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Figure 4.1-15a
Cation Ternary Piper Diagram for Early Warning Drilling Program Water Samples
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Figure 4.1-15b
Anion Ternary Piper Diagram for Early Warning Drilling Program Water Samples
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Figure 4.1-16a
Sulfur Isotopes of Sulfate and Dissolved Sulfate Concentration for Selected
Early Warning Drilling Program and Other Water Samples
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NOTE: Legend is the same as in Figure 4.1-16a.

Figure 4.1-16b
Stable Carbon Isotopes of Bicarbonate and Dissolved Bicarbonate
Concentration for Selected Early Warning Drilling Program Water Samples
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Figure 4.1-17
Stable Isotopes of Water for Selected Early Warning Drilling Program
and Other Water Samples
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Figure 4.1-18
Water Level Variations in NC-EWDP-9SX for Various Time Periods
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Figure 4.1-19
Trace Element Distribution, NC-EWDP-19D
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Figure 4.1-20
Watershed/Hydrographic Basin Boundaries
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Figure 4.1-21
Recharge to and Discharge from Amargosa Desert
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The valley-fill deposits comprise & number of geologic materials with
conirasting hydraulic characieristics. Praferential pathways for flow
include channe! deposits in otherwise fine grained sediments, interca-
[ated wolcanic units, freshwater limestone, fractured conglomerate,
and, at the top of the sequence, alluvium, Groundwater flows through
the valley-fill deposits from the recharge sources toward the central
valiey floor and then into the southem part of the basin whera it is
either lost to evapotranspiration or discharge to downgradient areas.
Most groundwater usad in Amargosa Desert for agriculture, mining,
and domestic purposes is pumped from wells that penetrate the allu-
wilm and upper most porbions of the Tertiary valley-fill deposits.

In the Ash Meadows area, ground water derived from the east and
northeast flows through the permesble carbonate basement rocks
and rises to the surface near the fault contact with the thick valley-fil
sediments to the west, Significant spring discharge ocours in this
area. Some leakage acress this contact may be occurring,  In the
geologic past, this discharge of thiz nature occurred elsewhere in the
basin, Since that time, the climate has dramatically changed resulting
in a lowering of the water table and leaving fine-grained deposits at
the locations where groundwater once flowed at the surface.

Between the mountainous areas, the basement is overain by thick
sequences of Tertiary volcanic rocks andler valley-fill deposits. The
valley-fill deposits are recharged primarily by lateral flow fram the
voleanic rocks and basement rocks along the mountain fronts and by
upward |eakage along geologic structures,  Limited recharge occurs
over reaches of Fortymile Wash and from precipitation over discharge
areas

The basement rocks have been disrupted by a complex history of
tectonic activity. Some geologic structures provide avenuss for sig-
nificant quantities of groundwater flow. Other structures juxtapose tha
basement rocks against fine-grained sediments resulting in shallow
groundwater conditions upgradient of the contact, such as at NC-
EWDP-1DX. These structures divide the basement into sub-areas or
compartments. Claslic rocks serve as barriers in some areas of the
bazement rocks, resulling in further compartmentslization. Morth of
Amargosa Desart, the basement rocks are burled under thick voleanic
sequences gnd are probably not significant aquifers. 1t | inferred that
many of the structures that serve s compartment boundaries also act
ae conduits for the leakage of groundwater from the basement rocks
inte the valley-fill deposits. The magnitude of this leakage is not
known but could be appreciable.

—“ZmMEmMnErm

The pra-Cenozoic basement rocks underlying Amargosa Desert re-
ceive large quantities of groundwater recharge from the Springs
Mountains and Sheep Range, and lesser quantities of recharge from
the upland areas north of the Nevada Tesl Site, the Bullfrog Hills, the
Funeral Mountains, and portions of Crater Flat. Deep basins within
the basement surface, such zs the Amargosa Trough, were probably
filled with lakes during early Tertiary time. Discharge from the base-
ment rocks occurs as springs, leakaga into overying volcanic rocks
and valley-fill sediments, and possibly via deep underflow info down-
gradient areas such as Death Valley, The quantities of recharge,
discharge, and underfiow are not well defined.

Figure 4.1-22

Preliminary Hydrogeologic Conceptual Model of Amargosa Desert
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Halocene (10,000 bp to present) Continued alluvlal deposition Pliocene — Present
Pleistocene (1.6 MA to 10,000 bp) Alluvium and marsh sedments de QEIII‘?I:' in cantral
Amargosa Desert. Basallic volcanism northwest of Lathrop Wells. Six mi® Ash Mead-
ows Lake in Amargosa Flat area (Crystal), Amargosa Deserd, Jackass Flats, and west-
erm Crater Flat become qulescent.

Plivcene (1.6 o 5.3 MA) Deposition of alluvium, colluvium, graved, imesione, and the
Basalt of Crater Flat,

Miocene (5.3 to 22.7 MA) Ash flow and bedded tuff volcanics deposited as Thirsty Can-
on Greup, Fortymile Canyon assemblage, Timber Mountain Grouwp, Paintbrush Group, |
alico Hills Formation, Wahmonie Formation, Crater Flat Group, Belted Range Group,

and older tuffs, Quartz-latite dikes at Bare Mountain, Sedimentary rocks deposited as

Rocks of Joshua Hollow. Volcaniclastic |lacustnne sediments deposited thal may be

equivalent to Rocks of Pavits Spring,  Conglomerate, sandstane, limestone, ash depos-

ited in some areas as Amaﬂ'gﬂrﬁa Valley Farmation. Sasin and Range faulting resulting In
uplit of Bare Mountain and Funeral Mountains, Spotted Range-Mine Mountain Structure

Fureral Mauntains detachment {0 to 7.5 MA). Death Valley detachment system (12.7 to

7 MA), Begin basaltic volcanism (11 MA). Development of southwestern Mevada vol-

canic field results in wolcanio pile from five major episodes of emuptions, foflowed by pos-

sible post-eruption deflation (15 to 7.5 MA). Development of north-south trending basins
or froughs (by 15 MA). Pre besin and range extension, crustal thinning, continued shear

{Cligocena lo Middle Miocene). Shear with associated dextral and sinistral faulling

along the Walker Lane, Rock Valley, and Lae Vegas Valley shear zones and the Fur-

nace Creek Fault Zons (Early Miocene). Basins develop in norbwest and southem

Amargosa Desert (26 to 18 MA).

Ohgocene (23,7 to 36.6 MA) Volcaniclastic lacusirine sediments deposited that may be
equivalent io Rocks of Pavits Spring, lacustrine imestone that may be equivalent to
Horse Spring Formation in Mercury Valley, and landslide breccias, Diorite dikes at Bare
Mourtain. Velcanic eruptions sast and north of Yucca Mouniain (Late Oligocene).
Extensional faulting forming basins in Paleozoic surface.

Mo Epcene (36.6 1o 57.6 MA) or Paleocene (578 to 66 4 MA) units have been identified
in the Amargosa Desert basin.

Mo Cretaceous (654 1o 144 MA) or Jurassic (144 to 208 MA) deposition except
megabreccia. Triassic (208 fo 245 MA) plutonic rocks intruded on the Nevada Test Site
outside of Amargosa Desert basin. Granite sills at Bare Mouniain. Sewvier Orogeny —
Morth to Mortheast rending fold-thrust system with associated folding. Belted Range.
CP, and Spotted Range thrusts and possible synclinorial basin,

Permian-Pennsylvanian (245 fo 330 MA) Carbonate province rocks deposited as the
Tippipah Limestone.

Missigsippian (230 to 360 MA) Termigenous detrital province rocks deposited as the El-
eana Farmation and unnamed units, Antler Orogeny — Deep water deposition of clastics
in a foreland basin east of the Antler orogenic belt. Resulted in deposition of Eleana
Formation and equivelents that comprise the upper clastic aquitard.

Devonian (360 to 408 MA) Carbonate and quarizite province rocks deposited as Devils | [Mississippian
Gate Limestone, Mevada and Fluorspar Formations, and unnamed unis.

Silurian (408 10 436 MA) Dolomite province rocks deposited as Roberts Mountain
Formation and Lone Mountain Dolomite. v

Ordovician (#38 to 505 MA) Carbonate and quartzite province deposited as Ely Springs
dolomite; Eureka Quartzite, and Pogonip Group.

Mid to Upper Cambrian (505 to 540 MA) Carbonate province rocks deposited as Nopah, ||Precambrnian — Devonlan
Bonanza King, and Carrara Formations underiain by siltstone, carbonate and quartzite

province rocks deposied as Zabriskle Quartzite and upper Wood Canyon Fermation

Late Precambrian to Lower Cambrian (540 to 500 MA) Phyllitic sitsiona, conglomerate,
limestone, amd dolomite deposited as lower Wood Canyon Formation, Stirling Quartzite,
and Johnnle Formation

Source: Based primarily on Burbey (1997), Stewart (1980), and DOE (1998)

Figure 4.1-23
Summary Geologic History of the Evolution of Hydrostratigraphic Units
of the Amargosa Desert
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