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STUDIES RELATED TO WILDERNESS 
WILDERNESS AREAS 

In accordance wth the provisions of the Wilderness Act (Public Law 88-577, September 3, 1964) 
and the Conference Report on Senate Bill 4, 88th Congress, the U.S. Geological Survey and the U.S. 
Bureau of Mines made mineral surveys of wilderness and wilderness study areas. The results of these 
surveys are made available to the public and are submitted to the President and Congress. This report 
discusses the results 01: a mineral survey of the Teton Wilderness and some adjoining road less lands in 
the Bridger-Teton National Forest, Wyo. The area studied is south and east of Yellowstone National Park 
and east of Grand Teton National Park. 
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Mineral Resources of the Teton Wilderness and 
Adjacent Areas, Teton, Fremont, and 
Park Counties, Wyoming 

By J. C. Antweiler, J. D. Love, Harold J. Prostka, Dolores M. Kulik, and Lennart A. Anderson 
U.S. Geological Survey, and 
Frank E. Williams, Jimmie E. Jinks, and Thomas D. Light 
U.S. Bureau of Mines 

Summary 

The Teton Wilderness has a moderate potentiaP for oil 
and gas resources in two anticlines in the western part of the 
wilderness, and in the postulated Younts basin(?) in the eastern 
part of the wilderness. The wilderness also has a moderate to 
low potential for a gold resource in conglomerates and related 
alluvium in the western part, and copper in Late Archean rocks 
in the south-central part of the wilderness. No evidence was 
found of other mineral resources in the Teton Wilderness. 

These conclusions are based on field investigations of the 
Teton Wilderness conducted during the summers of 1972 to 
1974 by the U.S. Geological Survey and the U.S. Bureau of 
Mines, and on aeromagnetic and gravity surveys conducted 
by the U.S. Geological Survey in 1967 and 197 4, respectively. 
Field investigations included analysis for various elements of 
more than 4,000 bedrock, stream-sediment, and panned
concentrate samples by the U.S. Geological Survey, and 
analysis for gold of 221 stream-sediment samples and 124 chan
nel samples by the U.S. Bureau of Mines. 

A search of county, State, and Federal records by the U.S. 
Bureau of Mines disclosed no currently active mines that pro
duce metallic or nonmetallic minerals from the Teton Wilder
ness except one small gold-placer mine. Two copper mines 
operated during the early 1900's near the southeast margin of 
the wilderness, and gold-placer deposits have been worked 
from time to time along major drainages in the southwestern 
part of the wilderness. 

The Teton Wilderness lies south and southeast of Yellow
stone National Park in Teton, Fremont, and Park Counties, Wyo. 
It consists of 563,000 acres (2,280 km2) entirely within the 
Bridger-Teton National Forest. The wilderness was designated 

1Resource potential in this report is classified as moderate if, on 
the basis of geologic, geochemical, and geophysical evidence, a 
reasonable chance exists for the discovery of mineral resources. Areas 
with low mineral resource potential lack evidence to support a favorable 
genetic model, lack indicators of currently economic mineralization, 
and have no favorable combination of geologic, geochemical, and 
geophysical factors. 

by the U .5. Forest Service in 1955 and was added to the Na
tional Wilderness Preservation System by Act of Congress in 
1964. 

The rocks in the Teton Wilderness range in age from Late 
Archean to Quaternary. They are primarily sedimentary, but 
crystalline and igneous rocks also occur. The Teton Wilderness 
comprises two different geologic segments. In the eastern part 
of the wilderness, great thicknesses of stratified volcanogenic 
rocks of Eocene age originated mainly from volcanic centers 
outside the wilderness. The western part of the wilderness con
sists chiefly of Mesozoic sedimentary rocks folded into 
northwest-trending anticlines that were subsequently over
lapped by middle and upper Cenozoic rocks. These were then 
tilted westward and faulted in late Cenozoic time. The Eocene 
volcaniclastic rocks that compose the Absaroka Range buried 
the Late Archean and Paleozoic core of the Laramide Washakie 
Range. Subsequent erosion has exposed some of that range. 
The exposed Late Archean rocks are gneisses and schists, and 
the Paleozoic rocks are of marine sedimentary origin. Because 
most of the rocks in the Teton Wilderness are sedimentary, 
mineral resources are most likely to be associated with sedimen
tary processes rather than igneous activity. 

Two episodes of tectonic movements, separated by about 
65 m.y. (million years), have affected even the youngest rocks 
of the Teton Wilderness. These episodes are of two types: the 
first comprising folding, faulting, and uplifting near the close 
of Cretaceous time (about 66 m.y. ago), and the second com
prising several igneous events during late Pliocene or 
Pleistocene time (ending about 1.62 m.y. ago). 

During the first episode of tectonic movements, a series 
of northwest-trending anticlines and synclines, broken and 
overridden in places by thrust or reverse faults, developed in 
Cretaceous and underlying rocks. At about the same time, the 
Basin Creek uplift developed along the northwest border of 
the wilderness, largely in Yellowstone National Park. 

During the second episode of tectonic movements, 
rhyolitic tuffs, later welded, flowed south from one or more 
huge calderas in Yellowstone National Park across the western 
margin of the wilderness, partially burying some of the older 
anticlines and conglomerate beds that might have some 
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resource potential. At about the same time, pyroxene andesite 
and basalt intruded along the one major thrust fault in the north
central part of the wilderness. After emplacement of these 
igneous rocks, renewed movement along the Teton normal 
fault (west of the Teton Wilderness) caused the western part 
of the wilderness to be tilted westward and downward several 
thousand feet. During and perhaps following the westward 
tilting, the welded tuff and underlying rocks were broken by 
a series of northwest-trending normal faults which have a few 
tens to a few hundreds of feet displacement. 

All but the highest parts of the Teton Wilderness were 
glaciated one or more times, and as a result, bedrock is, in 
places, covered with extensive deposits of glacial debris, espe
cially along the major drainage systems. Meltwater saturated 
thick sequences of plastic shale and caused enormous land
slides that further obscure the bedrock. 

Aeromagnetic positive anomalies (highs) in the vicinity 
of Thunder Mountain and Younts Peak appear to be related 
to granodiorite intrusives that are exposed at the surface in only 
very small outcrops. Another positive magnetic anomaly may 
be related to a basic intrusive with surface expression on Soda 
Mountain. Two anomalies with negative polarity located near 
the headwaters of the Yellowstone River may be related to 
silicic intrusives that do not have surface expression. Major 
gravity low anomalies are associated with the intrusive 
granodiorite bodies on Thunder Mountain and Younts Peak. 
A gravity anomaly also occurs near the headwaters of the 
Yellowstone River and coincides with the aeromagnetic low 
that occurs there. Interpretations of the gravity data suggest that 
thick sections of Cretaceous strata, including source and reser
voir rocks which produce hydrocarbons in other areas of 
Wyoming, are present in the Box Creek downwarp in the 
western segment of the wilderness and in a postulated basin 
(Younts basin?) in the eastern segment. In summary, however, 
the geophysical data do not provide tangible evidence that 
mineral resources exist within the wilderness. 

At three localities in the eastern part of the wilderness, 
weak base- and precious-metal mineralization accompanied 
the emplacement of intrusives that penetrated the volcanogenic 
sediments. Although a slight possibility exists for other types 
of mineral deposits, the mineral commodities most worthy of 
study are those in sedimentary rocks and include oil and gas, 
gold in placers derived from conglomerates deposited in 
Laramide time, phosphate, metals in black shales, coal, gyp
sum, building stone, sand, and gravel. Our investigation, 
however, indicates that the resource potential for these com
modities is moderate to low. 

Several anticlines, fault-trap structures, and stratigraphic 
traps have a low to moderate resource potential for oil and gas. 
Most of the anticlines and fault-trap structures have at least 
seven possible producing horizons within a depth range of 
1,000-10,000 feet. The Wolverine anticline, in the north-central 
part of the area, is the largest and has the greatest resource 
potential. Test drilling and seismic studies would be needed 
to determine whether economic deposits of oil and gas are like
ly to occur within these structures. 

Gold ranging from traces to a few tenths troy ounces per 
ton occurs in alluvial deposits along several major streams that 
drain gold-bearing conglomerates in the Harebell Formation 
and Pinyon Conglomerate. 

There is a low to moderate potential for gold resources 

in the wilderness. Gold is consistently present in small amounts 
in the Quaternary gravels and in the parent Harebell Forma
tion and Pinyon Conglomerate, but the gold particles are tiny, 
flat, and thin. Past mining attempts have not been profitable 
because ordinary mining methods fail to recover much of the 
gold, and the cost of mining exceeds the value of the gold 
recovered. 

Copper, molybdenum, zinc, and other metals occur in 
small amounts in black shale at the base of the Amsden For
mation, and molybdenum is present in currently uneconomic 
amounts in several black shales of Eocene age. Several Ter
tiary igneous intrusives in the eastern part of the wilderness 
were examined for mineralization. No deposits of economic 
significance were observed, but geophysical and weak 
geochemical anomalies are associated with the intrusives on 
Younts Peak and Thunder Mountain. 

Copper prospects are present on South Buffalo Fork. Two 
small adits driven into Late Archean crystalline rocks by early 
prospectors show malachite and chalcopyrite of little economic 
significance. 

A portion of the jackson Hole coal field lies within the 
Teton Wilderness. Although coal beds occur at several localities 
in the Meeteetse, Mesaverde, and Sohare Formations, Bacon 
Ridge Sandstone, and Frontier Formation, they are generally 
thin and too remote to be of economic interest at present. 
Better, more accessible coal deposits occur at several localities 
adjacent to the wilderness. An unknown amount of coal was 
produced about 1910 by the U.S. Bureau of Reclamation from 
a mine on Pilgrim Creek which is now within the wilderness. 

Bentonite, gypsum, pumicite, phosphate, glauconite, 
building stone, and sand and gravel deposits are present in the 
wilderness but are too remote, or of too low grade to be com
petitive with other deposits that are more accessible, of higher 
grade, or nearer to markets. 

INTRODUCTION 

This report consists of two parts: the geological, 
geochemical, and geophysical investigations by the U.S. 
Geological Survey, including assessments of mineral 
resource potential, and an evaluation of mining claims 
and resource potential (particularly gold) by the U.S. 
Bureau of Mines. The investigation by the two agencies 
was coordinated and integrated as much as possible, and 
the preceding summary statement reflects the work of 
both agencies. The area included in this report is shown 
in figure 1. 

The relation of the Teton Wilderness to topographic 
and geographic features is shown on the relief map (fig. 
2). Generalized topography, elevations, drainage, bound
aries, and roads are shown on the geologic map (pl. 1). 
The area is mountainous, with maximum relief of more 
than 5,000 feet (1,500 m). 1 U.S. Highway 26-287 skirts 
the southern margin. There are no roads within the 

1 Measurements are given in this report in English units, artd the 
metric equivalent is included in parentheses after the English unit. The 
metric equivalent is given to comparable precision as the English 
measurement. 
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Figure 1. Index map showing mountains, basins, and other features surrounding the Teton Wilderness. 
Folded and upfaulted mountains emphasized by shading. Inferred outline of Targhee uplift in latest 
Cretaceous and Paleocene times shown by stipple pattern. 

wilderness. No lumbering has been done. Except for one 
small gold-placer mine, there has been no economic 
exploitation of minerals. 

The kind, size, and abundance of trees are closely 
associated with rock types, altitude, and moisture. In 
general, Cretaceous rocks in the central and western parts 
support a sparser growth than do the volcanic and 
crystalline rocks in the eastern parts. Forest fires burned 
several hundred square miles of the central and western 
parts during the 1930's, and regrowth has been slow. 

Precipitation ranges from about 30 to 54 inches per 
year (Mundorff and others, 1964, pl. 2). Winters are 
severe. The lowest and highest temperatures recorded at 
an official weather station in the region were at Moran, 
-60 op (-51 °C) and 92 op (33 °C), 4 miles south of the 
Teton Wilderness. Even in mid-July, winter snow remains 
in many areas above 9,000 feet (2, 700 m). 

Previous Studies 

Geologic mapping was begun in the area included 
in the Teton Wilderness by 1. D. Love in 1945 as a part 
of the U.S. Geological Survey's Fuels Program. The 
Wildcat, Whetstone, Hancock, and Wolverine anticlines 
were mapped, detailed stratigraphic sections were 
measured, and extensive fossil collections were made 
(Love, Hose, and others, 1951). Generalized versions of 
the geologic mapping were published later (Love, Weitz, 
and Hose, 1955; Love, 1956d, Love and Christiansen, 
1985). Additional mapping and stratigraphic studies were 
made as a part of the U.S. Geological Survey's Gold Pro
gram between 1965 and 1971 (Antweiler and Love, 1967; 
Love, 1973a; Lindsey, 1972). An aeromagnetic survey was 
made in 1967 and a gravity survey in 1974, both by the 
U.S. Geological Survey. An unpublished geologic map 
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Figure 2. Relief map showing relation of Teton Wilderness (solid outline), mountains, basins, and drainage systems in north
western Wyoming. Dashed lines show approximate boundaries of the Teton Corridor (west) and Du Noir Addition to Washakie 
Wilderness (southeast). Volcanic areas not shown. 
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was made of the Two Ocean Pass quadrangle, the south 
half of which lies in the Teton Wilderness, by H. W. 
Smedes and H. J. Prostka as part of the Yellowstone Na
tional Park research program. The stratigraphy of the 
Eocene volcanic rocks in the region was likewise described 
(Smedes and Prostka, 1972). Rhyolitic welded tuffs in the 
western part of the wilderness were mapped and classified 
by Christiansen and Blank (1972) in connection with the 
Yellowstone National Park research program. Their 
classification was used without change. Oligocene and 
Miocene rocks and fossils in the north-central part of the 
wilderness were studied by Love, McKenna, and Dawson 
(1976). 

A geologic reconnaisance map of Teton County 
(Love, 1956d) covers all but the extreme eastern and 
northeastern part of the wilderness. A block diagram and 
cross sections (Love, Reed, and others, 1973) show the 
general structure of the western part of the wilderness. 
The Teton Corridor geologic map (Love, Antweiler, and 
Williams, 1975) bounds the west side of the wilderness. 
The geology of Yellowstone National Park, directly north 
of the western part of Teton Wilderness, is published 
(U.S. Geological Survey, 1972). A more detailed map of 
prevolcanic rocks in the southern part of the park was 
made by Love and Keefer (1969). 

Present Studies 

Field investigations funded by the Wilderness Pro
gram were conducted during the summers of 1972, 1973, 
and 1974. Primary emphasis was on obtaining adequate 
samples for chemical and spectrographic analyses from 
all mappable rock and alluvial units (pl. 1), and from 
springs that were suspected of having unusual mineral 
content. Special attention was given to areas where 

geologic mapping and stratigraphic studies were in
complete. Details of the sampling and analytical program 
are discussed under that heading. Completion of a final 
report was delayed by fire in the Denver offices in March 
1976, resulting in destruction of field notes, map com
pilations, analytical data, and rock and mineral 
specimens. 
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GEOLOGY 

By J. D. Love and Harold J. Prostka, 
U.S. Geological Survey 

Geologic Setting 

The Teton Wilderness comprises two very different 
geologic segments. The western segment consists chiefly 
of Mesozoic rocks folded into northwest-trending an
ticlines that were subsequently overlapped by middle and 
upper Cenozoic rocks. These were then tilted westward 
and faulted in late Cenozoic time. The eastern segment 
consists chiefly of nearly flat-lying Eocene volcaniclastic 
rocks of the Absaroka Range. These rocks bury the Late 
Archean and Paleozoic core of the Laramide Washakie 
Range. Thus, the Absaroka Range is largely an erosional 
remnant of Eocene strata that once extended west across 
the remainder of the Teton Wilderness and east and south 
across the Bighorn, Wind River, and Green River basins. 
Some of the high peaks in the Absaroka Range are resist
ant cores of late Eocene intrusive igneous rocks that cut 
the older volcaniclastic strata. 

Rocks 

Descriptions and thicknesses (where determinable) 
of sedimentary rocks, welded tuffs, intrusive and ex
trusive igneous rocks, and unconsolidated mappable 
alluvial units are given on plate 1. Details of some rock 
units are discussed in connection with mineral resource 
assessment. Some of the Cretaceous rocks are shown in 
figures 3 and 26, some of the Paleozoic rocks are shown 
in figures 4 and 5, and volcaniclastic rocks of the Wig
gins Formation are shown in figure 6. (See also Love, 
Antweiler, and Williams, 1975, fig. 4). 

Structure and Geologic History 

A major structural feature of the Teton Wilderness 
is the Buffalo Fork thrust fault, which divides the 
wilderness into the geologically different eastern and 
western segments. The Buffalo Fork fault is a Laramide 
thrust or high-angle reverse fault along which Late 
Archean and Paleozoic rocks of the Washakie Range rode 
up and over Mesozoic rocks to the southwest. In early 
Eocene time, partial reversal of the Laramide displace
ment raised the southwest block, which limited the pres
ent distribution of the basal volcanic units-the Wapiti 
Formation and Trout Peak Trachyandesite-to the north
east side of the fault. However, the next younger volcanic 
uuit, the Langford Formation, was deposited extensively 
on both sides of the fault. Continued rise of the southwest 

Grand 
Teton TETON 

Figure 3. View southwest from Wildcat Peak in Teton Wilder
ness across southern part of the Teton Corridor toward the 
Teton Range. Kc, Cody Shale; Kb, basal sandstones in Bacon 
Ridge Sandstone; Ks, Sohare Formation, several thousand feet 
thick; KTS, Kitten triangulation station. The Cretaceous strata 
dip westward (away from the camera) on the west flank of the 
Wildcat anticline. Photograph by J. D. Love, July 16, 1972 
(Love, Antweiler, and Williams, 1975, fig. 4). 

block in post-Eocene to late Pliocene time resulted in 
widespread stripping of the Langford Formation, so that 
now only scattered patches remain. The terrane west of 
the Buffalo Fork thrust fault was block-faulted and tilted 
westward, as is indicated by westward dips in the 
Langford Formation of 10° on Pinyon Peak and as much 
as 65 ° in the Wolverine Creek-Coulter Creek area. 

The Aycross Formation, a fine-grained volcani
clastic sequence of middle Eocene age, is present only 
along the southeast margin of the report area. The strata 
lap northward onto the Paleozoic core of the Washakie 
Range and are not recognizable farther north in the locali
ties of the coarse-grained Trout Peak Trachyandesite of 
the Sunlight Group and the Longford and Two Ocean For
mations of the Thorofare Creek Group. In this report, the 
Aycross Formation is not assigned to either group nor is 
it considered part of the Absaroka Volcanic Supergroup. 

Several small remnants of Oligocene White River 
Formation and Miocene Colter Formation, as well as 
Pliocene and Pleistocene basalts, were preserved by late 
Cenozoic downfaulting in the Emerald Lake area along 
the Buffalo Fork thrust fault. Pliocene basalts near the 
southeastern part of the wilderness are remnants of dikes, 
lava flows, and cones that formerly covered large areas 
of a late Tertiary erosion surface developed on the early 
Eocene volcanic plateau. The Huckleberry Ridge Tuff, 
a Pliocene welded ash-flow tuff, is present in the western 
part of the wilderness, as outliers of the rhyolitic Yellow
stone Plateau volcanic field. 

The generalized distribution pattern of the major 
Cretaceous rock units in the Teton Wilderness prior to 
deposition of the Harebell Formation are shown in 
figure 7. This map shows the regional pattern of 
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Figure 4. View west across Teton Wilderness from Terrace Mountain at triangulation station and BM 10,258 feet, showing 
Paleozoic rocks. f:.w, Wolsey Shale Member, and Q:!c, Death Canyon Limestone Member of Gros Ventre Formation; fg, Gallatin 
Limestone; fgr, red limestone overlain by green shale in Gallatin Limestone; Ob, Bighorn Dolomite; Dd, Darby Formation; Mm, 
Madison Limestone; Qgm, glacial moraine. Photograph by J. D. Love, August 24, 1973. 

Figure 5. View east across mountainous southeastern part of Teton Wilderness from about 300 feet (90 m) northwest of triangula
tion station and BM 10,258 feet on Terrace Mountain. Ob, Bighorn Dolomite; Dd, Darby Formation; Mm, Madison Limestone; 
Twi, Wiggins Formation. A, red zone, and B, dark-brown fetid dolomite in Darby Formation. Flat skyline is crest of Absaroka 
Range. Photograph by J. D. Love, Aug. 24, 1973. 
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Figure 6. Layered volcaniclastic rocks in the Wiggins Formation exposed on the south face of Pinnacle Buttes, about 2 miles 
(3 km) east of Brooks Lake. Dark beds are volcanic conglomerate; white beds, tuff. Thickness of rocks shown is about 800 feet 
(250m). The upper part has a K-Ar age of 45 m.y. Note cross sections of huge dark irregular blocks in upper center. Photograph 
by J. D. Love, Sept. 16, 1969 (Love and Love, 1980, fig. 12). 

intra-Cretaceous tectonism, which is significant for oil 
and gas evaluation. Descriptions of the rock units are 
summarized on plate 1 . 

Two very different types of major structural 
episodes involved rocks of the Teton Wilderness. The 
first, and most important for oil and gas potential, was 
Laramide compressional folding. The age of this folding 
has been determined within narrow limits on Gravel Peak, 
in the west-central part of the wilderness. Here the folding 
occurred about 70 m.y. ago. The sequence of events, all 
in Maestrichtian (latest Cretaceous) or late Campanian 
time, has been reconstructed as follows (Love, 1977; 
fig. 8): 
1. Deposition of 10,000 feet (3,000 m) of the Harebell 

Formation, which contains many fossiliferous marine 
or brackish-water horizons throughout and thick 

quartzite-boulder gold-bearing conglomerates in its 
upper half. Fossils at this locality are of early 
Maestrichtian or late Campanian age. 

2. Uplift of the Washakie Range, a fold that extends 
southeastward from Yellowstone Lake for 75 miles 
(120 km) (fig. 2). The southwest margin of this fold 
is bounded by a thrust fault that put Paleozoic rocks 
on Upper Cretaceous. 

3. Erosion accompanied and followed the uplifting until 
the Paleozoic core was exposed. This meant that 
about 25,000 feet (7,600 m) of rock was removed 
from the uplift before the next depositional event. 

4. Deposition of the Pinyon Conglomerate, 4,000-5,000 
feet (1,200-1,500 m) thick, laid down above a 90° 
unconformity across the overturned and eroded 
strata of the Harebell Formation. The basal part of 
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Figure 7. Map showing postulated areas of outcrop of Cretaceous and older rocks 
at beginning of deposition of Harebell Formation. Modified from Love (1973a). 

the Pinyon contains a 100-foot (30-m) bed of biotite
rich tuff on which J.D. Obradovich (oral commun., 
1974) obtained a K-Ar age of 68.6±0.7 m.y. 

Inasmuch as the Maestrichtian Stage began about 70 m.y. 
ago, all four events must have occurred during a 
time span of about 3-6 m.y. A somewhat comparable 
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Figure 8. Relation of dated Pinyon Conglomerate to dated 
Harebell Formation and to Washakie Range. Modified from Love 
(1973a, fig. 33). 

reconstruction of events has been made for the Basin 
Creek uplift along and within the northwest margin of 
the Teton Wilderness (Love and Keefer, 1969) and on the 
Spread Creek anticline south of the wilderness (Love, 
1973a, fig. 21). 

The structures of the individual anticlines are 
discussed in the section on oil and gas potential in this 
report. The structure of the northern part of the 
Washakie Range has been described elsewhere (Love and 
Keefer, 1975; Love, McKenna, and Dawson, 1976). The 
structure of the southern part of the range was described 
by Bengtson (1956) and Love (1956a); it has been 
somewhat revised by the present mapping (pl. 1). 

The record of events during the earlier part of 
Cenozoic time in the northern Teton region was sum
marized by Love, Leopold, and Love (1978). The western 
part of the Teton Wilderness was described in connec
tion with the Teton block diagram (Love, Reed, and 
others, 1973), and in the central part of the wilderness 
by Love, McKenna, and Dawson (1976). The Eocene 
record in the eastern part was discussed by Smedes and 
Prostka (1972). 

The second major structural episode involving the 
Teton Wilderness occurred during late Cenozoic time. 
Before emplacement of the Huckleberry Ridge rhyolite 
welded tuffs slightly more than 2 m.y. ago (Christiansen 
and Blank, 1972) in the western and northern parts of 
the Teton Wilderness, the Laramide anticlines were 
eroded, but not below the Cretaceous rocks (except for 
the Washakie Range). Next, Pliocene and Pleistocene 
welded tuffs, chiefly the Huckleberry Ridge Tuff, flowed 
southward from a source in Yellowstone National Park 
and buried valley areas in the western and northwestern 
parts of the wilderness to a depth of 365 feet (110m) or 

more. At the base of these tuffs is a profound angular 
unconformity, in places more than 90°. After emplace
ment of the Huckleberry Ridge Tuff, the Jackson Hole 
structural block, which includes the southwestern part of 
the Teton Wilderness, hinged down several thousand feet. 
The Huckleberry Ridge Tuff was broken by many normal 
faults, most with a few tens to a few hundreds of feet 
displacement. The Pilgrim Creek fault, however, may 
have as much as 10,000 feet (3,000 m) displacement, 
although some of this movement could have been prior 
to deposition of the Huckleberry Ridge Tuff. 

The normal fault that coincides roughly with part 
of the trace of the Buffalo Fork thrust across the central 
part of the Teton Wilderness probably developed, at least 
in part, prior to 2 m.y. ago. The fault plane was intruded 
by pyroxene andesite and basalt having a K-Ar age of 
2 m.y. (Love, McKenna, and Dawson, 1976). Displace
ment on this fault may be several thousand feet (fig. 8), 
with the east block downdropped. 

The westward tilting and tension faulting during 
Quaternary time significantly distorted the much older 
Laramide structures. To obtain their original conforma
tion, they now need to be rotated upward and clockwise 
(if reconstructions are oriented northward) as much as 
20 ° to 30 °. The effect of this secondary tilting on oil and 
gas accumulation, and on possible tilted water tables and 
water drive, is discussed in the mineral-resources section 
of this report. 

The eastern segment of the Teton Wilderness has 
been mildly deformed into broad upwarps and down
warps, whose axes trend parallel to the structural grain 
of the underlying Washakie Range. A central downwarp, 
with a complex grabenlike axial fault zone, extends from 
Yellowstone River valley southeastward through Ferry 
Lake to Buffalo Plateau and eastward into an unnamed 
late Tertiary syncline, mapped by Fisher and Ketner 
(1968), through the southern Absaroka Range. Northeast 
of this axial zone, the volcanic strata rise toward the 
intrusive centers beyond the northeastern wilderness 
boundary. Dips are from 3 ° to 10 ° SW., but locally they 
are as much as 15 ° SW. around the domed intrusive com
plex on Yellow Mountain. No appreciable doming or 
structural disruption was noted around any of the other 
intrusive bodies in the Teton Wilderness. 

Along the ragged southwest margin of the volcanic 
plateau is a gentle upwarp, whose axis trends parallel to 
the arcuate trace of the Buffalo Fork thrust fault and is 
about 4 miles (6 km) northeast of it. This upwarp is the 
locus of a broad zone of normal faults of small displace
ment and diverse trends. Dips in the volcanics along the 
limbs of this upwarp are less than 7 °. The southwest limb 
is cut by the Buffalo Fork thrust fault. 

After emplacement of the Huckleberry Ridge Tuff 
slightly more than 2 m.y. ago, and after its subsequent 
tilting and faulting, came several episodes of glaciation. 
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The glacial deposits in the northern part of the Teton 
Wilderness were mapped by Richmond and Pierce (1971a, 
b) and Richmond (1973) as part of the Yellowstone Na
tional Park research program. The glacial deposits in the 
southern part of the wilderness were mapped in connec
tion with the present study. The older and larger ice 
masses moved southward across the Teton Wilderness 
from centers of accumulation in Yellowstone National 
Park, and westward from centers in the Absaroka Range. 
The ice in some parts of the Teton Wilderness must have 
been more than 2,000 feet (610 m) thick. The distribu
tion of the ice has a significant bearing on the mineral 
evaluation of the Teton Wilderness because, in many 
places, the ice picked up quartzite roundstones and finer 
grained gold-bearing sandstone associated with quartzite 
clasts, and scattered and concentrated this debris along 

many major drainages. These occurrences are discussed 
in the section on gold deposits in this report. 

The glacial debris obscures bedrock geology in large 
parts of the Teton Wilderness. Another effect of the ex
tensive glaciation was the development of enormous land
slides where soft Cretaceous shales, tilted and faulted in 
Pleistocene time, were scoured by ice and then saturated 
with glacial meltwater. 

Continued deformation of the Jackson Hole region 
is indicated by numerous Holocene faults to the north and 
west of the wilderness (Howard and others, 1978; Love and 
Reed, 1968; U.S. Geological Survey, 1972), and by abun
dant seismic activity within this part of the Intermoun
tain seismic belt (Smith and Sbar, 1974). The large number 
of landslides in the Yellowstone-Teton region is undoubt
edly in part due to relatively intense seismic activity. 
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AEROMAGNETIC AND GRAVITY STUDIES 

By Dolores M. Kulik and Lennart A. Anderson, 
U.S. Geological Survey 

Introduction 

Aeromagnetic and gravity surveys were made of the 
Teton Wilderness as part of the mineral resource assess
ment. No detailed geophysical studies had previously been 
made in the wilderness. Localized magnetic anomalies, 
not related to topography, are of principal interest 
because they may indicate buried rock masses often 
associated with minerals of economic importance. The 
gravity data provide information on structural relation
ships and the subsurface distribution of rock types. 

Methods of Study 

The aeromagnetic map (pl. 1) was compiled from 
data obtained by the U.S. Geological Survey on two 
surveys. The area west of long. 110°15' W. was flown 
in 1962 at a constant barometric elevation of 12,000 feet 
(3,658 m); the section east oflong. 110°15' W. was flown 
at an elevation of 13,000 feet (3,963 m) in 1969. 
Flightlines on both surveys were oriented east-west and 
spaced approximately 1 mile (1.6 km) apart. A fluxgate 
magnetometer was used to measure the total magnetic in
tensity along the traverses, and these data, which include 
the regional gradient, were compiled and contoured at 
a 20 nT (nanotesla) interval on the aeromagnetic map. 
Areas east and west of long. 110°15' W. were manually 
adjusted to the 13,000-foot (3,963-m) level. 

The gravity survey was made during the summer 
of 1974. Approximately 185 gravity stations were estab
lished in and adjacent to the wilderness. Because of 
rugged terrain, the stations within the wilderness were 
established using a helicopter; those adjacent to the wil
derness were reached on foot and with a 4-wheel-drive 
vehicle. Observations were made with LaCoste and 
Romberg' gravity meter G 131, and were tied to the De
fense Mapping Agency Gravity Base Stations at Dubois 
and Cody, Wyo. (Defense Mapping Agency Aerospace 
Center, 1974). A secondary base was established at Teton 
Trails Lodge (Togwotee Lodge on the Angle Mountain 
7 Y2-minute topographic quadrangle), 7 miles (11 km) 
west of Togwotee Pass. Station elevations were obtained 
from benchmarks, spot elevations, and contour interpola
tions on U.S. Geological Survey 1:24,000- and 
1 :62,500-scale topographic maps. Elevations are accurate 

1The use of trade names in this report is for descriptive purposes 
only and does not constitute endorsement by the U.S. Geological Survey. 

to 3-6 feet (1-2m) in areas of low relief, but may be in 
error by 16-33 feet (5-10 m) in more rugged terrain. The 
resultant error in the Bouguer anomaly is less than 2 mGal 
(milligals). Data for 85 stations southeast of the 
wilderness were obtained from the Defense Mapping 
Agency. 

Field measurements were reduced by a digital com
puter program by R. H. Godson and D. A. Dansereau, 
U.S. Geological Survey (unpub. data), which incorporates 
corrections for tidal and Earth curvature effects and 
linear instrument drift. Gravity meter readings were con
verted to observed gravity using the 1971 base values of 
the International Gravity Standardization Net (Defense 
Mapping Agency Aerospace Center, 1974). The Geodetic 
Reference System, 1967 formula (International Associa
tion of Geodesy, 1967}, was used to compute theoretical 
gravity. The data were reduced to Bouguer anomaly 
values using an assumed average rock density of 2.67 
g/ cm3• Terrain corrections were made by hand template 
through Zone H of Hammer (1939) and to 167 km (104 
mi) by digital computer (Plouff, 1966). The corrections 
ranged from less than 1 mGal in the Dubois and Cody 
areas to more than 20 mGal in the mountains of the Teton 
Wilderness. 

Aeromagnetic Interpretations 

The rocks in the Teton Wilderness belong to two 
distinct geologic segments. In the western segment, the 
sedimentary rocks of Pinyon Peak and the highlands to 
the south have little, if any, magnetic expression whereas 
the volcaniclastic deposits of the Absaroka Range, which 
cover the eastern two-thirds of the wilderness, produce 
a substantial number of low-amplitude magnetic 
anomalies. The volcaniclastic rocks cover the Paleozoic 
rocks of the northwest-trending Washakie Range located 
in the central part of the wilderness. The Paleozoic rocks 
produce a subtle increase in the magnetic field which 
follows the trace of the Buffalo Fork thrust fault. Some 
of the Late Archean rocks within the Washakie Range 
cause magnetic anomalies of appreciable amplitude, 
depending on their composition. 

Magnetic anomalies-localized disturbances of the 
Earth's magnetic field-result from variations in the 
magnetic mineral content of the rock. To determine the 
magnetic mineral content of the rock, representative 
samples of major rock units were collected and analyzed 
in the laboratory for their magnetic susceptibility. 

Samples from the sedimentary formations of the 
western highlands ranged in magnetic susceptibility from 
less than LOX 10-5 to LOX 10-2 SIU (Standard Interna
tional Units), but despite this variation, the magnetic field 
associated with these rocks is uniformly distributed. Of 
these sedimentary rocks, the Pinyon Conglomerate, 
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which covers a large area and is about 3,300 feet (1,000 
m) thick, had the highest magnetic susceptibility, yet this 
formation has no apparent magnetic expression. Evident
ly the magnetic minerals within the rock are unevenly 
distributed, but on a regional scale, from a sensing 
distance of approximately 0.6 mile (1 km), the sedimen
tary rocks appear to be magnetically uniform. 

Not until the north-trending Buffalo Fork thrust 
fault and associated parallel faults are intersected do the 
magnetic gradients begin to show a significant increase 
(pl. 1). East of the fault system, the Paleozoic rocks of 
the Washakie Range are in contact with and largely 
covered by volcanic deposits originating from the Ab
saroka Range. The Paleozoic rocks are chiefly limestones 
and consequently are magnetically inert; therefore, the 
source causing the increase in magnetic gradient is prob
ably the Late Archean crystalline core of the Washakie 
Range. 

The magnetic characteristics of the Late Archean 
core of the Washakie Range are unknown, and no 
samples were obtained for magnetic-property determina
tion at the two sites where Late Archean rocks outcrop. 
A positive magnetic anomaly (pl. 1, anomaly A) is 
associated with one outcrop but not the other. The 
anomaly-producing outcrop, composed primarily of 
gneiss (Bengtson, 1956), is bisected by South Buffalo Fork 
south of Terrace Mountain within an area of low relative 
elevation. Because topography does not contribute to the 
amplitude of the anomaly, it is assumed that the magne
tite content of the gneiss is substantially greater than that 
of the surrounding rock. A secondary magnetic peak ex
ists to the southeast within the main anomaly, which may 
indicate a domelike upward projection of the gneissic rock 
into the covering volcanics. In that event, the site of the 
smaller anomaly would be favorable for the formation 
of metalliferous deposits; however, the source of the 
anomaly can also be attributed to the surface rock. 

The second exposure of Late Archean rock is near 
the confluence of North Buffalo Fork and Soda Fork. 
The rock is granite gneiss and schist and has no associated 
magnetic anomaly. If the outcrops are representative of 
the Washakie core, then the magnetic character of that 
rock must be highly variable. 

Thirteen samples of the volcanic rock covering the 
eastern part of the wilderness were analyzed for their 
magnetic susceptibility. Susceptibility values ranged from 
2.4X 10-3 to 1.9X 10-2 SIU, with a mean of LOX 10-2 

SIU. This implies a variation in the magnetite content of 
0.15 to 0.6 percent within the rock (Grant and West, 1965, 
p. 367). A component of magnetization not considered 
here is that of remanent or permanent magnetization 
which, in some instances, can be appreciable. Volcanic 
rock, upon cooling, will take on the direction and polarity 
of the Earth's magnetic field. If deposition took place 
over a long period of geologic time, the orientation of 

the remanent component would differ within intervals of 
the volcanic section, thereby altering the total magnetiza
tion vector so as to add another variable to the magnetiza
tion of the rock. 

Some examples of good correlation between mag
netic anomalies and topography in the Wiggins environ
ment can be seen in the east-central part of the wilderness 
at Thorofare Plateau and Thunder Mountain. With the 
exception of anomaly B (pl. 1) associated with Younts 
Peak, virtually all positive anomalies south of Thunder 
Mountain along the wilderness boundary to the southwest 
can be attributed to high topography. Conversely, the 
broad, low-amplitude, negative anomaly on the southern 
edge of the wilderness conforms to the Brooks Lake 
Creek valley. 

Anomaly B, although concordant with high topog
raphy, may be partially or totally influenced by the 
presence of a Tertiary intrusive exposed along the west 
flank of Younts Peak. Evidence that the intrusive is some
what magnetic can be found in the area directly northeast 
of Younts Peak, where intrusives of the same age and 
composition are enfolded by magnetic contours which cut 
across local topography. Based on the apparent effect the 
intrusions have on the magnetic field in anomaly C (pl. 
1), it may be inferred that anomaly B is caused primarily 
by the intrusive. Thunder Mountain also has associated 
exposures of intrusive rocks, and from the magnetic in
tensity of its anomaly relative to Younts Peak, it seems 
reasonable to speculate that the intrusive on Thunder 
Mountain is similar to that at Younts Peak. The signif
icance of the intrusives on Younts Peak and Thunder 
Mountain is that magmatic emanations acting on older 
dolomite included in the Langford Formation, where 
present, may have produced mineral resources. 

An east-northeast alignment of topographic highs 
in the northern panhandle of the wilderness from the Tri
dent Plateau on the west to Overlook Mountain on the 
eastern boundary produces only one localized anomaly 
(pl. 1, anomaly D). This anomaly is confined to an un
named feature in the central part of the panhandle and 
may be caused by an intrusive of unknown origin. 
Southeast of anomaly D, a magnetic low over a region 
of lower elevation may signify an intrusive of differing 
composition. 

A very narrow positive anomaly (pl. 1, anomaly E) 
follows the wilderness boundary from Ishawooa Cone on 
the southeast end northwest to Chaos Mountain, tran
secting the high topographic trend extending northeast 
beyond Overlook Mountain. The source of anomaly E 
has not been identified but may possibly be a linear vent 
system containing trapped basalt. 

West of long 110 ° W., a ridgelike magnetic feature 
which terminates in a positive anomaly (pl. 1, anomaly 
F) located over high topography between Falcon and 
Atlantic Creeks, generally conforms to the topographic 
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outline of the Two Ocean Plateau. The correspondence 
between intensity and topography is not exact, but rather 
the source of anomaly F appears to be positioned nearer 
the east edge of the plateau. The source rock is probably 
a near-surface volcanic section which is thickest along the 
east edge of the plateau. A corresponding low exists in 
conjunction with the adjoining Yellowstone River valley. 

South of and in a line with the ridgelike anomaly, 
a broad, low-level, positive anomaly is affiliated with 
Soda Mountain. The smaller anomaly (pl. 1, anomaly G) 
to the north straddles a zone of low elevation and may 
indicate an intrusive within the western flank of the ad
jacent hill. 

Two interesting anomalies (pl. 1, anomalies H and 
I) are located near the headwaters of the Yellowstone 
River. Both are negative in polarity and are offset from 
the highest point of the topographic feature with which 
they are affiliated. These anomalies are probably caused 
by silicic intrusions, which contain relatively few magnetic 
minerals, or which possibly have a reversed remanence 
so as to produce a negative anomaly. 

Two small positive anomalies (J and K, pl. 1) are 
located near the northwest boundary of the wilderness 
at the junction of Harebell, Wolverine, and Coulter 
Creeks. These anomalies identify remnants of andesitic 
breccia of the Langford Formation overlying the western 
sedimentary rocks. Adjoining rhyolite flows of 
Yellowstone origin have no apparent magnetic expression. 

Gravity Interpretations 

Qualitative analysis of subsurface structure was 
made by examination of gradients and configuration of 
gravity anomalies (pl. 2). Quantitative estimates of depth 
to structural features were made from two-dimensional 
mathematical models of gravity profiles using a computer 
program by Lindrith Cordell (U.S. Geological Survey, 
unpub. data). 

Density measurements were made for six rock 
samples from the wilderness to aid in the interpretation 
of the gravity data. Density measurements from adjacent 
areas were also considered in calculating the gravity 
models. The density data are summarized in table 1. 

The gravity pattern in the Teton Wilderness exhibits 
a northwesterly trend paralleling Laramide structures. A 
-205 to -230 mGal high gravity anomaly in the central 
part of the wilderness reflects the relatively high density 
of the near-surface Late Archean crystalline core of the 
Washakie Range (table 1). Associated low gravity 
anomalies occur northeast and southwest of the high and 
reflect the sedimentary rocks on the flanks of the range 
(table 1). The high gravity trend continues northwestward 
along Big Game Ridge and the Wolverine anticline to the 
northern boundary of the wilderness. The south part of 

Table 1. Densities for rock samples from the Teton Wilderness 
and adjacent areas 

Sample 
No. Formation Age 

Density 
(g/cm3) 

Localities on plate 2. Analyses by D. M. Kulik 

Tl23 
Tl24 
T74 
T54 
T52 
T131 

Wiggins Formation-- Tertiary------
-----do------------ -----do-------
-----do------------ -----do-------
Frontier Formation- Cretaceous----
Mesaverde Formation -----do-------
Madison Limestone-- Mississippian-

Samples from Hurich (1979) 
Density measurements are averages 

Tertiary and Cretaceous sedimentary 
rocks at 3,000- to 5,000-ft (1,000-

2.51 
2.57 
2.50 
2.51 
2.49 
2.66 

to 1,750-m) depth------------------- 2.43 
Tertiary and Cretaceous sedimentary 

rocks at 5,000- to 23,000-ft (1,750-
to 7,000-m) depth-------------------- 2.54 

Jurassic through Cambrian sedimentary 
rocks-------------------------------- 2.65 

Monzonite, granodiorite, and granite--- 2.70 
Granitic gneiss------------------------ 2.72 
Migmatite------------------------------ 2.73 

Sample from Clark (1966, p. 20)--Average 

Granodiorite--------------------------- 2.73 

the major high gravity anomaly coincides with the crest 
of the Washakie Range and is inferred to continue to the 
southeast where anticlinal structures have been mapped 
in the Du Noir area (Keefer, 1957). 

A low-gravity anomaly lies southwest of the 
Washakie Range and extends both southeast and north
west beyond the boundaries of the wilderness. The 
anomaly reflects a sedimentary basin, termed the Box 
Creek downwarp (Love, 1973a), that appears from the 
gravity data to increase in size southwest of the wilderness 
boundary. In the northwest part of the wilderness the 
anomaly is bounded on the west by a gravity gradient 
associated with normal and reverse faults. The steep gra
dient between the low anomaly and the high Bouguer 
values over the Washakie Range is associated with the 
Buffalo Fork thrust fault, which has brought Late 
Archean and Paleozoic rocks to the surface. South of 
Gravel Peak, however, the gravity contours turn west at 
right angles to the Buffalo Fork thrust fault before turn
ing sharply north again along the axis of Big Game Ridge. 
This departure from the northwest gravity trend is unex
plained by surface geologic data. A vertical to overturned 
section of Upper Cretaceous Harebell Formation and the 
overlying Upper Cretaceous and Paleocene Pinyon Con
glomerate crops out west of the Buffalo Fork thrust fault, 
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and Mississippian and Devonian rocks crop out east of 
the fault. No evidence of faulting that would account for 
the gravity expression has been observed in these forma
tions. The gravity data may, however, reflect faulting 
below the surface outcrops or relief on the basement sur
face as discussed later. The high gravity anomaly over 
the Washakie Range is deflected by this change in trend, 
and then continues northward reflecting anticlinal struc
tures exposed in Cretaceous rocks. 

The northeast flank of the Washakie Range is 
covered by Tertiary volcanics that obscure the underly
ing geologic structures. A major low gravity anomaly ex
tends across that portion of the wilderness, indicating a 
thick section of relatively low density material between 
the Washakie Range and the Absaroka Range to the east. 
The gravity gradient over the Absaroka Range, east of 
the low anomaly, increases gradually to the northeast. 
The gradient is interpreted to reflect the rise of the Late 
Archean basement. Two additional low gravity anomalies 
are superimposed on the major gravity low, increasing 
the total relief between these anomalies and the high 
gravity anomaly over the Washakie Range to 30 mGal. 
Additional gravity data collected in the adjacent 
Washakie Wilderness (C. A. Long, oral commun., 1980) 
indicate that the south half of the low anomaly extends 
another 3 to 4 mi (5 to 6 km) eastward with similar gravity 
relief. 

The undulations in the contours along the gradient 
on the east side of the major gravity low are associated 
with altered andesite rocks and intrusive granodiorite 
bodies exposed on the southwestern part of Thunder 
Mountain and northwest of Younts Peak. 

The small, 1O-m Gallow gravity anomaly north of 
Hawks Rest may be caused by a large alluvial deposit of 
several hundred feet of loosely consolidated material 
derived largely from the Wiggins Formation. The anoma
ly could reflect a small, buried intrusive, but there is no 
surface geologic evidence to support this possibility, and 
the aeromagnetic data do not clearly indicate such a body. 

Interpretation of Gravity Models 

A two-dimensional gravity model (fig. 9) was calcu
lated for profile A -A 1 (pl. 2) southeast of the Teton Wil
derness, where structural cross sections were available for 
control (Keefer, 1957), to determine suitable density con
trasts. An average density of 2.73 g/cm3 was assumed 
for Late Archean rocks, 2.66 g/cm3 for Paleozoic rocks, 
2.54 g/cm3 for Mesozoic rocks, and 2.53 g/cm3 for Ter
tiary rocks in modeling profile A -A 1 

• Measured densities 
of Tertiary rocks (table 1; Hurich, 1979) are lower than 
that assumed for the models, but the Tertiary rocks in 
the Teton area are lithologically more similar to the 
Cretaceous rocks of the Teton area than to the Tertiary 

rocks in the area from which Hurich's data are taken (J. 
D. Love, oral commun., 1980). These density contrasts 
yielded a fit to the gravity profile A -A 1 by assuming a 
thickness of 1,000 feet (300 m) of Tertiary rocks, 6,000 
feet (1,800 m) of Mesozoic rocks, and 4,000-5,000 feet 
(1 ,200-1 ,500 m) of Paleozoic rocks above the Late 
Archean basement rocks. Keefer (1957, pl. 26) estimated 
approximately 1 ,000 feet (300 m) of Tertiary rocks and 
4,000-5,000 feet (1,200-1,500 m) each of Cretaceous and 
Paleozoic rocks in the area of profile A -A 1 

• 

A second model was computed for profile B-B 1 

(fig. 9) across the northern part of the low gravity anoma
ly to evaluate the source of the anomaly. The same rock 
densities were assumed as for profile A -A 1 

• A thickness 
of 4,000-5,000 feet (1,200-1,500 m) was again assumed 
for Paleozoic rocks. A computed profile was fitted to the 
observed gravity profile B-B 1 by assuming that 4,000 feet 
(1 ,200m) of Tertiary rocks and as much as 12,000 feet 
(3, 700 m) of Mesozoic rocks overlie the Paleozoic rocks. 
The relative thickness of Tertiary and Mesozoic rocks 
cannot be determined by the gravity data because the 
assumed densities are similar. 

The structure represented by the model across grav
ity profile B-B 1 is hypothetical, but it is consistent with 
that at profile A-A 1 as interpreted by Keefer (1957). 
Other configurations are possible, but considerable relief 
on the Late Archean surface is required to fit the observed 
gravity data. Two interpretations of the gravity data are 
possible: the anomaly may reflect a down-faulted section 
of basement rock-a half-graben-which subsequently 
was filled with sediment from the eroding Washakie 
Range or with volcanics; or, the anomaly may reflect a 
collapsed caldera beneath the volcanic debris. The den
sity of such material would be substantially lower than 
that assumed in the model, and the total relief on the 
structure probably would not exceed 10,000 feet 
(3,000 m). The elongate and asymmetric shape of the 
body does not favor this interpretation. 

The trend of the body parallels the Box Creek 
downwarp and other sedimentary basins in northern 
Wyoming. Thickness of sedimentary rocks derived from 
the gravity modeling are similar for profile B-B 1 and for 
profile C-C 1 (fig. 9) across the Box Creek downwarp 
where a thick Cretaceous section is exposed at the surface. 

These correlations strongly suggest that the inter
pretation of a sedimentary basin overlain by Tertiary 
volcanic rocks is valid, and we shall refer to it as Younts 
basin(?). 

A third gravity model was computed for profile 
C-C 1 (fig. 9) to determine structural relationships be
tween the Box Creek downwarp and the Buffalo Fork 
thrust fault. The same density contrasts were used as in 
modeling profiles A-A 1 and B-B 1

• The model indicates 
that the Buffalo Fork thrust fault overrides the sedimen
tary rocks of the Box Creek downwarp at an angle of 
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about 30 °. The configuration of the Paleozoic strata re
quired to fit the gravity data indicates that the Tripod 
Peak fault is continuous across the area of the gravity 
model although it is obscured at the surface. The gravity 
model indicates about 16,000 feet (5,000 m) of Cretaceous 
rocks in the trough of the Box Creek downwarp, and 
about 5,000-8,000 feet (1 ,500-2,400 m) of Cretaceous 
rocks west of the trough. 

Hydrocarbon Potential Interpreted 
from Gravity Data 

Interpretations of the gravity data suggest that thick 
sections of Cretaceous strata, including source and reser
voir rocks which produce hydrocarbons in other areas of 
Wyoming, are present in the Box Creek downwarp in the 
western part of the Teton Wilderness, and in Younts 
basin(?), overlain by volcanic rocks, in the central part 
of the wilderness. 

Thrust faulting appears to account for the distribu
tion of Mesozoic, Paleozoic, and Late Archean rocks in 
Younts basin(?). However, structures on the east flank 
of the basin appear from the gravity data to be minor, 
and further geophysical exploration would be required 
to identify and define them. 

Structural traps may be present at the postulated 
fault boundary on the western flank of Younts basin(?), 
the western flank of the Box Creek downwarp, areas 
where sedimentary strata abut the Tripod Peak and Buf
falo Fork faults in the Box Creek downwarp, and in the 
fold structures interpreted from gravity data in the Tripod 
Peak fault block. 

An elongate trend of high gravity values extends 
northeast beyond the Teton Wilderness along the South 
Fork Shoshone River. The trend seems to bifurcate as 
it approaches the east boundary of the wilderness and ap
pears as two relatively high areas on the major negative 
gravity anomaly. The northeast-trending positive anoma
ly may indicate a structural high on the basement sur
face. Such a proposed basement structure may trap 
hydrocarbons where sedimentary rocks of the basin 
wedge out in depositional unconformity against the flanks 
of the structure. A similar northeast-trending positive 
gravity anomaly southwest of Gravel Peak transects the 
negative gravity anomaly over the north end of the Box 
Creek downwarp. A similar basement structure may be 
the cause of the westward deflection of the gravity 
contours from the northwest-trending anomaly over the 
Buffalo Fork thrust fault, Big Game Ridge, and Wolver
ine anticline; and similar hydrocarbon traps may be pres
ent in the Box Creek downwarp. 

Conclusions 

The significant variations in the magnetic field in 

the Teton Wilderness are largely confined to the eastern 
part and are influenced principally by surface deposits 
derived from the Absaroka volcanic centers. Most anom
alies can be correlated with variations in topography, 
whereas others may relate to changes in the composition 
of the rock. 

The large-scale structural features of the wilderness 
are delineated by the gravity data. An unexpected result 
of the survey is recognition of a probable structural basin 
located between the Washakie and Absaroka Ranges. 
This is an area of relatively high elevation completely 
covered by pyroclastic materials. Evidence of its existence 
heretofore has only been speculative. 

There is a mutual correspondence in the magnetic 
and gravity response over the Hawks Rest area. Each data 
set indicates relatively low values, suggesting that the 
probable source of the anomalies is a silicic intrusive. 
South of Hawks Rest, a negative magnetic anomaly 
(pl. 1, anomaly H) coincides with Yellowstone Point. On 
the basis of magnetics alone, it may be inferred that 
anomaly H stems from the same variety of silicic rock 
as does the Hawks Rest anomaly. The gravity data, 
however, show a positive anomaly associated with the 
plateau area. A density difference of about 0.3 g/cm3 

between the two intrusive bodies is required to produce 
the observed gravity change. Although the magnetic data 
may imply that the inferred intrusive bodies are derived 
from the same source, the gravity data signify that the 
intrusives must be different in composition. 

Other correlations between the magnetic and grav
ity data cannot be made except that a negative gravity 
anomaly exists over the east side of Two Ocean Plateau 
where a positive magnetic ridgelike anomaly is located. 
This correspondence may be fortuitous in that the mag
netic disturbance is caused by the surface rock, whereas 
the gravity is controlled by a source at depth. 

These geophysical data give no positive evidence of 
mineral resources within the wilderness. Possible explora
tion targets may be in the area of the negative magnetic 
anomalies located near the headwaters of the Yellowstone 
River and south of Overlook Mountain in the northeast
ern part of the wilderness. Another site that may have 
mineral resources is indicated by the small positive mag
netic anomaly southeast of anomaly A. 

If sedimentary sequences cause the negative grav
ity anomalies over the Box Creek downwarp and Younts 
basin(?), they would contain strata which have signifi
cant oil and gas potential elsewhere in Wyoming. Struc
tural traps may exist within the basins and at the 
bounding structures. The northeast-trending basement 
structures suggested by the gravity data in South Fork 
Shoshone River and in the northern part of Box Creek 
downwarp could also produce structural traps for hydro
carbon accumulation within the basins. 
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GEOLOGIC AND GEOCHEMICAL APPRAISAL 

By J. C. Antweiler and J. D. Love, 
U.S. Geological Survey 

Mineral Resource Exploration and 
Development in the Teton Wilderness 

As of 1985, there were no active mines that pro
duced metallic or nonmetallic materials from the rocks 
exposed in the Teton Wilderness. One small gold-placer 
operation has been conducted intermittently on Pacific 
Creek, near the southwest corner of the wilderness. Gold
placer prospects have been worked from time to time 
elsewhere in the western and southern parts of the Teton 
Wilderness; attempts to develop these deposits were sum
marized by Hayden (1956, p. 11-12). (See section on 
economic appraisal, this report.) 

The U.S. Bureau of Reclamation operated a coal 
mine, about 1910, in the Mesaverde Formation on Pilgrim 
Creek within the boundary of the Teton Wilderness. The 
coal was used to power equipment for construction of 
the Jackson Lake dam, 5 miles (8 km) south of the wil
derness. Later, the U.S. Bureau of Reclamation and 
private individuals also opened coal mines in the Bacon 
Ridge Sandstone, north of Buffalo Fork near Lava Creek, 
2 miles (3 km) south of the wilderness. 

Two mines were established about 1905 on South 
Buffalo Fork in some copper-bearing Late Archean 
rocks. A uranium prospect was located at the Soda 
Springs on Soda Fork in 1955, and drilling was done with 
a portable rig. There was no further exploration work. 
Also, during the 1950's, uranium claims were staked west 
of Two Ocean Pass, along outcrops of the Phosphoria 
Formation, which is weakly radioactive. Samples of high
grade uranium ore from Pumpkin Buttes in northeastern 
Wyoming (and reported to have come from Two Ocean 
Pass) were passed around the bars in Jackson to stir 
excitement and to raise additional money for further 
exploration. A few prospect pits were dug, but no ore 
was found. 

Mineral commodities and nonmetallic materials 
whose resource potential in the Teton Wilderness was in
vestigated are grouped into four categories: (1) oil and 
gas; (2) metallic mineral deposits, particularly Au, Ag, 
Cu, Pb, Zn, and Mo, in bedrock as well as in placers; 
(3) sedimentary deposits of coal, bentonite, gypsum, 
phosphorite, uranium, and building stone; and (4) sur
ficial deposits of sand and gravel. In addition, the geo
thermal resource potential of the area was evaluated, 
particularly that of springs on Soda Fork, one of which 
is conspicuously radioactive. 

Oil and Gas 

By J. D. Love 

Possible oil and gas source and reservoir rocks in 
the western one-fourth of the Teton Wilderness are at 
least 4,500 feet (1 ,370m) thick, have an areal extent of 
270 mF (700 km2), and have a volume of 230 mP 
(960 km3). These strata are chiefly marine and non
marine sandstones and shales; some limestones and 
dolomites are in the lower part. They are folded into a 
series of anticlines and synclines, en echelon, trending 
north or northwest. Subsurface closure, and definition 
of other types of traps, if present, cannot be proved 
without detailed geophysical surveys (table 2). No bore
holes have tested any of the anticlines within the Teton 
Wilderness, and no geophysical surveys (other than air
borne magnetometer and gravity traverses) have been 
made within the wilderness, so the subsurface structure 
is unknown. 

Table 2 gives estimated depths to potential reser
voir rocks in six major anticlines in the wilderness; six 
other anticlines (Bailey, Arizona Creek, Lizard Creek, 
Kitten, Reid, and Onion Flats) are not listed because they 
are too small, poorly defined, or too highly faulted to 
have significant oil and gas potential. All these except 
Onion Flats were described by Love, Antweiler, and 
Williams (1975). Surface closure is slight or nonexistent 
at the north ends but adequate at the south ends. 

There has been no drilling for oil and gas in the 
Teton Wilderness, although several anticlines (pl. 1) have 
been known for many years. One small flammable gas 
seep is present on the Whetstone anticline and another 
is on the east flank of the Bailey anticline. The nearest 
oil and gas test well, True-Travis Govt. No. 1 (pl. 1; fig. 
12), is 2.2 miles (3.5 km) south of the wilderness, in sec. 
29, T. 45 N., R. 113 W. It was drilled in 1958 to a depth 
of 4,367 feet (1 ,331 m) in the Cloverly-Morrison(?) se
quence and encountered no major shows of oil or gas. 
Older potential producing horizons listed in table 2 were 
not penetrated. 

Large volumes of oil and gas have been produced 
from many anticlines similar to those in the Teton 
Wilderness and from correlative strata in the Bighorn 
basin 40-50 miles ( 62-80 km) to the east. This does not 
mean that oil and gas may necessarily be present in the 
anticlines in the Teton Wilderness. Even larger anticlines 
lie directly south of the western part of the Teton Wilder
ness in Jackson Hole. Many of these were drilled prior 
to 1982. The northeast flank of the largest, the Spread 
Creek anticline, extends into the southwest corner of the 
wilderness. This anticline has more closure and more 
potential producing horizons than most anticlines in the 
wilderness and, in addition, has some of the largest 
natural gas seeps in Wyoming (fig. 11). The anticline has 
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Table 2. Depths to potential oil and gas reservoir rocks in subsurface parts of major anticlines in the Teton Wilderness 
[Figures on thicknesses of rock units in subsurface and depths to possible reservoir rocks are tentative estimates; subsurface dips are not known, 
so intervals listed must be considered minimal. Intervals represent stratigraphic thickness at crestline of fold, and arbitrary assumption is that 
no flowage or faulting of incompetent beds has occurred. Depth figures are computed at structurally highest visible part of anticline. Small, 
poorly defined, or highly faulted anticlines are not listed. These include Bailey, Arizona Creek, Lizard Creek, Kitten, Reid (all previously de
scribed by Love, Antweiler and Williams, 1975), and Onion Flats. Thicknesses and depths are given in feet because all well logs, isopach maps, 
and structure-contour maps in the region use feet. To convert to meters, multiply feet by 0.3048. Nearest local variations in thickness are used 
in depth estimates] 

Anticlines 
Possible depth to top (to nearest 50 ft) of reservoir rocks 

Thickness Spread 
Formation 1 (ft) Wildcat Whetstone2 Creek3 Wolverine4 Hancock Rodent CreekS 

Mesaverde Formation •••••• 1,000 Exposed 500 Exposed No north Eroded away. 
Bacon Ridge Sandstone •••• 1,600 Exposed 3,500 Exposed 1,200 closure Eroded away. 
Frontier Formation ••••••• 1,000 Exposed 6,800 62,400 4,500 south of Exposed. 
Thermopolis Shale7 ••••••• 50 1,400 8,450 63,900 6,150 Yellowstone 300 
Cloverly Formation ••••••• 150 1,550 8,650 64,100- 6,300 National 450 

Park. Depth 
Chugwater Formations ••••• 85 2,750 10,000 5,300 7,600 estimates 1,750 
Phosphoria Formation 

and other rocks of 
of Permian age ••••••••• 200 3,850 11,200 6,400 8,650 similar to 2,850 

Tensleep Sandstone ••••••• 380 4,050 11,400 6,600 8,850 those for 3,050 
Amsden Formation9 •••••••• 50 4,600 11 '950 7,150 9,400 Wolverine 3,450 
Madison Limestone •••••••• 1,100 4,650 12,000 7,200 9,450 anticline. 3,500 

1Devonian, Ordovician, and Cambrian rocks, having a combined thickness of 1,650 ft (500 m), are not 
included because their reservoir characteristics are variable and their production is small in the Bighorn 
basin. This does not imply that these rocks have no oil and gas potential in the Teton Wilderness. 

2This is a long anticline. On the basis of surface data, the structurally highest part of the crest 
cannot be determined. Therefore, the depths listed are generalized estimates. 

3surface crestline entirely outside Teton Wilderness; depths estimated on crestline; only oil and gas 
potential in wilderness is on northeast flank of anticline. 

4No north closure is certain. Site of estimated apex (if present) of crestline is approximately 
4,200 ft (1,280 m) southeast along the crestline from where it crosses the Yellowstone National Park 
boundary. 

5weak east flank. 
6Intervals interpreted from Travis-True well 2 mi (3 km) south of wilderness boundary. 

7Muddy Sandstone Member. 
8crow Mountain Sandstone Member. 

qDarwin Sandstone Member. 

been tested by seven drill holes, some of which were ap
parently well located structurally, and although several 
encountered oil and gas shows, only one was capable of 
small gas production as of 1980. The reasons for the lack 
of success at the drill sites are not known, but new reflec
tion seismic data suggest that large bedding-plane thrust 
faults (discussed in the following section on anticlines), 
not previously recognized, may have displaced strati
graphic and structural traps. 

Vi train reflectance studies of many black shales (see 
description of map units, pl. 1) of various ages in and 
near the Teton Wilderness show that these strata have 
been subjected to temperatures sufficient to promote 

maturation of hydrocarbons but not high enough to result 
in metamorphism. Therefore, these shales, aggregating 
a total thickness of several thousand feet (pl. 1), can be 
considered source rocks for oil and gas. 

The oil and gas potential of the anticlines within 
the western one-fourth of the Teton Wilderness and of 
the presently unproductive anticlines to the south in 
Jackson Hole is probably comparable, because the rocks, 
structural patterns, and geologic history are approximate
ly the same. If, after thorough surface and geophysical 
studies and adequate new drilling, the anticlines south of 
the Teton Wilderness remain unproductive, those in the 
wilderness can also probably be considered as unfavorable 
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prospects. On the other hand, if anticlines to the south 
yield oil and gas in economic volumes, the potential of 
those in the wilderness should be reevaluated. 

Anticlines with Possible Oil and Gas Potential 

Twelve anticlines which may entrap oil and gas lie 
entirely or partly within the Teton Wilderness. The Bailey, 
Arizona Creek, Kitten, Reid, and Lizard Creek anticlines 
were described by Love, Antweiler, and Williams (1975). 
The presence of several major anticlines was the basis for 
the U.S. Geological Survey fuels investigations of this 
general area in 1945, 1948, and 1949. Table 2 summarizes 
the most promising oil and gas reservoir rocks, their 
thicknesses, and rough estimates of their depths on the 
structurally higher parts of each anticline. 

In evaluating the oil and gas resource potential of 
these anticlines, many variables must be considered, such 
as: 
1. Age of folding. In general, throughout intermontane 

basins of the Rocky Mountain region, the old folds 
(early Laramide) tend to be more prolific producers 
than the younger. Available data suggest that the an
ticlines in the Teton Wilderness were formed during 
the early part of Laramide deformation, near the end 
of the Cretaceous Period. Specific supporting data 
are present on the east flank of Gravel Peak near the 
southeast end of the Wolverine anticline, on the Basin 
Creek uplift along the north margin of the wilderness 
(Love and Keefer, 1969), and on the Spread Creek 
and adjacent anticlines south of the wilderness (Love, 
Keefer, and others, 1951; Love, 1973a). 

2. Effects of later tilting. The western part of the wilder
ness was, in some places, tilted westward l0°-30°in 
Pleistocene time. To determine the original site of 
oil and gas accumulation, which is generally on the 
apex of an anticline, each fold in this area must be 
rotated upward and clockwise (in a model oriented 
in the conventional northward direction). The 
amount of tilting of the original water-oil interface 
(if any), the distance and magnitude of oil and gas 
migration after Pleistocene tilting, and the nature and 
effects of water drive cannot be determined in an un
drilled area. Further complicating the evaluation is 
the effect of two very different types of tectonism 
(early Laramide compression and late Cenozoic ten
sion) widely separated in time (see discussion in sec
tion on structure and geologic history). It is not 
known whether this time interval was sufficient to 
stabilize the sites of any oil and gas accumulation that 
may have occurred and to prevent any Pleistocene 
migration. Borehole data on these subjects is neces
sary to evaluate the oil and gas potential of the 
anticlines. 

3. Depth of erosion. None of these anticlines is eroded 

so deeply that the lowest possible reservoirs have been 
breached. 

4. Competence of folds. In some parts of the Cordil
leran thrust belts to the west and southwest, oil- and 
gas-producing anticlines are formed in incompetent 
Mesozoic rocks, whereas the underlying Paleozoic 
rocks may be undeformed and have no oil and gas 
potential. It is assumed that Paleozoic rocks in the 
Teton Wilderness could contain oil and gas ac
cumulations on these anticlines, for the following 
reasons: the reverse faults all have displacements of 
only a few hundred to a few thousand feet; the Basin 
Creek uplift to the north has exposed roots; the 
northern extension of the Wolverine anticline in 
southern Yellowstone National Park has Lower 
Cretaceous rocks exposed in its core (Love and 
Keefer, 1975); and all the anticlines in Jackson Hole 
south of the wilderness that have been drilled have 
Paleozoic rocks in their cores. Without drilling, the 
presence or absence of roots to the anticlines in the 
wilderness cannot be determined for certain. 

5. Possible bedding plane-thrust faults. Sophisticated 
modern seismic data across and along the Spread 
Creek, Sohare, and several other major anticlines 
south of the Teton Wilderness indicate or suggest the 
presence of bedding-plane thrust faults subparallel 
to bedding and with major displacements in incompe
tent strata, chiefly of Mesozoic age. These thrusts ap
parently offset westward the Mesozoic rocks on and 
near the crests of the sharply asymmetric anticlines. 
In addition, the faults may create traps on the gen
tle flanks of the anticlines. Similar faults may affect 
the comparable anticlines in the Teton Wilderness, 
and detailed seismic surveys may be necessary to ade
quately evaluate the oil and gas potential of these 
structures. 

6. Source rocks. Devonian, Mississippian, and Permian 
carbonate rocks and shales exposed on the south 
flank of the Basin Creek uplift and on the Washakie 
Range are fetid and contain conspicuous amounts of 
hydrocarbons. Especially important are black shales 
in the Amsden and Phosphoria Formations. Black 
shales in Cretaceous rocks likewise have a hydrocar
bon content adequate for them to be classed as source 
rocks. Representative of these are thick sections of 
marine gray Cody Shale (pl. 6) and thinner shales in 
the Mowry, Frontier, Bacon Ridge, and Harebell 
Formations. As mentioned in the preceding section, 
vitrain-reflectance data indicate favorable thermal 
maturation of hydrocarbons, so these shales can be 
considered good source rocks. 

7. Adequate structural traps. Surface closure is slight 
or nonexistent at the north ends of all anticlines listed 
in table 2 except Spread Creek and those whose north 
ends are covered by volcanic rocks. The west flanks 
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of most anticlines are the steepest, and some are cut 
by exposed reverse faults. Others may be cut by 
thrusts at depth. South and east closures are generally 
adequate. 

8. Effects of igneous intrusions and local metamor
phism. Eocene basalts are present in the southwestern 
part of the wilderness. These rocks are several miles 
south of the nearest anticlines. Elsewhere, intrusive 
igneous rocks are small thin dikes with little or no 
destructive effect on the oil or gas potential of the 
anticlines. 

The characteristics and oil and gas possibilities of 
9 of the 12 anticlines are summarized in the assumed order 
of significance (Arizona Creek, Reid, and Lizard Creek 
are discussed in Love, Antweiler, and Williams, 1975). 

Whetstone.-This anticline has the best oil and gas 
possibilities. The surface trace is about 8 miles (13 km) 
long (fig. 10; Love, 1975a). The northern half trends 
north and the southern half northwest. Strata dip 6 °-12 ° 
E. on the eastern flank and 6 °-20 ° W. on the western 
flank. Other than a small Holocene(?) fault, there are no 
visible structural complications. The fold plunges 
moderately southward and gently (if at all) to the north. 
North closure may be present at depth. The apex, if any, 
of the anticline is arbitrarily taken to be where the crest
line crosses Pacific Creek. This is the site used in com
putation of depths shown in table 2. About 3,800 feet 
(1, 150 m) upstream from this point, a small explosively 
flammable gas seep emerges from a sandstone ledge under 
water in Pacific Creek. Details of structure of the anticline 
at depth and amount of closure can be determined only 
by geophysical studies. 

Spread Creek.-The Spread Creek anticline is by 
far the largest and potentially one of the most significant 
for oil and gas in the Jackson Hole region. It is about 
19 miles (30 km) long and has about 6,000 feet (1 ,830 m) 
of closure. Cody Shale is exposed on the apex of the 
crestline. One of the largest gas seeps in Wyoming 
emerges from the Bacon Ridge Sandstone east of the crest 
7,500 feet (5,335 m) south of the Teton Wilderness (fig. 
11). Many additional gas seeps are present near the crest 
farther southeast for the next 8 mi (13 km). The crest of 
the Spread Creek anticline is exposed within 10,000 feet 
(3,000 m) of one of the southwest corners of the Teton 
Wilderness. Therefore, possible entrapment of oil and gas 
in this structure within the wilderness may be confined 
to a small part of the northeast flank. Surface geology 
of this part of the anticline nearest to the wilderness is 
shown in figure 12. The Mesaverde Formation on this 
part of the northeast flank dips 30° NE., but inasmuch 
as the overlying Colter Formation (Miocene) dips 
35 ° SW., the original dip on the Mesaverde was probably 
about 65 ° NE. Estimated depths of the potential oil- and 
gas-bearing formations near the northwest end of the 
anticline are given in table 2. 

Bailey.-Fair oil and gas possibility. The Bailey 
anticline is exposed for about 11,000 feet {3,350 m). A 
northern hypothetical projection, based on adjacent out
crops, extends for an additional 14,000 feet (4,270 m) 
under unfolded Pliocene welded tuff (Huckleberry Ridge 
Tuff). The anticline trends northwest, and the visible part 
is very tightly, almost isoclinally, folded. Details of sur
face geology are shown in Love (1974b). The Bailey thrust 
fault bounds the southwest flank and disappears beneath 
the unfaulted Huckleberry Ridge Tuff. The south end of 
the anticlinal crest merges with a high-angle fault, down 
on the west. The Frontier Formation crops out along the 
entire exposed crest. Because this is such a tight fold with 
thick sequences of incompetent beds at depth, rock flow
age was probably considerable, and realistic estimates of 
depths to potential oil and gas reservoirs are not possi
ble. These potential producing zones are probably about 
the same as those listed for the Wildcat anticline (table 
2). Geophysical studies would be needed to determine the 
structure under and east of the surface crest of the 
anticline. 

Hancock.-Fair to poor oil and gas possibility. The 
Hancock anticline is a southeastward-plunging fold that 
diverges from the Wolverine anticline in southern 
Yellowstone National Park (fig. 13; Love and Keefer, 
1975, pl. 1, sec. A-A') and extends about 9,000 feet 
(2,750 m) into the Teton Wilderness. The surface geology 
of the part of the anticline within the wilderness is en
tirely in the Harebell Formation and is shown in Love 
(1974a). Dips are gentle, 10°-20° on both flanks. There 
is no evidence of closure within the wilderness. If geo
physical studies are made of the adjacent Wolverine anti
cline, they could be expanded to include Hancock, as 
well. Depths to potential oil- and gas-producing zones are 
about the same for both anticlines (table 2). 

Wildcat.-Fair oil and gas possibility. Figures 
14-16 show the surface expression of the Wildcat anti
cline. Details of surface geology are shown in Love 
(1974b). The south end of the anticline is obscured by 
landslide debris and apparently is cut off by a major 
normal fault (the Pilgrim Creek fault), down on the east 
side. The crest of the anticline is exposed for about 5.5 
miles (8 km), and near Browns Meadow disappears under 
west-dipping unfolded Tertiary and Quaternary volcanic 
rocks and undeformed landslide and glacial debris. A 
covered northwest extension of the anticline is projected 
for about 3.7 miles (6 km) on the basis of sparse outcrops 
of Lower Cretaceous rocks near Flagg Ranch. The posi
tion of the apex of the crestline is not known, but for 
the computations shown in table 2, it is arbitrarily as
sumed to be directly west of Browns Meadow. 

The anticline is asymmetric, with dips of 5 °-15 ° on 
the northeast flank steepening near the southeast end to 
45°. The southwest flank is steeper, 40° SW. near the 
southeast end and vertical to overturned along Arizona 
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Figure 10 (above and facing page). Geologic map of the Whet
stone anticline. Modified from Love (1975a) . Base from U.S. 
Geological Survey Whetstone Mountain topographic quadrangle, 
1965, scale 1:24,000. 

Figure 11. Flare from ignited gas seep emerging from Bacon 
Ridge Sandstone on Spread Creek anticline south of Halfmoon 
Lake. For location see figure 12. Width of barrel is about 12 
inches (37 em) . Photograph by Roger Matson, November 1977 
(Love and Love, 1980, fig. 9) . 

Creek, west of Browns Meadow. The anticline was 
shoved southwestward along the Wildcat thrust fault 
which is exposed about 4,000-5,000 feet (1,200-1,500 m) 
west of the exposed crestline. The amount of displace
ment along this fault is not known, nor whether, at depth, 

it beheads any of the potential oil- and gas-bearing zones 
listed in table 2 along their crestlines. On some similar 
structures, the faults are conduits for upward or lateral 
migration of oil and gas from overridden source or reser
voir rocks. 

The anticline plunges southeastward from a point 
west of Wildcat Peak at the rate of about 1 ,320 feet 
(400 m) in a horizontal distance of 9,000 feet (2, 745 m). 
The northwestward plunge, if any, of the northwestern 
covered part of the anticline is not known. Details of 
structure within the anticline at depth can be determined 
only by geophysical studies. 

Kitten.-Questionable oil and gas possibility. The 
Kitten anticline (figs. 14, 16) is a small fold, en echelon 
to, and southwest of the Wildcat anticline. Details of sur
face geology are shown in part in Love (1974b) and in 
part in Love (1973b). The surface trace of the anticline 
is about 12,000 feet (3,660 m) long and is entirely within 
the Sohare Formation and Bacon Ridge Sandstone. No 
faults were observed. The anticline is moderately asym
metric, with dips as much as 50 ° on the southwest flank 
and 10° on the northeast flank. Both ends disappear into 
monoclinal dips. The apex of the crestline has not been 
determined. The potential oil and gas zones are the same 
as those for the Whetstone anticline listed in table 2, but 
depths are probably slightly shallower. Geophysical 
studies would be needed to determine the configuration 
of potential producing zones. 

Rodent Creek.-Questionable oil and gas possibil
ity. This is a small, poorly exposed, northwest-trending 
asymmetric anticline about 13,000 feet (3,960 m) long, 
eroded down to the Mowry Shale. Details of surface 
geology are shown on figure 14. The northeast flank has 
poor closure and gentle dips; the southwest flank is over
turned and is cut by the Rodent Creek thrust fault. The 
southeast end is cut off at the junction of several normal 
faults. The northwest end disappears into or near a small 
normal fault. The amount of displacement on the Rodent 
Creek thrust fault is not known, nor whether, at depth, 
it displaces any of the potential oil- and gas-bearing zones 
listed in table 2 along their crestlines. 

Onion Flats.-Poor oil and gas possibility. This is 
a small, poorly defined, poorly exposed, north-trending 
anticline near the south boundary of the Teton Wilder
ness. Surface geology is shown in Love (1975b). Dips on 
the east flank are about 10 ° and on the west flank about 
40°. Nowhere was the crestline observed. The north end 
is projected under Quaternary deposits, and the south end 
disappears in the Harebell Formation. More detailed sur
face and geophysical work would be needed in order to 
define the anticline precisely and to determine its oil and 
gas potential. The Harebell Formation is present at or 
near the surface. Depths to possible oil and gas zones are 
probably about the same as, or slightly greater than, those 
listed in table 2 for the Whetstone anticline. 
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Wolverine.-Poor oil and gas possibility. Detailed 
geology is shown on figure 13. The surface trace of the 
entire anticline is about 16.3 miles (26.2 km) long. Of this, 

8.3 miles (13.3 km) is inside the Teton Wilderness, and 
8 miles ( 13 km) is north of the wilderness in Yellowstone 
National Park. The northern half of the anticline has been 
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described in detail and a cross section presented (Love 
and Keefer, 1975, p. D46-D47, pl. 1, sec. A-A'). Inside 
the wilderness, the east flank dips 7 °-22 ° E. (fig. 17) and 
the west flank 13 °-30 ° W. The southern end involves the 
Pinyon Conglomerate, which is gently folded so this part, 
at least, is post-Pinyon. The Harebell Formation is at the 
surface on the remainder of the anticline, as far north 
as the park boundary. No fault was observed along the 
anticline. The apex of the fold is poorly defined. If the 
apex is present outside the park, it is probably about 
4,200 feet (1 ,280 m) southeast along the crestline from 
where it crosses the park boundary, and is at an eleva
tion of about 9,000 feet. This possible apex is used for 
depths shown on table 2. Where the anticline crosses the 
Snake River in the park, the Cloverly and Morrison(?) 
Formations are exposed at an elevation of 7,400 feet. This 
is about 4, 700 feet (1 ,430 m) higher than the projected 
depth of this sequence at the inferred apex (table 2). Thus, 
the anticline has a southward plunge of about 940 feet 
(286 m) per mile. As a result of this lack of closure, oil 
and gas traps are unlikely in post-Cloverly rocks south 
of the park boundary on the Wolverine anticline. 

Geophysical studies would be needed to determine the 
configuration of deeper horizons and whether there is fold 
or fault closure south of the park boundary. 

Subthrust Traps 

Between 1975 and 1981, many new concepts per
taining to the relation of oil and gas accumulation to 
thrust faults were developed as a result of major discov
eries of oil and gas in the Thrust Belt of Wyoming and 
Utah. Another major discovery of gas beneath a 
9,000-foot- (2, 740-m-) thick thrust plate of Precambrian 
rocks on the Casper arch of central Wyoming further 
substantiates the economic potential of this kind of trap 
(Gries, 1981). 

Within the Teton Wilderness there are nine high
angle reverse or thrust faults involving thick sequences 
of Paleozoic and Mesozoic rocks (pl. 1). The largest and 
longest of these is the Buffalo Fork thrust fault. Others 
previously named are the Box Creek, Rodent Creek, 
Wildcat, Bailey, and Arizona Creek thrusts. The last four 
are discussed in connection with the adjacent anticlines 
of the same names. The unnamed thrusts are smaller and 
not important to the present evaluation. 

Cross sections of the Buffalo Fork thrust fault, in 
which Paleozoic and Archean rocks overrode the entire 
Paleozoic and Mesozoic section, have been published 
(Love and Keefer, 1975, pl. 1; Love, 1973a, figs. 33, 34; 
Love, McKenna, and Dawson, 1976, fig. 12). Additional 
cross sections are included in this paper (figs. 8, 9). The 
minimum amount of displacement is 10,000 feet 
(3,050 m) and in most places may be several times that 
amount. On outcrops along the fault trace there is a zone 
of intense to moderate brecciation of rocks on both sides 
of the fault, the amount depending on the brittle or plastic 
nature of the rocks. Fault slices of Paleozoic and Meso
zoic rocks, some several thousand feet out of stratigraphic 
position, have been dragged up along the major thrust 
(for similar phenomena, see examples described and il
lustrated by Gries, 1981). Where shales are involved, they 
could effectively seal off the main and subsidiary fault 
planes, thereby preventing leakage of oil and gas. 

Because of the thickness and lithology of the sedi
mentary rocks (about 4,000 feet (1 ,200m) of Paleozoic 
strata, 6,500 feet (1 ,980 m) of pre-Harebell Mesozoic 
rocks, and 5,000-11,000 feet (1 ,500-3,350 m) of Harebell 
Formation) overridden by Archean and lower Paleozoic 
rocks along the Buffalo Fork thrust fault, brecciation is 
likely with possible oil and gas accumulations in fracture 
pores sealed against the thrust. In addition, the structural 
patterns of many thrust blocks that have been drilled 
elsewhere in Wyoming show anticlines that have been 
overridden, and some of these contain major amounts 
of oil and gas. Therefore, the entire 25-mile (40-km) seg
ment of the Buffalo Fork thrust fault within the Teton 
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Figure 13 (above and facing page). Geologic map of Wolverine and Hancock anticlines. Modified 
from Love (1974a). Base from U.S. Geological Survey Mount Hancock topographic quadrangle, 
1959, scale 1 :62,500. 

Wilderness would require geophysical surveys to assess 
the oil and gas potential of subthrust traps. 

Washakie Range and Absaroka Volcanic Plateau 

The Washakie Range was uplifted, folded, thrust 

westward along the Buffalo Fork thrust fault, and deep
ly eroded, all in a short interval of time (fig. 2), after 
deposition of the Harebell Formation and prior to deposi
tion of the Pinyon Conglomerate (Love, 1973a). Some 
movement continued into middle Eocene time, as shown 
by the presence of giant boulders of Precambrian and 
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Paleozoic rocks that were carried westward from the 
Washakie Range during deposition of the Langford For
mation. As . far as we can determine from surface ex
posures and inferred trends of anticlines, oil and gas 
possibilities in the Washakie Range are minimal because 
lower Paleozoic and Precambrian rocks underlie the 
Eocene Absaroka Volcanic Supergroup, none of which 
is petroliferous. No oil seeps that could have come from 
buried source rocks have been observed in the volcani
clastic strata. Oil seeps, however, are present 20 miles 
(30 km) northeast and 35 miles (56 km) northwest of the 
Teton Wilderness, emerging from volcanic rocks of the 
Absaroka Range and Yellowstone rhyolite plateau (Love 
and Good, 1970). 

Facies and Porosity Traps 

The structurally deepest part of the downwarped 
area in the western part of the Teton Wilderness is 

between Pinyon Peak and Whetstone Mountain. In this 
area the top of the Archean rocks may now lie as much 
as 13,000 feet (3,960 m) below sea level. Even in Late 
Cretaceous (Maestrichtian) time, about 69 m.y. ago, the 
uppermost strata in the Harebell Formation, northwest 
of Whetstone Mountain, were deposited in a semimarine 
environment at the same time that the basal part of this 
same formation in the same area was 10,000 feet 
(3,000 m) below sea level (Love, 1973a). This means that 
oil and gas may have migrated upward out of this deep 
during the last 69 m.y., not only into anticlines but also 
into fault, facies, and porosity traps. 

Evaluation of possible facies and porosity traps is 
dependent largely on adequate regional and local data to 
define lateral lithologic and thickness variations in the 
rock units. Such data remain insufficient to permit a 
modern detailed evaluation of such potential traps in this 
300 mF (780 km2) area or this thick a stratigraphic sec
tion. Nevertheless, available stratigraphic summaries 
presented elsewhere (Love and Keefer (1975); Love, Hose, 
and others (1951); Love, (1956c); Love (1973a); Love, 
Antweiler, and Williams (1975); explanations for various 
geologic maps (Love, 1973b, 1974a, 1974b, 1975a, 
1975b)) provide sufficient data for a rough evaluation of 
possible facies and porosity traps. Those formations 
which may include facies and porosity traps are, from 
oldest to youngest, Bighorn Dolomite, Madison Lime
stone, Tensleep Sandstone, Phosphoria Formation and 
related rocks, Cloverly and Morrison(?) Formations, 
Muddy Sandstone Member of Thermopolis Shale, Fron
tier Formation, stray sandstones in Cody Shale, Bacon 
Ridge Sandstone, Sohare Formation, Mesaverde Forma
tion, and lower part of Harebell Formation. Inclusion 
of the Bighorn Dolomite is unusual, but there are several 
places along the Buffalo Fork thrust fault where it is a 
soft, porous, poorly cemented limestone, rather than the 
typically hard, tight, siliceous dolomite. 

To determine the locations of the most promising 
facies and porosity trends would require more detailed 
stratigraphic work than was possible for the wilderness 
evaluation and, in addition, sophisticated and expensive 
seismic studies, none of which has been done in the Teton 
Wilderness. Lacking these data, and in the absence of any 
drilling, all we can do is to speculate that the most prom
ising areas are on the up-dip sides of the basin deeps 
centering in the Pinyon Peak-Whetstone Mountain area. 

Younts Basin(?) 

The Younts basin(?) is a gravity anomaly discovered 
by D. M. Kulik (see section on aeromagnetic and gravity 
studies, this report). It suggests the presence of a major 
elongate structural downwarp extending south-southeast 
from the southeast corner of Yellowstone National Park, 
east of the buried east flank of the Washakie Range. Plate 
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Figure 14. Geologic map of Rodent Creek and parts of Wildcat and Kitten anticlines. Modified from Love (1974b). Base from 
U.S. Geological Survey Huckleberry Mountain topographic quadrangle, 1959, scale 1:62,500. 
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Figure 15. Oblique aerial view northwest along crestline of 
Wildcat anticline, showing contact between Cody Shale (Kc) 
and Bacon Ridge Sandstone (Kb) on both flanks of anticline. 
WP, Wildcat Peak at site of Wildcat Peak measured section 
(pl. 6); KR, Kitten Ridge at site of Kitten Ridge measured sec
tion (pl. 6). Huckleberry Mountain is composed of Pliocene 
Huckleberry Ridge Tuff, which has been tilted westward as a 
result of late Cenozoic down-dropping of Jackson Hole along 
the Teton fault (out of photograph to left). The Huckleberry 
Ridge Tuff extends unfolded across the truncated edges of 
Cretaceous rocks of the Wildcat anticline. Photograph by J. D. 
Love, July 31, 1965. 

Figure 16. Oblique aerial view north of the Wildcat and Kit
ten anticlines, formed in folded Cretaceous rocks in the western 
part of the Teton Wilderness and the south-central part of the 
Teton Corridor. The crestline of the Wildcat anticline is in the 
Cody Shale and is flanked by the Bacon Ridge Sandstone (Kb); 
the Kitten anticline is entirely in the Sohare Formation. 
Huckleberry Mountain is composed of Pliocene Huckleberry 
Ridge Tuff. Photograph by J. D. Love, July 31, 1965 (Love, Ant
weiler, and Williams, 1975, fig. 3). 

4 shows the general outline of this area and its relation 
to local anticlinal trends. Many oil and gas fields are on 
the west side of the Bighorn basin and northwest arm of 
the Wind River basin. The only way in which the theory 
of stratigraphy and structure causing this anomaly can 
be substantiated or disproved is by sophisticated seismic 
work and by drilling. If it is indeed a basin filled with 
20,000 feet (6, 100m) or more of Paleozoic and Mesozoic 
sedimentary rocks under a relatively shallow volcani
clastic cover, it would drastically improve the possibility 
of oil and gas, not only in the Teton Wilderness but also 
in the Washakie Wilderness to the east. Along the margins 
of this possible downwarp, oil- and gas-bearing anticlines 
similar to those in the adjacent part of the Bighorn basin 
could be expected. 

Geochemical Studies 

Sampling and Analytical Program 

Geochemical studies identified three areas in the 
Teton Wilderness that may have precious- and base-metal 
mineralization. Analysis of geochemical data also out
lined the distribution and abundance of gold, phosphate, 
and coal in various sedimentary rocks, and metals in 
black shales. More than 4,000 geochemical samples were 
collected and analyzed as part of the resource appraisal. 
Stream-sediment samples were collected in all important 
drainages. These consisted of 660 silt-sized (minus-80-
mesh) stream-sediment samples and 1,145 panned
concentrate samples (305 of which were collected solely 
for gold analyses). Soil samples were collected at 113 sites 
where no rock outcrops were present or along fault zones, 
altered areas, or intrusive contact zones. To complete the 
sampling program, 2,292 rock samples were collected 
which included individual fresh, unaltered rock samples 
to represent all the major stratigraphic and lithologic units 
as well as altered rock, and rock of commodity interest 
such as gypsum, phosphate rock, and black shales. The 
unaltered rock samples were used to establish a range of 
background values applicable to specific rock units. Most 
exposed rocks in the Teton Wilderness are either stratified 
pyroclastic rocks of Eocene age or Phanerozoic sedimen
tary rocks. Nonstratified igneous and metamorphic rocks 
occur in only a small percentage of the total area. To 
satisfactorily determine the mineral potential and geo
chemistry, extensive bedrock sampling was deemed neces
sary to supplement sampling of drainages and soils 
because mineral deposits in sedimentary rocks may not 
be accompanied by dispersion halos. For example, 
stream-sediment samples from drainages across the 
Phosphoria Formation do not suggest enrichment in the 
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Figure 17. Telephoto view north-northeast from Pinyon Peak toward Wolverine anticline and Big Game Ridge (on horizon), 
the type area of the Harebell Formation. Dip is northeastward on northeast flank of Wolverine anticline, whose crestline is in 
bottom of ravine in foreground. Note scattered distribution of conifers which do not grow abundantly on the Harebell Forma
tion. Bare exposures at lower left are in upper part of the type Pinyon Conglomerate. Photograph by J. D. Love, Aug. 24, 1969. 

wide variety of elements for which the Phosphoria is 
noted. Small, sluggish streams that are not diluted by 
debris from other sources will contain those elements, but 
such an ideal situation is uncommon. Fresh rock-chip 
samples were taken of all the major rock types and 
stratigraphic units. Altered rock samples that might have 
recorded the passage of hydrothermal fluids were col
lected wherever found. Some bedrock samples were 
crushed, ground, and panned to obtain concentrates 
which were analyzed like those from panned alluvium. 
Samples of coal, gypsum, phosphorite, bentonite, and 
black shale were collected at several localities to provide 
specific resource information. Plate 2 shows the location 
of the sample sites. 

The samples were analyzed for 31 elements by a six
step semiquantitative spectrographic procedure (Grimes 
and Marranzino, 1968); for gold using an atomic absorp
tion procedure (Ward and others, 1969); for mercury 
using an instrumental method (Vaughn and McCarthy, 
1964); and for cold-extractable heavy metals (cxHM) 
using the Bloom test (Bloom, 1955). All the samples were 
scanned for radioactivity with a scintillation counter, and 
those that showed more than background amounts of 
radioactivity were analyzed for equivalent uranium (eU); 

additionally, Hugh Millard analyzed about one-fifth of 
the samples for uranium and thorium, using a delayed 
neutron activation procedure. 

The geochemical data and pertinent geologic data 
were stored on magnetic disc in the U.S. Geological 
Survey's computer in Denver, Colo. Computer printouts 
of data on several groupings of samples were studied to 
locate areas with mineral potential. Graphical analyses 
and statistical computations were also made by computer 
to help evaluate the mineral potential. A magnetic tape 
with the analytical data, together with appropriate geo
graphic and geologic information, was prepared by 
McDanal and others (1983), and may be purchased from 
the National Technical Information Service. This tape 
also includes data generated in two areas contiguous to 
the Teton Wilderness-the Teton Corridor (Love, Ant
weiler, and Williams, 1975), and the Du Noir study area 
(Prostka and others, 1979). 

Selection of Geochemical Anomalies 

Each element in each sample type of lithologic unit 
has a normal range of abundance in any specific area. 
When the amount of an element exceeds the normal range 
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of background values for the sample type, the abundance 
of that element is "anomalous" -and may indicate 
mineralization. Analyses of both the panned concentrates 
and the minus-80-mesh fraction of stream sediments were 
examined carefully to locate anomalous concentrations 
of elements. The analyses of rock and soil samples were 
used to establish background ranges of elements in 
various geologic units and to verify anomalous element 
concentrations in mineralized areas. Several techniques 
were used to recognize anomalies and to determine which 
indicate areas of mineral resource potential. When the 
field investigations were in progress, and mobile labora
tories analyzed samples within a day o'"· · two after they 
were collected, the abundances of Cu, Pb, Co, Cr, Ni, 
Ti, La, Y, and Zr were considered anomalous if they were 
at least twice as great as the apparent average abundance, 
as suggested by Boyle (1971). Elements not frequently 
detected (Ag, As, Au, Bi, Cd, Nb, Sn, Zn) by the labora
tory methods used were considered anomalous in any 
samples in which they were detected. Using these criteria, 
a field check was made and additional sampling was done 
to better evaluate the mineral resource potential of 
localities represented by analyses showing anomalous con
tent of one or more metals. Once all the samples were 
collected and analyzed, a more rigorous statistical evalua
tion was used to determine which samples contained 
anomalous metal contents. 

For statistical evaluation, the data were grouped 
into 50 sets which consisted of soils, minus-80-mesh 
stream sediments, panned concentrates of bedrock 
samples and stream sediments, and 46 classifications of 
rocks. Many analytical values in all data sets are qualified. 
To obtain geometric means, and to permit other useful 
statistical computations utilizing all the analytical data, 
qualified analytical values were replaced. Those qualified 
by N (not detected) were replaced by a value two report
ing intervals below the lowest satisfactory measurement 
level. Values qualified by L (detected, but below a satis
factory measurement level) were replaced by a value one 
interval below the lowest satisfactory measurement level. 
Values qualified by G (greater than the analytical method 
could satisfactorily measure) were replaced by the next 
reporting interval above the highest level that could be 
satisfactorily measured. No replacements were made for 
values qualified by B (no analysis). 

Statistical replacement information for the 50 data 
sets is given in table 3. The qualified values in most data 
sets are those with N or L, but G values appear in panned 
concentrates for Fe, Ti, Mn, Ba, La, Y, and Zr, and also 
in limestone and dolomite samples for Ca and Mg. The 
high values in panned concentrates reflect heavy minerals 
that are easily concentrated by panning such as magnetite, 
hematite, ilmenite, sphene, monazite, and zircon-all of 
which are abundant in some concentrates. Values qual
ified by N or L, which are prevalent in all the data sets, 

indicate scarcity rather than abundance. Although replace
ment of qualified values is desirable for statistical analy
sis, erroneous conclusions can result if their use is not 
tempered by realization of how many unqualified (valid) 
values are in a given data set. Any interpretation based 
on only a few unqualified values is subject to error but, 
as the percentage of unqualified values increases, the 
chances for error decrease. Statistical computations are 
meaningless when no unqualified values occur. Even if 
only a few unqualified values occur, however, statistical 
computations are desirable for the information they can 
disclose. In many data sets unqualified values for Ag, Au, 
Mo, Nb, Sn, and Zn were sparse, but those elements occur 
frequently enough in the study area as a whole to justify 
close examination of their relationship to mineral resource 
potential. Analyses for As, Be, Cd, Sb, Sc, and W, how
ever, are not included in statistical computations because 
only a few samples had concentrations high enough to 
detect. 

Maximum, minimum, and mean analytical values 
for the data sets are given in table 3 also. Most rock 
samples were coded according to both lithology and for
mation to enable computer retrieval in different data sets. 
Many, but not all, the rock samples are in two data sets; 
for example, 15 samples of gypsum are summarized in the 
gypsum data set, and all these samples are included in 
the 39 samples listed in the Gypsum Spring Formation. 
Similarly, most of the 119 samples of the Madison Lime
stone are listed in the limestone data set, which also in
cludes limestones from other formations, such as the 
Gallatin Limestone. Aside from mineral resource poten
tial, the data in table 3 are useful for geochemical studies, 
such as the distribution and abundance of elements in dif
ferent rocks and formations of northwest Wyoming. 

The geometric means show the average concentra
tion of the analyzed elements in a variety of sample types, 
as well as in the major geologic formations in the wilder
ness. They are thus a baseline from which to identify 
anomalies and to evaluate their significance as indicators 
of mineralization. For example, the geometric mean of 
copper in 26 rock samples from the Two Ocean Forma
tion is 17.5 ppm (parts per million); samples from this 
data set that have two or three times that abundance level 
might be considered anomalous. However, the geometric 
mean of copper for 12 samples of Trout Peak Trachyan
desite is 51 ppm. A content of 50 ppm copper in a sample 
from the Trout Peak Trachyandesite would not be anom
alous for that formation, nor indicative of mineralization, 
but such an amount in a sample from the Two Ocean For
mation might be. Similarly, the copper content of samples 
of stream sediments derived from the Trout Peak Trachy
andesite is likely to be greater than that of stream
sediment samples derived from the 1\vo Ocean Formation. 

Table 4 gives geometric means for selected elements 
using replacement statistics from table 3 for several 
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Table4. Crustal abundance and geometric means of abundance of selected elements in various sample types, Teton Wilderness, 
Wyoming 
[Values in parts per million] 

Sample type Mn Ag Ba Co Cu La 

Crustal abundance! •••••• 950 0.07 425 25 55 30 
Soil •••••••••••••••••••• 374 .21 549 14 18 27 
-80 mesh stream 

sediment •••••••••••••• 522 .21 885 13 14 25 
Panned concentrate •••••• 915 .21 266 19 14 54 
Felsic rock ••••••••••••• 255 .22 692 6.7 11 36 
Intermediate rock ••••••• 306 .20 1030 13 17 30 
Mafic-ultramafic rock ••• 320 .21 923 13 21 26 

Limestone ••••••••••••••• 122 .21 34 2.2 4.0 13 
Dolomite •••••••••••••••• 72 .22 19 2.3 5.4 12 
Shale ••••••••••••••••••• 185 .28 260 4.6 13 26 
Phosphorite ••••••••••••• 62 .65 82 2.0 13 111 
Welded tuff ••••••••••••• 281 .25 790 5.0 12 41 

1Data from Levinson (1974). 

sample types of rocks and formations, and shows average 
crustal abundance for comparison. Its purpose is to show 
which sampling media or lithologies are most likely to 
have the highest average concentrations of the various 
elements. Concentrates, for example, are more likely to 
have higher abundances of Co, La, Mo, Nb, Sn, V, Zn, 
and Au than are the minus-80-mesh stream sediments. 
Phosphorites do not occur in many formations, but they 
are likely to be enriched in several elements. Shales are 
much more likely to be enriched in Ag, Mo, Zn, B, V, 
and U than are limestones, dolomites, or the volcani
clastics of the Teton Wilderness. 

Additional statistical treatments were applied to the 
data including preparation of histograms and plots of 
cumulative frequency against concentration of elements. 
Examples are shown on plate 3 for several elements in 
soils, stream sediments, and concentrates. One method 
for selecting the threshold for anomalous values is to 
designate the value at two standard deviations above the 
geometric mean for elements whose cumulative frequen
cy show log-normal distribution and thus indicate a single 
population of data (Hawkes and Webb, 1962). Single 
populations of data, however, are uncommon. A method 
useful for mixed populations of data is that of Tennant 
and White (1959) in which the threshold is selected at the 
break in slope in plots of cumulative frequency against 
the concentration level. The histograms on plate 3 indicate 
mixed populations of data for Cu and Pb in concentrates, 
and therefore are not desirable to select thresholds. If 
thresholds were to be selected from this group of histo
grams, however, they might be as follows (values in parts 
per million): Cu in soils 100, in stream sediments 50, and 
in concentrates 50; Pb in soils 50, in stream sediments 
50, and in concentrates 100; and Zn in concentrates 1,000. 
Thresholds suggested from the break in slope of 
frequency-distribution plots are the following: Cu in soils 
70, in stream sediments 100, and in concentrates 70; Pb 

Mo Nb Ni Pb Sn Sr v Zn Au Hg 

1.5 20 75 12.5 2 375 135 70 0.004 0.08 
2.0 7.1 45 12 5.0 338 64 101 .010 .017 

1.1 7.5 50 15 5.0 488 90 100 .010 .015 
2.3 11 43 6.8 5.5 114 164 122 .26 .014 
2.6 13 17 18 6.1 210 27 104 .010 .011 
2.1 7.1 44 14 5.1 535 66 100 .011 .012 
2.1 7.6 43 13 5.0 427 65 100 .011 .011 

2.2 7.0 3.4 5.5 9.0 143 12 101 .011 .012 
2.4 7.0 3.9 6.3 5.0 67 15 102 .011 .018 
3.7 8.0 21 15 5.0 115 87 118 .011 .036 
3.1 7.3 16 33 5.0 174 62 380 .011 .095 
2.5 11.4 12.1 20 5.5 213 33 106 .013 .014 

in soils 30, in stream sediments 30, and in concentrates 
80. Similar plots are shown on plate 3 for Ag, Mo, Sn, 
and Zn, but selection of thresholds for elements such as 
these whose analytical values are qualified in most 
samples can only be judgmental. 

The thresholds used to prepare the geochemical 
anomaly map (pl. 3) are listed in table 5. These thresholds 
were selected subjectively on the basis of maximizing in
dications of mineralized areas, upon consideration of the 
geologic setting and locality where the possibility of an 
anomaly was indicated, and upon the statistical informa
tion. This anomaly map does not include gold, nor several 
elements associated with heavy mineral concentrates, nor 
some of the trace elements associated with the Phosphoria 
Formation and black shales in the Amsden Formation. 
Those resources will be discussed separately. 

Particular attention was given to anomalies in the 
eastern, volcanic part of the wilderness because they 
might be related to mineralized areas with no geologic 
or geophysical expression. In the western part of the 

Table 5. Thresholds selected for geochemical anomalies 
[Values in parts per million] 

Sample medium 
or formation Ag Cu Mo Pb Sn 

Soil •••••••••••••••••• 1 50 5 100 10 
Stream sediments •••••• 50 5 100 10 
Panned concentrates ••• 70 15 100 15 
Welded tuff ••••••••••• 30 15 100 15 

Wiggins Formation ••••• 70 15 100 10 
Langford Formation •••• 70 15 100 10 
Two Ocean Formation ••• 70 15 100 10 
Aycross Formation ••••• 70 15 100 10 

Pinyon Conglomerate ••• 50 15 100 10 
Harebell Formation •••• 50 15 100 10 
Amsden Formation •••••• 50 15 100 10 
Phosphoria Formation •• 70 15 100 10 
Late Archean rocks •••• 100 15 100 10 

Zn 

100 
100 
200 
200 

200 
200 
200 
200 

200 
200 
200 
200 
200 
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wilderness, many anomalies are not significant because 
they owe their origin to local secondary concentrations 
of heavy detrital minerals associated with the Harebell 
Formation and Pinyon Conglomerate. For example, the 
rather weak anomalies for Sn in concentrates are in sphene 
and grossularite garnet; powellite is a Mo-bearing detrital 
mineral; Ag can often be traced to detrital gold. Other 
heavy detrital minerals include ilmenite (rich in Ti), mon
azite (REE), and zircon (Zr). Although all these metals 
are of economic interest, none except gold occurs in quan
tities large enough to warrant study. If gold mining were 
to become economically attractive, however, recovery of 
accessory minerals should be part of a feasibility study. 
Because of its low crustal abundance and great value, gold 
was studied in detail. In the western part of the wilderness, 
it was studied as a potential resource, but in the eastern 
part as a possible indicator of mineralized areas. 

As shown on plate 3, most of the mineral resource 
potential of the Teton Wilderness is closely linked with 
the sedimentary rocks, although weak geochemical anom
alies are associated with granodiorite intrusions on the 
northwest shoulder of Younts Peak and on Yellow Moun
tain (pl. 1 ), as discussed in the following sections. 
Formations that often have geochemical anomalies that 
may suggest the possibility of resources in the rest of the 
wilderness are as follows: Pinyon Conglomerate, Harebell 
Formation, and related alluvium-gold and associated 
heavy minerals; Archean rocks-silver, gold, and copper; 
black shale of the Amsden Formation-hydrocarbons and 
.trace elements; Phosphoria Formation-phosphate and 
trace elements; and Aycross Formation-hydrocarbons 
and trace elements. 

Thorofare Plateau 

A few weakly anomalous samples around Thoro
fare Plateau may be related to a granodiorite intrusive 
which has two small outcrops west of Thunder Moun
tain (pl. 1). An aeromagnetic anomaly was also identified 
there. (See section on aeromagnetic and gravity studies, 
this report, and pl. 1.) Eight bedrock samples collected 
from the area of intrusive outcrop (some of them with 
visible pyrite) show analytical values within the normal 
range of background (table 6). A few soil samples col
lected from the head of the cirque east of Thunder Moun
tain are weakly anomalous in Mn or Cu (samples R1026S, 
R1028S, R1032S, and R1004S), but bedrock samples 
R1025R, R1027R, R1029R, Rl031R, and R1033R collected 
from outcrops between the soil samples (pl. 2) have ana
lytical values within the normal range of background 
(table 6). Analyses of stream-sediment and panned
concentrate samples from Hidden Creek and Castle 
Creek, which drain part of Thorofare Plateau, suggest 
weak geochemical anomalies for Ag, Au, Cu, and Hg. 
For example, sample R1036, a stream-sediment sample at 
the head of Castle Creek, contained 2 ppm Ag. Several 

panned-concentrate samples from the Hidden Creek basin 
showed anomalous Hg (R404P, R406P, R408P), two had 
anomalous Zn (R406P, T707D), and one (R309P) showed 
0.13 ppm Au. Although none of the samples is strongly 
anomalous in any element, they collectively may show that 
the area merits further exploration. Geologically, this is 
also true, because an intrusive body occurs nearby. Ig
neous activity associated with the intrusion might have 
left mineralized rock. 

Younts Peak 

The geochemical data suggest a possible explora
tion target northwest of Younts Peak. Sample Y104S 
contains 100 ppm Cu (table 7). It was collected from a 
tributary to the South Fork Yellowstone River that drains 
the northwestern part of Younts Peak (pl. 2). A grano
diorite intrusion (pl. 1) northwest of the summit of Younts 
Peak crops out in the drainage to the North Fork 
Yellowstone River, but no outcrop was observed on the 
South Fork drainage. Sample F3S, from a drainage that 
starts in the intrusive, shows no evidence of metal enrich
ment, but panned-concentrate sample F4P, collected at 
the same site as F3S, is anomalous in Cu (100 ppm) and 
Zn (300 ppm). Several rock samples collected on the 
northwest slope of Younts Peak and near the contact of 
the intrusive with andesites of the Wiggins Formation sug
gest slight enrichment in Cu, and one, Y25R, is slightly 
enriched in Ba and Pb. Although all the metal anomalies 
are weak, more detailed sampling might disclose mineral
ization of interest. The aeromagnetic map (pl. 1) also 
shows an anomaly at the intrusive. 

Yellow Mountain 

Traces of gold were found in a panned concentrate 
from the Valley Fork Thorofare Creek, which drains part 
of the intrusive complex of Yellow Mountain (pl. 1). 
However, detailed follow-up sampling in other streams 
emanating from the complex and in rock outcrops on and 
around Yellow Mountain failed to show anomalous con
centrations of any ore metals. On the drainage divide 
between the headwaters of Thorofare Creek and Yellow
stone River, dike swarms are common, and pyrite was 
found near some of them, but no geochemical anomalies 
were associated with them. 

Other Areas 

Several weak geochemical anomalies for copper and 
lead are suggested by the analytical data from the head
waters of South Buffalo Fork and Cub Creek (pl. 1). These 
anomalies are mostly in panned concentrates from drain
ages that are entirely within the stratified rocks of the 
Wiggins, Two Ocean, Langford, and Trout Peak Forma
tions. They are believed to be nonsignificant because no 
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Table 6. Selected geochemical data on samples from Thorofare Plateau and vicinity 
[Values are in parts per million; anomalous values underlined. N, not detected; L, detected but below satisfactory measurement level, given in 
parentheses. SS, stream-sediment sample; PC, panned-concentrate sample. For complete analytical data see McDanal and others (1983)] 

Sample 
No. Description and sample locality Mn 

R52R Granodiorite intrusive ••••••••••••••••••• 1000 
R53S Soil, same locality, light-golden •••••••• 700 
R54S Soil, same locality, red ••••••••••••••••• 1500 
R55R Granodiorite intrusive ••••••••••••••••••• 1000 
R56R ••••• do •••••••••••••••••••••••••••••••••• 700 

R57R ••••• do •••••••••••••••••••••••••••••••••• 1000 
R58R ••••• do •••••••••••••••••••••••••••••••••• 700 

T707D PC, drainage from intrusive •••••••••••••• 500 
T708S ss, drainage ••••••••••••••••••••••••••••• 1000 

R1017R Wiggins Fm., conglomerate, Thunder Mtn ••• 700 
R1018S Soil, Thunder Mountain ••••••••••••••••••• 700 
R1019R Wiggins Fm. , conglomerate, Thunder Mtn ••• 1500 
R1020S Soil, same localitY•••••••••••••••••••••• 1500 

R1021R Wiggins Fm. , cgl., SE. side Thunder Mtn •• 700 
R1022S Soil, same locality •••••••••••••••••••••• 700 
R1023R Wiggins Fm. , east edge Thunder Mountain •• 1500 
R1024S Soil, east edge Thunder Mountain ••••••••• 1500 

R1025R Wiggins Fm. , rusty, Thunder Mountain ••••• 1500 
R1026S Soil, same locality •••••••••••••••••••••• 2000 
R1027R Wiggins Fm., east side Thunder Mountain •• 1500 
R1028S Soil, east side Thunder Mountain ••••••••• 3000 

R1029R Wiggins Fm. , conglomerate, Thunder Mtn ••• 1500 
R1030S Soil, same localitY•••••••••••••••••••••• 1500 
R1031R Wiggins Fm., conglomerate, Thunder Mtn ••• 1000 
R1032S Soil, same locality •••••••••••••••••••••• 1500 

R1033R Wiggins Formation, rusty conglomerate, 
east side Thunder Mountain ••••••••••••• 1000 

R1034S Soil, east side Thunder Mountain ••••••••• 700 
R1036S ss, Castle Creek••••••••••••••••••••••••• 700 

R404P PC, Hidden Creek••••••••••••••••••••••••• 1500 

R406P PC, tributary to Hidden Creek •••••••••••• 1500 
R311P PC, check sample, same locality •••••••••• 500 
R408P PC, Hidden Creek ••••••••••••••••••••••••• 1500 
R309P PC, check sample, same locality •••••••••• 300 

igneous intrusive rocks were found, nor were any geo
physical anomalies other than the large negative gravity 
anomaly associated with the postulated Younts basin(?). 
The high zinc values in concentrates are most likely the 
result of concentration of zinc in ferromagnesium silicates 
such as pyroxenes and amphiboles and accompanying 
magnetite and olivine. High copper values are apparent
ly associated with flows of andesite in the Wiggins For
mation and Trout Peak Trachyandesite. These anomalies 
are not significant because they are not related to miner
alizing processes. 

Gold 

Previous studies have noted the occurrence of gold 
at several localities in the western segment of the Teton 

Ba Ag Cu Pb Zn Hg Au 

1500 N 20 15 N 1(0.02) N 
700 N 20 20 N .02 N 

1500 N 30 20 N .02 N 
1500 N 15 15 N 1(.02) N 
1500 N 20 20 N 1( .02) N 

700 N 15 15 N .02 N 
1500 N 10 15 N 1( .02) N 

50 N 15 N 1(200) 1(.02) N 
1500 N 15 15 --N- 1( -02) N 

2000 N 50 20 N 1( .02) N 
700 N 30 15 N .04 N 

1500 N 15 15 N 1( .02) N 
700 N 20 20 N .04 N 

1500 N 15 15 N 1( .02) N 
700 N 30 15 N .04 N 

2000 N 15 15 N 1(.02) N 
1000 N 20 15 N 1( .02) N 

1500 N 20 20 N 1( .02) N 
1500 N 30 30 N .02 N 
1500 N 15 15 N 1(.02) N 
1500 N 30 20 N 1(.02) N 

1000 N 20 20 N 1(.02) N 
1500 N 20 20 N 1(.02) N 
1500 N 30 15 N 1(.02) N 
1500 N 70 20 N .02 N 

1000 N 20 15 N 1( .02) N 
700 N 50 30 N .04 N 

1000 2 TO 2o N .02 N 
700 T 7 1(10) 200 .14 N 

500 N 30 1(10) 1(200) .16 N 
70 N 7 N --N- :o2 N 

500 N 50 15 N .20 N 
70 N 7 N N 1( .02) 0.13 

Wilderness (Hague and others, 1899; Love, 1956b; Ant
weiler and Love, 1967; Love, Antweiler, and Williams, 
1975). A major objective of this study was to determine 
the resource potential of gold in the wilderness. Studies 
were made of the occurrence and distribution of gold in 
alluvial deposits, and in the known gold-bearing 
formations-the Pinyon Conglomerate and the Harebell 
Formation. Studies were also made of gold in other for
mations including the Archean rocks and the volcanic 
rocks in the eastern segment of the wilderness. 

Resource Potential of Gold 

The ubiquitous occurrence of gold, even though in 
small amounts, throughout the enormous volume of the 
Pinyon Conglomerate, Harebell Formation, and related 
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Table 7. Selected geochemical data on samples from vicinity of granodiorite intrusion northwest of Younts Peak, Teton Wilderness 
[Values in parts per million; anomalous values underlined. N, not detected. SS, stream-sediment sample; PC, panned-concentrate sample. For 
complete analyses see McDanal and others (1983)] 

Sample 
No. 

Yl04S 
Yl05S 

F28S 
F8S 
F9P 

FllS 
Fl3S 
Fl4P 
Fl5S 
Fl6P 

F7S 
F3S 
F4P 
F5S 
RlS 

R2S 
Y101R 
Y102R 
Y103R 

F21R 

F22R 
F23R 
F24R 
F25R 
F26R 
F27R 

Type of sample and locality Mn 

SS, south of intrusive •••••••••••••••••••••••• 1500 
SS, South Fork Yellowstone River •••••••••••••• 1500 
SS, small tributary from north •••••••••••••••• 1000 
SS, South Fork Yellowstone River •••••••••••••• 1000 
PC, same localitY••••••••••••••••••••••••••••• 1500 

SS, small tributary from east ••••••••••••••••• 1500 
SS, South Fork Yellowstone River •••••••••••••• 1000 
PC, same locality ••••••••••••••••••••••••••••• 2000 
SS, North Fork Yellowstone River •••••••••••••• 1000 
PC, same localitY••••••••••••••••••••••••••••• 2000 

SS, small tributary from south •••••••••••••••• 1500 
SS, drainage from intrusive ••••••••••••••••••• 1000 
PC, same locality ••••••••••••••••••••••••••••• 1500 
SS, North Fork Yellowstone River •••••••••••••• 1500 
SS, small tributary from south •••••••••••••••• 1000 

SS, North Fork Yellowstone River •••••••••••••• 
Andesite, summit Younts Peak •••••••••••••••••• 
••••• do .••••••••••••••••••••••••••••••••••••••• 
Andesite, Wiggins Fm., N. slope Younts Peak ••• 
Andesite, southwest of Younts Peak •••••••••••• 

Rhyodacite, near intrusive •••••••••••••••••••• 
Granodiorite, near contact •••••••••••••••••••• 
••••• do ••••••••••••••••••••••••••••••••••••••• 
Andesite, near contact •••••••••••••••••••••••• 
••••• do ••••••••••••••••••••••••••••••••••••••• 
Altered andesite, near contact •••••••••••••••• 

1000 
500 

1000 
1500 
700 

500 
1000 

500 
700 
700 

1000 

Ba 

1500 
1500 
1000 
1000 
1000 

1000 
1500 
700 

1500 
300 

1500 
1500 
1000 
1000 
1500 

1500 
1000 
2000 
2000 
2000 

1500 
2000 
1500 
5000 
2000 
2000 

Cu 

70 
20 
15 
10 

100 

15 
20 
70 
20 
70 

15 
20 

100 
30 

50 

10 
20 
70 

100 
15 

10 
50 
70 
50 
70 
30 

Pb 

20 
20 
15 
15 

3 

20 
15 
3 

20 
3 

20 
20 

3 
10 
15 

15 
15 
20 
20 
20 

15 
50 
15 

100 
50 
20 

Zn 

N 
N 
N 
N 
N 

N 
N 

300 
N 
N 

N 
N 

300 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 

alluvium is difficult to relate to resource potential. Cer
tainly the amount of gold in the formations aggregates 
several million ounces. However, the cost of mining, mill
ing, and recovering gold in the Pinyon Conglomerate and 
Harebell Formation would exceed the value of gold con
tained in the formations on the basis of the gold content 
found by our survey. Profitable mining might be possi
ble if concentrations of gold could be located such as 
those that occur on bedrock in most gold-placer mines. 
We did not identify any such areas either in the auriferous 
conglomerates or in the alluvial deposits, but they may 
exist. Our sampling, although detailed and extensive, was 
limited to outcrops of conglomerate and near-surface 
samples of alluvial deposits. The gigantic paleo-streams 
that deposited the conglomerates may have concentrated 

gold as they cut channels through bedrock. Those chan
nels, however, have been buried by enormous volumes 
of quartzite pebbles, cobbles, and boulders. Bedrock 
sampling of present-day stream valleys was not possible 
in our survey because of the difficulties imposed by depth 
to bedrock and ground water. The highest gold concen
trations we found were those on Frank Allen's claims on 
Pacific Creek, which averaged less than 0.02 troy ounces 
per cubic yard (575 mg/m3). Mining there on a small 
scale was profitable to Frank Allen during and follow
ing the Depression of the 1930's (Frank Allen, oral 
commun. to J. C. Antweiler, Aug. 1974). However, these 
claims are richer than any other deposits that we sampled. 
The valley of Pacific Creek below the wilderness bound
ary has been tested in several places to determine whether 
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it could be mined for gold at a profit, but serious prob
lems impede mining development. These are the difficulty 
of tailings disposal, depth to bedrock, water turbidity 
standards, lack of access except through Grand Teton Na
tional Park, and proximity to Grand Teton National 
Park. If mining can be profitably done on Pacific Creek 
south of the wilderness, further study and exploration on 
areas within the wilderness might be justified. On the 
basis of current information, however, the resource 
potential for gold in the Teton Wilderness appears to be 
moderate to low. 

Geologic Occurrence of Gold 

Strong emphasis was placed on studying the distri
bution of gold in the Pinyon Conglomerate and Harebell 
Formation, and in the alluvium derived from those for
mations. Finely divided gold occurs throughout thick 
sequences of those formations (Antweiler and Love, 
1967). The volume of the gold-bearing conglomerates 
in the Teton Wilderness is at least 50 cubic miles 
(208 km3

); several mountains (Whetstone Mountain, 

Gravel Peak, Gravel Mountain, and others) are composed 
entirely of these rocks (pl. 1; figs. 18,19). Nearly all the 
streams in the western segment of the wilderness have 
gold derived from those conglomerates. Combined 
computer-generated maps showing gold content of 
samples and areas of highest gold content (fig. 20) in
dicate that the distribution of gold in alluvium is closely 
allied to that of the two formations. 

A few trace amounts of gold in the volcanic seg
ment of the wilderness were discussed in the section on 
Yell ow Mountain, and a few low concentrations in and 
near the Du Noir addition are in lenses of quartzite gravel 
derived from the Pinyon Conglomerate and Harebell For
mation (Prostka and others, 1979). Small amounts of 
gold also occur in Archean rocks as discussed in the sec
tion on other gold occurrences. 

Alluvial Deposits 

Workable gold placers are more likely to occur in 
alluvial deposits along the main drainages than in the con
glomeratic formations. First, the alluvial deposits are 

Figure 18. Oblique aerial view of southwest face of Gravel Mountain at stratigraphic section shown on figure 22. TKp, Pinyon 
Conglomerate, about 1,000 feet (300 m) thick; Kh, Harebell Formation, containing several conglomerate beds (C) nearly 100 
feet (30 m) thick; M, several claystones, one of which yielded Cretaceous marine or brackish-water acritarchs. Photograph by 
P. E. Millward, 1955 (Love, 1973a, fig. 27). 
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Figure 19. About 1,000 feet (300 m) of strata, largely quartzite conglomerate, in the Bobcat Member and underlying strata 
of Harebell Formation on East Fork Pilgrim Creek. Top of soft beds that form shelf extending diagonally across middle of ex
posure marks base of Bobcat Member. Photograph by J.D. Love (Love, 1973a, fig. 9). 

loosely consolidated, whereas the conglomerates are well 
consolidated and in places are firmly cemented. Second, 
stream sorting should result in higher concentrations of 
gold than would be present in the older formations. 
Third, water is much more readily available in the alluvial 
deposits. 

Several types of sampling were used to evaluate the 
gold resource potential in alluvium. In a preliminary 
survey, samples were taken of alluvium above the con
fluence of all first-order streams draining outcrops of 
quartzite conglomerate. Numerous additional samples 
were taken along drainages where gold was seen in panned 
concentrates by the sampler. Summaries of results are 
given in table 8. 

Large deposits of alluvium containing quartzite 
clasts have accumulated in alluvial fans, landslide 
deposits, many flood-plain deposits along larger streams, 

and terrace deposits. Samples were taken at random sites 
in foot traverses across some of these deposits. Alluvial 
fans occur at the headwaters of Lava Creek for a distance 
of more than 5 miles (8 km) in drainages that originate 
on Gravel Mountain. Across one of these fans, a grid was 
laid out with parallel lines 200 feet apart. One sample was 
taken within each interval at sites determined from a table 
of random numbers. Using the same random site selec
tion procedure, flood-plain deposits along Pacific Creek 
were sampled across the deposits at 5 different places, 
and across one deposit each along Lava Creek and 
Wolverine Creek. Results are shown in table 8. A checker
board grid with squares 100 feet (30m) on a side was laid 
out across the flood plain of Pilgrim Creek just north 
of its confluence with East Fork Pilgrim Creek. Samples 
were taken at 18 random sites in squares selected at 
random. A summary of analytical results is given in 

Geologic and Geochemical Appraisal 37 



EXPLANATION 

Sample locality-Showing gold content of 
pan-concentrate in parts per million 

<0.1 

0.1-0.5 

6 0.5-5.0 

6 5.0-50 

D >so 

I 
I 
I . 
I 

Pinyon 
4 Pk 
~ A, 

\f 

10 KILOMETERS 

/ 
/ 

10 MILES 

Figure 20 (above and facing page). Map showing localities of pan-concentrate samples with anomalous 
gold content from Teton Wilderness and adjacent areas. 

table 8. Three terrace deposits of different ages along East 
Fork Pilgrim Creek occur directly north of the wilderness 
boundary. Samples were taken at 61 sites by random 
selection from vertical exposures on the terraces, and 
from the flat tops of the terraces. The gold content of 
all these samples was low (table 8). 

Nonrepresentative, intentionally "high-graded" 
samples were collected at sites thought to be favorable 
for gold accumulation along Pacific Creek south of the 
wilderness boundary and on the Frank Allen placer 
claims. As anticipated, these selectively taken samples 
were relatively high in gold content (table 8). 
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Table 8. Average values of gold recovered by panning alluvial and terrace deposits in and near the Teton Wilderness 
[To convert mg/yd3 to troy oz/yd3, multiply by 3.215 X to-5• For example, 127.4 mg/yd3 = 0.004 troy oz/yd3] 

Average for number of samples indicated SamEle with greatest amount of ~old 

Value of Au in 1 rd3 Value of Au in 1 yd3 

Number Au content @$100/ @$600/ @$100/ @$600/ 

of calculated to troy troy Sample Au content troy troy 

Sample locality Sample Nos • 1 samples mg/m3 mg/yd3 ounce ounce No. 1 mg/m3 mg/yd3 ounce ounce 

Reconnaissance sampling of alluvial deposits along main streams and tributaries draining quartzite conglomerates 

Pilgrim Creek •••••••••••••••••••••••• AlC-A24C; BOB1C-3C 24 166.6 127.4 $ 0.41 $ 2.46 A7C 1, 863.8 1,425 $ 4.58 $ 27.49 
East Fork Pilgrim Creek •••••••••••••• Varied--see pl. 2 40 376.3 287.7 .93 5.55 SEP13C 8,828.3 6,750 21.70 130.21 
Pacific Creek-Wilderness 

Wilderness boundary to Gravel Cr ••• Varied--see pl. 2 38 92.9 71.0 .23 1.37 FA6C 510.1 390 1.25 7.52 
Gravel Creek to Mink Creek ••••••••• Varied--see pl. 2 21 15.3 ll.7 .04 .23 H236H 51.4 39.3 .13 .76 

Whetstone Creek •••••••••••••••••••••• Varied--see pl. 2 17 59.8 45.7 .15 .88 W39P 307.4 235 • 76 4.53 
Gravel Creek ••••••••••••••••••••••••• Varied--see pl. 2 27 251.1 192.0 .62 3.70 Aul52A 3,923.7 3,000 9.64 57.87 
"Cub creek"2••••••••••••••••••••••••• Varied--see pl. 2 14 67.1 51.3 .16 .99 UCC7C 294.3 225 • 7 2 4.34 

Lava Creek ••••••••••••••••••••••••••• Varied--see pl. 2 30 '227 .3 173.8 .56 3.35 LA4C 1,471.4 1,125 3.62 21.70 
Box Creek•••••••••••••••••••••••••••• BCT1C-21C; also others 15 29.6 17.3 .06 .33 G501P 170.0 130 .42 2.51 
Clear Creek •••••••••••••••••••••••••• VP8C-21C; SS1C-3C 17 7.1 5.4 .02 .10 VP14C 44.6 34.1 .11 .66 
Fox Creek •••••••••••••••••••••••••••• Hl36P-153P; also others 12 5.0 3.8 .01 .07 Hl79P 21.2 16.2 .as .31 
Wolverine Creek •••••••••••••••••••••• Varied-see pl. 2 29 53.9 41.2 .13 .79 I9P 310.2 237.2 .76 4.58 

Random sampling across alluvial fan 

Lava Creek fan••••••••••••••••••••••• G2001T-G2039T 39 6.1 4.7 $0.02 $ 0.09 G2009T 21.8 16.7 $ 0.05 $ 0.32 

Random sampling on traverses across stream valleys 

Pacific Creek: 
2,500 ft south of wilderness ••••••• W901-925 25 21.7 16.6 $ 0.05 $ 0.32 W925P 124.5 95.2 $ 0.31 $ 1.84 
1,500 ft south of wilderness ••••••• W932-955 22 30.9 23.6 .08 .46 W943P 137.3 105.0 .34 2.03 
Below confluence with 

Whetstone Creek •••••••••••••••••• W961-993 32 12.3 9.4 .03 .18 W976P 57.4 43.9 .14 .85 
At upper meadows ••••••••••••••••••• G1101-1123 23 32.6 24.9 .08 .48 Gll08P 242.5 185.4 .60 3.58 
At Gravel Creek confluence ••••••••• G1000-1015 16 10.2 7.8 .03 .15 G1010P 50.9 38.9 .13 .75 

Lava Creek••••••••••••••••••••••••••• G3000P-G2016P 17 3.1 2.4 .01 .05 G2010P 8.2 6.3 .02 .12 
Wolverine Creek•••••••••••••••••••••• H843-847P; Hl200-1213P 19 4.7 3.6 .01 .07 H1204P 13.0 9.9 .03 .19 
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Pilgrim Creek •••••••••••••••••••••••• I401-418P 18 

3 terraces on East Fork Pilgrim Cr ••• Il01-161P 61 

Pacific Creek: 
South of wilderness •••••••••••••••• PAC1C-PAC15C 15 
At Allen placer claim •••••••••••••• FA1C-FA25C; Wll01-W1107C 31 
Silt-laden moss from Allen claim ••• Wl414-Wl415P 2 

Vertical channel, Pacific 
Creek south of wilderness •••••••••• Wl000-1011P 12 

Vertical channel, Lava Creek 
south of Gravel Hountain ••••••••••• G2521-2532P 12 

U.S. Bureau of Hines trenches dug 
in terraces •••••••••••••••••••••••• Wl401-1413P 13 

Random grid sampling 

23.5 18.0 $ 0.06 

Random grid sampling of terraces 

5.1 3.9 $ 0.01 

Selective sampling of favorable sites 

173.7 
575.2 

14,152.8 

132.8 
439.8 

10,821.0 

$00.43 
1.41 

34.79 

Channel sampling 

28.3 21.6 $ 0.07 

15.7 12.0 .04 

13.9 10.6 .03 

0.35 

$ 0.08 

$ 2.56 
8.48 

208.74 

0.42 

.23 

.20 

I415P 261.6 

Il16P 14.9 

PAC5C 1,765.7 
F A15C 4 , ll 9. 9 
W1414P 16,839.2 

W1011P 118.5 

G2524P 33.4 

W1410P 49.4 

200.0 

11.4 

1,350 
3,150 

12,875 

90.6 

25.5 

37.8 

$ 0.64 

$ 0.04 

$ 4.34 
10.13 
41.39 

$ 0.29 

.08 

.12 

3.86 

$ 0.22 

$ 26.04 
60.76 

248.36 

$ 1. 7 5 

.49 

• 73 

Jf 1Field notes and sample descriptions for some samples were destroyed by fire at Denver Federal Center, March 19, 1976. 
~· samples are available from National Technical Information Service (McDanal and others, 1983). 
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2Local name for stream that enters Pacific Creek opposite Gravel Creek. 



Channel samples were collected in shallow pits at 
streamside by Pacific Creek south of the wilderness 
boundary and on Lava Creek south of Gravel Mountain. 
The objective of this sampling was to determine whether 
an increase in gold content occurs with depth; unfor
tunately, the data are based on only a few feet of 
alluvium, and they are inconclusive. Summaries of results 
are in table 8. Channel samples were also taken in 
trenches made by the U.S. Bureau of Mines in terraces 
at the confluence of Pacific and Whetstone Creeks. 
Results are discussed in the Bureau of Mines section of 
this report, but summaries are given in table 8. 

The highest gold concentrations found in alluvium 
were those from silt-laden moss on the Frank Allen placer 
claims on Pacific Creek. In recognition of the high gold 
content in moss at the edge of Pacific Creek, Mr. Allen 
systematically stockpiled streamside vegetation, particu
larly moss, in mounds along Pacific Creek. After allow
ing a year or two for the organic material to decay, he 
"harvested" the gold by shoveling and washing the silt 
through sluices and other gold-recovery devices (fig. 21). 

Samples with high gold contents were also obtained 
from Gravel Creek, Lava Creek, and Pilgrim Creek and 
its East Fork. All these streams drain enormous volumes 
of quartzite conglomerate such as those on Whetstone 
Mountain, Pinyon Peak, Gravel Mountain, Gravel Peak, 
and several unnamed mountains. Mosses and other types 
of vegetation along all these streams trap gold particles 
released from weathering of the conglomerates. 

The data in table 8 are arithmetic averages of 
samples collected at several sites. Each analytical content 
used in the computation of the averages was based on 
the analysis of a heavy mineral concentrate obtained by 
panning a 14-in. (35-cm) pan filled with alluvium (about 
5,000 g-11lbs.). Some tiny, flat, thin flakes are lost by 
panning but most are recovered in the heavy mineral frac
tion, which usually weighs 5-15 grams (0.2-0.5 oz) and 
is easily analyzed in its entirety for gold. This size sample 
was chosen because 5,000-g samples were the minimum 
size that would yield statistically meaningful results, and 
they could be easily and quickly concentrated by panning. 
Moreover, large numbers of samples could be collected 
and analyzed within reasonable time. Duplicate samples 
weighing 5,000 grams panned to heavy mineral concen
trates and analyzed in their entirety yielded gold contents 
within 50 percent of each other most of the time, as did 
large samples analyzed in their entirety without panning. 
Analyses of the large samples made without panning 
usually show more gold than do their duplicates analyzed 
as heavy mineral concentrates, but gold lost by panning 
would also be lost by most commercial gold-recovery 
operations. 

To determine the magnitude of error in our sam
pling and analytical procedures, we randomly selected 
sites where duplicate samples were taken, routinely 

Figure 21. Gold placer machine designed in part and 
operated by Frank Allen on his claims on Pacific Creek between 
1934 and 1977. This machine, powered by a gasoline washing
machine motor, pumped water and turned the trommel and 
centrifuge. This equipment was nearly 1 00-percent effective 
in recovering all flour gold from alluvial gravels. Photograph 
by J. D. Love, Aug. 27, 1972. 

panned, and analyzed (table 9). Table 9 shows generally 
good agreement for the gold content for duplicate 
samples. Only a few samples differ substantially from 
their duplicates-usually those in which very little gold 
is present. Duplicate samples with greater amounts of 
gold compare much better. 

A further test of the sampling and analytical error 
is provided by comparing the results we obtained with 
those of the U.S. Bureau of Mines on a group of channel 
samples from trenches dug by the Bureau at the con
fluence of Pacific and Whetstone Creeks (see section on 
economic appraisal, this report). The Bureau of Mines 
sampled their trenches (B-F, table 22) with 68 one-cubic
foot (1/27-yd3, 0.028-m3) samples and obtained an 
average gold content of 9.5 mg/yd3; sampling the same 
trenches with 13 samples, each of which was approxi
mately 1/200 of a cubic yard, we obtained an average 
gold content of 10.6 mg/yd3• A comparison of the data 
obtained on these channel samples is shown in table 10. 
The data for the larger and more precisely measured 
Bureau of Mines samples are more accurate than are the 
data of the Geological Survey, but the Survey data are 
of sufficient accuracy in reconnaissance. 

Conglomerates 

Many exposures of quartzite conglomerate together 
with related sandstones and shales were sampled for gold. 
This sampling, however, was somewhat different from 
the sampling of alluvium. The samples usually weighed 
only 500-1,000 grams (1-2 pounds), and they were 
crushed, ground, and split to obtain 10 grams (0.35 oz) 
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Table 9. Comparison of gold data obtained on randomly taken duplicate samples, Teton Wilderness and adjacent areas 
[One 14-inch pan filled with alluvium was panned to a concentrate, which was dried after estimating number of gold flakes, weighed, and ana
lyzed for Au by atomic absorption. N, not detected. Milligrams Au per cubic yard obtained by multiplying concentrate weight by parts per million 
(ppm) to obtain total number of micrograms in sample; this figure was multiplied by 200 to convert to cubic yards, and divided by lOOO to convert 
micrograms to milligrams. To convert mg/yd3 to troy ounces/yd3, multiply by 3.215 x w-5; for example, 21.8 mg/yd3 = 0.0007 troy oz/yd3] 

Number of 
Sample flakes 

No. estimated 

W 901 P ••••• 12-18 
Duplicate ••• 30-40 

W 905 P..... 5 
Duplicate... 2 

W 907 P..... 5-10 
Duplicate... 5-15 

W 917 P..... 0 
Duplicate... 10-20 

W 919 P..... 0 
Duplicate... 3 

W 933 P..... 4 
Duplicate... 0 

W 934 P..... 0 
Duplicate... 10 

W 936 P..... 60 
Duplicate... 40 

W 946 P..... 7 
Duplicate... 20 

W 947 P..... 10 
Duplicate... 15 

W 969 P..... 20 
Duplicate... 20 

W 979 P..... 12 
Duplicate... 15 

W 985 P..... 15 
Duplicate... 0 

G 1102 P.... 10 
Duplicate... 3 

G 1107 P .... 
Duplicate ••• 

10 
15 

1sample lost. 

Concentrate Au in 
weight concentrate 

(g) (ppm) 

8.4 13.0 
3.0 40.0 

4.0 1.4 
3.4 2.4 

4.7 11.5 
2.6 8.0 

3.8 .6 
2.8 8.0 

3.8 N 
2.4 N 

4.0 .25 
2.4 N 

2.2 N 
9.0 4.2 

6.6 36.0 
5.0 35.0 

3.1 9. 7 
3.7 6.4 

4.9 12.0 
4.8 9.0 

26.1 .6 
8.1 8.4 

21.9 .35 
17.3 .25 

3.8 2.3 
3.1 9.3 

1.8 
2.8 

N 
2.8 

Calculated Number of 
Au Sample flakes 

(mg/yd3) No, estimated 

21.8 G 1108 P.... >100 
24.0 Duplicate... )100 

1.1 G 1116 P.... 7 
1.6 Duplicate... 15 

10.8 G 1002 P.... 0 
4.2 Duplicate... 2 

.5 G 1004 P.... 15 
4.5 Duplicate... 15 

N G 1010 P.... 25 
N Duplicate... 50 

.2 G 2005 T.... 7 
N Duplicate.,. 22 

N G 2007 T.... 12 
7.6 Duplicate... 16 

4 7. 5 G 2010 T. • .. 3 
35.0 Duplicate... 7 

2.5 G 2015 T.... 4 
Duplicate... 8 

6.0 G 2020 T.... 1 
4. 7 Duplicate... 3 

11.9 G 2025 T.... 4 
8. 7 Duplicate... 3 

3.1 G 2030 T.... 0 
13.5 Duplicate... 2 

1.5 W 1414 P.... >300 
.9 Duplicate... >300 

1.8 W 1010 P.... )100 
5.8 Duplicate... >100 

Concentrate 
weight 

(g) 

5.5 
9.9 

5.9 
4.5 

2.8 
3.4 

2.5 
5.0 

7.6 
11.5 

4.8 
5.4 

5.5 
10.0 

3.1 
4.0 

3.3 
4.1 

1.6 
6.3 

6.6 
2.4 

5.0 
5.2 

23.8 
18.9 

8.6 
10.6 

N 
1.6 

Average 22 others •••••••••••••••••••••• 
Duplicate •••••••••••••••••••••••••••••• 

Au in 
concentrate 

(ppm) 

170. 
90. 

9.6 
8.4 

N 

.6 

7.8 
1.8 

17.0 
7.8 

8.8 
7.6 

12.0 
4.0 

4.5 
5.0 

5.1 
11.0 

6.9 
6.5 

N 

N 

1.0 
N 

2,705 
2,319 

52.7 
42.1 

23.6 
21.7 

Calculated 
Au 

(mp;/yd3) 

185.4 
177.7 

11.3 
7.5 

N 
.4 

4.0 
1.8 

25.8 
18.0 

8.4 
8.2 

13.2 
8.0 

2.8 
4.0 

3.4 
8.9 

2.2 
8.2 

N 
N 

1.0 
N 

12,876 
8,766 

90.6 
89.2 

Table 10. Comparison of gold content obtained by U.S. Geo
logical Survey and U.S. Bureau of Mines on samples from chan
nels dug by U.S Bureau of Mines at confluence of Pacific Creek 
and Whetstone Creek, Teton Wilderness 

for analysis. These small samples gave very erratic results 
for gold content, and for that reason the analyses are not 
reported. 

To obtain more meaningful data, the bulk samples 
from which the 1 0-gram split had been removed were 
panned to a concentrate which was analyzed in its en
tirety for gold. Frequently, several small samples from 
the same locality were combined prior to panning. The 
average gold content at several localities is shown in table 
11. These averages were obtained by mathematical con
version of the gold content determined by atomic absorp
tion on the panned concentrates to in-place material based 
on the weight of the concentrate and the weight panned. 

[To convert mg/yd3 to troy ounces/yd3, multiply by 3.215 x w-5] 

U.S. Bureau of Mines u.s. Geological Survey 

Number 
of 

Location samples 

Channel B........ 7 c........ 4 
D. •••• ••• 7 F........ 25 

Overall average 
all samples.... 68 

Average Au Number 
content of 
(mg/yd3) samples 

8. 7 2 
.8 1 

16.9 2 
8.4 4 

9.5 13 

Average Au 
content 
(mg/yd3) 

11.5 
• 5 

8.9 
6.1 

10.6 Gold was obtained in the composite sample of every 
group of samples except one (L66-55). This shows that 
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Table 11. Summary of amount and value of gold recovered by crushing and panning outcrop samples from measured sections in the Pinyon Conglomerate and Harebell 
Formation, Teton Wilderness and vicinity, Wyoming 
[Several samples at each locality were combined to obtain the summary values as described in text. Some field notes and laboratory records were destroyed by fire at Denver Federal Center, 
March 19, 1976. ppb, parts per billion. To convert mg/yd3 to troy ounces/yd3, multiply by 3.215 X w-s] 

Au content Value of Au in 1 yd3 

Ol Unit 
0 

Thickness 

in feet 

(approx.) 

Sample 

No. 

Number of 

samples 

combined 

Gold 

(ppb) 

converted to 

:ng/m3 mg/yd3 

@$100/ @$600 

- Nos. ;. 
I'D 
-1 

~ 
::I 

~ 
c:: 
~ 
::I 
I'D 

"' "' Col 
::I 
Q. 

> 
Q. ii. 
~ 
a 
> 
j 
~ 
3 
:r 

CIQ 

99-78 
72-71 
70-48 
47-21 

30-22 
20 

18-8 
7-6 

4-1 

41-40 

38-28 
26-23 

21-1 

Sample description 

Big Game Ridge section 3, type Harebell Formation 
(Love, 1973a, p. A8-A14) 

Harebell Formation: 
Sandstone, siltstone, and claystone ••••••••••••• 500 L66-67 23 o. 75 
Sandstone and claystone ••••••••••••••••••••••••• 50 L66-66 4 37.7 
Sandstone and claystone ••••••••••••••••••••••••• 120 L66-65 5 1.5 
Shale and claystone; minor conglomerate ••••••••• 470 W66-1 16 9.0 

Pinyon Peak section 3A, principal reference section 
of Pinyon Conglomerate (Love, 1973a, p. A35-A37) 

Pinyon Conglomerate: 
Conglomerate; minor sandstone ••••••••••••••••••• 1,000 L66-54 20 8.7 
Conglomerate •••••••••••••••••••••••••••••••••••• 440 L66-52 19 9.5 
Chiefly conglomerate; some sandstone •••••••••••• 950 L66-51 21 23.4 
Sandstone and conglomerate •••••••••••••••••••••• 210 L66-56 7 15.0 

Type Harebell Formation, upper part: 
Conglomerate; minor sandstone ••••••••••••••••••• 360 L66-SS 7 (.15 

0.7 
32.8 

1.3 
7.8 

7.6 
8.2 

20.4 
13.1 

(.13 

0.5 
25.1 

1.0 
6.0 

5.8 
6.3 

15.6 
10.0 

(.1 

troy oz 

($0.01 
.08 

< .01 
.02 

$0.02 
.02 
.OS 
.03 

(.01 

Pilgrim Creek section 4, type section of Bobcat Member of Harebell Formation (Love, 1973a, p. A17-A20) 

Pinyon Conglomerate: 
Conglomerate •••••••••••••••••••••••••••••••••••• 1,000 L67-26 15 0.9 0.8 0.6 <$0.01 

Harebell Formation, Bobcat Member: 
Chiefly conglomerate•••••••••••••••••••••••••••• 350 L66-42 11 1.2 1.0 .8 (.01 
Conglomerate •••••••••••••••••••••••••••••••••••• 180 L66-41 8 4.5 3.9 3.0 .01 

Harebell Formation, lower part of Bobcat Member 
and upper part of lower member: 

Conglomerate, sandstone, claystone, and shale ••• 585 L66-40 40 29.1 25.4 19.4 .06 

troy oz 

$0.01 
.48 
.02 
.12 

$0.11 
.12 
.30 
.19 

(.01 

$0.01 

.02 

.06 

.3 7 



East Pilgrim Creek section 5 

Pinyon Conglomerate: 
Quartzite conglomerate •••••••••••••••••••••••••• 500-600 L67-34 18 11.4 9.9 7.6 $0.02 $0.15 

Harebell Formation, Bobcat Member: 
40-37 Conglomerate and magnetite-rich sandstone ••••••• 236 L67-35 9 14.4 12.6 9.6 .03 .18 
36-27 Conglomerate, sandstone, and claystone •••••••••• 450 L67-32 17 8.6 7.5 5.7 .02 .11 
26-22 Sandstone and conglomerate •••••••••••••••••••••• 170 L67-17, 18 8 9.2 8.0 6.1 .02 .12 

20 Sandstone and conglomerate •••••••••••••••••••••• 50 L67-19 6 3.3 2.9 2.2 .01 .04 

19 Conglomerate •••••••••••••••••••••••••••••••••••• 50 L67-20 2 5.3 4.6 3.5 .o 1 .07 
17 Sandstone••••••••••••••••••••••••••••••••••••••• 50 L67-21 2 3.3 2.9 2.2 .01 .04 
16 Conglomerate •••••••••••••••••••••••••••••••••••• 4-5 L66-48 2 32.5 32.7 25.0 .08 .48 

15-10 Sandstone and shale••••••••••••••••••••••••••••• 500 L66-44 7 15.0 13.1 10.0 .03 .19 
9-6 Conglomerate containing sandstone lenses •••••••• 50 L66-47 5 52.5 45.8 35.0 .11 .67 

Harebell Formation, lower member: 
5-3 Conglomerate (80ft) and sandstone (20ft) •••••• 100 L66-46 3 33.0 28.8 22.0 .07 .42 

1 Conglomerate, sandstone, and claystone •••••••••• 350 L66-45 4 21.0 18.3 14.0 .04 .03 

Pacific Creek section 7 

Pinyon Conglomerate: 
53-46 Predominantly conglomerate •••••••••••••••••••••• 535 L66-23 32 11.4 9.9 7.6 $0.02 $0.15 
45-40 Conglomerate and sandstone; samples 

predominantly sandstone ••••••••••••••••••••••• 750 L66-24 13 0.5 0.4 0.3 <.01 .01 
Harebell Formation, Bobcat Member: 

39-26 Predominantly conglomerate•••••••••••••••••••••• 825 L66-20 37 18.0 15.7 12.0 .04 .23 
Harebell Formation, lower member: 

21-7 Predominantly sandstone; some conglomerate •••••• 565 L66-90 24 0.9 0.8 0.6 <.01 .01 
~ 
~ 
0 
0 

CJQ 
Gravel Mountain section 8 

;::;· 
llol 
::I Pinyon Conglomerate Q. 

~ Nearly all conglomerate ••••••••••••••••••••••••• 1,060 L66-80 27 5.3 7.2 5.5 $0.02 $0.11 
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l"l Conglomerate, sandstone, and siltstone •••••••••• 920 L66-81 31 43.5 37.9 29.0 .09 .56 :r 
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particulate gold occurs widely in these formations. Sam
pling the formations in other ways such as in traverses 
or at random sites in many localities also affirms the ubi
quitous presence of gold in the Pinyon Conglomerate and 
Harebell Formation, as the summaries in table 12 show. 

The gold content of the formations as indicated by 
the small samples that we took is too low to be economic 
even at a gold price of $600 per ounce, if the formations 
were to be mined in their entirety. However, the distribu
tion of gold is always erratic in placer deposits, and prof
itable mining depends upon locating high-grade pay 
streaks. Much more detailed sampling than we have done 
would be required to determine whether such enrichments 
occur, as seems likely. Individual samples as small as one 
pound (450 g) sometimes contained several flakes of gold, 
but others had none. Averages of a group of samples tend 
to smooth out natural variations in gold content just as 
large samples at each site would; but they also fail to show 
where the highest values occur. 

The data in table 11 suggest the gold content is 
usually greater in the lower part of the Bobcat Member 
which is the upper member of the Harebell Formation. 
Sections showing the relationship of the Harebell, Bob
cat Member, and the Pinyon Conglomerate are shown 
in figure 22. Large units of quartzite conglomerate in the 
Pinyon Conglomerate such as those near the summits of 
Pinyon Peak and Gravel Mountain are evidently lower 
in gold content than sandstones and conglomerates much 
lower in the section. Such an observation suggests that 

(1) higher gold content is related to the well-known 
tendency of gold to be enriched at bedrock in placer 
deposits and (2) less gold was available from the source 
area when the topmost portions of the conglomerate were 
deposited. 

The sampling discussed in the preceding sections 
allows an estimate of the amount of recoverable gold at 
the surface at several places. Experience of placer miners, 
however, has shown that the richest concentrations of 
gold usually occur on or close to bedrock. To determine 
whether there are richer concentrations of gold on bed
rock than at the surface, we dug pits near Pacific Creek 
and Lava Creek, but at both places ground water entered 
the diggings at shallow depth and prevented us from 
reaching bedrock. Channel samples at intervals showed 
an increase in gold content with depth at the Pacific Creek 
pit but not at the Lava Creek pit (table 13). 

Similarly, no systematic increase in the gold con
tent with increase in depth could be observed along the 
sides of terraces on the East Fork Pilgrim Creek (table 
8) or in the terraces sampled by the U.S. Bureau of Mines 
(USBM channels B-J, table 22). Terrace deposits, how
ever, are difficult (at best) to sample as analogs to, or 
as substitutes for, alluvial deposits in streams. Samples 
from terraces almost certainly miss any natural concen
trations produced by the sorting action of moving water. 
The reason is that geomorphic events subsequent toter
race formation remove or obscure evidence of channels 
favorable for gold concentrations. 

Table 12. Summary of amount and value of gold recovered by crushing and panning outcrop samples at various localities in 
the Pinyon Conglomerate and Harebell Formation, Teton Wilderness, Wyoming 
[Several samples at each locality were combined to obtain the summary values as described in text. ppb, parts per billion. To convert mg/yd3 

to troy ounces/yd3, multiply by 3.215 x w-5] 

Au content Value of Au in 1 yd3 
Number of converted to 

Sample samples Gold at $100/ at $600/ 
Locality and sample information No. combined (ppb) mg/m3 mg/yd3 troy oz troy oz 

Whetstone Mountain and vicinity: 
Harebell Formation east of Bobcat Ridge ••••••••••••• L66-38 13 2.7 5.3 4.0 0.01 0.08 
Pinyon Conglomerate landslide block, 

east of Bobcat Ridge •••••••••••••••••••••••••••••• L66-39 15 5.7 11.1 8.5 .03 .16 
Harebell Formation traverse across summit of 

Whetstone Mountain •••••••••••••••••••••••••••••••• WM 1-22 20 6.7 13.2 10.1 .03 .19 
Harebell Formation, northeast side of 

Whetstone Mountain •••••••••••••••••••••••••••••••• we 16-34 11 5.2 10.2 7.8 .02 .15 
South side of Pinyon Peak, Pinyon Conglomerate •••••••• H-806-829R 4 4.5 8.8 6.7 .02 .13 
Gravel Peak, east side, Pinyon Conglomerate ••••••••••• H284-H310R 5 3.4 6.7 5.1 .02 .10 
Near Gravel Lake, Harebell Formation,,, •••••••••••••••• GL 4-7 3 11.0 16.5 12.6 .04 .24 
East and north of Pacific Creek, Harebell Formation ••• ENA,NNA 10 3.7 7.2 5.5 .02 .11 
.. Grey Fortress" north of Gravel Mountain, 

Pinyon Conglomerate ••••••••••••••••••••••••••••••••• GF,HCC 13 3.3 6.5 5.0 .02 .10 
Northeast of Gravel Mountain, Pinyon Conglomerate ••••• MDL 1-14 14 4.7 9.3 7.1 .02 .14 
Box Creek area: 

Harebell Formation, head of Box Creek ••••••••••••••• BCT 1-13 13 1.8 3.5 2.7 .01 .05 
Harebell Formation, head of Box Creek ••••••••••••••• OTD 1-16 8 3.0 5.9 4.5 .01 .08 
Harebell Formation, west of Clear Creek ••••••••••••• VP 1-5 5 .8 1.6 1.2 (.01 .02 
Harebell Formation, south slope of Mount Randolph ••• FF 18 4 2.7 5.2 4.0 .01 .08 

Lava Creek, Harebell Formation near base •••••••••••••• LAD 9 7.2 14.1 10.8 .03 .20 
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Figure 22. Diagrammatic section across measured sections of Pinyon Conglomerate and Harebell Formation showing distribu
tion of gold-bearing quartzite conglomerates and the relations of the formations to each other and to older Cretaceous rocks. 
Reprinted, slightly modified, from Love (1973a, fig. 7; locations of sections shown on fig. 1 of that report). 

Much of the gold in placer deposits for hundreds 
of miles downstream along the Snake River came from 
the Pinyon Conglomerate and Harebell Formation (Ant
weiler and Love, 1967), which crop out extensively in the 
Teton Wilderness and elsewhere in northwest Wyoming. 
Previous workers (Schultz, 1907; Hill, 1916) noted the 
apparent absence of high concentrations at bedrock in 
placers along the Snake River in western Wyoming and 
Idaho. However, gold particles on gravels in Pacific 
Creek are larger than those along the Snake River in 
Idaho (Antweiler, 1969), and they are, moreover, very 
near the conglomerates. Therefore, most of the larger, 
more dense particles should be more likely to concentrate 
at depth. Bedrock on the Pacific Creek flood plain about 
Y3 mile (500 m) south of the wilderness boundary (where 
the Pacific Creek samples in table 13 were taken) was esti
mated to be at a depth of 146 feet (44.5 m) (Anderson, 
1971). Drilling to test for bedrock concentrations of gold 
here or at other places in the wilderness would be desirable 
but was not possible for this report. 

Source of Gold 

The widespread distribution of gold elsewhere in 
shales, claystones, siltstones, sandstones, and conglom
erates suggests that it might possibly be derived from 
volcanic ash. The sporadic occurrence of siliceous vol
canic roundstones in the conglomerates would support 
this possibility, but analysis failed to show any gold in 
those roundstones. 

Tests were made to determine whether gold occurs 
only in the sandstone matrix in conglomerates or in 
quartzite roundstones or other roundstones as well. The 
testing consisted of thoroughly scrubbing pebbles and 
cobbles, followed by crushing, grinding, panning, and 
analysis. The only rock type that yielded gold using the 
procedure was quartzite. About 1,000 grams (2.2lbs) of 
quartzite pebbles of different colors were crushed and 
ground, then panned to a concentrate which was analyzed 
for gold to determine whether some colors were more 
likely to contain gold than others. Results are shown in 
table 14. 
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Table 13. Gold content of samples taken at ver
tical intervals at two localities, Teton Wilderness 
and adjacent areas 
[To convert mg/yd3 to troy ounces/yd3, multiply by 
3.215 X 10-5] 

Depth interval 
(in.) 

Au content 
(mg/yd3) 

Pacific Creek 1/4 mi (500 m) 
south of Wilderness boundary 

Surface - 6 4.7 
6 - 12 3.1 

12 - 18 4.8 
18 - 24 8.5 
24 - 30 18.5 
30- 36 89.9 

Upper part of Lava Creek 
south of Gravel Mountain 

Surface - 12 11.3 
12 - 24 18.9 
24 - 26 9.6 
36 - 48 1.4 
48 - 60 13.0 

60- 72 5.0 
72 - 84 4.8 
84 - 96 24.1 
96 - 108 25.5 

132 - 144 5.8 

Flakes of gold were also recovered by slowly dis
solving clean quartzite cobbles with hydrofluoric acid. 
Some of the recovered gold flakes were polished, exam
ined at high magnification with a microscope, and also 
analyzed by electron-beam microprobe using the pro
cedure described by Desborough (1970). One such grain 
was alloyed with platinum. Three other grains had ap
proximately the same composition as other grains of 
placer gold recovered from Pacific Creek (88-94 percent 
Au, 12-6 percent Ag). Polished grains under the micro
scope showed nearly pure gold on the exterior of the 
grains, and gold-silver alloy in the interior. We conclude 
that most or all of the gold in the Pinyon Conglomerate 
and Harebell Formation was deposited in quartz-rich 
sands on beaches in the Belt or younger Proterozoic seas 
(see discussion in Love, 1973a, p. A29). These beach 
sands were later buried, metamorphosed to quartzites, 
and uncovered by erosion during deroofing of the 

Table 14. Gold content of roundstones from channel of Pacific 
Creek 1/4 mile (400 m) south of Teton Wilderness 
[L, detected, but less than amount shown; N, not detected; parentheses 
indicate lower limit of detectability. To convert mg/yd3 to troy 
ounces/yd3, multiply by 3.215 X 10-5] 

Description 

Quartzite pebbles: 
Dark green •••••••••••••••• 
Medium tan to dark brown •• 
Light tan ••••••••••••••••• 
White •••••••••••••••••••• 

Medium light tan •••••••••• 
Medium gray ••••••••••••••• 
White with siderite 

on fracture planes •••••• 
Light gray •••••••••••••••• 

Dark purple ••••••••••••••• 
Black •••••••••••••••••••• 
Reddish purple •••••••••••• 
Dark gray ••••••••••••••••• 
Light purple •••••••••••••• 

Sandstone--brown, probably 
from Harebell Formation ••• 

Welded tuff ••••••••••••••••• 
Andesite ••••••••••••••••••• 
Rhyolite ••••••••••••••••••• 
Granite •••••••••••••••••••• 

Gold content Parts per 
(mg/yd3) billion 

6.S 
s.s 
3.S 
1. 0 

.9 

.9 

L( .1 0) 
L(.OS) 

L( .OS) 
N( .OS) 
N( .OS) 
N( .1 0) 
N(.OS) 

s.s 
N(.OS) 
N( .OS) 
N( .OS) 
N( .OS) 

4.3 
3.7 
2.3 
0.7 

0.6 
0.6 

L(0.07) 
L(0.03) 

L(0.03) 
N(0.03) 
N(0.03) 
N(0.07) 
N(0.03) 

3.7 
N(0.03) 
N(0.03) 
N(0.03) 
N(0.03) 

Targhee uplift (Love and Reed, 1968, p. 83) during Late 
Cretaceous and Paleocene times. No evidence has been 
found of the lode source that contributed the large quan
tities of gold to the beaches of the Belt or younger Pro
terozoic seas. 

Other Occurrences of Gold in the Teton Wilderness 

Traces of gold were detected by analysis of panned 
concentrates of crushed and ground rock from several sed
imentary formations. Traces of gold were also in samples 
of dump material from prospects along South Buffalo 
Fork (see discussion under copper and silver). Some 
panned-concentrate samples from the large volumes of 
volcaniclastic rocks also had traces of gold, but these gen
erally could not be related to mineralization. None of the 
gold occurrences except those in the conglomerates and 
related alluvium appear to be economically significant. 

Platinum 

Rumors of platinum occurrences in or near the 
Teton Wilderness frequently circulate. Small amounts of 
platinum were recovered many years ago at Bailey Bar 
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on the Snake River, about 60 miles (100 km) south of 
the wilderness (Schultz, 1907). We collected 18 panned 
concentrates specifically for platinum determination by 
a combined fire assay-spectrographic procedure. 
Platinum and other platinum-group metals were detected 
in small amounts from samples along Pacific Creek that 
were rich in gold (as much as 5 ppb Pt on panned con
centrates). The abundance of platinum is about 1/100 to 
1/1000 that of gold, and platinum would probably be 
worthwhile to recover as an adjunct to gold mining if gold 
mining W(:re attempted, but its recovery would be too ex
pensive otherwise. 

Mercury 

Mercury, like platinum, is frequently rumored to 
exist in northwestern Wyoming, and occurrences asso
ciated with Tertiary and later igneous activity are not im
plausible. Metallic mercury was found in a few panned 
concentrates along Pacific and Whetstone Creeks, and 
has been recovered by Frank Allen in sluice concentrates 
from his placer mine on Pacific Creek. This mercury may 
have been left on upper Whetstone Creek in the 1880's 
by placer miners, who brought in considerable 
mercury--perhaps as much as a ton (Frank Allen, oral 
commun. to J. C. Antweiler, 1974). They used the mer
cury to recover gold and, by present-day evidence of their 
mining, could have left that much mercury behind when 
they abandoned their claims. Our sampling in con
glomerates or along streams where no mining had been 
done in the wilderness showed no indication of native 
mercury. However, south and southeast of the wilderness, 
mercury occurs in alluvial deposits not associated with 
placer mining and has also been found in limy concre
tions in the Pinyon Conglomerate. 

Rare-Earth Metals, Tin, Titanium, and Zirconium 

Spectrographic analyses of concentrates of stream
sediment and bedrock samples (table 3) show high values 
for elements such as Fe, Ti, Sn, La, Y, and Zr that occur 
in magnetite, hematite, ilmenite, rutile, sphene, monazite, 
zircon, and other heavy minerals that tend to form placer 
deposits. Recovery and processing of these minerals as 
byproducts to placer mining for gold might be feasible, 
but ' problems of access, tailings disposal, and stream 
pollution within the wilderness would be severe. Larger, 
more accessible placer deposits occur in non-wilderness 
areas. 

Copper, Silver, and Cold in Archean Rocks 

Roc:ks of Archean age crop out on both North and 
South Buffalo Forks and on Cub Creek above its con
fluence with Trail Creek and Holmes Cave Creek (pl. 1). 

In each of the three outcrop areas, weak geochemical 
anomalies were observed for one or more of the follow
ing metals: Au, Ag, Ba, Cu, Mn, Ni, Pb, or Zn. Although 
copper minerals and associated silver and gold occur at 
several places in the Archean rocks, we did not locate any 
definite exploration targets. Analyses of stream-sediment 
and panned-concentrate samples from drainages that start 
in or cross the Archean rocks show little or no enrich
ment compared to other samples. 

The greatest amounts of copper that we found were 
in the brecciated and sheared zones where mining had 
been attempted early in this century by Hays and Peter
son (Smith and Wynn, 1906, p. 71-72) along South 
Buffalo Fork. Selected specimens of copper ore on some 
of the dumps could be considered high grade, but the 
average grade of dump material is low (see section on 
economic appraisal, this report). Smith and Wynn's 
published description of this mine, however, showed con
siderable optimism: 

A big discovery of gold and copper ore was made by George 
Hays and Charles Peterson last season on the western slope of 
the Wind River range, on the south fork of Buffalo Fork River. 
Development work has been progressing ever since the discovery 
and some fine values have been returned by the assayer. City Mar
shal Grant Young is interested in several claims in the vicinity 
of the original discovery and he reports a recent assay as giving 
returns of $117.00 in gold and copper. Some twelve or fifteen 
men are in the camp and when spring opens up the work of 
development will be most vigorously prosecuted. The veins so far 
as they have been followed are of an extremely flattering width 
and give promise of the existence of large ore bodies. 

Two adits were driven along a sheared and brec
ciated zone in the Archean rocks on opposite sides of the 
South Buffalo Fork canyon, 4,000 feet (1 ,200 m) apart 
but approximately on strike (N. 50°E.). Most of the min
ing was at the northeastern adit. Several log buildings and 
a shop (fig. 23) were built, but only ruins mark the site. 
The adit is caved, and because no mine maps or records 
of the underground workings remain, their extent was in
ferred to be at least 285 feet (87 m) on the basis of the 
size of the dump and the position of the mineralized vein 
upslope. A small trickle of water emerges from the caved 
portal. 

Several small prospect pits, many of which expose 
rock coated with azurite and malachite, occur below and 
west of the northeastern adit in heavy second-growth 
timber. Gold in small amounts was recovered by panning 
alluvium from a spring below these workings. Gold was 
also recovered from dump material at workings on both 
sides of South Buffalo Fork. Numerous prospect pits in 
the timber below and west of the southwestern adit fur
ther attest to former prospecting. Rocks in these pits are 
stained with secondary copper minerals. 

Evidence of past prospecting was also found along 
North Buffalo Fork in the Archean rocks. Selected 
analytical results are shown in table 15 for 20 of the 103 
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Figure 23. Hays and Peterson copper mine on South Buffalo 
Fork. Man stands at mouth of caved adit that was driven 
horizontally an estimated 285 feet (87 m) into Archean rocks 
on the mountainside. Building was probably the mine shop. 
Photograph by j. D. Love, Aug. 14, 1973. 

Archean rock samples. Samples JlOlR through J109R 
are from the area once staked by prospectors on North 
Buffalo Fork, and samples S5M, SSM, A2M, and A3M 
are samples from the areas where mining was attempted 
on South Buffalo Fork. We found small amounts of gold 

in stream sediments below the areas of interest to pros
pectors. Gold was evidently the catalyst for the prospect
ing activity. 

The rugged walls of the canyons in the Archean do 
not show evidence of prospecting, although minute 
amounts of malachite and sulfides-particularly pyrite 
and chalcopyrite-can be observed in rocks at several 
localities. Small amounts of malachite and sulfides were 
sampled in Archean rocks in scoured fresh exposures at 
river level in the "Narrows" of South Buffalo Fork 
canyon. 

On the basis of our sampling and field observations, 
we conclude that the potential for the occurrence of 
mineral resources is low in the Archean rocks. 

Phosphorite and Associated Trace Elements 
in the Phosphoria Formation 

The Phosphoria Formation is poorly exposed in 
scattered outcrops along the west flank of the Washakie 
Range but underlies the western third of the Teton 
Wilderness. No complete sections were found in the 
wilderness, so the detailed stratigraphy and nomenclature 
are based on previously described sections to the west, 
north, east, and south (pl. 5, fig. 24) and five new 

Table 15. Selected analyses of Late Archean rocks, Teton Wilderness 
[Values, in parts per million, by 6-step semiquantitative spectrographic analyses. N, not detected; L, detected but below satisfactory measurement 
level given in parentheses. Values in parentheses under element symbols are suggested thresholds of anomalous values] 

Sample 
No. 

J101R 
J102R 
J103R 
J104R 
J105R 

J106R 
J107R 
J108R 
J109R 
J1825R 

SSM 

SSM 
A 2M 
A 3M 

A52R 
A59R 

Description 
Mn 

(1500) 

North Buffalo Fork area 

Red-, yellow-, and green-stained schist •••••••••••••••••••• 
Hydrothermally altered schist •••••••••••••••••••••••••••••• 
Unaltered schist ••••••••••••••••••••••••••••••••••••••••••• 
Rusty schist and quartz from small pod in schist ••••••••••• 
Vuggy quartz in altered schist ••••••••••••••••••••••••••••• 

Hydrothermally altered schist •••••••••••••••••••••••••••••• 
••••• do •••••••••••••••••••••••••••••••••••••••••••••••••••• 
Fresh greenish-black schist •••••••••••••••••••••••••••••••• 
Schist with disseminated pyrite•••••••••••••••••••••••••••• 
Schist adjacent to quartz pegmatite •••••••••••••••••••••••• 

1500 
500 
1000 
150 
200 

1500 
1000 
1000 
1000 
150 

South Buffalo Fork area 

Specimen from dump of prospect, north side, 
South Buffalo Fork ••••••••••••••••••••••••••••••••••••••• 

Vein material at adit opening above sample SSM ••••••••••••• 
Specimen from dump, south side, South Buffalo Fork ••••••••• 
Fine-grained dump material from prospect on south side 

of South Buffalo Fork •••••••••••••••••••••••••••••••••••• 
Gneiss, top of Archean on Angle Mtn.; contains pyrite •••••• 
Gneiss, top of Archean on Angle Mountain ••••••••••••••••••• 

500 
200 

15 

100 
3000 
500 

A1000R Amphibolite from migmatite exposure........................ 2000 
A1004R Ferruginous granite gneiss, pyrite present................. 100 
A50R Gneiss with abundant gossan near fault zone................ 2000 

Cub creek area 

S325R Pegmatite in amphibolite gneiss •••••••••••••••••••••••••••• 70 
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Ag Ba Cu 
(0.5) ( 1000) (70) 

N 
0.5 
N 
N 
N 

N 
0.5 
N 

0.5 
N 

N 
N 
1 

2 
N 
N 

N 
N 
N 

N 

20 
50 

1000 
500 

50 

100 
200 

1000 
20 

200 

150 
150 

70 
15 

5 

180 
7 

100 
300 

20 

20 5,000 
150 10,000 

50 7,000 

100 >20,000 
200 300 
300 100 

50 
300 
200 

300 

100 
150 
700 

10 

Ph Zn 
(50) (200) 

1(10) 
10 
10 

1(10) 
N 

N 
150 
70 

N 
200 

N 
N 
N 

N 
50 
15 

N 
10 

1(10) 

50 

N 
N 
N 
N 
N 

N 
N 
N 
N 

500 

N 

N 
N 

N 
N 
N 

N 
N 
N 

N 

Other 

Au 1(0.05) 

Au 1(0.05) 

Au 1(0.05) 

Au 1(0.05) 

Ni 100 

Au 0.20 



Figure 24. Measured and sampled section of Retort 
Phosphatic Black Shale Member and overlying rocks in the 
Phosphoria Formation in Gros Ventre roadcut 17 miles (27 km) 
southwest of Teton Wilderness. See measured section in text 
for description of lithology. A, light-gray mudstone unit 11 in 
Retort Member; B, contact between Retort Member and Tosi 
Chert Tongue; C, tubular chert zone in Tosi Chert Tongue; D, 
upper tongue of Shedhorn Sandstone; E, base of exposed 
sampled section. Shovel (circled) indicates scale. Photograph 
by j. D. Love, july 29, 1970. 

partial sections [see following sections on Northwest Enos 
Lake, South Enos Lake, Clear Creek Lake, and Two 
Ocean Pass within Teton Wilderness and the Gros Ventre 
Road section 17 miles (27 km) southwest of the 
wilderness]. The problem with all four partial sections 
within the wilderness is that the strata containing the 
phosphorite and other trace elements are soft and underlie 
covered intervals. Without deep trenching or drilling, 
these possible resources cannot be adequately evaluated. 

The values of P20 5 and other trace elements in the 
Teton Wiilderness are given in table 16. If the 6-foot 
(1.83-m) thickness of phosphorite in the South Enos Lake 
section is valid, this would constitute a significant 
resource but not one that is competitive with thicker and 
higher grade phosphorites to the southwest (Sheldon, 
1963). Phosphorites in the Meade Peak Phosphatic Shale 
Member near the base of the Phosphoria Formation are 
rarely more than 2 feet (0.6 m) thick and are not 
economically significant. 

Northwes1t Enos Lake Measured Section 

The Northwest Enos Lake section of the Phosphoria 
Formation was measured and sampled on a high knob 
2,000 feet (609 m) northwest of the northwest corner of 

Enos Lake in the northeast corner of the Gravel Mountain 
quadrangle, Teton County, Wyo. The section is at field 
station L 73-158 and was measured by J.D. Love, July 30, 
1973, using steel tape and pocket transit. Geochemical 
samples in their stratigraphic position are listed in data 
set 45 together with the rest of the analytical data 
(McDanal and others, 1983). The location of the meas
ured section is shown on plate 2 (sample nos. G9-18R). 
Unit 1 is oldest. 

Unit Lithology Thickness 
(ft) (m) 

Dinwoody Formation (part): 
18 Siltstone, tawny, dolomitic, thicker 

bedded than below. Top of exposures 
is at edge of timber (trees do not grow 
on these rocks). Sample G21R at top 40 

17 Siltstone, dolomitic, tawny, slab by. 
Sample G20R at top . . . . . . . . . . . . 5 

16 Covered interval in swale; probably all 
lower part of Dinwoody Formation _JQ__ 
Total measured part of Dinwoody 

Formation ................... 125 
Phosphoria Formation-Approximate 

contact is at break in slope: 
15 Sandstone, brown, hard; top 1 ft 

(0.3 m) is cherty dolomitic sandstone 
from which sample G19R was taken. 
Strike N. 30°W., dip 25°SW. on dip 
slope at top of unit . . . . . . . . . . . . 20 

14 Dolomite and chert, interbedded, 
brown, hard. Sample G18R . . . . . 10 

13 Covered . . . . . . . . . . . . . . . . . . . . . . . . . 40 
12 Sandstone, cherty, phosphatic, brown, 

with striking tubular concretions or 
structures resembling "pseudoco
prolites." Sample G16R is of sand
stone and G 17M is of the tubular 
structures . . . . . . . . . . . . . . . . . . . . . 10 

11 Dolomite and chert, brown; phos
phatic brachiopods and phosphate 
granules in middle. Unit is highly 
fractured. Sight reading within this 
unit is strike N. 30 ° W., dip 27 ° SW. 
Sample G 15R in phosphatic middle 
part . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

10 Covered interval; probably crumbly, 
highly fractured chert . . . . . . . . . . . 20 

9 Chert, gray, brittle, bedded. Sample 
G14R . . . . . . . . . . . . . . . . . . . . . . . . . 10 

8 Chert, gray-brown, brittle, crumbly, 
pulverized . . . . . . . . . . . . . . . . . . . . . 60 

7 Sandstone, tan, dolomitic, cherty . . 5 
6 Sandstone, brown, hard, ledgy. Sam-

ple G13R . . . . . . . . . . . . . . . . . . . . . 10 
5 Covered . . . . . . . . . . . . . . . . . . . . . . . . . 40 
4 Sandstone, brown, phosphatic. Sample 

G12R . . . . . . . . . . . . . . . . . . . . . . . . . 5 

12.19 

1.52 

24.38 

38.09 

6.09 

3.04 
12.19 

3.04 

9.14 

6.09 

3.04 

18.28 
1.52 

3.04 
12.19 

1.52 
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Table 16. Selected analytical results for samples from the Phosphoria Formation in the Teton Wilderness, northwest Wyoming 
[All analyses by U.S. Geological Survey: eU determined by beta-gamma scaler and P 20 5 by volumetric method by G. D. Shipley; uranium deter-
mined by neutron activation by H. T. Millard, Jr.; Hg determined by chemical atomic absorption by J. G. Viets; other analyses by 6-step semi-
quantitative spectrographic analyses by R. T. Hopkins, Jr. Results in parts per million except P20 5 which is in percent. nd, not determined; 
N, not detected at level shown; L, detected but below satisfactory measurement level given in parentheses] 

Sample 
No. Description eU u P2o5 Ag Cu Mo Pb v Zn Hg 

South of Enos Lake 

J3M Botryoidal nodules •••••••••••••••••••••• L(lO) nd 0.75 N(.5) 5 N(5) N(IO) L(IO) N(200) 0.04 
J5M 15 in. of phosphorite ••••••••••••••••••• 40 nd 17.3 .5 5 N( 5) 70 50 200 .18 
J6M 12 in. of black shale overlying J5M ••••• 10 nd 1.9 2 50 5 70 200 1500 .26 
J7M 12-in. channel sample overlying J6M ••••• 40 30.2 11.2 1 20 5 150 100 1500 .24 

J8M 12-in. channel sample overlying J7M ••••• 40 nd 11.4 1 50 5 150 100 1500 .20 
J9M 12-in. channel sample overlying J8M ••••• 30 nd 10.8 1 10 N( 5) 70 100 1500 .24 
J10M 12-in. channel sample overlying J9M ••••• 30 nd 2.5 5 100 7 150 100 1500 .50 
JllM 12-in. channel sample overlying J10M •••• 30 nd 13.9 .5 10 N( 5) 50 100 200 .16 

Jl2M 12-in. channel sample overlying J11M •••• 50 nd 17.2 1 7 N(5) 150 100 300 .24 
Jl3M 12-in. channel sample overlying J12M •••• 30 nd ll.5 1 10 N(5) 150 100 500 .14 
Jl4M 12-in. channel sample overlying J13M •••• 30 nd 6.3 .5 10 N(5) 30 100 300 .14 
J15M 12-in. channel sample overlying Jl4M •••• 40 nd 16.6 30 N( 5) 150 100 500 .16 

Jl6M 12-in. channel sample overlying J15M •••• 50 nd 16.0 1 15 N(5) 100 100 500 .18 
Jl7M 12-in. channel sample over lying J 16M •••• 20 nd 2.4 3 30 5 100 200 1500 .35 
Jl8M 12-in. channel sample overlying J17M •••• 10 nd 1.3 1 N(5) L(S) 20 100 soo .20 
Gl7M Phosphorite northwest of Enos Lake •••••• 20 nd 3.9 N(.5) 7 30 30 20 L(200) .04 

Clear Creek Divide area 

J1124R 12-in. channel sample underlying 
phosphate horizon ••••••••••••••••••••• 8 9.0 nd N(O.S) s N(S) 10 70 500 0.04 

Jll25R 21-in. phosphate horizon above Jll2SR ••• 2.3 nd l.S 1S N( S) 20 100 soo L( .02) 
Jll26R Black chert zone overlying J112SR ••••••• nd nd N(.S) N(S) N(5) N( 10) 30 300 .08 

Jll27R Sandstone (similar to Shedhorn 
Sandstone), 1S ft ••••••••••••••••••••• nd N(.S) N(5) N(S) N( 1 0) 20 N(200) .02 
above Jll26R •••••••••••••••••••••••••• 3.2 nd 

Jll28R 10-in. phosphate zone overlying J1127R •• 20 21.0 nd ' 2.0 10 so 50 150 300 L( .02) 
Jll29R 6-in. channel of phosphatic sandstone 

over J1127R ••••••••••••••••••••••••••• 7.0 nd N(.S) L(S) N(S) N(lO) 30 100 L( .02) 

Southeast of Clear Creek Lake area 

J62R Phosphoritic section of Phosphoria 
Formation ••••••••••••••••••••••••••••• nd nd nd N(.5) 15 N(5) 10 30 1500 0.06 

Two Ocean Pass area 

T78M Soft porous brown dolomite (similar 
to Park City Formation) ••••••••••••••• nd 

T80M 12-in. phosphorite •••••••••••••••••••••• nd 
T79R Dolomitic sandstone with phosphorite •••• nd 

Unit Lithology Thickness 
(ft) (m) 

Phosphoria Formation (part)-Continued 
Approximate total thickness of 

Phosphoria Formation. This is 
about 100 ft thicker than most 
sections so there may be duplica
tion in the crushed parts of units 
8-11 ...................... 260 

Tensleep Sandstone (part): 

3 Sandstone, gray, soft . . . . . . . . . . . . . 10 
2 Dolomite, white, hard. Sample GllR 10 

Sandstone, white, soft. Sample 
G 10M for millidarcy (porosity and 

79.18 

3.04 
3.04 

nd 
nd 
nd 

nd 1 70 N(5) 70 100 N(200) 0.02 
9.6 1 7 N(5) 7 100 N(200) .16 

nd .s 7 N(5) 30 so 1(200) .04 

Unit Lithology Thickness 
(ft) (m) 

Tensleep Sandstone (part)-Continued 
permeability) test. Sample G9R is 
from same horizon for analysis . . 15 

Total measured part of Tensleep 
Sandstone . . . . . . . . . . . . . . . . . 35 

South Enos Lake Measured Section 

4.57 

10.65 

The South Enos Lake section of a part of the 
Phosphoria Formation was measured and sampled on an 
east-facing hillside 1,400 feet (427 m) south-southeast of 
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the outlet of Enos Lake near the northeastern margin of 
the Gravel Mountain quadrangle, Teton County, Wyo. 
The section is at field station L 73-167 and was trenched, 
measured, and sampled by J.D. Love and J. C. and Ron 
Antweiler, August 1, 1973. The location of the section 
is shown on plate 2 (sample nos. J5-18M). Exposures are 
poor, and several trenches that were dug indicate much 
minor faulting, so this cannot be regarded as a reliable 
section. Nevertheless, it is the only exposed section of 
even a part of the black shale that was found in the Teton 
Wilderness. Unit 1 is oldest. 

Unit Lithology 

Phosphoria Formation (part): 
14 Chert, tan, splintered and pulverized 
13 Chert, black, phosphatic, splintered. 

Sample J 18M ................. . 
12 Chert, black, phosphatic, splintered. 

Sample J 17M ................. . 
11 Phosphorite, black, fetid. Sample 116M 
10 Phosphorite, black, fetid. Sample 115M 
9 Phosphorite, black, fetid. Sample 114M 
8 Phosphorite, black, fetid. Sample 113M 
7 Phosphorite, black, fetid. Sample J 12M 
6 Phosphorite, black, fetid. Sample J 11M 
5 Shale, black, soft. Sample 110M ... 
4 Shale, black, phosphatic. Sample J9M 
3 Shale, black, phosphatic. Sample JSM 
2 Phosphorite, black, fetid. Sample 17M 

Thickness 
(ft) (m) 

1+ 0.3+ 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 
1 Dolomite, yellow, soft . . . . . . . . . . . . 5 + 1.52+ 

Total measured part of the Phos-
phoria Formation in this trench 18 + 5.4 + 

In another trench 30 ft (9 m) to the south of the above section, 
the same basal units were sampled as folloWs: 

3a Shale, black, with chert geodes that 
have quartz(?) and calcite crystal 
rinds. Sample J6M ............ . 

2a Phosphorite, black, coarsely granular, 
fetid. Sample J5M ............ . 

1a Dolomite, yellow, soft ........... . 
Total measured part of the Phos

phoria Formation in this trench 

1.7 

1.25 
5+ 

7.95+ 

0.51 

.38 
1.52+ 

2.41+ 

Comments: If the main section containing 6 ft (1.83 m) of phos
phorite is valid, there must be a fault 2 ft (0.61 m) southeast of 
the trench. It puts the yellow dolomite of unit 1 against the phos
phorite section of units 6-11. More detailed trenching would be 
necessary to determine the economic potential of this sequence. 

Clear Creek Lake Measured Section 

The Clear Creek Lake section of the Phosphoria 
Formation (pl. 2, sample nos. J1120-1131R), at field sta
tion L74-132, was measured by J. D. Love, Aug. 29, 
1974, using steel tape and pocket transit. The section is 
about 3,300 feet (1,000 m) southeast of Clear Creek Lake 

on a high ridge, Joy Peak quadrangle, Teton County, 
Wyo. Unit 1 is oldest. 

Unit Lithology Thickness 
(ft) (m) 

Phosphoria Formation: 
15 Covered; estimated interval, to top of 

Phosphoria Formation . . . . . . . . . . 10 + 
14 Chert, white; interbedded with gray 

phosphatic sandstone. Sample 
J 1131 R is from highest exposed bed 8 

13 Sandstone, tan, cherty; forming vertical 
wall. Strike N. 35 ° W., dip vertical. 
Sample 11130R from wall . . . . . . . 5 

12 Partly covered slope, littered with chert 
chips . . . . . . . . . . . . . . . . . . . . . . . . . 35 

11 Phosphatic sandstone, brown, fetid. 
Sample 11129R ............... . 

10 Phosphorite, black, fetid; probably 
basal bed of Retort Phosphatic Shale 
Member; radioactive, with 0.04 
mR/hr reading on scintillator. Sam-
ple 11128R . . . . . . . . . . . . . . . . . . . . .8 

9 Chert, blue-gray; softer than below; 
forms slope. Partings of light-tan 
sandstone at top. Sample J 1127R is 
from top 3 in. (8 em) . . . . . . . . . . . 9 

8 Chert, light-brown, brittle, hard; forms 
ridge . . . . . . . . . . . . . . . . . . . . . . . . . 6 

7 Chert, black, brittle, breaking into 
chips. Sample J 1126R is from basal 
6 in. (15 em) . . . . . . . . . . . . . . . . . . 13 

6 Phosphorite, black, fetid, slightly 
radioactive (0.025 mR/hr). Channel 
sample of unit is J1125R . . . . . . . . 1.75 

5 Chert, gray, in lower half; brown 
phosphatic sandstone in upper half; 
forms highest bare ridge on outcrop. 
Sample 11124R is from top 1 ft 
(30 em) . . . . . . . . . . . . . . . . . . . . . . . 40 

4 Covered; swale littered with chert chips 30 
3 Sandstone conglomerate; pebbles and 

cobbles of light-gray quartzitic sand-
stone; some granules of gray chert; 
dolomite matrix; strike N. 30 ° W., 
dip 75° SW . . . . . . . . . . . . . . . . . . . 7 

Approximate total thickness of 
Phosphoria Formation ...... 167 ± 

Tensleep Sandstone (part): 
2 Dolomite, chalky-white, very fine 

grained, brittle; light-gray chert 
stringers containing sparse brachio
pods and endothyrids. Sample 
J 1122R is from middle part . . . . . 8 

Sandstone, gray, medium-grained, 
crossbedded, nonquartzitic. Sample 
J1120R is from base of unit and 
J1121R is from top . . . . . . . . . . . . . 30+ 

Total measured part of Tensleep 
Sandstone . . . . . . . . . . . . . . . . . 38 + 

3.04± 

2.44 

1.52 

10.66 

.30 

.25 

2.74 

1.83 

3.96 

.53 

12.19 
9.14 

2.13 

50.73± 

2.44 

9.14 

11.58 
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Two Ocean Pass Measured Section 

The Two Ocean Pass section of the Phosphoria 
Formation and Tensleep Sandstone was measured and 
sampled 2.8 miles (4.5 km) southwest of Two Ocean Pass 
on a prominent cliff on the north side of Pacific Creek, 
Two Ocean Pass quadrangle, Teton County, Wyo. The 
section is at field station L73-142 and was measured by 
J. D. Love, July 28, 1973, using steel tape and pocket 
transit. Unit 1 is oldest. 

Unit Lithology Thickness 
(ft) (m) 

Phosphoria Formation (upper part 
not exposed): 

21 Sandstone and sandy dolomite forming 
ragged ledges. Sample 182R is from 
topmost exposed ledge, probably 
within 10 ft (3.04 m) of top of 
formation . . . . . . . . . . . . . . . . . . . . . 40 

20 Chert, brown, forming ragged ledges 50 
19 Phosphorite, black, fetid. Samples 

180M and 181R ............... . 
18 Sandstone, tan, ledgy, dolomitic, 

phosphatic; and tubular chert . . . . 12 
17 Sandstone, brown, dolomitic; with 

phosphatic pebbles. Sample 179R 5 
16 Dolomite, brown, soft, porous; strong 

petroliferous odor. Sample 177R is of 
most petroliferous part. Sample 
178M is of brown crystals at top . 50 

Total measured part of Phos-
phoria Formation .......... 158 

Tensleep Sandstone: 
15 Sandstone, gray, soft, porous. Sample 

176R at base . . . . . . . . . . . . . . . . . . . 20 
14 Sandstone, gray, soft . . . . . . . . . . . . . 45 
13 Sandstone, gray, medium-grained, 

sparkly, highly crossbedded, poorly 
cemented; high porosity and perme
ability. Sample 175R is from base 25 

12 Sandstone, gray; harder than above 100 
11 Dolomite, white, chalky, brittle. Sam-

ple 174R . . . . . . . . . . . . . . . . . . . . . . 1 
10 Sandstone, gray, hard . . . . . . . . . . . . 25 
9 Sandstone, white, massive; strike N. 

50°W., dip l2°NE. Sample 173Rat 
top . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

8 Sandstone, gray . . . . . . . . . . . . . . . . . . 20 

Approximate total thickness of 
Tensleep Sandstone . . . . . . . . . 240 

Amsden Formation (part): 
7 Dolomite, gray, hard, brittle; and dolo-

mitic sandstone . . . . . . . . . . . . . . . . 20 
6 Shale, purple, soft. Sample 172R . . . .25 
5 Sandstone and dolomite, gray . . . . . 3 
4 Sandstone, red, hard. Sample 171R . 2 
3 Sandstone and dolomite, gray . . . . . 20 

12.19 
15.24 

.30 

3.65 

1.52 

15.24 

48.14 

6.09 
13.71 

7.62 
30.48 

.30 
7.62 

1.21 
6.09 

73.12 

6.09 
. 08 
.91 
.61 

6.09 

Unit Lithology Thickness 
(ft) (m) 

Amsden Formation (part)-Continued 
2 Dolomite, gray, sandy. Sample 170R 5 

Red shale scree on slope; nothing in 
place and no lower exposures . . . . 20 + 

Total measured part of Amsden 
Formation . . . . . . . . . . . . . . . . . 70 + 

1.52 

6.09+ 

21.4+ 

Gros Ventre Road Measured Section of Retort Phosphatic 
Shale Member 

The upper part of the Retort Phosphatic Shale 
Member of the Phosphoria Formation was measured and 
sampled in a fresh roadcut on the northeast side of the 
Gros Ventre road (fig. 24) by J. D. Love, using a steel 
tape, June 18, 1974. Its generalized strike is N. 65 ° W., 
dip 15 ± 0 NE. This section is located 1,800 feet (550 m) 
south of north line, 750 feet (230m) west of east line, 
sec. 6, T. 42 N., R. 114 W., Shadow Mountain quad
rangle, SE. corner of quadrangle lat 43 OJ7'30" N., long 
110 OJO' W., Teton County, Wyo. This section is 17 miles 
(25 km) southwest of the Teton Wilderness but is better 
exposed than any section within the wilderness. Its strati
graphic relations to other sections south, east, and north 
of the wilderness are shown on plate 5. The upper part 
of the Retort Phosphatic Shale Member is virtually 
unidentifiable in the wilderness. Unit 1 is oldest. 

Unit Sample Lithology Thickness 
No. (ft) (em) 

Phosphoria Formation 
Tosi Chert Tongue (part): 
19 - Chert, black, forms irregular-

ly bedded ragged cliff; lesser 
amount of tan dolomite and 
sparse thin black shale 
partings ................ 20+ 609+ 

Upper part of Retort Phosphatic Shale 
Member: 

18 16 Phosphorite, black, coarse-
grained, hard; in irregular 
bed .................... .16 5 

17 15 Shale, black, fissile, hard .. .75 23 
16 14 Phosphorite, black, coarse-

grained, nodular, impure; in 
irregular bed ........... .08 2.5 

15 - Lower half is tan cherty dolo-
mite, and upper half is black, 
brittle, poorly bedded chert 4.0 122 

14 13 Shale, black, hard; grades up 
to tan massive chert and 
dolomite ............... 1.17 35.5 

13 12 Shale, black, hard ......... 2.0 61 
12 11 Shale, black, hard, fissile; 

about 2-in. (5-cm) impure 
black phosphorite at base 2.0 61 
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Unit Sample 
No. 

Lithology Thickness 
(ft) (em) 

Upper part of Retort Phosphatic Shale 
Member-Continued 

11 10 Mudstone, dark-grayish-
brown, light-gray-weather
ing, massive, hard; forms 
ledge . . . . . . . . . . . . . . . . . . .6 18 

10 9 Shaly mudstone, dark-
brownish-black, blocky to 
fissile, hard; slightly radio-
active . . . . . . . . . . . . . . . . . . 1. 75 48 

9 8 Phosphorite, black, granular; 

8 7 

7 6 

6 5 

5 4 

4 3 

3 2 

2 

on outcrop forms a weak 
ledge. Radioactivity less than 
0.025 mR/hr . . . . . . . . . . . .25 8 

Shale, black, fissile, hard; 
slightly rusty and silty . . . 2.0 

Shale, black, fissile, hard; 
slightly rusty and more silty 
than in underlying units . . 2.0 

Shale, black, fissile, silty, hard; 
slightly more radioactive 
than background . . . . . . . . 2.0 

Shale, black, fissile, silty, hard; 
slightly more radioactive 
than background . . . . . . . . 2. 0 

Shale, black, fissile, silty, hard; 
soft and more graphitic near 
top; slightly more radioac-
tive than background . . . . 2.0 

Shale, black, fissile, silty, hard; 
slightly more radioactive 
than background . . . . . . . . 2.0 

Mudstone, dark-brownish-

61 

61 

61 

61 

61 

61 

gray, massive . . . . . . . . . . . .5 15 
Covered interval; thickness 

estimated from adjacent Flat 
Creek and Crystal Creek sec-
tions . . . . . . . . . . . . . . . . . . . 10.00 300.5 

Measured and estimated total 
thickness of upper part of 
Retort Phosphatic Shale 
Member . . . . . . . . . . . . . . . . 35.26 1,065.5 

Organic-Rich Metalliferous Black Shale of 
Mississippian Age 

A petroliferous and metalliferous black shale, 
about 50 feet (15m) thick, was discovered in Mississip
pian rocks at three localities in the wilderness. These 
strata were studied and sampled in detail (table 17 and 
pl. 2). They represent a unique shelf facies of Mississip
pian marine sediments that has not been recognized 
elsewhere in the region. They are possible source beds for 
oil and gas under the western half of the wilderness, and 
our sampling shows that locally they are enriched in 

several trace metals, including silver, copper, molybdenum, 
and zinc (table 17). Three sections of the black shale se
quence were measured (pl. 2). Because of incomplete ex
posures and softness of the strata, precise thicknesses were 
not determined. The areal distribution of the black shale 
is not known. It is at or below the base of the Horseshoe 
Shale Member (Sando and others, 1975), and above the 
Darwin Sandstone Member of the Amsden Formation. 
The currently known extent of the black shale is about 
10 square miles (26 km2). It is not present at the north 
end of the Teton Range, 35 miles (56 km) to the west
northwest (J. D. Love field notes, station L55-89, Aug. 
28, 1955, and July 31, 1968; quoted by Sando and others, 
1975, section 49). It was not recognized along the south 
boundary of Yellowstone National Park, east of the South 
Entrance, 30 miles (8 km) to the northwest (Love and 
Keefer, 1975), or to the north along the west flank of the 
Washakie Range. It could have been missed to the north, 
however, because of poor exposures and lack of time to 
investigate in detail the stratigraphy of the Amsden For
mation. Similarly, it was not observed to the south along 
the southwest and south flanks of the Washakie Range, 
but could be present. Additional work is needed to deter
mine whether this black shale should be considered as part 
of the Horseshoe Shale Member of the Amsden Forma
tion, or as a separate member. 

Channel samples from a measured section (L 7 4-51) 
having a thickness of about 50 feet (15m) and from two 
other sections (L74-88, L74-132) were enriched (relative 
to other shales) most notably in Ag, Mo, Zn, Hg, and 
U, to a lesser extent in Cr, Cu, Ni, Pb, and V, and in 
B only at section L74-132. Malachite was visible in 
samples C1008R and C1009R (table 17). Anomalous 
radioactivity was detected with a scintillator at each local
ity. Many samples had a petroliferous odor, and several 
determinations of organic carbon showed that this for
mation may be a source rock for petroleum or other fossil 
fuels. Although the content of any single metal is ap
parently not great enough to warrant mining and mill
ing, the content of enriched metals and organic carbon 
from the entire sequence is substantial. 

Black Shales in the Eocene Aycross Formation 

Black shale deposits in the Aycross Formation oc
cur near Holmes Cave in the southern part of the wilder
ness. Dark-gray and black shales, coaly shales, claystones, 
and thin beds of oil shale are interlayered with tuff 
pebbles, coals, and carbonaceous shales. At one locality 
about 600 feet (183 m) south of Holmes Cave, at an eleva
tion of 9,600 feet, a total thickness of nearly 22 feet (7 m) 
was measured by J. D. Love and sampled by J. C. 
Antweiler (fig. 25). The trace-element content was gener
ally low, but some of the oil shale assayed as high as 
15.4 gallons per ton. Analyses of interest are in table 18. 
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Table 17. Selected analytical results for samples of black shale from the Amsden Formation and 
other rocks of Permian, Pennsylvanian, and Mississippian age in Teton County 
[Analytical values are in parts per million unless otherwise noted. N, not detected; L, detected but below satisfac
tory level of measurement shown in parentheses; NA, no analyses] 

Six-step semiquantitative spectrographic analyses 1 

Sample 
No. 

J1060R 

J10S9R 

J10S8R 

J10S7R 

J10S6R 
J10SSR 

J10S4R 
J10S34 
J10S1R 

J10S1R 
J1049R 
J1048R 
J1047R 

J1046R 
J104SR 
J1044R 

J1043R 
J1042R 

J1041R 

J1040R 
J1039R 
J1038R 
J1037R 

J1036R 
J1034R 
J1033R 
J1032R 
J1031R 
J1030R 

Jll18R 
J1117R 
Jll17R 
Jll1SR 

Jll14R 
Jll13R 
Jll12R 
JllllR 

Jl110R 
Jll09R 
J1108R 
J1107R 
J1105R 

Jll04R 
Jll02R 
Jll01R 

J1100R 
J1099R 
J1098R 
J1097R 
J1096R 

J1094R 
J1093R 
J1092R 
J1091R 

J1090R 
J1089R 
J1088R 
J1087R 

Description Ag B Cr Cu Mo Ni 

Amsden Formation and Madison limestone 
North Buffalo Fork measured section at field station L74-S1 

Claystone, red, blocky; with 
green mottling., •••••••••••••••••••• 

Dolomite and limestone, with gray 
and brown brittle chert ••••••• , ••••• 

Limestone, dark-gray, silty 
but not fissile ••••••••••••••••••••• 

Shale and mudstone, black to 
dark-gray, limy ••••••••••••••••••••• 

Shale, black, fissile, hard ••••••••••• 
Mudstone, bluish-gray, hard ••••••••••• 

Shale, black, hard, massive ••••••• •••. 
••••• do ••••••••••••••••••••••••••••••• 
Mudstone, gray, hard, massive ....... .. 

Shale, black, platy, very slab by •••••• 
Siltstone and mudstone, interbedded ••• 
Mudstone, gray, hard, massive, limy ... 
Siltstone, dark-gray, slab by, 

interbedded with black shale •••••••• 
Mudstone, gray, hard, massive ........ . 
Shale, black, fissile, slabby, hard ••• 
Mudstone, gray, hard, evenly 

bedded, coarsely slab by ••••••••••••• 
Shale, black, hard, petroliferous ••••• 
Mudstone, gray, limy; forms even, 

conspicuous rib ••••••••••••••••••••• 
Shale, black, hard, slabby, 

petroliferous ••••••••••••••••••••••• 
Mudstone, dark-gray to black •••• , •••• ,· 
Shale, black, hard, platy ............ . 
••••• do ••••••••••••••••••••••••••••••• 
Mudstone, gray, dense, massive ....... . 

Shale, black, hard, platy ......... •••. 
Shale, black, hard, platy ••••••••••••• 
••••• do •••••••••••••••••••••• , •••••••• 
Mudstone, dark-gray, hard, massive .... 
Shale, black, fissile, hard ••••••••••• 
Mudstone, dark-gray, hard, highly 

petroliferous ••••••••••••••••••••••• 

N 

N 

N 
N 
N 

o.s 
1.S 
N 

N 
N 
N 

N 

N 
N 

o.s 
.s 

N 

o.s 
N 
1.S 
1 
N 

1 

N 
2 

N 

• 7 
• 7 

1S 

L(lO) 

L(lO) 

10 
10 

L(lO) 

10 
10 

L(lO) 

10 
10 
10 

10 
10 
20 

1S 
1S 

L(lO) 

10 
1S 
1S 
10 

L(lO) 

10 
10 
10 

L(lO) 
30 

L(lO) 

so 

N 

N 

so 
so 
so 

70 
70 
30 

70 
so 

100 

70 
so 

100 

so 
100 

30 

100 
70 

1SO 
100 
so 

1SO 
1SO 
100 

70 
1SO 

so 

N 

N 

so 
1S 

L(S) 

1S 
1S 

L(S) 

1S 
L(S) 
L(S) 

N 
1S 

L(S) 
1S 

L(S) 

1S 
7 

30 
1S 

L(S) 

1S 
1S 
1S 

7 
30 

N 

N 

N 

N 
N 

1S 

10 
10 
30 

10 
1S 

N 

N 
N 

s 

10 
1S 

L(S) 

10 
10 
so 
10 

L(S) 

1S 
so 
so 
30 

100 

so 

30 

N 

N 

1S 
30 
30 

70 
70 
20 

30 
20 
1S 

1S 
10 
30 

15 
so 

1S 

70 
30 

100 
70 
1S 

70 
100 

70 
70 

1SO 

70 

Pb v 

10 20 

N L(lO) 

N L(lO) 

N 1S 
N SO 

L(10) 50 

1S 70 
1S 100 
10 30 

1S 70 
1S 30 
15 20 

1S 20 
10 20 
20 70 

10 70 
20 1SO 

N 100 

15 200 
10 100 
20 500 
20 1SO 

L(lO) 100 

20 300 
20 300 
20 300 
10 200 
20 1,500 

10 200 

Amsden Formation and other rocks of Permian, Pennsylvanian, and Mississippian age 
Clear Creek Lake measured section at field station L74-132 

Sandstone, white, moderately pure ••••• 
Shale, ocher and pink, soft ......... .. 
Dolomite, basal part of marker ledge •• 
Limestone, blue-gray, cherty, 

top bed ••••••••••••••••••••••••••••• 
Limestone, blue-gray, basal ledge ••••• 
Shale, black, uppermost exposure •••••• 
Shale, black, slabby, hard •••••••••••• 
••••• do •••••••••••••••••••••• ••••••• •• 

••••• do ••••••••••• •••••• •••••••••••••• 
••••• do ••••••••••••••••••••••••••••••• 
••••• do. ••••• •••••••••••••••• ••• •••••• 
•• , •• do ••••••••• •••••• •••••••• •••••• •• 
Shale, black; radioactive part of 

sequence •••••••••••••••••••••••••••• 
Shale at base of unit ................ . 
Sands tone, light-tan •••••••••••••••••• 
Sandstone, light-tan, soft, 

cross bedded ••••••••••••••••••••••••• 
Sandstone, 24 ft (7 .31 m) above base •• 
Sandstone, 16 ft (4.88 m) above base •• 
Sandstone, 8 ft (2.44 m) above base ••• 
Sandstone at base ••••••••••••••••••••• 
Limestone, from top of Madison 

Limestone ••••••••••••••••••••••••••• 
Limestone, blue-gray, massive, hard ••• 
Limestone, blue-gray •••••••••••••••••• 
••••• do •••••••••••••••••• •••• ••• ••• ••• 
••••• do ••••••••••••••••••••••••••••••• 

••••• do •••••••••••• •••••••• •••••• ••••. 
Dolomite, light-gray to tan ••••••••••• 
Limestone, blue-gray, fetid ••••••••••• 
Limestone, "zebra"" chert zone ••••••••• 

N 
N 
N 

N 
N 
N 
1 
1 

1.5 
2 
3 
5 

3 
3 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 

L(lO) 
1SO 

L(lO) 

N 
L(lO) 

50 
70 
50 

30 
70 
50 
70 

70 
1SO 

70 

50 
so 
70 
20 
30 

L(lO) 
N 
N 
N 

L(lO) 

N 
L(10) 

N 
N 

N 
100 
N 

N 
N 

1SO 
1SO 
1SO 

1SO 
1SO 
200 
200 

1SO 
1SO 

70 

N 
N 

70 
L(lO) 

70 

N 
N 
N 
N 
N 

N 

N 
N 
N 

N 
L(S) 

N 

N 
20 
30 
30 
20 

30 
so 
70 
70 

so 
70 
s 

L(S) 
L(S) 
L(S) 

N 
N 

N 
N 
N 
N 
N 

N 
L(5) 

N 

N 

N 
N 
N 

N 
N 

10 
70 

1SO 
70 

200 
1SO 

1SO 
1SO 

N 

N 
s 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 

N 

N 
100 

N 

N 
N 

70 
100 
150 

150 
150 
300 
300 

300 
300 

15 

7 
7 

10 
5 
N 

N 
N 
N 
N 

N 

N 
N 
N 

N 20 
10 50 
10 10 

N 10 
N 10 
N 150 

20 300 
70 1,000 

50 700 
1SO 1,000 
100 1,SOO 

70 1,SOO 

30 1,SOO 
70 1,500 
10 so 

L(lO) 20 
N 20 
N 20 

10 20 
10 30 

10 15 
N 10 
N 10 
N 10 

30 10 

N 

N 
N 

N 

10 
20 
10 
10 
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Zn 

N 

N 

N 

N 
N 

N 

N 
N 
N 

300 
L(200) 

N 

N 
N 

200 

N 
200 

N 

300 
300 
soo 
200 

N 

300 
300 
300 
200 
soo 

700 

N 
N 
N 

N 
N 
N 
N 

700 

1,000 
1,SOO 
1,500 
1,SOO 

N 
N 
N 

N 
N 
N 
N 
N 

N 
N 

N 
N 
N 

N 

N 
N 

N 



Table 17. Selected analytical results for samples of black shale from the Amsden 
Formation and other rocks of Permian, Pennsylvanian, and Mississippian age in 
Teton County-Continued 

Percent Percent Calculated 
Sample Inst. carbonate organic oil 

No. Hg2 CxHM2 Ac Th3 Ac u3 carbon4 carbon4 (gal/ton) 5 

Amsden Formation and Madison limestone 
North Buffalo Fork measured section at field station L74-51 

J1060R L(0,02) L(l) NA NA NA NA NA 

J1059R .02 0,024 1.36 NA NA NA 

J1058R L(,02) NA NA NA NA NA 

J1057R .02 17 NA NA NA NA NA 
J1056R .04 7 NA NA NA NA NA 
J1055R .04 1 NA NA NA NA NA 
J1054R .04 2 1.09 10.69 NA NA NA 

J 10534 .04 9 1.89 12.47 NA NA NA 
Jl051R .02 2 .53 4.05 NA NA NA 
J1051R .06 80 4.24 12.28 NA NA NA 

Jl049R .02 NA NA 8.48 1.2 1. 7 
J1048R .02 NA NA NA NA NA 

J1047R .02 5 NA NA 8.00 .09 1.3 
J1046R .04 3 NA NA NA NA NA 
J1045R .06 40 NA NA NA NA NA 

J1044R .04 5 2.02 6.55 NA NA NA 
J1043R .04 60 NA NA 5.01 2. 7 3.9 

J1042R .04 .03 3.57 NA NA NA 

J1041R .06 80 NA NA NA NA NA 
J1040R .02 60 NA NA 9.27 1.2 1. 7 
J1039R .08 160 NA NA NA NA NA 
J1038R .04 60 .59 17.01 NA NA NA 
J1037R L( ,02) 4 .53 4.82 NA NA NA 
J1036R .08 80 4.05 22.01 NA NA NA 

Jl034R .06 60 NA NA NA NA NA 
J1033R .06 100 NA NA NA NA NA 
J1032R .04 40 NA NA NA NA NA 
J1031R .24 140 NA NA NA NA NA 

J1030R .04 100 NA NA NA NA NA 

Amsden Formation and other rocks of Permian, Pennsylvanian, and Mississippian age 
Clear Creek Lake measured section at field station L74-132 

Jll18R L(0,02) L(l) NA NA NA NA NA 
J1117R L(.02) 1 NA NA NA NA NA 
J1117R L(.02) L(l) NA NA NA NA NA 

J1115R L(,02) L(l) NA NA NA NA NA 
J1114R L( .02) L(l) NA NA NA NA NA 
J1113R L(,02) 3 NA NA NA NA NA 
J1112R .06 1 NA NA NA NA NA 
J1111R .14 40 NA 19 NA NA NA 

J1110R .16 60 NA NA NA NA NA 
Jll09R .20 60 NA NA NA NA NA 
Jll08R .30 170 NA 24 NA NA NA 
Jll07R .20 90 NA NA NA NA NA 

Jll05R .22 3 NA 21 2.80 9.0 13.0 
Jll04R .28 7 NA NA 2.26 9.4 13.5 
Jll02R L(.02) 1 NA NA NA NA NA 

Jll01R L(.02) L(l) NA NA NA NA NA 
JllOOR L( .02) L(l) NA NA NA NA NA 
Jl099R L( .02) L(l) NA NA NA NA NA 
J1098R L(.02) L(l) NA NA NA NA NA 
J1097R L(,02) L(l) NA NA NA NA NA 

J1096R L( .02) L(l) NA NA NA NA NA 
J1094R L( .02) L(l) NA NA NA NA NA 
Jl093R L( .02) L(l) NA NA NA NA NA 
J1092R L(,02) L(l) NA NA NA NA NA 
J1091R L(.02) 1 41 23 NA NA NA 

J1090R L(,02) L(l) 33 86 NA NA NA 
J1089R L(.02) L(l) NA NA NA NA NA 
J1088R L(.02) L(l) NA NA NA NA NA 
J1087R L(.02) L(l) NA NA NA NA NA 
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Table 17. Selected analytical results for samples of black shale from the Amsden Formation and 
other rocks of Permian, Pennsylvanian, and Mississippian age in Teton County-Continued 

Six-step semiquantitative spectrographic analyses! 

Sample 
No, 

Cl021R 
Cl020R 
C 212R 
Cl025R 
Cl019R 
C 211R 

Cl024R 
Cl022R 
Cl018R 
Cl017R 
Cl016R 
Cl015R 

Cl014R 

Cl013R 
C 201R 
C 209R 
C1011R 

C 208R 

ClOlOR 
C 207R 

Cl009R 
C 205R 

C 206R 

Cl008R 
C 204R 

203R 

C 202R 

Cl007R 
C1006R 
Cl005R 

C1004R 
C1003R 

Cl019R 
C1002R 
C1001R 
C1000R 
C6R 

C5R 

C4R 

C3R 

C2R 

C1R 

C201R 

Description Ag B Cr Cu Mo 

Amsden Formation and Madison Limestone 
Nowlin Meadow measured section at field station L74-88 

Shale, brick-red; Amsden Formation •• ,, 
Shale, brick-red •••••• , , ••••• , , , , , , , , , 
..... do .............................. . 
Quartzite, red and gray,., ••••• , •••••• 
Limestone, purplish-gray, hard ••• ,,.,, 
Limestone, blue-gray; brown chert 

concretions ..••.......•••....••••••. 
••••• do •••••••••• ,,, •••••• •••••••••••• 
Limestone, blue-gray, mottled ••••••••• 
Shale, soft, red, plastic. ••••••• •••• , 
Shale, dark-gray, soft, silty ........ . 
Shale, dark-gray, soft; silty ••••••••• 
Shale, black at base; interbedded 

with dolomite ••••••••••••••••••••••• 
Dolomite, dark-gray, finely 

crystalline ••••••••••••••••••••••••• 
Shale, black, fissile ••••••••••••••••• 
••••• do •••••••••••••••• •••• •• ••••• •••• 
••••• do ••••••••••••••••••••••• ,,, ••••• 
Dolomite, brown, fetid, hard, 

ledgy •••••••••••••••• • • ••• • • • • • • • • • • 
1973 sample; same locality as 

C101IR ••••• , ,, , ••• ,,, •••• •• ••••, ,, , , 
Shale, black., •••••• ,.,,,, •••••• ,., ••• 
Approximate interval of I973 

sample at C10IOR ................... , 
Shale, black, radioactive.,,, ••••• ,,,, 
I973 sample; same interval as 

Cl009R •••••• ,,, ••••• ,,,,,,, •• ,.,,,., 
1973 sample; same interval as 

C1009R •••••• ,,,, •••• ,,,,,, ••• ,,,,,., 
Shale, black, hard, highly fissile •••• 
I973 sample; same interval as 

CI008R ............................. . 
1973 sample; same interval as 

CI008R ............................. . 
I973 sample; same interval as 

C1008R ............................. . 
Dolomite, dark-brown, very hard., ••••• 
Shale, black, fissile, petroliferous., 
Dolomite, brown, fetid, hard, 

massive .•••......•••.•..••.•••••••.• 
Shale, black or dark-brown.,, •••••••• , 
Dolomite, pink and tan, dense,,,, ••••• 

Limestone, purplish-gray, hard ••••••• , 
Dolomite, tan, shaly, and silty ..... .. 
Shale, red and gray ................ , .. 
Dolomite, yellowish-gray, massive.,,., 
Sandstone, light-pink, soft, 

3,3 ft (1,2 m) ..................... . 
Sandstone, 1.6 ft (0.48 m) 

underlying C6R.,, •••••••• ,.,,,,,,,,. 
Sandstone, 2.S ft (0.76 m) 

underlying CSR ••• ,.,.,, ••••••••• ,.,, 
Sandstone, 2. 7 ft (0,8I m) 

underlying C4R •• ,,,,,,,,,,,,,,,,,,,, 
Sandstone, 0.9 ft (0,28 m) 

underlying C3R •••• ,,,.,,.,,,.,,,,,,, 
Sandstone, 1.2S ft (0,38 m) 

underlying C2R •••••• ,, ••••••••• ,,,,, 
Limestone and dolomite from 

Madison Limestone ••• ,,,, •••••••••••• 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 

N 

N 
N 
N 
N 

N 

1.5 
I 

1. 5 
2 

1.5 
N 

1.5 

N 

N 
N 
N 

N 
N 
N 

N 
N 
N 
N 

N 

N 

N 

N 

N 

N 

N 

30 
I5 
50 

N 
N 

L(lO) 
N 

L(10) 
50 
20 

L(IO) 

10 

L(lO) 
10 
50 

L(IO) 

L( 10) 

L(IO) 
15 

L(IO) 
15 

70 

70 
10 

70 

50 

L(lO) 
L(IO) 
L(IO) 

L(IO) 
IO 
10 

N 
L(IO) 

20 
10 

L(lO) 

L(lO) 

20 

L(lO) 

L(lO) 

L(IO) 

N 

70 
50 

IOO 
N 
N 

10 
N 
N 

150 
150 
150 

I 50 

50 
100 
150 
100 

70 

IOO 
150 

50 
I 50 

150 

150 
50 

I 50 

IOO 

70 
30 
50 

50 
70 
70 

N 
30 

N 
N 

N 

N 

N 

N 

N 

N 

IO 

I5 
15 
10 

N 
N 

5 
L(5) 

N 
7 

L(5) 
5 

I5 

20 
30 
70 

100 

I 50 

100 
I,SOO 

300 
1,500 

3,000 

1' soo 
700 

2,000 

300 

200 
30 
30 

10 
15 
I5 

N 
s 

IO 
L(5) 

N 

N 

N 

N 

N 

L(S) 

N 
N 
N 
N 
N 

N 
N 
N 

L( S) 
L(5) 

10 

20 
5 

1S 
15 

20 

IS 
IO 

1,000 
100 

1,000 

30 
ISO 

1,000 

soo 

ISO 
70 

200 

70 
so 
so 

N 
20 
so 
20 

N 

N 

N 

N 

N 

N 

N 

Ni 

30 
30 
so 

N 
L(5) 

L(S) 
s 
N 

70 
70 
so 

70 

30 
70 

100 
70 

70 

70 
1SO 

100 
100 

200 

1SO 
70 

ISO 

300 

1SO 
1SO 
IOO 

100 
100 
100 

L(S) 
70 
70 
30 

N 

L(5) 

N 

N 

!Analyses by R, T, Hopkins, Jr., using methods described by Grimes and Marranzino (1968). 

Pb v 

10 so 
10 50 
30 100 

N L(IO) 
N 10 

L(lO) 15 
N L(IO) 
N L(10) 

1S 150 
20 200 
IS 500 

L( IO) 300 

IO 300 
1S 700 
20 1,SOO 
20 I ,000 

L(lO) 700 

20 1,000 
10 2,000 

20 700 
10 S,OOO 

20 3,000 

N 2,000 
L( 10) SOO 

20 2,000 

20 1,000 

N 700 
N 200 

1S 100 

10 300 
10 300 
10 300 

N 10 
N 100 

L( 10) 70 
N 30 

N L(IO) 

N L(lO) 

N L(lO) 

N 10 

N 30 

N 30 

L(lO) 10 

2Analyses by J. G. Viets using methods described in Ward and others (1969): lnst, Hg, instrumental 
determination of mercury, and CxHM, cold extractable heavy metals. 

3Activation analyses for thorium and uranium by H. T, Millard, Jr. 

Zn 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 

N 

N 
L(200) 

N 
N 

N 

N 
N 

N 
N 

N 

N 
N 

N 

N 

N 
N 
N 

N 
N 

N 

N 
N 
N 
N 

N 

N 

N 

N 

N 

N 

N 

4Total carbon was determined by combustion conductometric co2 by v. E. Shaw; carbonate carbon was determined 
by H3Po4 digestion gasometric co2 by T, L. Yager; organic carbon is total carbon less carbonate carbon. 

SGallons oil per ton calculated by multiplying organic carbon by 1.44 based on assumption that organic 
substances in rock would convert in the same manner as Green River oil shale. 

6Fluorimetric U determination by F. N. Ward. 

58 Mineral Resources of the Teton Wilderness and Adjacent Areas, Wyoming 



Table 17. Selected analytical results for samples of black shale from the Amsden 
Formation and other rocks of Permian, Pennsylvanian, and Mississippian age in 
Teton County-Continued 

Percent Percent Calculated 
Sample Inst. carbonate ~:;~~~~ oil 

No. Hg2 CxHM2 Ac Th3 Ac u3 carbon4 (gal/ton)S 

Amsden Formation and Madison Limestone 
Nowlin Meadow measured section at field station 174-88 

C1021R 1(0.02) 1 NA 
C1020R 1(.02) L(l) NA 
C 212R .18 3 NA 
C1025R 1(.02) L(l) NA 
C1019R L( .02) 1 NA 

C 211R 1(.02) 1 NA 
C1024R L( .02) L(l) • 73 
C1022R L( .02) L(l) 1. 94 
C1018R .45 L(l) NA 
C1017R .16 1 NA 
C1016R .10 3 6.14 

C1015R .20 L(l) NA 

C1014R .18 4 NA 
C1013R .12 20 NA 
C 201R NA NA NA 
C 209R NA NA NA 

C1011R .22 40 9.88 

C 208R NA NA NA 
C1010R .14 450 NA 

C 207R NA NA NA 
C1009R .14 600 NA 

C 205R NA NA NA 

C 206R NA NA NA 
C1008R .20 3 4.10 

C 204R NA NA NA 

C 203R NA NA NA 

C 202R NA NA NA 
C1007R .12 1 NA 
C1006R .08 2 NA 

C1005R .06 L(l) NA 
C1004R .12 L(l) NA 
C1003R .1 2 L(l) NA 

C1019R L( .02) 1 NA 
C1002R .04 L(l) NA 
C1001R .04 L(l) 4. 74 
C1000R 1(.02) L(l) NA 

C6R L( .02) NA NA 

C5R .02 NA NA 

C4R L( .02) NA NA 

C3R 1(.02) NA NA 

C2R L( .02) NA NA 

C1R 1(.02) NA NA 

C201R .04 NA NA 

Another locality of carbonaceous strata in the Aycross 
Formation is about 900 feet (275 m) west of Holmes Cave 
and 150 feet ( 40 m) stratigraphically above the Aycross 
at the cave mouth. Other similar deposits occur in the 
vicinity. The resource potential is probably low. 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
0.81 NA NA NA 

.38 NA NA NA 
NA NA NA NA 
NA NA NA NA 
16.34 NA NA NA 

NA NA NA NA 

NA NA NA NA 
NA NA NA NA 
50 7.88 1.1 1.65 

64o 9.60 .3 .45 

41.48 NA NA NA 

6100 4.98 7.4 11.10 
679.0 NA NA NA 

40 10.5 .1 .15 
67 5.0 4.39 4.8 6.90 

6 110 4.95 4. 7 7.05 

6100 5.98 2.5 3. 75 
87.39 NA NA NA 

6100 5.48 3.8 5.70 

660 6.55 2.5 3. 75 

65o 9.62 .9 1.35 
NA NA NA NA 
NA NA NA NA 

NA NA NA NA 
NA 7.77 .6 .9 
NA 7.77 .6 .9 

NA NA NA NA 
NA NA NA NA 

6.60 NA NA NA 
NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

NA NA NA NA 

Coal 

All the coal beds of possible economic interest in 
the Teton Wilderness are in the Bacon Ridge Sandstone 
and in the overlying Sohare Formation in the western 
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Figure 25. Measured and sampled section of Aycross Forma
tion 600 feet (183 m) south of Holmes Cave, Togwotee Pass 
quadrangle. A, green tuffaceous claystone; B, coal and carbona
ceous shale; C, radioactive (0.02 mR/hr) organic-rich shale (see 
table 18 for analyses). Photograph by j. D. Love, Aug. 27, 1973. 

third of the wilderness. Plate 6 shows the lithologic details 
in five measured sections having a total stratigraphic 
thickness of at least 3,200 feet (975 m). In addition, thin 

impure coals occur in the lower part of the Frontier For
mation and in the Aycross Formation near Holmes Cave 
as described previously. The U.S. Bureau of Reclama
tion operated a coal mine, about 1910, in the Mesaverde 
Formation on Pilgrim Creek within the boundary of the 
Teton Wilderness. Later, the U.S Bureau of Reclamation 
and private individuals also opened coal mines in the 
Bacon Ridge Sandstone, north of Buffalo Fork near Lava 
Creek, 2 miles (3 km) south of the wilderness. 

The lower part of the Frontier Formation on the 
southeast end of the Bailey anticline has one impure coal 
bed 2 feet (0.6 m) thick. On Wildcat Peak, the coal
bearing Bacon Ridge Sandstone is well exposed (fig. 26), 
and a detailed section was measured (pl. 6, section 3). 
An impure coal bed 2. 7 feet (0.8 m) thick occurs about 
225 feet (69 m) above the base; a second, 2.5 feet (0.76 m) 
thick, is 260 feet (79 m) above the base; and a third, 3 
feet (1 m) thick, is 580 feet (177 m) above the base. A 
few feet higher in the section, southeast of Wildcat Peak, 
is a coal bed 5. 5 feet ( 1. 7 m) thick that was sampled and 
analyzed (B-33A, table 19; pl. 6). The highest quality coal 
in this seam, sample B-33, has a thickness of 1 foot 
(0.3 m). 

In the Kitten measured section of the Bacon Ridge 

Table 18. Selected analytical results on samples from Eocene Aycross Formation, Togwotee Pass quadrangle, Teton Wilderness 
[Analyses in parts per million unless otherwise indicated. nd, not determined; N, not detected by analytical method used; L, detected, but below 
o::::~tiC<f::~ctorv measurement levf"l uivPn ;n n::~rPnthP~Pcl 

Six-step semiquantitative Fluorescence analyses3 

spectrographic analyses X-ray 
Sample Ash2 K20 

No. 

S326M 
S327F 
S331F 
S332M 
S336F 

S337M 
S338M 
S339F 
S340F 

S341F 
S342F 
S343F 
S344F 

Description Mn Ba Cu Mo (pet) (pet) Na20 

Dark-gray shale (6 in.) •••• 200 1000 100 7 nd nd nd 
Coal (5 in.) ••••••••••••••• 3000 1000 100 100 79.7 2.16 0.68 
Coal (15 in.) •••••••••••••• 300 1500 150 50 62.3 1.55 .72 
Black shale (6 in.) •••••••• 200 1000 100 7 nd nd nd 
Oil shale (2.5 in.) •••••••• 3000 500 15 N 90.6 .83 .21 

Oil shale (2.5 in.) •••••••• 3000 700 30 N nd nd nd 
••••• do •••••••••••••••••••• 3000 500 30 L(7) nd nd nd 
Dark shale (6 in.) ••••••••• 3000 500 100 7 nd nd nd 
••••• do •••••••••••••••••••• 7000 500 15 7 nd nd nd 

Oil shale (6 in.) •••••••••• 3000 500 70 L(7) nd nd nd 
Coaly shale (6 in.) •••••••• 200 1500 100 10 894 3.46 .95 
Carbonaceous shale ••••••••• 150 1500 70 7 nd 1.23 .68 
••••• do •••••••••••••••••••• 100 3000 70 N nd nd nd 

1Analyses by R. T. Hopkins, Jr. 
2Percent ash determined by gravimetric method ashed at 525°C (977°F) by A. W. Hanbert. 

3Determinations by J. S. Wahlberg. 
4Analyses by G. D. Shipley and Claude Huffmann, Jr. 

5As determined spectrophotometrically by E. J. Fenelly. 

(percent) 

P2o5 so3 Se 

nd nd nd 
1.65 4.24 3.9 
.57 1. 96 2.5 

nd nd nd 
1.87 2.37 3.3 

nd nd nd 
1.20 nd nd 

.65 nd nd 
nd nd nd 

nd nd nd 
.36 1.45 .6 
.95 .88 1.6 

nd nd nd 

6Total carbon determined by induction furnace, carbonate carbon determined gasometrically, and organic carbon 
by difference by Irving c. Frost. Hg determined by wet oxidation and atomic absorption method by J. A. Thomas. 

7Gallons oil per ton calculated by multiplying organic carbon by 1.44 based on assumption that organic 
substances in rock would convert in the same manner as Green River oil shale. 
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Table 18. Selected analytical results on samples from Eocene Aycross Formation, Togwotee Pass 
quadrangle, Teton Wilderness-Continued 

Atomic absorptign Analyses5 Carbon6 
analyses on ash .. as received" (percent) Oil 

Sample (gal~ 
No. Cu Li Zn As Hg Total Carbonate Organic ton ) 

S326M nd nd nd nd nd 1.24 0.51 0.7 1.0 
S327F 92 26 88 15 0.05 nd nd nd nd 
S331F 134 46 62 15 .05 nd nd nd nd 
S332M nd nd nd nd nd 1. 72 .20 1.5 2.2 
S336F 42 16 44 5 nd 12.4 9.34 3.1 4.5 

S337M nd nd nd nd nd 14.8 6.69 8.2 11.8 
S338M nd nd nd nd nd 15.1 6.66 8.4 12.2 
S339F nd nd nd nd nd 10.0 3.43 6.5 9.4 
S340F nd nd nd nd nd 11.1 8.52 2.6 3.7 

S341F nd nd nd nd nd 16.3 5.59 10.7 15.4 
S342F 100 46 92 8 .07 nd nd nd nd 
S343F 66 20 42 15 .06 nd nd nd nd 
S344F nd nd nd nd nd 3.1 o.oo 3.1 4.5 

Wildcat Peak 

Figure 26. Wildcat Peak as viewed toward the east from Kitten Ridge. Deep valley extending across photograph is cut in soft 
Cody Shale along crest of Wildcat anticline. Kc, Cody Shale; Kb, thick cliff-forming basal sandstones in Bacon Ridge Sandstone; 
Kbc, coal bed 5.5 feet (1.7 m) thick in Bacon Ridge Sandstone (lines on basal contact); Ks, Sohare Formation. Thickness of visible 
part of section above base of Bacon Ridge Sandstone is nearly 3,000 feet (914 m). Photograph by J. D. Love, July 18, 1972 (Love, 
Antweiler, and Williams, 1975, fig. 7) . 

Sandstone (pl. 6, section 2), on the west flank of the 
Wildcat anticline, a coal2.5 feet (0.8 m) thick is 207 feet 
(63 m) above the base of the formation. A second, 3 feet 
(0.9 m) thick, is 241 feet (73.5 m) above the base; and 
a third, 2.1 feet (0.6 m) thick, is 583 feet (178 m) above 
the base of the formation. These probably correlate with 
the lower three coals in the Wildcat Peak section. 

In the section on Arizona Creek (pl. 6, section 1 ), 
several coals occur in the Bacon Ridge Sandstone as listed 
in table 20. It is not known how these coals correlate with 
the ones on Wildcat Peak and at Kitten Ridge. 

Three thin coal beds in the Bacon Ridge Sandstone 
were sampled along Bailey Creek canyon 4 miles (6.4 km) 
south-southeast of the Arizona Creek coals. The lower 
two are each less than 1 foot (30 em) thick, but the 
uppermost is 2 feet (0.6 m) of black shiny coal. Anal
yses are given in table 19 (first three Bacon Ridge 
entries). 

In the Enos Creek area, a detailed section (pl. 6, 
section 4) containing several coals was measured in the 
Bacon Ridge Sandstone and the overlying Sohare For
mation (table 20). 

Geologic and Geochemical Appraisal 61 



Table 19. Analyses of coal samples from the Teton Wilderness 
[nd, not determined] 

Coal as received 

Thick- Percent Parts per million 
Field ness 

No, Locality (in.) Ash Total s Total C Hg As Se 

Aye ross Formation 

S327F Near Holmes Cave •••••••••••• 5 79.7 nd nd 0.05 15 3 
S331F ••••• do ••••••••••••••••••••• 15 62.3 nd nd .05 15 2 

Harebell Formation 

G3F Near Pacific-Mink Cr. jet ••• 15 11.2 nd nd 0.06 1 1.4 
G4F ••••• do •••••••••••••••••••• , 15 33.1 nd nd .09 2 2.4 
A618F Buffalo Fork canyon ••••••••• 6 55.4 nd nd .19 140 .9 
H52F Near Bobcat Ridge ••••••••••• nd 19.4 nd nd .08 2 1.3 
H53F ••••• do •••••••••••••• , •••••• nd 65.8 nd nd .09 4 1.8 

Mesaverde Formation 

B-5 Pilgrim Creek ••••••••••••••• nd 8.6 0.34 53.9 0.06 nd nd 
B-6 ••••• do ••••••••••••••••••••• nd 72.7 .15 16.4 .04 nd nd 

Bacon Ridge Sandstone 

L72-67-1 Bailey Creek •••••••••••••••• 42 11.5 1. 21 59.6 0.60 nd nd 
L72-67-2 ••••• do ••••••••••••••••••••• 42 12.4 .60 58.9 .05 nd nd 
L72-67-3 ••••• do ••••••••••••••••••••• 24 3.5 .72 66.0 .04 nd nd 
L72-40-A West of Pilgrim Creek ••••••• (12 27.8 1.02 51.3 .31 nd nd 
B33 Southeast of Wildcat Peak ••• 12 6.6 .67 57.4 .14 nd nd 

B33A ••••• do ••••••••••••••••••••• 66 33.4 .77 37.2 .17 nd nd 
L72-42 Kitten Ridge •••••••••••••••• (12 7.9 .87 68.5 .09 nd nd 
G501F South of Enos Creek ••••••••• 15 4.3 nd nd .03 1 0.7 
G502F ••••• do ••••••••••••••••••••• 21 5.4 nd nd .03 2 1.2 
G503F ••••• do ••••••••••••••••••••• 6 24.1 nd nd 1.0 100 4.2 

G506F ••••• do ••••••••••••••••••••• 8 6.8 nd nd .11 8 1.2 
G509F ••••• do ••••••••••••••••••••• 9 3.9 nd nd .03 (1 .6 
G510F ••••• do ••••••••••••••••••••• 9 3.9 nd nd .05 1 .7 
G511F ••••• do ••••••••••••••••••••• 9 4.7 nd nd .05 2 .8 
G514F ••••• do ••••••••••••••••••••• 15 6.3 nd nd .03 2 1.5 

G515F ••••• do ••••••••••••••••••••• 10 14.8 nd nd .41 8 1.6 
G516F ••••• do ••••••••••••••••••••• 3 30.4 nd nd .12 10 2.3 
G518F ••••• do ••••••••••••••••••••• 10 59.1 nd nd .21 8 2.7 
G104F Box Creek headwaters •••••••• 12 17.1 nd nd .05 2 3.3 
G107F ••••• do ••••••••••••••••••••• 11 8.4 nd nd .08 5 1.5 

G110F ••••• do ••••••••••••••••••••• 7.5 28.5 nd nd .07 3.2 
Gll1F ••••• do ••••••••••••••••••••• 7.5 8.0 nd nd .03 1.1 
Gll4F ••••• do ••••••••••••••••••••• 10.5 16.1 nd nd .05 1.8 
Gll5F ••••• do ••••••••••••••••••••• 10.5 18.4 nd nd .04 1 1.7 
Gl18F ••••• do ••••••••••••••••••••• 12 11.6 nd nd .09 4 1.7 

A61lf Buffalo Fork canyon ••••••••• 12 28.0 nd nd .08 8 2.2 
A612F ••••• do ••••••••••••••••••••• 11 6.5 nd nd .04 8 .9 
I38F South of Wolverine Meadows •• 9 6.1 nd nd .06 8 1.2 
I41F ••••• do ••••••••••••••••••••• 12 61.9 nd nd .06 1 5.9 
I42F ••••• do ••••••••••••••••••••• 12 20.9 nd nd .09 2 1.9 

Frontier Formation 

A1810F North Buffalo Fork canyon ••• nd 9.3 nd nd 0.24 25 nd 
G1021F Enos Creek •••••••••••••••••• 6 4.0 nd nd .14 10 nd 
G1022F ••••• do ••••••••••••••••••••• 5 2.9 nd nd .75 100 nd 
G1023F ••••• do ••••••••••••••••••••• 6 6.7 nd nd .06 8 nd 

G84F ••••• do ••••••••••••••••••••• 6 82.3 nd nd .09 5 0.5 
G85F ••••• do ••••••••••••••••••••• 8 30.8 nd nd 1.1 400 3.6 
G86F ••••• do ••••••••••••••••••••• 6 67.2 nd nd .07 8 1.4 
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Table 19. Analyses of coal samples from the Teton Wilderness-Continued 

Field 

No. 

S327F 
S331F 

G3F 
G4F 
A618F 
H52F 
H53F 

B-5 
B-6 

172-67-1 
172-67-2 
172-67-3 
172-40-A 
B33 

B33A 
172-42 
G501F 
G502F 
G503F 

G506F 
G509F 
G510F 
G511F 
G514F 

G515F 
G516F 
G518F 
G104F 
G107F 

G110F 
G111F 
G114F 
G115F 
G118F 

A6llf 
A6I2F 
I38F 
I41F 
I42F 

A1810F 
G1021F 
G1022F 
G1023F 

G84F 
G85F 
G86F 

MgO 

2.92 
3.74 

0.93 
.46 

1.54 
.71 
.52 

nd 
nd 

nd 
nd 
nd 
nd 
nd 

nd 
nd 

3.97 
4.94 
1. 74 

1.82 
4.05 
3.70 
3.23 
3.63 

3.43 
.89 

1.5I 
4.42 
3.75 

.94 
3.84 
3.15 
2.48 
1.08 

1.78 
3.31 
4.38 

.56 
2.78 

0.99 
I.I3 
1.5I 
1.64 

.61 
1.66 

.68 

Analyses on coal ash 

Percent 

0.68 43.6 I2.3 
.72 58.0 I7.6 

0.36 
.14 
• 76 
.I2 
.06 

49.6 
58.8 
69.6 
75.6 
76.5 

32.1 
33.2 
15.2 
13.9 
13.4 

nd 
nd 

42.4 11.4 
85.9 6.8 

nd 
nd 
nd 
nd 
nd 

nd 
nd 

0.06 
.08 
.20 

.23 

.52 

.47 

.37 

.45 

.03 

.14 

.34 

.09 

.09 

.11 

.08 

.05 

.05 

.53 

.39 

.62 

.10 

.06 

.05 

nd 
22.0 
35.0 
67.4 
20.0 

63.4 
45.3 
13.7 
23.5 
51.5 

68.9 
12.6 
15.3 
I9.1 
35.0 

6.3 
66.I 
74.9 
I3.5 
27.3 

54.0 
30.5 
19.9 
27.9 
50.9 

62.2 
47.5 
20.0 
88.5 
38.4 

0.33 nd 
<.IO nd 
(.10 nd 
<.IO nd 

.IO 

.04 

.07 

72.8 
27.7 
53.7 

24.0 
6.0 

13.0 
17.0 

7.4 

12.4 
13.5 
8.5 

IO.O 
20.5 

14.7 
12.3 
11.7 
14.9 
7.7 

2.9 
15.6 
12.8 
9.2 

11.5 

34.5 
19.6 
15.0 
19.5 
26.I 

15.8 
IO.O 
12.0 
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Table 20. Coal in the Sohare Formation and Bacon Ridge 
Sandstone, Teton Wilderness and vicinity 
[Leaders (---), coal not present] 

Stratigraphic 
interval Thickness Thickness 

above base of of of coal 
Bacon Ridge coaly in 

Sandstone unit interval 

(ft) (m) (ft) (m) (ft) (m) 

Bacon Ridge Sandstone, measured section 
on Arizona Creek (pl. 6, section 1) 

947 289 3.7 1.10 
914 279 2.1 .64 
801 244 2.0 .61 
720 220 2.1 .64 
416 127 1.9 .58 
398 121 4.8 1.50 

Sohare Formation and underlying Bacon Ridge 
Sandstone south of Enos Creek, Enos Creek 

detailed section (pl. 6, section 4) 

1,813 552.6 2.5 
1,754 534.6 3.1 
1,742 531.0 3.3 
1,701 518.0 7.7 
1,677 511.0 2.1 
1,663 507.0 1.0 

1,593 485.5 .9 
1,541 470.0 .9 
1,523 464.0 1.3 
1,469 448.0 3.0 
1,430 436.0 3.0 
1,410 430.0 .9 

1,373 418.5 2.1 
1,336 407.2 8.1 
1,244 379.2 2.5 
1,166 355.4 2.8 
1,134 345.6 1.3 
1,130 344.0 .9 

0.76 
.95 

1.00 
2.34 

.64 

.30 

.28 

.28 

.40 

.91 

.91 

.28 

.64 
2.47 

.76 

.85 

.40 

.28 

2.1 
2.3 
1.25 
6.5 

0.64 
.70 
.38 

1.98 

2.1 0.64 

7.7 2.35 
1. 7 • 52 

Bacon Ridge Sandstone and Sohare Formation, 
Lava Creek section (pl. 6, section 5) 

439 
181 
178 
113 
70 

134 
55 
54 
34 
21 

1.4 0.42 
1. 1 • 33 
1.3 .39 
1.0 .30 
3.3 1.00 

The Lava Creek section (pl. 6, section 5) of the 
Bacon Ridge Sandstone and Sohare Formation extends 
south-southwest down Lava Creek to U.S. Highway 26 
from the top of Davis Hill, which is about 4,200 feet 
{1,280 m) southwest of the wilderness boundary. This 
section provides data on coals that dip northeastward 
under the southern part of the wilderness. The True
Travis oil well (dry) is 1,700 feet (518 m) east of the lowest 
exposures in the Lava Creek section; it encountered the 
base of the Bacon Ridge Sandstone at a depth of 405 feet 
(123 m). The depth to this contact, plus the northeast 
dip and the topographically higher well site, suggest 
that the base of the exposed section on Lava Creek is 
about 200 feet (61 m) above the base of the Bacon Ridge 
Sandstone. 

Several coals in the Bacon Ridge Sandstone and 
Sohare Formation were measured in the Lava Creek sec
tion (table 20). None were sampled for this study, as they 
are outside the Teton Wilderness. 

The distribution, thickness, and composition of the 
coals in the Teton Wilderness indicate that their resource 
potential is low, in comparison with other coal deposits 
farther south in Jackson Hole and elsewhere in Wyoming. 
They are too thin, too dirty, too discontinuous, and too 
inaccessible to compete. 

Gypsum 

Gypsum crops out in only one locality in the Teton 
Wilderness but probably underlies the western one-third 
(375 mF; 975 km2) of the area. The gypsum is in a single 
bed within the Gypsum Spring Formation of Middle 
Jurassic age. Along all but one part of one outcrop of 
the formation, the gypsum has been leached out by near
surface solution. Wells to the south, however, show it 
invariably present in normal subsurface sections. 

The one outcrop of gypsum is on a high ridge about 
5,000 feet {1,525 m) west of the north end of Enos Lake 
(loc. L 73-176, pl. 2). The base of the Gypsum Spring For
mation is marked by about 6 inches (15 em) of pink 
limestone breccia (sample G82R) and above it is 13 feet 
(3.96 m) of red soft shale directly underlying the gypsum. 
The gypsum is in a bed about 50 feet (15m) thick. It is 
white, moderately pure, alabaster type, bedded, with 
some red shale partings. The middle part is most solu
ble, and the outcrop is marked by a series of solution pits 
6-12 feet (1.8-3.66 m) deep. 

Analytical data for gypsum samples are shown in 
McDanal and others (1983, data set 42). The gypsum has 
a low resource potential because it is too thin and too 
inaccessible to compete with much larger deposits in the 
Bighorn basin to the east and the Wind River basin to 
the southeast. 
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Bentonite 

Thin beds of bentonite, generally impure, are pres
ent in the Mowry Shale, Frontier Formation, Cody Shale, 
Bacon Ridge Sandstone, and Harebell Formation. 
Although none of the bentonites is sufficiently thick, 
pure, or accessible to constitute a mineral resource, their 
trace-element content is worth noting. Some of them have 
concentrations of silver (as much as 5 ppm), molyb
denum, and tin (table 4, data set 15, McDanal and others, 
1983). Those in the Mowry Shale in the Teton Corridor 
have been described (Love, Antweiler, and Williams, 
1975), and are generally less than 2 feet (0.6 m) thick. 

Nine bentonite beds, the thickest a pale-lemon
yellow bed 3 feet (0.9 m) thick, were measured in the 
Frontier Formation (basal part of the Arizona Creek sec
tion; thickest beds are shown in pl. 6) near the southeast 
end of the exposed part of the Bailey anticline. They are 
associated with plastic shales and constitute an unstable 
zone that is marked by landslides at all outcrops. The 
Arizona Creek section has been extensively trampled and 
licked by elk and deer. In places licked holes extend as 
much as 2 feet (0.6 m) into the hillside. These beds con
tain an unidentified yellow bitter salt (0. A. Beath, 
University of Wyoming, written commun., 1950). Sam
ple B-178 from the Frontier Formation is a bentonite in 
the basal part of the formation but from a locality east 
of the Teton Corridor. An impure bentonite 10.7 feet 
(3.3 m) thick is present in the Frontier Formation in the 
Enos Creek section (pl. 6). 

A 2.2 foot (67-cm) bed of light-gray impure mica
ceous bentonite is near the base of the Cody Shale in the 
Arizona Creek section (pl. 6), and a few thinner beds of 
bentonite occur higher in the formation. A 3.3 foot (1 m) 
pearl-gray biotitic bentonite is present about 600 feet 
(180m) above the base of the Bacon Ridge Sandstone 
in the Arizona Creek section (pl. 6), and is probably part 
of the pearl-gray marker zone that is widespread in the 
Bacon Ridge Sandstone of Jackson Hole (Love, Hose, 
and others, 1951). 

Several impure bentonites 5-10ft (1.5-3 m) thick 
are present in the lower and middle parts of the Harebell 
Formation near the southern boundary of the Teton 
Wilderness west of North Buffalo Fork. 

Building Stone 

The Flathead Formation is a possible source of at
tractive building stone at several localities on the north 
side of Angle Mountain, along North Buffalo Fork, and 
on the south side of Terrace Mountain. All these 
localities, however, are remote; stone of comparable 
quality could be obtained much more cheaply at many 

other localities in northwestern Wyoming. The same 
statement applies to the Madison Limestone and Cam
brian limestones on the flanks of the Washakie Range. 
The crystal-poor part of the Huckleberry Ridge Tuff has 
been used by residents of Teton County for building 
stone. It is colorful in some places (red, orange, pink, 
purple, and gray), is lightweight, easily cut and shaped, 
and moderately durable. No quarries have been opened 
in or near the wilderness; all are farther south in Jackson 
Hole. The largest quarry was opened by the U.S. Bureau 
of Reclamation at the northwest end of Signal Mountain 
5 miles (8 km) south of the wilderness and produced 
riprap for the adjacent Jackson Lake dam. Occurrences 
in other parts of Jackson Hole are more accessible than 
those in the western part of the Teton Wilderness. 

Sand and Gravel 

Sand and gravel deposits are not as plentiful in the 
western segment of the wilderness as they are elsewhere 
in Jackson Hole, and there is no unique quality that 
would make them particularly attractive. Most of the 
deposits of sand and gravel in the eastern segment of the 
wilderness are poorly sorted; they also contain a high pro
portion of soft volcanic fragments that makes them 
generally unsuitable for concrete and road metal. 

Radioactive Springs 

Radioactive cold water has deposited moderately 
radioactive travertine at Soda Springs, about 1 mile 
(1 ,600 m) east-northeast, upstream, from the junction of 
Soda Fork and North Buffalo Fork. These springs have 
not previously been described, as far as we know. There 
are two areas of active springs. The eastern one is the 
largest, with cold water (50Df'; 10°C) emerging from a 
pool 15 feet (4.57 m) across and flowing an estimated 
32,000 gallons (121,600 L) per day (as of July 20, 1974). 
The water is highly astringent (hence the name Soda 
Springs) but supports algae and is drunk by elk. Nonflam
mable gas with a sulfur odor continually bubbles up from 
many orifices. 

Brown, crudely stratified travertine 10 feet (3.5 m) 
or more in thickness has been deposited, apparently dur
ing a long period of time, around the orifice. The traver
tine encloses many leaf impressions and snails. Bedrock 
on the north side of the spring is dense Archean dark
green gneiss and greenstone, with foliation tilted steeply 
southeastward. 

The most radioactive travertine is on the southeast 
margin of the pool and is stained red and black with iron
and manganese-rich layers. The maximum radioactivity 
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is about 1.0 mR/hr, but the average throughout the 
travertine deposit ranges from 0.05 to 0.2 mR/hr. A 
broad bare mound of red, white, and brown travertine 
has been built up downslope from the main orifice. 

The smaller of the two springs is about 400 feet 
(122 m) west-northwest of the larger spring and flows 
about 14,000 gallons (53,200 L) per day of water (as of 
July 20, 1974) with a temperature of 460f (8°C). The 
water is strongly astringent but not as much as that from 
the larger spring. This deposit is not as radioactive as the 
deposit at the largest spring, and less gas accompanies 
the water. 

Samples of travertine and water showed only traces 
of uranium. The radioactivity is probably due to radon 
gas and radium. 

Another area of travertine is along the Archean
swamp contact about 300 feet (90 m) west-southwest of 
the smaller spring. At the time of examination this site 
was nearly dormant, and its radioactivity was little above 
background. 

A portable core drill was used by Lon Imeson (now 
deceased) to prospect the most radioactive area during 
the uranium boom of the 1950's. No map is available of 
the drill sites or of the depth of the core holes, or of the 
analyses of the cores. Some of the cores were observed 
(by J. D. Love) and were of gray coarse-grained sand
stone, probably the Flathead Sandstone. Presumably, the 
sites were south of the springs, on the south side of the 
Soda Fork normal fault (pl. 1). If they had been on the 
north side, dark-green Archean rocks would have been 
encountered. The mineralized water comes up along this 
concealed fault, and the sources of radioactivity and soda 
are probably in the Archean rocks. 

These radioactive springs have no resource signif
icance, but they are a curiosity, as they are the only 
springs of this type in the region. It is not known if the 
radioactivity is sufficient to be a health hazard to peo
ple. The springs are along one of the most traveled trails 
in this part of the Teton Wilderness, and trail use is con
tinually increasing. Therefore, we recommend that the 
possibility of a radioactive health hazard be investigated 
further. 

Geothermal Resources 

Two parts of the Teton Wilderness are of some 
geothermal interest. The potential of the Teton Corridor 
area has been described (Love, Antweiler, and Williams, 
1975). No new data have been acquired since that report 
was issued. 

The other area of interest is in the swampy flood 
plain of North Buffalo Fork near its junction with Soda 
Fork. For a distance of about 1,500 feet (460 m), and 
trending in a northeasterly direction, is a series of dor
mant to active warm springs. Those most active and 
associated with the most travertine are shown at locality 
L74-46 on plate 2. Some mounds of calcareous traver
tine are as much as 4 feet (122 em) high. Continuous 
streams of nonflammable gas emerge in hundreds of 
places. No radioactivity was observed. 

Many of the hottest orifices (temperature 113 Of; 
45 OC) flow only small amounts of water, commonly with 
a mildly astringent taste. One of the hottest had a flow 
estimated to be 300 gallons (1,140 L) per day (as of July 
20, 1974). Red algae are common in the hottest water. 
The main stream traversing the most active thermal area 
had an estimated flow of 250 gallons (950 L) per minute 
(as of July 20, 1974). 

Directly east across North Buffalo Fork from the 
thermal area just described, 300 feet (90 m) downstream 
from the junction with Soda Fork, at the edge of the river, 
is a warm spring that emerges from the Madison Lime
stone (loc. L74-49, pl. 2). The Madison strikes N. 5°W. 
and dips 45 ° W. The spring flows an estimated 20,000 
gallons (76,000 L) per day of water (as of July 20, 1974) 
with a temperature of 92 op (33.5 °C). The orifice is 
stained rusty brown. Nonflammable gas boils up force
fully and continuously. 

A branch of the Soda Fork fault probably cuts 
through the warm-spring area, and meteoric water, 
heated by thermal gradient, comes up along this fault. 
These springs have little geothermal potential. 

Analyses of samples of water, travertine, and 
gas did not disclose any suggestion of economic 
resources. 
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ECONOMIC APPRAISAL 

By Frank E. Williams, Jimmie E. Jinks, and 
Thomas D. Light, U.S. Bureau of Mines 

Introduction 

A mineral survey of the Teton Wilderness was made 
by the U.S. Bureau of Mines in 1972-1974. The area was 
classified in 1934 as a primitive area, reclassified in 1955 
as a Wilderness by the Secretary of Agriculture, and in 
1964 became a unit of the National Wilderness Preser
vation System. 

Previous Investigations 

No U.S. Bureau of Mines investigations have dealt 
specifically with areas within the Teton Wilderness. Some 
work by the Bureau under the Department of the In
terior's Heavy Metals Program is relevant to this study 
and is referred to in the section on gold. 

Present Investigation 

The U.S. Bureau of Mines began the present in
vestigation in 1972. The work consisted of: (1) a search 
of county, State, and Federal records for information on 
mining claims, mineral leases, mineral occurrences, and 
mineral production within the Teton Wilderness; (2) a 
review of the geology, mineral exploration, and mining 
history of the region; (3) a reconnaissance of the wil
derness in the summers of 1972 and 1973 which in
cluded searching for evidence of mineral deposits, 
looking for signs of activities related to mineral exploi
tation, and collection of stream-sediment samples; 
and (4) in 1974, taking cubic-foot samples of Quater
nary gravels and examination of mining claims and 
prospects. Bureau samples were analyzed by the Reno 
Metallurgical Research Center, U.S. Bureau of Mines, 
Reno, Nev. 

The Bureau of Mines' fieldwork was done by Frank 
E. Williams. He was assisted by Donald D. Keill in 1972, 
by William P. Long in 1973, and by Henry C. Meeves, 
Peter M. Mesard, and Mark G. Mueller in 1974. Because 
of incapacitating illness, Williams was unable to complete 
the written portion of this investigation. It was completed 
by Jimmie E. Jinks and Thomas D. Light. 

Mining History 

There are no producing mines within the Teton 
Wilderness, and available data suggest that past produc
tion was minor. A small amount of gold has been won 

from placers along Pacific Creek and, possibly, 
Whetstone and Pilgrim Creeks, although no gold produc
tion has been officially reported from any of the creeks. 
Adits were driven in Archean rocks on South Buffalo 
Fork in search of copper, but no production is indicated. 
An unknown but probably small amount of coal has been 
mined approximately 1 mile (1.6 km) inside the southwest 
corner of the wilderness on Pilgrim Creek. 

The only current mineral activity in the Teton 
Wilderness is a small gold placering operation by Frank 
Allen on unpatented mining claims on Pacific Creek (pl. 
7, location L). Intermittently since 1934, Allen has 
worked both banks of Pacific Creek by collecting high
water deposits and silt-laden moss when the high water 
recedes after the spring thaw. He processes surface 
material only, and the amount of material available varies 
each year according to the height and extent of the 
runoff-but the amount is usually small. The amount of 
gold produced has not been reported. 

Mining Claims and Mineral Leases 

The Bureau of Mines searched county courthouse 
records, State records, and Federal public land records 
for information on mining claims and mineral leases. 
Courthouse records were checked for Teton, Park, and 
Fremont Counties; however, only Teton County had 
notices of mining locations on file which were within the 
Teton Wilderness. The summary that follows was cur
rent as of 1974. 

Approximately 50 placer mining claims were staked 
along Pacific and Whetstone Creeks in 1895. In the years 
1905 through 1909, some 48 lode mining claims were 
staked along South Buffalo Fork between North Buffalo 
Fork and Cub creek, and about 12 lode mining claims 
were staked along North Buffalo Fork near the mouth 
of Soda Fork. Four lode mining claims were staked on 
North Buffalo Fork in 1919, and 14lode mining claims 
were staked on South Buffalo Fork in 1930. Since 1930 
some 11 lode mining claims and 104 placer mining claims 
have been staked within the boundaries of the present 
Teton Wilderness. General areas where claims have been 
staked are shown on plate 7. There are no patented min
ing claims within the Teton Wilderness. 

There are no mineral leases or permits in effect 
within the Teton Wilderness, and public land records of 
the U.S. Bureau of Land Management indicate that no 
leases or permits have been issued in the past. 

The area within the present Teton Wilderness was 
temporarily withdrawn from oil and gas leasing by a 
Secretarial Order on August 15, 1947. Consequently, no 
leases have been issued since, and there had been no leases 
issued prior to August 15, 1947. Oil and gas leases are 
in effect south of the Teton Wilderness, and in T. 44 N., 
R. 110 W., leases abut the wilderness boundary. 
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Mineral Resources 

The Mines and Minerals Map of Wyoming (Geo
logical Survey of Wyoming, 1970) and Bulletin 50, 
Mineral Resources of Wyoming (Osterwald and others, 
1966), also published by the Geological Survey of Wyo
ming, locate and describe the known mineral resources 
of Wyoming. Within the Teton Wilderness (not depicted 
in the report) the map shows areas containing coal, 
limestone, bentonite, and phosphate, one gold occur
rence, and one copper-gold occurrence. Coal, limestone, 
bentonite, and phosphate are also shown north, west, and 
south of the wilderness. Outside the southwest corner of 
the Teton Wilderness, the map shows an open-pit gold 
mine, which probably represents placer mining operations 
on Pacific Creek, and a gold occurrence within Grand 
Teton National Park. The Crouch Gold prospect (gold, 
copper, lead, zinc) 4 miles (6.5 km) north of the north
eastern tip of the Teton Wilderness and the Stinkingwater 
Region (molybdenum, copper, gold) 5 miles (8 km) east 
of the Teton Wilderness are the only mining centers 
reported in the vicinity of the wilderness. Both mining 
centers are in the Washakie Wilderness. 

Energy Resources 

Several formations which produce oil and gas 
elsewhere in northwest Wyoming are present in the Teton 
Wilderness. However, no exploratory holes for oil and 
gas have been drilled within the wilderness. The closest 
holes were drilled to test the Spread Creek anticline a few 
miles south of the wilderness (Strickland, 1956). The 
Spread Creek holes were plugged and abandoned. See the 
detailed discussion of oil and gas in this report. 

The western portion of the Teton Wilderness is 
underlain by the Jackson Hole coal field, which extends 
from Yellowstone National Park south to the Gros Ven
tre Range (Berryhill and others, 1950). The U.S. Bureau 
of Reclamation produced coal from the Mesaverde For
mation at a site on Pilgrim Creek in the southwestern cor
ner of the wilderness while an earth dam was being 
constructed on Jackson Lake. Coal mining was later 
shifted to a site outside the wilderness on Buffalo Fork 
near the mouth of Lava Creek. Information on the ex
tent of the workings and the amount of coal produced 
from the site on Pilgrim Creek is not available, but pro
duction was apparently minor. 

Although Wyoming is one of the major producers 
of uranium, there is no mention in the literature nor was 
any indication found during this investigation that 
uranium or other nuclear source materials occur within 
the wilderness. The formations from which uranium is 
produced in other parts of Wyoming are not present in 
the wilderness. 

Steam vents and hot springs, indicators of geother
mal resources, were not observed in the wilderness despite 

its proximity to Yellowstone National Park and the well
known geothermal phenomena there. See also the discus
sion of geothermal resources in this report. 

Nonmetallic Minerals 

Limestone, phosphate, bentonite, and building 
stone are present in rocks that crop out within the Teton 
Wilderness; however, no samples were taken within the 
wilderness to determine quantity and quality of the mate
rials. Information on samples from outside the wilderness 
suggests that the materials within the wilderness are not 
attractive for production because of their remoteness. As 
an example, Coffman and Service (1967) did not include 
the wilderness as having either present potential or latent 
(not commercially available in the foreseeable future) 
potential for the production of phosphate. 

Sand and gravel are present along stream courses, 
in the Harebell Formation, and in the Pinyon Conglomer
ate. The amount of sand and gravel would be measured 
in cubic miles; however, its resource potential is low 
because of its distance from roads and markets. 

Metallic Minerals 

The only metallic minerals reported to occur within 
the Teton Wilderness are copper and gold. The Bureau 
of Mines' investigation confirmed the presence of both 
metals in small quantities. No other metals were found 
in amounts sufficient to be of interest as possible sources 
of production. 

Copper 

Two adits on South Buffalo Fork (pl. 7) are believed 
to be copper prospects. Both adits are in contact zones 
between gneiss and amphibolite schist in an outcrop of 
Archean rocks. The eastern adit is on the north side of 
South Buffalo Fork on the valley floor about 5 miles 
(8.2 km) upstream from the junction with North Buffalo 
Fork. The adit is covered by a talus slide. The bearing of 
the adit is about N. 35 ° W. A 50-ton dump and the re
mains of a log cabin mark the site. Selected chips of 
copper-stained schist from the dump (sample 365) assayed 
0.08 percent copper, a trace of gold, and no silver. A grab 
sample (366) of the dump on 5-foot centers assayed 
50 ppm copper, a trace of gold, and no silver. 

The western adit is on the south side of South Buf
falo Fork 300 feet (100 m) above the valley floor about 
1.1 mile (1.8 km) west-southwest of the eastern adit. The 
western adit was driven S. 47° W., 88 feet (27 m) on a 
shear between gneiss and amphibolite schists. The adit 
is partly caved. A 2- to 6-inch (5- to 15-cm) gouge zone 
on the footwall of the shear was sampled (367) and 
assayed 0.45 percent copper, a trace of gold, and no silver. 
See also the discussion of this prospect in the section on 
copper, silver, and gold in Archean rocks in this report. 
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The State Geologist of Wyoming in his report to 
the Governor for 1909 (Hall, 1910) referred to the "Buf
falo Fork Mining District" and stated that copper sulfides 
occur in granite, schist, and diorite. Hall stated that there 
are several hundred feet of shafts and drifts, but the adits 
described were all that were found during this investiga
tion. No other reference was found to copper prospects 
on Buffalo Fork. 

Gold 

Gold is found in the Teton Wilderness in the 
Harebell Formation, the Pinyon Conglomerate, and 
Quaternary gravels (Antweiler and Love, 1967). (See also 
the U.S. Geological Survey's section on gold in this 
report.) This gold occurs as extremely small particles and 
resembles the flour gold found along the Snake River in 
Wyoming and Idaho. Gold in minute flakes is referred 
to in the literature as flour, flood, float, light, fine, 
powder, flake, and scale gold. The fineness (parts per 
thousand) of flour gold is normally higher than the 
fineness of regular placer gold. The following fineness 
values have been reported for Snake River gold: Hill 
(1916), 930 to 951 fine with an average of 945; Hite 
(1933a), 954 fine; and Hite (1933b), 943 fine. Gold 
recovered in this investigation from gravels of Pacific 
Creek has a fineness of 950. Values were calculated by 
the U.S. Bureau of Mines for this report using a market 
price of $450 per troy ounce adjusted to 950 fine gold, 
that is an adjusted value of $427.50 per ounce or $0.01374 
per milligram. 

Hague, Schultz, Hill, Wells, and others have 
reported on the size, distribution, character, source, and 
nature of the gold in the gravels of the Snake River. 
Hague and others (1899) wrote "For many years the 
gravels along Snake River and Pacific Creek in the 
neighborhood of Jackson Lake have been known to yield 
a slight amount of gold to mining prospectors, but not 
in remunerative quantities. Evidences of gold may be 
found by washing with a pan almost anywhere in the 
streams coming down from the conglomerate. It is quite 
likely that this gold has in great part been derived from 
the conglomerates of the Pinyon Peak Formation." The 
Pinyon Peak Formation referred to by Hague is now 
named the Harebell Formation and the Pinyon Con
glomerate (Love, 1973a). 

Schultz (1907) commented, "Unlike other gold 
placers, those of the Snake River do not increase in gold 
values as bed rock is approached * * *. '' 

Hill (1916) pointed out that skim-bar gravels are 
the most valuable gravels found along the Snake River 
and stated, ''The gold content of the skim bar gravels 
is not equally distributed over the skim bar. The richest 
gravels are found in the outer edges of the bars, where 
the gravels 'tail off', and to a depth of 6 to 8 inches only.'' 

Wells (1973), discussing flood gold deposits, said 
"* * * in streams draining a gold-bearing region, seem
ingly rich deposits of fine-size gold may be concentrated 
near the upper point of the inside bars, between the high 
and low water marks. Good surface showings of fine-size 
gold are not uncommon and although they may appear 
to be valuable, experience has shown that in most cases 
the gravel a few inches beneath these surface concentra
tions is nearly worthless.'' Wells stated that the best 
known flood gold occurrences in the United States were 
those along the Snake River. 

The gold-bearing sedimentary rocks in northwest 
Wyoming were the subject of studies by the U.S. Geolog
ical Survey (Antweiler and Love, 1967) and the U.S. 
Bureau of Mines in 1966 and 1967 under the Department 
of the Interior's Heavy Metals Program. 

In the fall of 1967 the U.S. Bureau of Mines, work
ing with the U.S. Geological Survey, carried out a recon
naissance bulk-sampling project of the Harebell 
Formation, the Pinyon Conglomerate, and Quaternary 
gravels derived from these formations on tributaries of 
the Buffalo Fork River directly south of the Teton 
Wilderness. The results are pertinent to this study only 
so far as they indicate sampling, value determination, and 
gold-recovery problems to be met in dealing with these 
formations within the Teton Wilderness. The Bureau 
reported the results of the 1967 bulk-sampling project 
(U.S. Bureau of Mines, 1968, p. 10) as follows: "In 
Wyoming, nearly 250,000 pounds of samples were cut 
from gravel terraces and in-place conglomerates by rotary 
drilling, bucket-hole drilling, and backhoe trenching at 
locations recommended by the Geological Survey and 
processed through a specially designed and assembled 
field concentration plant during a 3-month period. 
However, analytical results failed to indicate concentra
tions anywhere near approaching a grade that could 
conceivably be exploitable through improvement in tech
nology. With few exceptions, the samples showed gold 
values ranging from a trace to less than 3 to 5 cents per 
cubic yard * * *.'' The 3 to 5 cents was based on a gold 
price of $35 per troy ounce. 

Sampling and Analytical Results 

A total of 367 stream-sediment, channel, and other 
samples were taken by the Bureau of Mines throughout 
the Teton Wilderness during the period of investigation, 
from 1972 to 1974. In the summers of 1972 and 1973, 
221 samples were taken from unconsolidated sediments 
along the major stream courses (pl. 7). These samples 
(l-221) were taken to evaluate the potential for heavy 
mineral deposits-especially the very fine grained (flour) 
gold which has been reported from the Harebell Forma
tion, Pinyon Conglomerate, and Quaternary gravels 
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(Antweiler and Love, 1967)-and delineate areas for more 
detailed sampling. 

Channel samples (222-334) were taken from 10 
locations (A-J, pl. 7). These locations were selected on 
the major drainages west of the Continental Divide which 
were indicated by the stream-sediment sampling program 
to be the most favorable for the concentration of flour 
gold. None of the stream-sediment samples collected east 
of the Continental Divide assayed greater than 10 
milligrams of gold per cubic yard, so additional sampling 
was not undertaken in that portion of the wilderness. 

Samples (335-364) other than the stream-sediment 
and channel samples were taken at locations K-M (pl. 
7) as part of the investigation of flour gold occurrences. 
In addition, three samples (365-367) were taken in an area 
of copper mineralization on South Buffalo Fork. 

Samples 1-334, unless otherwise indicated, were 
amalgamated and free gold content determined. The tail
ings were spectrographically analyzed for: aluminum, 
antimony, arsenic, barium, beryllium, bismuth, boron, 
cadmium, calcium, chromium, cobalt, copper, gallium, 
gold, hafnium, indium, iron, lanthanum, lead, lithium, 
magnesium, manganese, molybdenum, nickel, niobium, 
phosphorus, platinum, rhenium, scandium, silicon, silver, 
sodium, strontium, tantalum, tellurium, thallium, tin, 
titanium, tungsten, vanadium, yttrium, zinc, and 
zirconium. 

Stream-Sediment Samples 

All stream-sediment samples were collected and 
panned in two half-size (12-in.) gold pans by two pan
ners. Before panning, samples were screened through a 
0.0232-inch (28-mesh) screen to eliminate coarse material. 
After panning, the material from both pans was com
bined, and gold values were computed using a factor of 
200 combined pans per cubic yard (262 combined pans 
per cubic meter). These factors are approximate. Dif
ferent factors would change the calculated gold values. 

Of the 221 panned-concentrate stream-sediment 
samples collected, 44 samples contained gold concentra
tions greater than 10 mg/yd3 (8 mg/m3) (table 21). Plate 
7 shows the location of the stream-sediment samples and 
indicates those which assayed greater than 10 mg/yd3• 

The majority of the higher concentrations occur along 
Pacific Creek and Pilgrim Creek, with scattered occur
rences along Wolverine Creek, Rodent Creek, Lava 
Creek, and South Buffalo Fork. 

The content of 11 milligrams gold per cubic yard 
(14.4 mg/m3) was arbitrarily selected as the cutoff for 
further sampling. 

Samples 128, 139, and 146 had significantly higher 
gold concentrations than any of the other stream
sediment samples. The gold content of sample 139 from 
an unpatented claim on Pacific Creek outside the 

Table 21. Stream-sediment samples assaying more than 10 
milligrams gold per cubic yard, Teton Wilderness and adjacent 
areas 
[Value calculated at $0.01374 per milligram, based on $450.00 per troy 
ounce adjusted to 950 fine gold] 

Gold content 
Value 1 

Sample 

No, Drainage (mg/yd 3 ) (mg/m3) ( cents/yd 3) 

2 Coulter Creek ••••••••••• 25.0 32.8 34.5 
3 Wolverine Creek ••••••••• 19.3 25.3 26.4 
5 Rodent Creek •••••••••••• 13.3 17.5 18.3 

13 ••••• do ••••••••••••••••• 13.0 17 .o 18.0 
26 Wolverine Creek ••••••••• 15.5 20.3 21.3 

83 Pilgrim Creek,, ••••••••• 31.4 41.1 43.2 
84 ••••• do. •••••••••••••••. 42.2 52.2 57.9 
85 ••••• do ••••••• •••••••••• 11.8 15.4 16.2 
86 ••••• do ................. 22.2 29.0 30.6 
87 ••••• do ••••••••••••••••• 51.4 67.3 70.5 

94 Whetstone Creek ••••••••• 59.8 78.3 82.2 
96 ••••• do •••• ••••••••••••• 50.3 65.9 69.0 
97 • , ••• do ••••••••••••••••• 69.2 90.6 95.1 
98 ••••• do •••••••••• ••••••. 30.3 39.6 41.7 
125 Pilgrim Creek •• , •••••••• 17.6 23.1 24.3 

127 ••••• do ••• ,,,, •••••••••• 49.2 64.5 67.5 
128 ••••• do ••••••••• •••••••• 211.6 277.2 290.7 
131 East Fork Pilgrim Creek 27.0 28.8 30.3 
132 ••••• do,., •••• •••••••••• 24.6 32.2 33.9 
134 ••••• do •• ,., •• •••••••••• 12.6 16.5 17.4 

136 ••••• do •••• ••••••••••••• 23.0 30.1 31.5 
138 Pacific Creek ••••••••••• 52.4 68.6 72.0 
139 ••••• do. •••••••••••••••• 156.4 204.9 214.8 
141 ••••• do ••••••••••••••••• 13.1 17.2 18.0 
145 ••••• do ................. 65.4 85.7 90.0 

146 ..... do ................. 200.8 263.1 276.0 
147 ••••• do ••••••••••• , ••••• 75.2 98.5 103.2 
148 ••••• do, •••••••••••••••• 86.8 113.7 119.4 
149 ••••• do •••••••••• ,,, •••• 15.3 20.0 21.0 
150 ••••• do, •••••••••••••••• 15.6 20.5 21.3 

152 ••••• do, •••••••••••••••• 14.1 18.4 19.5 
154 • , ••• do. •••• •• •••••• •••• 11.0 14.4 15.0 
155 •••• ,do. •••••••••••••••• 14.8 19.3 20.4 
156 ••••• do ••••••• , ••••••••• 20.1 26.4 27.6 
159 ••••• do ................. 14.8 19.4 20.4 

161 ••••• do ................. 67.5 88.4 92.7 
169 Lava Creek •••••••••••••• 12.0 15.7 16.5 
171 ••••• do ••••• •••••••••••• 20.6 27.0 28.2 
172 ••••• do. •••••••••••••••• 64.0 83.8 87.9 
173 ••••• do ••••••••••••••••• 57.9 68.0 71.4 

174 ••••• do ••••••••••••••••• 29.9 39.2 41.1 
194 South Buffalo Fork •• , •• , 12.0 15.7 16.5 
196 ••••• do. ••••••••• ••••••• 22.0 28.8 30.3 
215 Cub creek ••••••••••••••• 20.0 26.2 27.6 

wilderness boundary assayed 156 mg/yd3 (205 mg/m3
). 

Sample 128 from Pilgrim Creek and sample 146 from 
Pacific Creek assayed 212 mg/yd3 (277 ·mg/m3) and 
201 mg/yd3 (263 mg/m3), respectively. 

The spectrographic analyses of the stream-sediment 
samples showed a few amounts that are considered slight
ly above background, but no anomalous areas were iden
tified. Sample 201 had 0.3 percent copper, but all other 
samples ran 0.006 percent copper or less. Samples 72 and 
75 had 0.2 percent chromium and 0.6 percent lead. Sam
ple 114 had 0.2 percent chromium and 0.04 percent 
nickel. 
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Channel Samples 

Areas indicated by the stream-sediment samples to 
be potentially favorable for gold concentration were 
chosen for channel-sample locations (A-J, pl. 7). 
Channel-sample locations were selected in places that 
would allow maximum horizontal and vertical control for 
taking samples of measured volume in order to determine 
gold concentrations as accurately as possible. 

Channel samples, except those from channel A, 
were taken in 1-cubic-foot (0.03-m3) volumes at 1-foot 
(0.3-m) vertical intervals in naturally exposed stream
banks from the surface to the level of stream water 
saturation. 

The samples, except those from channel A, were 
sieved through 0.25-inch, 0.094-inch (8-mesh), and 
0.047-inch (16-mesh) screens. Sieving eliminated the cob
bles and pebbles and allowed the finer grained material 
to be concentrated for analysis. In some cases the larger 
size fractions were also analyzed to test the possibility that 
gold might have been derived from quartz pebbles. The 
16-mesh screen was found to be the optimum workable 
size for concentrating sample fines in the field. 

Four of the channel samples from Pacific Creek, 
two from Pilgrim Creek, one from Wolverine Creek, and 
one from Coulter Creek were examined microscopically 
to determine mineralogical content. The major constitu
ents were quartz, feldspar, lithic fragments, magnetite, 
and hematite. Trace amounts of sphene, zircon, apatite, 
ilmenite, amphibole, garnet, and mica were also observed 
in all samples. Monazite and tourmaline were present, 
but rare. 

Lava Creek, Location A 

A 6-foot (1.8-m) channel was sampled on Lava 
Creek in 1973 at location A (pl. 7) to check concentra
tions previously obtained in that area of 21-64 milligrams 
gold per cubic yard (27-84 mg/m3). Samples were taken 
at 1-foot (0.3-m) vertical intervals, screened, and then 
concentrated by panning. The screen oversize material 
from the top three samples was fire-assayed for gold 
(table 22). The interval from 3 to 6 feet averaged 17.2 
milligrams gold per cubic yard (22.5 mg/m3). 

Pacific Creek, Locations B-F 

Pacific Creek and its tributaries had many more 
stream-sediment samples assaying greater than 10 
mg/yd3 than any other stream system, so five of the 
channels sampled were along Pacific Creek south of the 
Whetstone Creek confluence (B-F, fig. 27). Surface grid 
samples (K, fig. 27) and selected samples (L, fig. 27) were 
also taken along Pacific Creek. Gold content for each 
channel is shown in table 22. 

Channel locations B, C, and D were on the south 
bank of Pacific Creek below the mouth of Whetstone 
Creek. Location C was about 150 feet (45 m) west of 
location B and location D was about 200 feet (60 m) 
west of location C. The highest gold concentrations were 
obtained from gravel just below a silt-gravel contact: 
sample 247 from channel D assayed 51.6 mg/yd3 

(67.4 mg/m3), and sample 236 from channel B assayed 
30.2 mg/yd3 (39.5 mg/m3). Channel C did not penetrate 
the gravel. 

Channel-sample locations E and F (fig. 27) were on 
the north bank of Pacific Creek on the highest exposed 
streambank in the wilderness. Location E was approx
imately 1,000 feet (300 m) west of location D, and 
location F was 200 feet (60 m) west of location E. The 
bank was composed of poorly sorted gravel, sand, 
silt, and boulders that were as much as 10 inches 
(25 em) in diameter. A 25-foot (8-m) vertical channel 
was cut at each location. Gold content of samples from 
channel E ranged from 1.4 mg/yd3 (1.8 mg/m3) to 
17.6 mg/yd3 (22.9 mg/m3), and samples from channel F 
ranged from 1.9 mg/yd3 (2.5 mg/m3) to 28.4 mg/yd3 

(37.1 mg/m3). 

Pilgrim Creek, Locations G and H 

On Pilgrim Creek about 3 miles (4.8 km) north of 
the wilderness boundary, a pair of 4-foot (1.2-m) vertical 
channels were sampled (location G, pl. 7). The channels 
were cut 30 feet (10m) apart in an effort to obtain data 
which can be correlated. The material sampled can be cor
related but the gold contents cannot. Gold content ranged 
from 0.8 mg/yd3 to 39.2 mg/yd3 (table 22). 

Channel location H was in a 10-foot gravel bank 
on the west side of Pilgrim Creek about 0. 7 miles (1.1 km) 
upstream (north) from location G (pl. 7). Ten samples 
were taken, each at one-foot intervals. Gold content 
ranged from 3.0 mg/yd3 to 16.5 mg/yd3 (table 22). The 
3-foot (1-m) interval between 4 and 7 feet averaged 
14.6 mg/yd3 (19.1 mg/m3). 

Wolverine and Coulter Creeks, Locations I and J 

Two gravel banks near the confluence of Wolverine 
and Coulter Creeks were sampled by cutting five vertical 
channels at two-foot intervals. Channel location I was 
on the north side of Wolverine Creek about 0.4 mile 
(0.6 km) upstream (east) from the confluence. Gold con
tent in channel I averaged 4.0 mg/yd3 (5.3 mg/m3), with 
a maximum of 5.0 mg/yd3 (7 .8 mg/m3) (table 22). 

Channel location J was on the east bank of Coulter 
Creek 200 yards (60 m) upstream (south) from the con
fluence (pl. 7). Twelve samples were taken at 1-foot 
intervals; their gold content averaged 2.3 mg/yd3 

(2.9 mg/m3) (table 22). 
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Table 22. Gold values in channel and surface samples, Teton Wilderness and adjacent areas 
[Value calculated at $0.01374 per milligram, based on $450.00 per troy ounce adjusted to 950 fine gold. Channel locations shown on pl. 7] 

Gold content Value 
Sample Interval (cents} 

No. Material (ft) (mg/yd3) (mg/m3) yd3) 

LAVA CREEK 
Channel A 

222 Gravel •••••••••••• 0-1 3.6 4.7 4.8 
1224 ••••• do ••••••••••• 1-2 4.6 6.0 6.3 1226 ••••• do ••••••••••• 2-3 Tr Tr --
1228 •••• .do ••• •••••••• 3-4 19.0 24.9 26.1 

229 ••••• do ••••• •••••• 4-5 12.6 16.5 17.4 
230 ••••• do ••• •••••• •• 5-6 20.0 26.2 27.6 

Average •••••• 10.1 13.1 13.8 

PACIFIC CREEK 
Channel B 

231 Silt •••••••••••••• 0-1 3.5 4.6 4.8 
232 ••••• do ••••••••••• 1-2 2.2 2.8 3.0 
233 ••••• do. •••••••••• 2-3 7.8 10.2 10.8 
234 ••••• do •• • • • •• • •• • 3-4 4.1 5.3 5.7 

235 Silt and gravel ••• 4.0-4.3 l1.9 15.5 16.5 
236 Gravel •••••••••••• 4.3-5.3 30.2 39.5 41.4 
237 ••••• do ••• •••••• •• 5.3-6.3 6.5 8.5 9.0 
238 ••••• do. •••••••••• 6.3-7.3 3.5 4.6 4.8 

Average •••••• 0.8 1.1 1.2 

Channel C 

239 Silt •••••••••••••• 0-1 1.1 1.4 1.5 
240 Silt and gravel ••• 1-2 1.4 1.8 1.8 
241 ••••• do ••••••••••• 2-3 .5 .7 .6 
242 ••••• do ••••••••••• 3-4 .3 .4 .3 

Average •••••• 0.8 1.1 1.2 

Channel D 

243 Silt •••••••••••••• 0-1 0.5 0.7 0.6 
244 ••••• do. •••••• •••• 1-2 4.6 6.0 6.3 
245 ••••• do ••••••••••• 2-3 1.9 2.5 2.7 
246 Silt and gravel ••• 3-4 13.2 17.3 18.0 

247 Gravel •••••••••••• 4-5 51.6 67.4 71.8 
248 ••••• do ••••••••••• 5-6 25.7 33.5 35.4 
249 ••••• do ••••••••••• 6-7 20.5 26.8 28.2 

Average •••••• 16.9 22.0 23.1 

1Samples 223, 225, and 227 (screening rejects from samples 
222, 224, and 226) were fire assayed and showed no gold. 

Gold 
Sample Interval 

No. Material (ft) (mg/yd3) 

Channel E 

250 Gravel •••••••••••• 0-1 4.1 
251 ••••• do ••••••••••• 1-2 13.8 
252 ••••• do. •••••••••• 2-3 9.7 
253 •••• .do ••••••••••• 3-4 1.4 
254 ••••• do ••••••••••• 4-5 14.6 

255 ••••• do ••••••••••• 5-6 16.5 
256 ••••• do ••••••••••• 6-7 5.7 
257 ••••• do. •••••••••• 7-8 7.8 
258 ••••• do ••••••••••• 8-9 5.9 
259 ••••• do. •••••••••• 9-10 3.0 

260 ••••• do ••• ••••• ••• 10-11 3.2 
261 ••••• do ••••••••••• 11-12 5.4 
262 ••••• do ••••••••••• 12-13 l1.9 
263 •••• .do ••••••••••• 13-14 17.7 
264 ••••• do. •••• •••••• 14-15 11.1 

265 ••••• do ••••• •••••• 15-16 10.3 
265 ••••• do ••••••••••• 15-16 10.3 
266 • •••• do ••••••••••• 16-17 l1.3 
267 • •••• do ••••••••••• 17-18 14.3 
268 ••••• do ••••••••••• 18-19 4.6 
269 ••••• do ••••••••••• 19-20 14.9 

270 ••••• do ••••••••••• 20-21 3.8 
271 ••••• do ••••••••••• 21-22 2.41 
272 ••••• do. •••••••••• 22-23 7.8 
273 •••• .do ••••••••••• 23-24 3.2 
274 ••••• do ••••••• •••• 24-25 5.9 

Average •••••• 8.4 

Channel F 

275 Gravel •••••••••••• 0-1 9.2 
276 ••••• do ••••••••••• 1-2 1.9 
277 ••••• do ••••••••••• 2-3 10.8 
278 ••••• do ••••••••••• 3-4 11.6 
279 ••••• do ••••• •••••• 4-5 6.5 

280 ••••• do ••••••••••• 5-6 7.8 
281 ••••• do ••••••••••• 6-7 5.4 
282 ••••• do ••••••••••• 7-8 15.1 
283 ••••• do ••••••••••• 8-9 10.0 
284 ••••• do ••••••••••• 9-10 4.3 

285 ••••• do ••••••••••• 10-11 23.0 
286 ••••• do ••••••••••• 11-12 11.1 
287 ••••• do ••••••••••• 12-13 42.1 
288 ••••• do ••••••••••• 13-14 28.4 
289 ••••• do ••••••••••• 14-15 7.6 

290 ••••• do ••••••••••• 15-16 5.4 
291 ••••• do ••••••••••• 16-17 4.9 
292 ••••• do ••••••••••• 17-18 7.8 
293 ••••• do ••••••••••• 18-19 2.4 
294 ••••• do ••••••••••• 19-20 2.7 

295 ••••• do ••••••••••• 20-21 7.0 
296 ••••• do ••••••••••• 21-22 9.7 
297 ••••• do ••••••••••• 22-23 5.9 
298 ••••• do ••••••••••• 23-24 4.3 
299 ••••• do •• ••• •••••• 24-25 12.2 

Average •••••• 10.3 
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content Value 

(mg/m3) 
(cents/ 

yd3) 

5.3 5.7 
18.0 18.9 
12.7 13.2 
1.8 1.8 

19.1 20.1 

21.5 22.8 
7.4 7.8 

10.2 10.8 
7.8 8.1 
3.9 4.2 

4.2 4.5 
7.1 7.5 

15.5 16.5 
22.9 24.3 
14.5 15.3 

13.4 14.1 
13.4 14.1 
14.8 15.6 
18.7 19.5 
6.0 6.3 

19.4 20.4 

4.9 5.1 
3.2 3.3 

10.2 10.8 
4.2 4.5 
7.8 8.1 

11.0 11.4 

12.0 12.6 
2.5 2.7 

14.1 14.7 
15.2 15.9 
8.5 9.0 

10.2 10.8 
7.1 7.5 

19.8 20.7 
13.1 13.8 
5.7 6.0 

30.0 31.5 
14.5 15.3 
55.1 57.9 
37.1 39.0 
9.9 10.5 

7.1 7.5 
6.4 6.6 

10.2 10.8 
3.2 3.3 
3.5 3.6 

9.2 9.6 
12.7 13.2 

7.8 8.1 
5.7 6.0 

15.9 16.8 

13.5 14.1 



Table 22. Gold values in channel and surface samples, Teton Wilderness and adjacent areas-Continued 

Gold content Value 
Sample Interval (cents/ 

No. Material (ft) (mg/yd3} (mg/m3) yd3} 

PILGRIM CREEK 

Channel G--North-upper 

300 Silt •••••••••••••• 0-1 13.2 17.3 18.0 
301 Clay and gravel ••• 1-2 6.2 8.1 8.4 
302 Silt •••••••••••••• 2-3 3.8 4.9 5.1 
303 Clay and gravel ••• 3-4 4.1 5.3 5.7 

Average •••••• 6.8 8.9 9.3 

Channel G--South-lower 

304 Silt •••••••••••••• 0-1 0.8 1.1 1.2 
305 Clay and gravel ••• 1-2 39.2 51.2 54.0 
306 Silt •••••••••••••• 2-3 .8 1.1 1.2 
307 Clay and gravel ••• 3-4 Lost Lost --

Average •••••• 13.6 17.8 18.6 

Channel H 

308 Gravel •••••••••••• 0-1 7.6 9.9 10.4 
309 ••••• do ••••••••••• 1-2 5.4 7.1 7.5 
310 ••••• do ••••••••••• 2-3 3.0 3.9 4.2 
311 ••••• do ••••••••••• 3-4 7.3 9.5 9.9 
312 ••••• do ••••••••••• 4-5 13.8 18.0 18.9 

313 ••••• do •••• ••••••. 5-6 13.5 17.7 18.6 
314 ••••• do. •••••••••• 6-7 16.5 21.5 22.8 
315 •• •• • do ••••••••••• 7-8 3.0 3.9 4.2 
316 • • • • • do ••••••••••• 8-9 8.6 11.3 5.7 
317 ••••• do ••••••••••• 9-10 5.1 6.7 6.9 

Average •••••• 8.4 11.0 5.4 

COULTER CREEK 
Channel I 

318 Gravel •••••••••••• 0-1 2. 7 3.5 3.6 
319 ••••• do ••••••••••• 1-2 4.3 5.7 6.0 
320 Sand •••••••••••••• 2-3 5.9 7.8 8.1 
321 Gravel •••••••••••• 3-4 4.3 5.7 6.0 
322 ••••• do ••••••••••• 4-5 3.0 3.9 4.2 

Average •••••• 4.0 5.3 5.4 

Other Samples 

Samples other than the stream-sediment and 
channel samples discussed above were taken on Pacific 
Creek and on Gravel Mountain to determine the presence 
and distribution of flour gold. Three samples were taken 
on South Buffalo Fork to check for copper, gold, and 
silver. 

Gold content Value 
Sample Interval (cents/ 

No. Material (ft) (mg/yd3) (mg/m3) yd3) 

Channel J 

323 Gravel •••••••••••• 0-1 1.6 2.1 2.1 
324 ••••• do ••••••••••• 1-2 .5 .7 .6 
325 ••••• do ••••••••••• ~=~ l:Y !:! !:! 326 ••••• do ••••••••••• 
327 ••••• do ••••••••••• 4-5 1.9 2.5 2. 7 

328 ••••• do ••••••••••• 5-6 3.5 4.6 10.8 
329 ••••• do ••••••••••• 6-7 4.6 6.0 6.3 
330 ••••• do. •••••••••• 7-8 1.6 2.1 2.1 
331 ••••• do ••••••••••• 8-9 1.4 1.8 1.8 
332 ••••• do ••••••••••• 9-10 6.2 8.1 8.4 

333 ••••• do ••••••••••• 10-11 1.4 1.8 1.8 
334 ••••• do ••••••••••• 11-12 1.6 2.1 2.1 

Average •••••• 2.3 2.9 3.3 

PACIFIC CREEK 
Location K--Surface samples 

335 Gravel •••••••••••• 0-1 26.7 34.9 36.6 
336 ••••• do ••••••••••• 1-2 7.6 9.9 10.5 
337 ••••• do ••••••••••• 2-3 6.8 8.8 9.3 
338 ••••• do ••••••••••• 3-4 4.3 5.7 6.0 
339 •••• .do ••••••••••• 4-5 19.2 25.1 26.4 

340 ••••• do ••••••••••• 5-6 13.2 17.3 18.0 
341 ••••• do ••••••••••• 6-7 11.3 14.8 15.6 
342 ••••• do ••••••••••• 7-8 13.8 18.0 18.9 
343 ••••• do ••••••••••• 8-9 4.9 6.4 6.6 
344 ••••• do ••••••••••• 9-10 14.0 18.4 19.2 

PACIFIC CREEK 
Location K--Surface samples 

345 ••••• do ••••••••••• 10-11 18.9 24.7 26.1 
346 ••••• do ••••••••••• 11-12 5.4 7.1 7.5 
347 ••••• do ••••••••••• 12-13 2.7 3.5 3.6 
348 ••••• do ••••••••••• 13-14 6.8 8.8 9.3 
349 ••••• do ••••••••••• 14-15 12.7 16.6 17.4 

350 ••••• do ••••••••••• 15-16 17.4 22.9 24.3 
351 •••• .do ••••• •••••. 16-17 39.4 51.1 54.0 
352 ••••• do ••••••••••• 17-18 7.8 10.2 3.6 
353 ••••• do ••••••••••• 18-19 15.4 20.1 21.3 
354 ••••• do ••••••••••• 19-20 21.3 27.9 29.4 

Average •••••• 13.5 17.6 18.6 

Pacific Creek, Locations K and L 

Sample location K was on the west side of Pacific 
Creek outside the wilderness at the head of a meadow 
(fig. 27). Samples 335 through 354 were 1 cubic foot 
(0.03 m3) in volume and taken at 100-foot (30-m) inter
vals on a 300- by 400-foot (90- by 120-m) grid (fig. 28). 
These surface samples were taken to determine the grade 
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1 KILOMETER 

Figure 27. Localities of channel samples B-F and surface
and-specimen samples K and L, Pacific Creek and Teton 
Wilderness boundary (dot-dash line), T. 41 N., R. 113 W. 
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Figure 28. Grid showing sample localities 335-354, location 
K (fig. 27), Pacific Creek southwest of Teton Wilderness bound
ary in T. 41 N., R. 113 W. 

and distribution of the flour gold in a horizontal plane 
in the gravels. Gold content of the samples ranged from 
2.7 to 39.4 mg/yd3 (3.5 to 51.5 mg/m3), and the average 
for the 20 samples was 13.5 mg/yd3 (17 .6 mg/m3) (table 
22). The average content at sample location K was 
exceeded only by the average content for channel D, 

16.9 mg/yd3 (22.0 mg/m3), and the average value for 
channel G-south, 13.6 mg/yd3 (17.8 mg/m3). 

Three cubic-foot samples (355-357), consisting of 
approximately two-thirds silt and one-third gravel, were 
collected from surface material on the north bank of 
Pacific Creek at location L (pl. 7). These samples were 
taken in the area where Frank Allen intermittently con
ducts a small placer operation on an unpatented mining 
claim. Sample 355 was run through Allen's gold saver, 
a washing trommel, to eliminate coarse material and 
break up silt aggregates, then sieved through a 16-mesh 
screen before being assayed. Sample 356 was panned, and 
sample 357 was sieved through a 25-mesh screen; neither 
was run through the gold saver. Gold content of sample 
355 was 173.6 mg/yd3 (226.9 mg/m3), sample 356, 52.7 
mg/yd3 (68.8 mg/m3), and sample 357, 212.2 mg/yd3 

(277 .4 mg/m3). These were the highest concentrations 
obtained on cubic-foot samples by the Bureau during this 
investigation. The next lower concentration was 51.6 
mg/yd3 (67 .4 mg/m3) for sample 247 at location D. 

Gravel Mountain, Location M 

Seven samples (358-364, pl. 7), taken on the south 
side of Gravel Mountain at location M, represented 
various lithologic components from the Pinyon Conglom
erate (gold was not detected by fire assay in any of the 
samples: 

Sample Description 

358 4-ft horizontal chip along light-colored sandstone lens. 
359 Sandstone from above zone. 
360 Pebbles from 25-ft (7 .6-m) vertical zone. 
361 Sandstone from above zone. 
362 6-ft (1.8-m) horizontal chip along dark-colored sand-

stone lens. 
363 Randomly selected light-colored pebbles. 
394 Randomly selected dark-colored pebbles. 

South Buffalo Fork 

Three samples (365-367, pl. 7) were taken in an area 
of copper mineralization on South Buffalo Fork. Samples 
365 and 366 were taken from the dump of a caved adit 
(east); 365 was composed of selected rock chips stained 
with copper oxides and contained 0.08 percent copper; 
sample 366 was a grab of the entire dump on 5-foot 
centers and contained 0.0005 percent copper. Sample 367 
was from a 2- to 6-inch (5- to 15-cm) gouge zone in a 
second adit (west) and contained 0.45 percent copper. The 
absence of alteration and the limited extent of the cop
per mineralization suggest that the area has little poten
tial for the production of copper. None of the samples 
contained more than a trace of gold or silver. 
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Conclusions 

The results of the U.S. Bureau of Mines study in
dicate that the flour gold in the Teton Wilderness is thinly 
dispersed, and, where tested, the grade is far below the 
level needed for profitable recovery. Calculation of min
ing, milling, and reclamation costs was not warranted 
because of the extremely low grade. A study by the 
Bureau of Mines of similar occurrences in nearby areas 
reached the same conclusion in 1967 (U.S. Bureau of 
Mines, 1968, p. 10). 
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Table 3. Summary of geochemical data and statistical replacement information on stream-sediment, panned-concentrate, rock, and soil samples from 
the Teton Wilderness, northwest Wyoming 
[Gold analyses were made by atomic-absorption spectrometry (AA); mercury analyses by instrumental method (INST); other elements by six-step semiquantitative spectrographic 
analyses (S). Cold-extractable heavy-metals tests (CX-HM) were made by colorimetric comparison (CM). Values shown under raw-data (minimum, maximum, mean), replaced-data 
(geometric mean, geometric deviation),' and replacement-values (N, L, G) columns are in parts per million, except ircn, magnesium, calcium, and titanium, which are in per
cent. Columns B (not analyzed), N (not detected), L (detected but below satisfactory measurement level), and G (present in an amount greater than analytical method can 
satisfactorily measure) show the number of qualified analyses. The valid column shows the number of analyses not qualified by B, N, L, or G. Complete analytical data 
in McDanal and others (1983)] 

Col Column 
No, I, D. 

1 S-FE% 
2 S-MG/, 
3 S-CA /, 
4 S- T IX 
5 S -MN 
6 S-AG 
7 S-B 
8 S-BA 
9 s- co 

1 G s- CR 
11 s-cu 
12 S-LA 
13 s-~1o 
14 S-NB 
15 S-NI 
16 S-Pd 
17 S-SN 
13 S-SP 
19 s- v 
20 S-Y 
21 s- z i< 
22 S-ZR 
23 AA-AU-P 
24 INST-HG 
25 CM-CX-1-ill, 
26 AC-TH 
27 AC-u 

Minimum 

0.2000 
0 0 3000 
0.1DOC 
C.G200 

150.0000 
0 0 5000 

10.0000 
7(; 0 coco 

50 0000 
10.0000 

5. coco 
20.CGOO 

5.0000 
10.0000 

5. GG OG 
10.0000 

1 CO. CO'JG 
10.0000 
10.0000 

3GG.OOOO 
10.0000 

0.0200 
1. GOOO 
5.1360 
1 .0978 

* • • * * * * * RAW DATA 
Maximum Mean Standard 

15.000 
3.000 

20.000 
0. ?CO 

3GOC.OLC 
1.500 

7(1.000 
1500.000 

50.000 
700.000 
5GO.OCO 
100,000 

5.000 
10.000 

300.0CO 
100.COG 

1uCG.OOO 
300.CCO 

30.000 
30C .000 
3CO.OOC 

1.400 
SG.GCC 
13.155 

5 .1 34 

4.3300 
1.78(;0 
2.9700 
0.2720 

544.0000 
0.7330 

18.9000 
704.0000 

16 .40(;0 
1 2 4. coco 

26.0000 
32.BOCG 

5,00(;0 
1C.GOC8 
63.70Cu 
16.2000 

454.COCO 
76.7000 
14.00GO 

300.0000 
95.7000 

0.0839 
3.1800 
g. 2 50 c 
2. 39GO 

Deviation 

3.92C(; 
0.7450 
2.8080 
0.156U 

538.GUUO 
o.4u2o 

i 4. nco 
373.CG:.:C 

7.3700 
93.4UOC 
53.2uCO 
17.500(; 

O.CCU; 
50.2uCO 

9,890(.; 

23'3.0080 
48.9LCO 

4.8600 

47.6000 

0.236J 
B.4CuL. 
2.8100 
1.6100 

B 

106 
1[') 6 

N 

107 
41 

2 
3 
3 

4 
11 2 
109 

1 
6 

11 3 
5 

55 
112 

11 2 
2 

Soils 

l 

41 

11 

1 
49 
58 

G 0 t tle r 
Valid 

11 3 
11 3 
11 2 
11 3 
11 3 

6 
31 

111 
110 
110 
11 2 
1 0 2 

1 
4 

112 
96 

1 05 
11 3 

57 
1 

11 3 

62 
55 

7 
7 

* REPLACED DATA * 
Geom Geom Valid 
Mean 

3.1600 
1.6100 
2.2000 
0.2350 

374.0000 
0.2140 
7.6900 

549.0000 
14.2000 
89.8000 
18.2000 
27.20CO 

2.0200 
7,0900 

45.2000 
12.3000 

5.0000 
335.0000 
64,4000 

8.2100 
101.0000 

84.6000 
0.0101 
0.0174 
0.8520 
7.860(1 
2.0200 

Dev 

2.1 85 
1. 5 96 
2. 4 46 
1.733 
2.294 
1. 3 53 
1. 7 28 
2.329 
1.730 
2.418 
1. 864 
1.634 
1 .090 
1. G 6 3 
2. 4 73 
1. 7 66 
1.001 
2.1 51 
1. 8 21 
1. 71 7 
1 .1 09 
1. 6 92 
1.090 
2.924 
2.2 37 
1. 3 93 
1. 8 32 

113 
113 
113 
113 
113 
113 
113 
11 3 
113 
113 
113 
11 3 
113 
113 
11 3 
113 
11 3 
113 
113 
113 
113 
11 3 
113 
113 
11.3 

Replacement Values 
N l G 

0.02 
0.01 
0.02 
o.oo 
5.00 
0.20 
5.00 

10.00 
2.00 
5,0(' 
2.00 

10.00 
2.00 
7.00 
2.00 
3.00 
5.0C 

50.00 
5.00 
5.00 

100.00 
7.00 
0.01 
0.01 
0.3C 

0.03 
0.02 
0.03 
o.oo 
7.00 
0.30 
7.00 

1 5. 00 
3.00 
7.00 
3.00 

15.0::1 
3.00 

10.00 
3.00 
S.O:J 
7.00 

70.00 
7.00 
7,00 

1 50. OD 
1 o. 00 
0.03 
0. 01 
D. SQ 

30 
15 
30 

2 
7000 

3000 
7000 

30000 
1500 

3000 

1 500 

1 50 

col 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 



Stream sediments 

Col Col u,:,n ,. . * * * • * . . . * • Rl\01 D~TI\ . . . . * * . * * * * . Valid * FEPLACED DI\TI\ * Replacement Values Col 
No. I. D. Minimum f>;aximum Mean Stanoard 3 N L G 0 the r Geom Geom Valid N L G No. 

Deviation i"'ean Dev 

1 S-F E% 0.5000 , 0. (100 3. 2 900 1 • 64 DC 1 - - - - 656 2.9500 1. 604 656 0.02 o. :)3 30 1 
2 S- M G ·~ 0.1COL 10.(0() 2.0500 1. 26 :J 0 1 - - 1 - 655 1 .6800 2.005 656 0.01 0.02 1 5 2 
3 S-CA% 0.050L 10.['(0 2.52(;0 1.62:JC 1 - - - - 656 1.93CC 2.325 656 O.C2 0.03 30 3 
4 S-TIY. 0.0200 1 .CCu 0.2980 0.133Q 1 - - - - 656 o.2no 1.513 656 o.or O.OJ 2 4 
5 s- r~N 70.0000 zooo.cco 675.rcco 4 50. UOCL' 1 - - 1 - 655 522.0000 2.163 656 5.('0 7.0::> 7000 5 
6 S-AG G.SGilG 2.GOC 0. 8 8G C 0. 4~ 7l.i 1 639 2 - - 1 5 0.2fl7D 1. 2 42 656 0.2Cl 0.30 -- 6 
7 s -8 1C.DOOC 1DO.PCC 21.3000 17.2COC 1 1 56 269 - - 2 31 8.8CCf1 1. 8 66 656 5.cr 7.0) 3000 7 
B s- 5A 1CO.CULC 3COD.CCC 985.GOUO 424.CCC;U 1 - - - - 656 885.000[) 1. 6 3 B 656 10.00 15.0) 7000 'I 
9 s- co 5.UCCO 70.COO 19.00(;0 11. Bc.oo 1 74 2 - - 5 80 12 .6rr.O 2.373 656 2.'1('1 3.00 -- 9 

10 S-CR 10.('([0 1sco.rrc 197.00LO 146.CO:JO 1 10 - - - 646 134.GCOC 2.797 656 5.0C 7.0J -- io 
11 s-cu s.oucc 7CO.Of;0 16.80GO 28.40('[) 1 - 3 - - b53 13.80C'G 1 • 71 5 656 2.C'Q 3.0J 3JJO!) 11 
12 S-LA 2D.OOGC 3C'O.C'LU 36.90GC 2 7.1 (JC(_ 1 2 5 37 - - 5 94 29.5['[0 1. 6 85 656 1 0. 00 15.DJ 1500 1 2 
13 S-M0 10. Q,J:JO 20.COC 1 5 .GOGO 5.0000 1 6 51 2 - - 3 2.02CG 1 .1 4 6 656 2.00 3.0J -- 13 
14 s- NE: 10. CC'Jr; 50.(:(( 14.70(;0 7.8800 3 5t.9 41 - - 44 7.47GC 1 • 2 3 c, t'-54 7.nr 10.JJ -- 14 
15 5-NI 5.co:;c 3 00. ( cc 72.1000 46.1CCJ 1 1 1 - - 654 49,700(' 2.823 656 2.0[ 3.0) -- 1 5 
16 S-PB 1 c .cere so.rcc 16.60CC 6.76D: 1 t, 24 - - 626 14.SOCC 1. 513 656 3.0C 5.JJ -- 16 
1 7 s- s r; 1l.OGCC 30. 0(:[, 20.0GCG 14.10CJC 1 652 2 - - 2 5.020[ 1. 0 80 656 s.or 7.:JJ -- 17 
18 S-SR 1 Qtj. CGOC 15CO.COC 729.rocc 469.COiJC 1 26 3 - - 627 48!\.COQQ 2. 667 656 50.00 7C.OQ -- 1 8 
19 s- v 10.000G 3GO.OCO 106.00(,0 62.40CO 1 - - - - 656 90.20CC' 1. 797 656 s.or ?.OJ -- 19 
20 s-.,. 1(,,0000 1DO.OOC 1b.OOCO 11.300() 1 203 74 - - 379 10.1CC'C' 1 .909 656 5.(1(' 7.0:J 300(1 20 
21 S-ZN -- -- -- -- 1 649 7 - - - 1 oo .core, 1 .o 43 656 1CO.OO 150.00 -- 21 
22 S-ZR 20. c,ccc 1 C DO. CCC 159.0000 159.CO:JD 1 1 - - - 655 114.0000 2.211 656 7.0(' 10. co 1500 22 
23 AA-~U-P O.C290 21 • OOC• 2.15CO S.OSuD - 5 95 37 - - 25 0 .Oi 22 2. 2 89 657 0.£11 0.03 -- 23 
24 INST-HG o.ozco 1 • 5 C•C' 0.0453 0.0910 11 2 320 - - 324 0.01 53 2. 4 52 646 0.01 0.01 -- 24 
25 CM-CX-HN 1 .oooo 2 7. ('[,[. 2. 3 8(- 0 3. 01 Cl1 3 6 4 9f1 - - 1 4 9 0.6620 1. o64 654 C.3C1 0.5:1 1 50 25 
26 AC-TH 3.9077 35.059 8.45CG 5.230(' 60 3 - - - - 54 7.550(' 1 • 5 44 54 -- -- -- 26 
27 AC-u c. 3077 5.626 2.07GO 1. 0600 6ll3 - - - - 54 1. o600 1. 5 88 54 -- -- -- 27 

Panned concentrates of stream sediments and rocks 

Col Co lu ·nn • * • * . * * * * • * * RAW DATA * * * * * * * • * * * * valid * REPLACED DATA • Reolac~ment Values Col 
No. I. D. ~inimum Mal(imum Mean Standard B N L G Other Geom Geom Valid N L G No. 

Deviation Mean Dev 

1 S-FEi. 0.5000 20.000 8.270 6.0500 3?9 - - 29 - 792 6.3700 2.432 821 0.02 0.03 30, 1 
2 S-MG% 0.0200 10.000 3.550 3.3400 329 - - 2 - 819 1.9000 3.523 821 0.01 0.02 15' 2 
3 S-CA% 0.0500 15.000 3.040 3.2400 329 - 2 2 - 817 1.6900 3.336 821 0.02 0.03 30, 3 
4 S-Tii. 0.0150 1. 000 0.537 0.3300 329 - - 184 - 6..,7 0.5590 2.370 821 o.oo o.oo 2' 4 
s s-r~N 15.0000 5000.000 12?0.000 936.0000 329 - - 10 - 811 915.0000 2.423 821 s.oo 7.00 7000 5 
6 S-AG o.soro 100.000 1 1. 300 25.0000 3?;1 797 2 - - 22 0.2140 1. 607 821 0.20 0.30 -- 6 
7 S-E' 1o.nono 1500.000 n0.700 159.0000 329 179 310 1 - 3 31 11.4 000 2.765 821 s.oo 7.00 3000 7 
8 S-RA 20.0000 5000.000 386.000 47D.noo1 329 - - 6 - 815 266.0000 2.395 821 1 o.oo 1 s .oo 7000 8 
9 s-co 5.0000 200.00~ 37.400 32.70()[' 32(; 74 11 - - 736 19.0000 3.272 821 2.00 3.00 -- 9 

10 S-CR 10.0000 30'JO.OOJ 612.000 6?1 .ODOO 320 10 - - - 811 309.0000 3.999 821 5.00 7.00 -- 10 
11 s-cu 2.0000 1 OO.OC1J 25.200 23.no:::o 32'1 23 63 - - 735 14.0000 2.754 821 2.00 3.00 30000 11 
12 s-u 20.0000 1000.000 213.000 24 4. Qr)llti 329 21 5 40 10 - 556 53.5[100 4.607 821 1 o. 00 1 5. 00 1500 1 2 
1 3 S-1'1'() s.ooro 100.000 17.1 no 1 7. 6C CJi1 3 3r, '?50 11 - - 50 2.2500 1.610 811 2.00 3.00 -- 1 3 
1 4 s- r. i:3 1o.nooo 150.000 33.900 22.5000 3?Q 483 93 - - 245 11.1000 2 .o 11 821 7.00 1 o.oo -- 1 4 
1 5 S- tJ I 5.oono 500.000 95.400 93.4[1C'(J 3?9 1 3 4 - - 804 43.2000 4.309 821 2.00 3.00 -- 1 5 
16 S-P8 5.nooo 7DO.OOO 22.200 60.8000 3?9 2?2 1 61 - - 38R 6.790[) 2.262 821 3.00 s.oo -- 16 
1 7 s- s :~ 10.0000 200.000 30.700 37.(]0<]0 329 761 - - - 6') 5.5300 1.529 821 s.oo 7.00 -- 17 
1 8 s- s R 100.0000 1500.000 320.000 298.000'1 320 353 34 - - 434 114.0000 2. 5 54 821 so.oo 70.00 -- 18 
19 s-v 10.000'1 2000.0[)0 ?38.000 210.0000 329 - 1 - - 820 164.0000 2.515 821 5.00 7.00 -- 19 
20 S-Y 10.1'JOf'\O soo.ono 61.500 76.8000 'l.'?9 1D 28 6 - 674 25.4000 3.519 821 5.00 7.00 3000 20 
21 S-ZN 20[).0Q(Ji) 2000.0\JO 427.000 356.000:1 329 A36 81 - - 104 122.0000 1. 59t. 821 100.00 150.00 -- 21 
22 S-ZR 10.[)0(")0 1000.000 255.000 30R.OOOO 329 44 - 211 - 566 201.0000 5.451 821 7.00 1 o.oo 1500 22 .... 23 AA-AU-P r).0100 1040.000 11.400 50.31")()[' 7 361 68 - - 714 0.2600 18.890 1143 0.01 0.03 -- 23 !1,1 

cr 24 INST-Hu 0.02()0 1.301 0.049 I). QR-nl 419 1 0 401 - - 320 0.0138 2.485 731, 0.01 0.01 -- 24 
;- 2 5 01 - C X - H i•1 1 .nooo 50.000 2.290 4 .llOO(J 307 1 3 57/l. - - 162 0.6?.70 1. 7 51 753 0.30 0.50 150 25 
~ 26 AC-T~ -- -- -- -- 11 50 - - - - - -- -- 0 -- -- -- 26 

27 AC-U -- -- -- -- 1150 - - - - - -- -- 0 -- -- -- 27 

~ 



Table 3. Summary of geochemical data and statistical replacement information-Continued 

= Felsic igneous rocks 
~ 

Col Column * * * * * * * * * * * * R Alol DATA * • * * * * * * . . * * Valid * REPLACED DATA * Replacement Values Col 
No. I. D. Minimum rt.aximum Mean Standard B N L G Other Geom Geom Valid N L G No. 

~ Deviation Mean De II 
:r 
~ 1 S- FE 4 0. 5000 7.000 2.180 1.1500 - - - - - 64 1. 9400 1 .6 55 64 0.02 0.03 30 1 
~ 2 s-r~G% 0.0200 5.000 0.955 0.8830 - - - - - 64 0.5020 3. 996 64 0.01 0.02 1 5 2 
~ 3 S-CAi. 0.1000 15.000 1. 890 2.3300 - - - - - 64 1 .0800 3. 2 35 64 0.02 0.03 30 3 
~ 4 s-Tn 0.0100 0. 700 0.166 0.1100 - - - - - 64 0.1330 2.109 64 o.oc o.oo 2 4 Cll 
0 5 S-t·'N 100.0000 1500.000 361 .coo 387.0()00 - - - - - 64 255.0000 2.125 64 s.oo 7.00 7000 5 c 
~ 6 S-AG 0. 5000 2.000 1.170 0.7640 - 61 - - - 3 0.2160 1.440 64 0.20 0.30 -- 6 
~ 7 s-s 10.0000 30.000 1 7. 800 6.2400 - 36 10 - - 1 8 7.4000 1 • 7 53 64 s.oo 7.00 3000 7 Cll 

0 8 S-tlA 150.0000 3000.000 1130.000 580.0000 - 5 - - - 59 692.0000 3. 5 34 64 10.00 1 5. 00 7000 8 - 9 s-co 5.0000 30.000 9.750 5.2GOO - 11 - - - 53 6.7000 2.048 64 2.00 3.00 -- 9 ..... 
10 S-CR 20.0000 200.000 96.800 55.0000 - 23 1 - - 40 2S.4000 4.244 64 5.00 7.00 -- 10 :r 

~ 11 s-cu 5.0000 50.000 13.400 7.8100 - - 1 - - 63 11.4000 1. 7 44 64 2.00 3. 00 30000 11 
-t 12 S-LA 20.0000 200.000 71.900 59.0000 - 6 11 - - 47 35.7000 2. 5 71 64 10.00 1 5. DO 1 5 00 12 !!. 
0 13 S-MO 5. GOOO 10.000 8.640 2.3400 - 52 1 - - 11 2.5700 1. 7 42 64 2.00 3.00 -- 13 
:::::s 14 S-N8 15.COOO 70.000 36.500 16.8UCu - 40 - - - 24 12.5000 2.235 64 7.00 10.0J -- 14 
~ 1 5 S- tH 5.0000 100.000 33.100 28.1000 - - 8 - - 56 1 7.1 OGO 3 .o 62 64 2.00 3.00 -- 1 5 

iS: 16 s-ps 10.0000 1GO.CCG 27.400 23.9UGO - 1 4 - - 59 18.4000 2.204 64 3.00 s.oo -- 16 

~ 17 S-SN 1U.GOOO 15.000 10.900 2.0200 - 48 - - - 16 6.0600 1. 412 64 5.00 7.00 -- 17 
::I 18 S-SR 1 Ou. 0000 15CO.UOO 489.000 301.000(.) - 20 - - - 44 21L.OOGO 3 .o 4 3 64 50.00 70.00 -- 18 
~ 19 s-v 10.0000 150.000 40.1(;8 28.3uoo - - 5 - - 59 27.3000 2.345 64 5.00 7.00 -- 19 Cll 
Cll 20 S -Y 10.0000 100.000 50.900 36.900u - 3U - - - 34 14.2000 3.308 64 5.00 7.00 3000 20 
AI 
::I 21 S-ZN 20G.GOOO 500.COO 350.000 212.0000 - 62 - - - 2 104.0000 1. 2 43 64 100.00 150.0() -- 21 
c. 22 S-ZR 10.0000 5(;0.000 111.000 87.8000 - - - - - 64 82.0000 2.333 64 7.00 10.00 1 500 22 
> 23 AA-AU-P -- -- -- -- - 62 2 - - - 0.0103 1.1 7 4 64 0.01 0.03 -- 23 c. 24 INST-HG 0.0200 0.120 0.033 0.0226 - 9 34 - - 21 0.0106 2.1 37 64 0.01 0. 01 -- 24 ~· 
1"1 25 CM-CX-HM 1 • 0000 7 .coo 2.120 1. suoo - 8 39 - - 1 7 0.6410 1. 9 85 6 .. 0.30 0.50 1 50 25 
~ 26 AC-TH 3.1722 18.742 7.290 5.0GCO 56 - - - - 8 6.2400 1. 7 61 8 -- -- -- 26 a 
> 27 AC-u 0. 6 36 8 6.962 1. 690 2.1300 56 - - - - 8 1 .1 900 2.067 8 -- -- -- 27 

~ 
Intermediate igneous rocks AI 

~ 

~ Col c 0 L Uffi'l . * * * . * * * • * * * R~W DATA * * * * • * * * * * * * Valid * REPLACED DATA * Replacement Values Col 
-< No. I.LJ. .'1 in i mum f<,aximum Mean Stanaard 8 r.; L G Other Geom Geom Valid N L G No. 0 
3 Deviation ~ ean De II 
:r ; CJQ 1 S-FEI. 0. 5000 15.000 3.530 ~.58'JC - - - - - 1 8 3 2.97(\ 1. 7 31 155 0.02 0. :J3 30 

S-1%/. U.10CC 7.scr 2.i2CJ 1. 3g :J:; - - 1 - - 187 1. 710 2.075 188 0.01 O.J2 1 5 2 
s- c A 1: L. 070( 20. ((1(1 3.15G 2.54rc - - - - - 1 8 8 2.550 1. 971 1 8 8 0.02 0. :B 30 3 

4 s-rn. C.G050 G. 7[(\ 0.278 D. i 4J::J - - - - - 1 8 8 0.244 1. 7 52 188 o.oo o.oo 2 4 
5 s- MtJ 30. QQ(j(; 3COO.OQC 423.('00 3~5.ClJCJ - - - - - 183 306.000 2.226 133 5.00 7.00 7000 5 
6 S-AG -- -- -- -- - 1 BE'· - - - - o. 2or 1. CC1 188 0.20 0.30 -- 6 
7 S-8 1 o .c·.:nc 3D.C'C'C 15.C'CD 7. Cf, :: J - 11 5 66 - - 7 5. 84 (1 1. 2 77 1 88 5.00 7.00 3000 7 
8 s-uA 2>0.0uOC 5Dfl0.00C· 1170.0DC 553.DC.JJ - - - - - 188 1G30.CCJC' 1. 7 81 188 10.0(1 1 5. OJ 700:::1 8 
9 s- co 5 .[(J[i[ sc.cro 1 6. BOG 7 • ."S2(J[I - 1 7 - - - 1 71 12.600 2. 0 '15 1 8 3 2.00 3.03 -- 9 

10 S-CR 10. CGf'rJ 1000.0(1(1 170.0CO i45.0JJ8 - 1 5 2 - - 171 93.7GG 3.332 1 88 5.00 7.0:::1 -- 10 
11 s-cu 5. CC; ~- C 2lD.CLf: 2 2. 90 0 2 2. ?Cur; - - 3 - - 1 3 5 1 7. 30C 1. 9 88 188 2.00 3.0:1 3DO:JO 11 
12 S-LA 2Q.CGOC: 1 50. C· C f· 41. 8(10 30.1 c:,;,; - j 0 21 - - i 57 ? 9. 1lOC'• 1. e 11 1 8 8 1C.OC 15.0J 1500 12 
13 S-1'•0 s.ccr0 1s.crc 9.C'Cl0 'i.52J~ - 182 - - - 6 2. ("19[1 1. 2 90 1 II 3 2.00 3.00 -- 13 
14 S-N8 2[). ~1 \:ll(, 2D.l0C 2n.cc,o C. OGQ: - i St. 1 - - 3 7. 13f' 1. 1 44 1 8b ?.OC 10. OJ -- 14 
15 S-NI 5 .fG!•U 3 DO. C' f r. 62.000 47.t:O:'C - 1 - - - 1 ~ 7 43.600 2.526 18'l 2.00 3.JJ -- 1 5 
16 S-PI::i 10.GCI.l 10Q.ODC' 1b.8GO 9.0cJ0 - 6 9 - - 173 14 .liOC 1. 648 188 3.00 5. :n -- 1 6 
17 S-SN 30.CC,CC 30.000 3(}.000 -- - 187 - - - 1 s.osc 1 .1 40 188 5.00 7.0J -- 17 
18 S-SR 1 so .cere 1 5 co. ore 687.COC 355.[;():1[ - c 1 - - 179 535.00( 2 .o 93 188 50.Cl0 70.00 -- 1 8 
19 s-v 1 a • ~c ~ c 3 or. cc r 78.200 4t. 300[: - - - - - 1 8 3 66.4CIJ 1. 7 89 1 88 5. cc· ?.OJ -- 19 
20 S-Y 1 D. CGfiC'• 3C.CCC 13.300 4.96C~ - 91 14 - - 83 7. 700 1. 64C: 188 5.00 7.0J 3000 20 
21 S-ZN -- -- -- -- - 1 8.3 - - - - 100.000 1. 000 1 8 5 1oo.oo i5o.oJ -- 21 
22 S-ZR 2D.GCCL scc..ooc 98.00C: 56.2JJ:.. - 2 - - - 1 86 1'.3.7C·G 1. 7 60 1 88 7.00 10.00 1500 22 
23 AA-AU-P -- -- -- -- - 1 82 (_ - - - 0.01C 1 • 1 7 5 188 0.01 0.03 -- 23 
24 INST-HG c. c2 cr 0.45C O.C51 r.0765 - 1 1 20 - - 67 0 .L1 2 2. 3 88 1 88 c. 01 :) • 01 -- 24 
25 CM-CX-HM 1 • fJL C:C 35.000 4.150 ~.OB:'C - 3 1 59 - - 26 0.6CO 1. 3 34 1 3-'1 0.3n 0. 5~ 1 50 25 
26 AC-TH 'i • 99t!J 30.525 8.310 5.650~ 1 56 - - - - 32 1.r.1r 1. 7 77 32 -- -- -- 26 
27 AC-U Q. 5607 30.4 51 2. 57 0 s.13Du 1 56 - - - - 32 1. ?C'O 1. 9 34 32 -- -- -- 27 



-4 
Dl 
cr 
ii" 
~ 

= ~ 

Col Coluolon 
No. I. D. 

1 S-FE 
2 s- r-.G 
3 S-CA 
4 S- T I 
5 S-MN 
6 S-AG 
7 S-Fl 

s s- sA 
9 s-co 

10 S-CR 
11 s-cu 
12 S-LA 
1 3 s -t~o 
14 S-Ni3 
15 S-NI 
16 S-P8 
17 s- s r• 
13 S-SR 
19 s-v 
20 S-Y 
21 S-ZN 
22 S-ZR 
23 AA-AU-P 
24 ItJST-HG 
2 5 0~ - C X - H f·1 
26 AC-TH 
27 AC-U 

Col Colu~·n 

No. 1. "l. 

1 S-F E.: 
2 S-MG . 
3 s-u,": 

s- r J •• 
5-MN 

o s-~G 

s- B 
S-8 r, 

o s-c0 
10 s-ch 
11 ~-cw 

12 S-L~ 

1~ ~-~) 

14 ~-~8 

1 5 5- IJ i 
16 s-rA 
17 s-s~ 
1S S-5~ 
1? s-~ 

zn s-~ 
?1 S-7N 
?? S-1~ 

23 A~-AU-P 

24 I~ST-HG 

?5 c~-c~-H~ 

26 AC-TH 
27 AC-u 

l"inirnurn 

1. COOl• 
o.csor 
0.1 OCG 
Cl.l'70C 

10C.CGOO 
0. 50 GO 

iC.COCC 
SLi.GGOG 
s.cocc 

30.CCC1C 
5. e>rJOL 

2G.OOOC 
10.C..U0w 
10 J1000: 
s.car:: 

10. L;QC1:• 

1 50. GCC 
1 o. ocr 
10.COC 

20.CCCC 

0. G2 DC 
1. GuL.:G 
l.. 7771 
0.2528 

Maximum 

15.CCC• 
?.CCC 

1C.CCC 
c. ?rr 

2GCO.CCL~ 

G.SC.C 
50.0CC 

3GCG.Gf'C 
70.CGO 

15cr.rcc 
no.ur 
200.000 

1G.COO 
n.crc 

5CC.CGC 
5c.err 

15CC.CLC 
5CC.OCO 
?C.ncc 

30C.CCC 

G .14C 
5. c cc 

18.1 92 
t..o5c; 

RAW ()AlA 
Mean Stanaard 

3. 530 
1 • 8c,O 
2.66C 
0.272 

451.COO 
0.500 

1 8. 3CO 
1080.CLU 

1 6. 8C C 
1 83. oc ['. 

32.4l0 
45.COC 
10.ClJJ 
27.5(0 
6t.. 9LU 
16.5GU 

562.CC.C 
87.1(;0 
19.000 

9 7. 6C Q 

O.C'33 
2.con 

10.2CC 
1. 770 

Deviation 

2.7:J::JO 
1. i ~('[I 

1.5100 
0.1)C0 

417.GCOC 
o.ocoo 

16.00DC 
553.0CJJ 
11.90 O:J 

zo5.c::c~' 
36.b::;oc 
t,?. CG 0 0 
n. :..~:.; J ~. 

2c.nr,c 
71.'7:uc 

8.L.iJiJ 

283.COOC 
80. C.Gl·C 
12.YUGL 

6C.1CDO 

0.0287 
1 • 3 (j [,[ 

4. 91 [· l1 

i.OZ:l· 

* * * * * * * * * RA~ ~Afr 
f.' i n i ~~ · Jr.l t·1 a x i m · J ,., "1 e a n :; t 'l 11 i J r ·i 

Cl. !!5 \) :, 

''· [1) (1'1 
il.ClS '"l'l 
rJ. 012n 

1 n. W"~_:;l 
~l.50'Vl 

1 (). (lll ,) ' 
z 7). 'Jilrl 

5. OJ,J'l 
1 Cl. OCJll 
5.01/'l 

? il. ,l 'l •! (] 
5. 11•1 r111 

z n. nr11ll 
s. r: lf)J 

10.0]1)1 

1 ;~:.O~lOtl 

1'l.Clln 
1 'l. n '1 U•J 

3\JJ. ,_)i)')•l 

1 Q. Qr)~JCl 

O.C\S'll 
a.,,? :1 ,, 
1. O·liJ.-1 

0.:121.1 
:).1919 

?O.:J'lil 
1[).(1'1.) 

20. nr;l 
[1.51!) 

5000.0'1!1 
5. f') ~' J 

20J.nD.J 
5 0 0 r) • :1 .l 1 

1 5. ') u o"J 

son. OIFl 
150.():),) 

50. [l7H) 

1Clll.:lfl(l 

Z·l. n'lO 
1 _5 (') .l1 r,) 
1 5 ('). 0 ~) 0 

150J.O:'J 
1 00(). ('ilf) 

7[1. f'ICl.J 
300.0:10 
5 Cli). 0 [) .J 

CJ. 5 r, J 
o.gJo 

2.5. 1:1 1 
14.074 

4. 4 J 5 

1. n 1 OJ 
? • 1 2()1 

15. 3iJ'Jl 
D. :-15 2('• 

393. OflCl\~ 
1. 6 3 )(i 

~ 2. 9(1 :J;l 
303. ')"ll! 

B. 3 f\Jr; 
4(). 1 Cl[li] 

9.St,.l(: 
2 5. p:-1•1!) 
41. [)'lfJCi 
?O.IJW}l 
17.00rJn 
?!).)'llil 

276.0),1[) 
35.5fli1J 
2J.'lJ)l 
3oo.nnn~ 

s~.onJo 

0.2170 
0.0491 
?.4100 
2.R3ln 
1.030(] 

De·.; i =l i. i ::,·~ 

• 3fl·-id 
• ;' .1:00 
• {.800 

(J. 171 -,, 

7 Sli. r 1n:, 

) • :' ~; l ) 

3 t. 
65 7J • r) ·~ \ -) 

3. 1> 1.!_. I 

Q 3 
0 

·J' I ,'• .-) 

17. 2 '""i : I 

10.1"1 \) 

I. 1. 7·• I-~ 

2S.7 1 
? I..~ '1 '·] 

, 96. ')fl-,'1 

11 3. l' :1:. ) 
14.6:1 _1-: 

7 _). 4:_1 j' 

0. 2 4 ?,1 
(:. 1 :JS.l 
3. c&,J:· 

L. • "j i ~: 

r1. I~ 60 

Mafic and ultramafic rocks 

1:3 

t.b 
L. 5 

53 
32 

52 
5 c, 

2 
55 

3 

29 
55 

51 
1 

1 7 

1 3 

36 
41 

G Other 

Limestone and travertine 

Valia 

55 
55 
55 
55 
55 

2 
6 

55 
53 
49 
54 
38 

2 
4 

55 
49 

51 
55 
25 

54 

18 
1 4 

9 
H 

* ~E~LACED DATA * 
Geom Geom Valid 
~ean Dev 

2.94[10 
1 • 52 r:J ("I 

2. 2 30(; 
0.2380 

320.00~0 

0.2070 
6.24(0 

923.0CCD 
13.ocor. 

102.00(.0 
21.1CU 
26.2(00 

2. 1 4 r o 
7. 5 90 c 

42.9rnr 
13.2c::~n 

:.ecce 
427.cncr: 

64. 6r,nc. 
f'.62CG 

10D.COC'C 
79.CCO(' 
0.0107 
O.C110 
Q.t.790 
9.22Cr 
1 .t. 6[( 

1. 7 76 
2 .1 6 5 
1 • 3 32 
1. 6 75 
2.235 
1 .1 8 9 
1. 4 33 
1 • 9 53 
2 .COD 
3. 2 93 
2.39t 
2.c1n 
1.36\: 
1. 412 
2.641 
1 • 7 24 
1 .ceo 
2 .1 02 
2.169 
1. 9 87 
1. o or: 
1. 938 
1. 2 71 
2 .G 61 
1. '340 
1. 6 3 5 
2.1 04 

55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
S'i 

9 
18 

Val i rJ • REPLACED DATA • 

" 

1 'j 5 
146 

~ 1 

13 

1 f, 5 
7 ~ 

{, 3 
1SA 

90 

49 

1 Cl8 
1 o4 
1 ,:) ~~ 

0.3 
84 

11):) 

52 
1 4 

11 > 
167 
",j 

1 ) li 
1 

11 

f:>K 
2b 

16 
4(j 

2. 

42 
33 

2 
38 

1d 
, 04 
10~ 

Oth!'r 

) i 

1"i6 
1fd 
1 1 ~ 
1"il, 

163 
4 

28 
PI) 

1\ 

54 
80 
trn 

5 

t.4 
5? 

11 5 
11 7 

50 
1 

73 
3 

(-,4 

t,::; 

1 4 
23 

G!'om Geom Valid 
~·e an 

o. 31 50 
1 .1 DO() 

15.3000 
0.0193 

122.00()0 
0.2070 
6. i\ 1()0 

3 3. 7(1iJ0 
2.2200 
7.890() 
3.9700 

1C. 9000 
? .1">11Cl 
7.040[] 
3.37(10 
5.4700 
s.onro 

143.00fl0 
1?.3000 

7.2300 
101. ooon 

14.)00() 
0.0111 
0.[1122 
0.6770 
1 .nnLln 
(1.7760 

Dev 

4.456 
3.269 
2.739 
4. 4 f> 1 

l..5'>3 
1. 316 
1. 606 
4. 31? 
1 • 4 59 
2.227 
1. 978 
1. 4 R? 
, • o:; '39 
1 • ')84 
2.245 
2.2CJR 
1. 0')1 
2. 3 2( 

2.284 
1. 8 71 
1 :094 
2.788 
1 • 5? 5 
2.\18 
?.003 
5.405 
2.139 

169 
1()9 
169 
169 
169 
169 
169 
1t-9 
169 
169 
16'-1 
160 
lf,Q 
169 
169 
1 (·9 
169 
169 
169 
1(,9 
169 
169 
169 
169 
1t-9 

14 
23 

Peplacement Values 
N L G 

0.02 
0.01 
0.02 
0.00 
5.0C 
o.2r 
5.00 

10.00 
2.00 
5.00 
2.or 

1 G .00 
2.00 
7.0() 
2.0[ 
3.00 
5.GO 

50.00 
s.oc 
5.00 

1CC.OO 
7.cr 
0.01 
G.01 
r.3r 

O.J3 
0.02 
0.03 
0.0::1 
7.0:> 
0.30 
7.00 

15.00 
3.00 
7.00 
3.DD 

15.00 
3.00 

10.00 
3.00 
5.0) 
7.0) 

70.0::1 
7.00 
7.00 

150.00 
10.00 

0.03 
::J.D1 
O.S::l 

30 
1 5 
30 

2 
7000 

3000 
7DCO 

30000 
1 500 

3000 

1500 

150 

Replacement Values 
N L G 

c 0 l 
No. 

0.02 
(\.01 
0.02 
o.on 
'i.OO 
0.20 
5.00 

10.00 
z.oo 
s.on 
2.0[1 

10.0[1 
2.CJO 
7.00 
2.00 
3.r:Jfl 
5.00 

50.00 
5.00 
s.oo 

10(1.(1(1 
7.0() 
0.01 
0.[11 
0.30 

0.03 
0.02 
0.03 
o.oo 
7.00 
0.30 
7.00 

1 5 .oo 
3.00 
7.00 
3.00 

1 5 .oo 
3.00 

10.00 
3.00 
5.00 
7.00 

70.00 
7.00 
7.00 

1 50.00 
10.00 

0.03 
0.01 
0.50 

30 
15 
30 

2 
7000 

3000 
7000 

30000 
1 500 

3000 

1 SOD 

150 

4 

5 
6 
7 
8 
9 

10 
11 
1 2 
13 
, 4 

1 5 
16 
, 7 
18 
, 9 

20 
21 
22 
23 
24 
25 
26 
27 

Col 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5 
16 
17 
1 8 
1 9 
20 
21 
22 
23 
24 
25 
26 
27 



Table 3. Summary of geochemical data and statistical replacement information-Continued 

= Dolomite 
ol:o 

c 0 l Column • • * * • * .. • • * • * RAw DATA * * * * * * * * * * * * v d l i a * RE~LACED DATA * Replacement values Col 
No. I. D. Minimum Maximum Mean Standard B N L G Other ueom Geom Valid N L G No. 

~ Deviation Mean De v 
:r 
tD 1 S-FE% 0.0500 20.000 0.7130 2.1000 - 3 3 - - 99 (1.2340 3.6 37 105 0.02 0.03 30 1 
~ 2 S-MG% 0.0500 10.000 6.2300 3.~600 - - 1 4 - 100 4. 22CC 3. 6 21 105 0.01 0.02 1 5 2 
~ 3 S-CA% 0.0500 20.000 13.9000 5.200(1 - - - 4 - 1 G 1 12.1000 2. 3 71 105 0.02 0.03 30 3 
tD 4 S-TI% G.OG20 0.300 0.0344 0.0549 - 5 1 - - 99 0.0117 4.0 93 105 0.00 O.OJ 2 4 Ill 
Q 

5 S-MN 1L.OOOO 1000.000 138.0000 200.CGOC - 1 - - - 104 72.0000 3.C 82 105 5.00 7.0::1 7000 5 c .. 6 s-.~G 0. 50 00 1. 500 0.8170 0.3820 - 99 - - - 6 0.2160 1. 3 82 105 0.20 0. 30 -- 6 1"1 
tD 7 s- s 1C.COOO 100.000 18.1000 Ill 19.~LOO - 22 59 - - 24 7.670(1 1. 5 78 105 5.00 7.00 3000 7 

s. 3 s- 8 ~ 2C.OOOO 1500.000 143.0000 267.LGOO - 59 14 - - 32 19.4000 2.8 99 105 10.00 15.00 7000 8 .. 9 s-ec 5.0000 30. 000 1 3.0000 8.12QC - 96 - - - 9 2.310C 1. 6 64 105 2.00 3.00 -- 9 
::r 10 s-cR 10.0000 150.CCO 41.4000 37.6Li0l - 61 12 - - 32 8.8600 2.514 105 5.00 7.00 -- 10 
tD 11 S-CLJ 5 .oooc 150.000 11.1000 18.oCOU - 20 13 - - 72 5.35CO 2.192 105 2.00 3.0:l 30000 11 
-1 12 S-L~ 20.0000 1 00.000 37.0000 27.9GOC - 77 18 - - 10 11.9000 1. 4 71 105 10.00 1 5. 00 1 500 12 g 13 S- MO 2G.OGGO 70.000 38.6000 2 4. j (JQlj - 97 1 - - 7 2.42(;0 2.045 105 2.00 3.00 -- 13 
::I 14 s-tJ8 -- -- -- -- - 1(;5 - - - - 7. COG C1 -- 1C5 7.00 10.0C -- 14 

~ 1 5 S-NI 5.0000 150.000 26.2000 34.4UOu - 54 1 9 - - 32 3.8700 2. 5 33 1 05 2.or 3.00 -- 1 5 

s: 16 s-;:18 10. COOO ?O.CCO 16.4000 14.6C.0Ll - 32 33 - - 40 6.25CO 2 .o 50 105 3.00 5.o::J -- 16 

~ 17 s- 5N -- -- -- -- - 105 - - - - 5. c 00 0 1. uC1 105 5.00 7.0:3 -- 17 
:I n S-SR 1GC.COGO 700.CCO 185.GOGO 126.Gu00 - 78 1 - - 26 66.9000 1. 7 51 105 50.00 70.00 -- 18 
tD 19 s- v 1C.OOOQ no.coc 37.0000 Ill 86.900(J - - 1 5 - - 90 15.4000 2.529 105 5.00 7.00 -- 19 
Ill 20 s- v 1C.OOOO 1 OO.C•OO 18.5000 21. 3:.JQO - 85 3 - - 1 7 6.0000 1.575 105 5.00 7.00 3000 20 
~ 
:I 21 S-ZN 50{).0000 5GO.CCO 500.0000 -- - 103 1 - - 1 102.0COO 1 • 1 7 5 105 1CO.CC 150.00 -- 21 
c. 22 S-ZR 1C.COOO 200.000 42.9000 49.3LOG - 59 - - - 46 1 2. 300 0 2.4 99 105 7.00 10.00 1500 22 
> 23 AA-AU-? 0.0500 0.050 0.0500 -- - 100 4 - - 1 (.0105 1. 2 63 105 0.01 0.03 -- 23 c. 24 INST-HG C.C200 0.220 0.0426 0.0364 - 3 41 - - 61 0.0176 2.514 105 0.01 0.01 -- 24 ';" 
1"1 25 CM-CX-HM 1.0000 40.CGO 5.3800 9.470(, - 20 64 - - 21 0.6310 2.398 lOS 0.30 0. 50 1 50 25 
tD a 26 ~C-TH C.2995 9.879 3.87LO 3.9C.OG 99 - - - - 6 1. 99CC 4 .111 6 -- -- -- 26 

> 27 AC-U c .1924 41.481 5. 38G 0 1 2. bOCO 95 - - - - 10 0.959C 5.793 10 -- -- -- 27 

; 
~ Clay and claystone 
~ 

~ Col Column • * * * . * * • * • . * RAW DATA . * . * * * * * • • * . Valid * REPLACED DATA * Replacement Values Col 
-< No. I. D. Minimum Maximum Mean Standard a N L G 0 the r Geom Geom Valid N L G No. Q 

3 Deviation Mean De v 
:r 

(JQ 1 S-F E 4 0.10()0 10.000 2 .03CO 1 • 6 50 J - - - - - 68 1 • 51 oc 2.272 68 0.0? 0.03 30 1 
2 S-lltG4 C.20CC 10.0(0 1 .4000 1.6GGC - - - - - 613 0.9390 2.353 68 0.01 0.02 1 5 2 
3 S-CAt 0. O?CG 2o.rcr. 5.96CQ 7.3400 - - - - - 68 2.0400 5. 3 97 68 0.02 0.03 30 3 
4 s- T n; 0.010L 1. c cc 0.228(; 0.1780 - - - - - 68 0.1610 2.579 68 o.oo o.oo 2 4 
5 S- MN 10.000(· 5Cco.ccrJ 457.00LJJ 794.0:J:)C - - - - - 68 155.000C 4. 5 90 68 5.00 7.0:l 7000 5 
6 S-AG o.soor 1 • oco 0.75(0 D.Z59::l - 64 - - - 4 D.2150 1. 3 65 63 0.20 Q.3:l -- 6 
7 S-B 10.00('0 150.CCO 47.70[0 31.8LC:8 - 1 20 - - 47 21. 3CCO 2. 8 43 68 5.00 7.0::1 3000 7 
8 S-BA 20.GOCC 1soo.ccr 375.r'OCJ 407. u: :.c - 1 :. - - 64 168.0000 3.972 63 10.00 15.0) 7000 8 
9 s-co 5.ooor ?U.CCO 12.0000 12.9L:::G - 41 - - - 27 3.66[[ 2.343 68 2.00 3.0J -- 9 

10 S-CR 10.ouoo zocc.orc 94.6ClCO 259.CG~C~ - 1 [1 1 - - 57 36.3'JOC 3.1 92 68 5.00 7.00 -- 10 
11 s- cu S.CJC·G 5c.rrc 13.4000 11. 80:'11 - 1 1 2 - - 55 8 .16[:(• 2.1 87 68 2.00 3.00 30000 11 
12 S-LA 2(·.0CCG 700.()((' 6 2. 4 nco AD9.:.s:~ - 2r: 6 - - 42 23.90f'C 2. 4 33 63 10.0() 15.0J 1500 12 
13 S-MO 5. CG::;L; 70.CCG 23.6(,([1 20.30:[ - 53 4 - - 11 2.91U 2. 3 59 63 2.00 3.0::1 -- 13 
14 S- NB 10.0CCC 7c.rcc 27.1C0Li 16.)jj[ - 45 (· - - 1 7 9.72(10 1. 791; 63 7.00 10.0:1 -- 1 4 
15 S-NI 5. (;[; GC 1QC.GC'C 2 3. 6Gt·C 23.t.:cc - 3 - - - 65 1 4. ?foe'\ 2. 5 90 68 2.00 3.0:3 -- , 5 
16 S- PB 10.CCC[; 70. c ([ 1 3.40(0 1 3. sec :J - 1 9 - - 58 1 3 .1 000 1. 91 9 68 3.00 5.0) -- 16 
17 S-SN 10.CGCC 10. ('( ( 10.CCOO 0 .l1Jrc - 65 - - - 3 5.160C 1 • 1 5 t. 68 5.00 7.0::1 -- 17 
18 S-SR 1QC.CC"C 1500.CCC' 3Co.r.coo 332.DCuO - 25 4 - - 39 120.0000 2.426 68 50.00 70.00 -- 18 
19 s- v 10.COOC 3(;0 .[( (; 83.7000 68.()[['[ - - 1 - - 67 60.400() 2. 2 63 68 5.0(' 7.0) -- 19 
20 S-Y n.ocrc 150.CCC' 27.6(')00 24.1GO(J - 1 5 1 - - 52 15.30CO 2.350 68 5.00 7.0::1 3000. 20 
21 S-ZN ?OO.C'COO 7 Ot'. oc-c 4i 7 .01"('0 223.oC::::J - 62 - - - 6 112.coor 1. 4 93 68 100.0(' 150.0::1 -- 21 
22 S-ZR 2L.CCCO 10CO.C"OC' 212.0(1(1[ 225.(.0'1( - 7 - - - 61 95.5000 3.8(15 68 7.00 10.00 1500 22 
23 AA-AU-P Q.1S!lC o .1 5C 0.1 5( 0 -- , 57 9 - - 1 0.011 8 1. 5 61 67 0.01 0.03 -- 23 
24 INST-HG O.C21JC o. 3 sr 0.0520 0.05 c - - 22 - - 46 0.0234 2. 6 56 60 0.01 0. 01 -- 24 
25 CM-C X-HI"'t 1 .Ll':'C' 1 ao. c rc 11.5000 22.4u C - - 25 1 - t.( 1 • 970(' 4.617 68 0.30 0.50 1 50 25 
26 AC-TH 0.0247 5~.1L.Q 1 3. ?I"( C. i!O.OC; ~ 56 - - - - 1 2 3. 2 BC fl 9.312 1 2 -- -- -- 26 
27 AC-U 1.3229 1 4 • 91 8 7.2CGO 4.21 c 55 - - - - 1 3 5.970(] 1. 983 13 -- -- -- 27 



Shale 

Col Column • * • * • • ****** RAW DATA . * • * • • * . • • * • Valid • REPLACED DATA * Replacement Values Col 
No. I. D. Minimum Maximum Mean Standard B N L G Other Geom Geom valid N L G No. 

Deviation r-.ean De v 

1 S-FE% 0.0500 10.000 2.2700 1.6300 4 - - - - 1 97 1.7200 2.316 197 0.02 0.03 30 1 
2 S -MG I. 0.0200 10.000 1.2700 1.5200 4 - - - - 1 97 0.8380 2. 4 85 197 0.01 0.02 1 5 2 
3 S-CAt. 0.0500 20.000 5.7000 6.6500 4 - - 3 - 1 94 2.0200 5.643 197 0.02 0.03 30 3 
4 S-TII. 0.0050 0.700 0.2370 0.1460 4 1 - - - 1 96 0.1810 2.406 1 97 o.oo 0. 00 2 4 
5 S- MtJ 10.000G 5000.000 435.0000 820.GGOC 4 2 - 2 - 1 93 1 85 .oooc 3.824 197 s.cc 7.03 7000 5 
6 s- 4G 0.5000 5.000 1.3500 1. oou 4 1 59 - - - 38 c .27 50 2.055 1 97 0.20 0.30 -- 6 
7 S-8 iC.COIJO 300.CGO 50.5000 43.6000 7 2 26 - - 1 66 27.6000 2. 7 52 194 5.00 7.00 3000 7 
3 s- 211, 20.0UOC 2000.000 443.0000 385.0GCO 4 2 1 - - 1 94 26[.0000 3.211 1 97 10.00 1 5. 00 7000 8 
9 s- co 3.0000 30.000 11.3000 6.160C 4 94 - - - 103 4.6300 2.419 1 97 2 .co 3.0:> -- 9 

10 S-CR 2.COOO 200.000 71.8000 44.1.JOOG 4 11 5 - - 1 81 46.4(100 2.702 1 97 5.0(1 7.00 -- 10 
11 s-cu 1.COOG 1500.000 38.2000 162.0000 4 2 10 - - 185 13.4000 2. 6 93 1 97 2.0(' 3.00 30000 1 1 
12 S-La. 2C.COOO 200.000 38.1000 26.200C 4 30 16 - - 1 51 25.9000 1. 865 1 97 10.00 15.00 1 5 00 12 
13 S-1~0 S.OOOG 2CJO.OCC 59.CGCO 66.3GC:. 4 1 4 3 9 - - I. 5 3.7200 3.540 197 2.0(' 3.0:: -- 13 
14 S-Nt:l 10.COCO 50.000 16.20CO 11.1 (;U::J 4 148 24 - - 25 7.9900 1. 3 49 197 7.Qf'l 10.08 -- 14 
15 S- N I 5.COOU 300.000 42.50(10 55.3C.CQ 4 7 3 - - 1 8 7 21.4000 3.1 4 2 1 97 2.CC 3.CO -- 15 
16 S-PB 10.0000 150.000 23.6000 21.6(;00 4 1 1 1 6 - - 1 70 15.000C 2.1 99 197 3.00 s.c::> -- 16 
17 S-SN 10.0000 10.COO 10.0000 0.0000 4 1 9 5 - - - 2 5.0400 1.072 1 97 5.00 7.03 -- 17 
n s-sR 70.0000 2000.000 231.0000 221.0000 4 68 7 - - 1 22 115.00GO 2. 1 75 1 97 so.oc 70.00 -- 18 
19 s-v 7.0000 5000.000 203.0000 459.0000 4 - 2 - - 1 95 87.4000 3.265 197 5.00 7.00 -- 19 
20 s- y 10.0000 70.000 23.8000 14.0000 4 1 2 3 - - 1 82 18.6000 1.867 197 5.00 ?.OJ 3000. 20 
21 S-ZN 200.0000 1500.000 622.0000 477.0000 4 1 68 11 - - 1 8 118.0000 1. 6 55 197 100.00 150.00 -- 21 
22 S-ZR 10.0000 1000.000 147.0000 132.CLOO 4 7 - - - 1 90 96.7000 2. 6 55 197 7.0(1 10.00 1500 22 
23 AA-AU-P 0.0300 0.160 0.1030 0.0476 1 1 85 9 - - 6 0.0111 1. 5 34 200 0. 01 0.03 -- 23 
24 INST-HG l) .0200 0.450 0.0769 o.u698 7 5 34 - 9 146 0.0360 3.016 185 0.01 0.01 -- 24 
25 CM-CX-HM 1.0000 1000.000 28.8000 1D8.uCuu 7 2 52 - 2 138 2.5700 5. 2 55 19'2 0. 3C 0. 5J 1 50 25 
26 AC-TH 0.5920 26.595 11.1000 6.6bCJG 170 - - - - 31 8.310G 2. 4 98 31 -- -- -- 26 
27 AC-U 0.3800 87.387 11.30GO 19.3GDO 166 - - - - 35 5.030(1 3. 4 33 35 -- -- -- 27 

Phosphorite 

c 0 l Column * * * * * * • * * * * * R Aloi oq II, ************ Valia * REPLACED D~T4 * Replacement Values Col 
No. I. D. l"inimum Maximum Mean Standard B N L G Other Geom Geom valid N L G No. 

Deviation Mean De v 

1 S-FE% 0.0500 3.000 0.9830 o. 7970 - - - - - 26 0.7020 2.541 26 0.02 0.03 30 1 
2 S-I'JG~ 0.1000 1. 500 0.3190 o.312u - - - - - 26 (:.2320 2.1 4 5 26 0.01 0.02 1 5 2 
3 S-C11,4 0.2000 20.000 8.8500 6.2700 - - - - - 26 6.()500 2.966 26 0.02 0.03 30 3 
4 S-TI% 0.0050 0.300 0.0979 0.0763 - - - - - 26 0.0702 2. 5 71 26 o.or 0.00 2 4 
5 S-MN 10.0000 700 .ooo 93.8000 131 .oc.oo - - - - - 26 61 .6000 2. 373 26 5.00 7.00 7000 5 
6 S-AG c. 5000 5.0GO 1. 36GO 1 .11 oc - 8 - - - 1 8 0.6510 2.59'3 26 0.20 0.3J -- 6 
7 s- s 10.0000 1CO.OOO 32.4000 24.2GOO - - 1 - - 25 23.5000 2.1 99 26 5.00 7.00 3000 7 
8 S-BA 20.0000 200.000 95.4000 50.200(; - - - - - 26 52.3000 1. 7 99 26 10.00 15.0J 7000 8 
9 s-co -- -- -- -- - 26 - - - - 2.0000 1.C 00 26 2.00 3.00 -- 9 

10 S-CR 10.0000 700.0CO 270.0000 185.CODO - - 1 - - 25 179.0000 3 .o 01 26 5.00 7. OD -- 10 
11 s-cu 5.0000 100.000 22.10(10 24.4(J(JQ - 1 1 - - 24 12.5GCO 2.6 77 26 z.oc 3.00 30000 11 
12 S-LA 3C.oooo 3CO.GOO 197.0000 111.(,(,(;[; - 3 - - - 23 111.0GOO 3.301 26 10. cc 15.00 15 00 1 2 
13 S-MO 5. 0000 50.COO 15 .30CO 1 7. '1LCO - 1 7 2 - - 7 3 .1 30 0 2. 3 2, 26 2.00 3. 00 -- 1 3 
14 S-NB 20.COOO 20.000 20.0COG -- - 25 - - - 1 7.29[;0 1. 2 29 26 7.00 10.0::! -- 14 
15 S- N I s.cooc 150.GCO 31.2000 42.2G:::.G - - - - - 26 16.1 COG 2.978 26 2.0C 3.00 -- 1 5 
16 S-PB 10.0000 15o.eco 72.0CGO 55.1.000 - 2 2 - - 22 33.2GOG 3.6 72 26 3.00 5.00 -- 16 
17 S-SN -- -- -- -- - 26 - - - - 5 .cor,c 1.000 26 5.00 7.00 -- 17 
18 S-SR 10G.COOO ?LO.OCO 339.0000 221.C:CO::l - 6 1 - - 1 9 174.0000 2.604 26 50.00 70.00 -- 1 8 
19 s-v 10.0000 2 co. coo 87.2000 56.4000 - - 1 - - 25 61.5000 2.502 26 5.00 7.00 -- 19 
20 S-Y 10.0000 500.000 196.0000 132.0000 - 1 - - - 25 121.('000 3. 2 77 26 5.00 7.00 3000 20 
21 S-ZN 200.0000 1500.0CO 800.000(.) 564.0000 - 6 1 - - 1 9 380.0000 2.822 26 100.00 150.0) -- 21 
22 S-ZR 20.0000 20C.GCO 65.0000 51.4000 - 2 - - - 24 43.2000 2.367 26 7.00 10.0G 1500 22 .... 23 A~-AU-P AI -- -- -- -- - 23 3 - - - 0.0111 1.348 26 0.01 0.03 -- 23 

go 24 INST-HG 0.0200 0. 500 0.1710 0.1110 - - 3 - - 23 0.0945 3.414 26 0.01 0.01 -- 24 
tD 25 CM-C X-HM 1 • 0000 70.0(;0 15.3000 15.4GOO - - 1 - - 25 8. 2 300 3.4 72 26 0.30 0. 50 1 50 25 
w 26 AC-TH 8. 921 c 10.900 9.9100 1.4000 24 - - - - 2 9.3600 1 .1 s 2 2 -- -- -- 26 

27 ~c-u 3.1687 32.567 22.0000 16.3GOO 23 - - - - 3 14.6000 3.758 3 -- -- -- 27 
--= 1.11 



Table 3. Summary of geochemical data and statistical replacement information-Continued 

= Gypsum 
=" 

Col Col u.~ n * * * * * * * * * * * * R 4(.; DAT4 * * * * * * * * * * * * Valid * RE"'L4CED D4T4 * Replacement Values Col 
No. I. D. ~1 in i mum ~axirr.um Mean Stai"'Jard 8 ~' L G Otr.er Geom Geom Valid N L G No. 

s: Deviation fl'ean De v 
:;-
~ 1 S-FE~ c.osco 0. 2 cc 0.1130 0.0629 - 7 4 - - 4 0.0342 2 .G 94 1 5 0.02 0.03 30 1 
a 2 S-MG,. 0.020[ 1D.CCC 1.33CD 3.06GO - 2 3 - - 10 0.1010 g.136 1 5 0.01 0.02 1 5 2 
;:11:1 3 s-n;; 5.CC10C 20 .CDC· 10.9CCO 5.(00[ - - - - - 1 5 9.97CG 1. 517 1 5 0.02 0.03 30 3 
ttl 4 S-TI:: o.ac3c. C:.C10 O.GC59 O.LC26 - - b - - 9 0.0032 2.075 1 5 o.oc o.oo 2 4 Ill 
0 5 S-MN 10.CC~Il( 1 oc. c no 25.(1000 33.30CO - 8 - - - 7 8. 6 7r n 2. 2 77 1 5 5.00 7.0:1 7000 5 c .. 6 S-AG 1. 0000 1 .CCC 1 .cooo -- - 14 - -1"1 - 1 D.223C 1. 515 1 5 0.20 0.30 -- 6 
ttl 7 S-8 -- -- -- -- - 13 2 - - - 5. 2 3C 0 1 .1 2 6 1 5 5.00 7.00 3000 7 Ill 

s. 8 S -BA 30.Ci0Cl 30. (·(1(' 3o.or.ou -- - '1 4 - - - 1 10.8CCf'1 1. 3 2 3 1 5 10.00 15.00 7000 3 
9 s-co -- -- -- -- - 1 5 - - - - 2.occr -- 1 5 2.00 3. :JJ -- 9 :r 10 S-CR -- -- -- -- - 1 5 - - - - 5.000( 1 .o or 1 5 5.00 7.00 -- 10 

ttl 11 s-cu -- -- -- -- - 14 1 - - - 2.05('0 1.110 1 5 2 .OC' 3.00 30000 11 
-1 12 S-LA -- -- -- -- - 1 5 - - - - 10.CCCf1 1 .GOO 1 5 1 0. 00 15.0J 1500 1 2 ttl 
0 13 S-ttO -- -- -- -- - 1 5 - - - - 2.0CCO -- 1 5 2.0C 3.0J -- 1 3 
::I 14 S-NB -- -- -- -- - i 5 - - - - ?.ecce 1. 0 co 1 5 7.00 10.0:1 -- 1 4 

~ 15 S-NI -- -- -- -- - 1 5 - - - - 2 .0(1[1(• -- 1 5 2.00 3.0J -- 1 5 
Q: 16 S-PB 15.~0[( 15.0[( 1 5.0 OG 0 -- - 14 - - - 1 3.34CO 1. 515 1 5 3.00 5.00 -- 16 

~ 17 S-SN -- -- -- -- - 1 5 - - - - 5 .acre 1. DCC 1 5 5.00 7.0:1 -- 17 
::I 13 S-SR 1 GO. :::oc •:: 1000. ('( ~ 643.00('0 305.C:JOC - - - - - 1 5 ~37.00CO 2.069 1 5 50.00 70.0::1 -- 1 8 
ttl 1 9 s -v 1o.~cro 10.C'fC 1D.CCOD D.L~DC - - e - - 7 8. 27CO 1. 202 1 5 5.00 7.00 -- 1 9 Ill 
Ill 20 S-Y -- -- -- -- - 1 5 - - - - 5.o'lor 1 .ocr· 1 5 s.oo 7.0:> 3000 2D 
AI 21 S-ZN -- -- -- -- - 1 5 - - - - 100.000C 1 .00(1 1 5 1DC.OC 15D.OJ -- 21 ::I 
Q. 22 S-ZR 1G.COOO 20.CCC 11.1COO 3.33:JC - 6 - - - 9 9.08CC 1 • 3 24 1 5 7.00 10.00 1500 22 
)oo 23 AA-AU--:> -- -- -- -- - 1 2 3 - - - O.C120 1. 4 61 1 5 O.C1 0.03 -- 23 
Q. 24 INST-HG 0.0200 0.1[( 0.(467 0.0327 - - 9 - - 6 ( • 01 3 7 2.602 1 5 0.01 o. 01 -- 24 ~· 
1"1 25 CM-CX-HM 1. GOC'C 5. OC'C 2.330~ 2. 31 OJ - - 1 2 - - 3 0.6390 1.856 1 5 0.30 0. 50 1 50 25 
ttl 26 AC-TH -- -- -- -- 1 5 - - - - - -- -- 0 -- -- -- 26 a 
)oo 

27 AC-U 0. 494 7 0. 4 95 0.4 95 (' -- 1 4 - - - - 1 0.4950 -- 1 -- -- -- 27 

~ 
Bentonite AI 

~ 

=E Col Column * * * * * * . • * • • * RAW DATA * * * * * * * . * * • * Valid * REPLACED DATA * Replacement values Col 
-< No. I. D. ~inimum Maximum Mean Stanoard B N L G Other Geom Geom Valid N L G No. 0 
3 Deviation ~ean De v 
:r 

CJQ 1 s-F o 1.0000 7.000 2. 6 800 1. 52 DC - - - - - 22 2.3600 1. 6 50 22 0.02 0.03 30 1 
2 S-MGI. 0.3000 2.000 1.1200 0.5310 - - - - - 22 0.9990 1. 6 82 22 0.01 0. 02 1 5 2 
3 s-eA~; 0.200G 10.0(;0 1. 5 90 0 2.7500 - - - - - 22 0.8230 2. 6 84 22 0.02 0.03 30 3 
4 S-T n C.0300 U.3CO 0.1380 o.u855 - - - - - 22 0.1130 1.927 22 o.oo O.OJ 2 4 
5 s-r~N 20.0000 10CO.OOO 228.0000 241.0GGO - - - l - 21 175.CCOO 3.543 22 5.00 7.0:l 7000 5 
6 S- 4G 0.5000 2.GGO 1.0000 0.707(; - 16 1 - - 5 0.281G 1. 960 22 0.20 0.30 -- 6 
7 S-B 1 c. 0000 200.000 52.9000 65.9GGO - 1 - - - 21 24.5000 3. 2 84 22 5.00 7.00 3000 7 
8 s -8 ~ 150.0000 3000.000 761.0000 605.CC20 - - - - - 22 593.0000 2 .11 2 22 10.00 1 5. DO 7000 8 
9 s-co 5. OOOL 7.000 5.3300 0.8160 - 16 - - - 6 2.6100 1. 5 66 22 2.00 3.0J -- 9 

10 S-CR 10.0000 70. oco 30.COGO 34.6000 - 19 - - - 3 6.0000 1 • 7 9 5 22 5.00 7.00 -- 10 
11 s-cu 5. 0000 15.()00 6.8800 3.720G - 1 1 3 - - B 3.8500 1. 5 S1 22 2.00 3.00 30000 1 1 
12 S-L4 20.COOO 2CO.OCO 62.3000 53.7GCD - - - - - 22 4 7. 2 OG 0 2.073 22 10.0('1 15.00 1 500 12 
13 s-r·l:) 7.DOLC 20.000 13.0000 5.7200 - 18 - - - 4 2. 77GC 2 .o 74 22 2.00 3.00 -- 1 3 
14 S-NB 10.0000 70.000 23.50CO 14.2GLC - 3 2 - - 17 1 6. 7CC Cl 1 • 8 2 3 22 7.00 10.00 -- 14 
15 S-f'.I 5.0CJOO 50.000 13.3000 1 4. bi...OO - - 13 - - 9 4.74CC 2.1 46 22 2.00 3.00 -- 1 5 
16 S-PB 10.0000 70.000 34.3000 18.1GCO - 1 1 - - 20 2t..7C00 2. 2 35 22 3.00 5.0J -- 16 
17 S-SN 10.0000 15.0CJO 11.3000 2.3100 - 14 - - - 8 6.6700 1. 501 22 5.00 7.00 -- 17 
18 S-SR 100.0000 700.0C·O 308.00()0 199.0000 - 2 1 - - 1 9 205.COCO 2. 2 58 22 so.oo 70.00 -- 18 
19 s- v 10.0000 2CO.OOO 27.6000 43.6000 - - 3 - - , 9 15.3000 2.249 22 s.oo 7.00 -- 19 
2C S- Y 10.0000 70.000 30.5000 20.1000 - 1 - - - 21 23.2000 2. 0 55 22 s.oo 7.00 3000 20 
21 S-ZN -- -- -- -- - 22 - - - - 100.0000 1 .000 22 100.00 150.00 -- 21 
22 S-ZR SG.COOG 7CO.OOO 193.0000 125.GOGC - - - - - 22 170.0000 1. 6 31 22 7.00 10.00 1500 22 
23 AA-AU-P -- -- -- -- - 1 9 3 - - - 0.0113 1. 3 8n 22 0.01 0.03 -- 23 
24 INST-HG 0.0200 0.160 0.0510 0.0343 - - 2 - - 20 0.0367 2.1 26 22 0.01 0.01 -- 24 
25 Cf>'-CX-Hi-1 1. GOOO 25.000 4.9500 6.4600 - 1 1 - - 20 2.3500 3.1 50 2'2 0.30 o.so 1 50 25 
2t AC-TH 4.5153 31 • 505 1 7. 9 00 0 14.9LGO 1 8 - - - - 4 12.4(100 2.8 56 4 -- -- -- 26 
27 AC-U 1.3797 10.732 6. 0 8GG 4.8GLL 1 8 - - - - 4 4.3700 2.745 4 -- -- -- 27 



Welded tuff 

c 0 l Co lu.nn * * * * * * • * * * * * RAW DIITA * * * . * * * * . . • * Valid * RE?LACED D II T A • Replacement Values Col 
No. I. D. Minimum f>.aximum Mean Standard 8 N L G Other Geom Geo m Valid N L G No. 

Deviation Mean Dev 

1 S-FU 0. 5000 15.000 2.690 2.19CO - - - - - 79 2.2100 1.813 79 0.02 0.03 30 1 
2 S-MG% G.G20G 3.000 1.000 0.818(, - - - - - 79 C.5440 3. 8 64 79 0.01 0.02 , 5 2 
3 S-CAt. c.osoo 10.000 1. 890 2.2~00 - - - - - 79 0.9030 3.711 79 0.02 0.03 30 3 
4 S-Tll. 0.0200 0.700 D. 2U6 0.1360 - - - - - 79 0.1680 1. 9 71 79 o.oo 0.00 2 4 
5 S -MN 50.0000 1500.000 382.000 360.COOG - - - 1 - 78 281 .coco 2. 4 60 79 5.00 7.00 7000 5 
6 S-AG D. 50 00 2.000 1. 300 0.534() - 70 - - - 9 0.2450 1. 803 79 0.20 0. 3Q -- 6 
7 S- B 10.0000 70.0CO 23.000 17.9U0(' - 24 32 - - 23 8.3500 1. 880 79 5.0(1 7.00 3000 7 
8 S-BA 70. oooc 5COC.OOG 1030.000 726.0lDG - - - - - 79 790.0000 2.32C: 79 10 .oc 1 5. 00 7000 8 
9 s- c 0 5. CO DO 50.000 11.400 7.680G - 33 - - - 46 S.C2GO 2.443 79 2.00 3.00 -- 9 

10 S-CR 10.0000 3CO.OCO 11 3. 00 0 81.9(;0(. - 34 1 - - 44 23.8000 4.6 69 79 5.00 7.00 -- 10 
11 s-cu 5.0000 700.000 23.7(0 80.1COC - - 2 - - 77 11 .6000 2. 2 31 79 2.00 3.00 30000 11 
12 s- L.O. 2C.ll000 300.000 67.000 5).6(.00 - 0 6 - - 67 40.9CCC 2.347 79 10.00 1 5. DO 1500 1 2 
13 S-MO 5.0000 150.000 30.60D 49.1LCC - 64 7 - - 8 2.54GO 2.C16 79 2.0C 3.0Cl -- 13 
1 4 S- NO 20.CQOC 70.000 37.50G 1 7. ococ. - 5) - - - 24 11. 4CGO 2.1 6l'• 79 7.00 10.00 -- 14 
15 ~-NI 5.0000 200.000 31. 4CO 39.uLCO - 1 1 5 - - 63 1 2.1 GCL 3.314 79 z.oc 3.00 -- 1 5 
16 S-Pi:l 10.0000 150.000 28.2GLJ 25.6COU - 1 4 - - 74 19.7GCC 2.1 32 79 3.00 5.00 -- 16 
17 S-SN 1 U. GOGO 15.000 11. 9DO 2. 59 co - 68 3 - - 8 5.5200 1. 307 79 5.00 7.00 -- 1 7 
18 S-SR 100.0DOG 5000.000 570.0(;0 680.0CDO - 23 1 - - 55 21 3 .GOOD 3. 2 6 g 79 50.00 70.00 -- 18 
19 s -v j c. 0000 300.000 56.800 60.zoou - - 4 - - 75 33.1CCC 2.763 79 5.00 7.00 -- 19 
2C S-Y 1U. 0000 200.000 44.600 37.0GGO - 26 1 - - 52 17.1000 3 .o 57 79 5.00 7.00 3000 20 
21 S-ZN 20C.OOOO 500.000 4 DO. 000 173.00CJC - 75 1 - - 3 106.0000 1.307 79 100.00 150.00 -- 21 
22 S-ZR 50.0000 700.000 161.000 118.GCDO - 2 - - - 77 122.0000 2.1 79 79 7.00 10. 00 1500 22 
23 AA-AU-P 0.0500 0.800 0.26 5 0.3)90 - 63 12 - - 4 c. 01 31 1. 9 83 79 C.Q1 0.03 -- 23 
24 INST-HG C.C200 0.240 0.042 O.G463 - 6 35 - - 33 D.C142 2. 4 64 79 0.01 0. 01 -- 24 
25 CM-CX-Hr'l 1 • DODO 35.GCG 4. 500 8.54CC - 3 46 - - 30 0.8460 2.6 21 7~ 0.30 0.50 1 50 25 
26 AC-TH 3. 80 6 7 23.544 13.4(;0 7.88('(' 70 - - - - 9 11.3COC 1. 920 9 -- -- -- 26 
27 AC-U 1 • 3 7 2 3 31.344 5.270 9.23CG 69 - - - - 10 2.8100 2. 5 83 10 -- -- -- 27 

Jasperoid 

Col Column ********** * * RAW DATA . . * • * * • * * * • * Valid * REPLACED DATA • Replacement Values Col 
No. 1. D. Minimum Maximum Mean Stanaard t:l N L G Other Geom Geom Valid N L G No. 

Deviation Mean De v 

1 s- FE :t 0.1000 7.000 1 • 5 40 0 1.6100 - 1 - - - 21 0.6940 4. 4 51 22 0.02 0.03 30 1 
2 S-MG% 0. 0200 1. 500 0. 3 75 0 0.4050 - - 2 - - 20 0.1600 4 .o 38 22 0.01 0.02 1 5 2 
3 S-CA;( 0.0500 10.000 1.3100 2.2900 - - - - - 22 D.40!W 4.914 22 0.02 0.03 30 3 
4 S-TI% O.D020 0.300 0.0894 0.0817 - 3 - - - 1 9 0.0279 6.567 22 o.oo o.oo 2 4 
5 S-MN 1G.COOO 2000.000 223.0000 441.0000 - 1 1 - - 20 70.2000 4. 4 31 22 5.0(1 7.00 7000 5 
6 S-AG 1 • 5000 1 • 500 1 • 5 00 0 -- - 21 - - - 1 0.2190 1.537 22 0.20 o. 30 -- 6 
7 s-a 10. OOOQ 100.000 40.0000 41. 6CGO - 10 5 - - 7 9.0000 2. 4 91 22 5.0C 7.00 3000 7 
8 S -I:JA 20.0000 zcoo.coo 471.0000 530.0GOO - 1 - - - 21 193.0000 4.674 22 10.00 1 5. 00 7000 8 
9 s-co 5.0000 15.CCO 10 .oooo 3.5400 - 17 - - - 5 2.13500 1. 9 89 22 2.00 3.00 -- 9 

10 S-CR 1 D. CGOO 70. oco 50.0000 28.3000 - 1 4 1 - - 7 9. 70C 0 2. 9 50 22 5.00 7.03 -- 10 
11 s-cu 5.0DOO 50.000 1 3.20GO 12.4000 - 4 5 - - 1 3 5.6700 2.439 22 2.0(1 3.0D 30000 11 
12 S -LA 20.0000 200.000 35.300D 43.2COO - 3 2 - - 1 7 22.5000 1 .8 73 22 10.00 15.00 1 500 12 
13 S-MC 1 5. OOOll 15.000 15.0000 -- - 20 1 - - 1 2.23GC 1 • 5 44 22 2.00 3.00 -- 13 
1 4 s- rJ B 10.CDOO 20.000 16.70(.,0 5.77DG - 1 9 - - - 3 7.83CO 1. 3 68 22 7.0C 10.00 -- 14 
15 S-NI 5. OUGO 1M. GOO 18.3000 26.so:;o - 4 6 - - 1 2 5.590G 2. 7 61 22 2.00 3.00 -- 15 
16 S-PB 10.0000 30.000 1 5 .GOGO 6.1£CG - 1 3 - - - 9 5.6600 2.245 22 3.00 5. 00 -- 16 
17 S-SN 1C.OOOC 10.001.! 1 o. 00(10 O.GOGU - 2G - - - 2 5.33CO 1.226 22 5.00 ?.on -- 17 
B S-SR 100.0000 700.000 371 .oooo 206.0000 - 1 3 2 - - 7 92. ?CCC 2.)39 22 50.00 70.00 -- 18 
19 s- v 1 G. CJCJOD 150.000 46.9000 34.6000 - 5 1 - - 16 21.4000 3.011 22 5.0(1 7.00 -- 19 
20 S-Y 10.0000 200.000 42.2000 60.8000 - 1 2 1 - - 9 9.6500 2. 7 22 22 s.oo 7. 00 3000 20 
21 S-ZN 300.000G 300.0CO 300.0000 -- - 21 - - - 1 105.0000 1. 2 64 22 10D.DC 150.00 -- 21 
22 S-ZR 10.0000 300.000 100.0000 84.8GDG - 9 - - - 1 3 27.20CO 3.909 22 7.00 10.0J 1500 22 

-1 23 AA-AU-P -- -- -- -- - 21 1 - - - 0.01C4 1. 216 22 0.01 0.03 -- 23 llol 
r::r 24 lNST-kG 0.0200 0.040 0 .C30Q o.u10G - - 1 9 - - 3 O.OC85 1.663 22 0.01 D.01 -- 24 
;:r 25 CM-CX-H~l 1. DCCC 6.000 2.830U 2.23GC - - 1 6 - - 6 0.7410 2 .1 7 8 22 0.30 0.50 1 50 25 
~ 26 H -T H 5.2977 14.074 9.400D 4.42DO 1 9 - - - - 3 8. 7GC G 1 .6 3Q 3 -- -- -- 26 

27 AC-U 1.0776 8.900 3.8500 3.1.1600 1 7 - - - - 5 3.02(;0 2 .1 93 5 -- -- -- 27 

= 'I 



Table 3. Summary of geochemical data and statistical reolacement information-Continued 

= Huckleberry Ridge Tuff of Yellowstone Group (Pliocene) = Col Colun~n * * * * * * * * * * * * RA.W D>\TA * * . . . * * * * • * * Valic.J * RE~LACED D~TA * kEplacement Values Col 
No. I. D. Minimum f.t,aximum Mean Stand<>rd l::l N L (, 0 the r Geom Geom Valid N L G No. 

~ Deviation fo' ea n De v 
:;· 
"' 1 S-FE~ G.SOOlJ 10.0(0 2. 71 \} 1.8~00 - - - - - 34 2.3400 1. 6 77 34 0.02 0.03 30 1 e. 2 S -MG I. C.ozoo 2.00( 0. 331 0.512C - - - - - 34 0.1460 3. 4 52 34 0.01 0.02 1 5 2 
;:lei 3 s-eA;' c.osoc 2. or,c [;. 33 7 0.332C - - - - - 34 0.241"\[1 2.1 27 34 O.C2 0.03 30 3 
"' 4 s- rn o.u2oc. 1 • [co 0.189 0.1',19::) - - - - - 34 D.i4CO 2. 0 35 34 o.oo 0.00 2 4 <II 
0 5 S-MN 150.COOC 1000.GGf 401 .cc (J 219.0~JO - - - - - 34 352.0(,00 1. 6 76 34 s.oo ?.OJ 7003 5 c 
;:; 6 S-AG 0.50Cu i?.CCC 1.150 G.~55J - i?6 - - - 8 0.2940 2.1 07 34 0.20 0.3::! -- 6 

"' 7 s- B 10.fJGCG 5D.CCC 20. 9('0 15.1:JC:::. - - 23 - - 1 1 9.37GC'· 1. 7 29 34 s.or 7.00 3000 7 <II 

0 8 S-SA 200.0G';G 2000 .CCC 1140.COC 579.CCCG - - - - - 34 972.0000 1. 8 77 34 10.00 15.0J 7000 8 - 9 s-co 5.COCC 30.orc 8.770 7.630G - 21 - - - 13 3.2500 2.055 34 2.CO 3.0::! -- 9 -::r 10 S-CR 15.CCGC soo.crc 146.000 171.(000 - 26 1 - - 7 .S.93CO 3. 4 95 34 5.0C 7.00 -- 10 
"' 11 s-cu 5.GGr'C: 150.[([ 18.200 27.3QCG - - 1 - - 33 11.1000 2.339 34 2.0C 3.00 30000 11 
-j 12 s-u 20 .L•C QO 200. ocr: 98. 8Lf1 4S.?;;JC - j - - - 33 81 .6CC!'1 1.908 34 1 o. (l(l 1 5. ::JJ 1500 12 a 
0 13 S-MO 5.COOC 3 o. err 11.4CO 9.C:J:IC - 1 9 E - - 7 3.C1QC 1. 940 34 i?.CC 3.0J -- 13 

= 14 S-NB 15.0UOC 7D.COC 30. 5C 0 17."~LCL - 3 - - - ~ 1 30.4000 ~. 8 66 34 7.00 1D.OJ -- 1 4 
~ 15 S-NI S.C!GCC 1 oo. r cr 16. 3C 0 21. tOCL - - 1 5 - - 1 9 6.1 CCC 2. 4 2 5 34 2.0C 3.0CJ -- 1s 
a: 16 S-P2 l S.CLJC 20C.C'CO 46.500 43.8:JCC - - - - - 34 35.900C 1. 939 34 3.00 5.0:> -- 16 

~ 17 S-SN iO.CCJf'C 2c.rcc 1 3. 6( 0 3.23::'( - 2C 3 - - 11 7.G7C0 1. 603 34 5 .oo ?.OJ -- 17 

= 18 S-SR 100.CCCC ?oo.orr: 240.(100 246.CQCJ[1 - 24 - - - 10 71 .60GO 2.018 34 50.00 70.0J -- 18 

"' 19 s -v 10.(.'00(. 1 sc .rcc 30.5(10 42.2uOC - - 1 - - 33 1 6.1 coo 2.622 34 5.0(1 7.0:::1 -- 1? <II 
<II 20 S-Y 10.GOGC' 1 (>[:.CCC 58. BOO 2 3. :IU:JG - - - - - 34 52.BC00 1. 6 90 34 5.00 7.0J 3000 20 
AI 21 S-ZN 200.00CG 2 oo. ere 200.000 -- - 32 1 - - 1 103.0000 1 .1 46 34 100.00 150.0:1 -- 21 = Cl. 22 S-ZR 70.DCJO 7 DC. CCC i?55.COO 134.UCJC - - - - - 34 i?i?9 .OOGO 1.57ll 34 7.00 1 o. 00 1500 22 
> 23 AA-AU-F> 0.060(. G. 3CL 0.170 0.1210 - 25 6 - - 3 0.0148 2. 2 57 34 0.01 0.03 -- 23 
Cl. 24 ItJST-HG 0 .[120G 0. 24( 0.042 0.0492 - 5 10 - - 1 9 0.0159 2.568 34 0.01 o. 01 -- 24 -;· 
~ 25 Cli-CX-H11 1 .OuOC 9.0C( 2.760 2.540:.: - 6 11 - - 17 0.8970 2.693 34 0.30 0. SJ 1 5:1 25 

"' 26 AC-TH 22.137G 22.187 2 2. 200 -- 33 - - - - 1 2i?.2000 -- 1 -- -- -- 26 a 
> 27 AC-U 4.8595 4.859 4. 860 -- 33 - - - - 1 4.860(1 -- 1 -- -- -- 27 

iil 
AI Lava Creek Tuff of Yellowstone Group (Pleistocene) 
~ 

~ Col C 0 l U\o•'1 • * . . * * . . . . * • t<AW DATA * . * * * " . * • * * • val i Cl • ~E~LACED DATA * Replacement Values Col 
No. I. D. Minimum ~aximum Mean Stanaard 1:3 N L G Other Geom Geom Valid N L G No. 

3 Deviation ~ean De v 
:;· 

QQ 1 S-FEI. 2. cc oc 5.CCG 2. 2 5C Q 0.7750 - - - - - 16 2.1700 1. 277 16 0.02 o. J3 30 1 
2 S-MG /1. C .07GG 3.0CO 0.5430 o. 986l' - - - - - 16 0.1970 3. 5 64 16 0.01 0.02 1 5 2 
3 S-CA% L.20Cl 15.0CC 2.37CO 4. 97'JG - - - - - 1 6 0.643( 4.069 16 0.02 0.03 30 3 
4 S-T Ii. C.O?CC 0.5((\ 0.1270 0.103::! - - - - - 1 6 0.1100 1 • 5 83 16 o.oc O.OJ 2 4 
5 s- ,N 3CJ. coer. 20CO.COC 463.00(:0 447.CCOO - - - - - 1 6 376.GCCC 1. 7 i?9 16 5.00 7.0J 7000 5 
6 S-AG -- -- -- -- - i c - - - - 0. 2COC 1 .cor 16 0.2C o. 30 -- 6 
7 S-B 1 0. (:0( (.; so.occ 17.5CGC 9.66[;:; - - - - - 16 1 5. 9f;CC 1. 5 31 16 s.oo ?.OJ 3000 7 
8 S- B.A 3 00. ~(,Q~, 2000.0CC 694.00(;0 409.CCLC - - - - - 16 61 3 .or: or 1 • 6 41 16 10.00 15.00 7000 8 
9 s-co 5 .GC·CC.. 5.CCC s.couo C.LCi::J::J - 3 - - - 1 3 4.2100 1 • 4 4 7 16 2.00 3.0J -- 9 

10 s-cR, ?o.r::oo~~ 1 50.CC.U 110.0CCO 56. 6')::::; - 1 4 - - - 2 7 .2 90 r 2.!i3i? 16 s.oo 7.00 -- 10 
11 s-cu 5. (~0(. c 2G.CCC 14.10(,0 5.73CD - - 2 - - 1 4 10.6CCC 1. 9 79 16 2.00 3.0::1 30000 11 
12 S-LA 2C. ::JC·C'C 200.CCC 137.CGCO 4~.708( - - - - - 1 6 122.CCCC 1 • 81 5 16 10.00 1 5. OJ 1500 1 2 
13 S-MO 5.cr::nu 1 c. cr r: 8.'iOCC 2.42:JD - 6 - - - 1C L .sec c 2.1 11 16 2.0G 3.00 -- 13 
14 S- NB 20. CON• 70. r·CC 49.3UL'J 1 6. '102[ - 2 - - - 14 36.51J[( 2 .o 97 1 6 7.00 10.00 -- 1~ 

15 S-NI 5. CCt:l} 70.0Cl! 1 2. 20( c 15.7:-oc - - - - - 1 6 5.93C.f 1. 9 44 16 2.0C: 3.00 -- 1 5 
16 S-PR 30 .l,l)[Jl 1 co.ccr: 58.8000 2 3. 9C:: [, - - - - - 16 53.9CGC 1 • 5 6G 16 3.00 S.OJ -- 16 
1 7 s- s tJ 10. :JGf;L 15 .CC·f 10.8C[1 0 1. 95 J J - 4 - - - 1 2 e.sscr 1 ·" 42 16 5.00 7.0:1 -- 17 
1S S-SR 1Q[.(lr)0[ 2CC·.OLC 167.COCCi 57.7C:C· - 1 3 - - - 3 62 .H'LG 1. 6 2 9 16 50.00 70. OD -- 18 
19 s-v 10. Cfl% 2CC.CCO 31.5000 s9.;c,c: - - 6 - - 10 1 i .6crn 2.333 1 6 5.00 7.0:: -- 19 
20 s- y 3o.CC,GC 1CO.CCO B0.60LO 25.7CJ.J - - - - - 1 6 75 .4CUG 1.517 16 s.oo 7.00 3000 20 
21 S-ZN 2CO.CC>OC, 5CC.OCO 350.0CCD 212.C2JD - 1 4 - - - 2 115.0CCC 1 • 5 33 16 100.00 150.0:1 -- 21 
22 s-zR 1 SC'. 'JOOIJ 3 00. DCC 188.CCOO SO.CGGl - - - - - 16 H2.CCCU 1 .2 69 1 6 7.00 10.00 1500 22 
23 AA-AL)-r:> -- -- -- -- - 16 - - - - C.010C 1 .GOO 16 0.01 0.03 -- 23 
24 INST-HG 0.020C 0.060 0.0400 0.02E3 - 0 6 - - 2 C.Of:72 1. 9 42 16 0.01 0.01 -- 24 
25 Ct-1-0-HM 1. CODC1 4.CCC 2.40(10 1.34JG - 8 3 - - 5 ::'.6C20 2. 5 59 16 0.30 0.5::1 1 5 c 25 
26 11(-TH -- -- -- -- 1 6 - - - - - -- -- 0 -- -- -- 26 
27 AC-U -- -- -- -- , 6 - - - - - -- -- 0 -- -- -- 27 



Miscellaneous samples (Pleistocene and Pliocene) 

Col Col~.<mn * * * * * * * * * * * • RAW O~TA **********"* Valid * REPLACED DATA * Replacement Values Col 
No. I. D. Minimum Maximum Mean Standard B N L G Other Geom Geom Valid N L G No. 

Deviation Mean Dev 

1 S-FE~ 0.5000 1 0. 000 3.270 1.8600 - - - - - 28 2.8300 1.762 28 0.02 0.03 30 1 
2 S-MG% 0.0500 10.000 2. 300 2.8600 - - - - - 23 0.9670 4.907 28 0.01 0.02 1 5 2 
3 s- CA ,_ 0.1000 1 5. 000 2. 700 3.3800 - - - - - 28 1. 3500 3.716 28 0.02 0.03 30 3 
4 S-TI% 0.0500 1. GOO 0.341 0.1980 - - - - - 23 0.2300 2.027 28 o.oo o.oo 2 4 
5 S-MN 30.0000 5000.000 842.000 973.0000 - - - - - 28 517.0000 2 .8 91 28 5.00 7.00 7000 5 
6 S-AG 0. 5000 o. sea 0. 500 -- - 25 2 - - 1 0.2130 1. 219 28 0.20 0.30 -- 6 
7 S-8 10.0000 1GO.OGO 31.800 28.3000 - - 14 - - 1 4 12.5000 2.318 28 5.00 7.00 3000 7 
8 S-oA 70.0000 2000.000 1260.000 626.0000 - - - - - 28 995.0LCG 2.371 28 10.00 15.00 7000 8 
9 s-co 7.0000 70.000 22.800 19.9000 - 12 2 - - 14 5. 9800 3. 2 83 28 2.00 3.00 -- 9 

1G S-CR 10.0000 1000.000 215.000 286.0COC - 4 1 - - 23 56.9000 5. 2 g 3 23 5.00 7.00 -- 10 
11 s-cu 5. 0000 150.000 29.700 32.8000 - - - - - 28 18.30C.O 2. 6 86 28 2.00 3.00 30000 11 
12 S-LA 20.0000 200.000 78.900 59.3000 - - - - - 2 3 59.5000 2.1 77 28 10.00 15.00 1500 1 2 
13 S-MO -- -- -- -- - 24 4 - - - 2.1200 1 • 1 55 28 2.0C 3.0:J -- 13 
14 s -tJ [3 20. cooc 3C.COO 24.000 5.4800 2 20 1 - - 5 8.9600 1. 6 3 ;:\ 26 7.00 10.00 -- 14 
15 S-NI 5.0000 300.000 56.4(.0 75.3000 - - - - - 28 24.5000 3.840 28 2.00 3.00 -- 15 
16 S-P8 1 G. COCO 70.000 20.600 13.1(100 - - 1 - - 27 17.2000 1. 704 28 3.00 5.00 -- 16 
17 S-SN -- -- -- -- - 26 2 - - - 5.12(;0 1 .092 28 5.00 7.00 -- 17 
18 S-SR 1 co. cooo 1500.000 671.000 54 6. 0000 - 4 3 - - 21 267.0000 3. 4 92 28 50.00 70.00 -- 1 8 
19 s -v 10.0000 300.000 102.000 77.6000 - - - - - 28 70.0000 2. 7 97 28 5.00 7.00 -- 19 
20 S-Y 1C.COOO 200.000 37.000 36.7(;00 - - 1 - - 27 27.1000 2 .o so 28 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 26 2 - - - 103.0000 1 .112 28 100.00 150.00 -- 21 
22 S-ZR 70. GOOD 500.000 230.000 103.uGOO - - - - - 28 20 8 .coco 1 .600 28 7.00 10.00 1500 22 
23 AA-Au-P 0. 02 90 0.078 0.053 0.0346 - 20 6 - - 2 0.01 36 1.708 28 0.01 0.03 -- 23 
24 INST-HG C.C200 0.040 0.026 0 .CL!81 - - 17 - - 11 0.011 6 1. 942 28 0.01 o. 01 -- 24 
25 (1\f-CX-Hf~ 1 • 0000 7.000 2.200 2.68UO 2 - 21 - - 5 0.616(; 1. 7 46 26 0.30 0.50 1 50 25 
26 AC-TH 7. 80 88 18.742 13.000 4.56JU 22 - - - - 6 12.3000 1 • 4 3 7 6 -- -- -- 26 
27 AC-U 1.9352 6.962 3.680 1. 9300 22 - - - - 6 3.3200 1. 62 7 6 -- -- -- 27 

Colter Formation (Miocene) 

c 0 l Colu.nn ............ RAW DAlA . ........... Valia * REPLACED DATA * Replacement Values Col 
No. I. D. Minimum Maximum Mean Standara 8 N L G Other Geom Geom Valid N L G No. 

Deviation f';ean De v 

1 S-FE% 1. 0000 10.000 4.7500 2.930(; - - - - - 14 3.8600 2.028 14 0.02 0.03 30 1 
2 S-MGX 0.3000 7.000 2. 8800 2. 1 80 c - - - - - 1 4 1 • 9 50 C 2. 7 87 1 4 0.01 0.02 1 5 2 
3 S-CA~ (;. 3000 10.COO 5.1 600 3.4500 - - - - - 1 4 3.3100 3.439 14 0.02 0.03 30 3 
4 s- r u 0.1000 0.7GO 0.3750 0.2360 - - - - - 1 4 0.3040 2 .c 12 14 o.oo o.o::> 2 4 
5 S-MN 30C.OOOO 1500.000 814.0000 422.0000 - - - - - 1 4 697.0(;00 1. 849 14 5.00 7.00 7000 5 
6 s-~G 1 .000(; 1 .oco 1.0000 -- - 1 3 - - - 1 0.2240 1 • 53 7 14 0.20 0.30 -- 6 
7 S-8 10.000C 30.000 16.7000 8.6608 - 1 4 - - 9 11.1000 1. 7 6 7 1 4 5.00 7.00 3000 7 
~ S-8~ 150.0000 2GOO.OCO 982.0000 653.UCOO - - - - - 1 4 762.0000 2.2 40 14 10.00 1 5. 00 7000 8 
9 s-co 5.CCOC 70.000 23.60CO 22.8UGO - - - - - 1 4 14.1000 2.949 14 2.00 3.00 -- 9 

10 S-CR 20.000G 2000.000 658.0000 739.0UDC - 2 - - - 1 2 169.0000 7.64 5 14 5.00 7.0:J -- 10 
11 s-cu 5. COOC; 70.CCO 26.6000 21.4000 - - - - - 1 4 18.1000 2.642 14 2.0{1 3.00 30000 11 
12 S-LA 20.0000 150.000 80.0000 48.800(. - 3 - - - 11 44.COCO 2.728 14 10.00 15.00 1500 12 
13 S-MO 5. 0000 5. 000 5.0000 c.uucc - 12 - - - 2 2. zgor 1. 3 95 14 2.0C 3.00 -- 13 
14 S-NB 20. CJOOO 30.000 26.7000 5. 77CL - 9 2 - - 3 9. 77GO 1.745 14 7.00 10.0:J -- 14 
15 s-rn 5.0000 100.000 50.0000 32.9C~C - - - - - 14 36.5COO 2.554 14 2.or 3.0J -- 1 5 
16 S-Pt3 15.0000 500.000 6 7.1 oco 137.C.UGC - 2 - - - 1 2 23.1000 3. 4 41 14 3.00 5.00 -- 16 
17 S- SN 10.0000 15.0CO 12.5000 3.5400 - 1 2 - - ~ 2 5.6%0 1.39~ 14 5.00 7.00 -- 17 
13 S-SR 1 sc .0000 10 00. DOC 565.0000 340.0()0(1 - 3 1 - - 10 252.0000 3.1 96 14 50.00 70.00 -- 18 
19 s- v 1 o. oooc '200.000 124.0000 71.300() - - - - - 14 90.5000 2.779 14 5.00 7.00 -- 19 
20 S-Y 10.0000 100.000 39.2000 29.6000 - 1 - - - 1 3 27.2000 2.323 14 5.00 7. 00 3000 20 
21 S-ZN 70C.OOOO 700.000 700.0000 -- - 1 3 - - - , 115.CCOO 1. 6 82 14 100.00 150.00 -- 21 
22 S-ZR sc.oooc· 500.000 198.0000 148.CuUC - , - - - 1 3 127.COOC 2.883 14 7.00 10.00 1500 22 

-1 23 AA-AU-P 0.1500 0. 200 0.1750 0.(.;354 1 9 2 - - 2 0.0179 2.902 13 0.01 0.03 -- 23 AI 
r:T 24 INST-HG 0.0200 0.350 0.0555 O.U982 - - 3 - - 11 0.0226 2.694 14 0.01 0.01 -- 24 
ti' 25 CM-CX-HI~ 1.0000 7.000 2.2900 2.3601:' - 5 2 - - 7 0.7480 2.690 1tt 0.30 o. 50 1 50 25 
w 26 AC-TH 8.2152 10.672 9.4400 1./'400 1 2 - - - - 2 9.36GC 1.203 2 -- -- -- 26 

27 AC-U 1. 84 89 1 • 884 1.8700 0.0250 1 2 - - - - 2 1. 870C 1. 013 2 -- -- -- ~7 

= I.C 



Table 3. Summary of geochemical data and statistical replacement information-Continued 
I.C = 

White River Formation (Oligocene) 

Col Colur1n * * * * * * * * * * * * R ~W D ~ T II * * * * * * * * * * * * Valia * RE"LIICED D~T~ * l<eplacement Values Col 
No. I. D. i~ in i mum Maximum J'lean Stal"'oard 8 N L G Other Geom Geo rr v d lid N L G No. 

~ Deviation Mean Dev 
:;-
~ 1 S-FE% 2.000 s.cco 3.730 1 .1 uOO - - - - - 1 5 3.580 1. 3 50 1 5 0.02 0.03 30 1 
~ 2 S- MG% 0.070 ?.OCO 1. 800 1.6100 - - - - - 1 5 1. 290 2.663 1 5 0.01 0.02 1 5 2 
::11::1 3 s-o,: 0.200 3.CCO 2.210 0.!:260 - - - - - 1 5 1. 93C 2.01'l2 1 5 0.02 0.03 30 3 
~ 4 S-Tii. 0.100 o.sco 0.327 D .1 030 - - - - - 1 5 0.309 1 • 4 56 1 5 o.oo o.oo 2 4 Ill 
0 5 S-MN 200.000 15GG.N10 827.000 432.CO::J::J - - - - - 1 5 713.COO 1 • 816 1 5 s.oo 7.00 7000 5 c 
~ 6 S-AG -- -- -- -- - 1 5 - - - - G.2CG 1. 0 CQ 1 5 0.20 0. 3J -- 6 
~ 7 s- s 10.000 10.CCC' 10.000 O.LC::iG - - 1 2 - - 3 7.520 1. 1 59 n 5.00 7. 00 3000 7 
Ill 

0 8 S-8A 10DO.OOC 3000.CLC 1370.000 516.0000 - - - - - 1 5 1300.000 1. 3 60 1 5 10.00 15.0J 7000 3 - 9 s -co 5.000 70.000 14.800 16.!5000 - 1 - - - 1 4 9 .or 2.359 1 5 2.00 3.00 -- 9 
:r 10 S-CR 70.00(; 700.(·0( 172.0LO 169.COC:O - 1 1 - - 13 89.3CC 3. 4 79 1 5 S.OC'l 7.0::J -- 10 
~ 11 s-cu S.COG 150.CCO 4 5. 9C 0 43.5[;00 - - - - - 1 5 26.7CC 3.043 1 5 2.0C 3.00 30000 11 
-f 12 s-u 30.CC(' 1CO.fCO 54.700 25.ceoc - - - - - j 5 50.1(0 1 • 5 24 1 5 1 0. 00 15.00 1500 12 
~ 1 3 s- ~10 -- -- -- -- - 1 5 - - - - 2 .ODC -- 1 5 2.00 3.DJ -- 13 
::I 14 S-NB 30.GOC. 3D.CCC 30.:JC~ -- - 1 4 - - - 1 7.710 1. 4 56 1 5 ?.GO 10.0::1 -- 14 

~ 15 S- N I S.LCJC' 150.C'CC 4 2. 7C 0 40.60]8 - - - - - 1 ) 27.7[( 2. 7 53 1 5 2.0(1 3.00 -- 15 

c:: 16 s-pe 1 C .l:GG so.ccc 23.300 11. t>OCu - - - - - 1 5 21. 3Cr 1. 51 6 1 5 3.0('1 5.00 -- 1 6 

~ 
17 S-SN -- -- -- -- - 1 5 - - - - 5.oor 1 .o co 1 5 s.oo 7.00 -- 17 

::I 18 s-sl\ 3C:O.Gi'O 1SOO.OCC 786.('1(;0 296.DC:!~ - 1 - - - 1 4 614.GC.G 2. 2 Ot. 1 5 so.oo 70.0::1 -- B 
~ 19 s-v 1'J.OOO 2DO.CGC 124.0C.C 57.9JOD - - - - - 1 5 104 .N'Q 2.1 31 1 5 5.00 7.0::1 -- 19 Ill 
Ill 20 s- v 11J.ODG ?C .OC·G 24.300 1 7. LSClO - - - - - 1 5 2G.1CO 1. 8 77 1 5 5.00 7.0::1 3000 20 
Ill 21 S-ZN -- -- -- -- - 1 5 ::I - - - - 1 GG .OCO 1 .Of"'C 1 5 100.00 150.00 -- 21 
Cl. 22 S-ZR 1GC.OOC 300.CCO 177.0CO 49.5CO:J - - - - - 1 5 17C.COO 1 • 3 32 1 5 7.00 10.0) 1500 22 
> 23 A~-AU-P -- -- -- -- - 1 5 - - - - u.CH 1 .o on 1 5 0.01 0.03 -- 23 
Cl. 2l. INST-HG 0.020 0.04C O.C24 C.C089 - - 10 - - 5 c.CiC: 1. 82 ~ 1 5 0.01 a. 01 -- 24 ii' 
l"l 25 CM-CX-HM -- -- -- -- - - 1 5 - - - G.5GC -- 1 5 0.3C 0.5::1 1 50 25 
~ 26 AC-TH 11. 5 66 11. 5 66 11. 60 0 -- , 4 - - - - 1 11.600 -- 1 -- -- -- 26 a 27 AC-U 2.077 2. 977 2.0£0 -- 1 4 - - - - 1 2.08D -- 1 -- -- -- 27 
:e-
~ 
Ill Basalt of Emerald Lake {Pliocene) ~ 

$! Col Column ...... * * * • * * RAW DATil * * . * * * • * * * * * Valia * REPLACED DATA * Replacement Values Col 
-< No. I • D • Minimum Maximum Mean Standard E:l N L G Other Geom Geom VaLid N L G No. 0 
3 Deviation ~ean De v 
:r 

QQ 1 S-FD 1. 0000 15.000 5. 000 4.5000 - - - - - 8 3.6500 2.340 8 0.02 0.03 30 1 
2 S-MG% 0.5000 2.000 1.530 0.6690 - - - - - 8 1.3500 1. 7 70 3 0.01 0.02 1 5 2 
3 s-cu. c. 5000 20.000 4.750 6.900G - - - - - 8 2.1100 3.742 8 0.02 0.03 30 3 
4 S-TII: c. 2000 0.700 0. 32 9 0.1980 - - - 1 - 7 0.3550 2.1 30 8 o.oo 0.00 2 4 
5 S-MN 300.0000 2000.000 1QOO.OOO 545.0COO - - - - - 8 866.COOO 1.825 8 5.00 7.00 7000 5 
6 S-AG -- -- -- -- - 8 - - - - 0.20CG -- 8 0.20 0.30 -- 6 
7 s-e 10.0000 70. oco 31.300 25.30('0 - - - - - 8 23.3000 2.273 8 5.00 7.00 3000 7 
8 s-a A 300.0000 20GO.OCO 750.000 555.0000 - - - - - 3 621 .0000 1. 5 77 '! 10.00 15.00 7000 3 
9 s- c 0 s.cooo 10.000 7.670 1. 9700 - 2 - - - 6 5.3600 1. 912 8 2.00 3.00 -- 9 

10 S-CR 15.0000 300.000 81.900 92.7GOO - - - - - 8 53.4000 2.605 8 s.oo 7.00 -- 10 
1 i s-cu 7. ooou 50.000 24.600 18.10GO - - - - - 8 1E.8COO 2. 2 34 8 2.00 3.00 30000 11 
12 S-LA 20.0000 3DO.CCO 67.5GO 95.CGCO - - - - - 8 41 .60GO 2. 4 ?C 3 10.00 1 5. 00 1500 12 
13 s- ~~ 0 -- -- -- -- - 8 - - - - 2.CCCG 1 .ooo 8 2.0C 3.00 -- 13 
14 S-NB 3C.COOO 30.0CC 30.0CO O.CDOO - 4 2 - - 2 11 .Oi.JCC 1. 393 3 7.00 10.00 -- 14 
1 5 s- rJ 1 5. 0000 50.000 18.8(;0 15.3000 - - - - - 8 14.0000 2. 2 89 8 2.0C 3.00 -- 1 5 
16 S-PB 10.0000 50.000 26.9(.)0 12.2000 - - - - - 3 24.30(;0 1. 6 so 3 3.00 5.00 -- 16 
17 S-SN -- -- -- -- - b - - - - S.CGCG -- 8 s.oo 7.00 -- 17 
18 S-SR 1 00. cooo 700.000 388.000 270.0000 - - - - - 8 298.0000 2. 2 75 8 so.oo 70.00 -- 1 8 
19 s -v 30.0000 300.000 104.000 89.1000 - - - - - 8 78.3000 2.210 8 s.oo 7.00 -- 19 
20 s- v 10.oooo 70.000 30.000 20.00CO - - - - - 8 25.3000 1.842 3 s.OG ?.OJ 3000 20 
21 S-ZN -- -- -- -- - 8 - - - - 100.0000 1.GGO 8 100.00 150.00 -- 21 
22 S- Z R 100.0000 150.000 136.000 24.4000 - - - 1 - 7 181 .coco 2.393 3 7.00 10.00 1500 22 
23 AII-~U-P 5.5000 5.500 5. 500 -- - 6 1 - - 1 0.0247 9.0 98 8 0.01 0.03 -- 23 
24 INST-HG C.C40C 0.060 o.oso 0.0110 - - 2 - - 6 0.0301 2.509 8 0.01 0.01 -- 24 
25 CM-CX-HM 1.0000 3.000 2.200 1 .1 GOG - 1 2 - - 5 1 .c 90 0 2.518 8 0.30 0.50 1 50 25 
26 AC-Th -- -- -- -- 8 - - - - - -- -- 0 -- -- -- 26 
27 AC-U -- -- -- -- 8 - - - - - -- -- 0 -- -- -- 27 



Wiggins Formation of Thorofare Creek Group (upper Eocene) 

Col Column * * • * * * • * • * * * R ~W 0 q A * *********** Valid • RE?LACED D~T~ * Replacement Values Col 
No. I. D. Minimum l"aximum ~lean Standaro B N L G Other Geom Geom valid N L G No. 

Deviation Mean Dev 

1 S-FEX 0.1000 1 5. 000 3. 300 1.9400 - 1 1 - - 314 2.730 2 .o 59 316 0.02 0.03 30 1 
2 S-MG% 0.0200 7.000 1. 91 0 1.1600 - - 1 1 - 314 1. 5 70 2.169 316 0.01 0.02 1 5 2 
3 s-c~~ 0.0500 20.000 3.120 2.o10G - - - 3 - 313 2.500 2. 2 64 316 0.02 0.03 30 3 
4 S-TI% 0.0020 1. GOO 0.279 0.1420 - 2 - - - 314 0.225 2.3B 316 o.oo o.oo 2 4 
5 S-MN 10.0000 3000.000 510.000 430.0000 - 1 1 - - 314 352.000 2.562 316 5.0('\ 7.00 7000 5 
6 S-AG 0. 500G 2.0GO 1 • 2 50 1.L600 - 314 - - - 2 0.202 1.1 4 Q 316 0.20 0.30 -- 6 
7 s- s 10.0000 50 .ooo 1 5. oco 11 • 6GOC - 1 2 2 144 - - 50 6.75[; 1 • 4 51 316 s.oo 7.00 3000 7 
B s-6A 20.0000 3COO.OCO 1200.0GO 474.GL·CO - 4 - 2 - 310 1010.0CC 2.293 316 10.00 15.00 7000 8 
9 s- c 0 5.0000 50.000 1 7. 6[;0 9.13CO - 39 - - - 2 77 12.200 2. 2 39 316 2.00 3.00 -- 9 

10 S-CR 10.0000 1000.000 1 6 5. OG 0 117.LUCu - 29 2 - - 2135 94.400 3.336 316 5.00 7.00 -- 10 
11 s-cu 5.0000 200.000 22.300 20.3CCC - 3 7 - - 306 16. 7CC 2.015 316 2.00 3.00 30000 11 
12 S-LA 20.0000 200.000 44.900 29.5030 - 1 8 23 - - 275 33.(100 1. 8 89 316 10.00 15.00 15 00 1 2 
13 S-MO 5. 00 00 20.000 12.100 5.o7GO - 306 3 - - 7 2.080 1. 3 co 316 2.00 3.00 -- 13 
14 S- NB 20. GOOO 30.000 25.7GO 5.35CC - 298 11 - - 7 7. 2 90 1 • 2 2 2 316 7.CC' 10.00 -- 14 
15 S-NI 5. 0000 300.000 67.100 45.200G - 5 4 - - 307 4 5. 60 c 2.727 316 2.00 3.00 -- 1 5 
16 S-PB 10.0000 100.0GO 18.400 11.GQDO - 19 12 - - 2 as 14.300 1 • 8 2 9 316 3.00 5.00 -- 16 
17 S-SN -- -- -- -- - 316 - - - - 5.000 -- 316 5.00 7.00 -- 17 
18 S-SR 100.COOO 1500.000 762.000 351.GOCO - 9 4 - - 303 610.000 2.044 316 50.00 70.0:J -- 18 
19 s- v 10.0000 300.0CO 99.400 62.2LOO - 4 2 - - 310 76.600 2.1 73 316 5.00 7.00 -- 19 
2C S-Y 10.0000 70.000 1 5. oco 8.0200 - 120 23 - - 1 73 8.890 1 • 7 59 316 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 316 - - - - 100.CCO 1 .000 316 100.00 150.0J -- 21 
22 S- ZR 10.0000 300.000 11 0. 00 0 55.30::l0 - 11 1 - - 304 B6. 200 2.105 316 7.00 10.00 1500 22 
23 A~ -AU- P 0.0500 0.100 o. 07 5 0.0354 - 303 11 - - 2 0.010 1. 2 57 316 0.01 0.03 -- 23 
24 INST-HG 0.0200 o. 300 0.035 0.0367 - - 1 96 - - 1 2G 0.012 2 .1 2 B 316 0.01 o. 01 -- 24 
25 CM-C X-HM 1. 0000 7.000 1 • 51 0 1. 31 DO - 8 2 7 3 - - 35 ().547 1. 419 31t, 0.30 0.50 1 50 25 
26 AC-TH 1. 9960 23.544 7.680 4.330L 2 7 2 - - - - 44 6.800 1.629 44 -- -- -- 26 
27 AC-U 0. 5607 4.099 1. 660 0.7160 269 - - - - 47 1. 540 1 • 4 54 47 -- -- -- 27 

Trout Peak Trach~andesite of Sunlight Grou12 {Eocene} 

Col Column • * * • • * * • * * * • R ~w D ~ n * * • * * * * • * * * • Valid * REPLACED D~TA * Replacpment Values Col 
No. r. o. Mirlimum Maximum Mean Standard B N L G Other Geom Geom valid N L G No. 

Deviation Mean De v 

1 5-FE% 2.0000 10.000 4. 500 2.2400 - - - - - 1 2 4.080 1. 5 71 12 0.02 0.03 30 1 
2 S-MG% 1. 0000 5.000 2. 670 1.4o00 - - - - - 1 2 2.340 1 • 6 91 12 0.01 0.02 1 5 2 
3 S-CAI: 2.0000 5.000 2. 670 0.8880 - - - - - 1 2 2.560 1.339 1 2 0.02 0.03 30 3 
4 S-TI% 0.2000 0.500 0.367 0.1230 - - - - - 1 2 o. 34 7 1. 4 2 5 12 o.oo o.oo 2 4 
5 s-r·w 150.0000 1500.000 725.000 437.GOCO - - - - - 1 2 562.000 2.305 1 2 s.oo 7.0J 7000 5 
6 S-AG -- -- -- -- - 1 2 - - - - 0.20C -- 1 2 0.20 0.30 -- 6 
7 s- 8 10.0000 10.000 10.000 -- - 2 9 - - 1 6.820 1 .1 94 12 s.oo 7.00 3000 7 
8 S-BA 700.0000 3COO.OOO 1490.0(;0 642.CL00 - - - - - 1 2 1370.COC 1 • 5 39 1 2 10.00 15.00 7000 8 
9 s-co 10.0000 50.000 22.500 11.CCOG - - - - - 1 2 zc..soo 1 • 5 54 1 2 2.00 3.00 -- 9 

10 S-CR 15.0000 sco.coo 205.0(10 153.GCCG - - - - - 1 2 153.0CO 2. 4 82 1 2 5.00 7.00 -- 10 
11 s-cu 15.0000 1 50 .OGO 66.300 43.9COO - - - - - 1 2 51.10C 2.246 12 2.00 3.00 30000 11 
12 S-LA 20.0000 150.000 58.300 48.2000 - - - - - 1 2 44.50(: 2 .(.; 97 1 2 10.00 15.00 1 soc 12 
13 S-r-)0 -- -- -- -- - 1 2 - - - - z.oco -- 1 2 2.00 3.0:1 -- 1 3 
1 4 S- NB -- -- -- -- - 11 1 - - - 7. 21 c 1 • 1 0 ~ 1 2 7.cr 10.00 -- 14 
15 S-NI s.cooo 1 50 .oco 65.4CJO 45.00CC - - - - - 1 2 46.600 2.719 1 2 2.0C 3.00 -- 1 5 
16 S-::>3 10.0000 70.000 24. 200 18.100C - - - - - 1 2 20.100 1.809 1 2 3.00 5.00 -- 16 
17 S-SN -- -- -- -- - 12 - - - - 5 .CCC -- 12 5.00 7.0:1 -- 17 
1B S- SR 200.000(; 150C.CCO 842.000 462.CGOG - - - - - 1 2 713.000 1.897 1 2 50.0C 70.00 -- 18 
19 s- v 50.0000 zoo.oco 128.000 65.5(;0u - - - - - 1 2 112.000 1. 7 52 1 2 s.oc 7.00 -- 19 
20 s- v 10. GOOD 30.0CO 19. OGO 5. q8CG - 2 - - - 10 14.600 1.799 1 2 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 1 2 - - - - 1CO.OOO 1. 000 12 1CO.OC 150.00 -- 21 
22 S-ZR 50.0000 200.000 116.GGO 44.000L - - - - - 1 2 1(:8.000 1. 4 99 1 2 7.00 10.00 1500 22 

-1 23 AA-AU-P -- -- -- -- - 11 1 - - - 0.011 1.303 1 2 C.01 0.03 -- 23 
Ill 24 INST-HG o.o2Gu 0.060 0.033 0. 0231 - - 9 - - 3 (;.010 2.004 1 2 0.01 3.01 --

24 I cr 
tr 25 C~-CX-HM 35.0000 35.000 35.0UG -- - - 11 - - 1 G.712 3.4 09 1~ 0. 30 0.50 1 so 25 
~ 26 AC-TH 14.3730 17.748 16.0t0 1. 70GO 9 - - - - 3 1 5. 90 (1 1.112 3 -- -- -- 26 

27 AC-U 1.2876 ".o 59 2.550 1. 4CCO 9 - - - - 3 2.290 1.776 3 -- -- -- 27 

~ 



Table 3. Summary of geochemical data and statistical replacement information-Continued 
I.C Axcross Formation of Thorofare Creek GrouQ (Eocene} 
~ 

Col Column * * • • • • • • • • • • RAW DATA .......... " " Valid * REPLACED DATA * Replacement Values Col 
No. I. D. Min~ mum Maximum Mean Standard B N L G Other Geom Geom Valid N L G No. 

~ Deviation Mean Dev 
;· 

70 0.02 1 tTJ 1 S-FE% 0.5000 10.000 3.04 0 1.8300 - - - - - 70 2.5700 1. 830 0.03 30 
~ 2 S-MG% 0.1000 10.000 1.480 1.5600 - - - - - 70 0.9760 2.642 70 0.01 0.02 1 5 2 
;11:1 3 S-CA4 0.0700 20.000 2.620 4.0SOO - - - - - 70 1.2100 3. 6 7~ 70 0.02 0.03 30 3 
tTJ 4 s-TI4 0.0200 0.700 0.281 0.1390 - - - - - 70 0.2420 1.838 70 o.oo o.oo 2 4 
"' Q 5 S-MN 10.0000 sooo.ooc 570.000 749.0000 - - - - - 70 279.0000 3.6 86 70 s.oc 7.00 7000 5 c 

6 S-AG 1.0000 2.000 1. 670 O.S770 - 67 - - - 3 0. 21 90 1. s 34 70 0.20 0.30 -- 6 ;:; 
tTJ 7 s- B 10.0000 so. 000 18.600 13.6COG - 2 36 - - 32 9.9100 1 • 7 61 70 s.oo 7.00 3000 7 
"' l3 s- s" 70.0000 sooo.oco 1140.000 74S.[000 - 1 - - - 69 843.0000 2.623 7[ 10.00 1 5. 00 7000 8 Q - 9 s-co 5.000G SO. GOO 14.400 10.LOOO - 2S - - - 4 s 6.2SOO 2.705 7( 2.0C 3.00 -- 9 - 10 S-CR 10.0000 700.000 :::r 123.000 131.GOOC - 1 - - - 69 77.6CCO 2.790 7l s.oc 7.00 -- 10 
tTJ 11 s-cu s.oooo 700.000 46.700 102.0GOO - - 1 - - 69 13.9000 3.0 90 70 2.00 3.00 30000 11 
-1 12 S-LA 20.0000 300.000 S7.100 S7.2000 - 8 - - - 62 3 5. 40C 0 2.275 70 10.00 1 5. 00 1500 12 a 13 S-MO 5.0000 300.000 70.900 77.0LOCJ - 52 2 - - 16 3.9900 3.965 70 2.00 3.00 -- 13 Q 

= 14 S-NB 20.0000 70.000 45.000 35.4000 - 62 6 - - 2 7.S700 1. 3 67 70 7.00 10.00 -- 14 

~ 15 s-rn s.oooc 150 .ooo 36.300 36.7GOO - - 4 - - 66 19.5CGG 3 .c 62 70 2.0C 3.CJ -- 1 5 
16 S-PB 10.0000 150.000 20 0 300 21.1CCO - 1 5 - - 64 14.8LCO 1 • 8 71 70 3.0C 5.00 -- 16 a: 17 S-SN -- -- -- -- - 69 1 - - - 5 .02('0 1. G 41 70 s.oc 7.00 -- 17 tTJ .. 1 B S-SR 10(;.0000 2000.000 6 52.000 473.li000 - 6 - - - 64 386.0000 2.909 70 50.00 70.00 -- 18 = tTJ 19 s-v 1G.OOOO 7CO.OOO 1 58.000 1S7.0000 - - - - - 70 107.0000 2.4 49 70 s.oc 7.00 -- 19 

"' "' 20 s-v iO.OOOO 200.000 25.200 34.0000 - 11 4 - - 55 13.50CO 2. 2 51 70 s.oo 7.00 3000 20 
Dol 21 S-ZN 200.0000 500.000 400.000 173.0GOD - 67 - - - 3 106.0000 1.324 70 100.00 150.00 -- 21 = c. 22 S- Z R 2:0.GDOG 300.000 157.000 76.100(; - - - - - 70 136.0000 1.809 70 7.00 10.0:1 1500 22 
> 23 AA-AU-P -- -- -- -- 6 62 2 - - - 0.(•103 1 .1 7 4 64 0.01 0.03 -- 23 
c. 24 INST-HG 0.0200 0.200 0.050 0.0448 - - 24 - - 46 0.0210 2.678 70 0.01 0.01 -- 24 -;· 

25 CM-CX-Hr1 1 .GOOD 70.CCO 23.600 23.70CG - - so 2 - 1 8 1.3100 5. 6 81 70 0.30 o.so 1 50 25 1"1 
tTJ 26 o\C-TH 4.4336 17.5 72 8. 860 3.5400 55 - - - - 1 s 8.2700 1. 4 66 1 5 -- -- -- 26 = - 27 AC-U 0.6793 31. 344" 3.870 7.4100 54 - - - - 16 2.13(10 2. 4 1 3 16 -- -- -- 27 
> ;:; 

Langford Formation of Thorofare Creek Group (Eocene) Dol 
!!' 

~ Col c 0 l Uloll'l * * * • • • * * * • • * RAW DATA * • .......... valid • RePLACED DATA * Replacement Values Col 
-< No. I. D. Minimum Maximum Mean Standard t3 N L G Other Geom Geom Valid N L G No. 
Q Deviation JV•ean De v 3 ;· 

1 S-FEi: 0.7000 5.000 2.920 0.9220 - 1 - - - 96 2.6400 1.825 97 0.02 0.03 30 1 QQ 

2 S-MG4 0.0500 5 .coo 1. 810 0.8750 - - - - - 97 1 • 5 6CO 1. 890 97 0.01 0.02 1 5 2 
3 S-CAi: (,.2000 20.000 2 0 900 2.7900 - - - - - 97 2.3300 1. 9 32 97 0.02 0.03 30 3 
4 S- T I% 0.0300 0.500 0.264 0. G 94b - 1 - - - 96 0.2310 2 .o 13 97 o.oo 0.00 2 4 
5 S-MN 30.0000 2000.000 4 73.000 380.000(1 - - - 1 - 96 369.0000 2. 2 55 97 5.00 7.00 7000 5 
6 S-.AG -- -- -- -- - 97 - - - - 0.2000 1. 0 01 97 C.20 0 0 30 -- 6 
7 S-B 10.0000 20.C:OC 1 4. sc 0 5.2200 - 43 3S - - 11 6.40CO 1 0 4 01 97 s.oc 7.0::1 3000 7 
3 S-BA 10C.OOOO 2000.000 1120.000 437.oouo - - 1 - - 96 960.0CCO 1. 9 97 97 10.00 15.00 7000 8 
9 s-co 5.0000 50.000 15.300 5.6bCO - 9 - - - 83 11.90GO 1. 971 97 2.00 3.00 -- 9 

10 S-CR 10.0000 500.000 155.000 99.3000 - 6 1 - - 9C 97.SCCC 3.04 8 97 s.oo 7.0J -- 10 
11 s-cu 5. 0000 50.000 17. 600 9.3200 - 1 3 - - 93 14.7000 1 0 7 52 97 2.00 3. 00 30000 11 
12 S-LA 20.00 DO 200.000 41.000 27.4li0C - 1 6 - - 90 33.5CCO 1. 6 83 97 10.CO 1 5. 00 1500 12 
13 S-MO 1C.COOO 10.0CC 10.0GO -- - 95 1 - - 1 2.0400 1 .1 83 97 2.0C 3.00 -- 13 
14 s-r~B 10.COCO 30.000 23.300 11.5000 - 92 2 - - 3 7.29Cn 1 0 2 40 97 7.00 10.00 -- 14 
15 S-NI 5.0000 150.CCO 62.000 41.5LOC - 1 2 - - 94 40.7000 2.89'3 97 2.0C 3.00 -- 1 5 
16 S-PB 10.0000 30.000 1 5. 800 4.9uOG - 5 6 - - 86 13.0CCO 1 • 6 74 97 3.00 5.00 -- 16 
17 S-SN 1C .oooc 30.000 16.700 11.50(10 - 94 - - - 3 S.170C 1.2 29 97 s.oo 7.00 -- 17 
18 S-SR 10C.OOOO 1500.000 681.000 321.0000 - 4 - - - 93 533.COCO 2 .1 59 97 50.0C 70.00 -- 18 
19 s- v 15.0000 300.000 83.600 49.9000 - - 1 - - 96 7C.8COO 1.779 97 5.0C 7.00 -- 19 
20 s- y 1u.oooo 70.000 15.300 12.9000 - 34 B - - 55 8.8000 1 0 790 97 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 97 - - - - 10G.OCOO 1. 000 97 1CO.OO 150.00 -- 21 
22 S-ZR 30.0000 500.000 109.000 67.9ouo - 2 - - - 95 91 .2(..00 1. 8 20 97 7.00 10.00 1500 22 
23 AA-AU-P 0.0500 0.300 0.175 0.1770 1 86 1:\ - - 2 0.0114 1.569 96 0.01 0.03 -- 23 
21. INST-HG 0.0200 0.140 0.031 0.0245 1 - 60 - - 36 0.0116 2 .G 53 96 0.01 0.01 -- 24 
25 CM-CX-HM 1.0000 3.000 1. 310 0.7510 1 - 83 - - 1 3 D.562C 1.392 96 0.30 0.50 1 so 25 
26 H-TH 4. 51 53 26.653 10.100 7.280(: 82 - - - - 1 5 8.480C 1.768 1 5 -- -- -- 26 
27 AC-U 0.8050 5.SC8 2.2(:0 1. 4300 82 - - - - 1 5 1. 8500 1. 7 99 1 5 -- -- -- 27 



Two Ocean Formation of Thorofare Creek Group (Eocene) 

Col Column ............ R~W D~TA * * * * ........ Valid * REPLACED D~TA * Replacement Values Col 
No. I. D. Minimum Maximum Mean Stanaard 8 N L G Other Geom Geom Valid N L G No. 

Deviation (", e an Dev 

1 S-F EX 1. 0000 15.000 3.670 2.780C - - - - - 26 3.080 1 • 7 54 26 0.02 0.03 30 1 
2 S-MGi; C.1000 3.000 1. 670 0.7470 - - - - - 26 1.390 2.1 4 7 26 0.01 0.02 15 2 
3 S-CA~ 0.2000 10.000 2. 97 0 2.1700 - - - - - 26 2.290 2. 2 44 26 0.02 0.03 30 3 
4 S-T D 0.1500 0. 500 0.279 0.1210 - - - - - 26 0.257 1. 4 3:1 26 o.co o.oo 2 4 
s s-r~N 150.0000 2000.000 667.000 614.(JGOO - - - - - 26 429.000 2.642 26 s.oo 7.00 7000 5 
6 S-AG -- -- -- -- - 26 - - - - 0.2GC 1. c cr 26 0.20 0.30 -- 6 
7 s-e 1G.OOOO 30.000 2 0. DC 0 10. C•C1~0 - 8 1 3 - - 5 7.550 1.655 26 5.00 7.00 3000 7 
8 S-BA 70C.OOOO 2000.000 1150.0CO 379.CLOU - - - - - 26 11CO.uCO 1. 3 74 26 10.0C 15.00 7000 3 
9 s-co 5.0000 10 .ceo 22.4GO 17.3lJOG - 4 - - - 22 1 2. sec 2.803 26 2.00 3.00 -- 9 

10 S-Cf< 10.0000 SOG.OCO 150.000 101.(J(J0lJ - ( - - - 24 S7.5CC 3.469 26 s.oo 7.00 -- 10 
11 s-cu 5.0000 150.000 27.100 31.5000 - - - - - 26 17.500 2.4 90 26 2.00 3.00 30000 11 
12 S-LA 2C.OOOO 20C .000 40. oco 44.6LOO - 4 2 - - 20 23.900 2.042 26 10.00 15.00 1500 1 2 
13 S-MO 1C.OOOC 1 o .ceo 10. OLU -- - 24 1 - - 1 2.160 1 .3 811 26 2.00 3.00 -- 13 
14 S-NB 3C.COOO 30.0CC 30.COO -- - 25 - - - 1 7. 4C C 1. 33[1 26 7.0C 10.00 -- 14 
15 S-Id 5.0000 150.000 56. 8GO 36.2000 - - - - - 26 t, 1. 2C 0 2.6 39 26 2.00 3.00 -- 1 5 
16 S-PB 1 G. COCO 30.0CO 14.600 4.7700 - - 1 - - 25 1 3 .40C 1. 4 2 ~ 26 3.00 5.00 -- 16 
17 S-SN -- -- -- -- - 26 - - - - 5 .CCC 1 .GOG 26 5.00 7.00 -- 17 
18 S-SR 1GO.COOO 1500.000 668.000 333.0000 - 1 - - - 25 532.000 2.094 26 so.oo 70.00 -- 1 8 
19 s -v 10.0000 300.000 101 .oco 81. suou - - - - - 26 74.600 2. 2 81 26 5.00 7.00 -- 19 
2C S-Y 1(; .0000 70.000 20.800 16.6uDG - 13 - - - 13 9.230 2.1 2 5 26 s.oo 7.00 3000 20 
21 S-ZN -- -- -- -- - 26 - - - - 1CL.DCC 1 • G 01 26 100.00 150.00 -- 21 
22 S-ZR 30.0000 500.000 108.000 93.3030 - - - - - 26 86.600 1. 8 83 26 7.00 10.00 1 500 22 
23 ~~-~u-p -- -- -- -- - 22 4 - - - 0.012 1 • 4 01 26 0.01 0.03 -- 23 
24 INST-HG 0 .G200 O.C60 0.028 0.0149 - - 1 g - - :1 0.010 1 • l3 98 26 0.01 0. 01 -- 24 
25 CM-CX-HI•1 1. cooo 3 .oco 1. 670 1 • 1 5 00 - - 23 - - 3 (;.565 1 • 4 7 5 2'6 0.3(\ o.so 1 50 25 
26 AC-TH 3. 80 6 7 7.672 6.110 1. 2 500 18 - - - - 8 5.99C 1 • 2 55 3 -- -- -- 26 
27 AC-U 1. 14 80 1 • 7 78 1 • 54 0 0.1990 1 8 - - - - 8 1. 530 1 .1 4 8 8 -- -- -- 27 

Unnamed sequence (lower Eocene and upper Paleocene) 

Col Column * * * * ******** RAW DATA **'***•****** valid • REPLACED D~T~ * Replacement Values Col 
No. I. D. ~inimum ~aximum Mean Stancard EJ N L G Other Geom Geom Valid N L G No. 

Deviation f',ean Dev 

1 S-FE% 1.0000 10.0(0 2.83(:0 2.33CC - - - - - 1 2 2.3900 1. 713 1 2 0.02 0.03 30 1 
2 S- MG 7. o.scoo 5. C•CC 1 • 1 90 0 1. 21 ::;c - - - - - 1 2 G.9S8r• 1.766 1 2 0.01 0.02 1 5 2 
3 S-CAt. 0. 2C CC ?C.CCC l3 .6600 10. DOJ~ - - - - - 1 2 2.2400 7. 3 36 1 2 0.02 0.03 30 3 
4 S-T!h o.1orc 1.CL r:; 0.3060 o.o:2n - - - - - 12 0.2640 1. 704 12 o.oo 0.03 2 4 
5 S-MN 70. oooc. zcor..ccc 497 .ccco 652. DOH - - - - - 1 2 237.0000 3. 4 41 1 2 5.00 7.D:l 7JOO 5 
6 S-AG -- -- -- -- - 1 2 - - - - 0.2CCC -- 1 2 0.20 0.30 -- 6 
7 S-B 2C.OOCC 1 00. (•( c B. 3CCO 27.60DG - - - - - 1 2 31. 500(1 1. 8 6" 12 5.00 7.00 3000 7 
8 S-BA 70.GGOO 10oc.rrr. 541.00(.0 339.WC:D - - - - - 1 2 390.0000 2. 6 94 12 1 0. 00 1 5. 00 7000 8 
9 s-co S.OGuO 3D.crc 11.30CC 12.5L:JC - ~ - - - 4 3.15CO 2.2 67 1 2 2.00 3.0:1 -- 9 

10 S-CR 10.GOCC 150.(([; 55.80CO 43./,QQ( - - - - - 1 2 38.3000 2.701 1 2 5.00 7.0J -- 10 
11 s-cu 5 .OCC~J 7G.CCO 21.70(.0 26.Nd:JC - - - - - 1 2 11.3Gfl0 2.988 12 2.0(1 3.3J 30000 11 
12 S-LA 20.0CO(; 300.CCC 81.30CO 91.4 GC.C - 4 - - - 8 31. 9(((' 2.934 12 10 .oo 1 5. OJ 1500 12 
13 S-MO -- -- -- -- - ~? - - - - 2.0GOO -- 12 2.0(' 3.0:l -- 13 
14 S-NB 30.GOOS 3C.GCC 30.ooou -- - 10 1 - - 1 8.140(1 1. 5 27 1 2 7.0() 10.0J -- 14 
15 S-tH 5.COOC 50.C:CC 14.1000 13.68:'2 - - - - - , 2 10.3(100 2.1 71 12 2.or. 3.00 -- 1 5 
16 S-PB 1 o.occc 30.0(( 1 5. 500 J 6.11QC - - 1 - - 11 13.3UOC 1. 5 85 12 3.00 s.o:l -- 16 
17 S-SN -- -- -- -- - 1 2 - - - - 5.0CC:O -- 12 5.00 7.0) -- 17 
18 S-SR 100.JOCC 15C.CCC 107.0000 18.'iuJD - 5 - - - 7 77.5CCO 1.4 96 1 2 50.00 70.0:l -- 18 
19 s-v 30.CC!lG src.ccc 90.0000 130.0100 - - - - - 1 2 60.60(\0 2.089 12 s.oo 7.0:l -- 19 
20 s- v 1G.CGCL 10. ere 3C.8CG::l 21. so co - - - - - 1 2 24.8000 2.(;11 1 2 s.co 7.00 3000 20 
21 S-ZN 2oo.noou 2C.O.CC.C 200.COCO -- - 11 - - - 1 106.0000 1 • 2 22 1 2 100.0(' 150.00 -- 21 
22 S-ZR 100.CCCC 10CC.OOC 246.COCO 243.C:JJ::; - - - - - 1 2 198.00[0 1.77Q 12 7.00 10.0J 1500 22 

-1 23 AA-AU-P -- -- -- -- - 10 2 - - - C.0116 1 .4 29 1 2 0.01 0.03 -- 23 
~ 
C"' 24 INS T-HG D.G20L 0.080 0.1:1382 0.0189 - - 1 - - 1 1 D.C301 1. 913 12 0.01 0.01 -- 24 
ii" 25 CI-1-CX-HN 1.COL:O 3.000 2.CDDO 1 .15 ('l.J - - s - - 4 0.7570 2.005 1? 0.30 O.SJ 150 25 
~ 26 AC-TH 1 L3710 , 3. 3 71 1 3. 400(\ -- ~ 1 - - - - 1 13 .l.OC·O -- 1 -- -- -- 26 

27 AC-U 2.3379 2.38S 2. 3900 -- 11 - - - - 1 2.39CO -- 1 -- -- -- 27 

ID 
~ 



Table 3. Summary of geochemical data and statistical replacement information-Continued 
...= Pinyon Conglomerate (Paleocene and Upper Cretac:~o-us) 

""' Cot Column ............ RAW DATA * * * • ******** v d tid • REPLACED DATA • Replacement Values c 0 t 
No. I • C. Minimum Maximum Mean Stanoard B N L G Other Geom Geom Vat i d N L G No. 

~ Deviation Mean De 11 

:;-
I'D 1 S-FE% c. 2000 20.000 3. 4 600 4.0500 111 - - - - 219 2.2700 2.372 219 0.02 0.03 30 1 
~ 2 S-1". G i;. 0.0200 7.000 0.8660 1.0400 111 - - - - 219 0 • 5 91 c 2.402 219 0.01 0.02 1 5 2 
;:11:1 3 S-CA% 0.0500 20. c 00 2.1 DOD 3.6700 111 - 2 2 - 215 0.7350 4.522 219 0.02 0.03 30 3 
I'D 

0.0020 1 .000 0.2560 0.2150 111 - - 11 - 208 0.2080 2.569 219 o.oc o.oo 2 4 Ill 4 S-T n 
0 5 S- MN 15.0000 sooc.ooo 744.0000 857.0LOC 111 - 1 2 - 216 43'l.OOOO 3.119 219 5.00 7.00 7000 5 c 
~ 6 S-AG 0.5000 2.CCO 0.8640 C.595C 1 1 1 1 63 45 - - 11 0.2320 1. 3 96 21 9 0.20 0.30 -- 6 
I'D 7 S-B 1c.oooo 100.000 28.5000 21. 70CG 137 3 35 -Ill - 1 55 17.9000 2.143 193 5.00 7.00 3000 7 

s. il 5- B 1\ 100.0000 5000.000 503.0000 419.CUCO 111 - - - - 21 9 415.0000 1. 8 24 219 10 .oo 15.00 7000 8 
..... 9 s-co 3.000G 70.000 10.1000 10.40CL 1 1 1 54 38 - - 1 2 7 4.5SOO 2.220 219 2.00 3.0G -- 9 
::r 10 S-CR 3.0000 3000.000 104.0000 274.0uCO 1 1 1 9 2 - - 208 36.9000 3. 2 74 219 s.oo 7.00 -- 10 
I'D 

11 s-cu 3. 0000 100.000 12.4000 12.4000 111 3 1 2 - - 204 8.7400 2.045 219 2.0C' 3.00 30000 11 
-1 12 S-LA 20.0000 1000.000 74.3000 132.0000 111 24 5 - - 1 9(J 35.3000 2.543 219 10.00 15.00 1500 1 2 ~ 
0 13 S-MO 5.COCO 10.000 5.5CCO 1.58GO 111 1 6 3 46 - - 10 2.2SOO 1. 2 'l ~ 219 2.0C 3. DO -- 13 

= 14 S-NB 10.0000 30.000 19.1000 7.4300 1 57 11 3 26 - - 34 8.8600 1 • 5C3 173 7.0(1 10.00 -- 14 
~ 15 S-NI 3.0000 200.000 15.9000 '21.90CO 111 2 1 - - 216 10.2000 2. 2 57 219 2.CC 3.00 -- 15 

c:: 16 S-Pt3 10.0000 300.000 23.3000 34.1000 111 1 3 25 - - 11l1 12.9000 2.257 219 3. 0(' 5.00 -- 16 

~ 17 S-SN 10.0000 1uO.COO 45.0000 40.4uGC 111 1 69 46 - - 4 5.5500 1 • 3 4 9 219 5.00 7.00 -- 17 

= 1'l S-SR 15.0000 1C 00.000 182.0000 178.0uOO 111 106 28 - - 85 76.5CCO 1.922 219 50.00 70.00 -- 18 
I'D 19 s- v 7.0000 1000.000 99.4000 128.0li00 11 1 - 1 - - 21 8 63.5000 2. 513 219 5.0C 7.00 -- 19 Ill 
Ill 

20 S-Y 10.0000 300.000 32.3000 35.3000 111 7 5 - - 20 7 22.2000 2.103 21 9 5.00 7.00 3000 20 
AI 

= 21 S-ZN 200.0000 1COC.OOC 380.0000 274.01JOU 111 1 62 47 - - 10 115.0000 1.353 219 100.00 15G.OD -- 21 
Q. 22 s-zR 30.0000 1000.000 257.0000 207.0000 111 - 1 42 - 1 76 291 .0000 2.8C2 219 7.00 10.00 1500 22 
> 23 AA-AU-P 0.0100 160.000 3.0000 14.5000 2/:S 106 21 - - 175 D.C7C2 9.11 2 302 0.01 0.03 -- 23 
Q. 
~· 24 INST-HG 0. 01 50 0. 2 80 0.0463 0.0390 1 92 - 33 - - 1 0 5 Q.0250 2.448 138 0.01 0.01 -- 24 
1"1 25 CM-CX-HM 1. (1000 50.000 3. 5 70 0 6.5900 197 4 46 - - ~3 1. 2CCC 2. 7 00 1 33 0.30 0.50 150 25 
I'D a 26 AC-Tt1 3. 722'l 20.328 10.00CO 6.5000 320 - - - - 10 8.2100 1 • 9 42 10 -- -- -- 26 

> 2 7 A c -u 1. 284 7 5.388 3.0700 1. 92DC 320 - - - - 10 2.55(,0 1. 901 10 -- -- -- 27 

~ 
AI Harebell Formation (Upper Cretaceous) 
~ 

~ Cot Column * * * • * * * * * * * * R~W DU~ ************ valid * RE~L~CED D~T~ * Replacement Values Cot 
-< No. I. D. Minimum Maximum Mean Sta'ldard B N L G Other Geom Geom Valid N L G No. 0 
3 Deviation Mean Dev 
:r 

OCI 1 S-FEX 0. 2000 20.000 2.5800 2.6200 57 - - 4 - 278 2.0800 2 .c 74 282 0.02 0.03 30 , 
2 S-MG/; 0.1000 5. 000 0.7690 0.4910 57 - - - - 282 0.6550 1 • 7 8 8 2 82 0.01 0.02 , 5 2 
3 S-CA~. 0.0500 20.000 2.06(;0 3.3300 57 - - 8 - 2 74 G. 9 72 0 4 .113 282 0.02 0.03 30 3 
4 S-TI% C.0150 5.000 0.2780 0.3270 57 1 - 8 - 273 0.2330 2.1 39 282 o.oo o.oo 2 4 
5 S -MN 20.0000 5000 .coo 732.0000 845.0000 57 - - 8 - 274 459.0000 3 .1 85 282 5.00 7.00 7000 5 
6 S-AG 0. 5000 1. 500 G.8330 0.4C8C 57 246 30 - - 6 0.2150 1 • 2 6 2 B2 0. 2C 0. 3J -- 6 
7 s-s 10.0000 200.000 33.90CO 28.8000 130 6 23 - - 1 80 21 .4000 2. 2 ?r· 20 9 s.co 7.00 3000 7 
8 S-8A sc.cooo SOGO.Gl/0 699.0000 5 71. LuOO 57 - - - - 2 b2 56C.OOOO 1. 9 84 2 82 10.0C 15.00 7000 8 
9 s- c 0 3. GOOD 15(.000 9.6200 16.4LOO 57 97 28 - - 1 57 4.0300 2.118 2 82 2.00 3.00 -- 9 

1u S-CR 2. 0000 1000.000 50.8000 86.9COO 57 1 5 5 - - 262 2 '3. 70(;0 2.516 2 'l2 s.oc 7.03 -- 10 
11 s-cu 1 • 0000 1 00 .coo 13.2000 14. HOG 57 2 23 - - 257 8.79CO 2 .1 2 9 2 82 2.00 3.00 30000 11 
12 S-LA 20.0000 700.COC 44.0000 64.8LDO 57 56 3 - - 223 26.COCO 2.0 33 282 10.00 15.00 1500 12 
13 s -t10 5.0000 30.000 11. '3000 8.47GO 57 236 37 - - 9 2.2200 1. 3 77 282 2.00 3.00 -- 13 
14 S-NB 10.0000 30.GOO 13.0000 4. 83L: (; 37 1 33 57 - - 62 'l.7200 1 • 3 3 3 252 7.0C 10.03 -- 14 
15 s-:-n 3.0000 200.000 13.0000 16.3u~o 57 b .3 - - 2 7 3 9. 4 9CO 1. 94 5 2 82 2.0( 3.00 -- 1 5 
16 S-PB 10.0000 100.000 15.7000 10.9uOO 57 11 18 - - 253 12.30(0 1. 7 36 2 82 3.00 s.oo -- 16 
17 5-SN 10.0000 20.000 12.0000 4.4700 57 247 30 - - 5 5.2600 1 • 1 65 282 5.00 7.0:1 -- 17 
18 S-SR 30.0000 5000.000 266.0000 452.COOO 57 76 26 - - 1 80 112.0000 2.311 2 82 50.00 70.00 -- 18 
1 9 s- v 7. 0000 2000.000 113.0000 201.0CDO 57 - - - - 2 82 72.1000 2. 3 64 282 5.00 7.00 -- 19 
2G S-Y 1G.COOO 1 50 .oco 27.1000 21.20[10 57 1 4 2 - - 266 20.5COO 1 • 9 58 282 s.oo 7.00 3000 20 
21 S-ZN 500.COOO 2000.000 840.0000 654.0000 57 245 32 - - 5 108.0000 1. 3 39 282 100.00 150.00 -- 21 
22 S-ZR 20.LOOO 1000.000 240.0000 163.0LGO 57 5 - 9 - 268 201 .ocoo 2.303 2 82 7.00 1:1.03 1500 22 
23 A~-~U-P 0.0100 73.000 1. 8300 7.6100 2 21 5 1 3 - - 109 O.C234 5.1 Q? 337 0.01 0.03 -- 23 
24 INST-HG 0.0150 1. 300 0.0583 0.1240 130 2 74 - - 1 33 0.0200 2. 7 22 209 0.01 0.01 -- 24 
25 CM-CX-HM 1. 0000 40.000 4.2000 7.2200 178 2 11 8 - 1 40 D. 7300 2. 2 69 160 (J.30 0.50 1 50 25 
26 AC-TH 3.6824 13.972 7.5700 2.6UOG 321 - - - - 18 7.1500 1.4B 18 -- -- -- 26 
27 AC-U 1.3674 9.196 2. 5 700 1. 72CO 321 - - - - 18 2.3100 1. 4 98 18 -- -- -- 27 



Mt::'!ieetse Formation (outside wilderness area) and Mesaverde Formation (Upper Cretaceous) 

Col Col ur1n * * * * * . * * • * * * RAW D~Tf, * * • * * * * . * * * * Valid * REPLACED DATA * R~placement Values Col 
No. I. D. Minimum Maximum Mean Standard l::l r. L G Other Geom Geom Valid N L G No. 

Deviation ,.,ean De v 

1 S-FEi. 1. oooc 2C.OCO 3.7500 5.630 1 - - 1 - 1 0 2.76GC 3. 2 44 11 0.02 0.03 30 1 
2 S -~IG :Y. 0.1000 3.CGO 0.8450 0.923 1 - - - - 11 0.4690 3. 2 96 11 C.01 0.02 1 5 2 
3 S-CA/. 0.1000 20. OGO 3. 9 60 0 5. 82C 1 - - - - 11 1 • 4 6CC' 5.160 11 0.02 0.03 30 3 
4 S-TD. 0.050C 0.300 0 .1 95 0 O.Cl85 1 - - - - 11 0.174C 1 • 7 54 11 o.nn O.OJ 2 4 
5 S-MN 5D. OOQC: 5uCO.OCC 943.0000 1500.uCC 1 - - - - 11 30B.Cf"'CO 4.913 11 5.00 7.0J 7000 5 
6 s- ~G 0. )Q(J(J 1 • CCC 0.6670 c .289 1 8 - - - 3 0.2730 1 • 7 59 11 C.20 0.3::1 -- 6 
7 S-8 10.00'.1( 2 0. c cc 17.1000 4.88[; 3 - 2 - - 7 13.6GCC 1. 610 9 5.t'C ?.OJ 300C 7 
3 s-a~ 1 SO.GC::JO ?CO.OOL 336.0000 205.GCG 1 - - - - 11 289.Clf0C 1 • 7 51 11 10.00 15.03 7000 8 
9 s-co 3.0GI'G 7. OC'·C 5.0000 1 • c 7 0 1 3 - - - 13 3. 83C\· 1 • 5 134 11 2.0r 3.00 -- 9 

10 S-CR 10.0000 3c.orr. 19.5000 7.570 j - - - - 11 18.2flr•G 1 • 4 93 11 5.00 7.0::1 -- 10 
11 s-cu s.oco::: 10.CCC 7 .?COO ?.490 1 - 1 - - 1 0 6.33CC 1. 5 07 11 2.00 3.0J 3000J 11 
12 S-L~ 30.0000 30.(00 30.0CCO O.O:JC 1 6 - - - 5 16.5GCC 1. 775 1 j 10.0() 15.00 1500 12 
13 S-MO 20.(:QCL 30.0CC 26.7CCO 5.770 1 1) - - - 3 4. C3C 0 3. 3 41 11 2.0C 3.0:1 -- 13 
14 S-NB -- -- -- -- 1 8 3 - - - 7. 72f'C 1 • 1 81 11 ?.CO 10.0J -- 1 4 
1 5 S-NI 5.GOOL 30. CC( 12.50CO 9.560 1 - - - - 11 10.1CCG 1. 9 36 11 2.0(1 3.0J -- 1 5 
16 S-Pa 10.00')[ 2C:.CCC' 14 .4CLC 3.0CC: 1 2 - - - 9 10.7GlC 1 • 929 11 3.00 5.oa -- 1 6 
17 S-SN -- -- -- -- 1 11 - - - - 5.0COO -- 11 5.rr 7.00 -- 17 
18 S-SR 15.0GDC' 150.CCO b8.3Cl0Q 68.3JO 1 t - - - 3 52.70C'C 1. 7 46 11 SG.OQ ?O.OJ -- 1 8 
19 s- v ZG.LGLC' 100.CGC 61.ROLO 29.3:12 1 - - - - 11 54. 4DC C· 1. 772 11 5.0~ 7.0J -- 19 
20 s- v 10.CQ80 3D.CCC 18.0000 5.c70 1 - 1 - - 10 15 .soor 1 • 52 4 11 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- '1 11 - - - - 10D.OC'C'D 1 .COD 11 100.00 150.00 -- 21 
22 S-ZR 3G.COGC jOOO.CCC 253.COOO 275.CJCC 1 1 - - - 1 0 131.0GOO 3. 6 2 5 11 7.CO 10.00 1500 22 
23 AA-AU-P C.050C 7. 3C'C' 2. 2 500 3.41:J - 8 - - - 4 0.04[0 10.210 1 2 0.01 J.03 -- 23 
24 INST-HG 0.0200 0. 8LO 0.1 9( 0 0.341 3 - 4 - - 5 0.0236 4.824 9 0.01 0.01 -- 24 
25 CI~-CX-HM 3.0U'll"l 5.ccn 3.5000 1. OJG 3 - 5 - - 4 1.17GC 2. 7 83 9 0.3C 0.50 15o 25 
26 <H-TH 6.2756 6.276 6.2800 -- 1 1 - - - - 1 6.28CC -- 1 -- -- -- 26 
27 AC-U 3.1678 3.168 3.1 70 0 -- 11 - - - - 1 3.1 7[:(' -- i -- -- -- 27 

Sohare Formation and Bacon Ridge Sandstone (Upper Cretaceous) 

Col Column * • . • * . . • * * * * RAW D~TII * * * * * • . * • * * * Valid * REPLACED DATA * Replacement Values Col 
No. I. D. Minimum Maximum Mean Standaro B N L G Other Geom Geom Valid N L G No. 

Deviation l"ean De v 

1 S-F E ,; 0.2000 15.000 2. 4 800 2.8900 - - - - - 58 1.7100 2.2 84 58 0.02 0.03 30 1 
2 s- r~G :r. 0.050(, 3.000 0.8430 0.6.310 - - - - - 58 0. 5 860 2. 6 84 53 0.01 0.02 1 5 2 
3 S-CA:Y. 0.0500 20.GOO 4.26(,0 5.9200 - - - - - 58 0.9960 7.2 06 58 0.02 0.03 30 3 
4 S-TIX 0.1000 0.500 0.2050 o.uo75 - - - 1 - 57 0.1930 1. 6 93 58 o.oo o.oo 2 4 
5 S-MN 10.0000 2000.000 574.0000 669.0000 - 2 - - - 56 217.0000 4.978 58 5.00 7.00 7000 5 
6 S-AG G. 5000 1. 500 0.6310 0.2980 - 45 - - - 1 3 0.255C 1.619 513 0.20 0.30 -- 6 
7 S-i3 10.0000 100.000 26.30CO 20.9LOO - - 7 - - 51 18 .eeoc 2 .o 66 58 5.0(1 ?.OJ 3000 7 
8 S-8A 15C.Cu00 100G.OLO 492.oocc 228.CLCJG - - - - - 58 43G.OGOC 1 • 7 53 513 10.00 15.00 7000 8 
9 5- co 5.0000 30.000 7.21GO 6. 0'60L - 39 - - - 1 9 2.8900 1.816 58 2.00 3.00 -- 9 

10 S-CR 10.0000 200.000 3 2. 4 000 31.70LO - 1 3 - - 54 22.5000 2.1 04 513 5.00 7.00 -- 10 
11 s-cu 5.0000 30.000 10.9000 7.C4CO - - 7 - - 51 8.03(;0 1. 910 58 2.00 3.0J 30000 11 
12 S-LA 2(;.0000 1 50.000 29.5000 22.4(;00 - 18 - - - 40 19.3000 1.769 5~ 10.00 15.0:> 1 500 12 
13 s-~io 5. 0000 15.000 9.0000 5,29LC - 54 1 - - 3 2.16CC 1. 3 93 58 2.00 3.00 -- 13 
1 4 s- :~s 10.GOOO 50.000 16.70CO 16.3LCO - 41 11 - - 6 7.9900 1. 340 B ?.CO 10.00 -- 14 
15 S-NI s.cooo 70.000 14.5000 16.6000 - 3 2 - - 53 8.6700 2.362 58 2.00 3.00 -- 1 5 
16 S-PB 10.0000 50.000 15.8000 9.6UOO - 1 7 - - 50 12.2000 1.733 58 3.0(1 5.00 -- 16 
17 s- SN 10.0000 15.000 11.70GO 2.89CG - 55 - - - 3 5. 2 2C 0 1 .209 58 5.00 7.00 -- 17 
18 S-SR 100.COOO 500.00G 183.0000 1.32.0UOG - 31 - - - 27 133.9000 1. 9 80 58 50.00 70.00 -- 1 8 
19 s-v 10.0000 300.000 79.5000 50.9000 - - - - - 58 66.2000 1.875 58 5.00 7.00 -- 19 
20 s- v 1G.GOOO 500.000 28.0000 65.7COG - 2 1 - - 55 17.1000 2.003 58 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 55 3 - - - 102.0000 1 .o 95 58 100.00 150.00 -- 21 
22 S-ZR 50.0000 500.000 193.0000 110.GC:JC - - - 1 - 57 173.0000 1.848 58 7. 00 10.00 1500 22 

-4 23 o\~-AU-P (.0500 0.400 0.1 83 0 O.H9G - 51 4 - - 3 0.0121 1.879 58 0.01 0.03 -- 23 Ill 
cr 24 INST-HG 0.0200 2.300 0.1 890 0.5220 9 6 1 4 - - 29 0.0226 3. 9913 49 0.01 0.01 -- 24 ;;- 25 01-CX-H~1 1. 0000 11.000 3.89(,0 2. ?LCD - 3 27 - - 28 1 .1600 2. 9 33 5'8 C.3(1 0.50 150 25 
w 26 AC-TH 4. 4U 40 26.595 10.9000 9.43Cu 53 - - - - 5 8. 3 'ICC 2. 1 62 5 -- -- -- 26 

27 AC-u 1. 2793 5.568 2.82CG 1. 6300 53 - - - - 5 2.50CC 1. 703 5 -- -- -- 27 

I.C 
U1 



Table 3. Summary of geochemical data and statistical replacement information-Continued 
o..C Cody Shale (Upper Cretaceous) 
0'1 

Col Col u1un * * * * * * * * * • * . RAW DATA . . . . * * * * • * . . valid * REPLACED DATA * Replacement Values Col 
No. I. D • ~inimum ,..,aximum Mean Standard B N L G Other Geom Geom Valid N l G No. 

~ Deviation Mean De v 
:;· 
~ 1 S-FE% G. 7000 5.000 2.1800 1.1380 - - - - - 21 1. 3900 1. 7 61 21 0.02 0.03 30 1 
~ 2 S-MGI. 0.5000 3. oco 1. 4 ceo 0.7520 - - - - - 21 1 • 2 30 0 1. 71 9 21 0.01 0.02 1 5 2 
;:11:1 3 S-CA/. (,. scoo 20.000 5. 3 90 0 5.9200 - - - - - 21 3.3300 2.720 21 0.02 O.C3 30 3 
I'D 4 S-TU 0.0700 0.500 0.2430 0.1540 - - - - - 21 0.1970 1. 9 86 21 o.oo o.oo 2 4 "' 0 5 S- MN 30.0000 2000.0GO 450.0000 565.Uu0G - - - - - 21 244.0000 2. 990 21 5.00 7.00 7000 5 c .. 6 S-AG -- -- -- -- - 21 -l"l - - - 0. 20(. (' 1.000 21 0.20 0. 30 -- 6 
I'D 7 S-8 1C.COOC 3DO.CCC 79.7000 74.CGOO - - 5 - - 16 3C.7COG 3.6 77 21 5.00 7.00 3000 7 
"' 0 3 S- bA 7C.ODOG 1000.000 572.0000 368.0000 - - - - - 21 428.0COC 2. 3 84 21 1 o.oo 1 5. DO 7000 8 - 9 s-co s.oooc 2C.CCU 9.0000 5.01CC - 1 3 - - - 3 3.4CCO 2. 11'1 21 2.0C 3.00 -- 9 :;. 1G S-CR 10.0000 150.000 68.8000 40.600L - 4 - - - 17 35.6000 3.1 99 21 5.00 7.00 -- io 
I'D 11 s-cu 5.0000 so.oco 14.1000 1 0. 3C0f.J - - 4 - - 17 9.1 soc 2 .1 31 21 2.00 3.00 30000 11 
-t 12 S-LA 20.COOG 50.000 29.1000 8.3100 - 2 8 - - 1 j 2c .1 cc,o 1. 5 3G 21 10 .oc 15.00 1 500 1 2 ~ 
0 1 3 s- ~~ 0 30.0UOC 3G.CCO 30.0000 -- - 1 9 1 - - 1 2.3200 1. g1 G 21 2.00 3.00 -- 13 
= 14 S-NB c:c.cooo 20.000 20.0000 -- - 1 B 2 - - i 7. 61 c 0 1 .2 79 21 7.00 1C.OD -- 14 

~ 1 s s- r; I 5. GO 00 70.000 27.9000 23.50GC - j 1 - - 1 9 16.2GOC 2.807 21 2.00 3. DO -- 1 5 

i5: 16 S-PB 10.0000 3C.COO 15.3000 6.2YLJU - 1 2 - - 1 8 12.0000 1 • 7 4 8 21 3.00 5.0J -- 16 
I'D 17 s- ~ <J -- -- -- -- - 21 - - - - s.coco 1 .c cc 21 5.00 7.00 -- 17 .. n s- SR 1CO.OOOC 700.0CC 278.0000 177.QOGO - 2 3 - - 16 170.(;000 2.1 86 21 50.00 70.00 -- 18 = I'D 19 s- v 15.0000 3CO.OLO 103.0000 92.7C.CO - - - - - 21 66.!\CCC 2.695 21 5.00 7.00 -- 19 "' "' 20 s- y 10.(000 50.0CO 21.5000 11 .4LOO - 4 - - - 17 14.6000 2. 0 55 21 5.00 7. 00 3000 20 
Dol 21 S-ZN 200.0000 200.000 200.0000 -- - 19 1 - - 1 105.COCC 1.1 3 7 21 100.00 150.00 -- 21 = Q. 22 S-ZR 3C.COOO 300.000 134.0000 89.8()00 - - - - - 21 105.0000 2.1 46 21 7.00 10.00 1500 22 
> 23 AA-AU-P -- -- -- -- - 2G 1 - - - C.C104 1. 2 21 21 0.01 0.03 -- 23 
Q. 24 IN5T-HG G.0200 0.160 0.0493 0.(1337 - - 6 - - 1 5 0.0254 2. 5 77 21 0.01 0.01 -- 24 ii" 
l"l 25 (M-C x-HM 1. GOOC 5.000 2.00(;0 1.53GO - 1 1 3 - - 7 0.7230 2.011 21 0.30 0.50 1 50 25 
I'D 26 AC-TH 4.1063 11.887 8.7500 3.3LOO 1 7 - - - - 4 8.1 sco 1. 5 99 4 -- -- -- 26 a 
> 27 AC-U 1.7293 3. 391 2.91GU 0.7930 1 7 - - - - 4 2.!1100 1 • 3 !14 4 -- -- -- 27 

; 
Frontier Formation (Upper Cretaceous) Dol 

~ 

=E Col Colur:0 * * * • * * * * * * * * RAW DATA . * .. * * * . * * * * * Valia * REPLACED DATA * Replacement Values Col 
-< No. I. 0. r~inimum Maximum i"1ean St anaard B N L G Other Geom Geom valid N l G No. 0 
3 Deviatiol'l ,.,.ean De v 
:;· 

OQ 1 S-F E ;. C.3CCU 1C.CCC 2.620C 2.24Cl0 - - - - - 48 1. 91 00 2.227 48 0.02 0.03 30 , 
2 s-~1G% C..1CCC 2.COO 0. 5 51 c 0.452J - 1 - - - 47 0.3680 2. 6 41 48 0.01 0.02 1 5 2 
3 S-CAi. 0.0500 10.00('1 1 • 5 30 c 2.7200 - - - - - 48 C.609C 3. 6 01 48 0.02 0.03 30 3 
4 S-TI:: c. 01 50 0. 7 C•O 0.2410 O.i6~0 - - - - - 4 g 0.1870 2.1 g3 4 3 0.00 0.0) 2 4 
5 S-MrJ 1C.OOUO 2C•OO.OCC 327.CC'OC 468.LUlJO - 2 1 1 - 44 113.COCO 5.495 48 s.or. 7.0:l 7000 5 
6 S-AG O.SOGC 1 • SGC 1.00CO 0.5000 - '· 3 - - - 5 0.2340 1. 6 30 48 0.20 0.30 -- 6 
7 S-8 1C.OCCC zco.ncc 52.3000 49.CC80 - 1 5 - - 42 26.880(' 2.983 48 5.00 7.00 3000 7 
8 S-80. 70.00(0 2ooo.rrn 490.00CC 3g:J.GGOC - - 1 - - 47 336.0000 2. 5 71 48 10.00 15.0) 7000 8 
9 s-co s.cocc 3L.OCC f..31DO 6.91~(; - 32 - - - 16 3.0300 1. 946 48 2.00 3.0) -- 9 

10 S-CR 10.CCCC 1CC.CCC 33.10CO 29.5[00 - 21 3 - - 24 11 • COOD 2.622 48 5.00 7.00 -- 1D 
1 1 s-cu S.CCuQ sc.. ere 12.5QCO 10.1:; ('[o - 4 10 - - 34 6.7500 2. 2 84 48 2.0C 3.0:! 30000 i 1 
12 S-LO. 2D.COGC 2 00 .coc 55.3[:(.0 4o.8:.;ra - 3 - - - 4 5 39.CGOO 2.108 48 10.00 15.0) 1500 1 2 
13 S-MO S.OCGC 20.CCC 11.3CCO 6. z 90 c - 43 1 - - I. 2.3H·r: 1. 6C 5 43 2.00 3.0) -- 13 
14 S-tJS 1C.CCGC 70.(;(.( 3C.SCCO 17.90CC - 22 6 - - 2G 12.7GCO 2.060 48 7.00 10.00 -- 1 4 
1 5 s- tll 5 • l~C I} C so.crr 1 2. g(.[!; 11.1 0( [t - 5 11 - - 32 t.25Cn 2. 3 76 48 2.0C 3.0) -- 15 
16 5-PB 1 C .OC:JL SC.CGC 19. 6C'CG 11.60JO - 5 6 - - 37 12.20Cf• 2. i 69 48 3.00 5.0) -- 16 
17 S-SN ~C.l:UDl 10.CCC 1D.OCQO o.ccco - 44 - - - 4 5.3C(C 1 • 214 48 5 .cr 7 .::n -- 17 
18 S-SR 100.0CCC 700. ore 204.COGC 157.CCOL - 24 - - - 24 91. 2GOC 2. 1 GO 48 50.00 70.0:! -- 18 
19 s -v 11.J.OOCU 2CC.CC'C 61.3000 43.7JCC - - 2 - - 46 44.60G(J 2.229 48 5.00 7.00 -- 19 
20 S-Y 1Q.GOCO 70. CoC'C 25.6000 1 7. 7 CD::J - - 3 - - 45 19.6000 1. 915 4 3 5.00 7.0J 3000 20 
21 S-ZN -- -- -- -- - 46 2 - - - 102.0COC' 1. c 85 48 100.0C 150.00 -- 21 
22 S-ZR 2D.ccrr: 1DCO.CCD 2 62.0 cc 'J 242.DC8[' - 1 - - - 47 169.ClOCO 2.739 48 7.00 10.0::1 1500 22 
23 AA-f.U-P o.osl'c u .0 50 c.osco -- 1 39 7 - - 1 O.G119 1 • 4 81 47 0.01 0. :J3 -- 23 
24 INST-HG C..0200 C. 9CC 0 .o 84 2 0.166~ 1 1 1 3 - - 33 D.C2o4 3.1 20 47 c. 01 0.01 -- 24 
25 CM-CX-1-!1", 1.cor.c 9.000 3.0C'GG 2.36J~ - 1 1 5 - - 32 1.3trr 2.612 48 0.30 O.S:l 1 50 25 
26 AC-TH 5. 51 64 se.14D 30.7C'rJC 23.10:l:J 4 3 - - - - 5 21.80GO 2. 7 9Q 5 -- -- -- 26 
27 AC-U 2. 38 31) 12.937 7.69CO 4.95:J 43 - - - - 5 6.C300 2.334 5 -- -- -- 27 



Mowry Shale (Lower Cretaceous) 

Col Col ur•m * * * . . . • * • . * * RAW DATA * * . . . . . . • * . . Valid • RE 0 LACED DATA . lieplacement Values Col 
No. I. D. I" in i mu~r ha~irrum Mean Standard 8 N L G Other Geom Geom Valid N L G No. 

Deviation l"ean De v 

1 S-FEI. D. SQ':'C" 7.CCO 2. 2 3( 0 1. 2 200 - - - - - 4!:! 1. 960C 1. 695 48 0.02 0.03 30 1 
2 S-MG% 0.1(lr.(' 2.((\[ 0.744\l 0.462C - - - - - 48 0.5%0 2.17'i 48 0.01 0.02 1 5 2 
3 s-ox o.cscc 10.CCC 1 • 1 8(; I) 2.34CI::; - - - - - 48 0.5550 2.8Cf2 48 0.02 0.03 30 3 
4 S- T I:, O.C3uD 0.3% 0.1670 o.e::ns - - - - - 48 0.14 SG 1. 7 ~~~ 4B o.oo O.O:l 2 4 
5 S-MN 20.00!:'C soor:.ccc 49C.OCCO 8D8.CCOJ - - - - - 48 232.00CO 3. 3 51 48 5.00 ?.OJ 7000 5 
6 S-AG 0.5Gf1C 2. C0C• 0.6690 0.425(; - "34 1 - - 1 3 0 .?72(1 1. 7[•9 48 0. 20 0.30 -- 6 
7 S-B 1 0. CGClLJ 200.COC 40.CCGf! 4 2. 3(, ':: (, - - 5 - - 43 22.2CGG 2.646 48 5.00 7.00 3000 7 
8 s-a r. 1 50.cr,c,' 3000.00C 824.\":CC':' 5 "12. Oi..J,C - - - 1 - 47 696.GCOD 2.1 2 'I 4B 1 0. oc 15.00 7000 8 
9 s- c 0 s.oorc 7. cr.L 5.57[;:) 0.92:JD - 20 - - - 28 3.610( 1. 6 78 48 2.0C 3.0:J -- 9 

10 S-CR j 0. r.::r 0!: 1 oo.uc 29.30GC 2t..SLCC: - 1 9 1 - - 2 3 11. 9QI)(l 2. 51 9 48 5.00 7.00 -- 10 
11 s- c lJ s.c:nrc 30.((( 9.7200 6.1 3 Co J - - 1 2 - - 36 0.44C'C 1. 911 48 2.00 3.00 30000 11 
12 S-LA 20.CJlCC zou.;::cr 46.3r.cu 37.7[:~.:.. - - - - - 48 37.90C[r 1.793 4~ 1 0.00 1 5. 0 J 1500 12 
13 s- t1lr 5 .•';(;f'[' 1 5 .r r·r 9.C:0CG 5.29)~ - 44 1 - - 3 2. 20GC 1. 4 38 1.8 2.CC' 3.0::J -- 13 
14 S-NB 10.0C~U sc.c.:r 1 8. 6!":( '] 9.2SG.~ - 1 2 7 - - 29 12.5f:OC 1. 6 77 4 3 7.00 1 o. DO -- 14 
1 5 s- rJ I S.ct:Dr: 30.Uf 11 .6CLC 7. 7C<_. - - 1 4 - - 34 6.87C'C 2. 0 79 43 2.00 3.00 -- 1 5 
16 S-"'B ;o.rJo:.c 7D.Crcr 23.6Cr'o 1 5. 2 OGL: - - 5 - - 43 17.300C 1. 990 48 3.00 5.00 -- 16 
17 S-SN 10.Sfr)t 1 5. CCC 11 .ccco 2. 11 J c - 3b - - - 10 5.b8CC 1. 3 86 48 5.00 7.0:J -- 17 
1B S-SR 1 0('1. CO'JC 2ooc. cr o 292.(.000 347.0GJD - 1C 1 - - 37 147.0C'CO 2. 4 75 48 50.01:' 70.0::1 -- 18 
1 9 s- v 10.CCGC, 1 50.((0 45.9GCC 36.2C::JC - - 2 - - 46 3D.COOO 2.559 48 5.00 7.00 -- 19 
20 S-Y 10.0JJ~ Z00.C((_1 29.4000 2 '1. 2 GOO - - - - - l.8 23.7CCC 1. 8 32 48 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - l. 8 - - - - 100.0000 1 .OOQ 48 100.00 150.00 -- 21 
22 s-z~ SQ.CGf1C: soo.cr:c 174.DOGu 8 7.1 (;]:; - - - - - 4 3 158.00((\ 1. 5 68 43 7.00 1 O. O:J 1500 22 
23 AA-AU- 0 0.05f]fj o .1 cr 0.0751') 'J.0354 1 37 8 - - 2 o.r127 1. 664 47 0.01 0.03 -- 23 
24 I r~ S T- HG o.ozoc 0.160 0.0492 0. 02 9 3 - 2 3 - - 33 C.D29C 2. 4 54 48 0.01 0.01 -- 24 
25 CM-CX-HI/-1 1 .CJOG 6C..ccr 5. 4 3C C 9.33GC - - 2 - - 46 2. 880(! 2. 7 31 48' 0.30 o.so 1 so 25 
26 ~C-TH 5.2977 3C.OE6 1 3. 81'( 0 11 • 6Sl[ [ l 4 - - - - 4 1C.6~CC <::.28fl 4 -- -- -- 26 
27 AC-U 2.2892 9. (55 5.85[0 3 ..... b00 44 - - - - 4 4.73CC 2.1 30 4 -- -- -- 27 

Thermopolis Shale, including Muddy Sandstone Member at top (Lower Cretaceous) 

Col Col ur.m • * * * • * * * • • . . R~W D~TA . * * * • . . . . . . . valid * REPLACED DATA * Replacement Values Col 
No. I. D. Mi'limum Maximum Mean Standard B N L G Other Georn Geom Valid N L G No. 

Deviation Mean De v 

s- FE x 0. 5000 10.0 00 2. 970 2.150 - - - - - 17 2.4400 1 • 9 21 17 0.02 0.03 30 1 
S-NGI. 0.100U 2.000 1. 24 0 0.698 - - - - - 17 C.9~60 2. 2 36 17 0.01 0.02 15 2 
S-CA% 0.1000 10.000 3.190 3.99(; - - - 1 - 1 6 1 .2 700 6.310 17 0.02 0.03 30 3 

4 S-Tii; 0.1000 0. 500 0.276 0.125 - - - - - 1 7 0.2500 1.609 17 o.oo o.oo 2 4 
5 S-M~ 50.0000 5000.000 1320.000 1620.000 - - - 2 - 1 5 858.00GO 4. 2 92 17 s.oo 7.00 7000 5 
6 S-AG c.sooo 1.000 0.667 0.289 - 1 4 - - - 3 0.2450 1. 604 17 0.20 0.30 -- 6 
7 s- 8 20.0000 100.000 66.900 30.9C(J - 1 - - - 16 50.3000 2. 2 95 17 s.oo 7.00 3000 7 
8 S-BA 150.0000 15CO.GCO 597.000 31D.LuG - - - - - 1 7 525.GGOC 1. 7 26 17 10.00 15.00 7000 8 
9 s-co 5.0000 30.000 8. 710 6.39[; - 3 - - - 14 6.0100 1. 962 17 2.00 3.00 -- 9 

10 S-CR 10.0000 100.000 51.500 26.000 - - - - - 17 43.10GC 1. 9 79 17 s.oo 7.00 -- 10 
11 s- c u 5.0000 so.coo 14.600 11.700 - - 3 - - 1 4 9.1700 2. 2 63 17 2.00 3.00 30000 11 
12 S-LA 2C..OOOO 7o.oc,o 3 5. OLO 17.500 - 1 - - - 16 29.5000 1 .6 9C 17 10.00 15.00 1500 i2 
1 3 s- ~10 -- -- -- -- - 17 - - - - 2.0000 1 .G 00 17 2.00 3.00 -- 13 
1 4 s- tJe 10.CGOO 1 0. coo 10.000 C.l.iDO - 1 G 3 - - 4 8.11 co 1 .1 9'1 17 7.00 10.00 -- 14 
15 S-NI 5.0000 50.000 19.500 11.3H - - - - - 17 16.40GC 1. 906 17 2.00 3.00 -- 1 5 
16 S-PB 10.000C 30.CGC 1 7. 300 6.230 - 1 1 - - 1) 1 3. BOOC 1.794 17 3.0C 5.00 -- 16 
17 S-SN -- -- -- -- - 17 - - - - s.ocoo 1 .c co 17 5.00 7.00 -- 17 
1!l S- SR 1 00. 0000 500.000 146.000 116.)00 - 5 - - - 12 95.60CO 1.607 17 50.00 70.00 -- 18 
19 s- v 2D.COOO 200.000 , 11 • 00 0 63.800 - - - - - 17 90.4000 2.076 17 5.00 7.00 -- 19 
20 S-Y 10.COOO 50.000 25.000 9.520 - - - - - 17 23.3000 1 • 4 83 1 7 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 14 3 - - - 107.0000 1 .1 73 17 100.00 150.00 -- 21 
22 S-ZR 10.0GOG 300.000 180.000 82.300 - - - 1 - 1 6 170.0000 2.659 17 7.00 10.00 1500 22 

-1 23 At\-AU-P -- --1:11 -- -- - 1 3 4 - - - c .012 4 1. 4 93 17 0.01 0.03 -- 23 
cr 24 INST-HG 0.0200 0.100 0.04 9 c.~25 - - 2 - - 1 5 0.0352 2.1 69 17 0.01 0. 01 -- 24 
;- 25 C M-C X-HM 1. cooo 11 • 000 3. 800 2.600 - 1 1 - - 1 5 2.410C 2. 5 92 1'7 0.30 0. so 1 so 25 
~ 26 AC-TH 4. 30 92 17.964 9. 770 5.12(, 1 0 - - - - 7 S.63CG 1 • 7 34 7 -- -- -- 26 

27 1\C-U 0.4B4 5.752 3.490 1 • 7GG 9 - - - - 8 2. 9(\00 2.1 91 8 -- -- -- 27 

ID ....., 



Table 3. Summary of geochemical rlata and statistical replacement information-Continued 
I.C Cloverly Formation (Lower Cretaceous) and Morrison(?) Formation (Upper Jurassic) 
= 

Col Column * * . . . * • * * .. . . RAw DATA * . . * * . * * * • . . Valid * RE"LACED DATA • Replacement Values c 0 l 
No. I. D. M1nimum !Vaximum Mean Standard B N L G 0 the r Geom Geom Valid N L G No. 

~ Deviation ~ ean De v 
:r 
I'D 1 S- FE/; o.2oor 5.CCC 1 • 64 [) 1 • ::; 8:; - - - - - 42 1.28GC 2. 1 31 42 0.02 0.03 30 1 
~ 2 S-MGI. 0 .C'2'lC 2 .DCC o. 616 G.52G - - 1 - - 41 0.3580 3.4 77 42 0.01 0.02 1 5 2 
;:11:1 3 S-CA/. c.cscc 2 0. C LC 4. S2C 6.550 - - 6 1 - 35 O.S33G 9.429 42 0.02 0.03 30 3 
I'D 4 S-TIJ; c.o2nc 0. 7CC 0.263 Cl.1 71 - - - - - 42 0.2100 2.1 88 42 o.oo O.DJ 2 4 fll 
0 5 S- MN 1 c .r,aoo SUGO.COl 1160.CCll 146CI.COO - - - 1 - 41 478.0000 5. 4 46 42 5.00 ?.OJ 7000 5 c 
~ 6 S-AG C.SO'JC 5. rcr 2.130 2. C2C - 3 8 - - - 4 0.242G 1. 9 24 42 0.20 0.30 -- 6 
I'D 7 S-B I 0. C;~ 2~1 108.U:' 33. 2GG 2 9. 1:., ~ - - 8 - - 34 21. 5GOfi 2.527 42 5.00 ?.on 3000 7 fll 

s. 8 S- OA 50. C•OGC. 1s oo. err 3 9 2. ('( 1.1 39s.c:: - - - - - 42 265.00[•(, 2.373 42 10.00 15.00 7000 8 
9 s-co 5. rJL,CO 50.CCC 1 o. 6( J 11 • 4: c - 23 1 - - 1 8 3.6700 2.235 42 2.00 3.00 -- 9 ..... 

10 S-CR 1 o. r ;;cc. 3CO JC C 36.3CJ sc.c~r. - 5 2 - - 35 18.4'JCC 2.600 42 5.00 7.00 -- 10 :::r 
I'D 11 s-cu 5.CJGC 70.rr r 13.2DQ 1 2. 3::1 - - 2 - - 40 9.53CC 2.G18 42 2.00 3.0J 30000 11 
-f 12 S-LA 2 0 0 I~ r, l' IJ 1so.rrc 2 9 .cc _j 2 4 • 7 :.,-: - 1 3 - - - 29 18.9GCC 1. 7 56 42 10.00 15.00 1500 12 !!. 
0 13 S-MO 5. r ~·( ~: :: s .ere 5. OiJCJ -- - L.1 - - - 1 2.04CC 1 • 1 52 42 2.00 3.00 -- 1 3 
:I 1 4 s- r~ 8 1 o. r:_( r:.c 2o.crr 11. 3( ':) 3. 5 L, c - 29 5 - e 7. 9 5 [.( 1 • 2 44 42 7.0C 10.00 -- 14 

~ 15 S-NI 5. r 11,-,r 15o.rcc 1 3. 2 ( li 23.5::: - - 3 - - 39 7.36CQ 2 .1 61 42 2.0(' 3.0J -- 1 5 

c:: H S-P8 1 D. V~1~L ?o.crr: 1 s. eoo 1 t.. 6.')C. - 9 9 - - 24 7. 73[ c 2.1 09 42 3.CO 5.0J -- 16 

~ 17 S-SN -- -- -- -- - t.Z - - - - s.ooco -- 42 5.00 7.00 -- 17 

= 18 S-SR 1 GO. r_' C' C' 1 5 DO. CC ':· 248.flCS 2 80.0: ~ - 1 8 - - - 24 107.COCC 2. 2 E 5 42 so.co 70.0:> -- 18 

~ 19 s- v 10.C1~Cl 2CO.CCC 57. 9C C' 4 7 • 8L1 l - - - - - 42 40.300G 2. 4 2 8 42 5.00 7.00 -- 19 

Dol 
2 J s- y 1 G. r-'J'lC 7C.0r:'C 2 5. ?r; 0 16.8~:) - 7 - - - 35 17.1CCG 2.1 30 42 s.oo ?.OJ 3000 20 

= 21 S-ZN -- -- -- -- - 42 - - - - 10D.OCOO 1.000 42 100.00 150.00 -- 21 
c. 22 S-ZR 10 .(.l!j[[ 10 DO .CCC 2D7.rcu 21S.::;j: - - - - - 42 127.CC·CC 3.1 2n 42 7.00 10.00 1 500 22 
> 23 AA-Au-P -- -- -- -- - 41 1 - - - C.C1C2 1 • 1 52 42 0.01 0.03 -- 23 c. 

24 INST-HG o.r,2oc o.r.cc G.035 0. C1 4 - 3 1 4 - - 25 C.C172 2.341 42 0.01 0.01 -- 24 ~· 
t"l 25 CM-CX-HM 1. c: ~nc 7 .CCC 2.410 1 • 99~ - - 1 5 - - 27 1.1500 2.352 4Z C.30 0.50 1 so 25 
I'D 26 AC-TH 4.1 71 8 c. 8 21 6. 960 2.17'.. 3d - - - - 4 6. 67CC. 1 • 4 1 5 4 -- -- -- 26 a 
> 27 AC-U 0.3735 3.729 2. 32 1~ 1 .1 i c 36 - - - - 6 1.91CO 2. 2 83 6 -- -- -- 27 

~ Sundance Formation (Upper and Middle Jurassic) Dol 
~ 

~ c 0 l Col un111 * • . . * * * * * * * . RAW DATA * * * * * . * . . . • * valid • ~EPLACED DATA * Replacement Values Col 
"< No. I. r:.. ~"inimum l'.aximum Mean Standaro B N L (:, Other G eom Geo m Valid N L G No. 0 
3 Deviation ~·ea n De v 
:i' 

OCI 1 s- FE i; (j .1000 1C.CCC. 1. 6400 1.7200 - - - - - 46 1.1 200 2. 5 OCt 46 0.02 0.03 30 1 
2 s -r-IG;. c.2crc 1 o. c r:r 1.3300 1. 5 3CC - - - - - 46 1 .OGC G 1. 95 Q 46 0.01 0.02 1 5 2 
3 S-CAi, 1. cnc~J 2o.cro 1 4.1 ceo 6.36JG - - - 1 4 - 32 15.8CU• 2. 0 53 46 0.02 0.03 30 3 
4 S-Tll; G.G1CC c. 3 ( (• 0.1080 o.rn? - - - - - 46 C..C787 2.416 46 o.oo O.O:l 2 4 
5 s- ~"' 7D.ourc. 2cco.crc 595.00(·0 423.C1GOC - - - - - 46 440.COC:C 2.338 46 5.00 7.0) 7000 5 
6 S-AG C.SurJO 1. CCC C.6750 0.23U - 42 - - - 4 [.. 2 21 (. 1. 412 46 0.20 0.30 -- 6 
7 S-8 1 o.oor,c 1 50. occ 37.30CU 3 3. 4(t(1f1 - 1 1 9 - - 26 14.~CCG 2.510 46 5.00 ?.OJ 3000 7 
3 S- B~ ?O.GLCC 15CG.CCC 268.0CCG 3 6 9. c c :' r - 5 1 - - 40 1 G1 .or.r,p 3. 891 46 1 o.on 1 5. O:l 7000 8 
9 s-co 5.nQ(;C ?C.C'0f. 9.56CO 6.37:1[1 - : (1 - - - 16 3. 2 3C C 2.1 03 46 2.00 3.00 -- 9 

10 S-CR 1 c .CfJJl' 7C.CCC 27.20C·G 22.5LCG - 10 2 - - 34 1L..4r;CC 2.H8 46 5.00 7.0) -- 10 
11 s-cu 5 .(CCC so.rrr 1C.Cl.CG e.92JC - - 13 - - 33 6 .17(,[ 1. 9 37 46 2.00 3.0J 30000 11 
12 S-L~ zo.ccu 5C.C'ff 2t..t.OCO 8.t.7J( - 1 5 4 - - 27 17.1CCr 1. 5 66 46 10.00 1 5. OJ 1500 1 2 
13 S-MO 15.ULCL 70. CC•C 38.3CCO 2:8.1.CJ( - l.3 - - - 3 2. 39C C 2. 0 3( 46 2.00 3.0J -- 13 
1t. S-NB 1 O.C'f!CI 2o.rr:r 1 s. 0((, J 7. D?r C - l,l, - - - 2 7.22(( 1 .1 76 46 7.00 10.00 -- 14 
15 s-rJI 5. 1Jfj 0[ 1 OD. CCC 13.80(0 17.SLCL - t 10 - - 30 c. 22 [ c 2. 3 99 46 2.00 3.0::J -- 15 
16 S-::>8 10 .CJ;(}C' 1 oo.ccc 20.60[0 22.s-:::::c. - 9 ,, - - 26 8.47Gr 2.348 46 3.00 5.0) -- 16 
1 7 s- s tJ -- -- -- -- - 46 - - - - 5.0CCO -- 46 5.0C ?.OJ -- 17 
18 S-SR 1 oo • .:.ccu 700.CCC 307.0CCO 1 6 3. DDC 0 - 2 - - - 44 253.CCCC 1. 806 46 50.00 70. OD -- 18 
19 s- v 1 o.coru SCO.CCO 42.3000 74.11JCC - - 1 - - 4 5 25.3[0( 2. 3 g1 46 5.00 ?.on -- 1 9 
20 s- y 10.CCOC sc•. ocr, 22.70[0 12.100L - 10 3 - - 33 13.9CCC 2.079 46 5.0(' 7.00 3000 20 
21 s- z N -- -- -- -- - 4 5 1 - - - 101 .occc 1 .062 46 100.00 150.00 -- 21 
22 S-ZR 10.COCC· 7 oo. ocr o5.80CC 120.CGlL - 3 1 - - 42 42.8C',OC 2. 9 sr. 46 7.00 10.00 1500 22 
23 AA-AU-P o. c scr: O.G5C (\ .c 500 G. GGC·G - 41 3 - - 2 0.[114 1. 4 so 46 0.01 0.03 -- 23 
24 INST-HG o.G2rc 0.1 4[ C.0335 G.OZ?e - 2 24 - - 2[; 0.0127 2.203 46 0.01 0.01 -- 24 
25 Oi-CX-HI~ 1 .COGC ?.CCC 2.59CO 1. 9 2 :Jl - - 24 - - 22 0.967fj 2. 3 71 4& 0.3fl 0.53 1 50' 25 
26 A.C-TH c.3345 7. 58 5 6.96C'J O.t84G 4 t. - - - - 2 6.93CC 1 .1 36 2 -- -- -- 26 
27 AC-U C.3947 2.489 1. 6 3Gu C.972l 42 - - - - 4 1. 32CG 2 .3 44 4 -- -- -- 27 



Gypsum Spring Formation (Middle Jurassic) 

Col CoL urr.n . * * * * * * * * * * * t<A..J DATA . . . * * * * . . . * . vaL i l.l * RE.:>LACED DATA * Replaceme'lt values Col 
No. 1.t:>. i>' i,., i m u '~ t"ia xi mun1 1'1ean Standard J ~ J l G 0 the r G eom Geom VaLid N l G No. 

Deviation r<.ean De v 

S- FE% G.1GOJ 3.GCO 1 • 3 9(j Q 1 • D 5 G - 8 4 - - 27 G.2830 7 .o 61 39 0.02 o. :l3 30 1 
S -I"'G ;. D.CZU 1c.ccr 1 • 7 2(; c 2.42(' - 2 3 - - :Z.4 0.4620 6.797 39 0.01 0.02 1 5 2 
S- C A i. 0. 2C•C'..J 20.lCC 9.02C: 6.3Gl - - - 3 - 36 6. C 9C C 4.1 7 4 39 0.02 0.03 30 3 

4 S-TII. a. 'JD3c· 0.5U c .1 560 c .1 58 - - b - - 33 C.C320 3.B2 39 0.00 o.oo 2 4 
5 S-1'1N 1 0. C'GCG 20CG. CU 445.CCCO 493.JJC - 9 - - - 30 89.2000 8. c 03 39 s.oc 7. O:l 7000 5 
6 S-AG o.sro.:: 1 • sec 0.810 0.376 - 32 - - - 7 L .2530 1. 719 39 0.2C 0.30 -·· 6 
7 s -e 10.CCCC 100 .((( 41 • 9r:CJ) 31 • ,:,. : ( - H 3 - - 18 12.20CC 2. 8 57 39 5. or 7.00 3000 7 
8 S -BA 30.CIJrJ,· socu.uc 54 2. oc ( ~' 1110.:..:.:: - j ~ 1 - - 20 50. 7COC 5. 9 39 39 1 o. or 15.00 7000 8 
9 s- c 0 5 .I)(;['~ 1(,. r rr 7. 3 8[:; 2. 2 5 J - 23 - - - 1 6 3.3SCO 1. 9 30 39 2.00 3.0) -- 9 

10 S-CR ~ 0. (ll' c \ ?G.UC 37.40C'J ?2.3~0 - 1 9 1 - - 1 9 12.1oor 2. 7 95 39 5.0( 7.00 -- 10 
11 s-cu 5. r C C• 50.crr 12.7CTO 1 0. 2 2 G - 1 4 3 - - 22 5 .1 6C l' 2. 52 9 39 2.00 3.00 30000 11 
12 S-LA 2 c. C..'j [)l 30.CCC 21 .9':[ J 4 .I 3 0 - 22 1 - - 16 13.9Cf'C 1 • 4 3 2 39 10.00 15.00 1500 1 2 
13 S-MO -- -- -- -- - ?.19 - - - - 2. ecce -- 39 2.00 3.00 -- 13 
1 4 S-NEJ 1 c. c r:c•: 1o.crr 1 0. DCC CJ O.CJJ - : 5 - - - 4 7. UCC'' 1.116 39 7.0C 10.00 -- 14 
1 5 S -N 1 5 J :CL 3('.[[( 1 2 .1C [ r, 6.6H - ~ <t 1 - - 1 9 4.57CC 2. 4 84 39 2.00 3.03 -- 1 5 
16 s-Pe 1 o. cr C'_ 1 so .cr r 29.5(0~ 37.4GC1 - 1 b 4 - - j 9 ?.?COG 2.9('0 39 3.00 5.0:J -- 16 
17 S-SN -- -- -- -- - 39 - - - - S.GOGO -- 39 5.00 7.0:J -- 17 
18 S-SR 1 (10 .LLCC 2oco.rrr 4%-.COCG 450.G::JC - 7 - - - ~6 278.0GOC 2. b17 39 50.0Q 70.00 -- 1 8 
19 s -v 10.ccc:: 100.((( 42.3CC.C 34.6[.(. - - b - - 31 21 • 3 c c (' 2. 7 89 39 s.or 7.00 -- 19 
20 S -Y 10 J1GC (, 7().('(( 20.6000 13.3CL - 21 - - - 1 8 9.11 OC· 2. 0 55 39 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 39 - - - - 1CO.C:CDC 1.C OG 39 100.0(• 150.00 -- 21 
22 S-ZR 1D.C;Cr-r SCG.CCC 105.CCCC 1 29. GJ [ - 7 - - - 32 32.500() 4.346 39 7.00 10.0::> 1500 22 
23 AA-/!LJ-::> o.c5r.. 0.050 0.05[0 r,.c:r. - 32 5 - - 2 c .01 2 2 1 • 5 71. 39 0.01 tl.03 -- 23 
24 INST-HG 8. C2 GL' 0.1 cc 0.0387 0.022 - 4 20 - - 1 5 C.G124 2. 3 82 39 0.01 0.01 -- 24 
25 Cf'-CX-riN I .LCC1, s. r LC 2.25CG 1 • 4 2 ;__ - - 1 5 - - 24 1 .12CC 2. 2 61. 3'9 0.30 0. 50 1 50 25 
26 AC-Tfl -- -- -- -- 39 - - - - - -- -- 0 -- -- -- 26 
27 AC-U 0. 55 41. 0. 5 51. 0.554J -- 38 - - - - 1 0.554() -- 1 -- -- -- 27 

Chugwater Formation (Triassic) 

Col Col~omn * • * • * * * •• * * * RAW DATA * * * * * * * * • * * * VaLid * RE?LACED DATA * Replacement Values Col 
No. 1. D. ,.., i nimum Maximum Mean Standard B N L G Other G eom Geom Valid N L G No. 

Deviation Mean De v 

1 s-F o C.2UOO 7.0CO 1. 4300 1.2800 - - - - - 40 1.1100 2. 0 31 40 0.02 0.03 30 1 
2 s-~1G% 0.2000 7.0CO 2.0700 1. 9280 - - - - - 40 1 • 3 50 0 2.706 40 0.01 0.02 1 5 2 
3 S-CA:t. (j .1000 20.000 6.9300 6.3800 - - - - - 40 3.6500 4. 111 40 0.02 0.03 30 3 
4 s- r u. 0.0700 0.7CO 0.2670 0 .139C - - - - - 40 0.2320 1 • 7 33 40 0.00 o.oo 2 4 
5 S-MN 70.0000 5000.000 753.0000 830.0CGO - - - - - 40 513.00CC 2.42g 40 5.00 7.00 7000 5 
6 S-AG (J. 5000 1 • 500 0.7710 0.3680 - 33 - - - 7 0.2500 1 .6 73 40 0.20 0. 30 -- 6 
7 S-B 10.0000 200.000 40.4 oou 36.(;000 - - 3 - - 37 27.1000 2. 2 86 40 5.00 7.00 3000 7 
'3 s- 8 ~ 20.0000 1000.000 228.0000 177.cuou - - - - - 40 184.0000 1. 9 SG 40 10.00 15.00 7000 8 
9 s-co 5.0000 15.000 6.4500 2.7200 - 20 - - - 20 3.4300 1.837 40 2.00 3.00 -- 9 

10 S-CR 10.0000 70.000 2 8.1 000 20.0(;00 - 2 4 - - 34 18.8000 2 .110 40 s.oo 7.00 -- 10 
11 s-cu s.oooo 50.000 11.5000 7.8600 - - 1 - - 39 9. 6400 1.717 40 2.00 3.00 30000 1 1 
12 S-L~ 20.0000 50.000 29.20GO 10.6CDO - 1 6 - - - 24 18.40(0 1. 7 58 40 10.00 15.00 1500 1 2 
13 S-MO -- -- -- -- - 4(; - - - - 2.00CG -- 40 2.00 3.00 -- 13 
14 S -N 9 10. GOGO 20.000 1 3. 30C 0 5.77JG - 37 - - - 3 7.3200 1 .1 99 40 7.00 10.0::1 -- 14 
15 s-rn S.CC;OO 50.000 9.39GO 9.18JO - - 2 - - 33 7.0800 1. 8 52 40 2.0C 3.00 -- 1 5 
16 S-PB 10.0000 20.000 11.7000 2. 86Gu - 4 1 3 - - 23 7.65CO 1. 6 86 40 3.00 5.00 -- 16 
17 S-SN -- -- -- -- - 40 - - - - s.cooo -- 40 5.00 7.00 -- 1 7 
13 S-SR 100.0000 700.000 204 .ooco 166.0JJO - 17 - - - 23 98.2000 2. 1 4 7 40 50.00 70.00 -- 18 
19 s- v 1 c. cooo 200.000 45.6000 40.CGOO - - - - - 40 34.7000 2.053 40 5.00 7.00 -- 19 
20 s- y 10.0000 50.000 24.3000 14.0000 - 1 4 - - 35 17.9000 1 • 9 53 40 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 40 - - - - 1CC.OCOO 1. ooc 40 100.00 150.00 -- 21 
22 S-ZR 1G.COOO 700.000 21 0. 0000 153.0CCG - - - - - 40 154.0000 2. 5 37 40 7.00 10.00 1500 22 

-4 23 AA-AU-;> -- -- -- -- - 28 12 - - - 0.0132 1. 5 30 40 0.01 0.03 -- 23 I» 
r3' 24 l~ST-HG O.G20C 0.030 0.0278 0.0[.44 - 7 24 - - 9 0.0090 1. 873 40 0.01 0. 01 -- 24 
tr 2 5 01 - C X- H i•1 1 .0000 7.000 1.9200 1 • 77 00 - - 1 6 - - 24 0.9580 2 .o 91 40 0.30 0.50 1 50 25 
w 26 ~C-TH 2. 860 3 10.782 6. 3 900 4. 03'JO 37 - - - - 3 5.5400 1. 9 41 3 -- -- -- 26 

27 AC-U o. 9731 3.062 1. 9 900 1. 0 SC'G 37 - - - - 3 1. 7900 1.780 3 -- -- -- 27 

I.C 
I.C 



Table 3. Summary of geochemical data and statistical replacement information-Continued 

= 
Dinwoody Formation (Lower Triassic) 

= Col Col.Jmn • * * * ****** * * R~w DI\T~ * * * .. * * * * * * * * Valid * RE~LACED D~TA * Replacement Values Col 
No. I. D. ;~ i, i mum ~··aximum ~;ea n Standard 5 N L G Other Geom Geom Valid N L G No. 

~ 
Deviation l"ean De II 

:r 1 S-F E% c.scoc 2.CCC 1 .1 OG 0. 51 3 - - - - - 19 (;.999 1. 5 66 19 0.02 0.03 30 1 
~ 
~ 2 S-MG% C.100L 10.0('0 2.620 2.948 - - - - - 1 9 1. 32[ 3. 61 3 19 0.01 0.02 1 5 2 

;ICI 
3 S-CA% 2.CCOC 20.(((' 11.5CO 6.5t0 - - - 2 - 1 7 1 D. 8G() 2 .(' 92 19 0.02 0.03 30 3 

tD 4 S-T I 1, O.C18C 0.5CC 0.12 7 c. 1 24 - - - - - 1 9 o.c 7 6 3.0 98 19 o.oc O.OJ 2 4 
Cll 5 S-MN 15C.OOOG sooo.oco 1790.000 170C .GOO - - - 1 - 1 8 11 30.1}[ 0 3.4 79 19 s.oc 7.0::1 7000 5 0 c 6 S-AG 0.50[( 1,CCC 0. 72 5 0.2C:6 - 1 5 - - - 4 0.261 1. 71 5 19 0.20 0.3::l -- 6 .. 
@ 7 s- e 1C1 .COOC 150.CCC 42. ?ClJ 41. (J(j[ - 3 ~ - - 11 , 5. 300 2.845 19 5.00 7.00 3000 7 
Cll 8 S -BA zo.c::.oe 1 SCO. CLG 348.COC 390.L:-~ - - - - - 1 q 190. [J( c 3.385 19 1 o. 00 1S.O::J 7000 8 s. 9 s-co 5. ('fJQ( 1C.CCC 8.CGG 2.74C - 14 - - - 5 2. 84C' 1 • 8 7 5 19 2.00 3.0::> -- 9 
;. 10 S-CR 10.CC.OC 1C'O.OCG 41. 4GU 26.~U: - 5 - - - 1 4 20.3CC 2. H,~ 19 5.0() ?.OJ -- 1::l 
tD 11 s-cu s.oooc 15D.CCC 19.1 GU 37.9CJ::, - - 5 - - 1 4 7. 2 8( 2.555 19 2.00 3.00 30000 11 

""" 
12 S-LA 2 o. c.coc 3C.CCC 23.(!(;'] 4. b3[• - 9 - - - 10 1 5. 400 1 • 55 3 19 1 0 .oo 15.00 150C 1 2 

!!. 13 s-r1o -- -- -- -- - i 7 2 - - - 2.090 1 .1 36 1 9 2.00 3.0:1 -- 13 
0 14 S-NG 10.G00l 1 o. ere 1o.rco C.L~C - 16 1 = - - 2 7. 41 () 1.1 4 3 19 7.00 1::J.OJ -- 14 

~ 
15 S-NI s.:cne, 20.C.lC 9.450 6 .v.: - 1 7 - - 11 5 .2(0 1. 9 80 1 9 2.('0 3.0::l -- 1 5 
16 S-P8 10.COCC 2C.CCO 13.000 4. 4 7[1 - 9 5 - - 5 4.990 1. 3 59 19 3.00 5.DJ -- 16 

iS: 17 S-SN -- -- -- -- - j 9 - - - - s.cnr 1 .Gro 19 s.oo ?.OJ -- 17 
tD 18 S-SR 10L.OOOL ?DC.U.O 263.0[0 173.QjC - 3 - - - 1 6 174.CCC 2.1 90 1 9 50.00 7:l.OJ -- 13 .. 
= 19 s- v 1 c. ooou 1CC.CCC tD 35.000 31. 9CC - - 1 - - 18 22.6Cr 2. 4 59 1 9 5.00 7.00 -- 19 
Cll 20 S-Y 10.COCu ?C.OCO 24.700 16. nc - 3 . 
Cll I - - 1 5 1 5. 6DC 2.1 72 19 s.oo 7.00 3000 20 
Ill 21 s-zu -- -- -- -- - 19 - - - - 100.000 1 .ocn 19 100.00 150.00 -- 21 
= 22 S-ZR 10.GOCC 300. en. 129.000 113. OJC - 1 - - - 1 8 6~.ccc 3.657 19 7.00 10.00 1500 22 Q. 

> 23 A~-~u-P -- -- -- -- - 1 6 3 - - - 0 .c 1 2 1. 41 Q 19 0.01 0.03 -- 23 
Q. 24 INST-HG O.C200 c. ( 60 G.Q29 0. c 1 5 - 7 5 - - 7 0.010 2. 2 27 19 0.01 0. 01 -- 24 
~- 25 CM-CX-HM 1.0t!OO 9.0tr 3.140 2. 77C - - 5 - - 1 4 1 .4 90 2. 7 21 19 0.30 o.sa 1 50 25 
t'l 
tD 26 AC-TH 5.5865 27.233 13.000 12.3SO 1 6 - - - - 3 9. 78[· 2. 4 31 3 -- -- -- 26 
a 27 ,AC-U 2.2376 2.576 2. 41 0 0.239 1 7 - - - - 2 2. 4 [, c 1 .1 05 2 -- -- -- 27 
> .. Phosphoria Formation and related rocks (Permian) tD 
Ill 
~ 

~ 
Col Colur~n . .. * * .. * * * * * * * RAVJ DATA * * . .. * * * * . . * * Viol i d • REPLACED D~T~ * Replacement values Col 
No. I.!>. Minimum l"aximum Mean Standard d N L G Otller Geom Geom Valid N l G No. 

3 
Deviation ~·.ean Dev 

:;· 
1 S-F E 0. C.. SfJC., 3.0CC 0.761G 0.6~8;:: - - 2 - - 58 0.479C 2.844 60 0.02 0.03 30 1 QQ 
2 S-MG l .OSC:J.' 1C.(·Ll 0.9340 2. L I L J - - - - - 60 C.324C 3. 6 33 60 0.01 o.n 1 5 2 
3 s-eA c.osou 20.(((} 7. 5 9C L c.H:u - - - - - 60 4.5900 3.549 60 0.02 0.03 30 3 
4 S- T I C.CG?C C. 30D (.0749 0.073(, - - - - - 6( 0.0467 2 .!s 89 60 c.oo o.oo 2 4 
5 S- MN 1 C. GL DC 10 OC•. Ll C 163.DC•CO 238.lfCC - - 1 - - 59 81.4CCC 3.1 2 5 60 s.oo 7.00 7000 5 
6 S-AG C.50Gu s.crc 1. 2 900 0.976J - 34 - - - 26 0.4140 2.514 60 0.20 0. 30 -- 6 
7 S-8 10. "CCC. zoo.r:rr: 3 9. 40CG 35.4CJ[1 - - 7 - - 53 24.3000 2. 3 94 60 5.00 7.00 3000 7 
8 S-8A 2D.C::LL 200.('(( 91 .40\J,J 50.DJ:,c~ - 2 - - - 58 72.3(1(.[1 2.034 60 10.0(1 15.00 7000 8 
9 s-ec -- -- -- -- - tD - - - - 2 .CC·GC -- 60 2.0[' 3.0:> -- 9 

10 S-CR 10.Cl2C 7 DO.'" Cl 2D8. CCC C 186.~C1:::: - 3 3 - - 54 97.60CC 3. 9 87 6( s.co 7.0:1 -- 1() 
11 s-cu S.C.;Cu 1 DC .CCC H. 3C'CU 19.ttGr - t. 1 - - 55 9. S4fJn 2.448 60 2.00 3.00 30000 11 
12 s-u 20.ccrc 3(l(.Cl[ 1SS.rCLO 11 s. c c:; r - , 6 - - - 44 s 6. s ocr; 3.ooo 6C 1o.or 15.00 1500 1 2 
13 S-MO s. [ u [ ; .. SD.CC C 14 .HCu 15.tLC~ - 48 .3 - - 9 2 • 5 sc 0 1. 902 60 2.0C 3.0::> -- 13 
14 S-NB 20 .CCC'. 20.([[ 2G .f)([ C -- - 59 - - - 1 7 .12r c 1 • 1 4 5 60 7.00 10.0J -- '1 4 
15 S-NI 5. CJ L' 1~, 1sc.rcr 19,Q[1[•(. 31 • 3 c = :.- - - 2 - - 58 10.2C:00 2. c 64 ~0 2.00 3.0J -- 1 5 
16 s-Pe 1 0 ·'-C r_ ,' 1 50.rrr 54.00CJ s2.2u21.: - 1 j 6 - - 43 17. ?lOC 3.780 60 3.00 s.oo -- 16 
17 S-SN -- -- -- -- - cO - - - - S.GCOC 1. G CO 60 5.0C 7.00 -- 1 7 
18 S-SR 1 CD. '.;:Ju;~ 700.(([ 269.COCO 216.([,[,[ - 25 1 - - 34 111 .OCCfJ 2.436 60 so.oc 70.00 -- 18 
19 s- v 10.CCGC 200.(;[( 6 4. 30C C 56.(, [ [ ( - - 1 - - 59 41.5000 2.646 60 5.00 7.00 -- 19 
20 s- y 1 r: .iJCrl 5CO .r c·r 14D.OOCO 121 .C·l,CC - 5 2 - - 53 64. 3((1[1 3.815 60 5.0C 7.00 3000 20 
21 S-ZN 2oo.cccr: 15DC.CCC 3C'4 .ecce. 563.:-:,:c - 34 2 - - 24 209.0COO 2.749 60 100.0[. 150.00 -- 21 
22 S-ZR 1 0. OIJOC 3cc.ccr 68.8COIJ 66.B,;:;s - 3 - - - 57 42.5C(;0 2.576 60 7.00 10.0:1 1500 22 
23 AA-AU-P O.JSfJC O.C50 c.osoo -- - 53 6 - - 1 0.011 3 1. 4 04 60 0.01 0.03 -- 23 
24 INST-HG 0. 02 O'j o. sec 0.1 09C 0.10 c - 1 17 - - 42 0 .C34C 3.850 60 0.01 0.01 -- 24 
25 C~-CX-HI-1 1. GCDu 70.0[)() 1 2. ?lC':i 16.LC C - - 11 - - 49 4 .1600 4. 2 96 60' 0.3C 0.50 150 25 
26 AC-TH 1 .0393 17.268 7. s" o:) 6.i9 :. 54 - - - - 6 4. sec,r 3. 1 e B 6 -- -- -- 26 
27 A c -u 1.1437 32.56 7 11 • 3 GIJ D 1 3. 3 [ [; 5( - - - - 1 c 5.7900 3. 3 31 10 -- -- -- 27 



Tensleep Sandstone (Middle Pennsylvanian) 

Col Col ur11n . . • * . . • * * * * * RAW DATA . . • * . . . * * • . . Vc:.L i d • ~E"LJICED DATA * Replacement Values Col 
No. I. D. M 1 ni mur" l>'oaximum Mean StanaJru a tJ L G Other Geom Geom Valid N L G No. 

Deviation t-' ean De v 

1 S-FE::4 C.C50C 2.occr· 0.4060 0.5070 - - 2 - - 20 C.19SC· 3.1 84 22 C.02 0.03 30 1 
2 S-MG% C.020C 1 c.occc 2.7300 3.94C::J - - - - - 22 0.4250 10.140 22 0.01 0.02 15 2 
3 S-CAh L.C50G 2C.CC'CL 5.28GO 6.9::JO - - 3 - - 1 9 0.7l.i6C' 11.000 22 0.02 0.03 30 3 
4 S-TI% c.o,oo C.3Cl0 0.0734 0.0738 - - - - - 22 0.0482 2. 5 75 22 0.00 o.oo 2 4 
5 S-MN 1 fJ.OOOt.:: SGO.OCCC 137.0CLO 121.CC!CO - - 2 - - 20 66. 1("~(1( 3.30~ 22 5.00 7.00 7000 5 
6 s-~G -- -- -- -- - 22 - - - - D. 2l)('L 1 .oco 22 0.20 0.30 -- 6 
7 S-El 10.L..00" 7C.COClJ 28.3000 24.4i..J::J - 2 8 - - 1 2 12.1CCC 2.320 22 5.00 7.0::1 3000 7 
8 S-B A. 20.cunr. soc.cccr. 132 .oocu 134.D:...JC - 3 1 - - 1 8 58.4orr 3.3 01 22 1 o.oo 15.0J 7000 8 
9 s-co S.DOjC 5.0('((1 s.ccc.o O.LC.SG - 20 - - - 2 2. nr r 1.309 22 2.00 3.00 -- 9 

1(1 S-CR 1 O.<.c;or 1DD.CCCC' 34.3000 36.CCJ~, - 14 1 - - 7 8.1 !:\(![' 2.395 22 s.oo 7.0::1 -- 10 
11 s- c u <,.core 1 o.cccr 6.COCO 1.1\4 DC: - 4 4 - - , 4 4. 2l,[L 1 • 6 i? 3 2i? 2.00 3.00 30000 11 
12 S-LA 20.UC!"F zo.rccc. 20.0CCCJ o.occc - 1 7 2 - - 3 11.4ocn 1 .2 93 22 10.00 15.00 1500 12 
13 s- ~10 -- -- -- -- - 22 - - - - 2.00CC 1. 000 22 2.0r. 3.00 -- 13 
14 S-IHl 20.00C'C 2D.C'UC zo.rcc.c -- - ?1 - - - 1 7. 341..:( 1 • 2 51 22 7.00 10.00 -- 14 
15 S-NI S.C:GCJ 20.CCtC 7.91(,() 5. 11 :J c - 2 9 - - 11 4. 3 BC C 1. 30 3 22 2.00 3.D:J -- 1 5 
16 s- pe 10. CIJOIJ 15.CLCC 1 2 .ooc l) 2.74:JC - 1 2 5 - - 5 4.6CCC 1. 7 69 22 3.00 5.00 -- 16 
17 S-StJ -- -- -- -- - 22 - - - - 5. CiJCC• 1 .ooo 22 5.00 7.00 -- 1 7 
18 S-SR 10C.COCG 100.0CC\ 1CO.OCCG O.D:J:,;) - 1 9 1 - - 2 54.100C 1. 2 36 22 50.00 70.00 -- 1 8 
19 s- v 1C..L:OOC 70. c ceo 18.60(0 15.30LC - - 1 - - 21 1l..70CG 1. a ot 22 s.oc 7.00 -- 1 9 
20 S-Y 1: .• C0[1ll 1 o. ocro 10.00CO o.ooo: - 17 , - - 4 5.760(: 1.317 22 5.00 7.00 3000 20 
21 s- z N -- -- -- -- - 22 - ·- - - 1 OC. Oflf•O 1. DC\· 22 100.00 150.00 -- 21 
22 S-ZR 1L. GOCC 5[,[1. OGCC 174.COCC 124.C:JJ:> - 1 - - - 21 97.8COO 3.760 22 7.00 10.00 1500 22 
23 AA-AU-P C'.1lrUG 0.1C>tG 0.1000 -- - 21 - - - 1 (I. 0 1 1 1 1. 6 34 22 0.01 0.03 -- 23 
24 l,._S-T-hG e:. c2 r•c 0.04CC 0.0300 0.01:::; - 1 1 6 - - 5 C.C~95 1. 887 22 0.01 0.01 -- 24 
25 Cr~-CX-HI'\ , • Of~ n~ 9. c oc 0 3.60GC 3.44CC - 1 1 6 - - 5 C.7(120 2. 2 31 22 0.30 0.50 1 50 25 
26 AC-Trl 0.2995 o. 2 995 0. 2 990 -- ? 1 - - - - 1 0. 2 990 -- 1 -- -- -- 26 
27 AC-U D. f.!• 55 2. 30 31 1 • 4 9( c 0. 851 :1 1 9 - - - - 3 1. 3r:or· 1. 9 as 3 -- -- -- 27 

Amsden Formation (Middle and Lower Pennsylvanian and Upper Mississippian) 

Col Column . * * • * . . * • • * * RAio D~.T/1 * . * * * * * . • * . . v d lid * REPLACED D~TA * Replacement Values Col 
No. I. D. Minimum Maximum f':ean Stanaara t3 N L G 0 the r Geom Geom Valid N l G No. 

Deviation ~ ea n De v 

1 S-FE% L.osnc 7. r.cr~ 1.11(0 1.1 ~or. - 2 - - - 102 0.6450 3.11 n 104 0.02 0.03 30 1 
2 S-MG~; C.G20C 7. Ot (' 1 .ono 1.53Cl - - 3 1 - 100 0.4320 4.1 70 1 04 0.01 ~ .02 15 2 
3 S-CAi. C.10GG 2o.rcc 12.9000 6.18:·0 - 4 6 3 - 91 5.5900 7. 8 92 104 0.02 0.03 30 3 
4 S-TI% 0.0C2C c. sec 0.(933 0.0826 - - - - - 1 D4 O.G631 2.759 104 o.oo o.oo 2 4 
5 S-MN 1 o.ccoc zoco.ccr 195.DOCC 342.:::.:cc. - 1 2 - - 101 95.70('0 3. 040 104 5.00 7.00 7000 5 
6 S-AG 0.5CCC 5. (( c 1.71CO 1.H~:. - 79 - - - 2 5 0.3130 2. 4 3 '! 104 0.20 0.3J -- 6 
7 s- 8 10.CC:JL 200.(('( 34.6CI;CO 31. 1l.. :•c - I. 29 - - 71 15.30CO 2.Si?Q 1(;4 5 .oo 7.0::1 3000 7 
8 S- SA zo.::::~oc 10CO.CCC 101.00UL 1.!D.cc.::r - 3 13 - - 88 sz.scoc 2.645 104 1 0. 00 15.0::1 7000 8 
9 s- co 5 .r JCG 2o.rcr 12.1C•CO 3 .t.Mr~ - 85 - - - 19 2.760(\ 2.003 104 2.00 3.00 -- 9 

10 S-CR 10.crnc zoo.trr BB.60CJ 43.CCCO - 31 1 - - 72 32.600(' 3. 8 78 104 s.oc 7.00 -- 10 
11 s-cu 5. C.Cf1C 1 s oo. cr c 78.2CCC 268.C.:i.JJC - 23 1 5 - - 66 S.83CO 4.125 1(.4 2.00 3.00 30000 11 
12 S-LA ZQ.['fH1(. 30.UC 23.60CC 4. 890 ~ - 42 29 - - ! 3 14.6000 1. 4 52 , 04 10.00 15.00 150C 12 
1 3 s- ~10 5. c.,s C: 2DO.HC 58.1C.OQ 61. 2C::':J - 46 4 - - 54 B. 4 6C 0 4. 9 90 H'4 2.00 3.00 -- 13 
14 S-NS 20 .Cl "C 20 .r [ ( zo.ccc:::. -- - 102 1 - - 1 7 .1CCC' 1.114 104 7.00 10.0J -- 14 
1 5 s- tl r 5.C'JJC 3GO.UC 70.CCC'J 73.'7u:C[; - H 3 - - 83 22.3CCC 4.753 1(;4 z.co 3.0J -- 1 5 
16 S-PB 1u.Ctl.X 1SO.CCO 23.90Qf_l 25.4~:J:: - 34 9 - - 61 8. BOC 2. 6 73 1(;4 3.CC 5.0::1 -- 16 
17 S-SN -- -- -- -- - 104 - - - - 5.00CC 1. oc 1 1 04 s.oo 7.00 -- 17 
13 S-SR 100.CCCu 3CO.ccr 184.00CO 47.4C:JC - 33 3 - - 63 109.0000 1 • 911 104 50.00 70.00 -- 18 
1 9 s -v 1 c. c:-, :::c SOCD.CCC 311.DCCO 636.cu:::o - - 7 - - 97 73.2LOC 5. 4 63 104 s.oo 7.0:J -- 19 
20 S-Y 1L.C.JCC so .ccr 16.4CCO 13.1G% - 45 1 - - 5B 9.2100 1. 8 73 , 04 5.00 7.0:J 3000 20 
21 S-ZN 2C0.C'CCC 15 OQ. CCC 582.0CCCo 445.tC:CiL - 79 3 - - 22 139.CCCC 2.C.C3 104 1(10.00 150.00 -- 21 

-1 22 S-ZR 10.CGOO 1 ODD.U'C 1GO.GOGO 168.GUlL - 22 - - - 32 34.9COO 3.336 104 7.00 10.0:J 1500 22 
Ill 23 AA-AU-P -- -- -- -- - 99 5 r:r - - - 0.0105 1. 218 104 0.01 0.03 -- 23 
;r 24 INST-HG D. u2or, o .4 5" 0.0997 0.09 2 - - 35 - - 69 0.031 3 3.6 'B 104 0.01 0.01 -- 24 
1.1-l 25 01-C X-HM 1 .O~_;C•Li 1000.000 61.4 DO 0 154.C...i ::r - - 40 - - 64 3.360C 8. 3 99 104 0.30 0.50 1 50 25 

26 AC-TH O.C241 20.352 3. 77C G 4. 57 l .. - - - - 23 1. 69GO 5. 2 41 23 -- -- -- 26 
27 AC-U 0.3926 87.3~7 16.9000 22.11~ n f'C - - - - 24 7.44CC 4 .o 91 24 -- -- -- 27 ... 

s 



Table 3. Summary of geochemical data and statistical replacement information-Continued 
... Madison Limestone (Upper and Lower Mississippian) = N c 0 l Column .. * * * • * * * * • * * R >\w DUA * * .. . * * * * * * • * Valid * RE"'LACED DH4 * Replacement Values Col 

No. I.LI. i•i in i mum ~aximurt Mean Standc.rd a N L G Other Geort Geom Valid N L G No. 

3': Deviation ll'ean De II 

:r 1 s- FE t. 0. G'5 1)0 20.000 0.9030 2.31CO - 7 3 - - 108 [j .180C: 4.4 98 11 8 0.02 0.03 30 1 ~ 
~ 2 S-t>'G); C.020ll 1C.CCO 3.8000 3.87CCI - - 1 '1 - 116 1 • 71 c [, 4.532 11 3 O.C1 0.02 1 5 2 

;111:1 
3 S-CA,, L,.o5r.o 2c.rco 13.70CO 7.01::L - - - 24 - 94 1 2.1 GCC 3.256 11 8 0.02 0.03 30 3 

I'D 4 S- T I,, c..cc;:u 0. ?CC 0.0462 C.Hii.J - 10 1 - - 107 () .011 7 4. 5 88 1B 0.00 o.oo 2 4 
"' 5 s-m< 1 D.Or1C:G 1 C:• OC. CCC 131 .or:c.o 22o.cc:c - 2 4 - - 11 2 51 .4COO 3.559 11 8 5.00 7.0::1 7000 5 0 
c 6 S-AG -- -- -- -- - 11 8 - - - - D. 2C LG 1. G C'1 118 0.20 0.30 -- 6 
~ 7 s- s 1 O. CJ(i(J 1 N'. rr c 25.20\;0 24.3GJ( - tJ1 35 - - 22 7.C2CG 1. 7 87 11 8 5.on 7.00 3000 7 
l1l 8 S-EA 2D.UGCC 15CC.CCC 237.GCCO 3b3.CuJC - 70 16 - - 32 19.3CCC 3. 2 35 113 10.00 1 5. O:J 7000 8 s. 9 s- co 5. OllC'L 20.CCC 11 .CCOG 5.41lC - 109 - - - 9 2 .26[ [; 1. 5 60 11 8 2.00 3.00 -- 9 

;. 10 S-CR 10.CGCG 5CC.CCC 47.1[00 E5.HCC - 63 17 - - 3S 8.57[0 2. 4 94 113 5.00 7.00 -- 10 
I'D 11 s-cu 5. Ql,C G 150.CCC 9. 5 8C 0 1 8. 2 c J (_ - 31 22 - - 65 4.3CCG 2.006 118 2.00 3.0:> 30000 11 
-t 12 S-LA 20.\ilC~ 70. [[ c 29.4CCO 1~.3:.:c - 1:9 1 2 - - 1 7 12.oocr 1.469 11 8 1 0. CC' 15.0:J 1500 12 
!l 13 S-MO 7 .C•Q('.(_ 1 ( 0. OL'C l.D.?CCO s1 .seer - 11 5 - - - 3 2 • 1 3( r: 1 • 5 20 118 2.('0 3.oa -- 13 
0 14 S-NE' 20.0:XC 20. Ll ( ZO.CGCO -- - 11 7 - - - 1 7.C6C•O 1.H1 113 ?.or 10.00 -- 14 :II 

~ 
1 5 S- N I s.cccc 150.Gll 3(1 .90[0 33.::::.. - 66 Zt - - 24 3. 46GO 2. 6 er 118 2.00 3.0) -- 1 5 
16 S-PE 10.CGC•L 1 oc. r r r 17.7CCO 18.~ccc - 70 24 - - 24 4. 5 7CC 1. 9 32 11 g 3.00 S.O:J -- 16 c:: 17 S-SN -- -- -- -- - 11b - - - - 5.CCCC 1 .001 118 5.0Q 7.0::1 -- 17 

~ 18 S-SR 100.C·CJ0l 1 s oo. ocr 247.DCOO 242.CCCC - 63 3 - - 52 92.2[(;[ 2.1 83 11 8 50.00 70.0::1 -- 18 
:II 19 s-v i 0 .'~OCL.' 100C.CCC 44.8000 130.SL.JC - 5 22 - - 91 14.1COC 2. 6 35 118 5.00 7.0J -- 19 I'D 

"' 20 s- Y 10.GOOC SO.CCC' 1 6. 9COJ 11.1LJC - n 2 - - 18 5.920( 1 • 54 5 1B 5.00 7.0) 3000 2:J "' Dol 21 S-ZN 3GO.CCOC 30C.GCC' 3GO.C:CCO -- - 11 7 - - - 1 101 .ococ 1 .1 06 11 8 1DO.OC 150.00 -- 21 
:II 22 S-ZR 10.CCOL SOO.[lCC 70.2CCO 100. (;OJ C - 73 - - - 45 1 2. ?C·C C· 2.872 118 7.00 10.00 1500 22 Q. 

> 23 AA-4U-P D. 05(iC o.scc 0.217U 0.247L - 1 D 5 1 c - - 3 0.011 5 1 .64 7 118 0.01 0.03 -- 23 
Q. 24 INS T -'-IG 0.020~ 0.35C C.C377 e.057i - - 70 - - 4G O.C111 2. 09( 118 0.01 0.01 -- 24 
ii' 25 CM-CX-HM 1 .ooo) 3.0CC 1 • 5 60 0 C.882C - 7 1C2 - - 9 0.524( 1 .3 92 113 0.30 0.50 1 50 25 
l"'l 
I'D 26 AC-TH 0.1879 6. 6t(l 1. 3900 2.C4C':; 1[9 - - - - 9 0.766(/ 2.544 9 -- -- -- 26 
a 27 p.c-u 0.1919 1 • 4 74 C.7510 C.4lJ2f '!CZ - - - - 16 Q.6t.90 1. 7 95 1 6 -- -- -- 27 

~ 
Darby Formation (Upper and Middle Devonian) I'D 

Dol 
~ 

=E Col Column • * • * . * . . . * * . RAW DAft, . * * * * • * . . * .. * \/:did • REPLACED DATA * Replacement values Col 
-< No. I.[:. r~ in i mum "Ia ~ i mum Mean Stand<ArJ g N L G Other Geom Geom valid N L G No. 
0 Deviation Mean Dev 
3 
:r 1 S-F E 4 C..050C 20.0CC 1 • 1 so 0 3.14CG - - - - - 40 0.3730 3. 9 99 40 0.02 0.03 30 1 (JQ 

2 S-MG% o. so or· 1o.crr 6.94(0 3.26CC - - - - - 40 5.61CO 2. 2 31 40 0.01 0.02 1 5 2 
3 S-CAI. 0.50CC zo.ccr 1 2. 6000 S.7c"C - - - 2 - 33 1 o. 50CC 2.514 40 0.02 0.03 30 3 
4 S-TU O.OL3C 0. 3CC 0.0575 n.Ob49 - 1 - - - 39 0.0192 4.4C3 40 o.oo o.oo 2 4 
5 S-MN 10.DOOC 1GGC.OC'r 161 .ocoo 190.0000 - - - - - 40 92.9000 3.034 40 5.00 7.00 7000 5 
6 S-AG D.SCOl 1 .CCC' 0.733~ 0.252S - 37 - - - 3 0. 2 2( 0 1. 4 12 40 0.20 0.30 -- 6 
7 S-B 1 0. 00UC· ?c.rcr 24.1CCCJ 20. 8.lf:C - 6 1 8 - - 1 6 9.3000 1. 9 95 40 5.00 7.00 3000 7 
8 S-BA 20.0\iOC 5oo.crc 1 6 5. (; (;(,; 'J 133.~J:.::>c - 21 3 - - 16 27.2CCG 3. 7 91 4U 10.00 1 5. 00 7000 8 
9 s-co 5. dCC'l 30.CCC 14. SCCJ 9.350C - 34 - - - 6 2.620G 2.001 40 2.00 3.00 -- 9 

10 S-CR 1 O.'~UCC 70.CCC 44.4008 26.3G0C - 21 3 - - 16 1 1 • 1 oc 0 2. 91 5 40 s.oo 7.00 -- 10 
11 s-cu 5 J:JC:: 2o.ur 7.7100 3. 97CL - t, 6 - - 2 3 5.1300 1. 8 2 9 40 2.0(' 3.00 30000 11 
12 S-LA 20.CGGC 70.[.[.( 32.CCCG 18.10:;; - 26 4 - - 10 13.5000 1 .6 63 40 10.00 15.0:J 1 50 0 1 2 
13 S-NO -- -- -- -- - t.O - - - - 2.0000 -- 40 2.00 3.00 -- 1 3 
14 S-NB -- -- -- -- - 40 - - - - ?.ODOr' 1 .o co 40 7.00 10.00 -- 14 
15 S-NI 5. CG:'': 70. [[ L 21.7~(:; 1 9. 4 ;)2 [; - 16 9 - - 1 5 4. nr:o 2. 9 20 40 2.CO 3.00 -- 1 5 
16 S-PB 1 D. :C' ::-: 15.CCC 11 .1 nco 2.13~0 - 1 2 1 4 - - 1 4 5.64CC 1. 7 20 40 3.0C 5.00 -- 16 
17 S-SN -- -- -- -- - 40 - - - - 5.COOC -- 40 5.0[1 7.00 -- 1 7 
18 S-SF<. 1 DO. OC C'C zoc•.orc 117.[Q(J 3 5. 40[;[· - 30 1 - - 9 60.6(1Cr 1. 4 3 7 40 50.00 70.00 -- 18 
19 s-v 10.CUT 2 DO. 0 CC 31. 800S 41.iuor, - - 6 - - 34 i 6. 500(' 2. 4 96 40 5.00 7.00 -- 19 
20 S-Y 1 o. ore c· 2C.ClCO 16.5('0(; 4., 2 J(l - 30 - - - 1C 6.680L 1 • 6 93 40 5.00 7.0::1 300::1 2:l 
21 s- n..: -- -- -- -- - 39 1 - - - 101.GOOO 1 .o 66 40 100.00 150.00 -- 21 
22 S-ZR 1 o. r.oL;:; 500.CC0 102.cocc 1 1 7. C G::: r: - l'3 - - - 1 7 1 7. 2 or:r. 3.6 98 40 7.00 10.00 1 500 22 
23 AA-AU-f' 0.0500 C.C5C O.f15LG -- - 36 3 - - 1 0. 011 2 1. 412 40 0.01 0.03 -- 23 
24 INST-HG C.02GC' c .1 cr C.0424 u. 021 - - 1 5 - - 25 C.0199 2.504 40 0.01 :J.01 -- 24 
25 CM-C!I-HN 1.CL~DC 5.0(0 2. 50(· u 1. 41:; - 9 23 - - 8 ['.5950 2. 0 73 40 0.30 0.5J 1 50 25 
26 AC-TH 0. 7(144 6. 6 51 3.8 ?CC' 2.99::. 3 7 - - - - 3 2.71C'C 3. 2 83 3 -- -- -- 26 
27 AC-U a. 31 76 1 • 5 34 D.695Cl 0. 5 51 3 5 - - - - 5 0.556Ll 2. c 55 5 -- -- -- 27 



Bighorn Dolomite (Upper Ordovician) 

Col Col •.Jmn * • . . . . . * * * * . RAW DATA .. * * . * • * * * • * * Valid * ~EPLACED DATA • l<eplac~ment Values c 0 l 
No. I. D. Min1mum l"'aximum Mean Standard i::l N L G Other Geom Geom Valid N L G No. 

Deviation Mean Dev 

1 S-FEI. o.csoc 3.0CO 0.4190 0.6680 - 2 - - - 26 0 .1 '31 0 3.2 80 25 0.02 0.03 30 1 
2 S- MG ~ o.sooc 1G.C:GC 6.8CGD 2. e4 DO - - 1 3 - 24 5.0900 3.998 28 0.01 0.02 1 5 2 
3 s-eA:. 0.05()0 20.CCO 14.1 cou l.. 720:) - - - - - 23 11. 5GCC 3. c 04 2!! 0.02 0.03 30 3 
4 S-TII. u.cn2c 0.1(.0 0.0228 G.C34G - 2 - - - 26 0 .oo 91) 3. 5 86 28 o.oo D. OJ 2 4 
5 S-MN 2D.COOO 1CCG.OOC 141.0CGO 254.CO:JO - 1 - - - 27 6t.10CC 2. 8 86 2'3 5.00 7.0:> 7000 5 
6 S-o\G -- -- -- -- - 28 - - - - 0.2CCC 1 .c co 28 0.20 0.3~ -- 6 
7 s- e lD.C•lOC 1C.O.CCC 25.0CCO 36.7CJJ: - 3 1 9 - - 6 7.91CC' 1. 7 01 28 5.0£'1 7.03 3000 7 
'3 S-8~ 3C.GGOG 150.GLG 75.70CO 36.0080 - 17 4 - - 7 1 7 .2G(;(' 2. 3 61 28 10.00 15.0:> ?COO 8 
9 s-co 5.CJQC 1C.CCG 7.5000 3.54:JC - ?6 - - - 2 2 .19( ( 1. 4 11 28 2.00 3.00 -- 9 

10 S-CR 10.0'l''Vi sc.ccc 27.50CO 1 7. 1 c:::; - 2G 4 - - 4 6.54(0 1 .801 28 s.co 7.00 -- 10 
11 s-cu 5.C'~OC 2L.CCO 7.47(0 4.532C - 8 5 - - 1 5 4. 0 8[:(_ 1. 397 2'3 2.00 3.00 30000 11 
12 S-Lo\ zo.c,ooc 20.CLC 20.0CCO -- - 21 6 - - 1 11.2crc 1. 2 26 28 10. DC 1 5. DO 1500 12 
13 S-1·\0 -- -- -- -- - i!7 1 - - - 2. n 3r)r 1.Di!O 2'3 2.00 3.0:> -- 13 
14 S-1'\lJ -- -- -- -- - 28 - - - - 7.00CC 1. ocr· 28 7.00 10.D:J -- 14 
1 5 s- r.JI 5.Ct.OL 10.ocr· 7.CCOO 2. 74:: c: - 1 7 6 - - 5 2.70[.( 1.613 2 3 2.00 3.0) -- 1 5 
16 S-PB 10 .CGCC sc .L r·r' 17.5([0 1 3.CCJJ~J - 7 11 - - 10 6.48GG 2 .G 79 28 3.00 5.0) -- 1 6 
17 S-SN -- -- -- -- - 28 - - - - 5.1)(00 1. 0 00 2'3 5.00 7.0:> -- 17 
18 S-SR 1 C ().I~'"; 0 L 300 .CD~ 233.0COG 11 5. OU::JC - ?5 - - - 3 5b.3CCO 1.618 28 50.00 70.00 -- 18 
19 s-v 10. [PQ( 3C .CCC 12.50CC 5.CGJC - - 8 - - 20 10.2000 1. 4 22 28 5.00 7.0::1 -- 19 
20 S-Y 10.L[j0( 1 5. ere 11.3000 2.5G~O - 24 - - - 4 5.6000 1. 3 38 28 s.oo 7.00 3000 2:J 
21 S-ZN -- -- -- -- - 2 B - - - - 100.0000 1 .(100 28 100.00 150.00 -- 21 
22 S-ZR 1 L. GU(l(J 200.COC 61 .90lC: 73.9~J[[J - 20 - - - 8 10.7000 2.560 28 7.00 10.00 1500 22 
23 AA-AU-P -- -- -- -- - 27 1 - - - 0.01['3 1 .1 ~9 28 0.01 0.03 -- 23 
24 INST-HG 0.C20G c .1(>( C.0314 0.0196 - - 7 - - 21 D.G197 2 .o 75 28 0.01 0.01 -- 24 
25 CI"-CX-Ht1 1 .occc 5 .Gor 2.5DGG 1.9100 - 6 18 - - 4 0. 54 5fl 1. 8 84 2'?r C.30 0. 5J 150 25 
26 AC-TH 0. 9t. 79 0.948 o.9t.&c: -- 27 - - - - 1 0.948() -- 1 -- -- -- 26 
27 AC-U 0.19(4 0.428 0.2770 0.1310 2 5 - - - - 3 Q.2590 1 • 5 51 3 -- -- -- 27 

Gallatin Limestone (Upper Cambrian) 

Col Column * * * * . * * * * * * * RAw DATA * . * * * * * • * . * • v iJ ll c * J;"E"'LACED DATA • l<eplacement Values Col 
No. I. D. Minimum ~1aximum ~1ea n Standard t3 N L G Other Geom Geom Valid N L G No. 

De11 i at ion Mean De v 

1 S-F E I. O.G5CC 5.CCC 0.8180 1.110 - - - - - 29 0.4010 3.439 29 0.02 0.03 30 1 
2 S-MG% 0.300fl 7. r: [.(, 1.6500 1 • 4 4 (j - - 1 - - 28 1.C6Df 3 .o 77 29 0.01 0.02 1 5 2 
3 S-CAi; 1. 5GCC 20.CC.Q 16.COLO 5. 86(, - - - 2 - 27 14.5CCC 2. 0 51 29 0.02 0.03 30 3 
t. s- T I% O.OL3C D.5CC 0 .c 784 (). 1 3 5 - 3 - - - 26 0.0207 5. 21 9 29 0.00 o.o:> 2 4 
5 s- ~1rJ 3D.OCJCO 15CO.CGC 238.0000 314.08[ - - - - - 2t; 128.0COC 3.007 29 5.0C 7.0J 7000 5 
6 s- fiG -- -- -- -- - 29 - - - - 0.20CC -- 29 0.20 0.3!) -- 6 
7 S-8 10.000L 10C.CCC' 53.30[0 4 5.1 J c - , 3 13 - - 3 7.15CC 1 • 9 52 29 5.CO 7.00 3000 7 
~ S-BA 20. cr oc: soco.cco 6GS.OOGG 1380.L.GC - 11 5 - - 1 3 33.4[[[ 5. 2 2 5 29 10.00 15.00 7000 8 
9 s-co 10.GOOC 15.DCC 13.3000 2. 89C - 26 - - - 3 2.43(( 1. 7 97 29 2.00 3.00 -- 9 

10 S-CR 10.DOOG 10[1.((,( 35.0000 32.500 - 1 7 4 - - 8 8 .19CC: 2.2 92 29 5.or 7. 00 -- 10 
1 1 s-cu 5.::JGCG 1C.CCC: 5.9200 1. 560 - 1 2 5 - - 1 2 3.320[ 1 • 6 7[1 29 2.00 3.0J 30000 1 1 
12 S-LA 20 • 1~[.Q,; 70.CCC 40.COGO 27.4J(J - 22 2 - - 5 12.6COG 1. 6 93 29 10.00 15.JJ 1500 1 2 
13 S-MO -- -- -- -- - 29 - - - - 2.0C'JG 1 .G CO 29 2.00 3.0:J -- 13 
14 S-N':l -- -- -- -- - 28 1 - - - 7 .o9Cr 1 .o 68 29 7.00 10.0J -- 14 
1 s s- r~ I 5. CCCI: 30. rc o 16.4GCO 12.5C::. - 1t 3 - - 5 3 .C?C:C 2.11? 29 2.0C 3.QJ -- 1 5 
16 S-PB 10.CCCC 50.cro 15.4CCG 11.3C: - 10 5 - - 14 6.71CC 2.1 58 29 3.0C 5.0J -- 16 
1 7 s- s 'J -- -- -- -- - (9 - - - - 5.ocrc -- 29 5.00 7.0Cl -- 17 
18 S-SR 1 50. QCJr~ soo.cr:r 232.GDCO 8o. 3:;c - 1( - - - 19 133.0C.GG 2.1 29 29 50.00 70.DJ -- 18 
19 s- v 1 o.,Jrr r: 20C.GCr 30.40(~ 54.6 JC.• - 4 '13 - - 1 2 9.4300 2 .114 29 5.0G 7.0J -- 19 
20 s- v 10. [;Q('~j 3c.ror 15.5000 7.89G - H - - - 11 7.3900 1. 7 75 29 5.00 7.00 3000 20 
21 S-ZN -- -- -- -- - 2B 1 - - - 101.0000 1.073 29 100.00 150.00 -- 21 

-1 22 S-ZR 1C.CCOC 15D.CLO 57.5CC.C 54.4CJ - 1 5 - - - 14 15.4COO 3. 003 29 7.00 10.0~ 1500 22 
AI 23 AA-AU-P -- -- -- -- - 29 - - - - D.010C 1 .coo 29 0.01 0.03 -- 23 c::r 
tD 24 INST-HG 0. C2CL 0.100 0.0413 c.02b - - 1 4 - - 1 5 0.01 62 2. 4 97 29 0.01 0.01 -- 24 
w 25 CM-CX-HM 1 .oc [);'; 3.0(( 1.3300 0.707 - 5 1 5 - - 9 0.60t.C 1.750 29 0.30 0. 5J 1 50 25 

26 AC-TH 0. 541 2 12.917 5.19GQ 6. 74 0 :?6 - - - - 3 2.4500 4.912 3 -- -- -- 26 
27 AC-U 0.4493 1. 2 26 0.7COJ C.357 2 5 - - - - 4 0.644P 1. 5 65 4 -- -- -- 27 

= w 



Table 3. Summary of geochemical data and statistical replacement information-Continued ... Gros Ventre Formation (Upper and Middle Cambrian) = ~ 
Col Column * • * * * * * * * * * • RAW D H A • * • * * * * * * * * * Valid * RE 0 LACED DATA * Replacement Values Col 
No. I. D. Minimum Maximum Mean Standard B N L G Other Geom Geom valid N L G No. 

~ 
Deviation Mean De v 

:r 1 S-FE4 0.1500 7.000 2.1200 1.6000 - 1 - - - 37 1.3000 3.3 77 38 0.02 0.03 30 1 I'D .. 2 S-MG% (J.C50C 2.0GO 1.0200 0.6520 - - - - - 33 C.7430 2.645 B 0.01 0.02 1 5 2 ~ 3 s-cu G .1 000 20.000 4.8900 7.030() - - - 5 - 33 1. 9500 7.349 38 0.02 0.03 30 3 
~ 4 S-T I% G.G030 0.700 0.1880 0.1640 - - - - - 33 0.1040 3. 853 38 o.oo o.oo 2 4 
<I> 5 S-MN 10.0000 30GO.OGO 464.0000 642.0GOC - - - - - 38 246.0000 3.0 88 38 5.00 7.0:J 7000 5 Q 
c 6 S-AG 1 • 00 00 1. 000 1.0000 -- - 37 - - - 1 0.2090 1. 2 9SI 33 0.20 0.3:l -- 6 
~ 7 S-8 10.CGO(J 70.000 30.5000 20.900[: - 6 11 - - 21 13.3000 2.363 38 5.00 7.00 3000 7 I'D 
<I> 8 S-BA 20.0000 1 5 00. GOO 424.0000 399.CGOL - 3 - - - 35 194.0000 4.162 38 10.0C 15.00 7000 8 
Q 9 s-c o 5.0000 20.000 - 11.5000 4. 3900 - 17 - - - 21 s.c3oo 2.4 63 38 2.00 3.00 -- 9 - 1G S-CR 10.0000 1 oo.oco 46.0000 30.50CC - 11 2 - - 25 18.3000 2. 999 B 5.00 7.00 -- 10 ::r 11 s-cu 5.0000 100.000 18.4000 21.300[• - 4 6 - - 28 7. 9800 2. 773 38 2.00 3.00 30000 11 I'D 

~ 
12 S-LA 20.0000 70.000 36.5000 19.9000 - 1 3 2 - - 23 zo.noc 1. 9 71 38 1 o. 00 15.00 1 500 12 
13 S -MO -- -- -- -- - 38 - - - - 2.00CC -- 38 2.00 3.00 -- 13 

Q 1 4 s- ,, 8 -- -- -- -- - 38 - - - - 7.CCOO 1. OOfl 38 7.00 10.00 -- 14 :I 

~ 
15 s-~11 5.(000 50.000 1 8. 4000 12.00CC - 7 3 - - 28 9. 0700 2. 7 90 38 2.0C 3.00 -- 15 
16 S-PB 10.COOO 50.0GC 14.2000 8.8cDO - 5 8 - - 25 8.6700 1.926 38 3.00 5.00 -- 16 

cs:: 17 S-SN -- -- -- -- - 38 - - - - 5. GOG 0 -- 38 5.00 7.00 -- 17 
I'D B S-SR 100.COOO no.occ 243.0000 174.0uoo - 17 7 - - 1 4 88.5000 2.1 02 38 50.00 70.00 -- , 8 .. 
:I 19 s -v 1 D. OOOC 100.000 31.1000 26.5000 - - 3 I'D - - 35 21.2000 2.201 38 5.00 7.00 -- 19 
"' 21J S-Y 1C.OOOC 70.CCC 25.4000 "' 1 7. 1 GGO - 10 1 - - 27 14.4000 2.210 38 s.oo 7.00 3000 20 
Ill 21 S- Z N -- -- -- -- - 37 1 - - - 101 .coco 1 .068 3.8 100.00 150.00 -- 21 
:I 22 S-ZR 10.0000 1 G 00. OG G c. 158.00(;0 136.CC8G - 7 - - - 31 61 .3000 4.000 33 7.00 10.00 1500 22 

> 23 A A-A U-P -- -- -- -- - 38 - - - - 0.0100 1. 000 38 0.01 0.03 -- 23 
c. 24 INST-HG C.C200 0.800 0.0778 0.1d1L - - 20 - - 13 0.0155 2.843 38 0.01 0.01 -- 24 
'ii" 25 CM-CX-Hr~ 1 • 0000 25.000 3.6400 7.1300 - 4 23 - - 11 0.6800 2. 2 55 38 0.30 0. 50 1 50 25 
t"l 26 AC-TH 1.2139 18.583 1 0. 4 OC: 0 7.2600 32 - - - - 6 7.1600 3. 0 35 6 -- -- -- 26 I'D 

=- 27 AC-U 0.2546 4.4()5 1.9400 1. 3COO 30 - - - - 8 1. 4900 2.413 8 -- -- -- 27 
> .. 

Flathead Sandstone (Middle Cambrian) I'D 
Ill 
~ 

~ 
Col Column * * * * * * * * * • * * RAW DATA ************ Valid * REPLACED DATA * Replacement Values Col 

-< No. I. D. llo1inimum Maximum Mean Standard B N L G Other Geom Geom valid N L G No. 
Q Deviation Mean De v 
3 
:r 1 S-FU. C.C700 5.000 0.9130 1. 0400 - - 1 QQ - - 42 0.4550 3.4 77 43 0.02 0.03 30 1 

2 S-MG% 0.0200 2.000 0.1450 0.4080 - 3 1 2 - - 28 0.0272 3.G17 43 0.01 0.02 1 5 2 
3 S-CA7. D.OSOG 2.000 0.3590 0.6210 - 1 25 - - 1 7 0.0594 2. 9 61 43 0.02 0.03 30 3 
4 S-Tli. 0.0300 o.soc 0.1540 0.1110 - - - - - 43 fJ.116C 2.247 43 0.00 o.oo 2 4 
5 S-MN 1 o. 0000 2(,00.000 1 99 .oooo 509.LOOG - 4 2 - - 37 24.60CG 4.725 43 s.oo 7.00 7000 5 
6 S-o\G c. sooc C.500 o.soco o.oooo - 41 - - - 2 0.2090 1.216 43 0.20 0.30 -- 6 
7 S-B 10.0000 20.000 16.0000 5.4800 - 7 31 - - 5 7.2500 1. 3 77 43 5.00 7.00 3000 7 
8 S-Bo\ 20.0000 1500.000 230.0000 312.0CGO - - - - - 43 14 o.ooco 2.603 43 10.00 1 5. oc 7000 8 
9 s-co 5.0000 15.000 6.8800 3.7200 - 35 - - - 8 2.4700 1.619 43 2.00 3.00 -- 9 

10 S-CR 10.0000 70.000 2 5. 5 000 16.1COO - 13 1C - - 20 10.7000 2.1 88 43 s.oc 7.00 -- 10 
11 s-cu 5.0000 50 .coo 9.3100 8.noo - 4 7 - - 32 5.8700 1.95'1 43 2.00 3.00 30000 1 1 
12 S-L~ 20.0000 150.CGO 42.9000 41.1000 - , 9 3 - - 21 18.2CCO 2 .1 11 43 10.00 15.00 1500 12 
13 S-1"0 5.GOOC 5.000 5.0000 -- - 42 - - - 1 2.0400 1 • 1 50 43 2.00 3.00 -- 13 
14 S-NB -- -- -- -- - 43 - - - - 7.00(;0 1 .G CO 43 7.00 10.00 -- 14 
15 S-NI s.oooo 10.000 5. 3 400 1. 21 :Ju - 5 3 - - 35 4.51 GO 1 • 4 41 43 2.00 3.00 -- 15 
16 S-PB 10.0000 7G.GGO 20.8000 16.9GOC. - 27 4 - - 1 2 5 .1300 2.2 98 43 3.00 s.oo -- 16 
17 S-SN -- -- -- -- - 43 - - - - s.ococ -- 43 5.00 7.00 -- 17 
1~ S-SR 100.0000 700.000 331.0000 237.uO:JO - 35 - - - 8 68 • .5(,00 2 .o 52 43 50.00 7:>. 00 -- 18 
19 s- v 10.0000 700.000 40.4000 116.(J(J00 - - 1:1 - - 35 16.0000 2.369 43 5.00 7.00 -- 19 
20 s- v 10.0000 70.000 21 .4000 16.4000 - 21 1 - - 21 9.2700 2.1 32 43 s.oo 7.00 3000 20 
21 S-ZN -- -- -- -- - 43 - - - - 10C.OOOG 1. o or; 43 100.00 150.00 -- 21 
22 S- Z R 2o.ooou 500.000 185.0000 130.00:JG - - - - - 43 149.0000 1.973 43 7.00 10.00 1 500 22 
23 AA-AU-P 0.1 DOG 0.100 0.1000 -- - 38 4 - - 1 0.0115 1.540 43 0.01 0.03 -- 23 
24 INST-HG c. 02 00 0.080 0.0317 0.1.1186 - - 1 9 - - 24 0.0152 2.1 82 43 0.01 0.01 -- 24 
25 C~1-CX-Hr~ 1. cooo 2.000 1.1700 0.4080 - 8 29 - - 6 0.5090 1. 4 77 43 0.30 0.50 1 50 25 
26 AC-TH 2. 00 33 19.289 9.6400 7.3000 39 - - - - 4 7.2400 2 .6()4 4 -- -- -- 26 
27 AC-U 0.4768 5.950 2.0700 2.62GU 39 - - - - 4 1.1700 3.2 94 4 -- -- -- 27 



Table 3. Summary of geochemical data and statistical replacement information-Continued 

Late Archean rocks 

Col Column * * * • ****** . . R .!\ ~~ DATA * • • * .. • .,.. • * * * * Valid * REPLACED DATA • Replac~ment Values Col 
No. I. D. Minimum Maximum Mean Standard 8 N L G Other Geom Geom Valid N L G No. 

Deviation Mean De v 

1 S-FE% c. 20[:0 20.CO 4. 3 BC Q 4.590 - - - 1 - 1 0 2 2.5000 3.348 103 0.02 0.03 30 1 
2 S-MG% o.ozoc ?.CO 1.2200 1. 260 - - 1 - - 1 02 0.651£1 3.656 103 0.01 0.02 1 5 2 
3 S-CA:l: C.050U 20.lG 2.C3LO 3.61:) - - 2 - - 1 01 0.619(· 5.1 32 103 0.02 O.J3 30 3 
4 S-TI% C.G02C 1.CC 0.1940 0.286 - 1 2 - - 1(10 0.0922 4.4 90 103 o.oo o.JJ 2 4 
5 S- MN 10.0000 3 000 .C( 539.0000 679.000 - - - - - 103 23S.OOCO 4.1C6 103 s.oo 7.00 7000 5 
6 S-AG O.SDCC 2.cr 0.9GCO G.652 - 98 - - - 5 0.2130 1.367 103 0.20 0.3J -- 6 
7 S -B 1C.COGC 2r .OG 10.9000 3. :;z J - 42 50 - - 11 6.3800 1. 2 81 103 s.oo 7.00 3000 7 
8 S-f:lA 20.runc SOGC.CC 532.G0Gll '312.C..:8 - 4 - - - 99 20t..('10(1[1 l.. 212 103 10 .oc 15.00 700(1 8 
9 s-co 5.COOG 3oo.or 3 9 .6COC 60.3:u - 38 - - - 65 9.('200 4 .c 63 103 2.0('1 3.00 -- 9 

10 S-CI< 10.COCO 1500.[[' 177.COGO 229.00C - 42 6 - - 55 26.2COC1 5. 4 65 , 03 s.co 7.JJ -- 10 
11 s-cu 5.00CG 1 0 0( c • ( c 785.0000 2060.8::JJ - 10 8 1 - 84 39.7000 11.15C 1C3 2.00 3.0) 300:JJ 11 
12 S-LA 20.QOCC 1('(1.0(, 32.4C'CC 21. ~;a: - 53 1 2 - - 38 15.3000 1.757 1C3 10.0(1 15.00 1500 12 
13 s- Mv 20.%(;[ 20.CC 2C.C'C'DO O.G:::: - 99 2 - - 2 2.1100 1. 3 81 103 2.00 3.00 -- 1 3 
14 S-tJB 20.CCC'C 50.1[ 33.~0CO 1 5. 3::: - 93 2 - - ~ 7.3600 1 • 3 01 1C3 7.CG 10.0::1 -- 14 
15 S-NI 5.iJON ?GO .CC 59.9C•r:o 98.~0::. - 1 4 10 - - 79 15.6(:00 4. 6 39 1 c 3 2.00 3.0::1 -- 1 5 

* 
16 S-PB 1G.OOCC 200.0C 33.60CO 39.~[11J - 41 1 5 - - 47 8.1300 3.0('3 103 3.0(1 s.oJ -- 16 

c 17 S-SN -- -- -- -- - 103 - - - - 5. CCC 0 1.GC'1 103 s.co 7.0J -- 17 
0 18 S-SR 1 CO.GCCC 70D.LC 228.0000 176.GSJ - 56 6 - - 41 ~6.1000 2.088 1 D3 50.00 70.0:) -- 18 
(j) 19 s-v 10.COCIJ 5CO.rc 72.1000 79.4JC - 7 11 - - 85 29.9000 3.4 26 103 s.oo 7.0::1 -- 19 
0 20 S-Y 1G.OCCG 70.00 24.0000 18.10C - 4 s 7 - - 4 ~ 9.5600 2. 203 103 s.oo 7.00 3000 20 < 21 S-ZN soc.cooc 5CO.CO 5CO.C'COO -- - 101 1 - - 1 102.00('0 1 .1 77 103 100.00 150.00 -- 21 m 
:D 22 S-ZR 10.GOOO 3GO.CO 79.50CO 58. s: ( - 21 - - - 82 3!1.300(' 3.105 103 7.00 10.0[) 1500 22 z 
~ 23 AA-A.U-P C.20CC 0.20 o.2roo -- - 95 7 - - 1 c .011 (. 1.448 103 0.01 0.::13 -- 23 m z 24 INST-HG C.C2CO 0.10 0.0324 0 .02(; - 1 73 - - 29 0.0104 1. 9 85 103 0.01 0.01 -- 24 
-t 2 5 0:- C X - H f1 1 • OL C. G 4S.OC 16.C'CCO 16.3GC - 8 67 3 - 25 1 .090C 5 .o 55 103 0.30 o.so 1 so 25 -o 
:D 26 AC-TH 2.2893 3t.L.!l 13.5CUJ , t.. 2 ~ ~· 95 - - - - 8 8.33GO 2. 8 54 3 -- -- -- 26 z 27 AC-U 0.2528 7. 81 2.2eoo 2 .67C 92 - - - - 11 1. 3()00 3.G25 11 -- -- -- 27 -t z 
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