Objectives:

«To create detailed geologic maps of the northern Sand Springs Range (hSSR) and
Slate Mountain (SM) of the Sand Springs assemblage at a 1:8000 scale.

*To collect fault kinematic data.

«To describe orientations of map-scale folds.

«To construct cross-sections for the two map areas including a tied grid of cross-
sections for the nSSR in order to model the subsurface.

*To revise previously published sequences of events based on geologic mapping
and to confirm sequence correlation between the two map areas.

«To correlate deformation events across the Sand Springs assemblage and into
nearby assemblages.

Methods:

«Completed field mapping using handheld GPS and Brunton compasses over two
field seasons (August 2015 and June 2016) totaling three weeks.

«Extrapolated mapped contacts using satellite imagery.

*Used field measurements to create cross-sections including a tied grid for the
northern Sand Springs Range.

*Analyzed thin sections with petrographic microscopes to complete rock descriptions
and correlate units in the two map areas.

«Constructed stereonets to show deformation phases and correlations with
surrounding terranes.

o,
\&®

,%? Sand Springs

Gold Range

Regional Map of west central Nevada showing the locations of the northern Sand Springs Range (nSSR, in rectangle),
Slate Mountain (SM, in triangle), and northern Wassuk Range (nWR, in circle). Major lithotectonic assemblages and their
bounding faults are also shown. The nSSR and SM are in the Sand Springs assemblage (in yellow) of the Luning-
Fencemaker Fold and Thrust Belt (LFTB) and the nWR s in the Pine Nut assemblage. Modified from Oldow et al. (1993).

Northern San Springs Sierra Nevada
Jacob Jarvis and Sean Czarnecki Joseph Satterfield
Lower Plate Upper Plate Pine Nut Assemblage

D1

D2

Pine Nut Assemblage
N

D3

Stereonets show three deformation events in the northern Sand Springs Range and two correlative events in the Pine Nut
assemblage. D1 is a pre-LFTB deformation event found in both assemblages. D2, LFTB first-phase folding and faulting, is
present in the Sand Springs assemblage but not in the Pine Nut assemblage. Nothwest-trending D3 folds overprint earlier
structures in both assemblages.
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SLATE MOUNTAIN AND NORTHERN SAND SPRINGS RANGE, NEVADA GEOLOGIC MAPS CLARIFY KEY CROSS-CUTTING RELATIONS IN THE CORDILLERAN HINTERLAND

Sean Czarnecki, Jacob Jarvis, Darren Garcia, and Joseph Satterfield, Department of Physics and Geosciences, Angelo State University

Geologic Map of the Northern Sand Springs Range, Churchill County, Nevada
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Department of Physics and Geosciences, Angelo State University, September 2016
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Tied grid of cross-sections at a 1:8000 scale (same as map scale). No vertical exaggeration. Dashed lines are metamorphic foliation (S1) form lines. A-A, B-B’, C-C’, and D-D’ are views to the east and show the D2
folding of the thrust fault and D1 foliation within MzPzfm and MzPzas. These sections also show that sills intruded subparallel to foliation, that Kap pooled at the central klippe thrust, and that the Summit King fault cross-
cuts the youngest units in the map area (Tb and Trt). E-E’is a view to the north showing the broad D3 folding of the thrust and of D1 foliation within MzPzfm and MzPzas as well as Tb overlapping the thrust fault.

MAP UNIT LEGEND

Alluvium and alluvial fan deposits (Quaternary). Unconsolidated
sand, gravel, and mud in active and recently active stream channels and
alluvial fans mapped via satellite imagery. Alluvium identified by flat
topography in topographic lows. Alluvial fans identified by gently sloping
rises along range fronts at canyon mouths.

Quaternary

Rhyolitic tuff (Oligocene and/or Miocene?). White crystal-lithic tuff
which weathers gray and is locally altered to light green. Interbedded with
a basalt unit (Tb). Contains 40 — 50% mostly < 0.1 mm (but up to 2.0 cm),
subhedral and euhedral quartz and albite crystals, trace < 2 mm biotite
and subhedral hornblende crystals, and 2.0 — 40 mm fiamme defining a
compaction foliation. A highly fractured and friable slope-former. Primarily
exposed north of Summit King fault. Correlated with rhyolitic tuffs in the
southern Sand Springs Range dated at 25— 31 Ma (Satterfield, 2002).

Basalt (Tertiary). Dark gray porphyritic basalt which weathers dark
brown. Interbedded with a rhyolitic tuff unit (Trt). Contains 20 — 30% 0.5 —
5.0 mm distinctive “fishscale” plagioclase phenocrysts. Smaller
plagioclase crystals locally define flow foliation. Resistant cliff-former.
While previously mapped as Jurassic — Tertiary basalt (Page, 1964) or
Jurassic — Cretaceous basalt (Satterfield, 1995), the Tertiary age is
constrained by interbedding with likely Oigocene — Miocene tuff and by
overlapping a thrust fault.

Basaltic lava of Slate Mountain (Tertiary). Rust red-orange to black-
weathering porphyritic basalt. Locally silicified. Phenocrysts include 60%
0.5 — 2.0 mm pyroxene and 3% plagioclase. Resistant unit forms low
foothills.

Rhyolite intrusions (Tertiary). White to cream to tan porphyritic rhyolite
mostly in E-W trending sills. Contains < 90% 0.4 mm quartz phenocrysts in
an aphanitic quartz matrix which includes trace muscovite and
plagioclase. Resistant unit forms low linear ridges and cliffs. Rhyolite
intrusions cross-cut Cretaceous granite.

Granitoid plutons and shallow intrusions (Late Cretceous).
Granitoids including white tonolite which weathers off-white to brown.
Sample 081915-6 from the Sand Springs Pluton contains 50.5% 1.0 - 8.0
mm plagioclase, 19.5% 1.0 - 4.0 mm quartz, 20% biotite, 6.5% untwinned

feldspar, 2.5% microcline, and trace apatite and opaques (point count by
William White, Angelo State University). Not deformed. Oriented biotite
crystals locally define a magmatic foliation parallel to pluton margin. The
Sand Springs pluton (largest intrusion) forms high rounded peaks, though
two smaller intrusions are slope-formers. Small pluton in western klippe
dated =80 Ma (Satterfield, 2002). Sand Springs Pluton dated 67 - 82 Ma.

Aplite intrusions (Late Cretaceous?). Gray to dark gray, cream- to tan-
to brown-weathering aplite sills. Consists of 60% 1.0 — 3.0 mm plagioclase
and 40% 1.0 — 3.0 mm quartz crystals. Resistant unit forms low ridges and
cliffs. Aplite intrusions cross-cut Cretaceous Sand Springs pluton.
Phaneritic texture, lack of penetrative deformation, and similar
composition to dated Sand Springs pluton supports Late Cretaceous age.
Finer grained than other Cretaceous intrusions in the Sand Springs Range
due to emplacement as shallow sills.

Cretaceous

Diorite intrusions (Late Cretaceous?). Gray to black porphyritic diorite
sills. Contains 6 mm hornblende phenocrysts and opaque minerals in a
0.5 mm anorthite matrix. Resistant unit. Phaneritic texture and lack of
penetrative deformation suggests diorite is related to dated Cretaceous
granitoid plutons.

Quartz porphyry intrusions (Middle — Late Triassic). White, cream,
and light tan quartz feldspar porphyry which weathers gray to black and
displays a metallic sheen on some surfaces. Contains 5% distinctive 3 mm
quartz “eyes” and trace feldspar phenocrysts in a recrystallized aphanitic
matrix. Penetrative foliation defined by white mica, biotite mica, and
quartz. Sparse garnet porphyroblasts described in this unit (Satterfield,
1995). Somewhat resistant unit is expressed as low mounds and is
exposed on slopes. A quartz porphyry intrusion in the southern Sand
Springs Range was dated at 237 Ma (Satterfield, 2002).

Triassic

white biotite quartz-rich granitoid, weathers dark tan to dark brown.
Contains 10% 1.0 - 2.0 mm feldspar, 35% 0.5 - 4.0 mm biotite, and 55% <
2.0 mm quartz crystals. Aligned biotites define foliation and lineation.

Foliated marble (Mesozoic and/or Paleozoic). White and gray foliated
and banded marble consisting of white bands of < 3.0 mm calcite crystals
alternating with gray bands of 0.18 — 0.25 mm calcite crystals. Contact
metamorphism from Cretaceous and Tertiary intrusions locally obliterates
metamorphic foliation. A ridge-former primarily exposed on klippen. Age
constrained by Late Cretaceous granitoids crosscutting D1 which
deformed foliated marble.

Andalusite schist (Mesozoic and/or Paleozoic). Dark gray andalusite
schist and subordinate thin muscovite quartz schist and marble interbeds.
Map unit is interbedded with MzPzqgs. Andalusite schist contains
andalusite porphyroblasts in a matrix of graphite, biotite, and quartz.
Metamorphic foliation produces fissility and wraps around porphyroblasts.
Samples from the northern Sand Springs Range described by Satterfield
(1995) also contain garnet porphyroblasts. Original bedding locally
preserved by MzPzgs interbeds. Slope-former with poorly exposed
outcrops. Age constrained by Late Cretaceous granitoids crosscutting D1
which deformed andalusite schist.

Mesozoic and/or Paleozoic

Muscovite quartz schist (Mesozoic and/or Paleozoic). White to cream
to light-brown muscovite quartz schist which weathers light red to brown
interbedded with MzPzas. Contains 98% 0.35 — 0.50 mm quartz crystals
and trace muscovite. Original sedimentary bedding in meta-sandstone
locally preserved by MzPzas interbeds. Forms high ridges. Age
constrained by Late Cretaceous granitoids crosscutting D1 which
deformed muscovite quartz schist.

Biotite hornblende schist of Slate Mountain (Mesozoic and/or
Paleozoic). Light gray to green to black schist, weathers dark green to red
to black. Composed of 30% 0.2 - 2.0 mm quartz and 50% 0.5 - 4.0 mm
hornblende porphyroblasts in an aligned microcrystalline biotite matrix

which defines a D1 foliation. Contains stretched and flattened felsic
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Simplified geologic map showing isotopic dates and Cenozoic faults of the Sand
Springs Range and Slate Mountain area. Isotopic dates are identified by yellow
dots. The two geologic map areas are outlined. Kg: Cretaceous granite, MzPza:
Mesozoic and/or Paleozoic amphibolite facies, MzPzg: Mesozoic and/or
Paleozoic greenschist facies, Ti: Tertiary igneous.

Foliated and lineated granite (Mesozoic and/or Paleozoic). Black and 118°14’

Geologic Map of Slate Mountain, Churchill County, Nevada
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Strike and dip of compaction foliation (S,)

Strike and dip of metamorphic foliation (S, )

Trend and plunge of lineation (L,)

Axial trace of D2 fold

- Axial trace of D3 fold

Strike and dip of fault surface (S;) with rake
of slickenlines

Map unit contact

Map unit contact approximately located

Strike-slip fault

Strike-slip fault approximately located

High angle fault, ball on downthrown side

High angle fault approximately located, ball
on downthrown side

High angle fault covered, ball on
downthrown side

Thrust fault, teeth on upper plate

Thrust fault approximately located, teeth on
upper plate

Thrust fault which appears to cross-cut
intrusion, but in fact acted as an intrusion
propagation barrier, dashed where
approximate, teeth on upper plate

+ 0818151 Sample Location and sample number

Map unit contact covered

081

015-2 Tri 100X: Typical Tertiary porphyritic rhylolite sill. M
matrix with larger quartz and plagioclase crystals . The aphanitic texture of variation of calcite crystals that define foliation in the foliated marble. 2. Protolith of foliated granite of Slate Mountain intrudes meta-sedimentary protoliths before or during the Mesozoic.

the matrix supports a Tertiary age interpretation.
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The 1.0 - 3.0 mm quartz and plagioclase crystals in
this section and similar mineralogy suggest this and related aplite dikes alignment that defines the foliation in the andalusite schist. Andalusite
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View of the eastern klippe to the
east. The thrust fault is represented
as a thick line and can be seen to
be folded matching the NE
orientation of D2. At least five light-
colored Tri sills can be seen
approaching but ultimately
terminating just below the thrust at
the base of the cliff-forming
MzPzfm.
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Cross-section of Slate Mountain
View of the eastern klippe to the NE
showing a light-colored Tri sill
cutting across the thrust fault (thick
Darren Garcia black line, dashed where location
inferred) at the base of the cliff
Cross-section at a 1:8000 scale (same as map scale). No vertical exaggeration. Dashed lines are forming MzPzfm.

metamorphic foliation form lines. View to the northeast that shows D2 folding of D1 foliation within
MzPza. This section also shows the 1954 Earthquake fault cross-cutting the Quaternary fan
deposits.

Conclusions:

« Northern Sand Springs Range (hSSR) basalt (Tb) previously mapped as Jurassic-Cretaceous or Jurassic-Tertiary is interbedded with Tertiary tuff (Trt) and
overlaps the thrust fault.

« Cretaceous and Tertiary sillsinthe nSSR stop at, pool beneath, or cross-cut the folded low-angle fault, indicating this fault is Cretaceous or older.

« Three generations of pre-Cenozoic deformation have been identified within the northern Sand Springs Range and Slate Mountain.

« D1is apre-Luning-Fencemaker Fold and Thrust Belt (LFTB) syntectonic amphibolite-grade deformation event that is related to NW-trending D1 folds within
the northern Wassuk Range of the Pine Nut assemblage .

« D2and D3 inthe northern Sand Springs Range and Slate Mountain are deformation events correlated with the first two phases of LFTB deformation.

These findings lead to the following revised Sequence of Events for the Sand Springs assemblage:
1. Protoliths of meta-sedimentary and meta-volcanic units deposited before or during the Mesozoic.
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Larger crystals are white bands in hand sample, while smaller crystals are
gray bands. Credit: William White, Angelo State University.
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3. Triassic plutons, protoliths of meta-rhyolites, intrude meta-sedimentary protoliths. Relative timing of foliated granite and meta-rhyolite uncertain.

4. Sierran deformation (D1) folds and metamorphoses protoliths to amphibolite-grade metamorphic tectonites, resulting in a foliation (S1), stretching
lineation (L1), and mineral lineation (L1).

5. Early LFTB deformation (D2) begins to fold S1, then creates the thrust fault, then further folds S1 and the thrust fault with NE orientation.

6. Later Luning-Fencemaker deformation (D3) refolds S1 and thrust fault in broad map-scale folds oriented NW.

7. Cretaceous Sand Springs pluton and related granitoids passively intrude metamorphic tectonites.

8. Cretaceous sills intrude along foliation planes, pooling at thrust and cross-cutting Sand Springs pluton.

9. Tertiary sills intrude along foliation planes, cross-cut Cretaceous intrusions, and stop at or cross-cut the thrust fault.

10. All units uplifted and eroded.

11. Tertiary basalt lava flows and pyroclastic flows extruded. Basalt flows overlap thrusts.

12. Older Basin and Range and Walker Lane faulting.

13. Valleys eroded and Quaternary alluvium deposited.

14. Holocene Basin and Range and Walker Lane normal faults (Summit King fault and 1954 Earthquake faults) and right-lateral strike-slip fault (Red Top fault)

begin cross-cutting units and older structures.
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