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Figure 4-16. Cross section EF through Jaybird fault, Paddy’s fault, and the overturned

folds west of Paddy’s fault. See Figure 4-15 for location of section line.
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Figure 4-17. Geologic map depicting the Niavi fault, an overturned anticline in the Johnnie

Formation, and Paddy’s fault. See Figure 4-9 for location of map area.
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Point bf Rocks fault
The Point of Rocks fault is the structurally highest low-angle normal fault in the
northwestern Spring Mountains. The fault is shown in blue on Figure 4-8. The fault
places the Dundenberg Shale on a folded footwall. The Point of Rocks fault post-dates the
Hill 1348T and Hill 1274T folds, and cuts the Niavi fault.
Broad upright folds
The Hill 1348T and Hill 937T anticlines and the Hill 1274T syncline are broad upright
folds which involve the entire stratigraphic section. These three folds are shown on Figure
4-8. The folds plunge 25° to the north-northwest, and have a wavelength of 3.25-4.25
km. The fold limbs generally dip 25-40°. These structures fold the Diebert, Jaybird, and
Niavi faults, but are cut by the Point of Rocks fault.
Overturned folds west of the Diebert fault and Paddy’s fault
To determine the geometry of overturned folds west of Paddy’s fault, a four square
kilometer area was mapped in the southern part of domain II (Figure 4-15). Six informal
units were mapped within the middle Johnnie Formation in that area. New mapping
showed that the schematic overturned anticline of Burchfiel and others (1983) consists of
six distinct east-vergent folds. These folds die out within the upper Johnnie Formation and
do not involve the Stirling Quartzite. At least three of the folds are cut by the Jaybird fault.
Hinge dips show that the folds plunge ~20° to the north-northeast. Mapped contacts were
projected along the strike and plunge of the folds onto cross section EF (Figure 4-16).
This cross section shows that the folds have a wavelength of roughly 500 m and a
maximum amplitude of about 100 m.
Folds in the northern and central parts of domain II are similar in wavelength and
amplitude to folds in the southern part of the domain, but do not correlate in detail. In the
northern part of domain II (Figure 4-13), a single overturned fold occurs in the hanging

wall of the Jaybird fault, and an upright syncline-anticline pair occurs to the northwest of
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this fold. The overturned anticline can be traced southward into the central part of domain
II on Figure 4-17, but the other two folds were not observed in the central part of the
domain.
Overturned folds east of the Diebert fault and Paddy’s fault

Folding in the Johnnie Formation east of Paddy’s fault was studied in detail in the
southern part of domain II. As in Figure 4-8, this structure has the general form of an east-
vergent overturned syncline. Overturned west dips cluster along the west side of the
structure (red dots in Figure 4-18) while shallow upright east dips characterize the east side
of the structure (blue dots in Figure 4-18). As shown in Figure 4-19, the rocks contain a
west-dipping axial planar cleavage which is consistent with the east-vergence of the folds.
A stereoplot of bedding (Figure 4-20) shows that the structure strikes NSE and plunges 3°
to the south. Bedding-cleavage intersections suggest a similar strike (Figure 4-21 and
Figure 4-22), but a slightly steeper plunge (Figure 4-22).

The dip map suggests that, as with the “overturned anticline” west of Paddy’s fault, the
geometry of the overturned syncline is complex in detail. For example, Figure 4-18 reveals
a prominent cluster of overturned attitudes within the upright limb of the overturned
syncline. To better understand the geometry of the structure, nine informal units were
mapped in the middle Johnnie Formation (Figure 4-23). The average strike and plunge
were used to project contacts onto cross section G’H (Figure 4-24). The cross section
shows that, as with the overturned anticline west of Paddy’s fault, the overturned syncline
consists of a fold train. The wavelength and maximum amplitude of the fold train east of
Paddy’s fault are similar to those of the fold train west of the fault.

Domain 111
The Montgomery thrust is the principle structure in domain III, and the possible

relationship between the Montgomery thrust and structures in domains I and II is examined
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Figure 4-18. Map showing bedding attitudes in the Johnnie Formation east of Paddy’s

fault. See Figure 4-9 for location of map area.
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Figure 4-19. Lower hémisphere stereoplot of poles to cleavage in the Johnnie Formation

within the map area shown in Figure 4-18.
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Figure 4-20. Lower hemisphere stereoplot of poles to bedding in the Johnnie

Formation within the map area shown in Figure 4-18.
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Figure 4-21. Map of bedding-cleavage intersections in the Johnnie Formation. See Figure

4-9 for location of map area.
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Figure 4-22. Lower hemisphere stereoplot of bedding-cleavage intersections in the Johnnie

Formation within the map area shown in Figure 4-21.
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Figure 4-23. Geologic map of the middle and upper Johnnie Formation east of Paddy’s

fault.
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Figure 4-24. Cross section G’H through folds in the middle and upper Johnnie Formation

east of Paddy’s fault. See Figure 4-23 for location of section line.
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below in the “Discussion.” The geology of domain III was previously described by
Burchfiel and others (1983).
Stratigraphy of the middle Johnnie Formation in Domains II and III
Introduction

To constrain the amount of lateral translation between domains II and III, the Johnnie
Formation was examined in both domains. As shown in Figure 4-25, five sections were
measured in domain II and one section was measured in domain III. In domain II, both
along-strike and across-strike lithologic variations were examined. In this region, isopachs
and facies trends in the miogeocline are generally sub-parallel to the strike of contractile
structures (Snow, 1992). As a result facies generally vary across strike more than they
vary along strike. S-1 and S-2 constitute an “eastern” group of along-strike locations, and
S-3, S-4, and S-5 constitute a “western” group of locations. Strictly speaking, the western
locations are not precisely oriented along strike, but they are oriented at a low-angle to the
strike of overturned folds in the Johnnie Formation. The along-strike distance between S-1
and S-2 is about 4.5 km and the along-strike distance between S-3 and S-5 is about 3.25
km. The two groups of along-strike locations are separated by an across-strike distance of
about 5.5 km.

Method

Out of the entire stratigraphic section, a stratigraphic interval in the middle of the
Johnnie Formation contains the most informative lateral facies changes. This interval is
both lithologically variable (Stewart, 1970; Summa, 1993) and readily identifiable
throughout southern Nevada and southeastern California. In addition, thesis work by
Summa (1993) showed that this interval is bracketed by a pair of regional sequence
stratigraphic boundaries as shown in Figure 4-26. At every location, sediments deposited
between these two boundaries are roughly the same age, so lateral facies changes are

readily apparent.
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Figure 4-25. Map depicting the location of measured sections described in domains II and

III.
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Figure 4-26. Stratigraphic interval used in comparison of Johnnie Formation between

domains II and 1L
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Both sequence boundaries are easily recognized in the field. The higher of the two
sequence boundaries (sequence boundary six of Summa, 1993) occurs at the base of a
regionally persistent grayish orange oolitic limestone marker bed. The lower sequence
boundary (sequence boundary five of Summa, 1993) is generally underlain by several
meters of quartzite and is overlain by tens of meters of siltstone. The siltstone is usually
capped by about 5 metérs of cherty dolostone.

In the northwestern Spring Mountains, the interval bounded by the two sequence
boundaries includes a series of thick siltstone and quartzite units at its base. These units are
included here in the informal unit Zjm1, and were not investigated in detail because thé
quartzites are lithologically monotonous and experience substantial structurally-controlled
variations in thickness. About 275 m of section separates the top of unit Zjm1 from the
prominent grayish orange oolitic limestone marker bed above the upper sequence
boundary. This 275 meter thick package is the focus of this investigation and is informally
designated unit Zjm2. Unit Zjm?2 includes a geographically variable package of siltstone,
dolostone, dolomitic sandstone, and quartzite.

Observations

As shown in Figure 4-27, the number of dolomitic horizons within Zjm?2 and their
stratigraphic position is relatively constant along strike, but varies across strike. At S-1 and
S-2, dolostone is confined to a single relatively thick interval near the base of Zjm2. The
dolomitic interval is 30 meters thick at S-1. At §-2, the dolomitic interval is 18 meters thick
and is interrupted by a thin interval of quartzite and dolomitic sandstone. In contrast, at S-
3, S-4, and S-5, dolostone occurs at four distinct horizons, and no dolomitic interval
exceeds 6.5 meters in thickness. A thin fifth dolomitic horizon occurs high in Zjm?2 at S-5.
In general, dolostones vary in thickness and color in the three western sections. However,

all three sections share a distinctive thin light brown dolostone in the middle third of Zjm?2.
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Figure 4-27. Measured sections east and west of Paddy’s fault. See Figure 4-25 for

section locations. Black vertical line to right of section indicates dolostone.
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In all three sections, this light brown dolostone occurs 1-2 meters below a 4.5-6.5 meter
thick laminated dolostone.

In all five sections, significant variations in the thickness of siltstone intervals are
probably structural. Variations in the thickness of quartzite intervals are probably also
partially structural. No geographic trends in the overall percentage of dolostone, siltstone,
and quartzite were observed.

As shown in Figure 4-28, Zjm?2 at location S-6 in the hanging wall of the Grapevine
fault most closely resembles Zjm?2 at the three western footwall locations. As at those three
locations, Zjm?2 in the hanging wall contains four distinct dolomitic horizons. A thin light
brown dolostone is also present in the middle third of Zjm2 at S-6. In particular, the lower
half of Zjm?2 at S-6 most resembles the lower half of Zjm?2 at the nearest footwall location
(S-5). The lower part of sections at both S-5 and S-6 are shown in Figure 4-29, and
contain the same series of siltstone, dolostone, and quartzite intervals. The upper half of
Zjm?2 at S-6 contains 28 m of dolomitic sandstone. This thick interval of dolomitic
sandstone was not observed at any of the other locations, but a thin dolostone occurs in
about the same stratigraphic position at S-5.

DISCUSSION
Evidence for thrust motion on the Stirling Mine fault (domain I)

Two observations show that the Stirling Mine fault is probably a thrust. First, the
minor thrust 150 m north-northwest of the buried fault trace is consistent with thrust
motion on the main fault. This minor thrust is unique in domain L

Second, the Stirling Mine syncline 1.7 km northwest of the Stirling Mine fault
resembles a syncline in the hanging wall of the Montgomery thrust (Burchfiel and others,
1983) and a syncline in the hanging wall of the Wheeler Pass thrust (Burchfiel and others,
1974). Each of these synclines is probably a fault-bend-fold which formed as the hanging

wall of the thrust moved up a thrust plane which steepens toward the surface. Cordilleran
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Figure 4-28. Measured sections north (domain II) and south (domain III) of the Grapevine

fault. Black vertical line to right of section indicates dolostone.



4-76

North South
of Grapevine fault |{of Grapevine fault

Zju
0 >
s-3 4 s-4
50 m
L
¥

=

B THHY B
¥ sty
£, o

Zjm2

il

R 1 R RRRRRE (S Ty

I
ey
s, it
iy

=

KEY
== oolitic limestone
B siltstone
3 quartzite ]
=] dolostone
E3 dolomitic sandstone




4-77
Figure 4-29. Measured sections north (domain II) and south (domain II) of the Grapevine

fault. Black vertical line to right of section indicates dolostone.
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foreland thrusts are commonly curved and steepen toward the surface (Allmendinger,
1992).
Thrusting and the fold trains in domain I

Fold trains in domain II resemble fold trains associated with thrusts in the Variscan
foreland and the Helvetic nappes as shown in Figure 4-30. In the northern part of domain
II (Figure 4-13), the fold train exhibits a progression from upright to overturned folds in
the hanging wall of the Jaybird thrust. This progression suggests a link between
shallowing of the fold axial surface and thrusting. A similar progression from upright to
overturned folds is observed in the Variscan foreland in Cornwall, England (Sanderson,
1979). In the Cornwall fold train, axial surfaces shallow toward the Tintagel thrust zone.
In the Alps, fold axial surfaces shallow toward the thrust fault at the base of the Morcles
nappe (Ramsay and others, 1983).

In the Variscan foreland and Morcles nappe, fold axial surfaces were probably rotated
by simple shear adjacent to the thrust. Shear strains are highest adjacent to the thrust, so
rotation is greatest near the fault surface. Both shear strain and rotation decrease away
from the fault. Rowan and Kligfield (1992) studied the kinematics of folding in the
Wildhorn nappe and concluded that fold trains similar to those in domain II could form
entirely through simple shear within a thrust sheet as shown in Figure 4-31.

The thrust associated with the folds in domain II is not exposed at the surface. Most of
the folds are probably not kinematically related to the Jaybird fault because it is a relatively
minor structure (350 m of apparent displacement). In addition, the Jaybird fault cuts some
of the folds in the southern part of domain II as shown in Figures 4-15 and 4-16. This
cross-cutting relationship shows that at least some of the folds are older than the Jaybird
fault and are not kinematically related to it. The folds in domain II are probably related to a
thrust, but this thrust is not exposed at the surface in domain II. The thrust associated with

these folds has probably been excised by normal faults as described below.
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Figure 4-30. Fold trains in the northwestern Spring Mountains, NV, and the Morcles
(Ramsay and others, 1983) and Wildhorn (Rowan and Kligfield, 1992) nappes in
Switzerland. In the Morcles nappe, folds within the boxed area most resemble folds in the

northwestern Spring Mountains. Note the difference in scale between the three locations.
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Figure 4-31. Kinematic model for the development of fold trains in the Wildhorn nappe,
Switzerland after Rowan and Kligfield (1992). Step 1: Initially, bedding is inclined to the
shear zone. Some early shortening is accommodated by the formation of pressure solution
cleavage and by the tectonic thickening of beds. Step 2: Layers buckle to form symmetric
folds. Step 3: The folds tighten until they lock (commonly at an interlimb angle of about
90°; Ramsay and others, 1983). Subsequent deformation occurs by passive rotation of
fold limbs. With progressive simple shear, the forelimb steepens, rotates through vertical,

and overturns, while the backlimb rotates toward parallelism with the thrust surface.

Steps 1 and 2 could occur under pure shear or simple shear, while step 3 requires simple

shear.
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Extension in domain II

After the formation of contractile structures in domain II, the domain experienced
considerable extension on the Diebert, Niavi, and Point of Rocks faults. In addition, broad
upright folds in this domain are probably syn-extensional. The Hill 1348T anticline folds
the Diebert and Niavi faults and is cut by the Point of Rocks fault. The Hill 1274T syncline
also folds the Niavi fault and is cut by the Point of Rocks fault. Cross-cutting relationships
associated with the Hill 937T anticline are less clear. However, the core of the anticline
exposes a window into the footwall of the Point of Rocks fault, suggesting that the
anticline is, at least in part, younger than the Point of Rocks fault. Broad upright syn-
extensional folds in domain IT are geometrically analogous to “turtleback” folds which
occur in several highly-extended areas including the Black Mountains on the east side of
Death Valley (Holm and others, 1994) and the Simplonpas in the Alps (Mancktelow and
Pavlis, 1994).

Syn-extensional basin deposits are exposed in a small area in the northwestern corner
of domain II as shown on Figure 4-32. These deposits occur in the hanging wall of the
Point of Rocks fault and include a carbonate breccia which was probably derived from the
northwestern Spring Mountains during extensional unroofing. The breccia has been
repeated by normal faults and is tilted. The carbonate breccia is overlain by conglomerate
which is also tilted, suggesting a syn-tectonic origin. Ash beds in the conglomerate yielded
biotite K-Ar ages of 12.6-13.5 Ma (Zigler and Simonds, 1992). Tertiary basin deposits
were only mapped in reconnaissance in this study, but the author located a pumaceous ash
that yielded plagioclase K-Ar ages of 10.9 and 12.0 Ma (Zigler and Simonds, 1992) and
verified a strike of N33W and a dip of 20° NE. Together, the normal faults, upright folds,

and basin deposits indicate considerable Miocene extension in domain II.
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Figure 4-32. Tertiary basin deposits in the northwestern Spring Mountains, NV.
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Thrusting and extensional reactivation in domain II

As interpreted above, the Stirling Mine fault is a major thrust in domain I and fold trains
in domain II show that a major thrust was also present in that domain. The proximity of
the Stirling Mine fault in domain I and the overturned folds in domain II suggests that both
are manifestations of a single major thrust that was continuous through both domains I and
. This major thrust is referred to as the Kwichup Spring thrust after a hypothetical
structure discussed by Snow (1992). Figure 4-33 is an interpretive cross section through
the Kwichup Spring thrust as it probably appeared before it was disrupted by Neogene
extension. The Stirling Mine thrust in domain I is a fragment of the Kwichup Spring
thrust, and preserves the older-over-younger thrust relationship. The fold trains in domain
I formed within the Johnnie Formation in both the hanging wall and the footwall of the
Kwichup Spring thrust.

After thrusting, dip-slip motion on the Diebert fault reactivated and/or excised the
Kwichup Spring thrust (Figure 4-34), and, as shown in Figure 4-35, juxtaposed the
hanging wall fold train (west of Paddy’s fault and the Diebert fault) against the footwall
fold train (east of Paddy’s fault and the Diebert fault). During or shortly after extension,
the footwall of the Diebert fault was tilted and the Diebert fault rotated to a low angle.
Analogous footwall tilting is observed along other major normal faults (Wernicke and
Axen, 1988), and has been ascribed to footwall isostatic rebound (Wernicke and Axen,
1988; Buck, 1988). After movement on the Diebert fault, Paddy’s fault omitted the Diebert
fault in the southern and central parts of domain II.

The Rock Spring fault is interpreted as a Neogene fault which separates relatively
unextended (domain I) and extended (domain II) areas. In this interpretation, major low-
angle normal faults in domain II (the Diebert, Niavi, and Point of Rocks faults) terminate
against the Rock Spring fault. The Rock Spring fault probably experienced two phases of

motion. First, while domain II was extending, the Rock Spring fault accommodated right-



4-89

Figure 4-33. Interpretive cross section through the Kwichup Spring thrust showing the
inferred relationships between section lines AB in domain I and EF and GH in domain II

and the overall structure of the thrust.
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Figure 4-34. Cross section showing the future position of the Diebert fault within the

Kwichup Spring thrust prior to extension. Units are as shown in Figures 4-10, 4-15, and

4-23.
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Figure 4-35. Cross section showing the inferred relationship between the Diebert fault,

Jaybird fault, and Paddy’s fault. Units are as shown in Figures 4-10, 4-15, and 4-23.
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lateral displacement between the Diebert hanging wall and domain I. Second, the fault
accommodated tilting and uplift of the Diebert footwall.

The sequence of events described above is not unique to the Kwichup Spring thrust.
The Schwaub Peak thrust in the Funeral Mountains, CA, has a similar map-view geometry
(Figure 4-36) and probably experienced a similar history of extensional reactivation. Like
the Kwichup Spring thrust, the Schwaub Peak thrust consists of an eastern segment which
is relatively unextended and a western segment in which the hanging wall of the thrust is
cut by numerous normal faults (Cemen and Wright, 1990). The extended and unextended
segments are separated by the Keane Wonder fault which is analogous to the Rock Spring
fault. A large anticline in the hanging wall of the Schwaub Peak thrust is offset by 5 km in
a right-lateral sense across the Keane Wonder fault. Similarly, the Rock Spring fault
probably also experienced a phase of right-lateral motion. Normal faults in the extended
hanging wall of the Schwaub Peak thrust terminate against the Keane Wonder fault. In an
analogous manner, the Diebert, Niavi, and Point of Rocks faults terminate against the Rock
Spring fault.

Several other thrusts are reactivated or excised by normal faults in the Death Valley
region of southeastern California. In the Cottonwood Mountains, the Marble Canyon
thrust is reactivated or excised as are the Baxter and Resting thrusts in the Resting Spring
Range (Wernicke and others, 1993). In the Funeral Mountains, the Clery thrust has been
reactivated or excised (Cemen and Wright, 1990).

Correlation of the Kwichup Spring thrust

with the Montgomery thrust in domain III

Stratigraphic observations in domains II and III show that the two domains have been
adjacent since the Neoproterozoic. Five sections measured in the middle Johnnie
Formation in domain IT (Figure 4-27) show that individual dolomitic intervals can be

followed along strike for distances of 3-5 kilometers. In contrast, dolomitic intervals do
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Figure 4-36. Extensional reactivation of the Schwaub Peak thrust in the Funeral

Mountains as envisioned by Cemen and Wright (1990). SPT: Schwaub Peak thrust; SPA:
Schwaub Peak anticline; KWF: Keane Wonder fault.
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not match across a comparable across-strike distance. As shown in Figures 4-28 and 4-
29, the close match between dolomitic intervals, and, near the base of Zjm?2, other
lithologies at locations S-5 and S-6 on opposite sides of the Grapevine fault strongly
suggests that these two locations have never been separated by an across-strike distance of
more than ~2 kilometers.

Since domains II and III were adjacent during thrusting, the Kwichup Spring thrust
probably correlates with the Montgomery thrust. The Montgomery thrust has no other
plausible equivalent in the northwestern Spring Mountains. Figure 4-37 presents cross
sections through the Stirling Mine fault and the Montgomery thrust. Like the Stirling Mine
fault, the Montgomery thrust has a syncline in its hanging wall. The cross sections differ
in some other details. The Stirling Mine fault is depicted as a hanging wall and footwall
ramp while the Montgomery thrust is depicted as a hanging wall flat and a footwall ramp.
This difference between the two cross sections is probably not significant. Thrust
geometry could vary along strike. In addition, the dip of both thrust planes is poorly
constrained, the Stirling Mine fault is covered by alluvium and the Montgomery thrust has
probably been reactivated or excised by a normal fault at the only location where the thrust
plane is exposed.

The throw of the Montgomery thrust is about 3.5 times the throw of the Stirling Mine
fault. This difference in throw could indicate that the Montgomery thrust is losing slip to
the north. However, the throw on the Stirling Mine fault could have been reduced by
extensional reactivation. Geologic mapping along the Stirling Mine fault shows that
extensional reactivation is plausible. The thrust is cut by at least four normal faults, and
variations in stratigraphic throw along the fault indicate reactivation along at least some
segments. In addition, extensional reactivation would explain the omission of the footwall

syncline observed below the Montgomery thrust.
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Figure 4-37. Comparison of cross sections through the Stirling Mine fault (this paper) and

Montgomery thrust (Burchfiel and others, 1983). Units are as shown in Figure 4-10.
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Summary

Figure 4-38 is a tectonic map summarizing the relationship between structures in the
three domains. The Wheeler Pass plate is the footwall of the Kwichup Spring -
Montgomery thrust and is continuous through all three domains. The Kwichup Spring
thrust is also continuous through all three domains. The Niavi and Rocks plates terminate
against the Rock Spring fault and are not present in domain II. The continuation of these
two plates into domain III is uncertain.
Implications for thrust belt structure and large-magnitude extension
in the Death Valley region

Correlation of the Kwichup Spring and Montgomery thrusts requires a reappraisal of
thrust belt structure in the Death Valley region. If, as suggested by Snow (1992) and
Snow and Wernicke (in press), the Montgomery thrust correlates with the Chicago Pass
and Panamint thrusts, the Lemoigne thrust has no equivalent in the northwestern Spring
Mountains or Specter Range. Likewise, the Wheeler Pass thrust could not correlate with
the Chicago Pass and Panamint thrusts. In this scenario (Figure 4-39), the Lemoigne
thrust would continue through the Funeral Mountains (as the Clery thrust of Cemen and
Wright, 1990), and then end under alluvium in the Amargosa Desert. The Wheeler Pass
thrust would continue south under alluvium in Pahrump Valley, and either end under
alluvium or correlate with the Pachalka thrust in the Kingston Range and Clark Mountains.

The scenario outlined above would require less westward translation of the Panamint
Mountains relative to the Spring Mountains during the Neogene. The amount of translation
would decrease by about 30 km or 25% as shown by the purple vector in Figure 4-39. In
this scenario, the breakaway zone for the Death Valley extended region would be located
along the western flank of the Nopah and Resting Spring Ranges instead of along the

Spring Mountains range front. Nonetheless, the amount of extension between the Nopah-
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Figure 4-38. Tectonic map showing the relationship between structures in the three

domains of Figure 4-6.
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Figure 4-39. Correlation of the Montgomery - Kwichup Spring thrust with the Chicago
Pass and Panamint thrusts and implications for large-magnitude extension in the Death
Valley region. In this scenario, the Wheeler Pass thrust is envisioned as distinct from these
three thrusts, and extension between the Montgomery-Kwichup Spring-Chicago Pass
thrust and the Wheeler Pass thrust is minimal. The amount of westward translation of the
Panamint Mountains relative to the Nopah-Resting Spring Range is reduced from the
amount proposed by Wernicke and others (1988) to the amount shown by the purple

vector.
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Resting Spring Range and the Panamint Mountains would still be far larger (up to 500%)
than the 30-50% extension envisioned by Wright and Troxel (1973).

Alternatively, the Montgomery thrust could correlate with the Clery thrust in the
Funeral Mountains as suggested by Stevens and others (1991), and the Clery thrust could
correlate with the Lemoigne thrust. In general, this scenario preserves the thrust belt
geometry of Snow (1992) and Snow and Wernicke (in press). In this scenario, all three
major contractile structures in the Cottonwood Mountains would correlate with major
contractile structures in the Specter Range and northwestern Spring Mountains, providing a
robust pre-extension link between the two areas. In a palinspastic reconstruction, the
Panamint, Nopah and Resting Spring Ranges would have to restore a few kilometers
farther south to allow the placement of the Montgomery Mountains adjacent to the
northwestern Spring Mountains. However, the Wheeler Pass thrust would still correlate
with the Chicago Pass and Panamint thrusts, so the westward translation of the Panamint
Mountains with respect to the Spring Mountains would still be as large as the translation
depicted in Figure 4-3.

The proposed correlation of the Montgomery and Clery thrusts can be evaluated by
examining mapping in the Funeral Mountains by Cemen and Wright (1990). Structurally,
the Montgomery and Clery thrusts both involve footwall synclines. However, the Clery
thrust involves a stratigraphic throw of only 1.6 km. The thrust has been reactivated or
excised along its entire length, but the throw is constrained by the Tertiary unconformity on
both sides of the fault. Tertiary conglomerate sits on the Cambrian Bonanza King
Formation in the hanging wall and on the Silurian Hidden Valley Dolomite in the footwall.
The difference in stratigraphic throw between the Montgomery and Clery thrusts could
indicate a loss of displacement along strike between the Montgomery and Clery thrusts.
However, the Clery thrust could have back-slipped by some amount before erosion of the

unconformity and deposition of the conglomerate. If some reactivation pre-dates the
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unconformity, the throw of the Clery thrust could be comparable to the throw of the
Montgomery thrust.

Implications for thrust belt structure and large-magnitude extension
north of Las Vegas Valley

The Kwichup Spring thrust probably continues north from the northwestern Spring
Mountains for many tens of kilometers. Elliot (1976) showed that thrusts in the
Cordilleran foreland of southern Canada typically have along-strike lengths which are 10 to
typically 15 times their maximum displacement. The largest displacement on the Kwichup
Spring thrust and its correlatives probably occurs on the Montgomery thrust. The
Montgomery thrust involves about 5 km of stratigraphic throw and probably involves about
7 km of displacement. This amount of displacement suggests a strike length of 70-105 km,
so the Montgomery thrust and its correlatives probably continue for 35-50 km to the north.

As suggested by Snow (1992) and Snow and Wernicke (in press), the Pintwater thrust
in the Pintwater Range is the most likely correlative of the Kwichup Spring thrust northeast
of the Spring Mountains. The Pintwater Range and adjacent ranges are shown in Figure 4-
40 and the Pintwater thrust is shown in Figure 4-41. As described by Guth (1990), the
Pintwater thrust has a throw of at least 1 km, and has been overprinted by normal faults.
The fault dips steeply, but omission of a shallowly dipping thrust by a normal fault cannot
be ruled out. An upright syncline occurs in the footwall of the fault.

Correlation of the Kwichup Spring and Pintwater thrusts constrains the amount of
extension between the Sheep Range and the Pintwater Range. In the Spring Mountains the
Kwichup Spring and Wheeler Pass thrust ramps are about 18 km apart. The Wheeler Pass
thrust continues north of Las Vegas Valley as the Gass Peak thrust, and the across-strike
distance between the Pintwater and Gass Peak thrusts is about 50 km. Restoration of the
Pintwater thrust along a S65E vector (Snow, 1992) to a position 18 km from the Gass

Peak thrust (Figure 4-42) requires 170% extension between the two thrusts. Differential
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Figure 4-40. Location of ranges discussed in text.
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Figure 4-41. Kwichup Spring thrust and possibly correlative contractile structures. KST:
Kwichup Spring thrust, MT: Montgomery thrust, PT: Pintwater thrust, PA: Pintwater

anticline.
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Figure 4-42. Restoration of the Pintwater thrust to its pre-extension position west of the
Sheep Range stable block based on the spacing between the Wheeler Pass and Kwichup

Spring thrusts.
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extension between the Spring Mountains and the area to the north was accommodated by
the Las Vegas Valley shear zone (Snow, 1992). The restoration in Figure 4-42 places the
Pintwater thrust adjacent to the breakaway zone on the west side of the Sheep Range stable
block, indicating that the area between the Sheep Range and Pintwater Range has been
highly extended.

Previous estimates of extension between the Pintwater Range and the Sheep Range
were based on the correlation of the overturned folds in domain II with the Pintwater
anticline north of Las Vegas Valley. The folds in domain II are farther from the Wheeler
Pass thrust and the Pintwater anticline is closer to the Gass Peak thrust, so estimates of
extension based on this alternative correlation are substantially lower. Caskey and
Schweickert (1992) and Guth (1981) proposed 24% and 80% extension, respectively,
between the Pintwater anticline and the Wheeler Pass thrusts. Their estimates differ in
large part because the two papers use different interpretations of the geometry of the
Pintwater anticline (see discussion in Caskey and Schweickert, 1992).

In view of the evidence presented in this paper, correlation of the overturned folds in
domain II with the Pintwater anticline is highly unlikely. The folds in domain II have a
short-wavelength and low amplitude and are confined to the Johnnie Formation. In
contrast, the Pintwater anticline is a broad upright fold which involves the entire
stratigraphic section (Caskey and Schweickert, 1992). Overturned folds in domain II are
almost certainly related to movement on the Kwichup Spring thrust. Correlation of the
Kwichup Spring thrust with the Pintwater thrust is a much more straightforward
interpretation of structural relationships across Las Vegas Valley.

Implications for Permo-Triassic foreland thrusting in the Cordillera

Both of the Death Valley thrust belt geometries discussed in this paper link Permo-

Triassic structures in the Cottonwood Mountains with contractile structures in the Specter

Range. In addition, the Lemoigne thrust in the Cottonwood Mountains may correlate with
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the Kwichup Spring - Montgomery thrust. These thrust correlations require the eastward
restoration of the Cottonwood Mountains to a position along the southern projection of the
Central Nevada thrust belt of Taylor and others (1993), suggesting that thrusts in the two
thrust belts could be related. Contractile structures in the Cottonwood Mountains are of
Permo-Triassic age, suggesting that the Central Nevada thrust belt may be at least partially
Permo-Triassic.

Cross-cutting relationships constrain the age of contractile structures in the Cottonwood
Mountains. The White Top backfold is kinematically related to the Marble Canyon thrust,
and is cut by the middle Triassic White Top Stock (Snow and others, 1991). The youngest
strata involved in the footwall syncline below the Marble Canyon thrust are middle
Permian. The youngest strata deformed by the Lemoigne thrust are also middle Permian
and the thrust is overprinted by the contact metamorphic aureole of the middle Jurassic
Hunter Mountain batholith (178 Ma U-Pb baddeleyite age; Niemi and Saleeby in Niemi and
others, in review). However, a Jurassic age for the Lemoigne thrust is unlikely in view of
other geochronologic data from the Death Valley region. The oldest post-Permo-Triassic
thrust in the region is the latest Jurassic Pachalka thrust in the Clark Mountains. As a
result, the Lemoigne thrust is probably Permo-Triassic.

The largest Permo-Triassic thrust in the Cottonwood Mountains is the Last Chance
thrust which may have experienced 50 km of displacement (Snow, 1992). A late Permian
turbidite basin in the Darwin Plateau to the southwest of the Cottonwood Mountains may
be a marine foredeep associated with emplacement of the allochthon. The allochthon is
overlapped by early Triassic strata.

The age of many contractile structures in the Central Nevada thrust belt are poorly
constrained, and could be Permo-Triassic. These structures are shown in Figure 4-43, and
include the Hoosac and Milk Ranch thrusts in the Fish Creek Range, the Golden Gate

thrust in the Golden Gate Range, the Mt. Irish thrust in the Timpahute Range, the Rimrock
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Figure 4-43. Contractile structures in the Central Nevada thrust belt of Taylor and others
(1993). Ranges and thrusts in southeastern California and southern Nevada are also
shown, but thrusts are not labeled. Ranges- CM: Cottonwood Mountains, FM: Funeral
Mountains, MM: Montgomery Mountains, SM: Spring Mountains, SR: Specter Range,
PR: Pintwater Range, TR: Timpahute Range, WM: Worthington Mountains, MI: Mount
Irish, QCR: Quinn Canyon Range, GGR: Golden Gate Range, GR: Grant Range, PA:
Pancake Range, FCR: Fish Creek Range, WPR: White Pine Range; Thrusts - LT: Lincoln
thrust, MIT: Mt. Irish thrust, FT: Freiberg thrust, GGT: Golden Gate thrust, RT: Rimrock
thrust, HT: Hoosac thrust, MRT: Milk Ranch thrust.
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thrust in the Grant Range, and various contractile structures in the White Pine Range,
Pancake Range, and the Quinn Canyon Range. The age of all of these structures is loosely
constrained to between the Permian and late Cretaceous. The Pennsylvanian-Permian Ely
Limestone is folded in the Timpahute Range and the 86.5 +- 4.6 Ma (U-Pb zircon, J.D.
Walker unpublished data) Troy granite cuts the Timber Mountain anticline in the central
Grant Range (Taylor and others, 1993). In addition, the Milk Ranch and Hoosac thrusts
are overlapped by the Albian-Aptian Newark Canyon Formation.

Structurally, these thrusts resemble the Marble Canyon thrust in the Cottonwood
Mountains in that they are moderate to steeply dipping ramps (35-55°) with large
stratigraphic thrdws (2-6 km) (Taylor and others, 1993). The west-vergent Milk Ranch
thrust (Taylor and others, 1993) resembles west-vergent folds in the Test Site region
(Caskey and Schweickert, 1992; Snow and Wernicke, in press), and the White Top
backfold in the Cottonwood Mountains (Snow, 1992). Like the Permo-Triassic thrust belt
in the Death Valley region, the Central Nevada thrust belt is located immediately east of the
late Jurassic to Cretaceous Sevier thrust belt. Stuart and Taylor (1997) showed that, after
removing the effects of extension at latitude 38° 25° north, the Central Nevada thrust belt
was less than 75 km west of the Sevier belt.

I speculate that the Central Nevada thrust belt is a foreland fold and thrust belt which
developed inboard of the Golconda allochthon during emplacement of the allochthon in
Permo-Triassic time. Figure 4-44 shows the position of the Central Nevada thrust belt and
the Cottonwood Mountains thrusts (in red with the Last Chance thrust in black) and the
Golconda allochthon (in blue). Strata deposited in central Nevada during the emplacement
of the Golconda allochthon are early Triassic (Speed, 1984), suggesting that emplacement
of the allochthon and thrusting in the Cottonwood Mountains are broadly

contemporaneous.
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Figure 4-44. Position of Permo-Triassic foreland thrusts (red) and Permo-Triassic Last
Chance thrust (black) in the context of other major thrusts and thrust belts in the western
United States. Major thrusts and thrust belts are adapted from Burchfiel and others (1992)

and Taylor and others (1993).
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The Central Nevada thrust belt does not continue into northeastern Nevada. As shown
in Figure 4-44, northeastern Nevada contains the Golconda and Roberts Mountains
allochthons as well as the Jurassic Elko thrust belt of Thorman and others (1990). The
Central Nevada thrust belt appears to terminate against the Roberts Mountains allochthon
under alluvium. In this area, strata of Roberts Mountains affinity were probably thrust
over the Central Nevada thrust belt long after the close of Permo-Triassic thrusting. For
example, in the Adobe Range (location shown on Figure 4-43), a thrust carrying
allochthonous strata of Roberts Mountain affinity folds early Cretaceous strata in its
footwall. Thrusting contemporaneous with the Jurassic Luning-Fencemaker (gold on
Figure 4-44) and Elko (blue on Figure 4-44) thrust belts may also have involved the
eastward transport of allochthonous strata.

I suggest that the Central Nevada thrust belt was continuous through northeastern
Nevada and Idaho at the close of Permo-Triassic thrusting, as shown schematically in
Figure 4-45. In northeastern Nevada, the Permo-Triassic thrust belt was overthrust by
strata of Robert’s Mountains affinity during the Jurassic and/or early Cretaceous. Farther
north in Idaho, both allochthons and the Permo-Triassic foreland thrust belt were probably
removed along the West Idaho Suture Zone by the emplacement of the allochthonous
Wallowa terrane (Wernicke and Klepacki, 1988) during Jurassic or early Cretaceous time
(Selverstone and others, 1992).

The interpretation of Permo-Triassic miogeoclinal deformation presented here differs
from that of Saleeby and others (1992). They do not interpret the Central Nevada thrust
belt as Permo-Triassic and schematically depict the Golconda thrust and Last Chance
thrusts as en echelon structures (Figure 2 of Saleeby and others, 1992). They also suggest
that Permo-Triassic deformation within the miogeocline was confined to an area in southern
Nevada and southeastern California where late Paleozoic truncation of the continental

margin resulted in the juxtaposition of subsequent continental magin deformation against
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Figure 4-45. Schematic diagram showing the proposed geometry of the Golconda and
Roberts Mountains allochthons and the Permo-Triassic foreland thrust belt at the beginning
of the middle Triassic and the beginning of the middle Cretaceous. Rough pre-extension
palinspastic reconstruction of Nevada and Idaho from Saleeby and others (1992). The

allochthonous Wallowa terrane is indicated with a W.
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the miogeocline. Both the view presented here and that of Saleeby and others (1992) are
consistent with known geologic data.
FUTURE WORK

New geologic mapping in central Nevada offers the best hope for resolving the
relationship between the Permo-Triassic thrust belt in the Cottonwood Mountains and the
Central Nevada thrust belt. This work must distinguish between two possibilities: 1) that
the Permo-Triassic thrust belt in the Death Valley region is continuous with the Central
Nevada thrust belt, or 2) that the Permo-Triassic thrust belt in the Cottonwood Mountains
dies out to the north while the Juro-Cretaceous (?) thrust belt in Central Nevada dies out to
the south.

In general, this paper shows that, with the possible exception of the Lemoigne thrust,
the Permo-Triassic thrust belt in the Cottonwood Mountains probably continues at least as
far north as the Nevada Test Site. In addition, this paper shows that thrust correlations
based on general geologic maps from the 1950’s, 60’s, and 70’s should be made with
caution. New detailed structural and stratigraphic field studies are critical to our
understanding of the Cordilleran thrust belt in areas where it has been heavily overprinted
by Neogene tectonism. Field studies are particularly important in areas like central Nevada
where geochronologic constraints and critical cross-cutting relationships are scarce.

In particular, new mapping should focus on the lateral continuity of the Central Nevada
thrust belt. For example, the Golden Gate thrust in the Golden Gate Range terminates to
the north in a fold (Armstrong and Bartley, 1993). Do other contractile structures also
terminate along strike in this region, or is the Golden Gate termination an isolated
phenomena? Taylor and others (1993) summarized considerable structural work in central
Nevada, but their between-range thrust correlations are limited (e.g., correlation of the

Golden Gate and Mt. Irish thrusts). Are more comprehensive correlations unwarranted
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because of discontinuities within the thrust belt? An overall picture of the thrust belt will
only emerge through continued field work in this region.
CONCLUSION

The Stirling Mine thrust and trains of folds in the northwestern Spring Mountains are
manifestations of a single once-continuous fault called the Kwichup Spring thrust. The
Stirling Mine segment of the Kwichup Spring thrust involves at least 1.4 km of
stratigraphic throw. Fold trains in the Johnnie Formation to the west and south of the
Stirling Mine fault formed during movement on the Kwichup Spring thrust. Along much
of its length, the Kwichup Spring thrust was reactivated or excised by the Diebert normal
fault.

Correlation of the Kwichup Spring and Montgomery thrusts is supported by the
continuity of stratigraphic units between the northwestern Spring Mountains and the
Montgomery Mountains as well as the overall structural similarity between the Stirling
Mine and Montgomery thrusts. The correlation of these two thrusts requires modification
of the thrust belt reconstructions of Snow (1992) and Snow and Wernicke (in press).
However, both modified thrust belt reconstructions presented in this paper still support
large (>115 km) west-northwest translation of the Panamint Mountains with respect to the
Spring Mountains. Correlation of the Kwichup Spring thrust with the Pintwater thrust
north of Las Vegas Valley bolsters claims of large-scale extension in that region as well.

Correlation of Permo-Triassic structures in the Cottonwood Mountains with structures
in the northwestern Spring Mountains and Specter Range shows that some contractile
structures in central Nevada are probably Permo-Triassic. These structures may constitute
a Permo-Triassic foreland thrust belt which developed inboard of the Golconda allochthon

during emplacement of the allochthon onto the continental margin.
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APPENDIX 4 - A MEASURED SECTIONS
Location S-1

Spring Mountains section, measured along ridge crest 4.7 km northeast
of the Johnnie mine, Mt. Schader and Point of Rocks 7.5’ quadrangles,
sec. 3, T.17S., R. 53 E.

[Measured by M. J. Abolins, May 1996]

Johnnie Formation
Zju upper member (incomplete) -

15. Siltstone, purple, massive, cross-bedded from 1.25m
above base to top of unit; unit capped by orange limestone
which is a flat-pebble orange limestone-clast conglomerate
in its uppermost part

8.5m

14. Oolitic limestone, tan, upper 20cm
is reddish brown and contains pebbles and cobbles
of underlying tan oolite

1.4m
Zjm2 middle member unit 2
13. Siltstone, blue gray, fissile
3.2m

12. Siltstone, blue gray, fissile, very thin bedded
to medium bedded, parallel laminated; sub-millimeter
goethite blebs throughout, cubic goethite pseudomorphs
after pyrite are up to 2mm in places

34m
11. Quartzite, very light gray

im
10. Siltstone, gray and brown, fissile, finely laminated

20.5m

9. Quartzite, very light gray, medium to coarse grained at base,
coarse at top, sub-rounded grains, bedding obscure
(thick bedded or massive); millimeter goethite blebs;
28.5m
8. Siltstone and minor sandstone; siltstone, brown, coarse,
fissile and laminated in places; sandstone, very fine,
20 cm beds; unit poorly exposed
55m
7. Quartzite, very light gray, fine grained, contains goethite blebs;
13.6m
6. Mostly covered; in part, siltstone, gray, fissile, finely laminated;

unit recessive
8.5m

5. Quartzite, gray
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6m
4. Mostly covered; in part, siltstone, brown, fissile;
unit recessive
13.5m
3. Dolomitic sandstone and quartzite, dolomitic sandstone
in one meter beds; quartzite, fine, 2.5m at base of unit
ém
2. Dolostone, gray, much of it oolitic
30m
1. Mostly covered; at top, siltstone, gray and reddish brown, phyllitic;
at base, siltstone, brown, phyllitic
12m

Total of Zjm2 231.7m

Location S-2

Johnnie Wash section, measured along ridge crest 2.8 km east-northeast
of the Johnnie mine, Mt. Schader 7.5’ quadrangle,
southeastern quarter sec. 16, northeastern quarter sec. 21, T. 17S., R. 53 E.

[Measured by M. J. Abolins, April 1996]

Stirling Quartzite
A member (incomplete) -
2. Quartzite; pink-purple; medium grained; grains sub-rounded;
occassional black and red chert pebbles; thin bedded
Unmeasured
1. Quartzite; very light gray; finely crystalline; massive
28.5m
Johnnie Formation
Zju upper member (incomplete) -
22. Phyllitic siltstone; light green to tan brown
becoming more gray down-section; coarse;
very thin to thin bedded; breaks apart in slabs;
Unit contains at least one 20cm+ bed
of tan medium grained sandy limestone-clast
flat-pebble conglomerate about 40m above base;
upper 16.5m are largely buried by Stirling talus;
contact with Stirling not observed
82.5m
21. Siltstone and minor limestone;
Siltstone, purple; top of unit is a flat-pebble
limestone-clast conglomerate;
base of unit is 1.5m of parallel laminated siltstone;
thickness of individual limestone beds decreases
up-section from 40cm near base to 10cm near top;



20.

19.

18.

17.
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sandy limestone beds near top of unit are clearly limestone-clast
flat-pebble conglomerates
22m
Siltstone and minor quartzite; siltstone, blue gray,
very thin bedded, possibie rain drops;
quartzite, gray, fine grained 5-30cm beds,
largely in upper part of unit; 80 cm of parallel laminated
fine purple-brown quartzite at base
30m
Siltstone and minor limestone;
Siltstone, purple; sandy limestone-clast flat-pebble conglomerate
in upper 55m of unit; only intact limestone beds in the lower 35m
90m
Siltstone, purple, massive, parallel laminated
15.5m
Oolitic limestone, coarsens upward; tan, upper 30cm
is reddish brown and contains cobbles of underlying tan oolite
2.2m

Total of upper member 242.2m

Zjm2 middle member unit 2

16.

15.

14.

13.

12.

11.

10.

Siltstone, blue gray, fissile

3.2m
Siltstone and minor quartzite; siltstone, brown, fissile,
poorly exposed

60m
Quartzite, very light gray, fine, contains goethite blebs;
unit may include some siltstone; poorly exposed

16.5m
Siltstone, brown, poorly exposed

16.5m
Siltstone, blue gray and brown; at least one 30cm dark
brown gray dolostone bed 9m above base of unit;
poorly exposed

75m
Quartzite, fine grained, very thin bedded; contains goethite blebs;
fissile gray siltstone in uppermost meter of unit

15m
Siltstone, tan, parts irregularly (not phyllitic)

3.5m

9. Quartzite, medium to coarse grained; very thin bedded

3m

8. Dolostone, gray and in places reddish brown, coarsely crystalline,

oolitic at base, thick bedded
6.5m

7. Quartzite and dolomitic sandstone, fine to medium grained,

dolomitic in upper .5m
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3m
6. Dolostone, tan, fine grained, bedding indistinct

3m
5. Dolostone, gray, coarse, massive

5.3m
4. Oolitic dolostone, reddish brown, coarse

(some ooids larger than 1mm)
.7m

3. Dolomitic sandstone and minor sandstone, dark tan to chocolate,
sandstone layers up to 5cm thick, thin dark resistant lamina
spaced .5 to 1cm apart

3m

2. Quartzite and siltstone, coarsens upward from siltstone at base

to fine quartzite at top, thin bedded
1.5m

. Siltstone, phyllitic, tan, brown, white, and reddish brown;
poorly exposed

—

22.5m

Total of Zjm2 238.2m

Location S-3

Hill 1268 section, measured in wash and along ridge crest south of 958T,
Point of Rocks7.5’ quadrangle, southeastern quarter sec. 25,
northeastern quarter sec. 36, T. 16S., R. 52 E.

[Measured by M. J. Abolins, April 1996]

Johnnie Formation
Zju upper member -
25. Siltstone and minor limestone-clast flat-pebble conglomerate;
siltstone blue-purple; poorly exposed
165m
24. Siltstone and minor limestone-clast flat-pebble conglomerate;
siltstone, purple;
30m
23. Siltstone and minor limestone-clast flat-pebble conglomerate;
siltstone, purple;
45m
22. Siltstone, purple; capped by 30cm orange pink-purple limestone,
weathers tan, parallel laminated at base
9m
21. Oolitic limestone, 1mm ooids, 3cm reddish brown top
1.5m

Total of upper member 250.5m
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Zjm2 middle member unit 2
20. Mostly covered; siltstone, dolomitic sandstone,
and quartzite; blue siltstone in uppermost part of unit

63m
19. Quartzite, capped by 20cm tan dolostone;
base of unit poorly exposed
15m
18. Siltstone, poorly exposed
3m
17. Dolostone and siltstone, interbedded dolostone
and siltstone, dolostone beds each 50cm thick;
unit capped by 50cm dolomitic sandstone;
1.25m of siltstone at base
7.25m
16. Siltstone capped by 50cm tan dolostone
4.75m

15. Siltstone and minor quartzite; siltstone, biue and tan,
quartzite in 1m beds
52m
14. Dolostone, tan-olive, individual beds indistinct
2m
13. Quartzite, very light gray, coarse grained, cross bedded,
thin bedded; goethite blebs
12m
12. Covered, recessive; siltstone?
25.5m
11. Dolostone, quartzite, and dolomitic sandstone;
dolostone, tan and olive, 50cm beds; 5-10cm quartzite interbeds;
75cm of dolomitic sandstone at base and in a bed 4m above base

ém
10. Siltstone, poorly exposed
7.5m
Total of Zjm2 198m

Zjm1 middle member unit 1 -
9. Quartzite and minor siltstone; quartzite fine to medium grained,
laminated in places, goethite blebs;
20cm tan dolostone 47.5m above base;
15cm tan dolostone 66.5m above base
168m
8. Quartzite and siltstone; quartzite very fine, beds up to 75cm;
thickly laminated; siltstone, coarse, fissile,
in places reddish brown; goethite blebs
44m
7. Siltstone, 35cm very fine quartzite with goethite blebs
7.5m above base
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21m
6. Siltstone, capped by 50cm of olive brown to light gray dolostone
resting on 30cm of very fine sandstone
6m
5. Dolostone and sandy dolostone; from top to bottom:
im of maroon and olive dolostone,
25cm of darkly varnished sandy dolostone,
25cm of maroon and olive dolostone
1m of sandy dolostone in 5-10cm beds;
very fine sandstone
2.5m
4. Siltstone and quartzite; silistone, fissile, white and maroon,
goethite blebs; interbedded quartzite, very fine,
with goethite blebs; prominent indurated 40cm coarse siltstone
at base
20m
3. Siltstone, tan, coarse grained, .5cm partings
10m
2. Covered, recessive; siltstone?; 25cm tan and brown-gray
dolostone at top, thickly laminated in places

19m
1. Dolostone, olive gray and tan, dark gray when fresh,
finely crystalline, a few 1-5cm chert layers
~13m
Total of Zjm1 293.5m

Location S-4

Hill 1066 section, measured on south and southeast flank of 1066,
Point of Rocks 7.5’ quadrangle, western half sec. 31, T. 16S., R. 53 E.

[Measured by M. J. Abolins, April 1996]

Johnnie Formation
Zju upper member -
22. Grayish orange oolitic limestone
with 5cm maroon bed at top; finer at base
with .5cm pellets
1.6m
Zjm2 middle member unit 2

21. Purple-blue siltstone
3m

20. Green relatively resistant siltstone with some



19.
18.

17.

16.

15.

14.

13.

12.

11.

10.
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maroon and white siltstone at top;
quartzite has 1-2cm partings in places;
cross-laminated in places

Fine quartzite and dolomitic sandstone

Dolomitic sandstone and light bluish gray siltstone

Fine quartzite with mm-scale cross laminations;
“knobby” appearance; blue-gray color; sub-mm

goethite blebs

Tan and maroon fissile siltstone;

may be much thinner than measured here;
brown and occassionally very light gray
Blue-gray fine quartzite

Blue fissile siltstone

Maroon and very light gray fissile siltstone
with some army green siltstone

in middle

Maroon and very light gray fissile siltstone
with some brown fine quartzite in middle

Blue gray fine quartzite with 15cm dolomitic
sandstone layers

Florescent green fissile siltstone

9. Very light gray and maroon fissile siltstone

8. Olive green-gray dolostone; ~75cm beds

with cherty and fissile silty partings

7. Olive green siltstone; fissile in places

but also in 20-50cm beds; 50cm dolomitic
sandstone with “swiss cheese” appearance

(1cm spots) 3m below top; dolomitic sandstone

27m
24m

3m

4.5m

7.5m

14.5m

4.5m

7.5m

am

2.5m
3m

15m

4.5m

underlain by at least 1m of maroon and white siltstone

6. Tan to olive dolostone; bedding indistinct;

cherty or sandy partings; dolostone overlain
by 30cm dolomitic sandstone

5. Very light gray and maroon fissile siltstone

15m

3m
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with abundant sub-mm goethite blebs
at top of unit; 15cm orange-brown dolostone
6.5m above base of unit

25m
4. Fine quartzite
ém
3. Tan and olive gray dolostone in 30-50cm beds
with 3mm laminations
4.5m
2. Very light gray siltstone; stained maroon in places;
sub-mm goethite blebs
3.5m
Total of Zjm2 186.5m

Zjm1 middle member unit 1 (incomplete) -
1. Poorly exposed interval; probably mostly fine
sandstone with some siltstone and fine quartzite
at top; 1cm goethite blobs impart “swiss cheese”
appearance to some of the cleaner quartzite;
30cm dolomitic sandstone with black resistant lamina
5.5m above base; 30cm tan dolostone
6.5m above base
35m

Location S-5

Hill 4057 section, measured along ridge crest west of 4057,
Mt. Schader 7.5° quadrangle, southern half sec. 6,
northemn halfsec. 7, T. 17S., R. 53 E.

[Measured by M. J. Abolins, April 1996]

Johnnie Formation
Zju upper member (incomplete) -
15. Grayish orange oolitic limestone;
1.5m
Zjm2 middle member unit 2
14. Light bluish gray silty fine sandstone; fissile in part
but also blocky; also, very light gray fissile siltstone
with maroon and purple staining
siltstone, purple; 30cm of dark brown dolomitic fine sandstone
with dark resistant lamina as wide as 1cm about 30cm
about 50cm below top; ~10cm layer of dolomitic sandstone
at top; light bluish gray siltstone separates
the two dolomitic sandstones
26m
13. Fine quartzite and, in places, coarse fine quartzite;
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quartzite has 1-2cm partings in places;
cross-laminated in places
12. Siltstone and fine quartzite
11. White and maroon fissile siltstone
10. Fine quartzite with goethite blebs; 1-2cm partings
9. Poorly exposed recessive fissile siltstone;
may be much thinner than measured here;
brown and occassionally very light gray
8. At least 4 beds of dolostone separated
by silty intervals; beds up to 75cm thick;
lowest bed ~10cm thick; dolostone contains
quartz veins and possibly some chert;
dolostone laminated on the cm-scale in places

7. Siltstone with 30cm of dolomitic sandstone
3.5 m above base

6. Fine quartzite with 1-2cm partings |

5. Brown and light bluish gray siltstone
and fine quartzite; poorly exposed

4. Tan to tan-gray dolostone
3. Tan fissile siltstone
2. Brown and olive gray dolostone;

contains sandy layers and brown laminations;
individual beds 10-40cm

Total of Zjm2

1. Quartzite

10.5m

3m
4.8m

16.5m

65.5m

6m

6m

22.5m

21m
1.5m

43.5m

1.5m
228.3m

unmeasured
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Location S-6

Hill 3231 section, measured along ridge crest east of 3231,
Mt. Schader 7.5’ quadrangle, southeast quarter sec. 12,
T.175., R 52 E.

[Measured by M. J. Abolins, April 1996]

Johnnie Formation
Zju upper member (incomplete)

22. Grayish orange oolitic limestone; finer at base
than at top
1.6m
Zjm2 middle member unit 2 (incomplete) -
21. Very light gray fissile siltstone; stained maroon
and tan in places; blue gray siltstone NOT present
immediately under oolite; 1-2mm goethite blebs
common
15.5m
20. Gray-green fissile siltstone with 10-30cm parallel
laminated siltstone beds
9m
19. Poorly exposed brown, maroon, very light gray,
and purple varicolored siltstone; fissile
14m

18.

17.

16.

15.

14.

13.

Dirty brown dolomitic sandstone
and light bluish gray quartzose siltstone;
light bluish gray siltstone parting on cm-scale;
dolomitic sandstone in 10-30cm beds;
dolomitic sandstone is quartzose at base in places

14m
Purple siitstone with goethite blebs and fine quartzite
with goethite blebs; quartzite has .5cm-scale laminations

13m
Fissile siltstone with a 20cm thick fine quartzite layer
near the middle

7.5m
Quartzite, laminated fine to medium with pinkish color;
sub-rounded grains

18m
Fine quartzite and siltstone with fissile very light gray
and yellow siltstone at top

26m
Siltstone and possibly some fine quartzite

15m
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12. Light gray to orange gray dolostone;
possibly in two beds of about equal thickness;
cherty laminations near top of lower bed

2.5m
11. Poorly exposed and recessive;
siltstone and fine quartzite?
5.5m
10. Tan fissile siltstone
43.56m
9. Darkly varnished sandy dolostone
with “knobby” appearance; capped by 50 cm
of tan dolostone
1.6m
8. Fissile siltstone with 10-30 cm interbeds
of fine quartzite in middle of unit
10.5m
7. Fine quartzite with goethite pseudomorphs;
cross-laminated in upper part
16.5m
6. Very fine quartzite; very light gray when fresh;
numerous sub-mm goethite pseudomorphs;
1-10cm partings
11.5m
5. Fine quartzite with sub-mm goethite blebs;
cm-scale laminations in part
1.56m

4. Recessive and poorly-exposed; float indicates
very light gray and very fine siltstone;
at top, siltstone with sub-mm goethite blebs
in cm-scale beds thickening upsection to dm-scale
15m
3. Light gray, tan, and orange-brown dolostone
bedding difficult to discern (if present at all);
dark gray and finely crystalline when fresh
3.5m
2. Recessive and poorly-exposed;
based on float, probably very light gray fissile
very fine siltstone or mudstone;
stained orange in places
27m
1. Olive gray and tan dolostone in 30cm beds;
dark gray fine crystalline appearance on fresh surface;
underlain by a few cm of tan dolomitic siltstone
4m

Total of Zjm2 274.5m
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