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GEOLOGY OF PART OF THE JOHNNY GULCH
QUADRANGLE, MONTANA

by
Val L., Freemgn
ABSTRACT

An area of about 35 square miles, situated about 30 miles south~
east of Helena, Montana, was mapped during the summer of 1952 at a
scale of 1:24,000. The area includes a part of the eastern foothills of
the Elkhorn Mountains, and is underlain by sedimentary and volcanic
rocks of Cretaceous age that were intruded during late Cretaceous or
early Tertiary time by several types of igneous rocks.

The oldest rocks in the map area are the nonmarine sandstone,
shale, and limestone of the Kootenai formation., These are overlain dis-
conformably by the black shale, siltstone, sandstone, and siliceous mud-
stone of the Colorado group that is subdivided into three map units; a
lower black shale unit composed of black shale and silty shale with a
basal clean sandstone, all of probable marine origin; a middle siliceous
unit composed of sandstone, siltstone, and siliceous mudstone of both
marine and nonmarine origin; and an upper black unit composed of black
shale of marine origin, Conformably above the Colorado group are crystal
lithic tuffs of the Slim Sam formation; in places these grade into and in
other placgs are unconformably overlain by the Elkhorn Mountains vol-
canics composed of crystal tuff, breccia, flows, and bedded tuff of ande-
sitic composition.

The rocks of the Elkhorn Mountains volcanics and older fermations
have been intruded by diorite porphyry and related rocks and by hornblende
quartz monzonite. The diorite porphyry and related rocks include horn=
blende diorite porphyry, hornblende augite diorite porphyry, augite diorite
porphyry, and basalt,

Resting with marked unconformity upon older rocks are volcanic
sedimentary rocks of early Tertiary age that are locally overlain by thin
rhyolite flows. Late Tertiary and Quaternary fans overlie the rhyolite
flows. Alluvium, talus, and other mantle are present in small amounts
in many parts of the area,

The sedimentary rocks of the area mapped form a part of the east
flank of a major anticline, A major north=-south syncline to the nqrth of
map area is believed to have been deflected to the east of the area pecause
of the rigidity of large irregular plutons of diorit‘e.po.rphyry. The. location
of the plutons may have been controlled by the initiation of the major
syncline, by a postulated pre~intrusive fault, or by both.



Most of the small-scale structural features are related to the
emplacement of the plutons. During emplacement the intruded sediments
yielded either by faulting or by folding; the deeper rocks failed by faulting
and the shallower rocks failed by folding.

The area contains deposits of gold, silver, copper, lead, and zinc,
none of which are currently being mined; and a deposit of magnetite which
is being mined for use in cement.

INTRODUCTION

This report describes the geology of an area of about 35 square
miles (pl. 1), within the eastern foothills of the Elkhorn Mountains. The
area was mapped during the summer of 1952, as a part of a study by the
U. S. Geological Survey of the geology and mineral deposits of the
Boulder batholith and adjacent area. The area mapped includes sedi-
mentary and volcanic rocks of Cretaceous and Cenozoic age and several
types of intrusive igneous rocks. The Cretaceous sedimentary and
volcanic rocks were folded, faulted, and intruded near the end of Cre-
taceous time; Cenozoic sedimentary and volcanic rocks rest unconformably
upon the older sedimentary, volcanic, and intrusive rocxs. Deposits of
gold, silver, copper, lead, zinc, and iron have been mined in the area,
but are not described in detail in this report.

Location of Area

The area included in this study (fig. 1) is entirely within the
Johnny Gulch quadrangle, and lies between latitude 46° 07' 30" N. and
latitude 46° 15' N. and between longitude 111° 37' 30" W. and longitude
111° 42' 57" W.

The small ranching and agricultural center of Radersburg lies
on the eastern edge of the area and is joined by paved road to Toston
10 miles to the east. Toston is located on Highway U. S. 10N, 46 miles
southeast of Helena, and on the Northern Pacific Railroad.

Topography

The area mapped includes a part of the eastern foothills of the
Elkhorn Mountains. Along the western limit of the area the elevation
ranges from 5, 000 to 6, 000 feet; the elevation along the eastern limit is
about 4, 300 feet. The principal streams flow eastward across the area
to the range front, where their waters are diverted into irrigation ditches
or sink into an alluvial apron that slopes toward the Missouri River about
eight miles to the east.

In the western part of the area the land surface is characterized
by irregularly spaced groups or clusters of hills; the easternmost part
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of the area is a pediment upon which an alluvial apron has been built.
In the southeast corner of the map area Lone Mountain rises abruptly
600 feet above the pediment surface.

Field Work and Acknowledgments

The present investigation is part of a study by the U. S. Geol~
ogical Survey of the geology and mineral deposits of the Boulder
batholith and adjacent area. The area described in this report lies
about 10 miles east of the batholith, and is eomposed of nearly equal
areas of pre-batholith Cretaceous sedimentary and intrusive rocks,
with a small area of intrusive rock that is similar in lithology to some
rocks of the batholith and may be of the same age.

Field work leading to this report was done from July through
October of 1952. The geology was mapped on an advance topographic
base map having a scale of 1:24, 000 made for the U. S. Bureau of
Reclamation by Fairchild Aerial Surveys, using photogrammetric
methods 1/, Stratigraphic sections were measured by Brunton
Compass and tape methuds.

The author is indebted to M. R. Klepper of the U. S. Geological
Survey for advice on the stratigraphy and petrography of the area.

Previous Geologic Investigations

Barly geologic work in this region was of a reconnaissance
nature or was restricted to small arecas of economic importance. The
papers of Stone (1910), Knopf (1913), and Pardee and Schrader (1933),
though primarily devoted to the ore deposits of the region, also include
small-scale geologic maps and discussions of the principal geologic
features. Reports on recent studies of adjacent areas have aided in
understanding the more detailed features of stratigraphy and structure.
These reports include those of Berry (1943), XKlepper (1950), Ruppel
(1950), Mertie, Fischer, and Hobbs (1951), and Xlepper, Weeks, and
Ruppel {in preparation).

SEDIMENTARY ROCKS

A brief summary of the sedimentary and volcanic rocks occur=
ring in the area is given in the following table.

1/ The Johnny Gulch quadrangle has not been published for
public distribution but the area is shown on the Radersburg quadrangle
(pl. 1) published in 1949 by the U. S. Geological Survey.




Thickness

Age Formation (feet)
Quaternary
Post-Oligocene unnamed 0~100+
Oligocene unnamed 0-450+

angular unconformity

Upper Cretaceous Elkhorn Moun-
tains volcanics 2, 000+

Lithology

Alluvium, terrace gravel
Fan gravel, basalt flow

Tuffs and volcanic sands
and gravels

Andesitic tuffs, tuff-
breccias, breccias, flows

local angular unconformity

Sedimentary tuffs, tuffs,
and volcanic sandstones
and mudstones

Black shales, siliceous
mudstone, sandstones,
siltstones

Slim Sam "
formation 900=
Upper and lower
Cretaceous Colorado
group 1, 500%
erosional unconformity (?)
Lower
Cretaceous Kootenai +
formation 450~

Red and green shales,
"pepper-and-salt" sand-
stone, limestone



Cretaceous System

The Cretaceous system in this area includes approximately 3, 000
feet of sedimentary rocks and at least 2, 000 feet of volcanic rocks,
mostly tuffs and breccias.

The nonmarine Kootenai formation at the base of the Cretaceous
system is not present in its full thickness within this area, but measured
sections obtained a short distance to the west and east show its thickness
to be about 450 feet. Overlying the Kootenai formation with a probable
slight erosional unconformity is a thick sequence of dark shale, siltstone,
siliceous mudstone, and sandstone, that is equivalent to the Colorado
group, These rocks are mostly of marine origin and are about 1, 500
feet thick. They grade upward into about 900 feet of tuffaceous sandstone
sandy tuff, and tuff of acid to intermediate composition of the Slim Sam
formation. At least 2, 000 feet of andesitic volcanic rocks, mostly tuff
and breccia, rest unconformably on the Slim Sam formation; these rocks
constitute the Elkhorn Mountains volcanics.

Kootenai formation

The oldest rocks exposed in the map area are those of the
Kootenai formation. This formation lies upon the upper Jurassic
Morrison formation with apparent conformity, but the correlation
charts of Cobban and Reeside (1952) indicate a time gap of consider=-
able magnitude. Neither structural nor paleontologic evidence suggest-
ing such a disconformity has been found in the Elkhorn Mountains
region, but in the Sweetgrass arch, Montana, Cobban (1945) found
evidence for a period of folding and erosion after deposition of the
Morrison and before deposition of the Kootenai.

The Kootenai formation is about 450 feet thick along the eastern
front of the Elkhorn Mountains and apparently thickens to the westward.
A three-fold division of the formation is recognizable, but only the
upper part and a fraction of the medial part are present in the area
mapped. The lower part of the formation is represented only by two
small remnants in a diorite intrusion. The lower part, comprising
from one-fourth to one-third of the formation, contains one to three
characteristic beds of "pepper-and-salt" sandstone with interbedded
siltstone and claystone. The uppermost 10 to 50 feet of the formation
contains beds of limestone, usually fossiliferous, with interbeds of
calcareous claystone and siltstone. The part of the formation between
the uppermost ''pepper-and-salt" sandstone and the lowermost limestone
consists of siltstone, argillaceous siltstone, claystone, shale, and
silty shale.

The ""pepper-and-salt" sandstones (pl. 4-A) are gray, fine- to

coarse-grained, locally conglomeratic, stream deposited sandstones
showing scouring and cross-lamination. The sand grains are angular
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to rounded. poorly to well sorted. and are made up of chert and quartz:
interstitial clay is commonly present Small and discontinuous con-
glomerate lenses contain fragments in a wide range of sizes with a
maximum dimension of about three inches, The fragments are typically
quartzite and chert, but locally include abundant iimestone, The chert
content of the Kootenai formation is greatest at the base, where it may
form two-thirds of the grains in the "pepper-and-salt" sandstones, and
decreases rapidly upward to about the middle of the formation where it
disappears entirely.

Rock fragments and minerals other than quartz, chert, and the
clay minerals are not abundant in the Kootenai sandstones. The most
common of the sparse minerals are secondary chlorite and sericite as
replacements of the clay minerals. Other minor minerals include iron
oxides, leucoxene, tourmaline, zircon, and anatase. The cementing
minerals are secondary quartz, mostly as enlargements of the original
quartz grains, and calcite.

The "'pepper-and~salt" sandstones are more resistant to weather-
ing than the interbedded siltstones and claysiones and so form noticeable
ledges.

The claystones and siltstones of the central part of the Kootenai
formation generally weather to form grassy slopes and are poorly ex-
posed. Along Johnny Gulch at the western edge of the mapped area these
rocks are well exposed; a stratigraphic section measured at this locality
is included in the appendix. The beds are mostly olive-gray to greenisn-
gray with lesser thickness of beds colored grayish-red and grayish-
purple. All the beds are calcareous, and irregular concretions of im-
pure limestone are common to abundant in some beds. In general, the
fine-grained clastic sediments of the lower part of the Kootenai
formation are similar to those of the middle part but contain fewer
limestone concretions.

The upper part of the Kootenai formation is characterized by
dark gray limestone beds that form low ridges and weather to a light
gray color, The limestones contain abundant fresh water fossils,
principally gastropods, with some thin beds composed almost entirely
of fossil material. Claystones interbedded with the limestones are
similar to those below the limestones, and there is generally a bed of
olive-colored argillaceous siltstone above the uppermost limestone bed.

The Kootenai formation in the Cut Bank o0il and gas field of
northern Montana (Sloss and Feray, 1948), about 275 miles north of
the Elkhorn Mountains, is apparently quite similar to that in the
Elkhorn Mountains. In both regions the lower one-third of the form-
ation contains more sandstone than the upper two-thirds, and the chert
content decreases stratigraphically upwards. In the lower sandstones
Sloss and Feray found well developed microstylolites to which they
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devoted most of their paper. In the Elkhorn Mountains microstylolites
are also found in the lower sandstones of the Kootenai formation (pls.
4-B and 5-A), but are rare and typically poorly developed. As in the
Cut Bank field the structure was seen only between chert grains or
between grains of chert and quartz, and was marked by a black seam

of insoluble residue. The writer agrees with Sloss and Feray that the
microstylolitic seams indicate a certain amount of dissolved silica,
derived mostly if not entirely from chert grains, and redeposited as
secondary enlargements on quartz grains in the same or adjacent beds.
It seems impossible, however; to explain all the silica present as grain
enlargements (in the Kootenai formation) as having dissolved at points
of greatest pressure according to Reikie's principle, because although
microstylolites are rare secondary enlargements of quartz are abundant.

Colorado group

The Kootenai formation is overlain, probably with a slight
erosional unconformity, by about 1, 500 feet of sedimentary rocks
assigned on the basis of lithology and contained fossils to the Colorado
group. The sediments comprise marine and non-marine sandstone,
tuffaceous sandstone, and shale. In mapping, the Colorado group has
been divided into three units; a lower black shale unit, a middle
siliceous unit consisting of fine~-grained sandstone, siltstone, and
siliceous mudstone, and an upper black shale unit.

During the summer of 1950, J. B. Reeside, Jr., and W. A.
Cobban spent three days examining and collecting fossils from the
Colorado group in the Elkhorn Mountains area. Their opinions con-
cerning the correlation of these rocks are summarized in the
following chart 2/.

2/ Abstracted in part from a report on referred fossils by
W. A. Cobban dated May 31, 1951, The same correlation is shown
in correlation chart 10b prepared by the Committee on Stratigraphy
of the National Research Council (Cobban and Reeside, 1952) where
the section of Cretaceous rocks of the Elkhorn Mountains is shown in
the left half of column 100,
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Lower Black Shale Unit

The lower black shde unit consists of a basal very fine-grained
quartz sandstone; a middle part of dark gray shale, often with well=-
developed fissility, and minor thin beds of siltstone; and an upper part
of dark gray, carbonaceous, argillaceous, very fine~-grained sandstone
and siltstone. The unit is about 325 feet thick. On the basis of lithology
and stratigraphic position, Cobban (personal communication) has con~
cluded that the basal part of the unit is equivalent to the Fall River
sandstone, the middle fissile shale part is equivalent to the Skull Creek
shale, and the upper dark sandstone part is probably equivalent to the
Newcastle sandstone. Fossils of Skull Creek age were collected from the
middle fissile shale unit in an adjacent area.

The basal sandstone crops out to form low ledges of very pale
orange or yellowish gray color, Bedding planes are irregular and closely
spaced; the most massive beds are not more than four feet thick., The
beds are often well-~laminated and occasionally cross-laminated. The
basal sandstone ranges from 10 to 30 feet in thickness with no apparent

regularity.

Microscopic examination of thin sections of the basal sandstone
unit show it to be a clean orthoquartzite of very fine to medium=sized,
well-sorted grains that are 70 to 35 percent quartz and 3 to 25 percent
chert. Minor accessory minerals include black iron minerals, musco-
vite, tourmaline, and zircon, with secondary chlorite and sericite, The
grains are tightly interlocking and all pore space has been filled by
quartz that occurs both as secondary enlargements of quartz grains and
as cement unrelated to any grain in the plane of the thin section, The
boundaries of the original grains can be detected only rarely by lines of
inclusions; such boundaries show that the quartz grains were subrounded
tc rounded. The original boundaries of the chert grains have not heen
seen and the present boundaries are serrate. The chert has recrystal-
lized to a quartz mosaic with increased grain size.

The middle part of the lower black shale unit is predominately
fissile dark-gray shale that weathers easily yet forms very little soil.
Scattered grains of silt are commonly present in the shale, and inter-
bedded thin-bedded, blocky-weathnering siltstones of olive and gray
colors are common, Calcareous rusty weathering concretions up to
18 inches in maximum diameter in spheroidal and irregular rounded
shapes are sporadically present. The middle part of the lower black
shale unit is usually about 140 feet thick; variations in thickness are
probably due more to incompetent yielding during folding than to
depositional conditions,

The upper part of the lower black shale unit consists principally
of dark argillaceous very fine- to fine~grained sandstone with some
interbedded siltstone and shale. The dark color is due to the carbon-
aceous, argillaceous material that occurs interstitially and comprises
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15 to 25 percent of the rock, The grains of quartz and chert, are
angular to sub-rounded and occur in almost equal amounts accompanied
by fewer grains of muscovite, piotite, and black opaque unidentified
mineral, The grains have a maximum size of about 0, 25 millimeter
and grade downward into clay~sized particles. A few miles north of the
mapped area several thin clean sandstone beds occur within this part

of the lower thick shale unit; only one such sandstone was noted in the
mapped area. These sandstone beds are composed of medium~grained,
well-sorted, and probably originally rounded grains of quartz and chert
that have become interlocking through development of secondary enlarge~
ments on the quartz grains. The upper part of the lower black shale
unit is about 160 feet thick and shows varia*ions in thickness similar to
those of the middle part.

Middle Siliceous Unit

The middle siliceous unit of the Colorado group in this area con~-
sists of a lower part of siltstone and sandstone, a middle part character=-
ized by siliceous mudstones, and an upper part dominantely of sandstone.
On the basis of lithology, stratigraphic position, and contained fossils it
is believed to be largely equivalent to the Mowry formation, but fossils
of lower Carlile age and lower Niobrara age have been found near the
top of the unit. As no pronounced depositional breaks are apparent in
the middle siliceous unit, it probably also includes some beds of Belle
Fourche and Greenhorn age. Beds of probable nonmarine origin con-
taining carbonized plant fragments form a substantial part of the unit.

The middle siliceous unit lies conformably on the lower black
shale unit. The contact is mapped at the base of a flaggy, light gray,
fine~-grained sandstone bed that is persistent throughout the area. The
unit ranges in thickness from about 650 feet five miles north of the map
area to about 300 feet at a section measured near the southwest corner
of the map area. Near the center of the map area the outcrop width
indicates a thickness of about 700 feet. There is local thinning probably
due to undetected structure rather than to variation in sedimentation or
to erosion prior to deposition of the upper black shale unit,

The lower one=third of the middle siliceous unit is composed of
olive and gray siltstone and fine-grained sandstone (pl. 5~B), is
typically thin bedded, and contains 20 to 30 percent of interstitial clay
except in the basal bed. The grains are mostly quartz and chert in
proportions that range from 10:1 to 1:1, with a trace of 20 percent of
feldspar. Mica is the only heavy mineral consistently present though
opaque minerals and zircon are also found, Secondary minerals in-
clude chlorite and calcite. The presence of many shard-like grains
suggests admixture of considerable volcanic material. As no feldspar
was noted by the author in the rocks of the Kootenai formation, and as
only traces of feldspar were found in the rocks of the upper two-thirds
of the middle siliceous unit the author believes that the sudden influx of
feldspar is due to addition of material from a volcanic source.
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The phenocrysts of plagioclase normally show zoning and poly-
synthetic twinning, The average composition of these phenocrysts is
andesine. The specific gravity of the diorite porphyries is about 2, 7
but varies frem 2,63 to 2. 79, The less dense rocks include quartz=-rich
hornblende diorite that crop out on the east side of Lone Mountain; the
more dense rocks are augite diorite,

The diorite porphyry and related rocks commonly have been
altered, the alteration occurring in two periods. The first period of
alteration is probably deuteric, since the alteraticn is widespread and
not related to any detectable later structure, This alteration consisted
of epidotization and chlcritization of plagioclase and hornblende pheno-
crysts and, to a lesser extent, of the groundmass. In many hand speci-
mens, plagioclase phenocrysts exhibit selective epidotization of original
zones, Plate 10-B illustrates selective alteration of plagioclase in which
the alteration materials were not recognized, and augite is apparently
unaffected. In a few localities fine-grained spheroids, as much as one
foot in diameter, cf epidote=-rich rock were formed within the diorite
porphyries. The second period of alteration, of iccal importance, was
related in time to the formation of mineral deposits and is discussed
with them.

In composition and texture the diorite porphyry intrusives closely
resemble the Elkhorn Mountains volcanics and are considered by the
author to represent an intrusive phase of these rccks. The intrusive
bodies now seen cutting the oldest sedimentary rocks of the map area are
roughly concordant, and irregular sills occur just west of the map area.
To the east the intrusive rocks cut younger rocks and have irregular
shapes that are only locally concordant. The form of these intrusive
bodies suggests that, as the magma rose, it first spread out along
bedding pianes to form sills, but as it reached a higher position in the
stratigraphic column the lighter load permitted it to spread out into
more irregular shapes. Some of this magma, when reaching the surface,
may have formed the lower part of the volcanic sequence, Later upwel-
lings of similar magma rose into the earlier formed volcanics before
spreading out into the irregular plutons now exposed. How many such
injections of magma are represented by the plutons and volcanic rocks
now exposed is unknown. In the area studied, several zones of brec=
ciation within the intrusive masses, and the numerous thin septa of
intruded rocks (pl. 1) further suggest several pulses of intrusive activity.
The intrusions of diorite porphyry must have at least as great a range in
age as the Elkhorn Mountains volcanics exposed in the area. The pres=-
ence of the irregular plutons in the youngest of the volcanic rocks sug-
gests that the original thickness of volicanic rocks was considerably
greater than at present, and that the intrusives were formed at relatively
shallow depths.
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The distinction of the volcanic rock from the related intrusive
rocks caused the greatest difficuicy in mapping the area. Both rock types
have been slightly to extremely altered, and the intrusive rocks were
often locally brecciated and then healed with similar magma causing them
to resemble the breccias in the volcanic rocks. Generally, the intrusive
rocks appear more massive and weather in a different manner than the
volcanic rocks; but the topography does not reflect the underlying rock

type.

In the southern part of the area a few dikes were mapped as
basalt. Microscopic study of thin sections from the basalt dikes shows
augite phenocrysts and smaller phenocrysts of an opaque mineral,
probably magnetite, set in a groundmass in which only plagiocizse was
recognized, Due to the small size and slight alteration of the plzgioclase
crystals it was difficult to determine the composition accurately; an
approximate determination gives the composition as sodic labrzdsrite,
The mode of occurrence and the texture of the baszlts suggest i> tie
author that they are closely related to the augite diorite discusszd ander

diorite porphyry.

Quartz Monzonite

Quartz monzonite crops out on the west side of Lone Mcurntain
and along the front of the hills to the west and nortiwest of it, These
oulcrops possibly represent a single stock that has kteen largely covered
by Tertiary depcsits. Near the quartz monzonite the Elkhorn Mgountains
velcanics and diorite porphyry have been recrystaiiized; and apophyses
of the guartz monzonite cut some of these adjacent rocks.

The outcrops of the quartz monzonite can be recognized from a
distance by the development of the large rounded knobs and boulders
typical of granitic rocks in semiarid climates (pl. 3-B). The quartz
monzonite is medium=-fine grained with a granitic texture and responds
to mechanical weathering by .crumbling into sand particles,

Feldspars compose about 75 percent of the rock and are made up
of almost equal amounts of orthoclase and plagioclase. The plagioclase
grains are zoned and range from about sodic andesine to calcite oligo=
clase., Quartz composes about 15 percent and hornblende about 8 percent
of the rock., Magnetite with some biotite and apatitie are the remaining
constituents. Faint lineation of the hornblende crystals is apparent.

The quartz monzonite in this area cannot be directly correlated
with rocks of the Boulder batholith but it is similar in mineral compo=
sition to the principal rock type of the batholith and is probably about the
same age, The quartz monzonite rocks of the batholith in general are
somewhat coarser grained, contain more biotite, are often porphyritic,
and rarely show lineation.
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GEOLOGIC STRUCTURE

General Features

The area mapped is situated on the east flank of a major domal
structure formed during very late Cretaceous or very early Tertiary
time (Klepper, Weeks, and Ruppel, in preparation). The sediments in
general strike north=-south and dip to the east, and are invaded by large
irregular plutons of diorite porphyry that were emplaced prior to the
major folding, Many minor folds and faults are associated with the
intrusion. The veins in the area are oriented north-south and were
probably formed after the major folding, possibly associated with in-
trusion of the quartz monzonite. The localization of the diorite porphyry
plutons provides the major structural problem. The plutons are disposec
in a north-south belt and may have arisen along a zone of weakness
caused by a preintrusive fault, by the inception of folding, or by both,

The postulated pre=-intrusive fault shown on figure 2 may have
farmed before deposition of the Elkhorn Mountains volcanics when the
older rocks were tilted. This fault is suggested by the presence, within
the diorite porphyry intrusives, of remnants of Kootenai formation and
lower Colorado group that have apparently been raised about 3, 000 feet
stratigraphically, These remnants occur near the western edge of the
intrusives from the southern edge of the map area to the north for six
miles., The remnants all represent about the same stratigraphic unit,
and the writer feels it is more probable that their position is a result of
pre-intrusive movement along a later engulfed fault than that they have
been floated into place by the intruding magma. Some movement of the
remnants during intrusion is indicated, however, especially by the trend
of the southernmost remnant that has been rotated 90 degrees to the
regional attitude.

The postulated pre-intrusive fault may have served to control the
location of the diorite porphyry intrusives; however, elsewhere in the
Elkhorn Mountains (Klepper, Weeks, and Ruppel) it has been noted that
diorite porphyry intrusives occur most commonly along the axes of the
major folds, Figure 2 shows that the area mapped lies just south of a
major north-south syncline, but mapping has shown that the syncline
does not pass through the area. It is suggested that the major north-
south folding started before emplacement of the diorite porphyries and
had some controlling effect on the localization of these intrusives. If
the diorite porphyry is essentially contemporaneous with the Elkhorn
Mountains volcanics, as believed by the writer, then, since the Elkhorn
Mountains volcanics are involved in the folding, the folding must have
continued after the intrusives were emplaced.

Whether the intrusives were localized primarily by the beginning
of folding, by the postulated pre-intrusive fault, or by both, they ap=-
parently were in place and were sufficiently resistant to folding to cause
a shift to the east (as shown on figure 2) of the axis of the syncline north
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of the area mapped. On Lone Mountain there is an eastward flaitening
of the dip (cross-section A-A', pl. 1) that suggests the syncline lies
along the eastern margin of the area mapped as shown in figure 2,

North of the area under consideration two prominent northwest
trending faults developed shortly after or during the last phase of the
major folding, R. A. Weeks (personal communication) estimates that
the Crow Creek fault (fig. 2) has a length of at least 10 miles and that
the movement in the strike direction has been about 2, 500 feet with the
northeast block moving relatively to the northwest. The Indian Creek
fault (fig. 2) has a similar direction of motion, Crow Creek had cut to
about its present depth, following the fault, before the Tertiary rhyolite
was extruded, probably along the fault, and flowed down the valley.

Since the formation of the northwest trending faults, small north
south folds, involving the Oligocene tuff and overlying Tertiary rhyolite
flows, have been formed in the northeast corner of the mapped area. In
late Tertiary and Quaternary time the northern part of the Ilkhorn
Mountains has risen along an eastern range-front fault zone. This fault
zone probably dies out north of the map area.

Features Related to the Intrusive Activity

During the emplacement of the diorite porphyry intrusions, smal
and large segments of country rock were left nearly in place, These
segments of sedimentary and volcanic rocks were almost entirely unaf-
fected chemicaily and mineralogically but yielded by faulting or by
folding to the forces active during the period of intrusion,

The Slim Sam formation where it crops out about two miles west
of Radersburg, has been deformed into a series of minor folds that
plunge from 28 to 45 degrees to the northeast. This folding has not in=
volved the older sediments to the west and the folds seem to be truncate
by or to abut against the intrusive mass to the north. Another outcrop
of Slim Sam formation about three miles northwest of Radersburg is
poorly exposad but shows anomalous attitudes which may be the result
of folding induced by magmatic intrusion.

Near the western edge of the map area north of Johnny Gulch
there are several septa of Colorado group and Kootenai formation
sediments which have yielded by faulting during the emplacement of
the intrusive bodies. The faults are generally short anc terminate
abruptly against the ciorite porphyry, Poor exposures and the short
strike length of the faults prohibited determination of dips, but the
faults seem to be steep; strike directions of the faults are randomly
distributed. The northernmost septum of sediments that yielded
primarily by faulting, had first been folded, but in general faulting and
folding are mutually exclusive in the septa of country rock.
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The control that determined whether a segment of country rock
would yield by folding or by faulting is not clear, The folding has taken
place in the sandstones of the Slim Sam formation and the faulting in the
shales and sandstones of the Colorado group and Kootenai formation that
are thought to be less competent, Since this is the reverse of normal
yielding it is suggested that stratigraphic position rather than competency
was the controlling factor in deformation. The younger higher lying rocks
were folded and the older rocks faulted.

GEOLOGIC HISTORY

At the beginning of the Cretaceous period the region stood above
sea level, but after deposition of the Kootenai formation it subsided.
The Colorado group is characterized by interbedded marine and non-
marine sediments, indicating a relatively rapid fluctuation of sea level.
Deposition of the upper black shale unit of the Colorado group and the
lower half of the Slim Sam formation occurred during the last submere
gence of the region. The volcanism that supplied the tuffs of the Slim
Sam formation continued until the region was built above sea level. Fol~
lowing deposition of the Slim Sam formation the southern part of the
region was tilted with the amount of tilting decreasing to the north.

Following tilting, intrusion of the diorite porphyries and the ex=~
trusion of the Elkhorn Mountains volcanics occurred as previously des-
cribed, During the Laramide revolution the region was folded and faulted.
Emplacement of the Boulder Batholith and similar rocks in the map area
followed this major folding which is believed to have occurred near the
close of the Cretaceous period.

At the close of the Eocene epoch, the region had been eroded to
a low surface of moderate relief and the major physiographic features
now present had been formed. During the early Oligocene widespread
lacustrine conditions developed and the Tertiary tuff and gravel was de=-
posited. Deposition continued in the deeper basins to the east of the
mapped area until late Miocene time. The area rose throughout most
of late Tertiary time but a temporary period of stability, probably in the
Pliocene, permitted pediments to develop along the range fronts. During
the Pleistocene coarse debris was deposited as an alluvial apron upon the
pedin;ent. At the present time the streams are cutting away the Pleisto-
cene fans,

MINERAL RESOURCES

The mines of this district, known as the Radersburg or Ceder
Plains district, have produced gold, silver, copper, lead, zinc, and
iron. The largest producers were the Keating, (pl. 11=-B), Ohio-Keating
and Black Friday mines, all of which were primarily gold-silver mines
although copper was an important byproduct. The Iron Cross mine, the
only mine in the district now operating, produces magnetite that is sold
to the Ideal Cement Company at Trident, Montana, for use in cement.
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The ore deposits of the Radersburg district have never been studied in
detail and all but the smallest mines are now inaccessibie., Brief des~
criptions of the deposits are given by A. N. Winchell (1914}, Pardee
and Schrader (1933), and Reed (1951),

The majority of the mineral deposits in the mapred arca zre
found in a norti~south zone extending from the Monterey Mine at the
south to the Rena mine at the north., Alteration apparently relatzd to
mineraiization along this zone extends beycond the mines to the narta
and south boundaries of the area., Four miles nsrth of the map area,
the Hassel mining district is aligned with this same zone. The a'ler-
ation along this zcne is complex and has not been fully studied. Near
the Keating mine twe iypes of alteration were mapped (fig. 3); ihe rocks
of the outer zone are characterized by coramon pyrite crystals whereas
the rocks of the inrer zone are characterized by complete bleaching.
The contact between the two types of alteration is usually gradational
over a short distance but it may be sharp. The rocks of the inner zone
often contain voids that probably were the sites of pyrite crystals.
Winchell (1914, p. 178) discusses briefly the chemistry of the bleached
rock of the inner zone and concludes !'-==~=this rock must have been
formed not by processes of leaching alone but by actual introduction of
potassia and by its combination with alumina and silica set free by re~
moval of other bases."

The magnetite at the Iron Cross mine replaces favorable beds
in the Slim Sam formation where it has been fclded into steeply plunging
northeast trending folds (pl. 12-A and B). The ore bodies are from six
to twleve feet thick and have an aggregate strike length of about 1, 000
feet. The present operators have mined and shipped more than 25, 000
tons of ore containing more than 40 percent iron and as much as 9 per=~
cent titania. In the late nineteenth century some ore from this deposit
was shipped for use as smelter flux.

East of the Keating mine an extensive area was placered for gold

as shown on figure 3, The gold found in the placer deposiis was ap=
parently derived eantirely from the lode deposiis in the adjacent areas.
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Figure 3 - Vicinity of Keating Mine showing areas of gold placering and bedrock alterazion.

Ez7Z7] Area placered for gold

m& Area of pyritization

m Area of bleaching
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Section of Kootenai formation on north side of Johnny Gulch in

1 sec. 20, T. 5N., R, 1 W.

(measured by V. L. Freeman and R, F, Gossman)

Lower Cretaceous:

Colorado formation;

Lower black shale unit (basal beds only):

Sandstone; very pale orange, very fine-=grained;
ccnsists of well=-sorted grains of quartz with
limonite specks; in beds 2 to 4 feet thick with
irregular bedding surfaces; well laminated ===-=-

Mostly covered; probably underlain by olive-gray

siltstcne - P " P S e G5 D e Uk S T A D TP D D U WD G e G D

Sandstone; yellowish gray, very clean; consists of
well=sorted, very fine grains of quartz, Beds are
thin with irregular bedding and very small cross=-
laminations; not calcareous ==we=e cecccncncccas

Siltstone; argillaceous, light olive gray, forms

slope LA L L LY T ¥ L Y UL YL ¥ X ¥ L & L T L L X1 1T T 2 2 1 3

Siltstone; light olive gray, thinly laminated; forms

Kootenai formation:

17,

16,

15,

Shale; calcareous, medium gray, somewhat silty;
top 10 feet is limestone, yellowish gray with inter-
bedded clayey siltstone and very fine-grained sand-
stone in thin even beds =ee=w--ccccccccccncncaca

Limestone; medium light gray, medium-fine=
grained crystalline; largely detrital and of

coarse sand size, Gastropod fragments are
abundant. Beds 1 inch to 3 {eet thick with a few
interbeds of calcareous shale that total 10 percent
of unit, Iorms ledge ==-s=-cecccccn=- memeaa- ——-

Siltstone; greenish gray, very clayey; grades in

upper half to more yellowish coler, locally calcite
cem=nits the cnarser beds; weathers to very smail
hackly iragmenis ===e~-ecccacmcccca-cerccccaanxs

244

Feet

7.5

i7.0

4,5

9.5

2,0

32,0

14,5

19.0



14,

13,

Feet

Claystone; silty, grayish red; bed of breccia
with network of calcite~healed fractures at
top; weathers to very small hackly fragments ===- 34,0

Siltstone and claystone; very limy, light greenish
gray;thnﬂy'bedded G5 W S ED S S WD ) OU P b 4P S5 SR WS W 6L S5 b I 4P WS B &P b 00 4.5

12, Siltstone and argillaceous siltstone; greenish,

11.

10,

%

gray to light greenish gray, the cleaner beds are
very hard and calcareous; in thin lenticular beds
with many curved bedding surfaces, forms slight

ledge LA L L T L L DL L L LY L ¥ L L2 A DX 0 L LB X X 24 6.5

Silir shale and argillaceous siltstone; lower half is
greyish red, upper half is alternating grayish red

and light greenish gray; some limy zones through=

out; weathers chippy or hackly ==ww~cececccacccea. 48,5

Siltstone and sandstone (very fine=- to fine=grained);
greenish gray, argillaceous matrix gives color;

grains of quartz and colorless mica seen; basal

2 feet is fine-grained sandstone; weathers to small

chips with a few moderate brown weathering con-
cretions up to 2 feet in diameter erevwcacccweans=- 50,0

Covered; offset on unit below se=rececccncnccccaa 5.5

Alternating limestone and siltstone; siltstone like

unit below; limestone in three beds 1 to 2.5 feet

thick, one at base, middle and top of unit; dark

gray; very finely crystalline, slightly fetid, organic
fragments common ==ceececcnccnacanccccnrenen=a 14,5

Siltstone; clayey, olive gray in upper part; claystone
medium gray with limy nodules in lower part;
weathers to thin chips; poorly exposed ====wceee=- 18,0

Sill, 14 feet thick; includes septum of shale about
3 feet thick

Shale; very silty, contains some sand grains,

grayish purple with some greenish gray mottling

at base, grading upward to greenish gray in upper

half; several 1 to 1,5 foot beds of lumpy lime=

stone that have been brecciated and recemented in

part; contains isolated limestone nodules up to 8

inches in diameter =e-es<cccccccnccccccnacaceaas 106,0
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Feet
5. Sandstone; light olive gray, fine=grained; con~
sists of sub=angular grains of quartz and minor
chert; basal 4 to 6 inches is conglomerate with
pebbles up to 3 inches of quartzite and some chert;
beds are 6 inches to 2 feet thick with laminations
at a gentle angle to bedding; forms ledge; offset on
base of this unit ====erccccccnccccavccccvcvnvees 11,0

4, Claystone; silty, grayish red, hackly weathering;
some irregular limy portions ==«ssesceccscccccses 22,0

3. Claystone; silty, greenish gray and subordinately
grayish green; contains limy nodules that weather
paZe yv2liowish orange; some thinly laminated f:ne-
grainad argillaceous sandstone in upzer part «-=- 23,0

Offset

2. Sandstcne; like unit below but mostly covered; in
thin bads that have irregular bedding surfaces;
argillaceous cement in some beds is more abundant
than sand grains ===eesccarccacccecccananercaea 28,0

1., Sandstone; medium gray, cearse=-grained; con-
sists of moderately well-sorted angular grains of
quartz and chert (75%); tightly packed but contains
some cement; occurs in cross=laminated beds
with shallow cut=-and=-fill structures of moderate

size 0 5 WD R P R WD 0P TS UD UR UP W O W OR T AR U T WD R D S T D GX EP G0 T WD w0 W & N WP N W = 18. O

Total thickness of Kootenai
formation 455, 0

Upper Jurassic:

Morrison formation (upper part only):

Covered; mostly siltstone and ciaystone fragments;
near top are chips of silty, micaceous, dark gray

Poorly exposed; siltstone; olive gray, with sube

ordainte limestone, medium gray in 1 to 2 foot

beds; one 18 inch bed of sandstone, fine-grained, .
VEry pale orange =~=«ceccccncceccncaccncncnsces 45, 0

Limes?one; medium gray, very finely crystalline,
very silty; irregularly weathering surface =~ee==== 1,0
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Feet

Sandstone; very fine-=grained; siltstone; and clay-
stone; light olive gray, calcareous, very hard;

breaks with concoidal fracture; blocky weathering;
in beds up to 2 inches thick with low angle cross=-
laminations and shallow channeling =e==s-escsee= 29,0

Siltstone; light olive gray, hard, dense, hackly
weathering; forms slope under ledge; homogeneous

Siltstone, light oh.ve gray, limy zone at top, very
hard; in beds 1 to 1% inches thick with miner clayey
larmna.zons, thinly laminated ==e====ccenccscens 9.5
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Section of Colorado group along shallow gully that approximately
comcxdes with boundary between NE% and
SE% sec. 4, T. 4 N., R. 1 W.
(measured by M. R. Klepper)

Feet

Upper Cretaceous:

Slim Sam formation (part):
Sandstone, light olive gray, thin-bedded, non-
resistant; contains a few thin beds of siltstore in

1&“’91‘ llalf A WS W WS D W D W GS RN S B GEAD WR G OB IR OB 3K 38 R 0N M G5 OB NP 6RO WS VS B8 B 55

Gradatiogal contact

Colorado group:

Urper black shale unit;

66. Shale (80 to 90 percent), dark gray to very dark gray,
chippy to fissile, and sandstone {10 to 20 percent),
dark gray, very fine-grained, micaceous; shale con-
tains sporadic moderate yellowish brown-weathering
limestone concretions up to 6 inches in diameter = 254

65. Covered interval R D D BN VB EI N N A0 EB an S (D O GO GO G5 SD G S5 SR A5 WD GNP EB WS I W 97

64, Shale, very dark gray and mudstone, olive gray;
contains conspicuous brown-weathering limestone

concretions LI L LY e 2 Y T 2y 2 X 2 2 2 Xy X ¥XJ 30

Total thickness of Upper black
shale unit 381

Gradational contact
Middle siliceous unit;
63, Covered interval; sandstone float =e=~ecccccccnss 22

62, Sandstone, coarse=grained, feldspathic
(tuffaceous? ), cross=bedded ==wucaccacaccecwce- 4

61, Covered interval; float is sandstone similar to

60, Sandstone, quartzitic, medium light gray, very
fine=grained, hard and blocky; contains scattered
woody fragments ==eeeccccccccccccccccccccccna 4
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59.
58,

57,

56.
55,

54.
53.
52.

51,

50,
49,

48,

41,

46,
45,
44,

43,

42.

Covered interval XTI P YT YR Y Y R Y ¥ P T Y Y Y v Y Y ¥ T Y 3 % ¥ )
Sandstone, quartzitic, medium dark gray ==e==«==-
Sandstone, light gray and olive, thin= to medium=
bedded; some beds quartzitic, some feldspathic;
contains a few interbeds of blocky mudstone ==«===
Covered interval L YT I Yy Y ¥ XX Y ¥ X 1 ¥ 1 ¥ 3 2 1 ¥ ¥ X 3
Sandstone, light gray, feldspathic, cross-bedded;
coutains abundant woody fragmernts near base aad
ore bad of blocky quartzitic sandsicie near top ===
Mudsione, medium dark gray, siliceous, blocky=-
Covered interval ----—------u'-f---------------

Muasione, similar to unit 54 =eewceccccccccnccn=

Mudstone, yellow, olive, and gray, in layers from
4 inches to 1 foot thick, siliceous =~====wewccscces

Covered interval Y XX T Y Y PR LYY Y P Y LYY Y X 1 Y

Mudstone, siliceous, similar to unit 51; contains
4 foot bed of quartzite near top ====recsccccccnn"

Covered interval Lt Y X T Y ey P Lt Y YTy Yy Y Xy
Mudstone, very light to dark gray and olive gray,
siliceous, blocky; contains a few thin layers of
hard sandstone LI L L Y Y ¥y Y ¥yt Yy ¥yl ¥l X 1 X ¥y 1T )
Covered interval ===escsccccccccacocccncnccnans

Mudstone, medium gray, siliceous =«e=sesenece-

Sandstone, light olive gray, medium-grained,

feldsp athic YR D P G YD G D G D A D S U A DGR SD OB N0 UG D U 4B OB U0 OB 4D WS W WS ON B8

Covered interval; float is blocky, siliceous

mudstcne 0 R G5 G5 A UU RSB YD GH SD TR U5 T @0 e TR G OB S0 4 GO OB UGB 40 W 0F WD GL OB S5 OB W s I W

Mudstone, pale greenish yellow and medium dark
gray, siliceous, blocky to sub=conchloidal

fracture DR R U G SN TGN U R 40 GO D R P NP D SR 40 w5 R 4P B R 4R 45 6B OB 4B SR NS 4B P %O W
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Feet
45

38
56

37

317
24

19
28

22
21

18
20

22
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41,

40,
39.
38,
37.

36.

35,
34.

33,

32,
31,

30.
29,

28,
27,

26,
25,
240

23,

Quartzite, very light gray with thin brown

layers D Ch WP D GO T G G5 O & I B S5 O UV GV D 0 45 T G5 B0 G WD 6 G5 WD U5 @B OB I OB 5D P I O

Covered interVa], P N e Y T YT Y T Y LT L
Mudstone, greenish gray, siliceous, blocky =====
Covered interval O B EP 4D =5 VL 6F 5 W WA B0 NS G5 @ S R O G G5 6B TN G G W OF O OO W &

Sandstone, very light gray, thin- and cross-
bedded, feldspathic (tuffaceous?) ===ven=cnccccca

Mudstone, alternation of units from 1 foot to 6 feet
thick colored grayish olive, light gray, and
medium gray; contains 1l thin layer of siliceous
mudstone and several of light gray sandstone =«==-
Sandstone, fine-grained------------------------

Mudstone, grayish olive, hackly to chippy; contains
a few thin layers of fine=grained gray sandstone ==

Sandstone, speckled very light and medium gray;
one Coarse-grained bed at base o T SD D W S W W &

Mudstone, similar to unit 34 m=eeccecccncscacncans

Sandstone, olive and medium gray, fine-grained;
contains a few thin beds of dark gray shale =====-

C overed mter‘val LI I LY VLY Tl Y Y vy Y L T T

Mudstone or shale, olive gray, medium gray, and
medium dark gray. Chippy to fissile - w - menn

Sandstone, siltstone, and shale with a few lime=-
stone concretions, drab-colored ===eecncccannans

Mudstone or shale, very dark gray; contains brown-
weathering limestone concretions near base =====

Shale and sandstone, very dark gray ====eesecccss
Sandstone, similar to unit 23  =e=esccccecccccnaa

Mudstone, medium dark gray and olive gray,

Sandstone, medium gray, feldspathic and chertye-

50

Feet

10
17

12

50

14

20

63
10

35

39
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22,
21,
20,
19,

18,
17,
16.
15,

14,

13,
12;
11,

10,
9.

Covered inter‘val T L T TV YT Por-p=y v 3 Py Y Iy ey ¥ ¥y -7 ¥-3
Sandstone, similar to unit 19 ceccncccccccccnnc-x
Covered interval; sandstone float ====vwwceccacca
Sandstone, medium to light gray, very fine~
grained; contains a zone of roundish calcareous
sandstone concretions near middle of unit ==ec=w=-
Covered interval; sandstone float ======ccccccnca=
sandstone’ Similar to unit 15 Y Y Y Y T Y I T Y-y
Covered interval-----u----------------n-------
Sandstone, medium light gray, cross=bedded,
feldspathic (tuffaceous?); in beds averaging .

% inch thick; calcareous sandstone concretions
(2 to 3 inches in diameter) are abundant in upper

few feet D D D D U D G U S R U IR G G ER G G R SR R 6D @D 4 OB G5 G5 N 4 U @ & W W B

Sandstone, similar to unit 15, with interbeds of
medium gray shale ====cccecccccccccccccncccce=

Total thickness of middle siliceous
unit

Gradational contact

Upper black shale unit:

Covered interval =-sceccccccccncncnccccccccces
Shale, very dark gray ==esecscecccccccccccccces

Sandstone and siltstone, medium gray, bedding
is irregular and WAVY *wercrcncccccccscasnsenna

Covered interval; very dark gray shale float =====
Sandstcne, similar to unit 7 ~eeccccccceccnccccea
Fine=grzined diorite sill 40 feet thick =w=~ewecces

Mcstly ccvered; outcrops are sandstone similar

to unit 7 D S L G S S D SR D Es R ) T D G D B D GBS R D D A OB R s ES AP W
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Feet

24

11
11

36

930

17

37
34

47



Feet

7. Sandstone, medium dark gray with limonitic
specks, medium=-grained; contains finely dispersed
organic matter and grains of black shale; bedding
typically wavy and irregular eee-ecccccccccccess 19

6. Covered interval; very dark gray and dark gray

shale float is predominant; sandstone float is
subordinate - GD 6D G5 ST 0 SR WY SR ED L G SO OB T6 S uD A5 6B S5 U N 4B W OF W we GU GO OB G5 =B G5 V8 106

5. Siltstone, dark gray and olive, thin-bedded and
almost fissile; contains irregular limonitic con-
cretions in upper 4 feet ~==cemeencacacccnccnce=s |3

4, Shale, very dark gray, with a few 2 inch beds of
rusty-weathering siltstone ===eccccccccacvcccnc. 19

3. Covered interval; olive gray siltstone float ====== 10

2. Sandstone, very light gray, calcareous, in beds
7 to 3 inches thick, very fine-grained ==e==ee=caece ]2

1. Sandstone, light olive gray, fine-grained =«=====-

Total thickness of lower black
shale unit 328

Kootenai formation -- not measured
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Section of Slim Sam formation on northeast side of Aldrich Gulch

along East margin of Slim Sam basin
NW% sec. 22, T. 6 No, R. 1 W.

(measured by V. L. Freeman and Dante E. Brambilla)

Upper Cretaceous:

Elkhorn Mountains volcanics (basal part only): Feet

Andesitic breccia with fragments up to 2 inches in
maximum dimension of several types of hornblende
and feldspar porphyry; matrix contains small
feldspar and hornblende crystals. No bedding
detected

Gradational contact

Slim Sam formation:

21,

20,

19.

18,

17,

16,

Mostly covered; upper part is tuff; most beds con=-
sist of fragments of feldspar crystals up to 2
millimeters long in very fine-grained matrix,
Lower Part is andesitic tuff with some fragments
up to 1z inches long of hornblende and feldspar
porphyry Thin-bedding seen in float but not in

outcrop L L T ¥ T 2 P B2 . 2 ¥ 2 L 2 L 0 2 T L 2 2 2 L X 2 1 1 J 133. 5

Covered; float like unit below but finer=-grained
and with more distinct bedding., Upper 20 feet is
probably lapilli tuff ==ee-eccanccccnsccnancncaas 64,0

Sandy tuff; light olive gray, consists of coarse
angular grains of feldspar with minor quartz and

Covered; underlain in part by dark gray, hackly
weathering, siiiceous shale containing
carbonized plant remains ======ccceccacccsccc=e 43,0

Sandy tuff; light olive gray, consists of fine- to
medium~grainsd; poorly scrted, sub=-angular

grains of feldsyar, quartz, mica, and chert in

sparse Ulay matrix; somewhat calcareous. In

beds % to I inch thick, becoming somewhat thicker

at top At top is zone of iron oxide staining ===-=- 15,0

Covered D 60 W 45 €0 00 @ P 8 6B 50 T AN SR BN 0D WD US4 SUES AS 0V P W WD OB 0 W 0 w0 31‘ 0
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15,

Covered; float suggests that lower 20 feet is hard dark
shale, To northwest of section this interval is oc=
cupied by olive and dark gray mudstone consisting of
many coarse crystal fragments in clayey and silty
matrix; hackly weathering ==wesscecccscscccccncacas

14. C overed G N W D DAY WGP D T B G S GD OB GO SR SR OR G0 P G ) AP WY O D TN 6O W an 5B T W e "

13,

12,

11.

10,

9.

Sandstone; between pale olive and dusky yellow in
color, fine~grained, well=sorted sub-angular grains
of quartz, feldspar, and chert in clayey matrix, In
beds 1 to 2 inches thick ==cesscccccvccccesvccccnnca

Sandstone; continuous with unit below but slightly
finer-grained and contains much iron oxide, Unit
forms very dark brown zone at top of cliff formed by
unit below. Zone is discontinuous and iron oxide
appears to be secondary ==eeccscccccccsscccccnnanna

Sandstone; tuffaceous, light olive gray, yellowish on
outcrop, medium= to coarse~grained, consists of
moderately sorted sub=angular grains of quartz with
much feldspar, slightly calcareous. Beds 2 inches
to 2 feet thick with laminations 5 to 1 inch thick,
cross~laminations are mostly very shallow without
strong scouring. Rare round concretions are about 1
foot in diameter, In general the unit is coarsest at
base becoming finer upward, but there are scattered
granules of a fine~grained material throughout the

Poorly exposed; scattered outcrops in lower part are
like unit below and in upper part are like unit above;
probably gradational zone LT rPY Y Y Y r Yy Y L Yy L g

Sandstone; yellowish gray to light greenish gray, fine-
to very fine-grained with rare thin irregular beds of
coarse grains; grains are well-sorted and sub~
angular; calcareous. Unit weathers to a more yellow
color than lower units and black shaley partings and
chips are lacking, Beds 1l to 5 inches thick «~e=ee<e«

Sandstone; medium light gray, weathers light gray,
very fine~grained; consists of well-sorted grains of
quartz and chert (20 percent); with thin lenses and
pods of coarse grains of feldspar, mica, and rarely
quartz; all are crystals or fragments of crystals;
calcareous; a few thin partings of black shale in thinly
lamirated beds, Unit includes some slightly coarser
sandstone of yellcwish gray color =ee=sesccccccccccns
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43.0
16,0

11,0

5,0

43.5

46,0

35.0

70.5



Feet

7. Covered;. float like unit above ==== m—w= 26,5
6. Covered; float like unit below ===eeececcccccccne- 18,5

5. Sandstone; yellowish gray, very fine-grained,
well=sorted sub=angular grains, with some inter=
stitial clay, calcareous; contains common irregular
chips of black shale or plant fragments and also
thin lenses of feldspar c¢rystals to 2 millimeters of

olcanic origin, Bedding surfaces are rough; beds

K to 1 foot thick S G P AP D 9 B EP ED €9 GO GW GV €9 SR 65 S5 4P GD A SP Gt T B W B UB W en 9‘ o

4, Mostly covered; float and a few low outcrops are
the same as unit below but no shale seen =w=w=eeea 24,0

3. Sandstone; yellow1sh gray, very fine-grained, well
sorted with minor argillaceous material; grams are
sub=angular quartz and chert. In thin beds % tg 2
inches tkick, thinly laminated; with thin (up to 3 inch)
dark gray shale partings =mesccccccccccncvacaces 20,0

2' Covered D D R GO G AP A TR AD D B OB OB 4D G 6D A5 GO S0 UB SN YD 6P WS U Gi GF 6O A5 B 5B n 5B 4> 145.0

Offset

1. Sandstone; light gray, light olive gray, and medium
gray, very fine=grained, moderately well-sorted,
consists of sub-angular grains of quartz and chert;
calcareous. Several thin lenses of very coarse
feldspar and minor quartz grains in lower part of
unit, Black clay chips and blobs are common., One
4-inch bed of silty limestone., All rocks of unit are
somewhat arc'lllaceous. Bedding is distinct with
beds from % to 4 inches thick with rare bed to 4 feet
thick. This unit measured at intersection of secs.
22, 23, 26, and 27, T, 6 N., R, 1 W, =eecaceea- 83,0

Total thickness of Slim Sam
formation 905.5

Contact not seen on line of main section, but its
position can be estimated within ten feet,

Colorado formation {upper part only):
Shale, dark gray to grayl-n black; uni: contains
subordinate Siity sh a;e and sparse sand-sized

grains; some mica flakes and plant remains
preseni, Hackly weathering.
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