LAUR- . - 866
| ;;;_i«»“"";Approvedforpub@rese,' ;53

distribution is unlimited.

Title: | A STRUCTURAL BLOCK MODEL FOR THE

THREE-DIMENSIONAL GEOLOGY OF THE
SOUTHWESTERN NEVADA VOLCANIC FIELD

Author(s): | Richard G. Warren
Gregory L. Cole
D. Walther
Submitted fo:

it

I

|

NATIONAL LABORATORY

Wi

\\\

:

|

LOS ALA!

i

I

Los Alamos

NATIONAL LABORATORY

L

|
)
i
A

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of Califomia forthe U.S.
Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S.
Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the
auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to
publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.

Form 836 (8/00)
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A STRUCTURAL BLOCK MODEL FOR THE
THREE-DIMENSIONAL GEOLOGY OF THE
SOUTHWESTERN NEVADA VOLCANIC FIELD

by R. G. Warren G L Cole and D. Walther

Purpose and Scope

To model the regional flow of groundwater within the southwestern Nevada volcanic
field (SWNVF) of the Nevada Test Site (NTS), the subsurface geology must be
described completely, even within regions where confidence in geologic
interpretation is low. This report provides a two-dimensional representation of
geologic structures that we consider the most significant within the SWNVFE.
Included are obvious, well known structures related to Basin-Range faulting or
caldera formation, as well as buried, conjectural structures that explain
discontinuities in mapped geologic units and/or distinctive features in regional
geophysical datasets. The intersection of these structures forms a veritable jigsaw
puzzle of structural blocks. Within each block, stratigraphic units are relatively
uniform in character, and each block has a unique structural history that differs from
that of its neighbors. The three-dimensional geology can be accurately constructed
when subsurface and geophysical data are both available, or crudely conceptualized
from geologic maps and geophysical data alone if drill holes have not been sited
within the block. We provide a three-dimensional representation for an area centered
on the Western Area 20 structural block. For all other blocks, we provide a summary
of important structural data to guide construction of a three dimensional
representation.  Finally, to apply our three-dimensional geologic model for
~ hydrologic modeling, stratigraphic units must be assembled, subdivided, or modeled
as hydrogeologic units. We provide tables that allow conversion of this geologic
model into a hydrogeologic model.






' Table 1. Descriptions for structural blocks of the SWNVF
Symbols for stratigraphic units are defined in Table 2, and in parentheses for hydrogeologic unit type in Table 6. Structural descriptions refer to general
elevations above Mean Sea Level for the top of the unit being described: structurally very high = >1500 m; structurally high = 1000 to 1500 m; structurally
intermediate = 0 to 1000 m; structurally low = <0 m, 7D is elevation at bottom of hole.

Location Strat, hydrogeol,
Block Code Description (km UTM) top elev (m) at
E N location
Saucer Mesa SAUM The block is structurally very high, north of the Grouse Canyon caldera (Ferguson et al,, 1994), | 557.1 | 4137.3 | Tbd (LF) >2200, Tbg
with Tbd and Tbg both wedging out at the northern edge of the block (Orkild et al., (EW) 1900, Tu (LF?)
1969;.Wahl et al., 1997). Tbd thickens to about 400 m near the caldera rim at the southern end 1750?
of the block. Tbg thins toward the caldera from a medial maximum thickness in the block, like | 557.8 | 4146.7 | Tbg (EW) 1920, Tq
Tm relative to the Timber Mountain caldera complex (Warren et al., 1985). Older rocks (EN) 1770, Tk (LF)
probably thicken towards the Grouse Canyon calders, considering the gravity (Figure 1), which 16002, pre-T 140077
indicates a southward dip for the pre-Tertiary surface.
Southern Kawich SKAV Structurally low. Thickness of alluvium and volcanics unknown. 569.1 | 4137.8 | Tm(EW) 150077,
Valley ' Tbd (LF), Tbg (EW),
Tu (LF), Tot? (EW),
Tk (LF)
Central Belted CBER Tk is structurally very high. 579.8 | 4142 Tub (EW) 2400, Tk
Range (TC) 2350, Te (EW)
. <1500
Southern Belted SBER _ | Post-Tub lavas, Tub structurally much lower than block to N. Possibly intracaldera Tub. Tbt 5773 | 41349 | Tbq (LF) >2200, Tbg
Range *| map unit of Sargent and Orkild (1973) is not Tub, but Tbq. (EW) 2040, Tuo (LF)
, 1920, Tub (EW?)
170077
Southeastern SEBR Structuraily high Tm through Tu. 5847 | 41324 | Tm(EW) 1770,
Belted Range Th/Tc (EN) 1650,
Tbg (EW) 1550, Tu
(LF) 1450
Emigrant Valley EMIV A deep gravity low (Figure 1) indicates a structurally low basin. Elevations for the pre-Tertiary | 599.6 | 4128.8
surface (Barnes et al,, 1965) indicate that this block is north-plunging. Relatively thick
volcanics are probably ponded within this basin, as Grouse Canyon Tuff and older units are
thickly accumulated within erosional or structural topographic depressions within adjacent
blocks to the west.
Northern Halfpint | NHAR Structurally very high pC and lower Paleozoic draped with thin volcanics, with the pre-Tertiary | 593.6 | 4112.6 | Tub (EW) 1730, To
Range ' surface slightly fower than in the Oak Spring Butte block to the west. Elevations for the pre- (EN) 1700, Te (EW)
| Tertiary surface are provided by Bames et al. (1965 and 1963). 1600, pre-T 1550
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Table 1 (continued). Descripfions for structural blocks of the SWNVF

Location Strat, hydrogeol,
Block Code Description (km UTM) top elev (m) at
E N location
Crater Flat CRFL Deep extracaldera basin as represented by USWVH2 (Carr, 1982), possibly intracaldera for Te | 537.7 | 4073.2 | QTa 974, Tf (LF)
and older units. 615, Tm (EW) 585,
Tp (EW) 379, Tc
. (EW)}-164, TD -245
Prospectors Pass PRPA Structurally high, S-dipping block. Possibly intracaldera for Tct and older units. 536.2 | 4091.5 | Tp (EW) 1650, Th
(EN) 1460, Tc (E?7W)
1440
Lower Beatty LBWA | Isostatic gravity (Figure 1) indicates that this block is structurally intermediate. This block 528.7 | 4089.9 | Tmrf(TC) 1260
Wash exposes only thin, extracaidera Tmr and underlying Tmrf. Tilts on Tmr are more gentle in this
block than in the Bare Mtn block adjacent to the south, where the volcanic section is detached
(Carr and Monsen, 1988), but both Tmr and Tmrf are only slightly structurally lower in the
Lower Beatty Wash block. Due to the structural similarity of the two blocks, it is very likely
that the volcanic section is also detached in the Lower Beatty Wash block, as shown in cross
. section B of Fridrich et al. (1999b).
Bare Mtn BARM | This block exposes structurally very high pre-Tertiary (Wahl ¢t al,, 1997; Streitz and Stinson, 530.1 | 4081.7 | Pre-T2100
1977), and detached volcanics on the northeast end (Monsen ¢t al., 1992; Maldonado, 1990;
Maldonado and Hausback, 1990; Carr and Monsen, 1988). Line A-A’ of Healey and Miller
(1965), paralie] to and about 3.5 km SE from the cross sectional line of this document,
estimates a maximum alluvium thickness between 670 and 1100 m for the unnamed basin west
of the Bare Mtn block.
Bullfrog Hiils BULH This block is structurally high. Tf through To is detached from pre-Tertiary in thin, generally 515.6 | 4086.7
. steeply E-dipping fault blocks (Maldonado, 1990; Maldonado and Hausback, 1990).
Oasis Mtn OASM This block is structurally high to intermediate, probably detached, but with Tma and Tf 522 4098.8 | Tma (EW) 1460
successively less rotated eastward by detachment.
Tracking Station TRAS This block is structurally intermediate. It is unknown if pre-Tertiary detached from Tm and 5162 | 4103.8 | Tk (LF) 1510
; older volcanics.
Sarcobatus Flat SAFL Isostatic gravity (Figure 1) indicates that this block represents an extracaldera basin with pre- 500.8 | 4096.5 | QTa 1250
Tertiary at intermediate structural levels. A sharp decrease in Bouger gravity (Healey et al.,
1978) indicates that the pre-Tertiary in this block has been downfaulted to substantially lower
elevations than in the Lower Tolicha Wash block adjacent to the east.
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Table 1 (continued). Descriptions for structural blocks of the SWNVFE

Block

Code

Description

Location

(km UTM)

E

N

Strat, hydrogeol,

top elev (m) at
location

Big Burn Valley

BBVA

Structurally very high Tm through Tn is similar to that of adjacent Southern Split Ridge block.
Pre-Tertiary is structurally high to intermediate, even though thick, possibly intracaldera Tor
occurs in ER19/1 (Warren et al.,, 2000), just east of structural block.

567.5

4114.7

Tbg (EW) 1871, Tn
(EN) 1761, To (IW)
1545, Tit 1003, pre-T
987

Rainier Mesa

RAIN

Very high structurai levels are documented in UE12E3 (Warren et al., 2000). Westward
dipping pre-Tertiary outcrops in eastern part of block.

569.5

4115.3

Tm (EW) 2275, Tp
(EN) 2129, Th/Te
(EN) 2086, Tbg
(EW) 1052, Tn (EN)
1900, Tub (EN)
1732, To (EN) 1726,
TD 1605

Eleana
Range/Calico Hills

ERCH

This block-is structurally very high. Pre-Tertiary widely crops out, draped with volcanics that
thicken westward and over eroded southern end of block.

569.2

4100.1

Tp (EW) 2040, Th/Tc
(EN) 1950, Tr (EN)
1800, Tn (EN) 1700,
To (EN) 1660, pre-T
1550

Western Yucca
Flat

Similar to Central Yucca Flat block, with structurally intermediate pre-Tertiary, but with an
intermediate thickness of alluvium, and volcanics as represented by TWD (Dixon et al., 1973).

582.2

4103.3

QTa 1266, Tn?? (EN)
804, pre-T 738

Central Yucca Flat

CYFL

Similar to Western Yucca Flat block, with structurally intermediate pre-Tertiary, but with thick
alluvium, and an intermediate thickness of volcanics in UE7TBA (Warren et al., 2000).

584.9

4104.8

QTa 1259, Tm (EW)
1163, Tp (EN) 946,
TTc (EN) 914, Tn
(EN) 794, To (EN)
657, pre-T 529

Southern Halfpint
Range

SHAR

Pre-Tertiary is structurally high, cropping out in eastern part of block, to low in westem part
within UEGE (Drellack and Thompson, 1990), dipping southwestward. Alluvium and
volcanics thicken strongly southwestward.

| 587

1 4093.4

QTa 1200, Tm (EW) _
783, Tp (EW) 668,
Th/Te (EN) 526, Tn

(EN) 380, To (EN)
310, pre-T -15

596.3

4087.4

Tm (EW) 1440, Tp
(EW) 1370, Th/Tc
(EN) 1350, pre-T
1130

CP Hills

CPHI

Pre-Tertiary is structurally very high in eastern part of block, dipping southwestward.
Volcanics thicken strongly southwestward.

579.6

4089

Tp (EW) 1620, Th/Tc
(EN) 1510, pre-T
1460
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Figure 2. Block diagram that illustrates assignment of hydrogeologic units. First two letters of symbols indicate hydrogeologic
unit as shown in Table 6; third letter designates stratigraphic group (e.g., Paintbrush Group). Several structural complexities, all of
which occur within the Silent Canyon caldera of Pahute Mesa subsurface, are represented here. Group "d" is an extracaldera
welded wff (e.g., Ammonia Tanks Tuff). It has been rotated eastward in both blocks and downdropped in the western block. The '
top of this hydrogeologic unit, stripped off in this view, is an east-dipping plane. Group "c¢" is an older extracaldera welded tuff
(e.g., Rainier Mesa Tuff). It has been rotated eastward in both blocks and downdropped in the western block. The top of this
hydrogeologic unit is also an east-dipping plane. Below these units is a much thicker sequence of near-caldera and intracaldera
units of group "b" (e.g., Calico Hills Formation and lithic-rich Bullfrog Tuff ). The units of group "b" have rotated eastward
during several episodes, and also the eastern block has rotated southward while the western block rotated northward, resulting in a
thickening of these and overlying units in the direction of rotation (NE in the western block, SE in the eastern block). Below
group "b" lies still another near-caldera and intracaldera "a" group (e.g., Belted Range Group). Although genetically complex, the
layers can be well approximated by one or more planes that define the top of each layer. Hydrogeologic unit TCb was deposited
within an eroded caldera wall in the eastern block; here, two planes are needed to define the extent of this unit. Note that minor
structures, most generally faults with displacements <100 m, are ignored within each structural block. Note also that both
blocks might be buried by an even younger unit "e", and structurally indistinguishable at young stratigraphic levels.
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on the accompanying map, as illustrated in Figure 2 and in Figures 22 and 27 of Warren et al. (1985).
Hudson et al. (1994) have demonstrated that vertical axis rotation is not important for blocks within the
central part of the SWNVF. The units, their thicknesses, and attitudes define a unique structural history
for each structural block, which can be related to episodic reactivation of faults that bound the block
(Figure 25 in Warren et al., 1985). When faults that bound two or more structural blocks are inactive
during a certain episode, then these blocks have a similar structural history at that time and they are
-indistinguishable at the top of that particular stratigraphic level.

Table 2. Key to symbols used for stratigraphic units in Table 1
Stratigraphic unit symbols and definitions follow Warren et al. (2000); ages are from Sawyer et al. (1994) and
Warren et al. (2000). Stratigraphic assemblages are in bold, units within three dimensional model are in italics.
Hydrogeologic types are: Weld, generally welded ash-flow tuff; Nonw, intracaldera nonwelded tuff; LF, generally
lava flows with little associated tuff; TC, generally lava flows are associated with tuff-cone precursors. A p added to

LF or TC indicates caldera precursor; all others fill calderas.

Symbol  Unit Hydr  caldera age
type (Ma)

QTa alluvium

Typ Pliocene basalts LF

Tg Pliocene through Oligocene alluvium

Tyb Post-Thirsty Canyon basalts LF

Ts Volcanics of Stonewall Mountain ; Stonewall Mtn 7.6

Tyb Post-Thirsty Canyon basalts LF

Tt Thirsty Canyon Group Black Mtn 9.4

Tth trachyte of Hidden Cliff LF Black Mtn

Tit Trail Ridge Tuff Weld  Black Mtn

Tip Pahute Mesa Tuff Weld  Black Mtn

Tt comendite of Ribbon Cliff LFp

Tf Volcanics of Fortymile Canyon

Tfs rhyolite of Shoshone Mountain LF

T latite of Donovan Mountain LF

Tfm rhyolite of Max Mountain TC

I Beatty Wash Formation TC

Tm Timber Mountain Group I

Tma Ammonia Tanks Tuff Weld  Ammonia Tanks 11.45

Tmat rhyolite of Tannenbaum Hill TCp Ammonia Tanks

Tmr Rainier Mesa Tuff Weld  Rainier Mesa 11.6

Tmrf rhyolite of Fluorspar Canyon TCp Rainier Mesa

Tmrh tuff of Holmes Road Nonw

Tmt ‘basalt of Tierra (included with Tmrh) LF

Tmw rhyolite of Windy Wash LF

Tp Paintbrush Group

Ipb rhyolite of Benham TC

Tps rhyolite of Scrugham Peak LF

Tpe Tiva Canyon Tuff Weld Claim Canyon 12.65

Tpd rhyolite of Delivium Canyon TC

Tpe rhyolite of Echo Peak TC

Tpr rhyolite of Silent Canyon LF

Tptx Breccia of Topopah Spring Tuff Nonw

(included with Tpr)
Ipt Topopah Spring Tuff Weld 12.7
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Western Area 20 structural block

Figure 6. Three-dimensional representation in green for top surface of Rainier Mesa Tuff (Tmr), and in brown for top and bottom of Topopah Spring Tuff (Tpt), looking
from east. Vertical bars show that all drill holes penetrate the top of Tmr, and most penetrate Tpt. This view graphically illustrates the dramatic decrease in elevation for
each stratigraphic unit southward from the Western Area 20 structural block into the Northwestern Timber Mountain Bench block. The striking decrease may reflect a
buried, west-northwest trending fault.
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Figure 7. Schematic cross section illustrating idealized hydrogeology of extracaldera units. The upper diagram illustrates thick
extracaldera welded tuff, presumed to be erupted in several stages, each separated by a short time interval, and each stage erupting
a separate "sheet". Dashed lines represent boundaries between sheets. Extracaldera welded tuffs generally consist of a thick,
strongly (moderately to densely) welded interior, a basal vitrophyre, and a thin layer of strongly welded tuff beneath the -
vitrophyre, all sandwiched between nonwelded tuff. Upper and rarely medial vitrophyres may be developed at the base of each
sheet. Locally, the basal part of the sequence may not develop where the extracaldera welded tuff has an intermediate thickness,
as for Rainier Mesa Tuff in U20AP (Warren et al., 2000). Erosion of extracaldera tuffs in the SWNVF is minor, so tops are

generally well preserved. Examples are the Rainier Mesa Tuff of Pahute Mesa (Ferguson et al., 1994) and the Topopah Spring
Tuff of Yucca Mountain (Spengler et al., 1984). Cooling fractures develop most strongly at the top and base of each sheet;

lithophysal zones occur between.
Hydraulic flow occurs almost entirely within cooling fractures in the strongly welded interior of extracaldera welded tuff. Thus
hydraulic flow should occur in sheetlike fashion. Lithophysal zones between fractured zones are not strongly fractured, and
fractures are short, generally only connecting between lithophysae. Because cooling fractures are lengthy, minor faults should not
generally disrupt flow paths. Thin extracaldera welded tuff cools as a single unit, even if composed of more than a single sheet
(e.g., Tiva Canyon Tuff of Pahute Mesa), and lithophysal zones are seldom observed and poorly developed if present. Therefore

thin extracaldera welded tuff can be considered hydrogeologically as a thin, tabular set of hydraulically conductive cooling joints.
Due to its thinness, minor faults may disrupt flow paths.

The lower diagram shows a typical sequence of extracaldera nonwelded tuff. Below the static water level (SWL), extracaldera
nonwelded tuff invariably includes zeolitic (or potassic) bedded and reworked tuff, and thin to thick nonwelded ash flow tuff, all
which have very low matrix permeability. Also included within the extracaldera nonwelded tuff hydrogeologic unit is partially
welded (generally vapor phase) ash flow tuff, which probably has a considerably higher matrix permeability than zeolitic tuffs.
Cooling fractures do not occur within the zeolitic tuffs, and are poorly developed within partially welded ash flow tuff, so
hydraulic pathways are defined almost entirely by regional fractures (faults and joints).

28

































o
©
)
@
o]
)
®
° o
2]
@ o

(&

@
@

e o
=]
®

o)
o e}
o

Figure A4. Model elevations for top of comendite of Ribbon CIiff (Ttc) within region defined in Figure 1. Structural features can
be identified by comparison with Figure A1. Unit is absent outside contoured region. Small circles show location of control points;

filling colors define differences between observations and model as described for Figure A2.
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Figure A8. Model elevations for top of Ammonia Tanks Tuff (Tma) within region defined in Figure 1. Structural features can be
identified by comparison with Figure Al. Unit is absent outside contoured region, and is locally absent within a few areas, as
defined in Figure 3-12 of Prothro and Warren, 2000. Small circles show location of control points; filling colors define differences
between observations and model as described for Figure A2. Displacement of Tma is 200 m across the West Greeley fault, and 100
m across the West Boxcar fault. Sparse control by ER/EC4 and ER/EC2A (Table 1) do not mandate a structural division of the
Rocket Wash basin into western and eastern halves.
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Figure A13. Model isopachs for Rainier Mesa Tuff (Tmr) within region defined in Figure 1. Structural features can be identified
by comparison with Figure Al. Unit is absent outside contoured region. Small circles show location of control points; filling
colors define differences between observations and model as described for Figure A2.













Figure A17. Model isopachs for tuff of Holmes Road (Tmrh) within region defined in Figure 1. Structural features can be
identified by comparison with Figure Al. Unit is absent outside contoured region. Small circles show location of control points;
filling colors define differences between observations and model as described for Figure A2. The thickest Tmrh known within the
SWNVF occurs within the Boxcar Trough, where overlying Tmrf and Tmr are also thick.
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Figure A18. Model elevations for top of rhyolite of Windy Wash (Tmw) within region defined in Figure 1. Structural features can
be identified by comparison with Figure Al. Unit is absent outside contoured region. Small circles show location of control
points; filling colors define differences between observations and model as described for Figure A2.
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Figure A20. Model elevations for the top of rhyolite of Benham (Tpb) within region defined in Figure 1. Structural features can be
identified by comparison with Figure A1. Unit is absent outside contoured region. Small circles show location of control points;
filling colors define differences between observations and model as described for Figure A2.
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Figure A21. Model isopachs for rhyolite of Benham (Tpb) within region defined in Figure 1. Structural features can be identified
by comparison with Figure A1. Unit is absent outside contoured region. Small circles show location of control points; filling
colors define differences between observations and model as described for Figure A2. Tpb was certainly erupted from the West
Boxcar fault, where it is thickest on the downthrown side. Tpb formed a prominent topographic high, resulting in relatively thin
deposits for overlying units within the southern part of the Boxcar Trough. Thicknesses of Tpb are similar within the Western Area
20 and Northwestern Timber Mountain Bench structural blocks, indicating that these blocks rotated as a single block prior to
eruption of Tpb.
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Figure A29. Model isopachs for rhyolite of Echo Peak (Tpe) within region defined in Figure 1. Structural features can be
identified by comparison with Figure A1. Unit is absent outside contoured region. Small circles show location of control points;
filling colors define differences between observations and model as described for Figure A2. A rapid southward thinning suggests
that the topographic wall of Rainier Mesa caldera coincides with a structure that formed a barrier to the southward spread of Tpe.
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Figure A30. Model elevations for top of rhyolite of Silent Canyon (Tpr) within region defined in Figure 1. Structural features can
be identified by comparison with Figure A1. Unit is absent outside contoured region. Small circles show location of control
points; filling colors define differences between observations and model as described for Figure A2. Note that the southwestern
area instead represents landslide breccia of Topopah Spring Tuff (Tptx) in drill hole ER/EC1. This landslide, primarily mafic-rich
Calico Hills Formation, originated from a topographically high ridge of that unit north from ER/EC1.
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Figure A40. Model elevations for top of rhyolite of Jorum (Tcj) within region defined in Figure 1. Structural features can be
identified by comparison with Figure A1. Unit is absent outside contoured region. Small circles show location of control points;
filling colors define differences between observations and model as described for Figure A2.

75






;(((( & ‘f(/u & “‘Li!!(_%‘,

P

m &

Figure A42. Model elevations for top of rhyolite of Sled (Tcps) within region defined in Figure 1. Structural features can be
identified by comparison with Figure Al. Unit is absent outside contoured region. Small circles show location of control points;
filling colors define differences between observations and model as described for Figure A2. Southern arm of unit represents
thyolite of ER/EC1 (Tcpe), a very closely related unit that appears to have been deposited outside the southwestern boundary of the
Area 20 caldera. Tcps appears to have been deposited outside the northwestern boundary of the Area 20 caldera.
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Figure A43. Model isopachs for rhyolite of Sled (Tcps) within region defined in Figure 1. Structural features can be identified by
comparison with Figure Al. Unit is absent outside contoured region. Small circles show location of control pomts, filling colors
define differences between observations and model as described for Figure A2.
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Figure A44. Model elevations for top of rhyolite of Kearsarge (Tcpk) within region defined in Figure 1. Structural features can be
identified by comparison with Figure A1. Unit is absent outside contoured region. Small circles show location of control points;
filling colors define differences between observations and model as described for Figure A2. West of West Greeley fault, Tcpk was
penetrated only in ER/EC1, where it apparently was deposited outside the southwestern boundary of the Area 20 caldera. Tcpk was
also deposited outside the northeastern boundary of the Area 20 caldera, east of the region shown in this figure. Note that the
northwestern arm instead represents andesite of Grimy Guich (Tcg) in drill hole PM3,
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