneiss, and amphibolite, with metamorphic 

rock types the most abundant. The gravel is unconsolidated, and the 

composition of the layers at 320 Ranch, Wilson Creek, and Buck 

Creek is remarkably similar. 

Ag e 

The gravel layer directly underlies the welded tuff near the 

320 Ranch and Wilson Creek and the rhyolitic welded tuff is thought 

to be Pliocene in age; therefore the gravel layeris possibly Pliocene 

in age also. 

Provenance andEnvironment of Deposition 

Basalt pebbles in the gravel indicate a volcanic source area. 

Boyd (7) describes Pliocene basalt flows in Yellowstone Park, Wyom-. 

ing that are older than the Yellowstone Tuff, and these flows could 

have contributed the basalt pebbles. 

The metamorphic rocks were probably derived from the 
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Precambrian metamorphic complex of the southern Madison Range. 

The high degree of rounding, the abundance of pebbles and 

cobbles as compared to sand-..size particles, and the similar eleva 

tion of the gravel outcrops indicate that the gravel was probably de 

posited by a highly competent stream that occupied the present drain 

age at a topographically higher level than the Gallatin River of today. 

Welded Tuff 

In 1961 Boyd (7) described in detail a series of rhyolite flows 

and welded tuffs that comprise the rhyolite plateau of Yellowstone 

Park, Wyoming. The rhyolitic welded tuff of the thesis area appears 

to be the same .s the Yellowstone Tuff described byBoyd (7, p. 394). 

Distribution and Topographic Expression 

Rhyolite welded tuff unconformably overlies Upper Cretaceous 

rocks and forms the caprock on Wilsey Butte in sec. 30, T. 8 s., 

R. 4 E. Three isolated outcrops of welded tuff occur north and south 

of the 320 Ranch and are separated by Buffalo Horn Creek and Wilson 

Creek. Other small outcrops of welded tuff occur high on the north 

side of Buck Creek valley in sec. 5, T. 8 S. , R. 4 E. and high on 

the north side of Elkhorn Creek valley in secs. 3 and 4, T. 8 S., 

R. 4E. 
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Thickness and Lithology 

An incomplete section of rhyolitic welded tuff was measured 

by the vertical angle method on a landslide scarp in the NW1/4 

SW1/4 sec. 11, T. 9 s., R. 4 E. (Figure 13). At this locality the 

welded tuff is at least 150 feet thick, but its thickness ranges from 

zero on the west flank of Grouse Mountain where it pinches out, to 

an estimated 200 feet on the crest of Wilsey Butte. 

At two locations on the northwest side of Wilsey Butte (5W114 

SEÌ/4NE1/4 sec. 25, T. 8 S., R. 4E., and SE1/4SW1/45E1/4 sec. 

19, T. 9 S., R. 4 E.) an ash layer underlies the welded tuff. The 

ash is gray to green to red and very fine ..grained. It grades upward 

into a poorly cemented pumiceous, porphyritic tuff. The ash is lam- 

mated, and Boyd (7, p. 394) described a similar laminated ash layer 

underlying Yellowstone Tuff in Yellowstone Park, Wyoming. 

The welded tuff ranges in color from gray to tan to lavender. 

Where well-developed columnar jointing exists weathering produces 

angular blocks; on Wilsey Butte the crude columns weather to slabs 

approximately two inches thick and two feet long. 

Microscopically the rhyolitic welded tuff is composed of sub.. 

hedral to euhedral sanidine and plagioclase (albite) phenocrysts and 

very subordinate augite and zircon euhedra. The matrixis composed 

of partly devitrified volcanic glass shards that show eutaxitic flow 
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Figure 13. View of landslide scarp carved in rhyolitic welded tuff 
in the NW1/4SW1/4 sec. 11, T. 9 S. , R. 4 E. Columnar jointing 
is welldeveIoped, and faint light and darkcolored horizontal 
flowbands can be seen in the center of the cliff. 
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structure around most of the phenocrysts. Microscopic magnetite 

dust trails occur in most of the glass shards. The most common 

clastic inclusions in the welded tuff are partly flattened pumice frag. 

ments. Sandstone and conglomerate clasts are common locally. 

Age 

Boyd (7, p. 391) dates the Yellowstone Tuff as Pliocene. The 

similarity of compo sition, stratigraphic sequence, and stratigraphic 

position indicate the rhyolite welded tuff of the thesis area is cor- 

relative with the Yellowstone Tuff and is Pliocene in age. 

of Deposition 

Boyd (7, p. 397) failed to locate any vents that could have 

supplied the large amount of Yellowstone Tuff, and he concludes: 

Although such volcanoes may have existed 
once and been buried by more recent eruptions, it 
seems more probable that the Yellowstone tuff was 
erupted from a number of dispersed fissures. 

The welded tuff appears to be the result of one series of pyro- 

clastic eruptions (7, p. 397) as evidenced by its homogeneous corn- 

position and its large areal extent in the vicinity of Yellowstone Park, 

Wyoming. 
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Unconsolidated Sediments 

Unconsolidated sediments in the thesis area include Pleisto 

cene glacial till, Quaternary landslide debris, and Quaternary alluvi 

um. 

Glacial Till 

The glacial features in and adjacent to the mapped area are 

described in the chapter on Geomorphology in this report. 

Glacial till in the S1/ZSW1/4SW1/4 sec. 36, T. 8 S., R. 4 E. 

is composed almost entirely of subrounded pebbles to boulders of 

Precambrian metamorphic rocks including gneiss, schist, 

amphibolite. A few boulders of microcline granite were also ob 

served. The erratic boulders are scattered over the surface of out 

cropping Upper Cretaceous rocks, and a gravelly soil has developed 

on the thin till deposit. 

Quaternary Landslide Debris 

The most common rocks involved in landslidirig within the 

I 
thesis area are the Upper Cretaceous shales and mudstones with 

their unconformable caps of Pliocene welded tuff. The soft shale s 

and mudstones appear to lose coherence and slide even on low-angle 

(10 to 15 degrees, sec. 3Z, T. 8 S. , R. 4 E.) slopes. Sapping of the 
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soft shales beneath Wilsey Butte promotes slope retreat on all four 

sides producing steep cliff faces in the overlying welded tuff. 

The second most common rock involved in landsliding is the 

Thermopolis Shale. It is likewise a weak rock and permits consider. 

able landsliding along Cinnamon Creek (Secs. 27 and 28, T. 8 S., 

R. 4E.) where it is overlain by the Muddy Sandstone. Four separate 

slide areas there have headwalls of Muddy Sandstone that rise above 

oversteepened slopes. The underlying Thermopolis Shale apparently 

becomes unstable with increased moisture content and acts as a sole 

for mass movement. 

Other rocks, including the Phosphoria and Quadrant sand- 

stones overlying the Amsden Formation, are important landslide- 

formers under conditions of steep dip or oversteepened slopes. At 

a few places along Elkhorn Creek, small-sdale landsliding has been 

initiated in the Morrison Formation mudstones. 

Quaternary Alluvium 

Unconsolidated alluvium is present along all of the streams in 

the thesis area but the largest alluvial deposit occurs along the Gal- 

latin River floodplain where the alluvium is terraced. 

South of Almart Mountain Lodge (Plate 4) the most abundant 

boulders are schists, gneisses, and amphibolites presumably derived 

from the Madison Range metamorphic complex. The interstitial sand 
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and gravel surrounding the boulders is derived from the younger, 

lessresistant sedimentary rocks through which the river has cut its 

channel. The dominant identifiable sedimentary rocks include Quad- 

rant Formation sandstone and Phosphoria Formation chert. 

North of Almart Mountain Lodge the most abundant boulders 

in the stream channel are composed of limestone derived from the 

steep valley walls cut in the Madison Group. 

Locally, alluvial fans occur at the mouths of intermittent and 

perennial streams. A road cut along Highway 191 crosses the toe of 

an alluvial fan at the mouth of an intermittent stream in the SW1 /4NW 

1/4 sec. 9, T. 8 S. , R. 4 E. and reveals a thickness of over 50 feet 

of unconsolidated angular limestone and sandstone sand, gravel, and 

boulders that are poorly sorted and poorly bedded. 
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STRUCTURE 

The Central Rocky Mountains in southwestern Montana and 

Wyoming are bordered on the west by intensely folded and thrust 

faulted miogeosynclinal sedimentary rocks of the Disturbed Belt. 

The structure of the Central Rocky Mountains, with uplifted blocks 

separated by intermontane basins, is less complex than that of the 

Disturbed Belt. The ranges are broadbacked uplifts modified by 

normal and reverse faulting with wide areas of Precambrian base 

ment rock exposed in their cores. This deformation has affected 

Paleozoic and Mesozoic rocks on the shelf of the craton (57). 

Regional Structure 

The dominant structural features in the region surrounding 

the mapped area trend northwest (Plate 3). McMannis and Chadwick 

(38, p. 30) write: 'It is generally believed that old structural trends 

in the basement and structures related to orientation of stress sys 

tems during the Cretaceous - Early Tertiary Laramide orogeny are 

combined inthe existing deformational patterns. A similaridea is 

advancedbyFooseetal. (20, p. 1153): 

As a working hypothesis the present authors 
believe that the distribution of the ranges of the Mid 
dle Rocky Mountains was defined by Laramide stress 
patterns, modified by preexisting northwest4rending 
structural zones of weakness in the basement. 
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Northeast of the thesis area the Beartooth Mountains of Mon. 

tana and Wyoming constitute an uplifted crustal block trending N. 

65° W. (57) that has Precambrian rocks exposed in its core. A 

o thrust zone striking N. 60 W. forms the southwest border of the 

Beartooth Mountains near Gardiner, Montana (57), and north of the 

thesis area the Spanish Peaks Fault (38), which is on trend with the 

thrust zone near Gardiner, separates the Upper Gallatin River Valley 

to the south from the uplifted Spanish Peaks Precambrian rocks to 

the north. 

West of the thesis area Precambrian metamorphic rocks of 

the Madison Range are bordered on the west by a long sinuous fault 

zone. Block.1ike uplift of the north-northwesttrending Madison 

Range and subsequent erosion has produced hogbacks of steep north- 

east-dipping Cambrian limestone at the east edge of the Precambrian 

core area. 

To the southeast, the mapped area is bordered by Tertiary 

volcanics of the Yellowstone Plateau that effectively cover older 

structures. 

Thesis Area Structure 

Paleozoic, Mesozoic, and Cenozoic sediments of the area 

mapped are folded and faulted. The larger folds parallel northwest 

regional trends and are interrupted by local cross-faults. The 
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southeastern part of the mapped area is dominated by two intersect.- 

ing folds: the Buck Creek and Snowflake Anticlines. 

Folds and Associated Faults 

Buck Creek Anticline. The Buck Creek Anticline (Figure 14) 

originates in sec. 25, T. 8 S. , R. 4 E. and trends west northwest 

for eight miles through the mapped area (Plate 4). [t continues west 

an additional eight miles into the adjoining area mapped by Beck (3). 

The anticline plunges northwest and is markedly asymmetric toward 

the southwest with 40 to 90 degree southwest dips opposing 10 to 60 

degree northeast dips. Cinnamon Mountain (Figure 14) and Burnt 

Top Mountain are topographic expressions of Buck Creek Anticline 

in the thesis area, and Flattop Mountain expresses the fold structure 

north of Sphinx Mountain. 

The oldest rocks exposed in the core of the fold are Missis- 

sippian Madison Group limestones. The youngest rocks associated 

with the anticline in the thesis area are Upper Cretaceous sediments 

on the southwest limb. 

Five normal cross-faults, with small near-vertical separa- 

tians, cut Buck Creek Anticline (Plate 4), The cross-faults all strike 

nearly perpendicular to the fold axis, and the faults probably formed 

contemporaneous with the folding. 

Snowflake Anticline. At its east end the Buck Creek Anticline 



Figure 14. View west along axis of Buck Creek Anticline. Madison Group limestone crops 
out along the Gallatin River Canyon. Phosphoria Formation caps northdipping backslope 
in right middle ground, and Kootenai Formation caps backslope in right background. Lone 
Mountain on right skyline. Taylor Peaks on left skyline 
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is intersected by the north-trending Snowflake Anticline (Plate 4). 

The intersecting folds are separated by a small steeply plunging syn 

dine directly north of the intersection which is truncated by cross 

faults. 

Snowflake Anticline is an overturned fold cut by a high-angle 

reverse fault on the overturned cast flank that parallels the axial 

trace (Plate 4). The west side of the fault has moved up relative to 

the east side and separation on the fault is probably less than 100 

feet (33). The reverse faulting accompanied the folding. Overturned 

beds on the east limb of the Snowflake Anticline dip from 40 to 80 de- 

grees to the west. Erosion of the folded strata has formed Snowflake 

Ridge which trends due south from Grouse Mountain for about six 

miles. 

In the vicinity of Cow Flats,Upper Cretaceous beds on the 

overturned east limb of the anticline dip from 40 to 75 degrees west. 

Overturned beds of the Late Cretaceous-Paleocene Livingston For- 

mation can be traced four miles farther north of the truncated fold 

axis along the eastern boundary of the area mapped (Plate 4). Non- 

folded Specimen Creek ( middle Eocene ) volc3nics unconform- 

ably overlie the structure and make it impossible to locate the fold 

axis or the reverse fault north of Buffalo Horn Creek, where they are 

truncated by cross-faults that formed contemporaneous with the fold- 

ing. 
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Buck Creek Syncline. Adjoining Buck Creek Anticline on the 

south and Snowflake Springs Anticline on the west, Buck Creek Syn 

dine (Figure 15) extends eight miles across the mapped area and con- 

tinues about tenmiles farther west to end at Sphinx Mountain and The 

Helmet. Beck (3) has mapped this structure as the Sphinx Mountain 

Syncline since it passes through folded Late Paleocene to early Eo 

cene (3, p. 133) conglomerates that cap Sphinx Mountain, but the 

author has chosen to retain HalIis (26) name of 'Buck Creek Syncline" 

for the fold. 

The syncline originatesin sec. 1, T. 7 S. , R. 4 E. south of 

Grouse Mountain with a northwest trend that is altered to a west trend 

adjacent to the intersecting anticlines in sec. 25, T. 8 5. , R. 4 E. 

(Plate 4). Near Grouse Mountain the syncline has a northwest plunge 

that swings to a west plunge until its axis reaches Wilsey Butte where 

the plunge direction changes to west..southwest. The fold is asym 

metric; dips of 40 to 90 degrees on the north limb oppose dips of 4 to 

20 degrees on the south limb. This asymmetry continues west of the 

mapped area (3, p. 133). 

Time of Folding. The youngest rock involved in the folding 

in the thesis area is Late Cretaceous to Paleocene Livingston Forma- 

tion. These rocks are overlain with angular discordance by nonfolded 

middle Eocene Specimen Creekvolcanics in the northeast cor- 

ncr of the mapped area (Plate 4). This would date the folding 



Figure 15. View southwest along axis of Buck Creek Syncline. Upper Cretaceous shale 
caps ridge in center middieground. Gallatin River and U. S. 191 appear in valley. Taylor 
Peaks on right skyline, and Carrot Basin Anticline on left skyline. 
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between Paleocene and middle Eocene. 

Northwest of the mapped area Hall (26) mapped folded Late 

Paleocene to early Eocene Sphinx Conglomerate overlain by nonfolded 

middle Eocene Specimen Creek volcanics. This indicates that a more 

exact time of folding would be early Eocene. 
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GE OMORPHOLOGY 

Structural and Stratigraphic Control of Topography 

The topography of the mapped area is largely controlled by 

the structural configuration of the rocks and by differential weather 

ing and erosion of the strata. Anticlines form topographic ridges 

along Cinnamon, Burnt Top, and Grouse Mountains (Figure 16). In 

contrast to these ridges, the Buck Creek Syncline forms broad gently 

sloping, upland areas in the southwest part of the area (Plate 4). 

The fold structures involve rocks of varying resistance to weathering 

and erosion. The conglomerates, sandstones, and limestones in the 

area mapped exhibit a high degree of resistance and are ridge-.form- 

ers. Conversély, the shales and mudstones are less resistant and 

are eroded into surface depressions.' 

The backsiopes of Cinnamon and Burnt Top Mountains are dip 

slopes of huge cuestas capped by resistant sandstones of the Phos- 

phoria Formation. Farther north in sec. 1 and Z, T. 8 S. , R. 3 E. 

and sec. Z and 3, T. 8 S. , R. 4 E. resistant quartz arenites of the 

Early Cretaceous Kootenai Formation form south-facing cuesta 

scarps along Buck Creek andElkhorn Creek, and underlie the dip 

slopes of the cuestas (Plate 4). Burnt Top Mountain has a cuesta 

scarp from sec. 24, T. 8 S. , R. 4 E. northwest for 3. 5 miles along 

its crest to near the confluence of the Gallatin River and Elkhorn 
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Figure 16. View west down Buffalo Horn Creek showing the topog- 
raphic expression of Buck Creek Anticline (right background) as 
a ridge and Buck Creek Syncline (center) as a broad valley area. 
Southwest dipping Phosphoria Formation forms treeless slope in 
right foreground. Cinnamon Mountain is capped by Phosphoria 
and Quadrant Formations while Tertiary welded tuff s cap center 
background. Sphinx Mountain (elevation 10, 876 feet) on center 
skyline. 
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Creek in SE1/4 sec. 9, T. 8 S. , R. 4 E. (Figure 17). 

Differential erosion of beds of varying resistance has pro 

duced hogbacks along the south limb of the Buck Creek Anticline. In 

sec. 25 and 26, T. 8 5., R. 4 E. the Madison Group lime stones form 

vertical hogbacks. North of Cinnamon Creek and Buck Creek Basin 

steep south.dipping Paleozoic and Mesozoic rocks have been eroded 

to hogbacks with north..facing scarps (Plate 4, Figure 18). Along the 

south flank of Cinnamon Mountain a change of strike of these beds 

from west to south, north of Cinnamon Station, plus a very rapid de- 

crease in dip, changes the topographic expression of these eroded 

rocks from hogbacks to gentle west.-sloping cuestas along the Gallatin 

River opposite the 320 Ranch. In sec. 30, T. 8 S. , R. 4 E. the re- 

sistant Tertiary welded tuff that caps flat.-topped Wilsey Butte pro- 

tects the underlying softer shale s and forms a prominent topographic 

high in the core of the Buck Creek Syncline. 

Beds overturned to the east in the E1/2 sec. 25, T. 8 S. 

R. 4E. have been eroded into steeply sloping hogbacks that trend 

north-south along the Snowflake Anticline. Resistant basal conglom- 

erate in the Kootenai Formation forms the hogback east of Grouse 

Mountain. Weak limy shales of the Rierdon Formation and red mud- 

stones of the Woodside Formation occupy the valley between the hog- 

back aid Grouse Mountain in sec. 36, T. S S. , R. 4 E. In sec. 30, 

T. 8 S. , R. 5 E. a moderately steep (35° to 50°), east-sloping 
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Figure 17. View east to long homoclinal backslopes of Cinnamon 
Mountain (foreground) and Burnt Top Mountain (middleground). 
Ramshorn Peak (Specimen Creek volcanics) on left skyline. Rock 
rubble in foreground is landslide debris of Juras sic Morrison 
Formation. 
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Figure 18. View east along south side of Cinnamon Mountain. 
Northeast-facing hogbacks of Madison Group (left middleground) 
and Kootenai conglomerate (center middleground). Flat-topped 
Wilsey Butte in right middleground is capped by Tertiary welded 
tuff s. Snowflake Ridge appears in right background. 
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hogback of the Livingston Formation sandstone changes to a vertical 

hogback that forms a definite topographic ridge north to sec. 6, T. 8 

S., R. 5E. 

Structl2ral Control of Drainage 

The north-flowing Gallatin River in this mountainous region 

does not appear to be structurally controlled. However, all of its 

tributaries within the mapped area are controlled to some degree by 

structural features. The Gallatin. River transects the Buck Creek 

Syncline and the Buck Creek Anticline in such a straight northerly 

line as to suggest that its course has been superposed onto the under- 

lying structures from a course developed on the surface of Specimen 

Creek Volcanics. 

The headwaters of Buck Creek, the largest tributary to the 

Gallatin River in the mapped area, originate along two major forks 

that joini.n the SW1/4SW1/4 sec. 13, T. 8 S., R, 3 E. The larger 

flows from the west to the east while the smaller flows from east to 

west. Each fork is a subsequent stream flowing parallel to the strike 

in weak Upper Cretaceous shales. North of their junction, the main 

trunk of Buck Creek flows northeast (Plate 4). It cuts across the 

anticlinal ridge of Cinnamon Mountain and then flows in the dip direc- 

tion northeast. 

One explanation for the change in character of Buck Creek 
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from a structurally controlled stream south of the fork to one with no 

apparent structural control north of the fork is stream piracy. Prior 

to the present drainage development, an eastflowing subsequent 

stream, parallel to the ridge of Cinnamon Mountain, could have been 

captured by headward erosion of Buck Creek. Through headward 

erosion south from sec. 4, T. 8 S, , R. 4 E. across the dip slope of 

Cinnamon Mountain, Buck Creek could have intersected the subse 

quent stream in sec. 13, T. 8 S. , R. 3 E. and caused a diversion of 

its waters. Southeast of this point, in SE1/4 sec. 19, T. 8 5. , R. 

4 E. , a narrow pass separate s Cinnamon Mountain from Wilsey Butte 

(Plate 4). While mapping this area the author found sub-rounded cob- 

bles and boulders of Pennsylvanian Quadrant sandstone and Lower 

Cretaceous Kootenai conglomerate scattered on the surface of the 

Tertiary welded tuff. The nearest outcrop of Kootenai conglomerate 

is about one-half mile north, across the pass up on the flank of Cm- 

namon Mountain, while Quadrant sandstones crop out on top of Cinna- 

mon Mountain. The occurrence of the cobbles and boulders onthe 

welded tuff surface could be explained as gravity deposits, but they 

could also be explained as remnants of a former stream channel. A 

third possible explanation is that the cobbles and boulders are rem- 

nants of a moraine of the Buffalo Stage of glaciation (49, p. 223). 

Elkhorn Creekis a subsequent stream whose course has been 

influenced by the differential erosion of weak, north-dipping 
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Dinwoody sandstones and Rierdon limestones onthe backslope of 

Burnt Top Mountain. Its channel occupies a strike valley throughout 

its length (Plate 4). 

Buffalo Horn Creek appears to be a superposed stream since 

it transects the overturned structures associated with the Snowflake 

Anticline, while Cinnamon and Wilson Creeks, in contrast, are sub- 

sequent streams within Buck Creek Syncline. 

Stream Erosion Features 

Streams with steep-walled valleys, generally narrow flood- 

plains, and narrow, rounded interstream divides indicate that the 

thesis areais in an early maturity stage of the fluvial cycle (59). 

Floodplain width is greatest along the Gallatin River immediately up- 

stream from those places where it cuts across a topographic high, as 

at Almart Mountain Lodge where the river traverses Buck Creek 

Anticline (Plate 4). Continuous rapids indicate the relatively steep 

gradient (45 to 50 feet per mile) of the Gallatin River. Its tributaries 

havemuch higher gradients; that of Buck Creek is 145 feet per mile, 

Buffalo Horn Creek is 153 feet per mile, and Elkhorn Creekis 296 

feet per mile. All of the larger streams in the area appear to be 

superposed on t1ernajor structures while the minor and intermittent 

streams appear to be subsequent streams. 

Each of the tributary streams to the Gallatin Riverin the 
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mapped area has an obstruction somewhere along its course. 

Elkhorn Creek is dammed behind the toe of a very recent earthflow 

n the NW1/4NE1/4NW1/4 sec. 14, T. 8 S. , R. 4 E. where the 

stream goes underground in a swallow hole developed in Madison 

Group limestone. 

Buffalo Horn Creek was dammed behind the toe of an earth 

flow at Cow Flats, Ponding of the stream resulted in lacustrine de 

position in the upstream area forming a flat bottom in the small val- 

ley (one-quarter mile longs ¿00 yards wide) above the obstruction. 

Eventual overflow and subsequent downcutting through the barrier re-' 

moved the dam and entrenched the meanders developed behind the 

barrier, Cinnamon and Buck Creeks both have similar barriers 

along their courses. 

Terrace s 

Alluvial terraces occur along the Gallatin River and Buck 

Creek. The terraces are narrow (10 to 50 feet wide), nearly flat-' 

topped, and about ¿5 feet high. U. S. Highway 191 cuts through a 

terrace just south of the Buck Creekbridge in sec, 4, T. 8 S. , R. 4 

E. (Plate 4), in which, ubrounded to rounded boulders of schist, 

gneiss, and volcanic rock are enclosed in a matrix of unconsolidated 

sandstone and limestone gravel and sand. The terrace is about 40 

feet above the present river level and can be traced for about 200 



. 

137 

yards. It rests directly on Madison Group limestone s. At its south-. 

em end it coalesces with an alluvial fan at the mouth of a narrow trib- 

utary canyon. Similar boulder terraces occur along both sides of the 

Gallatin River south of Almart Mountain Lodge. Here the terraces 

widen to about 200 yar4s, are nearly two miles long, and are less 

than 30 feet above the river. 

At the junction of Doe Creek and Buck Creek a 15 to 25 foot 

high and 50 foot wide terrace lies along both sides of Buck Creek. 

Due to erosion this terrace becomes discontinuous both up and down 

stream. It is composed almost entirely of cobbles and boulders of 

sedimentary rock from the surrounding formations. 

Glacial Features 

Recurrent episodes of glaciation are indicated by a till de- 

posit in the southwest corner of the mapped area and morainal de- 

posits south of the area. Till and moraine deposits occurring at var- 

iouslevels along Taylor Fork were described by Hall (25) who postu- 

lates at least three separate stages of local glaciation. 

The Sawmill moraine (Sawmill Stage) , lowest in elevation and 

presumably youngest, is a lobate end moraine with hummocky topog- 

raphy adjacent to the Taylor Fork floodplain (Figure 19). The mo- 

ramal material consists of Precambrian gneisses and Paleozoic 

limestones carried down from the heart of the Madison Range. 



138 

Figure 19. View east down Taylor Fork. Hummocky, sagecovered 
topography adjacent to floodplain is Sawmill Stage end moraine. 
Rounded hills at left are weak Upper Cretaceous shales covered with 
erratics of intermediate stage till. Wapiti Creek junction in middle 
ground flanked by dipslbpe of Lowe:r Cretaceous Kootenai Formation. 
Snowflake Ridge appears on left skyline. 
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Hall (25, P. 195) states that, 'The Sawmill Stage may possibly be 

correlative with the Pinedale Stage of Blackwelder and others in 

northwestern Wyoming, but further studies must be made to substan- 

tiate this view. 

An older intermediate glacial stage, as described by Hall 

(25), was more extensive than the Sawmill Stage. The intermediate 

stage is responsible for the glacial till and scattered Precambrian- 

boulder erratics perched on outcropping Upper Cretaceous shales 

within the thesis area (sec. 36, T. 8 5., R. 3 E.). This stage is 

possibly correlative with the Bull Lake Stage in northwestern Wyom- 

ing (25). 

The Marble Point Stage, the oldest and most extensive, is 

named for the till deposit on Marble Point (secs. 4 and 9, T. 9 S. 

R. 4 E.) about one mile south of the mapped area. The deposit con- 

tains some very large boulders of Precambrian rocks as well as a 

large boulder of Lower Cretaceous Kootenai conglomerate. The 

Kootenai conglomerate boulder is resting upon Upper Cretaceous 

shales, and the nearest Kootenai exposures are over a mile away and 

several hundred feet lower than the Kootenai erratic (25). 

The high1evel till of the Marble Point Stage possibly repre- 

sents remnants of a piedmont-type ice sheet that covered most of the 

Madison Range and the west slope of the Gallatin Range prior to the 

major canyon cutting (49). The intermediate till and the Sawmill 
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moraine probably represent a less extensive system of fairly recent 

valley glaciers during the intermediate stage and a very recent minor 

ice accumulation associated with the higher Madison Range peaks 

during the Sawmill Stage (25). 

Landsliding 

Mas s-movement features involve about 15 percent of the sur- 

face area in the area mapped (Plate 4). Three separate landslides 

each cover areas in excess of one square mile, and some slides are 

over a mile in length. Only the two most important types of mass- 

movements in the area will be discussed: 1) earthflow, including mud- 

flow, slump, and soil creep, and 2) rockslides, including rockfall, 

rock glacier and rock creep. Both earthflows and rockslides were 

mapped as landslides (Qis) in the thesis area. 

The most important form of masswasting in the area mapped 

is earthflow, the downslope movement of soil and rock debris loaded 

with water. The earthflows generally have elongate flow patterns 

with crescentic headwall scarps. Slump blocks of various sizes, 

commonly rotated backwards, usually appear along the headwall 

scarp, especially in places where the Muddy Sandstone, the cap rock, 

is underlain by soft Thermopolis Shale. A constrjcted zone, more 

narrow than the head or toe areas, is normally present somewhere 

along the flow zone length. At the lower end the earthflow widens 
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into a spatulate toe area with a convex upward profile (Figure 20). A 

hummocky topography along the course of the earthflow often includes 

small closed depressions which seasonally fill with water. Springs 

ana swampy areas develop along the earthflow and support heavy 

growths of aspen and wild flowers. The development of a soil and 

vegetative cover on some of the earthflows indicates that they are 

nearly stabilized under present climatic and topographic conditions. 

Not all of the earthflows in the mapped area have wel1deve1- 

oped zones with characteristic earthflow features. The earthflows 

surrounding Wilsey Butte (Figure 21) are quite irregular in shape 

(Plate 4); no constricted flow zone or definite flow path is seen. Be- 

tween Albino Lake and Wilsey Butte (sec. 36, T. 8 S., R. 3 E. and 

sec. 31, T. 8 S. , R. 4 E.) there is only one continuous earthflow 

radiating from the edge of the welded tuff cap. Here the hummocky 

topography forms many closed depressions including Marble Lake in 

sec. 32, T. 8 S. , R. 4 E. In fact, earthflows haveinfluenced the 

outline of Albino Lake by encroaching upon its north and south shores 

(Plate 4). 

The second most common type of mass.wastingin the area 

mapped is rocksliding. Typically rockslides occur in areas of steep 

slopes. In contrast to earthflows, rockslides seldom form long sinu- 

ous flow zones. They usually form at the base of receding cliffs and 

tend to broaden out downslope. 
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Figure 20. View north to toe of large earthflow along U. S. Highway 
191 opposite 320 Ranch. Note the spatulate toe with convex profile 
resting on terraced floodplain of the Gallatin River. Cinnamon 
Mountain in middleground with southwest-dipping hogback ridges of 
Swift Formation (Jurassic) and Kootenai (Lower Cretaceous) con- 
glomerate. Spanish Peaks appear in background through Gallatin 
River water gap. 
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Figure 21. View east to Albino Lake (center) and Wilsey Butte 
(left middleground). Weak Upper Cretaceous shales promote earth 
flows around Wilsey Butte which encroach on Albino Lake. Dip 
slope in center background has hummocky topography with closed 
depressions. The headwall scarps on Wilsey Butte are composed 
of Tertiary welded tuff. Specimen Ridge of Yellowstone National 
Park forms background with Rams Horn Peak on left skyline. 
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The large landslide areas on the backsiopes of Cinnamon and 

Burnt Top Mountains are combinations of earthflowage and rockslid 

ing. Both areas have very steep headwalls of Phosphoria Formation 

sandstones capping Quadrant Formation sandstones. At both locali- 

ties the Amsden Formation underlies the Quadrant and is not exposed. 

It is the author's belief that landsliding in these areas was influenced 

by the presence of excess amounts of water in the Amsden. These 

became incoherent and proceeded to slump or slide downdip, causing 

a sapping of the overlying more competent formations. There is 

even the possibility that such movement could be triggered by a local 

earthquake such as the well-known Madison Canyon rockslide, August 

17, 1959, below Hebgen Dam in the Madison Range. 
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ECONOMIC GEOLOGY 

(Thfl 

In 1947 Phillips Petroleum Company drilled and abandoned a 

dry hole on the Carrot Basin Anticline., about seven miles south of the 

thesis area. The well was spudded in the Morrison Formation, and 

a total depth of 2, 140 feet was drilled, and the well bottomed 220 feet 

below the top of the Madison Group. The only drill-stem test was in 

the Dinwoody Formation, and no oil or gas shows were recorded. 

Tutten (60, p. 261) states, 'SIt is believed that the section above the 

Amsden is dry and not even water-bearing, although porosity is pres- 

ent in several intervals. T? 

The Buck Creek and Snowflake Anticlines within the thesis area 

are breached by erosion and expose Madison Group limestone s and 

dolomites in their cores. No oil seeps were observed along either 

of these structures. The author believes the possibility of finding a 

commerêial accumulation of oil or gas in the thesis area is remote. 
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GEOLOGIC HISTORY 

Early Mississippian Madison Group limestone depositionis 

the first geologic event recorded in the rocks of the thesis area. De- 

position took place on the eastern shelf of the long, narrow Madison 

Basin (16, p. 665) whose axis of deposition was almost north-south 

from western Alberta, Canada, through western Montana to southern 

Idaho. About 1,300 feet of carbonate sediments accumulated in the 

thesis area as compared to more than 5, 000 feet of contemporaneous 

sediment deposition to the west along the Montana-Idaho border. 

The karst topography and gentle relief developed on the upper 

surface of the Madison Group indicate an interval of epeirogenic up- 

lift and erosion after Madison Group deposition. This erosion is rep- 

resented by the disconformity between the Madison Group and the 

overlying Amsden Formation, which, with its red beds and detrital 

dolomite, represents renewed deposition from Late Mississippian to 

Middle Pennsylvanian time. 

The Quadrant Formation conformably overlies the Amsden and 

represents continuous deposition of large amounts of quartz sand in 

the Rocky Mountain miogeosyncline from Middle to Late Pennsylvan- 

ian. Most of Montana and Wyoming became gently emergent and 

underwent erosion during the Late Pennsylvanian. Following this, 

a shallow Permian sea came into existence, and the widespread 
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sandstones, bedded cherts, and phosphorite beds of the Phosphoria 

Formation were deposited disconformably on the Quadrant Formation. 

A shelf area bordering deep water of the open ocean, where silica- 

and phosphate-rich water were supplied by upwelling, was probably 

the site of deposition of most of the bedded chert and phosphorite. 

The facies relationship between the Dinwoody Formatior, and 

the Woodside Formation indicates that during Trias sic time south- 

west Montana alternated from being a stable shelf to a mildly unsta- 

ble basin. Marine limestones and sandstones of the Dinwoody west 

of the mapped area intertongue with shallow marine to nonmarine red 

beds of the Woodside east of the mapped area. 

Carbonate deposits of the Rierdon Formation of early Late 

Jurassic time unconformably overlie the Trias sic Woodside Forma- 

tion on a pre-Rierdon erosion surface that was laterally extensive in 

Montana and Canada (1, p. 63). Nonmarine Morrison sandstones, 

mudstones, and limestones were deposited disconformably on the 

Swift Formation as uplift and continental sedimentation became dom- 

inant in the area mapped. 

Eastward migration of the Nevadan ( ?) orogeny in Early Cre- 

taceous time produced widespread fluvial deposition of coarse cias- 

tics at the base of the Kootenai Formation. Continued deposition of 

- finer grained clastics in the upper Kootenai ended with deposition of 

a clean quartz sand at the top of the formation. The Thermopolis 
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Shale unconformably overlies the Kootenai Formation and indicates 

marine deposition in a large southtransgressing Cretaceous sea. 

In contrast, the overlying Muddy Sandstone is a regressive shallow 

marine deposit which contains devitrified volcanic glass. The vol- 

canic glass suggests theinception of the early stages of volcanic ac- 

tivity accompanying Laramide orogenic activity. 

Large amounts of pyroclastic debris in the Albino Formation 

and Upper Cretaceous rocks of the thesis area document extensive 

volcanic activityin Late Cretaceous time that continued well into the 

Paleocene and accompanied the deposition of the nonmarine Livings- 

ton Formation. 

Laramide orogenic activity during the Late Cretaceous and 

Paleocene is evidenced by the extensive volcanic boulder conglomer- 

ates containedin the Livingston Formation of southwestern Montana. 

The Paleocene to early Eocene Sphinx Conglomerate that occurs west 

of the thesis area records deposition of clasti.c material eroded from 

rising mountains inwestern Montana. Laramide folding in the thesis 

area occurred after deposition of the Sphinx Conglomerate and before 

deposition of the middle Eocene Specimen Creek Formation. The 

folding reached a climax in Montana during early Eocene time ( i , p. 

64). Erosion of the Laramide structures and volcanic activity occur- 

red during late Eocene time. 

Epeirogenic uplift in the mapped area in Pliocene time 
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intensified erosion and developed superposed streams that cut valleys 

across fold structures. Pliocene (?) high-level gravels underlying 

Pliocene welded tuff in the thesis area indicate the approximate posi 

tion of the Upper Gallatin Valley floor just prior to extrusion of the 

welded tuff. 

The Pliocene welded tuff is probably a northern extension of 

the large volume of rhyolitic material extruded in the vicinity of 

Yellowstone Park, Wyoming, where volcanism was very active 

throughout the Pliocene. 

Glacial episodes of Pleistocene to Recent age are recorded 

in the till of three separate glacial stages: the oldest may have been 

a piedmont-type glacier with considerable areal extent in the Madison 

and Gallatin Ranges. The two younger stages of glaciation, with de- 

posits immediately south of the thesis area, appear to have been less 

extensive than the oldest stage and probably represented recurrent 

alpine glaciation. 

Terraced river gravels along, the Gallatin River floodplain 

indicate renewed downcutting during Recent time in response to a 

gentle epeirogenic uplift of the area after alluviation by glacial out- 

wash. 

Allu(rial fill is presently being supplied to the valley floors in 

the area by mass wasting and fluvial processes. p.150 is a large 
plate. lt is 
attached as a 
seperate file to this 
record. 
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