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Sawyer, 1985) and pertain to the intracaldera setting only. 
Consequently, only outflow ash-flow tuff thicknesses, those 
most likely to be representative of volcanic rocks that are 
presumably present in the subsurface of the intermontane 
valleys, were compiled. However, some valley segments, such 
as southern parts of Hamlin Valley (table 8) and Lake Valley 
(table 4), that are coincident with the intracaldera environ-
ment may preserve huge intracaldera ash-flow tuff thick-
nesses beneath Quaternary deposits.

Using the geologic relationships described above and 
interpolating stratigraphic thicknesses of Tertiary ash-flow 
tuffs between adjacent ranges, the thickness of tuffs potentially 
preserved in the intervening valleys may be estimated. The 
resulting tuff thickness estimates are not biased to the poten-
tially erroneously high thickness estimates that would result 
from assuming that near-source lava flows are continuously 
preserved from adjacent ranges across intervening graben 
valleys. Interpolated thicknesses in valleys, based solely on 
regionally distributed ash-flow tuff thicknesses, are considered 
reasonable estimates of minimum concealed thicknesses of 
Tertiary rocks in the valleys. Accordingly, a highlighted entry 
in the center of each table presents the probable thickness 
range for Tertiary rocks in the associated valley segment. 
Because minimum thicknesses of the constituent stratigraphic 
units are very poorly known in most cases, the low end of 
these thickness ranges is unlikely to be diagnostic. The high 
end of each thickness range represents a value intermediate to 
the total thicknesses of regionally distributed Tertiary strata in 
the flanking mountain ranges.

In addition to thickness data, the data compilation (tables 
1–13) contains additional geologic information. For each inter-
montane valley segment, stratigraphic units identified in one 
or both of the ranges that flank the valley are identified. One 
list identifies the stratigraphic units (mostly lava flows) that 
are deemed to be of local extent, and the other identifies those 
units (mostly major ash-flow tuffs) that are likely to be region-
ally distributed. Because the lithologic characteristics of each 
map unit potentially influence the hydrologic properties of 
these deposits, a brief description, including degree of weld-
ing, texture, and crystal content of stratigraphic units described 
in each pair of flanking ranges, is included (tables 1–13).

Published Isopach Data

A second method for estimating the stratigraphic thick-
nesses of Tertiary ash-flow tuffs that might be preserved in 
the intermontane valleys of east-central Nevada and western 
Utah is from published thickness (isopach) maps for individual 
ash-flow tuffs. The voluminous, regionally distributed Tertiary 
ash-flow tuffs have been extensively studied (see, for example, 
Best and Grant, 1987; Best, Christiansen, and others, 1989; du 
Bray, 1995; Scott and others, 1995) and the database derived 
from these studies is quite comprehensive. Consequently, 
synthesis of thickness data for many individual ash-flow tuffs 
is possible. Thickness data have been extremely important in 
identifying the sources of individual ash-flow tuffs and also 

in locating calderas that formed in response to major eruptive 
events. In general, the areas of greatest ash-flow tuff thick-
ness are spatially coincident with calderas. However, mapped 
ash-flow tuffs in east-central Nevada and western Utah greatly 
outnumber identified calderas. In some cases, a caldera may 
be inferred from the volume of an ash-flow tuff unit, yet its 
location may be unknown because it has been subsequently 
disrupted by younger structural or erosional events, or buried 
by younger rocks.

Isopach maps have been compiled for most of the major, 
regionally distributed ash-flow tuffs of east-central Nevada 
and west-central Utah. One of the earliest efforts to compile 
isopach maps for this region was that of Williams (1967), 
who synthesized thickness data for ash-flow tuffs related to 
the Caliente caldera complex, including the Harmony Hills 
Tuff, the Condor Canyon Formation which comprises the 
Bauers Tuff and Swett Tuff Members, and the Leach Canyon 
Formation. Williams also compiled a maximum extent of 
distribution map for the Pahranagat Formation from the central 
Nevada caldera complex. Subsequent mapping of these rocks 
has resulted in refinements to the stratigraphic nomenclature 
(Rowley and others, 1995; Scott and others, 1995), but the 
initial thickness compilations remain valid. Isopach maps for 
some large-volume ash-flow tuffs from the central Nevada 
caldera complex, including the Windous Butte Formation, the 
Monotony Tuff, and the Shingle Pass Tuff were produced by 
Best, Christiansen, and others (1989). Best, Christiansen, and 
Blank (1989) also compiled thickness data for ash-flow tuffs 
of the Indian Peak caldera complex; this compilation includes 
isopach diagrams for the Cottonwood Wash Tuff, Wah Wah 
Springs Formation, Lund Formation, and Isom Formation. The 
distribution and thickness of the Kalamazoo Tuff and associ-
ated overlying volcanic rocks across northern White Pine 
County, Nev., and adjacent areas of Utah was portrayed by 
Gans and others (1989). Thickness maps are thus available for 
the majority of the voluminous, regionally distributed ash-flow 
tuffs present in east-central Nevada and west-central Utah.

The published isopach maps were scanned and geo-
referenced in a Geographic Information System (GIS) and 
the location and thickness values as measured at outcrops of 
individual tuffs were digitized from these published maps. 
In order to preserve the original author’s interpreted contour 
patterns, additional thickness data were created by digitiz-
ing a regular series of points along each contour line of 
the isopach maps. For each tuff, these thickness data were 
gridded as 2,500-m square cells within the GIS to produce 
a digital thickness grid as raster data sets. Thickness was 
gridded using either inverse distance or simple kriging algo-
rithms; the gridding methodology was chosen on the basis of 
how closely the digital grid resembled the original published 
contour map. Grids were locally hand-edited in order to recre-
ate abrupt thickness changes at known or inferred caldera 
boundaries. Using this approach, digital thickness grids were 
created for the following ash-flow tuffs: the Kalamazoo Tuff 
(fig. 5), the Windous Butte Formation (fig. 6), the Monotony 
Tuff (fig. 7), the Shingle Pass Tuff (fig. 8), the Cottonwood 
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Wash Tuff (fig. 9), the Wah Wah Springs Formation (fig. 10), 
the Lund Formation (fig. 11), the Isom Formation (fig. 12), 
the Leach Canyon Formation (fig. 13), the Condor Canyon 
Formation (fig. 14), and the Harmony Hills Tuff (fig. 15). In 
each of these figures two maps are shown. The larger map 
portrays the thickness of the individual ash-flow tuff con-
toured using intervals that display most clearly the thickness 
variations of the unit. The smaller map in each figure shows 
the same thickness data, but contoured at intervals consistent 
with those used for the thickest tuffs in the region. Thus the 
reader may see the details of the thickness variations within 
each tuff and also gain an understanding of the thickness of 
the ash-flow tuff as compared to the largest eruptions in the 
study area. In many cases, the thickest intervals do not exactly 
correspond to mapped caldera boundaries. This disparity is 
usually the result of limited outcrop data; in most cases the 
thickness and distribution of the intracaldera fill on published 
isopach maps may be represented by a single data point. 
In a few cases, the caldera boundaries themselves are only 
generally located, or the thickness of the intracaldera volcanic 
rocks is poorly known due to disruption by younger structural 
events, or burial by younger rocks. Thickness data portrayed 
on the individual isopach maps were added together to 
produce a composite isopach map that combines the gridded 
thickness for all of the previously named units (fig. 16). The 
composite isopach map is dominated by the thick intracaldera 
accumulations within the Indian Peak caldera complex and 
the central Nevada caldera complex (fig. 3). The thickness of 
intracaldera rocks within the Caliente caldera complex (fig. 3) 
may be underrepresented in this compilation due to the rela-
tive lack of published thicknesses of intracaldera rocks; how-
ever, these eruptions were generally much smaller in volume 
than the other two main caldera centers. Using the composite 
isopach map (fig. 16), one can predict the relative thickness of 
outflow tuffs between the caldera complexes.

Comparison of Thickness Compilation 
Methods

The two thickness compilation methods may be com-
pared at specific valley-axis locations by overlaying the 
gridded total thickness map and the predicted valley-axis 
thickness compiled from data contained in published descrip-
tions of map units (fig. 17). A comparison of the two methods 
at these locations (fig. 18) suggests that the two methods yield 
generally similar results. Thickness predicted by the gridded 
data is necessarily generalized because it relies on interpola-
tion between relatively scarce measured sections. Gridded 
thickness maps were created only for those tuffs for which 
published isopach maps were available. Certain regionally 
distributed tuffs, such as those emanating from the Marys-
vale volcanic field in south-central Utah (Rowley and others, 
1979; Rowley and others, 1998) were not considered in this 
analysis and volcanic-rock thickness may be underestimated, 

especially in the valleys of western Utah. The thickness 
derived from descriptions of map units is principally affected 
by the fact that thicknesses presented in geologic descrip-
tions of map units are somewhat generalized and imprecise in 
most cases. Stratigraphic thicknesses are typically reported as 
ranging from zero to a maximum value (tables 1–13), neither 
of which may be representative of the thickness commonly 
observed in outcrop.

Available subsurface data from oil and gas exploration 
wells drilled in valleys of east-central Nevada (Hess and oth-
ers, 2004) and west-central Utah (Hintze and Davis, 2003) are 
shown on figures 17 and 18. These data are generally similar 
to the predicted values but also emphasize the degree of local 
variability and the limitations of such general compilations. 
For example, in Lake Valley one well intersected 826 m of 
volcanic rocks (fig. 17) whereas a second well about 15 km 
to the south did not encounter any volcanic rocks (fig. 17), 
even though this well is located within a buried caldera that is 
inferred to underlie Lake Valley. Farther to the east in northern 
Hamlin Valley and southern Snake Valley, one well penetrated 
over 320 m of volcanic rocks and did not penetrate the base of 
the volcanic sequence (fig. 17); another well only 4 km to the 
northeast encountered about 140 m of volcanic rocks before 
penetrating Paleozoic carbonate rocks below. In both of these 
situations, the bedrock exposures on either side of the val-
leys contain faulted Paleozoic rock outcrops blanketed by the 
Cenozoic volcanic section; projection of this outcrop geology 
into the subsurface would produce a variety of predicted thick-
nesses of volcanic rocks, depending on the degree of volcanic 
rock preservation and paleogeographic complexity of the 
surface on which they were deposited. These examples empha-
size that methods of thickness compilation presented here may 
be of use in defining regional variations in predicted thickness, 
but are not appropriate for site-specific subsurface geology.

Summary
The middle Tertiary geologic history of east-central 

Nevada is dominated by volcanic events, especially emplace-
ment of regionally distributed ash-flow tuffs deposited during 
caldera-forming eruptions. Regional ground-water studies such 
as the BARCAS study require a three-dimensional depiction of 
the extent and thickness of subsurface geologic units that pro-
vides a conceptual and numerical framework of the subsurface 
distribution of the aquifer materials. Typically, this requires the 
ability to predict the thickness of a rock unit that is of interest 
across a very large area on the basis of a small number of data 
points. Compilation of geologic data from published maps and 
reports provides a general understanding of the distribution and 
thickness of tuffs that are presumably present in the subsurface 
of the intermontane valleys and are critical to understanding the 
ground-water hydrology of this area. The data compiled in this 
report have been used as direct input in the construction of a 
simplified three-dimensional geologic model of the BARCAS 
study area (Watt and Ponce, 2007) and have also been used in 
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water budget calculations for the BARCAS study area (Welch 
and Bright, 2007). Predicted thicknesses that are based on geo-
logic descriptions of map units may overestimate or underesti-
mate regional thickness trends because such descriptions often 
report a minimum and maximum thickness. It is possible that 
average thicknesses would provide a more likely estimate of tuff 
thickness at any particular location within the area addressed 
by this publication. Predicted thicknesses derived by combining 
isopach maps for individual tuffs are dependent on the availabil-
ity of such maps and the underlying field data used to create the 
maps. Neither method is accurate for predicting local site-scale 
variability in volcanic-rock thickness, which can only be derived 
from a combination of drilling and geophysical methods.
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Figure 7.   Thickness (isopach) map of Monotony Tuff.

Contoured from thickness data in Best, Christiansen, and others (1989)
Thickness of Monotony Tuff, in meters, contoured at intervals 
that most clearly display the thickness variation of the unit
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