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CAMBRIAN(?), MIDDLE PROTEROZOIC, AND
ARCHEAN ROCKS PENETRATED IN A BOREHOLE
NEAR ARGENTA, BEAVERHEAD COUNTY, MONTANA,
AND SOME PALEOGEOGRAPHIC AND
STRUCTURAL IMPLICATIONS

By Robert C. Pearson

ABSTRACT

The Middle Proterozoic Belt Supergroup is only 220 m
thick where it is penetrated by a borehole in the Argenta
mining district about 20 km northwest of Dillon, Mont. This
unusually thin sequence of Belt strata is assigned to the
Garnet Range Formation (Missoula Group), the youngest
widespread formation of the Belt. A conglomeratic base may
indicate a depositional contact on Archean schist at a depth
of 285 m. The Garnet Range is overlain by 55 m of
quartzarenite that is probably the Middle Cambrian Flat-
head(?) Quartzite. The Garnet Range consists of thin-bedded,
poorly sorted, ferruginous, argillaceous, micaceous,
feldspathic quartzite; red and green sandy and silty argillite;
and thick-bedded coarse-grained to very coarse grained feld-
spathic quartzite. The upper two-thirds of the unit is mostly
interlayered, poorly sorted, argillaceous quartzite and argil-
lite, and the lower third is mostly thick-bedded, feldspathic
quartzite. Archean rocks, penetrated from a depth of 285 m
to the bottom of the hole at 336 m, are mostly coarse-grained
biotite—quartz—plagioclase—potassium feldspar—garnet schist
and a few thin layers of amphibolite.

Belt strata near Argenta are comparable in thickness
and rock type to Missoula Group strata in the Highland
Mountains, 50 km to the north. However, a much thicker
Missoula Group (about 7 km thick) forms the Grasshopper
thrust plate 6 km to the west; this sequence has been trans-
ported tens of kilometers eastward with respect to that at
Argenta. No Belt strata are present between Archean and
Cambrian rocks to the east and south of Argenta. These rela-
tions suggest that an onlap margin of the Belt Basin is prob-
ably within a few kilometers of the drill site.

The seemingly unfaulted sequence of Flathead(?)
Quartzite, Belt Supergroup, and Archean crystalline base-
ment is clear evidence that previously proposed structures

such as the Argenta and Ermont thrust faults do not exist in
this area. The Humbolt Mountain anticline, on which the
hole was drilled, may be considered a basement-cored anti-
cline similar to the Armstead and Biltmore anticlines and
numerous other anticlines in the foreland to the east.

INTRODUCTION

The southern margin of the Belt Basin in much of
southwestern Montana is obscure because Belt Supergroup
rocks are covered by younger rocks or are absent above
pre-Belt rocks where they may have been eroded. Inferences
that the Belt Basin extended far to the south of their present
remnant were based solely on tenuous facies relations and
thickness trends (Reynolds, 1984). On the Grasshopper
thrust plate, Missoula Group (upper part of the Belt Super-
group) rocks are widespread and more than 7 km thick (Rup-
pel and Lopez, 1984), but, east of the Grasshopper
decollement, outcropping Belt strata, which are also Mis-
soula Group, are restricted to a small area in the core of an
anticline near Argenta, Mont. (fig. 1). After Ruppel and
Lopez (1984) correlated the outcropping rocks near Argenta
with Garnet Range Formation, the youngest widespread Belt
unit, the rocks could reasonably be assumed to represent
only the uppermost part of a very thick Belt sequence, such
as that on the Grasshopper plate, or they could be interpreted
as part of a thin thrust-fault sliver (Brandon, 1984).

Thus, a mineral-exploration borehole in the Argenta
mining district is significant for several reasons: (1) the Belt
sequence penetrated in the borehole is only 220 m thick; (2)
the Belt strata are conglomeratic at the base; and (3) the Belt
strata overlie Archean schist and gneiss at a depth of less
than 300 m in an area where such shallow depth had not been
suspected. The conglomeratic base of the Belt suggests
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Figure 1. Index map of southwestern Montana.

strongly that the base is depositional and not a fault. This
rare find coupled with other information from other drill
holes and outcrops nearby provide a basis for inferring the
edge of the Belt Basin in this area. The borehole near
Argenta also provides important information for the struc-
tural interpretation of the eastern margin of the Cordilleran
thrust belt.

The borehole was drilled in 1968 to a depth of 336 m
and was cored the entire length. The core has a diameter of
6 cm (NC size) from the surface to a depth of 115.5 m, and
the remainder is 4.7-cm in diameter (NX size). This hole was

drilled by Copper Range Corporation on property con-
trolled by the William Hand family of Dillon, Mont., who
have custody of the core, made it available for study, and
supplied a copy of the driller’s log. Prior to examination in
1992, the core had been split, portions removed for tests and
analyses, and numerous boxes of core were missing or in
disarray; however, a comparison of the extant core with the
driller’s log indicates that the portions not available for
examination did not contain any unusual or significant
intervals. About 80 percent of the core was present when I
examined it and collected small samples for petrographic
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and mineralogic study in August and September 1992. The
borehole is located about 3.2 km north-northwest of the vil-
lage of Argenta (fig. 1) in NE!/4 SW!/, sec. 18, T. 6 S., R.
10 W, and near the east side of the Ermont 7!/,-minute
quadrangle. According to the driller’s log, the drill collar is
at an altitude of 6,962 ft (2,122 m).

The drill site is near the Groundhog mine, and hence
the hole will be referred to as the Groundhog drill hole. (It
was called “CRX-4" by the mining company that drilled it.)
This report describes the rocks from the Groundhog drill
hole, with emphasis on the Belt strata, interprets their strati-
graphic position and structural relationships, and compares
this sequence of Belt rocks with other Belt successions in the
region.

ACKNOWLEDGMENTS

William Hand very graciously permitted access to the
drill core and provided a copy of the lithologic log. In addi-
tion, William and Donald Hand have been helpful in supply-
ing information on the geology and mineral deposits in the
Argenta area. William Hand died in 1994 before seeing the
results of this work, in which he took a great interest. Phyllis
Denton, U.S. Forest Service, arranged for facilities in Dil-
lon, Mont., to examine the core. For all of these courtesies, I
am very grateful. Elizabeth Youngren recognized the signif-
icance of crystalline rocks in the drill core to interpretation
of the local geology and called my attention to the drill hole
a few years ago.

GEOLOGIC SETTING OF THE
ARGENTA AREA

The Argenta mining district is in a north-trending seg-
ment of the Cordilleran thrust belt that was referred to by
Ruppel and Lopez (1984) as the “frontal fold and thrust
zone,” a structural belt characterized by parallel anticlines,
synclines, and minor thrust faults. The belt is transitional
between the Rocky Mountain foreland to the east and the
region of major thrust faults to the west. The district is about
6 km east of the Kelley thrust (fig. 2), a segment of the
Grasshopper decollement, which is one of the major thrust
faults of southwestern Montana (Ruppel and Lopez, 1984).
The upper plate of this thrust, now called the Grasshopper
plate (figs. 2 and 3), consists of at least 7 km of upper Belt
(Missoula Group) strata (Ruppel and Lopez, 1984) and local
thin remnants of overlying lower Paleozoic rocks.

Terminology of Belt rocks in this report is that
currently in common use and defined first by Harrison and
Grimes (1970). The terms argillite, siltite, and quartzite
reflect the widespread low-grade metamorphism that Belt
rocks have undergone. Other rock names are used in

petrographic descriptions such as arkose, subarkose, and
quartzarenite (Pettijohn, 1957); these terms reflect more pre-
cisely variations in mineral composition.

The mines of the Argenta district are on the crest and
both flanks of the Humbolt Mountain anticline (Myers,
1952), a major northerly trending sinuous structure that is at
least 15 km long. For part of its length, this anticline has also
been called the Argenta anticline (Hobbs, 1967), but the
older name, Humbolt Mountain (Myers, 1952), is used here.
In the vicinity of Argenta, the Humbolt Mountain anticline
is broken by steep faults that have mostly small, probably
mostly dip-slip, displacement (Myers, 1952). Most steep
faults strike northwest and north. Various interpretations of
the structure of the east flank of the Humbolt Mountain anti-
cline, discussed in a later section of this report, involve a
steep reverse fault, a low-angle thrust fault, or unconformi-
ties to account for local relationships.

West of Argenta, where the valley of Rattlesnake Creek
cuts across the Humbolt Mountain anticline, the oldest rocks
exposed are quartzite, feldspathic quartzite, and argillite of
the Middle Proterozoic Garnet Range Formation (fig. 2), the
uppermost formation of the Missoula Group at most places
in west-central Montana. These rocks have been recognized
as Proterozoic since a study by Shenon (1931) but were first
correlated with the Garnet Range by Ruppel and Lopez
(1984). The Garnet Range is overlain on the crest of the anti-
cline by a quartzite unit that Shenon (1931) and Myers
(1952) assigned partly to the Middle Cambrian Flathead
Quartzite, an assignment adopted tentatively here. Others
considered all of the quartzite, in addition to the underlying
beds, to be parts of the Belt Supergroup (Hobbs, 1967; Rup-
pel and Lopez, 1984; Brandon, 1984). To the north, near
Humbolt Mountain (fig. 2), the Garnet Range also underlies
quartzite on the crest of the anticline. These quartzite beds
were interpreted by most previous workers to be Belt and to
be thrust over the Gamnet Range (Myers, 1952; Brandon,
1984; Ruppel and others, 1993), but here these rocks also are
regarded as Flathead(?) in normal stratigraphic position
above the Garnet Range.

Strata above the Flathead(?) Quartzite are of unques-
tioned Middle Cambrian and younger age. These units have
been correlated with cratonic Cambrian units to the east,
such as Wolsey Shale, Meagher Limestone, Park Shale, and
Pilgrim Dolomite, or with units to the north in the Philips-
burg, Mont., area, such as Silver Hill Formation and Has-
mark Dolomite. Regardless of which stratigraphic
assignment is best, these rocks were not encountered in the
drill hole, and they will receive little attention in this report.

The correct interpretation of the stratigraphy and paleo-
geography of the rocks penetrated in the Groundhog drill
hole depends on their structural relations and whether these
rocks represent an unfaulted stratigraphic succession. If this
thin sequence of the Belt Supergroup is not thinned tectoni-
cally, such as by thrust faulting, the sequence could repre-
sent basin-margin deposits and thus be important to the
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EXPLANATION
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regional relationships. Previous interpretations of structure
in the area of the drill hole include: (1) thrust faulting
(Shenon, 1931; Ruppel and Lopez, 1984; Brandon, 1984),
(2) high-angle reverse faulting (Hobbs, 1967), and (3)
high-angle normal faulting (Myers, 1952). Clearly, the rocks
have been broken by numerous steep faults, as shown by
Myers (1952) and documented in detail in and around mines
by Geach (1972). Evidence for thrust faulting or high-angle
reverse faulting has not been found during my recent (1994)
field studies, in former studies of the mines (Geach, 1972),
or in the drill core from the Groundhog drill hole. Although
the drill core contains several zones of gouge and breccia and
slickensided surfaces (commensurate with the proximity to
known steep faults), many of these zones are steeply dip-
ping, and none of them coincide with abrupt lithologic
changes or change in dip. Dip of bedding in both the Flat-
head(?) Quartzite and Garnet Range Formation is within 10°
of horizontal throughout the length of the core. Furthermore,
no repetitions or deletions of strata or inversions of age
sequence were recognized in the core. If repetitions or dele-
tions are present, they are believed to be minor. The
sequence represented by the drill core, therefore, is consid-
ered to be essentially intact structurally.

The drill hole was spudded in Flathead(?) Quartzite
probably only several meters below the top of the unit. Sev-
eral hundred meters west and southwest of the drill hole, the
Flathead(?) is in depositional contact with Garnet Range

TOBACCO
ROOT

MOUNTAINS
MOUNTAINS American Quasar

j{ Fm] 27-22 Haganbarth
@)
Al }

%

PIONEER

Grasshoppe" thrust plate

Figure 3. Major structural features, limit of exposed Belt Super-
group rocks, and thickness (in meters, shown in boxes) of Belt in
southwestern Montana. Hachured line shows limit of Belt
strata—modified in Pioneer Mountains from Harrison (1972).

Formation. Elsewhere in the area of the drill hole, especially
several hundred meters to the north, the Flathead(?) is miss-
ing, probably owing to Cambrian erosion, and Cambrian or
Devonian dolostone is in apparent depositional contact with
Garnet Range. These relationships, which convinced Myers
(1952) of faulting and erosion during Cambrian time, have
also been explained by high-angle reverse faults (Hobbs,
1967) and low-angle thrust faults (Brandon, 1984; Sears and
others, 1988) that slipped during Mesozoic to early Tertiary
time.

DESCRIPTION OF ROCKS IN THE
GROUNDHOG DRILL CORE

Strata represented in the drill core are divided into three
parts: (1) an upper unit of light-gray to nearly white quartzite
(Flathead? Quartzite); (2) a middle unit of argillaceous, feld-
spathic, and micaceous quartzite; argillite; and feldspathic
quartzite that are mostly grayish red (Garnet Range Forma-
tion); and (3) a lower unit of mostly biotite-feldspar-quartz
schist (Archean basement) (fig. 4). The correlation of the
upper quartzite unit is tentative because its thickness is
greater than that of Flathead in nearby areas, and no direct
evidence of its age has been found.

Two small bodies of fine-grained igneous rock, each
about 4 m thick, are contained in the drill core (fig. 4) and
are probably sills that intrude the sedimentary rocks. The top
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Figure 4 (above and facing column). Stratigraphic columnar section showing rocks in Groundhog drill hole.

of the upper sill is at a depth of 61.2 m and near the Flat-
head(?) Quartzite-Garnet Range Formation contact, and the
top of the lower one is at a depth of 177.9 m and within the
Garnet Range. The sills are probably apophyses from the
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Garnet Range Formation
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Argenta granodiorite stock at the village of Argenta (fig. 2)
or from other intrusive bodies 2—4 km east of the drill site.

Although most of the rocks in the core are fresh, evi-

dence of hydrothermal alteration is present sporadically,
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position and composition are similar to the Flathead else-
where. The greater thickness (about 60 m) of the quartzaren-
ite exposed locally on the Humbolt Mountain anticline
compared with that in exposures in mountain ranges to the
north, east, and south is the only reason that this correlation
may be questionable. In those areas, the unit typically is
0-30 m thick, but Ruppel and others (1993) report nearly as
great a thickness (43 m) locally in the Tobacco Root Moun-
tains. The quartzarenite, in whole or in part, was previously
thought to be Proterozoic. Hobbs (1965) assigned all of the
quartzarenite to the Proterozoic because of intercalated
argillite, which he claimed is not present in the Flathead in
western Montana. In fact, the argillite that he described is in
very small amount and is not unlike shale partings on quartz-
ite beds in Flathead in the region. He may also have con-
fused argillite interbedded with quartzarenite beds near the
top of the Garnet Range Formation with the overlying
quartzarenite unit. Others (Myers, 1952, and Ruppel and
others, 1993, for example) assigned southern outcrops on the
anticline to the Flathead but more northerly outcrops to the
Missoula Group. Indeed, the characteristics of the rock do
change from south to north: outcrops become rare; bedding
becomes obscure; the rock progressively weathers into more
angular blocks and piles of rubble; the rock becomes a more
vitreous quartzite that fractures across the grains; and it loses
its brown to red colors and becomes white to light gray. All
of these characteristics are the result of bleaching and
recrystallization caused by heating effects of the Pioneer
batholith, which crops out 3 km northeast and 5 km north-
west of Humbolt Mountain. The poor outcrop, the weather-
ing into angular blocks, and the tendency of the blocks to
move downslope as sheets of surficial debris masking adja-
cent units all cause the unit to resemble the Missoula Group
in many areas in the Pioneer Mountains. Further studies will
be needed to confirm or deny that the unit is all or partly
Cambrian.

Proterozoic strata in the Argenta area are correlated
with the upper part of the Missoula Group on the basis of
lithologic similarity with rocks extensively exposed in the
Anaconda Range (fig. 1) (Wallace and others, 1992) and in
other parts of the Butte 1°x2° quadrangle (Wallace, 1987).
The upper part of the sequence, which is exposed at the sur-
face and continuously cored in the drill hole, is here confi-
dently assigned to the Garnet Range Formation, as was done
for the exposed portion by Ruppel and Lopez (1984). In the
drill hole, the increase downward in coarse-grained arkose
and the presence of red mud chips in quartzite in the middle
part of the sequence suggest further the possibility that the
middle and lower parts are correlative with the McNamara
Formation and Bonner Quartzite, respectively. Such correla-
tions would imply that the Garnet Range is about 100 m
thick, the McNamara about 30 m thick, and the Bonner
about 90 m thick. Siliceous mud chips and red and green
chert, characteristic of the McNamara, were not observed,
however, and nowhere else are these units nearly so thin.

Therefore, it would be rash to subdivide the 220 m of these
strata to such an extent on the basis of the limited informa-
tion from the drill hole. 1t is considered prudent to include all
of these units in the Garnet Range and to consider the coarse
arkose in the lower part to be merely a local basal facies that
accumulated near the sediment source—this basal facies
may interfinger with more typical Garnet Range basinward.

The absence of Belt rocks at several places in the region
where Paleozoic strata are in contact with pre-Belt crystal-
line basement (Ruppel and others, 1993) suggests, but does
not prove, limits to the Belt Basin. Belt rocks could have
been deposited and then eroded before Cambrian deposition.
At such places as the Blacktail Mountains, Ruby Range, and
Tobacco Root Mountains (fig. 3), Flathead Quartzite is in
depositional contact with the crystalline rocks. The contact
of the Flathead and Archean crystalline rocks is also
exposed about 25 km south of Argenta in the core of the
Armstead anticline (fig. 3) (Lowell, 1965), which is slightly
en echelon to the Humbolt Mountain anticline.

The nearest outcrops to Argenta of the upper part of the
Missoula Group are near Jackson, Mont., 40 km west of
Argenta (fig. 1). These rocks, however, were originally
much more than 40 km from those at Argenta because they
are on the Grasshopper thrust plate that has moved eastward
an unknown, though probably large, distance. Garnet Range,
McNamara, Bonner(?) and Mount Shields Formations of the
Missoula Group on the Grasshopper plate were recognized
by Ruppel and Lopez (1984) in the Warm Springs Creek
drainage east of Jackson. Although they have not been stud-
ied in detail, the thickness of the Gamnet Range, as preserved
beneath Flathead Quartzite, is 0-800 m; the thickness of the
McNamara is possibly as much as 2,300 m; and the
McNamara overlies a very thick sequence of feldspathic
quartzite that may include both Bonner and Mount Shields.
This section of Missoula Group rocks may therefore be more
than 7,000 m thick and, thus, much thicker than that at
Argenta.

Missoula Group strata are also preserved 50 km north
of Argenta in the Highland Mountains (fig. 1) (McMannis,
1963; O’Neill, in press), where they range from 16 m to 168
m thick (partially eroded beneath Flathead Quartzite) along
an outcrop length of about 20 km. In the Highland Moun-
tains, the Missoula Group consists largely of argillaceous
quartzite, quartzite, and argillite. Except for being mostly
gray rather than red, these strata are similar to those at
Argenta, although the beds of arkose are less abundant. The
difference in color may be metamorphic and related to ther-
mal effects of the nearby Boulder batholith. Another differ-
ence between the Belt in the Highland Mountains and at
Argenta is the presence in the Highland Mountains of a thick
(1,000-3,000 m) sequence of middle and lower Belt rocks
beneath the Missoula Group and their absence near Argenta.

Belt rocks are also exposed in small fault blocks in the
Black Lion Mountain-Sheep Mountain area of the
northeastern Pioneer Mountains (fig. 1). These rocks are
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interpreted to be lowermost Belt (R.C. Pearson and J.M.
O’Neill, unpub. data). 1f Missoula Group rocks were ever
deposited there, they were eroded before Cambrian strata
were deposited on lower Belt, which is commensurate with
the westward thinning of the Missoula Group in the High-
land Mountains. The interpretation that these rocks are
lower Belt differs from that of Zen (1988), who interpreted
them to be partly of post-Belt age and partly Missoula Group
rocks correlative with those a few kilometers to the west on
the Grasshopper plate.

The locality nearest to Argenta where crystalline base-
ment is known is in a petroleum test hole (American Quasar
No. 27-22 Haganbarth) drilled about 16 km northeast of the
Groundhog drill hole (fig. 3). Crystalline basement was
encountered at a depth of 3,607 m (1,981 m below sea level)
beneath sandstone and shale believed by Lopez and Schmidt
(1985) to be Cambrian. 1f those Cambrian rocks were iden-
tified correctly, no Belt strata are present. W.J. Perry, Jr.
(oral commun., 1993), however, interprets geophysical logs
as possibly indicating a few tens of meters of Belt strata
beneath Cambrian rocks. Cuttings from this well have not
been examined to determine if rocks resembling the Belt
Supergroup are actually present.

These examples of the presence and absence of Mis-
soula Group and other Belt rocks in southwestern Montana,
including the knowledge gained from the Groundhog drill
core, suggest that the Argenta area is near the southern limit
of extant autochthonous Belt rocks. That Belt strata older
than Garnet Range Formation were deposited in the Argenta
area and eroded prior to deposition of the Garnet Range can-
not be proven, but such deposition of older Belt rocks seems
unlikely. Lower and middle Belt strata are not known farther
south than the Highland Mountains and the northeastern Pio-
neer Mountains. Those lower Belt rocks, particularly
LaHood Formation, are interpreted as basin-margin depos-
its, and it is probable, therefore, that the lower and middle
Belt was not deposited as far south as Argenta or the area of
the present-day Tobacco Root Mountains and Ruby Range,
despite the conclusions of Reynolds (1984) that the southern
margin was that far south. The Missoula Group thins from
several kilometers thick on the Grasshopper thrust plate to
220 m thick at the Groundhog drill hole and to near zero at
the American Quasar Haganbarth drill hole 16 km northeast
of the Groundhog drill hole. Thickness of the Missoula
Group in the Highland Mountains is, at most, nearly as great
as that at the Groundhog drill hole, but erosion prior to dep-
osition of Flathead Quartzite caused thinning of the Mis-
soula Group to as little as 16 m (O’Neill, in press) and may
have affected the maximum thickness as well. Thus, Middle
Proterozoic—Cambrian erosion could well be responsible for
some of the variations in thickness of the Missoula Group
observed in the region. Despite those uncertainties, how-
ever, the youngest Belt unit was deposited on pre-Belt

basement, suggesting an onlap southern margin of the Belt
Basin in southwestern Montana.

STRUCTURAL INTERPRETATION

Structural relations of the rocks exposed on the crest
and east flank of the Humbolt Mountain anticline have been
discussed by Shenon (1931), Myers (1952), Hobbs (1967),
Brandon (1984), Ruppel and Lopez (1984), and Sears and
others (1988), and depicted on a map by Ruppel and others
(1993). The sequence of rocks at the Groundhog drill hole as
described in this report, together with information derived
from my recent field studies, helps to clarify structural rela-
tions and suggests modification of earlier conclusions.
These new data show clearly that the Humbolt Mountain
anticline is a basement-cored anticline similar to the Arm-
stead anticline to the south (Lowell, 1965), the Biltmore
anticline to the northeast (Schmidt and others, 1988), and
numerous others in the foreland farther to the east. Many
steep faults of various orientations break the rocks of the
anticline, but all have small displacement and that displace-
ment is mainly dip-slip. Previous interpretations of major
through-going faults are not confirmed. It is much less clear
if a blind thrust within the crystalline basement underlies the
Humbolt Mountain anticline and the parallel folds in Frying
Pan Basin to the east.

Mistakes in identification of stratigraphic units by pre-
vious workers have contributed to errors in interpretation of
structure. The most notable example is a sequence of
thin-bedded argillite and quartzite in the vicinity of the Mid-
night mine, which is about 670 m southwest of the Ground-
hog drill hole (fig. 2), that Shenon (1931) concluded was
Proterozoic and was thrust against Paleozoic carbonate
rocks. Myers (1952), Hobbs (1967), Brandon (1984), and
Ruppel and Lopez (1984) concurred with Shenon’s age
assignment of these rocks. The rocks that Shenon identified
as Proterozoic are green, gray, and red micaceous and sandy
argillite and thin-bedded fine- to coarse-grained quartzite.
This shaly interval is here reinterpreted as a Middle Cam-
brian unit, either Wolsey Shale or Silver Hill Formation; it
will be referred to tentatively as Wolsey(?) Shale. Structur-
ally, the Wolsey(?) near the Midnight mine is conformable
between the Flathead(?) and overlying Cambrian dolostone,
and hence, some of the faults mapped previously between
these units are not required to explain juxtaposed units. Flat-
head(?) Quartzite in the area of the Midnight mine and the
Groundhog drill hole has also been regarded as Proterozoic
by Hobbs (1967), Brandon (1984), and Ruppel and others
(1993). They included both the Flathead(?) and the Wol-
sey(?) with the Garnet Range Formation to form a combined
Proterozoic unit, thereby making the eastern contact of the
combined unit seem reasonably to be a through-going fault.
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Myers (1952) also used the absence of the Flathead(?)
and locally other Cambrian units in some fault blocks and
their presence in others (as well as other arguments) as evi-
dence for faulting, folding, and erosion in Cambrian time.
Although not all of the evidence cited by Myers has been
borne out by recent work, his principal conclusion is
probably correct. North of the Groundhog drill hole, the Flat-
head(?) pinches out in a zone of faults, and, from there north-
ward for about 3 km, Cambrian or Devonian dolostone is in
depositional contact with Garnet Range Formation, or in
some places, the contact may have been offset by steep faults
of small displacement. Figure 124 is a diagrammatic repre-
sentation of Myers’ (1952) conclusions regarding the struc-
ture of the Humbolt Mountain anticline.

Hobbs (1967), who does not seem to have been aware
of Myers” work and whose mapping is not as detailed as
Myers’, interpreted the east flank of the anticline to be bro-
ken by a through-going high-angle reverse fault whose trace
is at the east edge of Proterozoic rocks, within which he
included the Flathead(?) and Wolsey(?), as interpreted here,
for the full length of the Humbolt Mountain anticline north
of Argenta. Hobbs’ interpretation is illustrated in Figure
12B.

Hobbs’ inferred reverse fault is the same structure that
Brandon (1984) later reinterpreted as a gently west-dipping
thrust fault (fig. 12C) that he named the Argenta thrust.
Brandon’s interpretation was also expressed by Sears and
others (1988). These reports (Hobbs, 1967; Brandon, 1984;
Sears and others, 1988) assert that a fault exists at this con-
tact but, except for a line on a map, present neither evidence
nor arguments for its existence, nor do they attempt to
counter Myers’ conclusions regarding orogeny and resulting
erosion, sedimentation, and unconformities during the Cam-
brian. Except for some details, Myers’ interpretation is in
accord with recent field observations and, with the exception
of the misidentification of the Wolsey(?), fits best with the
relations found in the Groundhog drill hole. The conclusions
of Ruppel and others (1993) are similar to Hobbs’ (1965)
conclusions in the southern part, but they retained a thrust
fault farther north along the east side of Humbolt Mountain
at the position of Brandon’s (1984) Argenta thrust.

The trace of the Argenta thrust—if such a structure
exists—would be at the Groundhog mine 150 m east of the
Groundhog drill hole, and, if gently west-dipping as implied
by Brandon (1984), should be evident in the Groundhog drill
core as an inverted age sequence in which Garnet Range For-
mation overlies Paleozoic strata. The lack of such evidence
in the drill core or any other evidence for a thrust fault pro-
vides additional doubt for this fault’s existence. The rela-
tions in the drill core and at the surface show that the
Proterozoic rocks are very likely in their normal stratigraphic
position between the Archean basement and Cambrian
strata, as shown on fig. 12D, and are not riding on a thrust
fault the same as, or similar to, the Kelley thrust a few kilo-
meters to the west.

For similar reasons, the existence of the Ermont thrust,
a structure proposed by Myers (1952) and discussed by Tho-
mas (1981) to explain relations between Paleozoic and Cre-
taceous rocks near Ermont Gulch 3 km southwest of
Argenta, is cast into doubt by the autochthonous relations in
the Groundhog drill hole.

If thrust faults do exist in the sequence, the only alter-
natives for their location would seem to be bedding-parallel
thrusts at some unknown positions in the rocks penetrated by
the drill hole or a major decollement in the Archean base-
ment at some depth below the bottom of the drill hole. Only
the latter would seem to be likely in view of the strict paral-
lelism of bedding and the complete absence of crumpling or
minor folding in the core. Archean crystalline rocks core
many anticlines in the foreland to the east, and they are also
involved in thrust faulting in the region (DuBois, 1982;
Schmidt and others, 1988). If such a decollement exists, its
trace is unknown, and it may well be blind.

Except for the numerous high-angle faults of small dis-
placement that break the rocks of the Humbolt Mountain
anticline, the east flank of the anticline is homoclinal and
passes eastward into the Cave Gulch syncline and, beyond
that, into other folds in Frying Pan Basin (fig. 1) that trend
north and parallel to the Humbolt Mountain anticline.

Between the American Quasar Haganbarth drill hole
and the Groundhog drill hole, a distance of 16 km, structural
relief on the basement surface is 3,817 m. The elevation of
the surface rises from 1,980 m below sea level in the Hagan-
barth drill hole to 1,837 m above sea level in the Groundhog
drill hole. Thus, between these two points the surface dips
east at an average angle of 13.4°. Not being aware of the
Groundhog drill hole, Lopez and Schmidt (1985) inferred a
westward dip of the surface from east of the Haganbarth drill
hole to the west and continuing at increasing depth beneath
the thrust belt. This is clearly not the case unless the increase
in elevation of the surface west of the Haganbarth drill hole
is the result of thrusting within the basement and the surface
continues to dip west in the lower plate of such a thrust.
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