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Review of the paper:
Fluid Inclusion Studies of Calcite Veins from

Yucca Mountain, Nevada, Tuffs: Environment of Formation

by Edwin Roedder, Joseph F.Whelan and David T.Vaniman

Introduction

The author’s understanding of genesis of Yucca Mountain calcite is given as the
following: "The unsaturated zone calcite appears to have precipitated from rainwater
that have descended along interconnected fractures carrying dissolved carbonate from
the overlying soil environment; CO, escape from the fluid is a likely mechanism for the
precipitation of this calcite within the unsaturated zone tuffs" (p.1854). The paper is

an attempt to prove this model.

The text contains many solid theoretical arguments pertaining to fluid inclusions and
various methods of their study, as well as detailed descriptions of methods used. The
information on obtained results, however, is amazingly meager. For instance: about

- 35 % of the text’s length are dedicated to theoretical and methodic aspects of

thermometry by fluid inclusions, but no single datum on homoagenization temperature

. .

1S _given.

Moreover, some data given by the authors are in contradiction with their own model.
At least two lines of evidence: textures of calcite and fluid inclusions do not favor
"descending” model, so the later doesn’t look convincing. In the following text 1 shell

argue my opinion.




I. Textural features of Yucca Mountain calcite

The authors describe textures encountered in unsaturated zone below 15 m as the
following: "...calcite is sparry and locally coats fractures and forms drusy masses
within litophysal cavities". This calcite is further interpreted as a film water .
precipitate. However, sparry and drusy textures are not typical of film precipitates.
The environment where calcite deposited from gravitation-driven water films most
often found (and thus, studied in detail) in the caves of vadose zone. The
speleothemic coatings formed from water films have normally mamilliary laminated
textures. The thicknesses of indivic}ual laminas are rarely exceed 1 mm. Sparry and
drusy textures are virtually unknown in vadose (subaerial) cave environment (except
some specific and rare cases like drip-splash crystals on tops of stalagmites or same
aerosol formations). Instead, such textures rather suggestive of phreatic (subaqueous)

environment.

In saturated zone: "...calcite occurs as veins, often with chlorite and quartz or
chalcedony, and as a replacement cement of altered tuffs" (p.1854). Quartz,
chalcedony and opal also occur in unsaturated zone of Yucca Mountain. The
declaration that calcite in saturated zone "...is part of an alteration mineralogy formed

”

during a low-temperature hydrothermal event that occurred ~10,4 ma..." is not
necessarily true. This age was determined by means of K/Ar technique by
illite/smectite (Bish & Aronson, 1993). The only date obtained for calcite in saturated

zone by U-series is >400 ka (Szabo & Kyser, 1990).
Il. Thermometry by fluid inclusions in calcite
Calcite is a mineral rather difficult for fluid inclusion studies. It is very cleavable and

susceptible for re-crystallization even at low temperatures. This causes many problems

on the stage of sample preparation. Besides, it is extremely difficult to distinguish
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primary, pseudo-secondary and secondary character of inclusions on the basis of
petrographic observations. The existing criteria for distinguishing the origin of
inclusions "...are not absolute, and many are merely suggestive... they must be
applied with care and with awareness of the considerable ambiguity that exists”
(Roedder, 1984, p.12; emphasis by Roedder). This is especially true when dealing .

with calcite.

Fluid inclusion is called primary if it was trapped during growth of a studied part of a
crystal or a mineral body. It is classified as pseudosecondary if it was trapped after
the studied part of a crystal was crystallized but before the growth of a whole crystal
(mineral body) ceased. The inclusion is called secondary if it was trapped after the
growth of mineral ceased. Primary and pseudosecondary inclusions characterize
different temporal stages in evolution of mineral-forming environments, while
secondary inclusions are characteristic of post-mineralization environments. Thus, the
T.om Measured by fluid inclusions may characterize temperatures of fluids in which the

crystal studied was bathed during or after its growth.

In case of Yucca Mountain it is unimportant what type of inciusion was used for
thermometry: In either case high T,,,, would mean that the rocks of Yucca Mountain

were flooded with thermal water on a certain stage of its history.

To apply this approach, however, we must be sure that inclusions studied (a) were
trapped as homogeneous phase, and (b) they were not damaged (shrinked or opened
and leached) after the entrapment. This is hard to prove if one deal with a single
inclusion but much easier when dealing with groups of inclusions. If such a group
consist of two-phase inclusions with uniform V/L ratio, it gives us a strong indication
that this particular group may provide reliable and meaningful thermometric
information. Inclusions in such groups yield normally T,,, varying within 1-2 °C

interval.
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As it is obvious from the citations below, such groups of inclusions have been found
in calcite from unsaturated zone in Yucca Mountain: "Suitable primary liquid-filled
inclusions, containing a shrinkage vapor bubble, were found in only a few samples”
(p.1857) and: "Most of the suitable inclusions occurred in groups, with an apparently
uniform and small V/L ratio..." (p.1858). Surprisingly, the authors give us no .
numerical information on T,,,, measured cn these suitable inclusions (we may deduce
that these have been measured from another quotation: "The meager T, data indicate
that at the time of growth of host calcite the ambient temperature was equal to the
measured T,..." {p.1585)). The authors only mention that "...small V/L ratio... visually
indicated that the inclusions had formed at low temperatures, probably <~ 100 °C"
(p.1858). Such an approach, i.e., visual estimation instead of instrumental is quite
astonishing by itself and | will discuss it latter. But there is something else that can

be deduced from this short author’s description. The minimal temperatures of

entrapment could not have been lower than approx. 40 °C, otherwise the shrinkage

bubbles simply would not have nucleated. (The physical mode of a gas bubble
nucleation is described by the authors quite thoroughly on p.1858. However, their
statement that "Inclusions in the 10-20 micrometer range, particularly if trapped at
<100 °C, almost never nucleate a bubble..." is not correct. My 14-year experience
of work with low-temperature hydrothermal calcite shows that inclusions of b to 25

mcm in size do nucleate bubbles yielding T,,,, of 100-40 °C).

Thus, even being not provided with numerical data we may conclude that at a certain
stage of its history the calcite studied was bathed in (and, quite probably, deposited
from) fluids of approx. 40 to 100 °C. Obviously, these temperatures at depth -130-
314 m can not be attributed to the "normal" geothermal gradient of ~34 °C/km (Sass

e.a., 1980) in unsaturated zone.




Visual method of thermometry by fluid inclusions

Visual method has been designed by Nikolay Yermakov (1944). The rationale of this
method was given by the author as the following: "...the homogenization method
requires a special apparatus for heating minerals to high temperatures under the .
microscope. This is not always possible at any given place and time. We attempted
therefore to produce empirical curves for the most common vein minerals that would
help an investigator, equipped with any kind of microscope, in drawing tentative
conclusion in regards to the temperature minima at which a given hydrothermal
mineral may have been formed" (Yermakov, 1965, p.108), and: "The curves we have
derived are suited only for approximate determination of the anticipated
homogenization temperatures of inclusions. One may resort to them only in the

absence of microthermochamber (thermostage, YuD)" (ibid, p.116).

Author’s interpretation of data

| have shown that (1) the authors were awared of the presence of two-phase fluid
inclusions in calcite from unsaturated zone of Yucca Mountain, and (2) these
inclusions imply temperatures higher than those that could have been induced by
normal geothermal gradient. How are these data interpreted in.the authors model
developed in final section "ENVIRONMENT OF FORMATION OF THE CALCITE
VEINS"? They are simply ignored. The authors even deny their own previous
statements implying "...the absence of two-phase, liquid +vapor inclusions in the
upper thousand feet of the USW G-1 borehole..." (p.1859; cf. with quotations above).
This statement is also in contradiction with data on T,,,, measured in unsaturated zone
calcite from the same drill hole: 81 °C at -221 m (YMP, 1993}, and other drill holes
of the area: 78 to 227 °C in USW G-2 and G-3 (Bish, 1989 and Bish & Aronson,
1993). Obviously, these data can not be explained satisfactory within the model of
deposition of calcite from thin films of rainwater seeping through the unsaturated

zone.




Ill. Gases in inclusions

Crushing technique

The method of formation temperature estimation according to amount of immersion ,
oil entering the inclusion on crushing seems to be very hard to calibrate. There are

many variables that may play a role in the behaviour of an inclusion.

1. Solubility and diffusion. |If we deal with a gas phase consisted of a mixture
of non-condensable gases like CO,, O,, N, and CH, we should be aware that (a) every
gas is soluble to some extent in the crushing oil and (b) the gases may migrate from
gas bubble into the oil and from oil into the bubble due to diffusion. Normally we do
not know: - the real composition and partial pressures in a gas phase; - the solubility
of these gases in the oil; - the amount of gases already dissolved in the oil (that
influence the concentration gradients between the gas phase and crushing oil and
control the rate of diffusion); and - the diffusion coefficients for our gases in this
particular crushing oil. The diffusion coefficients are often extremely temperature-
sensitive (for instance, for glycerol D ~ In{InT), where D - diffusion coefficient, and T -
temperature). Thus, the slightest change in ambient temperature may influence the
resuit.

2. Gas bubble size. Detailed studies of the dynamics of gas bubble dissolution
on crushing were performed in Laboratory of fluid inclusions of Institute of Mineralogy
and Petrography, Novosibirsk in 80-ies. It was found that this process is non-linear
and may be subdivided on three stages: (1) very fast but exponentially slowing
decrease of a bubble during first 1-2 seconds due to both solution and diffusion; (2)
slow decrease; and (3) exponentially accelerating decrease and collapse of a bubble
when it reaches a certain "critical" size due to increase of internal pressure.
Empirically, the "collapse diameter” was found to be approx. 3-5 mcm. It means that
small bubbles (with original diameter <6-8 mcm) may collapse immediately after

crushing even if they contain essentially "insoluble™ gases.




7

3. Geometry of inclusions. Fluid inclusions are three-dimensional vacuoles often
with irregular shape. So, any estimations of volume phase relationships may not be

too accurate.

Thus, the method suggested by the authors is not a "straight forward" one, and the .

possibility of obtaining reliable data this ‘way is somewhat doubtful.

Mass-spectrometric data

Qualitative mass-spectrometric analysis has revealed N,, 0,, CO,, and CH, (methane
is referred as "major" in the abstract; p.1854). Most unfortunately, no data on sample
preparation, method of gas extraction and laboratory procedures have been given.
Thus, there is no possibility to assess the reliability of the data. One should be aware,

however, about some general problems with gas analyses by destructive methods:

(1) The gases are extracted from a certain amount of calcite. It means that
these gases derived from different assemblages of inclusions, that represent different
stages of mineral growth, and may even be trapped after the growth ceased
(secondary inclusions). There is no way to estimate more or less accurately the ratio
of these gases in a final mixture which is analyzed by mass-spectrometry or gas

chromatography.

(2) Both most common methods of release of a gas for analysis - decrepitation
and crushing - cause significant change in component ratio due to gas reactions at

high temperatures and adsorption on mineral surfaces freshly created by crushing.

(3) The gases in calcite may reside not only in inclusions, but also in lattice
defects and, most important, they may be adsorbed on clay particies trapped as solid
inclusions (these particles have extremely high specific surface). Greyish-white and

light-brown color of Yucca Mountain calcite (Whelan e.a., 1994) might indicate the
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presence of such clay contaminants. Our studies have shown that the amount of
gases recovered by gas chromatography may differ by one to two orders of magnitude
for zones with and without clay admixtures in a single calcite crystal (Dublyansky,

1990). Also, at least a part of methane might be related to organic impurities,

reported for this calcite (Whelan e.a., 1994). In general, trace amounts of methane

are common in low-temperature hydrothermal calcite from elsewhere (Dublyansky,
1990; Dublyansky & Reutski, 1993).

It is a sensible approach, thus, to keep in mind the opinion of the senior author of the
reviewed paper given in his excellent treatise earlier: "Although it might seem
extreme, | believe that the possibilities of major errors in inclusion analyses are
sufficiently numerous that one should simply discount all analytical reports that do not
give details on sample size, and the selection, cleaning, and extraction procedures
used, as well as the usual statements of analytical methods, sensitivity, accuracy,

precision, blanks, standardization, etc." (Roedder, 1984, p.110).
Origih of vapor-rich inclusions

"Vapor-filled inclusions provide, by their very existence, evidence of the presence of
a vapor phase along with the liquid phase from which the host crystal grew”
(p.1854). This is correct, provided these are undoubtedly primary inclusions. The
difficulty of proof of that has already been discussed. So, it would be safer to say that
such inclusions evidence the presence of a vapor phase during inclusion entrapment.
Several alternative models may be proposed to explain the origin of vapor-rich
inclusions. For instance the effervescence of CO, is quite typical in ascending
hydrothermal solutions due to decrease of both pressure and CO, solubility (Malinin,
1979). Exsolving CO, (or any other gases) would form vapor bubbles and leave the
system. However, if the velocity of upwelling water is high enough, the system would
remain heterogeneous and calcite forming would trap vapour-rich inclusions along with

liquid-rich ones {possibility 3, discussed by the authors on p.1859). And finally, the
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possibility that vapor-rich inclusions were trapped on the latter stages of calcite

history during its residence in unsaturated zone should also be considered.
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Fluid Inclusion Studies of Calcite Veins from Yucca Mountain, Nevada, Tuffs:
Environment of Formation

Edwin Roedder
Dept. Earth and Planet. Sci.
Harvard University
Cambridge, MA 02138
(508)281-6193

ABSTRACT

Calcite vein and wvug fillings at four depths (130-
314m), all above the present water table in USW G-1 bore
hole at Yucca Mountain, Nevada, contain primary fluid
inclusions with variable vapor/liquid raitos: most of these
inclusions are either full of liquid or full of vapor.

The liquid-filled inclusions show that most of the host
calcite crystallized from fluids at <100°C. The vapor-filled
inclusions provide evidence that a separate vapor phase was
present in the fluid during crystallization. Studies of these
vapor-filled inclusions on the microscope crushing stage
were interpreted in an carlier paper as indicating trapping of
an air-water-CO, vapor phase at "<100°C"!. Our new
studies reveal the additional presence of major methanc in
the vapor-filled inclusion, indicating even lower temper-
atures of trapping, perhaps at near-surface temperatures.
They also show that the host calcite crystals grew from a
flowing film of water on the walls of fractures open to the
atmosphere, the vapor-filled inclusions representing bubbles
that exsolved from this film onto the crystal surface.

I. INTRODUCTION

The origin of sccondary calcite within Yucca Mountain
has been addressed by stable isotopcz, trace element?, and
radiogenic isotope studies?. Within the thick (500 to 700
m) unsaturated zone above water table, fractures and other
open spaces often contain calcite. Near the sutface, this
calcite is texturally and mineralogically similar to the
pedogenic calcite found in the overlying soils; below ~15 m,
the calcite is sparry and locally coats fractures and forms
drusy masses within lithophysal cavities. The unsaturated
zone calcite appears to have precipitated from rainwaters
that have descended along interconnected fractures carrying
dissolved carbonate from the overlying soil environment;
CO, escape from the fluid is a likely mechanism for the

Joseph F. Whelan
U.S. Geological Survey
Box 25046, Federal Center
Denver, CO 80225
(303)236-7671
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David T. Vaniman
Group EES-1, MS D462
Los Alamos Nat'l Laboratory
Los Alamos, NM 87545
(505)667-1863

precipitation of this calcite within the unsaturated zone
tuffs®. Below the present water table, calcite occurs as veins,
often with chlorite and quartz or chalcedony, and as a
replacement cement of altered tuffs. This calcite is part of an
alteration mineralogy formed during a low-temperature
hydrothermal event that occurred ~10.4 ma at temperatures
up to ~250°C, based on carlier fluid inclusion studies®.
Calcite §'3C values indicate that the fluids responsible for
this altcration came from the underlying Palcozoic marine
carbonate aquifcrz.

Vein and vug fillings of secondary calcite at four depths
(130, 204, 292, and 314 metcrs), all above the present water
table in drill core USW G-1 from Yucca Mountain, Nevada
(Figs. 1 and 2), show two principal types of primary fluid
inclusions: cither full of liquid or full of vapor. These range
in size from about 100 to less than 2 micromecters. Each of
the two types provides diffcrent, uscful data on the preexist-
ing environments under which they were formed, i.c.,
trapped:

» Liquid-filled inclusions provide, by their very
existence, semi-quantitative bounds on the temper-
ature of trapping. Those few liquid inclusions with
vapor bubbles also provide an impression of trap-
ping temperaturc through visual estimates of their
vapor/liquid ratio (high vapor/ligiud ratios reflect
high temperatures of trapping; low ratios indicate
low temperatures of trapping).

*  Vapor-filled inclusions provide, by their very exist-
ence, evidence of the presence of a vapor phase
along with the liquid phase from which the host
crystal grew. Studies of such vapor-filled inclusions
on a microscope crushing stage can provide semi-
quantitative bounds on the pressure at the time of
trapping, as well as some rough qualitative infor-
mation on the chemical composition of the vapor
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Figure 1: Location of bore hole USW G-1 at Yucca Mountain

itself. This latter can be used, in turn, to place
some constraints on the environment in the vein at
the time of crystallization of the host calcite.

The crushing test provides a qualitative .estimate of
the; gas pressure within a vapor inclusion at the time of
crushing. It involves immersing the host grain in oil at 1
atmosphere under the microscope and stressing it until a
crack reaches the inclusion. An inclusion filled with air at
one atmosphere would not change when the crack reaches
it, and on complete crushing, the original host grain would

yield a bubble of the same volume as the original inclusion.
An inclusion originally formed by the trapping of water
vapor as a steam bubble would instantly fill with oil, once a
crack reaches it, as the entrance of the oil at 1 atmosphere
would collapse the very low-pressure water vapor complete-
ly. The present inclusions filled only partly (Fig. 3), suggest-
ing that they contained, at room temperature, less than one
atmosphere gas pressure; as a result of trapping a mixture of
water vapor plus non-condensable gases such as air and/or

CO,.



1856 RADIOACTIVE WASTE MANAGEMENT

USW G-2 TIVA CANYON MEMBER

150% ?ggv G-3/GU-3 SECTION 15§jm/_ UCCA MOUNTAIN MEMBER

m
wol [T USW G-4 USW G-1 =

CANYON MEVBE 1270m 13?5m ZANYON MEMBER >PAIN_l_TUBEfiI:USH
1 | {TorPopay
e SPRING MEmpeg AP PROXIMATE I8l Topopa sPRING o
1000{ M nps%ss"r%éi} 27 B MEMBER = S
BED ///////Aé//// TUFFAGEOUS BEDS &
T sl [ PROW ppgg MEMBS OF CALico HilLs OF CALICO HILLS
; || BULLFRog [Py~ 5R L W PASS MEMBER 7
_8 6004 R BULLFROG 5 - ’CRATER FLAT
% 400/ TRAM MEMBER TRAM MEMBER TUFF
| T . .. 2 LITHIC
W 200 I Y YRS L RIDGE
UITHIC RIDGE TUFE =] LITHICRIDGETUFF 1] TUFF
LEVEL g OLDER VOLGANIC AND
1532m VOLCANOGENIC
-2004 % | | SEDIMENTARY ROCKS
-6004
? ? —

PALEOZOIC MARINE SEDIMENTS

1 2 MILES
3

= SATURATED ZONE

O e O

1 4 ¥

1
1 2 3 KILOMETERS
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II. PROCEDURES
A. Dctermination of the Th of T'wo-Phase Inclusions

Doubly-polished thin scctions of calcite, mounted with
acctone-soluble "superglue” resin, are made with a
minimum of stressing of the sample and without any use of
heat, and the entire slide is photographed at low magnifica-
tion to provide a record and relocating guide. One or more
suitable primary fluid inclusions, preferably >20 microme-
ters in diameter, are found by petrographic study and pho-
tographed. Primary refers to those inclusions trapped at the
same time as the surrounding host mineral, using the criter-
ia given by Roedder’ 2, The location of the group is marked
on the record photograph and on the upper polished surface
of the doubly-polished plate. Marking on the slide is best
done with a fine-tipped pen, using acetone-insoluble ink.
After the ink has dried, the slide is turned over onto a firm
but non-scratching white surface (permitting the ink marks
to be seen) and a diamond pencil is used to score the slide

2 Chapter 2, pp. 43-45.

on two (or three) sides of the marked arca. The glass slide
and its attached doubly-polished plate are then carefully
broken along the scribed lines to yicld a sample small enough
and shaped appropriately for use in the microscope heating
stage, where the temperatures of homogenization (Th) of the
vapor bubbles are determined by standard proccdurcs7'b.
The low Th in most of these samples permit leaving the pol-
ished plate on the glass; if the homogenization temperatures
are high, the plate may have to be removed from the glass
slide with acetone solvent before inserting in the microscope

heating stage.

B.Determination of Behavior in the Microscope
Crushing Stage;

After a suitable single vapor-filled inclusion, preferably
>20 micrometers in diameter, has been located and marked,
as above, the doubly-polished thin section is freed from the
glass slide and then remounted in a high-viscosity index oil.
Via a series of steps involving a needle and some manual

b Chapter 7
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Figure 3: Series of photographs of a typical crushing experiment showing the initial vapor-rich inclusion, the inclusion after
rupture along a cleavage fracture, and partial filling of the inclusion by the immersion oil.

dexterity, a fragment of calcite about 0.5 mm in size, con-
taining the inclusion, is broken free and transferred to the
microscope crushing stage where it is crushed in oil, follow-
ing the procedures given by RoedderS. Optical measure-
ments are made to establish the approximate volume of the
inclusion before crushing, and the volume of gas remaining
after crushing, as volume percent of the original volume.

IIl. RESULTS
A. Homogenization Runs

Suitable primary liquid-filled inclusions, containing a
shrinkage vapor bubble, were found in only a few samples.
As in all fluid inclusion studies, the most important step is
that of sample selection’. Such selection of "suitable” inclu-
sions must be done with considerable care or the data
obtained will be invalid and misleading. In these samples,
two-phase, vapor-liquid (V/L) inclusions were not rare, but
most were "unsuitable” on the basis of petrographic evi-
dence that they fell in one or another of the following cate-

gorics:

1.

Inclusions of non-primary (i.c., sccondary) ori-
gin, using the criteria given by Rocdder”’.

Inclusions with highly variable V/L ratios (on
a visual basis) from the trapping of small amounts
of liquid along with the vapor bubble.

Inclusions with highly variable V/L ratios (on
a visual basis) that were intersected by a visible
fracture, natural or from sample preparation, and
thus were presumed to have lost some liquid by

leakage.

Inclusions whose V/L ratio increased visibly
during, or after, the homogenization run, indicat-

ing leakage of liquid.

Inclusions whose Th during a rerun were
more than 2°C above the original values, indicating
stretching or Jeakage.
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6. Inclusions that decrepitated before homoge-
nization occurred.

Most of the suitable inclusions occurred in groups, with

an apparently uniform and small V/L ratio, which visually

_indicated that the inclusions had formed at low temper-
atures, probably <-100°C.

B. Crushing Runs

The very small number of suitable inclusions in the
slides, and the numerous losses along the way from the vaga-
ries of the various steps involved resulted in only ten inclu-
sions being successfully crushed; i.e., conditions were such
that optical obscrvation of the behavior of the inclusion
could be made at the moment of crushing. In each of these,
oil entered the inclusion, suggesting at first that the gas pres-
sure within the inclusion at room temperature was less than
atmospheric (Fig. 3). Later experiments using glycerol
instead of oil showed that the vapor inclusions were at
essentially atmospheric internal pressure (sce section

IV.B.2).
IV. SIGNIFICANCE OF THE DATA
A.Homogenization Data

The meager Th data indicate that at the time of growth
of the host calcite the ambient temperature was equal to the
measured Th (as shown in section V, no "pressure correc-
tion" is needed).

Most of the samples contain all-liquid inclusions, i.c.,
without vapor bubbles, ranging in size from approximately
100 micrometers down to less than 2 micrometers. These
tell us that there was a liquid phase at the growing surface of
the calcite crystal, but as they have no vapor bubble, no
quantitative temperature data can be obtained from them.
However, they do permit some qualitative bounds to be
placed on the temperature at the time of trapping, based on
well-known  Jimitations on the nucleation of a vapor
phasc7v8vc. The smaller the inclusion, the less likely is the
nucleation of any new phase, for two reasons: 1) The smaller
the system, the less likely that a suitable nucleation site, a
"mote”, will be present, either as some appropriate
irregularity of the inclusion cavity walls, or as a minute grain
of a foreign substance, that will aid heterogeneous
nucleation. 2) Fluid inclusions are small systems, so small
that the probability statistics involved in the process of
homogeneous nucleation by random molecular movement
become significantly influenced by size and, hence, actual
numbers of molecules involved.

c Chapter 10

On cooling from the temperature of trapping of a
liquid inclusion, the point representing the system follows
down an isochore in pressure-temperature space until it
reaches the V/L two-phase line, where a bubble of vapor
should nucleate. (This is the same point at which the bubble
will disappear on heating during an homogenization run.) In
practically all cases, however, nucleation does not occur at
this point on cooling. Further cooling merely moves the all-
liquid inclusion along the metastable extension of the
isochore, into the field for vapor. Under these conditions,
the liquid is an undercooled, "stretched” liquid, with a meta-
stably lower density than it should have. When the first
minute bubble of vapor nucleates, it instantly expands, the
liquid shrinks to its correct density, and the system — now
stable, not metastable— returns to the two-phase V/L line.

High temperatures at the time of trapping and large
inclusion size both tend to minimize the amount of under-
cooling needed to induce nucleation of vapor. Extensive
studies of samples from many environments show that
inclusions >100 micrometers, trapped at temperatures
>100°C, usually nucleate a bubble with only a few degrees of
supercooling. Inclusions <100 micrometers in size, particu-
larly if trapped at <100°C, frequently will not nucleate a
bubble. Inclusions in the 10-20 micrometer range, trapped
at <100°C, almost never nucleate a bubble, even after mil-
lions of years of metastability at near-surface temperature. As
the samples studicd here have many primary all-liquid inclu-
sions as much as 100 micrometers in size, we can presume
that they were trapped at temperatures well under 100°C.

B. Crushing Data

1. Formation of vapor-filled inclusions. The vapor-filled
inclusions can have formed in various ways:

a. The host crystals may have grown from a
vapor phasc. For scveral reasons, this is very
unlikely for these samples: the solubility of
CaCO; would probably be very low unless the
temperatures were high, yet the all-liquid inclu-
sions indicate that the temperatures were very low.

b. They may have been liquid-filled inclusions
that leaked and lost all their liquid through cracks
(c.g., cracks formed during the borehole drilling).
Such cracks can be below the limit of optical vis-
ibility. The inclusions would now be filled with air
at one atmosphere.

¢. They may have trapped a bubble of a vapor
phase present in a heterogeneous, two-phase
system of vapor plus liquid, as is known to have
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occurred in many other geological systems. This
vapor phase may have consisted of:

(1) Steam, ie., from boiling of a liquid
water phase. On cooling, such inclusions
would precipitate an invisibly thin layer of
liquid on the walls, and leave the inclusion
filled with a low pressure water vapor phase,
almost a vacuum.

(2) Air. Air could - have been trapped at
l-atmosphere pressure, if the system were
open to the surface, or at >1-atmosphere pres-
sure, if trapping occurred from air bubbles
under some hydrostatic head.

(3) CO,. Carbon bubbles
could exsolve from water solutions and
become trapped as inclusions. Unlike boiling
of the water, which requires temperatures of at
least 100°C, such effervescence of a co,
vapor phase can occur at any temperaturc.
This C02 phase would be in equilibrium with
liquid water, so it would also contain water

dioxide  pas

vapor at the partial pressure appropriate for
the temperature of trapping.

2. Crushing test rationale. The crushing test® provides
a qualitative estimate of the gas pressure within an inclusion
at the time of crushing, unless a gas is present that is soluble
in the crushing oil. It involves breaking an inclusion open
under the microscope while the host mineral grain s
immersed in oil at 1-atmosphere pressure. An inclusion filled
with a gas having a pressure greater than atmospheric, or one
filled with a fluid having a vapor pressure greater than
atmospheric (e.g., light hydrocarbons) would instantly
expand, or "boil", into the oil. If filled with liquid water
containing CO, at >1-atmosphere pressure, a vapor bubble
would form, just as in opening a bottle of beer. An inclusion
filled with air at 1-atmosphere wouldn't change, i.c., would
yield a bubble of the same volume as the original inclusion.
An inclusion formed by trapping of a stcam bubble, since it
would have a pressure of only about 30 mm after cooling to
room temperature (above possibility c-1), would instandy fill
with oil. Inclusions containing CO, (above possibility c-3)
would have a more complex behavior; the vapor would
expand or collapse by an amount controlled by the pressure,
temperature and composition of the system at the time of

trapping.

If the gas phase trapped in the vapor inclusion consisted
of a bubble of non-condensable gases such as air and/or co,

in equilibrium with the aqueous fluid from which the calcite
crystallized, there would also be an amount of water vapor in
the trapped gas corresponding to the partial pressure of water
at the temperature of trapping. On cooling to room temper-
ature, condensation of this water vapor would create a partial
vacuum in the inclusion. On crushing, the surrounding
immersion oil would enter such an inclusion in an amount
carresponding to the partial pressure of water vapor during
trapping. This logic was used to estimate the temperature of
trapping of some inclusions from these samples; these tem-
peratures were estimated be "<100°C"!,

The temperature values obtained by this method are
actually only maximum values, as a result of a caveat not
mentioned in the previous study! — if a gas in the vapor
inclusion is highly soluble in the oil used in the crushing
procedure, oil will dissolve this gas and enter the inclusion
just as though it was a partial vacuum at the time of crush-
ing. Since the previous report! we have obtained preliminary

™ Mass spectrometer analyses of the

qualitative Quadrupole
gases in the inclusions in these samples, through the courtesy
of Dr. Gary P. Landis of the USGS. Thesc analyses show
that the gases are mixtures of nitrogen and oxygen (at near
"air" ratios), CO,, and methanc. Methane is highly soluble
in the immersion oil used, and we now believe that most or
even all of the collapse of the gas inclusions that was found
on crushing stems from dissolution of the methane. As such,
the temperaturcs calculated for trapping are well under the
"<100°C" reported earlicr, and could have been near surface
temperatures. Some corroboration of this interpretation was
obtained by crushing additional vapor inclusions in glycerol,
a fluid that is not a good solvent for methane. Neither col-
lapse nor expansion occurred in glycerol, suggesting that the
contribution of water vapor to the collapse in oil was
minimal and that trapping accurred at near-surface temper-
aturcs.

V. ENVIRONMENT OF FORMATION OF THE
CALCITE VEINS

The presence of all-liquid inclusions, and the absence of
two-phase, liquid + vapor, inclusions in the upper thousand
feet of the USW G-1 borehole together establish that these
calcites have formed at low temperatures, <100°C, possibly
comparable to modern ambient temperatures. The higher
temperatures found on homogenization of the few two-phase
inclusions present in deeper parts of the core corroborate
published research documenting a deep hydrothermal system
at 10.4ka, coincident with the formation of the Timber
Mountain caldera just to the north of Yucca Mountain®.

The phase relations at the point and time of trapping
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can be deduced, with relatvely little ambiguity, from the
inclusion evidence. The all-liquid inclusions tell us only that
a liquid phase was present. It could have been merely a film
of water flowing down the walls of the fracture, or the cntire
vein could have been filled. However, a vapor phase was also
present. Such mixture of all-liquid and all-vapor inclusions
might be expected from a thin, flowing film of water in
which small vapor bubbles occasionally form on the crystal
faces and are trapped, or in calcite growing into a vein filled
with liquid, out of which small amounts of gas was exsolv-
ing as bubbles. The inclusion evidence favors the water film
cnvironment, as the vapor inclusions show essentially
atmospheric internal pressure (when crushed in glycerol),
even in samples as deep as 314 m. If the vein were filled
with water to this depth, these vapor inclusions would have
been trapped at pressures <30 atmospheres. Thus, these
inclusions were formed in the unsaturated zone. (If crushing
experiments show similar low pressures for the samples for
which Th were determined, there would be no need for a
"pressure correction” to be added to the homogenization
temperatures to obtain trapping temperatures.)

Although the above arguments seem to cstablish that
the calcite crystallized from a descending film of watcr on
the walls of a vein that was open to the atmosphere, the
origin of the gases in the inclusions is not as clear. The gases
could simply be "air", pumped in and out of the vcin by
barometric pressure changes. The CO, and methane could
be of bacterial origin, carried down with the water and
exsolved as temperatures rise slightly. Alternatively, all gases
("air", CO,, and methane) could have been exsolved into
the vein system from deeper circulating ground waters. We
have not as yet found any inclusion evidence for the age of
formation of the host calcite.
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PART 3

Letter from R. M. Nelson (DOE) to R. R. Loux
containing fluid inclusion data discussed in
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Project Office
P. O. Box 98608

Department of Energy

Yucca Mountain Site Characterization

QA:

Las Vegas, NV 89193-8608

DEC 2 0 1993

Robert R. Loux

Executive Director

Agency for Nuclear Projects
State of Nevada

Evergreen Center, Suite 252
1802 North Carson Street
Carson City, NV 89710

N/A

WBS 1.2.5.3

SECOND INSTALLMENT OF DATA REPORTED IN U.S. GEOLOGICAL SURVEY {USGS) MONTHLY

REPORTS (SCP: N/A)

References: (1) Ltr, Loux to Gertz, dtd 8/31/93
(2) Ltr, Gertz to Loux, dtd 10/1/93

Enclosed is the second installment of information requested by the State of
Nevada for data, data sets, and preliminary interpretations mentioned in the

USGS monthly reports of ongoing work (Reference 1).
the table entitled "Data Request" are enclosed.

associated with data enclosed with this lette

GS931008315215215.034, and GS931008315215215.035.

The data noted by ¥® in
The data tracking numbers
r are GS931008315215215.030,

The data denoted by N® are scheduled to be sent to the USGS Local Records
Center on January 31, 1994. Within 15 days of this date, data will be
furnished to the U.S. Department of Energy (DOE) and within another 15 days,

DOE will release the data to the state.

If you have any questions, please contact either Ardyth M. Simmons at

(702) 794-7998 or Thomas W. Bjerstedt-at (7Q2) 794-7950.

Robert M. Nelson, Jr.
RSED:AMS~-1160 Acting Project Manager

Enclosure:
Partial Transmittal of
Requested Data

cc w/encl:

A. B. Benson, HQ (RW-5.2) FORS

S. J. Brocoum, HQ (RW-22) FORS

L. J. Desell, HQ (RW-331) FORS

C. E. Einberg, HQ (RW-331) FORS
A. A. Boulton, SAIC, Denver, CO
B. E. Reilly, SAIC, Las Vegas, NV
P. W. McKinley, USGS, Denver, CO

{

REQEp -
" DEC 21 1993

Ceareu ey 40a

VASTE PROJECT Uy, {.
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DATA REQUEST

(Summary;

Agency for Nuclear Projects, Nuclear Waste Project Office

Request Dated: August 31, 1993
Request Received: September 9, 1993

Data
-Item Requested Data Source Included
Number (Y/N)
Strontium
1 Location and analysis of carbonate-rich samples 301/93, p. N
64
2 Locations and alpha-spectrometry results from 210-11/93, N
Nevares Spring tufa mound p. 64
3 St isotope data for VH-2 and elsewhere in Tertiary 208/92, p Y
aquifer 94
4 XRF mass spec. analyses and SR/SR ratios of VH-1 | 208/92,p. Y
) 94
5 Sr/Sr ratios from Franklin Lake Playa 208/92, P- Y
94
6 Sr concentrations for Nevares Spring tufa 308/92, P- Y
95
7 Sr content and isotopic comp. of high-Si rhyolite 209-92, p. Y
samples from UE25A#1 13
8 St composition from Nevares § pring 209/92, p. 8 Y
9 St composition from Pyramid Lake 209/92, p. N\
89
10 Sr isotopes for precip. sample from Yucca Crest 301/93, P, Y
63
11 St/Sr and Rb/Sr rations of rhyolite in G-4 210-11/ Y
93(7M, p. 16
12 St/Sr ratios of precip. samples for 08/ 11/92, 03/92, 210-1y/ Y
and 02/92 93(?), p. 90




Item Data
Number Requested Data Source Included
(Y/N)
13 Sr isotopic anal. of outcrop samples, Southern Yucca ®04/15/92 Y
Mm.
14 Sr content and isotopic comp. from high-Si rhyolite ®10/16/92 Y
from UE25a#1
Fluid Inclusion
15 Results from fluid inclusion studies for USW - G-1 201093, p. Y¥
and G-2 87
16 Results of fluid inclusion studies of calcite from USW | 201/93, p. Y\
G-2, GU-3, G-4, UE25UZ-16, A-4, A-5, A-7 70
Carbon and Oxygen
17 13C and 180 values of calcite from site 106 307/92, p. Y\
105
18 13C and 180 values from Site 199 207/92, p. Y\
106
19~ | 3Cand 180 values from trenches CFS-E, CE-1,2, | 207592, P. Y\
and 8 106
20 13¢ and 180 values from Tonopah RR in Ash Mead- | 207/92, p. Y\
ows 106
21 | Bcand 130 values from Trench 14 calcites and cal- 2.07/92, p. Y\
crete 106
22 | ’Cand 180 values from Nevares Spring 207/92, . y\
107
23 180 results from Trench-14 208/92, p. Y\
100
24 180 values of opal/chalcedony from drill core 308/92, p. Y\
100
25 | YC ages of.calcites from USW G-1 and other drill 201/93, p. Y\
holes, 71
26 | 13C and 130 values from Site 106 and Wahmonie 210-11/93 | Y\
(M, p.92




: Data
tem
edD Source Included
Number Requested Data ey
27 | 1>C and ®0 values from Travertine, Nevares, and 210-11/ N
Grapevine springs 93(7), p. 92 )
28 | 13Cand '30 values from Busted Butte, Eleanna 210-11/ Y\
Trench, Trenches 1 and 16, Yucca Crest 93(?), p. 92
29 | 13C and 180 values from Site 106 and Wahmonic 3 12/93, p. Y\
68
30 3¢ and 180 values from Nevares and Grapevine 412/93, p. Y\
springs 68
31 | BCand 80 values from UE25-RF-9 a 12/93, p. Y\
68
32 3¢ and 180 values from Yucca Crest al2/93,p Y\i_
68
33 | 13Cand 130 values from Sites 106 and 199, Trenches | ©08/11/92 V'
CFS-E, CF-1, 2, and 8, Tonopah RR, Trench 14, and
Nevares Spring
34| BCand 180 values from USW G-1 and 2, UE.25 A | © 03/10/93 ¥\
5, RF-3, and USW GU-3
Other Data
35 Nd/Nd values of calcite fracture-fillings from USW 201/92, p. N %
G-2,3,and 4 - 83
36 Results of XRF trace-element analyses 210-11/93, N\
p- 15
37 Location and results of isotope analysis on samples 210-11/93, Y
from Raven Canyon and results from JF-3 p. 15
38 Results from tufa mound samples at Nevares Spring 40-11/93, N
p- 89
39 Chemistry results from VH-2 210-11/93, Y
p. %4
40 Vapor-phase inclusion results from USW G-1 210-11/93, Y\
p. 93
41 Analyses of faunal samples from Modem Springs b3 1/92, N¥
p. 6




Nit;rgcr Requested Data Source Included
(Y/N)
— . - ; N ‘t‘ p——————— ————— =t
42 Isotopic composition of carbonate from Site 106, 01/13/93 YR

Wahmonie, Nevares, and Grapevine springs, UE25
RF-9, UEA-6, Yucca Crest, and USW G-4

2 USGS, YMP, Monthly Highlights and Status Report
b etters w Carl Geniz from U.S. Department of Interior

ML Unable to respond to this request. This study by Larry Benson (USGS-WRD, Boulder, CO) was

funded from a Geologic Division account.
¥ No data available. Samples were originally obtained from LANL and had been irradiated for neutron

activation analysis. The neodymium isotopic compositions had been affected by the irradiation, and

the analyses were determined to be invalid.
M Request cannot be met - unable to specifically identify the data wanted from the wording in the request.
¥ Ocrracodes were observed in the samples as described on page 11 of the data request, however

no identification of species was made,

I Available December 7, 1993
¢ Available February 15, 1994




Fluid Inc Temps

HD# | Drlil Hole | SPC# | Depth ()| Terush (C) Thomog (C)
HD-318 G1 00016017| 4255 95,90,-90

HD-319 Gi 00016018 491.8 ~60,60

HD-322 G1 00016021| 669.2 |[-100,99.5,76.00 81
HD-32¢. G1 00016024 859.8 94,~82

HD-326 C1 00016025] 1029.0 82,82,82,~82

HD-338 G- 00016037| 3588.5 - 99,102.114
HD-343 G1 00016042| 3867.3 74,86
HD-348 G1 00016047 5348.6 87,96,92.91
HD-359 &2 00016060 858.2 57,59
HD-368 Q@2 00016068| 1137.6 81>72
HD-369 a2 00016069| 1169.8 104,103
HD-274 Q2 00004688| 1562.2 94,92

HD-579 G2 00016083 4162.8 78,~80,82,80,79
HD-582 G2 00016086] 4912.8 0rg(?)-240-260
HD-583 G2 00016087] 5107.3 215,216,242.245

Request numbers 15 and 16 for fluid inclusion are a part of TDIF.

Page 1




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD # Locallty Depth : m Extn Log # d13C pdb d130 smow SpPC ¢

® Yes  HD-150-1 Site 106 359-C-7 -3.6 22.7 00002931

& Yes  HD-150-1A  Site 106 2C1 .3.8 22.5 00002931

Y.z HD-151-2 Site 106 359-C-8 -3.9 22.7 00002932
M Ye  HD-I512A  Site 106 202 -4.1 22.5 00002932
X Yes  HD-151-3A  Site 106 2C3 -4.1 22.1 00002932
& Yes  HD-153-1 Site 106 359-C-9 -4.7 21.4 00002934
X Yes HD-153-1A  Site 106 2C5 -5.1 20.4 .00002954
Yes  HD-153-1JFW Site 106 3%4-C-9 4.9 20.8") 00002034
® Yes  HD-153-IRIM Sitz 106 395-C-1 -5.2 20.4 00002934
& Yes  HD-153-1RIM Site 106 13C-10 .5.1 20.2 00002934
Yes  HD-153-IRJM Site 106 17C-9 -5.0 20.8/ 00002934
Yes  HD-155-1 Site 106 359-C-10 -4.2 22.5 00002936
B Yes HD-155-1A  Site 106 2C6 -4.3 22.1\ 00002936
Yes  HD-156-1A  Site 106 2C7 -4.5 21.7 / 00002937
Yes HD-156-2A  Site 106 2C8 -4.6 21.8 00002937
® Yes  HD-159.1 Site 106 360-C-1 -3.7 23.9 00002940
Yes  HD-159A Site 106 2C10 -3.8 23.5 00002940
Yes  HD-160-1 Site 106 350-C-2 -4.1 23.5 00002941
X Yes  HD-160A Site 106 3C1 -4.3 23.2 00002941
Yes  HD-161A Site 106 3C2 -5.6 30.7 00002942
Yes  HD-162-1 Site 106 360-C4 -4.4 24.3 00002943
Yes  HD-162-1JEW Site 106 394-C-7 -4.6 23.8 ) 00002943
B Yes HD-162-1RIM Site 106 .. 394.C-8 -4.6 24,1/ 00002943
Yes HD-163-1 Site 106 360-C-5 -3.8 22.1 00002944
Yes  HD-163A Site 106 3Cs -4.0 22.2 00002944

Request numbers 17, 26, 33 and 42.

C-13 and 0-18 values of

caléite from site 106.
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CALCHIESILICA - CAKBUNNA'LE STABLE ISOT'OPES

Arcept? HD ¢ Locallty Depth : m  Exte Log #  d]3C pddb dI130 smow SPC ¢
D Yes HD-164-2 Site 199 360-C-6 -2.8 18.9 00002945
X Yes HD-1642A  Site 199 3Cs -2.8 18.8 00002945
¥ Yes  HD-166-1 Site 199 360-C-7 -1.3 20.5 00002947
B Yes  HD-1663A  Sitc 199 3C7 -1.0 20.4 00002947
B Yes HD-167A Site 199 3C8 -2.1 20.1 003294,
Yes  HD-168-1A  Site 199 309 -1.5 21.5 00002949
B Yes  HD-169-1 Site 199 360-C-8 -1.1 21.3 0000950
Yes  HD-169-1A  Site 199 3C10 -1.0 21.4 00002950

Request number 18 and 33.

C~13 and 0-18 data from site

199,




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Depth : m Extn Loz # d13C pdb d130 zmow SPC ¢
XYes HD-171A Trench CFS-E 409 -3.7 19.6 00002952

Accept? HD ¢ Locallty

Request number 19 and 33.




CALCITE/SILICA - CARIHBONATE STABLE ISOTOPES
Accept? HD # Loecallty Depth : m Extn Log # 4di13C pdb 4130 smow SPC ¢

X Yes  HD-209-1A  Trench CR2 7C9 -5.3 23.0 00002995

Request number 19 and 33.




CALCITE/SILICA - CARBONATE

STABLE ISOTOPES

_:Lécep!? HD # , Locality Depth : m  Exto Log # diac pdb  d180 smow SPC ¢
X Yes  HD-181-1A] Trench 8 5C7 -5.% 19.3 00002967
Yes  HD-181-2A1 Trench 8 5C8 -5.7 19.2 00002967
X Yes  HD-181-3A1 Trench § 5C9 -5.3 19.4 00002657
& Yes  HD-1814A1 Trench 8 5C10 -5.6 19.2 000029¢,7
X Yes  HD-181-6A1 Trench 8 6C2 -6.0 21.8 00002967
X Yes  HD-184-1 Trench 8 6C3 -5.8 21.0 00002 )
B Yes HD-1861  Trenen g 6Cs .5.5 21.8 0000292
Yes  HD-189A Trench 8 6C7 -5.9 19.4 -00002975
Yes  HD-190A Trench 8 6C8 -6.2 19.3 00002976
& Yes  HD-1914 Trench 8 6C9 -6.3 19.8 00002977

Request nunber 19 and 33.




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Ac'cept? HD # Locality Depth : m Extn Log # d13C pdb d180 smow SPC ¢
Yes  HD-175-2 Tonopab Railroad 5C1 -0.9 16.7 00002961
B Yes HD-1762A  Tonopah Railroad 5C2 0.3 22.2 00002962
Yes  HD-177A Tonopah Railroad 5C3 -0.9 16.3 00002963
X Yes HD-178A Tonopah Railroad 5C4 -1.1 17.5 00002964
R Yes HD-IT9A  Tonopahb Railroad 5C5 -0.7 15.7 00002965

Request number 20 and 33.




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

A'Ccept? HD ¢ Locallty Depth : m  Extn Log # d13C pdb 41830 smow Src ¢
X Yes HDI Trench 14 283-C-8 -6.7 20.8 00003618
X Yes  HD. Trench 14 320-C-1 -6.2 21.1 00003618
R Yes  HD. Trench 14 321-C-1 -6.1 212/ 00003618
RYes HD10 Trench 14 284.C.2 -5.6 19.7) 00003626
Yes  HD-10 Treach 14 321.C-5 -5.6 19.6 ) 00003626
X Yes HD-11 Trench 14 321-C-6 -5.9 20.4 00003627
RYes HDI2 Trench 14 321-C-7 -6.0 20.2 00003628
Yes HD-1532 Trenchi4 1C3 -5.3 19.5 00003695
D Yes HD-1533  Trench 14 1C4 -4.5 20.3 00003695
X Yes  HD-15.34 Trench 14 1C5 -6.4 19.5 00003695
Yes HD22 Trench 14 283-C-9 -6.9 20.5 00003617
XYes HD2 Treach 14 286-C-4 -6.9 20.3 0003617
Yes  HD2 Trench 14 320C-2 6.9 20.3/ 00003017
Yes  HD-20-1 Trench 14 285-C-3 7.6 20.0 w 00003698
BYes HD.20g Trench 14 322-C4 -7.5 20.2 / 00003698
Yes  HD-20.2 Trench 14 285-C-2 -6.4 21.2 00003698
Yes  HD-221 Trench 14 285-C-1 -6.9 19.8 00003634
Yes  HD-22.3 Trench 14 284-C-9 -6.1 19.9 00003634
M Yes HD24 Trench 14 284-C-10 -7a1 19.5 00003634
Yes  HD-224 Trench 14 322-C-5 -7.1 19.6 00003634
Yes  HD-23-1A Trench 14 1C6 -5.3 20.3 00003635
Yes  HD-24-1A Treach 14 1C7 -5.5 20.3 00003636
Yes  HD-25-1A Treoch 14 . 1C8 -5.6 20.9 00003637
Yes  HD-26-1A Trench 14 1C9 -5.6 20.4 00003638
Yes  HD-27-]1A Trench 14 1C10 -5.9 19.6 00003639
Yes  HD-28-2 Trench 14 285-C-6 -6.0 19.5 00003640
Yes  HD3 Trench 14 320-C-3 -6.1 20.6 00003619
HD-3]-1 Trench 14 285-C-7 -6.5 19.9 00003643
X Yes  HD-312 Trench 14 286-C-6 -6.1 20.4 00003643
Yes  HD-39.2 Trench 14 285C-8 -6.6 20.4 00003649
Yes HD+4 Treach 14 322-C-1 -6.1 19.9 00003620
& Yes Trench 14 287-C-1 -7.4 19.7 00003650
DR Ty T BIC3 g T Te T " 00003650
Yes' HD4210 °  Trenen 14 o "282-C-3 6.1 20.3-\ ~ 00003651
Yes HD4210  Trench 14 284-C-3 -6.1 20.6 | 00003651
XYes HD4210  Trenen 14 286-C-5 -6.1 20.5 / 00003651
HD-42-11 Trench 14 284-C4 -6.7 20.3 00003651
Yes  HD-42-12 Trench 14 284-C-5 -7.1 20.0 00003651
Yes HD42-13  Trench 14 283-C-] -7.0 19.7 ) 00003651
RYes HD4213  Trench 14 284-C-6 -7.0 19.9 / 00003651
Yes  HD-42.14 Trench 14 282-C-9 -6.1 20.5 00003651
Yes HD42-15  Trenchi4 283-C-6 -6.5 20.5 00003651
X Yes  HD42.16 Trench 14 284-C-7 -6.5 20.7 00003651




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

'Accept? HD ¢ Locality Depth : m  Extn Log #+ a13c pdb d130 smow SpPC ¢
B Yes HDs Trench 14 283-C-3 -5.5 20.7 00003621
R Yes  HD-541 Trench 142 286-C-7 -6.9 21.4 | 00003659
R Yes  HD-54.] Trench 142 322.C-6 -6.9 21.5 ) 00003659
XYes HD-543 Trench 142 286-C-1 7.1 20.3 00003659
Yes  HD-54-5 Trench 14a 283-C4 -6.4 2:.1 0003659
X Yes HDs$ Trench 14 283-C-10 5. 19.8 00003622
X Yes HD7 Trench 14 321C-2 -5.% 19.8 00003623
Yes  HDS§ Trench 14 321-C-3 -5.6 19.8 0003624
Yes  HD9 Trench 14 282-C-1 -5.9 20.1 \ 00003625
RYes HDo Trench 14 284-C-1 -5.9 20.4 | 00003625
Yes  HD9 Treach 14 321-C4 -5.9 20.3/ 00003625
B Yes  HD-53.03A Trench 14¢ 119C-7 -6.4 20.3 00005405
Yes  HD-963-03B  Trench 14c 119C-8 -5.4 20.1 00005405
Yes  HD-963-04A  Trench 14c 119C-10 -6.2 20.4 00005406
Ech HD-963-04C  Trench 14c 120C-1 -5.9 19.2 00005406
Yes _HD-963-05A  Trench I4c 120C-3 =577 20.1 00005407
X Yes  HD-963.064 Trench 14¢ 120C-5 -6.6 20.3 00005408
Yes HD-963-07A  Trench 14c 120C-6 -6.5 19.6 0005409
& Yes  HD-963-084 Trench 14c 120C-7 -6.9 19.9 00005410
Yes  HD-963-08B  Trench 14c 121C-1 -6.3 19.4 00005410
Yes  HD-963-09A  Trench 14c 121C-2 -6.3 20.8 00005411
& Yes  HD-9s3-09B Trench 14¢ 121C-3 -6.4 20.7 00005411
Yes  HD-963-10A  Trench 14¢. 121C-5 -6.7 20.3 00005412
Yes  HD-963-11A Trench 14¢ 121C-6 -6.9 19.7 00005413

B Ys HD.963-154 Treach 14¢ 122C-1 -5.4 20.5 00005417
X Yes  HD.9s3-164 Trench 14c 122C-2 -6.3 20.2 00005418
Yes  HD-963-17A Trench 14c 122C-3 -5.8 19.6 00005419

BYes  HD.9s3.184 Trench 14¢ 122C4 -5.8 19.6 00005551

D Yes HD-963-19A  Trench 140 122C-5 -6.1 20.5 00005552
Yes HD-963-20A  Trench 14c 123C-3 -5.7 20.5 00005553

Request numbers 21 and 33.



CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD # Locallty Depth : m Exta Log # d13C pdb d130 smow SPC ¢
B Yes HD494-A  Nevares Spring 17C-5 -1.0 25.1 00003730
®Yes HD49SA  Nevares Spring CI0 . .25 15.4 00003731
Yes HDA4%A  Nevares Spring 18C4 -2.5 15.6 00003732
Yes HD496-A  Nevares Spring 18C-8 -2.1 15.6 / 00003732
X Yes HD499-A  Nevares Spring 18C-9 -1.5 17.6 00003735
D Yes HD-500-A  Nevares Spring 19C-1 -1.3 18.9 00003736
X Yes HD-501-A  Nevares Spring 15C-2 -1.6 17.0 00003737
X Yes HD-502-A  Nevares Spring 19C-3 -1.9 15.8 | 0003738
[ Yes HD-502A  Nevares Spring 21C-10 -1.9 15.9° / 00003738
B Yes HD-503-A  Nevares Spring 19C4 1.4 15.3 Y\ 00003739
Yss  HD-503-A  Nevares Spring 19C-5 -1.4 15.3 / 00003739

Request number 22, 27, 33 and 42.




Opal180.Knauth

Sample # Locality SPC # Depth (it)]Yield (umole/mg){d180 smow
HD-306C UE-25 a#1 | 00016005 253 18.51 18.60
HD-3518B USWG-2 | 00016051 92.2 16.80 26.60
HD-355A USWG-2 |00016055 236.7 16.46 20.70
HC- 3554 USWG-2 | 00016055 236.7 16.92 20.50
HD-356A USWG-2 | 00016056 240.7 17.22 21.70
HD-358A USWG-2 | 00016058 257.8 17.15 24.10
HD-362A USWG-2 [00016062 280.2 17.10 21.20
HD-929A UE-25 A-5 | 00019109 92.2 17.16 23.31
HD-926A UE-25 A-5 00019106 85.2 16.65 21.90
HD-941A Beatty 00005451 16.45 24.60
[HD-700A USWG4 | 00005542 74.2 17.10 24.10

Request number 24.

R e e et 1 S
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CALCITE/SILICA - CARBONATE STABLE ISOTOPES
SPC #

_Accept? HD # Loeality Depth : m Extn Log # di3c pdb 3130 smow
B Yes HD4434.4 Wahmonie 13C-2 5.0 18.1 00001981
X Yes  HD443.5.4 Wahmoaie 13C-3 -4.8 23.6 00001981

Request number 26,

Site 106 data can be found under request number 17.




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD # Loeallty Depth : my  Extn Log ¥ di3C pdb  dI180 smow SPC #
BYs  HD.s0sg Grapevine Spring 19C-7 0.4 15.5 00003741
& Yes  HD-505.2 Grapevine Spring 19C-8 0.5 14.7 00003741
X Yes  HD.-505.3 Grapevine Spring 19C-9 0.3 13.9 00003741
Yes  HD-505.3 Grapevine Spring 19C-10 0.3 13.7 00003741
Yes  HD-505-3 Grapevine Spring 22C-1 0.2 13.6 00003741
Yes  HD-5054 Grapevine Spring 20C-1 0.0 14.1 00003741
& Yes HD-505-5 Grapevine Spring 20C-2 0.0 14.0 00003741
Yes  HD-505-5 Grapevine Spring 43C-3 0.1 14.1 00003741
Yes  HD-506-1 Grapevine Spring 20C-3 -6.2 15.9 00003742
& Yes  HD-506-1 Grapevine Spring 43C4 -0.2 16.1 00003742
Yes  HD-506-2 Grapevine Spring 20C4 -0.7 16.0 00003742
Yes  HD-507-1.a Grapevine Spring 20C-5 -0.1 17.1 00003743
& Yes HD-507-1-A Grapevine Spring 22C-3 -0.1 17.2 00003743
Yes HD-507-1'A  Gra vine Spring 43C-5 -0.1 17.2 00003743
BYs HD30715 g s - B
BYs 1050750 o e R S— o0
Yes HD-5072C  Gra vine Spring 20C-9 0.1 16.5 00003743
®Yes HD-507.3.p Grapevine Spring 21C-1 0.7 16.9 00003743
L e ———— e T R 0007
ST, S 00003725

pe pring . 00003743
D Yes  HD-507.4.F Grapevine Spring 21C-3 -0.6 15.5 00003743
Yes  HD-507-4-G Grapeving Spring 21C4 -0.1 14.2 00003743
Yes HD-508.1 5

X Yes HD.511-A Grapevine Sprin
T ——————=___ Grapevine Spring

Request number 27.

00003744

00003744

00003744

00003746

00003746

00003746

00003744
! ddooﬁ746

00005746

00003747

00003747

Nevares Spring data is listed with Tequest number 22,




CALCITE/SILICA . CARBONATE STABLE ISOTOPES

Accept? HD # Locality Depth : m  Exta Log # diac pdb  d130 smos SPC ¢
BYs HD4g3gp Travertine Point 17C-1 0.2 15.0 00003719
HD483-A _ Travertine Point 16C-10 0.2 15.7 00003719

®Yes  HD4g4A Travertine Point 17C-2 0.5 16.6 00003720
BYes HDass.a Travertine Point 17C-3 1.3 15.4 00003721

Request number 27.

Nevaregs Spring data is listed with request number 272.




' CALCITE/SILICA - CARBONATE STABLE ISOTOPES

‘A'ccept? HD # Locality Dgp&‘ :m Extn Log # diac pdb 4130 smow SrC ¢
B Yes HD444-A Eleanna Trench 13C4 6.1 18.7 00001982
X Yes HD-445-A Eleanna Trench 13C-5 <4.8 19.5 00001983

Request number 28 data are listed on next 6 pages.




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD ¢ Locality Depth : m Extn Log #  d13C pdd d180 smow SPC ¢
® Yo HD-1178A  Busted Butie 114C-7 -3.8 24.1 00005184
@ Yes HD-1179A  Busted Buue 114C-8 -3.7 20.4 00005183
®Yes HD-I450A  Busted Butte 117C-2 -5.4 19.1 005387
®Yes HDI450B  Busted Buue 117C-3 -5.8 18.5 00500387
X Yes HD-1450C  Busted Buue 117C4 -5.8 18.4 00500387
Yes HD-1454-LA Busied Butie 117C9 -5.3 20.0 00500391
& Yes  HD-1454LB  Busted Bute 117C-10 -5.7 21.5 00500391
Yes  HD-1454-UA  Busted Buue 117C-6 -6.6 21.8 00500391
® Yes HD-1454-UB  Busted Bute 117C-7 -5.5 20.8 00500391
X Yes HD-1454UC Busted Bute 117C-8 -6.3 21.9 00500391
& Yes  HD-1456-LA  Busted Bute 118C-7 5.4 20.0 00500393
Yes  HD-1456-LA  Busted Butte 12C-7 -5.5 19.9 00500393
6 Yes  HD-1456LB Busted Bute 118C-8 -4.9 20.17 00300393
® Yes  HD-1456LB  Busted Buue 122C-8 .5.0 20.0/ 00500393
® Yes  HD-1456-LC  Busted Bute 118C-9 -4.2 19.5) 00500393
® Yes  HD-1456LC Busted Butie 122C-9. -4.1 19.7 ) 00500393
X Yes  HD-1456UA  Busted Butte 118C-10 -4.7 20.2 00500393
® Yes  HD-1456-UA Busted Bute 123C-1 -4.7 20.2 / 00500393
Yes  HD-1456-UB  Busted Butie 119C-1 -5.2 19.4 00500393
& Yes  HD-240-01-A Busted Butte 395-C-5 -5.0 19.8 00003025
& Yes  HD-24001-B  Busted Butie 395C-6 -4.9 20.2 00003025
® Yes  HD-24002-A  Busted Bute 395-C-7 -4.2 20.4 ) 00003025
(& Yes _ HD-240-02-A Busted Butte 13C-9 -4.3 20.5/ 00003025
Yo HD-24003-A Busted Butte 395.C-9 -2.2 21.4 \ 00003025
Yes  HD-24003-A  Busted Buue 13C-8 -2.2 21.4 ) 00003025
X Yes  HD-240-04-A Busted Butte 395-C-10 -5.4 19.6 00003025
Yes  HD-24101-A_ Busted Bune 396-C-1 -3.3 21.0 \ 00003026
Yes  HD-241-01-A  Busted Butte 15C4 -3.3 21.3 | 00003026
& Yes HD-241-01-A Busted Bune 18C-1 -3.1 21.37 00003026
® Yes HD-241-02-A  Busted Butte 12C-2 -3.9 20.9 ) 0000306
Yes  HD-241-02-A Busted Butie 12C-3 .3.8 20.8 / 00003026
B Yes HD-241-03-A Busted Bune 12C4 -3.6 19.6 00003026
Yes ~ HD24103.B  Bused Bume . 12C< NES 20.5 " 00003026
X Yes  3D-243-02-A- Busted Butte 12C-8 -4.6 2.4 00003028
X Yes  HD-243-03-A  Busted Butte 12C-9 -3.9 20.1 00003028
Yes  HD-446-1-A  Busted Butte 15C-S -3.7 21.6 00001984
Yes HD-446-3A  Busted Butte 9C1 -4.0 21.2 00001984
X Yes HD4464A  Busted Butte o2 -5.2 20.3 00001984
Yes  HD-446-A Busted Butie 13C-6 -4.9 20.7 00001984
X Yes HD-447A Busted Butte 9C3 14.4 21.0 00001985
Yes  HD-448A Busted Buue 9C4 -3.6 21.5 0001986
Yes  HD-ASIA Busted Butte 9C7 -4.8 21.5 00001989
Yes  HD-56-5 Busted Butte 285-C4 -5.1 19.6 00003661




oy

CALCITESILICA - CARBONAT

E STABLE ISOTOTES

" Accept? HD #  Locallty Depth : m  Exts Loz ¢ d13C pdp 4130 smow srC ¥
Yes HD-566 Busted Butte 321C-8 .5.7 20.2 00003661
R Yes HD-5-7 Busted Butte 286-C-2 -5.1 19.9 L 00003661
Yo HD-57 Busted Butte 321C-9 -5.0 19.9 / 00003661
® Yes HD-568 Busted Butte 782-C-6 -6.1 193\ 00003681
®Yes HD-58 Busted Butte 283-C-7 -6.2 19.3 / 00003641
® Yes HD-569 Busted Butie 285-C-5 -5.8 19.7 00003651
® Yes HD-57 Busted Butte 323-C-3 -5.2 20.4 00003662
® Yes HD-58 Busted Bute 323-C-4 -4.8 22.1 00003683
Yes HD-63-3 Busted Butte 282-C-10 .3.1 21.4 00003667
®vyxs HD-634 Busted Butie 285-C-9 -3.7 21.1 00003667
& Yes HD-74-1-A Busted Butie 287-C-2 -7.0 19.6 0000367.
R Yes HD-75 Busted Butte 323-C-5 .-4.8 20.2 0000367
Yes HD-76 Busted Butte 323-C-6 -4.6 22.1 00003679
& Yes  HD-954B Busted Butte 114C-9 .5.1 20.5 00005594
R Yes HD-955AB _ Busted Butie 115C-1 -5.7 19.5 00005595
® Yes HD-955B-B _ Busted Buue 123C-2 .5.6 19.8 00005595
X Yes HD-955BB Busted Butie 115C-2 .5.5 20.1 00005595
Yes  HD-956A Busted Butie 115C-6 -4.8 20.6 00005596
Yes HD-956B Busted Butie 115C-7 -4.8 21.4 00005596
X Yes HD-957A Busted Butie 115C-8 -4.7 20.8 00005597
Yes HD-957B Busted Bute 115C9 -4.5 20.7 00005591
Yes HD-957C Busted Butie 115C-10 -4.0 19.9 00005597
Yes HD-958A Busted Butie 115C-3 .8.8 22.1 00005598
Yes  HD-959B Busted Bute 115C4 -5.3 20.3 00005599
(3 Yes  HD-960A Busted Butie 116C-1 -4.3 21.1 00005600
Yes  HD-9G0B Busted Bute 116C-5 -4.8 20.0 00005600
Yes HD-951-B Busted Butie 119C-2 -5.2 19.9 00005401
Yes  HD-961A Busted Butue 116C-6 -4.9 19.7 00005401
® Yes HD-961B Busted Butte 116C-7 .5.3 19.3 00005401
& Yes HD-961C Busted Butie 116C-8 -5.4 18.8 00005401
Yes  HD-961D Busted Butte 116C-9 -4.8 19.7 00005401
@ Yo _ _HD-962-B_ Busted Bune 119C-3 5.7 20.4 00005402
T T ™ B oed T T e Ty o ST s RN
B Yo~ HD962B © *'Busted Buue n7C1 - - 5.2t 20.4 00005402 - = -




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

'Accept? HD ¢ Locality Depth : m Extn Log # d13C pdd  dI130 smow SPC ¢
BYs HD4s3A Yucca Crest 9C8 -5.8 18.8 00001990
X Yes  HD-454A Yucea Crest 909 -6.6 20.0 00001991
B Yes  HD4554 Yucca Crest 9C10 -5.8 19.9 00001992
& Yes  HD-456A Yucca Crest 15C-6 -5.8 20.4 00001993
K Yes HD4622.A  Yocm Crest 16C-4 -6.5 20.1 00001999
Yes  HD4ca.p Yucca Crest 16C-5 -6.0 21.4 00032000

X Yes HD464.4 Yucca Crest 16C-7 -5.3 21.3 00004656




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

,'&ccept‘.' HD # Locality Depth : m Extn Log # diac pddb dI30 gmow SPC ¢
B Yes  HD4s7.4 Trench One 15C-7 2.2 19.8 00001994
X Yes * HD458.4 Trench One 15C-10 - 5.4 17.0 00001995
K Yes HD4so-A Trench One 16C-1 .56 19.8 00001997

XYes HD4s1A Trench One 16C-2 -6.3 19.0 00001998




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD # Locality Depth : m Extn Log # d13C pdb d180 smow SPC ¢
B Yes HD-254-2 Treoch 16 395-C-3 -5.3 21.4 00003035
X Yes  HD-254-1 Treoch 16 395-C-2 -5.6 19.6 00003035




See request number 27 for data form request numbers 29 and 30.
See request number 28 for data from request number 32.
Data for request number 33 are found with the following:

request number 17 for site 106
18 for site 199
19 for Trench CFS-E
19 for Trench CF-1
19 for Trench CF-2
19 for Trench 8
20 for Tonopah RR
21 for Trench 14
22 for Nevares Spring




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD ¢ Localfty Depth : m Extn Log #  gi3C pdb  di80 zmow SPC ¢
X Yes  HD-863.A UE-25 RF-9 16.4 24C4 -4.3 19.4 00019196
Yes  HD-864-A UE-25 RF-9 18.3 24C-5 -5.4 19.1 00019197
B Yes  HD-865-A UE-25 RF-9 20.1 24C-7 -5.0 21.2 00019198
X Yes  HD-865-A UE-25 RF-9 20.1 44C-1 -5.0 21.2 00019198
X Yes HD86sA UE-25 RF-9 22.0 44C.2 -6.3 16.6 00019199

Request number 31.




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD ¢ Locallty Depth : m Exte Log ¢ d13C pdb di30 smow SPC #
& Yes  HD-280A USW G-1 885.4 347-C-6 -9.5 14.2 ~ 00004694
Yes  HD-280A USW G-1 885.5 34C-9 -9.4 14.4 00004694
Yes  HD-280A USW G-1 885.4 46C-8 9.5 14.0 / 00004694
®Yes HD317A  USWG-1 97.7 34C-10 -5.5 17.4 ™ 00016016
Yes  HD-317A  USWG-1 97.7 46C-9 .5.7 16.9 / 00016016
Yes HD-317B USW G-1 97.7 35C-1 -6.1 17.1 N 00016016
®Yes HD3ITB  USWG-1 97.7 46C-10 -6.1 17.1 J 00016016
Yes  HD-318A USW G-1 129.7 35C2 -4.8 14.6 00016017
BYes HD3I8A  USWG-1 129.7 47C-1 -4.9 14.5 | 00016017
RYes HD318A  USWG-] 129.7 47C-1 -4.9 14.4 )/ 00016017
Yes  HD-318B  USWG-I 129.7 38C-2 -6.8 16.2 00016017
X Yes HD-318B USW G-1 129.7 47C-2 -6.8 16.0 ) 00016017
X Yes  HD-319A USW G-1 149.9 38C-3 -5.4 14.6 00016018
Yes  HD-319A USW G-1 149.9 38C-3 -5.4 14.7 00016018
& Yes  HD-319A USW G-1 149.9 38C-3 -5.4 14.7 00016018
® Yes  HD-319A USW G-1 149.9 47C4 -5.4 14.3 / 00016018
B Yes  HD-319B USW G-1 149.9 38C4 -2.4 14.2 00016018
X Yes HD-319B USW G-1 149.9 80C-3 -2.4 14.3 ) 00016018
Yes HD-319C  USWG-I 149.9 38C-6 3.7 13.9 7] 00016018
Yes HD-319C USW G-1 149.9 38C-6 3.5 13.6 00016018
Yes  HD-319C USW G-1 149.9 47C-6 3.4 13.3 / 00016018
X Yes  HD-319D Us : 149.9 39C4 2.0 13.7 Y 00016018
® Yes  HD-319)) US. .. 149.9 39C4 2.1 13.7 | 00016018
Yes  HD-3100) USW G-1 149.9 47C-7 2.1 13.6 / 00016018
Yes HD-319E  USWG-1 149.9 38C-8 -1.4 15.3 00016018
®Yess HD3I9E  USWG-1 149.9 47C8 - .15 15.2 / 00016018
Yes  HD-320A USW G-1 176.6 38C-10 -6.8 15.2°\ 00016019
& Yes  HD-320A USW G-1 176.6 38C-10 -6.9 15.1 00016019
Yes  HD-320A USW G-1 176.6 38C-10 -6.7 15.5 00016019
Yes  HD-320A USW G-1 176.6 47C-10 -6.8 15.3 00016019
& Yes  HD-320B USW G-1 176.6 39C-1 -6.9 16.4 00016019
Yes  HD-320B USW G-1 176.6 39C-1 -6.9 16.2 00016019
® Yes  HD-3208 USW G-1 176.6 39C-1 -6.8 16.6 00016019
& Yes  HD-320B USW G-1 176.6 45C-8 -6.8 16.5 00016019
& Yes  HD-3208 USW G-1 176.6 48C-1 -6.8 16.4 00016019
Yes  HD-320C USW G-1 176.6 45C-9 -7.7 17.0 Y 00016019
Yes  HD-320C USWG-1 176.6 48C-2 -8.0 17.0 ) 00016019
X Yes  HD-322A USW G-1 204.0 39C-2 -0.6 14.5 00016021
X Yes  HD-322A USW G-1 204.0 39C-2 -0.7 14.5 00016021
X Yes  HD-3224 USW G-1 204.0 39C-2 -0.5 14.7 00016021
Yes  HD-322A USW G-1 204.0 43C-3 -0.7 14.5 / 00016021
X Yes HD-322B USW G-1 204.0 39C-5 -4.9 14.6 00016021
Yes  HD322B  UswG.i 204.0 48C4 -5.1 14.5 ) 00016021




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

A'cccpt? HD ¢ Locallty Depth : m Extn Log # d13C pdb dI130 smow SpC ¢
Yes HD-322C USW G-1 204.0 46C-2 -4.6 14.8 00016021
Yes HD-322C USW G-1 204.0 48C-5 -5.2 15.0 00016021
Yes  HD-325A  USW G-I 292.5 46C-3 -1.3 15.87) 00016024
Yes HD-325A  USW G-I 292.5 43C-6 -7.3 15.8 J 00016024
Yes  HD-326A USW G-1 313.6 39C-6 -6.8 15.6 00016025
& Yes HD-326A USW G-1 313.6 48C-8 -6.8 15.6 J 00016025
Yes  HD-327A USW G-1 310.1 46C-5 -8.2 16.6 1) 00016026
Yes HD327A  USWG-1 3)0.1 48C-10 7.9 16.6 / 00016026
Yes  HD-327B USW G-1 310.1 39C-10 -4.2 15.0 1 00016026
Yes  HD-327B USW G-1 310.1 49C-1 -4.5 14.8 ~ 00016026
Yes HD-327C USW G-1 310.1 49C-2 -7.8 16.2 00016026
X Yes HD-328A USW G-1 345.7 49C-3 -1.5 16.3 00016027
X Yes HD-328A USW G-1 345.7 80C4 -7.6 16.3 00016027
X Yes  HD-328B USW G-1 345.7 49C-4 7.1 15.5 00016027
Yes  HD-329A USW G-1 353.7 40C-2 -1.7 14.6 00016028
Yes  HD-329A USW G-1 353.7 49C-6 -1.6 14.2 00016028
X Yes HD-330A USW G-1 365.4 40C-3 -1.6 16.5 00016029
X Yes HD-330A USW G-1 365.4 49C-7 ~7.5 16.5 00016029
Yes  HD-330B USW G-1 365.4 49C-8 -6.5 16.4 0001629
Yes  HD-330B USW G-1 365.4 52C-8 -6.4 16.8 00016{ 29
Yes  HD-331A USW G-1 385.7 - 49C-9 -5.4 12.7 00016030
Yes HD-331A us 385.7 80C-6 -5.5 13.1 00016030
Yes  HD-334A Uss ... 895.3 50C-1 4.4 11.8 00016033
Yes  HD-334A USW G-1 895.3 80C-7 4.2 11.9 00016033
Yes  HD-336A USW G-1 1090.3 50C-2 1.9 10.3 00016035
Yes  HD-337A USW G-1 1090.7 50C-3 1.7 10.0 00016036
Yes HD-337B USW G-1 1090.7 50C-4 1.9 10.3 00016036
Yes  HD-338A USW G-1 1093.8 50C-5 2.1 10.0 00016037
Yes  HD-339A USW G-1 1109.8 50C-6 3.3 11.9 00016038
X Yes  HD-339A USW G-1 1109.8 52C-9 3.3 11.9 00016038
X Yes  HD-340A USW G-1 11127 50C-7 2.1 10.2 00016039
X Yes HD-341A USW G-1 1120.7 50C-9 2.3 10.1 00016040
Yes HD-341A USW G-1 1120.7 53C-5 2.3 10.0 00016040
Yes  HD-342D USW G-1 1164.9 50C-8 3.3 11.3 00016041
Yes  HD-343B USW G-1 1178.8 50C-10 2.3 10.7 00016042
Yes  HD-343C USW G-1 1178.9 51C-6 1.9 11.0 . 00016042
Yes  HD-343D USW G-1 1178.8 51C-7 2.5 10.2 00016042
Yes  HD-344B USW G-1 1187.4 51C-8 1.4 9.6 00016043
Yes  HD-345B USW G-1 1427.0 51C-9 0.5 3.9 00016044
X Yes  HD-345B USW G-1 1427.0 80C-8 0.4 4.0 00016044
B Yes  HD-346A USW G-1 1550.0 51C-10 -0.2 3.4 00016045
BJ Yes  HD-346A USW G-1 1550.0 80C-9 -0.3 3.4 00016045
Yes  HD-347A USW G-1 1618.8 52C-2 0.1 9.5 00016046
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CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Atccept? HD # Locality Depth : m Exto Log # dI3C pdb d130 smow SPC ¢
B Yes  HD-347A USW G-1 1618.8 80C-10 0.0 9.6 00016046
& Yes  HD-348A USW G-1 1630.3 52C-3 0.1 2.4 00016047
X Yes HD-3485 USW G-1 1630.3 52C4 0.4 4.2 00016047
) Yes HD-349A USW G-1 1636.3 52C-5 0.4 1.3 00016048
Yes  HD-350A USW G-1 1654.6 52C5 -0.4 6.9 00016050
Yes  HD-350A USW G-1 1654.6 52C-6 -0 ¢ 9 0M16050

® Yes HD-350B USW G-1 1€ 46 53C-6 0.2 8.2 0. J16050




CALCITES/SILICA - CARBONATE STABLE ISOTOPES

Actept? HD 4  Locality Depth : m__Exts Log #  d13C pdb  d130 smow Src !
Yes  HD-261A USW G-2 1279.9 54C-4 0.9 4.1 00004675
X Yes HD-261A USW G-2 1279.9 711C4 , -0.1 3.9 00004675
Yes HD-261B USW G-2 1279.9 350-C4 -0.6 7.8 00004675
Yes  HD-262A USW G-2 1459.4 350-C-7 , -1.5 7.8 00004676
Yes  HD-262B USW G-2 1459 .4 350C-8 - -1.0 8.1 00004676
Yes  HD-263A USW G-2 1636.8 350-C-9 1.1 9.4 00004677
Yes  HD-264A  USW G-2 1639.5 347-C-8 1.9 12.9 00004678
Yes  HD-264B USW G-2 1639.5 347-C-9 0.7 6.2 00004678
Yes  HI-264C USW G-2 1639.5 349-C-7 0.4 8.9 00004678
Yes HD-265A  USW G-2 1756.3 351-C-1 -0.8 7.1 00004679
Yes  HD-265B USW G-2 1756.* 351.7-2 -0.4 8.6 00004679
Yes  HD-265C USW G-2 1756.3 351-C-3 -0.5 9.7 00004679
®Yes HD266A  USW G-2 1794.1 349-C-9 1.4 10.8 00004680
Yes  HD-272A USW G-2 441.4 348C-5 -5.7 14.7 00004686
Yes  HD-272B USW G-2 441.4 348-C-6 -8.2 15.6 ) 00004686
® Yes HD-272B USW G-2 441.4 349-C-6 -8.3 15.6 00004686
Yes  HD-272B USW G-2 4414 71C-6 -8.4 15.4 ) 00004686
Yes  HD-272D USW G-2 441.4 348-C-7 -3.6 14.5 00004686
X Yes  HD-273A USW G-2 463.9 348-C-1 -7.9 17.1 00004687
Yes  HD-273B USW G-2 463.9 348-C-2 -6.0 15.1 OX04687
Yes  HD-273C USW G-2 463.9 348C-3 . 7.9 17.3 0. 04687
X Yes  HD-273D us: - ? 463.9 348-C4 - -4.1 14.7 00004687
Yes  HD-273E us 463.9 350-C-5 -6.8 15.5 00004687
Yes  HD-273E USW G-2 463.9 71C-10 -7.0 15.4 00004687
Yes  HD-273F USW G-2 463.9 350-C-6 -7.3 15.7 00004687
Yes HD-274A USW G-2 476.1 348-C-8 -1.5 14.4 00004688
Yes HD-274B USW G-2 476.1 348C-9 . -0.9 13.8 000046838
Yes  HD-274C USW G-2 476.1 348-C-10 -4.7 15.9 00004688
Yes  HD-274D USW G-2 476.1 349-C-1 -1.5 18.3 00004688
Yes  HD-274E USW G-2 476.1 349.C-2 -8.2 18.3 00004688
K Yes HD-275B USW G-2 4713 350-C-1 2.0 14.8 00004689
Yes  HD-275C USW G-2 477.3 350-C-2 -0.2 14.0 00004689
Yes  HD-275D USW G-2 4773 53C-8 -1.7 14.1 00004689
Yes  HD-351A USW G-2 92,2 53C-9 -7.6 20.7 00016051
Yes  HD-351C USW G-2 92.2 53C-10 -6.8 20.5 00016051
Yes HD-352A  USW G-2 95.9 54C-1 -5.9 19.8 00016052
Yes  HD-352A  USW G-2 95.9 54C-5 .5.9 19.7 | 00016052
Yes HD-352A  USW G-2 95.9 56C-3 -5.9 19.8 ) 0016052
Yes  HD-353A USW G-2 196.9 54C-2 -8.2 19.5 00016053
& Yes HD-353A USW G-2 196.9 54C-6 -8.2 19.5 00016053
& Yes  HD-353B USW G-2 196.9 54C-7 -8.4 18.9 00016053
Yes  HD-354A USW G-2 204.3 54C-8 7.5 17.2 00016054
& Yes HD-355B USW G-2 236.7 54C-9 -7.7 17.9 016055




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD 1 Locality Depth : m__ Exta Loz #  d13C pdb  d130 smow Src 1

& Yes HD-355B USW G-2 236.7 55C4 -7.7 17.9 00016055

X Yes HD-356B USW G-2 240.7 54C-10 - -1.9 19.0 00016056

Yes  HD-357A USW G-2 248.0 55C-2 -8.7 19.0 00016057

B Yes HD-358B USW G-2 257.8 55C-3 1.5 17.4 00016058

Yes  HD-359A USW G-2 178.4 55C-5 -7.7 18.3 00016050

X Yes HD-360A UsSW G-2 258.2 55C-6 -8.0 19.3 00016059

Yes HD-361A USW G-2 280.2 55C-7 -8.4 19.1 00010061

& Yes HD-362B USW G-2 280.2 55C-8 -8.3 18.7 00016062
Yes  HD-366A USW G-2 304.2 56C-1 -7.8 18.1 00016066
Yes  HD-366B USW G-2 304.2 56C-2 -8.0 18.8 00016066
Yes  HD-366C USW G-2 304.2 56C-5 -8.0 19.0 00016066
Yes  HD-367A USW G-2 324.5 56C-7 -6.9 16.7 00016067
B Yes HD-367C USW G-2 324.5 6C6 » -7.2 17.2 00016067
X Yes HD-368A USW G-2 346.7 57C-9 -8.1 18.3 00016068
X Yes HD-368B USW G-2 346.7 57C-10 -7.4 16.8 00016068
Yes  HD-370A USW G-2 360.8 57C-2 -7.9 19.1 00016070
Yes  HD-370B USW G-2 360.8 57C-3 -7.9 19.0 00016070
& Yes  HD-577A USW G-2 1254.7 57C4 -1.6 15.8 00016081
Yes  HD-578A USW G-2 1256.2 57C-5 0.4 4.0 00016082
Yes  HD-579A USW G-2 1268.8 57C-7 ¢ -0.2 4.7 00016083
Yes  HD-579B USW G-2 1268.8 57C-6 -0.1 6.3 00016083
X Yes  HD-580A us- 2 1272.3 57C-8 -0.2 8.8 00016084
Yes  HD-581B us . 1493.6 57C-10 -0.7 6.6 00016085
X Yes HD-582A USW G-2 1497 .4 58C-1 -2.1 6.5 00016086
Yes  HD-582B USW G-2 1497 .4 58C-2 -0.6 6.9 00016086
Yes  HD-583A USW G-2 1556.7 58C-5 1.1 2.0 00016087
X Yes HD-583A USW G-2 1556.7 72C-3 1.1 2.0 00016087
& Yes  HD-584A USW G-2 1559.6 58C-6 1.8 4.9 00016088
Yes  HD-585A USW G-2 1618.0 58C-7 1.2 8.5 00016089
Yes  HD-586A USW G-2 1624.7 58C-8 0.9 9.9 00016090
Yes  HD-587B USW G-2 1651.7 58C-10 1.3 8.9 00016091
Yes  HD-588A USW G-2 1655.4 59C-1 1.2 8.2 00016092
Yes  HD-588A USW G-2 1655.4 61C-6 1.2 8.4 00016092
Yes  HD-580A USW G-2 1668.7 59C-2 0.6 9.2 00016093
X Yes  HD-590A USW G-2 1717.8 59C-3 -1.4 5.8 00016094
® Yes  HD-550A USW G-2 1717.8 59C-4 -1.5 5.8 00016094
Yes  HD-591A USW G-2 1732.2 59C-5 -1.9 8.8 00016095
Yes  HD-591B USW G-2 1732.2 59C-6 -1.4 9.0 00016095
Yes  HD-593A USW G-2 1757.1 61C-8 0.0 8.1 00016097
& Yes  HD-594A USW G-2 1760.7 60C-4 -0.2 6.8 00016098
& Yes  HD-595A USW G-2 1763.4 60C-7 -0.8 7.5 00016099
Yes  HD-595A USW G-2 1763.4 61C-5 -0.8 7.7 00016099
Yes  HD-595C USW G-2 1763.4 60C-9 -0.3 8.4 00016099

AoY)



CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD ¢ Localfty Depth : m Extn Log # d13C pdb dI180 smow SPC ¢
X Yes  HD-596A USW G-2 1786.9 60C-10 0.4 9.9 00016100
X Yes HD-597A USW G-2 1792.2 61C-2 -0.1 7.3 00016101

X Yes  HD-597B USW G-2 1792.2 61C-3 1.1 10.8 00016101




CALCITE/SILICA - CARBONATE STABLE ISOTOPES

Accept? HD # Local'ty Depth : m Exta Log # d13C pdb d130 smow SPC ¢
X Yes HD-926B UE-25 A-5 85.2 63C-9 -6.3 17.8 0001y 06
Yes  HD-926C UE-25 A-S 85.2 63C-10 -6.4 17.7 00019106
Yes  HD-927A UE-25 A-§ 85.9 64C-1 -2.8 14.7 00019107
X Yes  HD-927B UE-25 A-5 85.9 64C-2 -6.7 17.8 00019107
X Yes HD-927C UE-25 A-§ 85.9 64C4 -6.4 17.7 00019107
& Yes HD-928A UE-25 A-5 86.9 64C-5 -7.5 18.6 00019108
& Y  HD928B UE-25 A-5 85.9 64C-6 -6.5 18.3 00019108
& Yes HD-929B UE-25 A-5 922 64C-7 -5.8 17.9 00019109
X Yes HD-931A UE-25 A-5 104.8 64C-8 -6.8 17.8 00019111
Yes  HD-932A UE-25 A-§ 108.5 64C-10 -5.2 15.9 00019112
Yes  HD-933A UE-25 A-5§ 110.9 65C-1 -6.2 17.6 00019113
Yes  HD-935A UE-25 A-5 140.2 65C-3 -5.9 17.3 00019115
X Yes  HD-936A UE-25 A-5 1432 66C-5 -6.2 17.5 00019116
Yes  HD-937A UE-25 A-5 145.8 66C-6 -6.0 15.2 00019117
Yes  HD-937B UE-25 A-5 1458 65C-7 -6.0 16.2 00019117

Yes  HD-938B UE-25 A-5 1473 65C-9 * -6.1 16.8 00019118




3 > »

LALALEDILICA - CAKBUNALE STABLE ISOTOPES

Accept? HD # Locality Depth : m  Extn Log # dI3C pdb dI130 smow SPC ¢
X Yes  HD-904A UE-25 RF-3 34 62C-2 -6.5 19.6 00019210
& Yes  HD-90SA UE-25 RF-3 4.3 62C-3 -6.3 19.3 00019211
X Yes HD-906A UE-25 RF-3 47 62C4 -5.8 19.0 00019212
B Yes HD-907A UE-25 RF-3 5.7 62C-5 -6.0 18.6 00019213
Yes  HD-908A UE-25 RF-3 9.3 62C-6 -5.3 19.3 00019214
) Yes  HD-909A UE-25 RF-3 11.6 62C-7 -5.% 19.6 00019215
X Yes  HD-910A UE-25 RF-3 15.9 62C-8 -4.7 19.5 00019216
Yes HD-911A UE-25 RF-3 19.9 62C-9 -6.0 18.9 00019217
Yes  HD-912A UE-25 RF-3 25.9 63C-8 -6.1 19.0 00019218

& Yes  HD-913A UE-25 RF-3 30.8 63C-1 -5.6 21.4 00019219




CALCLIEDSILICA - CAKBUNA'TE STABLE ISOTOPE‘;S_

Accept? HD 4 Locality Depth : m  Extn Log # d13C pdb dI20 smow SpPC 1
Yes  HD-267A USW G-3/GU-3) 313.0 351-C-10 -4.3 18.9 00004681
Yes  HD-267B USW G-3/GU-3) 313.0 352-C-1 -4.8 19.2 00004681
Yes  HD-268A USW G-3/GU-3) 1309.7 352-C4 2.2 10.9 00004682
™ Yes HD-268B USW G-3/GU-3) 1309.7 352-C-5 2.2 10.6 00004682
Yes  HD-268C USW G-3/GU-3) 1305.7 352-C-6 2.4 11.4 00004682
X Yes HD-263D USW G-3/GU-3) 1309.7 352-C-7 2.3 9.5 00004682
Yes  HD-269A USW G-3/GU-3) 1346.0 352-C-8 2.0 11. 00014683
Yes  HD-269B USW G-3/GU-3) 1346.0 352-C-9 0.6 10.2 0004683
& Yes  HD-270A USW G-3/GU-3) 1464.0 351-C-6 1.7 7.5 00004684
Yes  HD-276A USW G-3/GU-3) 294.7 351C-8 -3.9 18.7 00004690
Yes  HD-276B USW G-3/GU-3) 294.7 351-C-9 - -5.2 19.2 00004690
Yes  HD-277A USW G-3/GU-3) 296.3 351-C-7 -5.4 19.4 00004691
B Yes  HD277A USW G-3/GU-3) 296.3 67C-10 -5.4 19.2 00004691
Yes  HD-278A USW G-3/GU-3) 346.9 357-C-9 -6.4 19.1 00004692
Yes  HD-278B USW G-3/GU-3) 346.9 357-C-10 ° -5.7 18.9 00004692
Yes  HD-278C USW G-3/GU-3) 346.9 358-C-1 -6.2 19.0 00004692
Yes  HD-279A USW G-3/GU-3) 357.8 352-C-2 -5.9 18.9 00004693
Yes  HD-279B USW G-3/GU-3) 357.8 352C-3 . -5.7 19.4 00004693
Yes  HD-3824 USW G-3/GU-3) 11.5 65C-10 -5.8 19.6 00016102
Yes  HD-383B USW G-3/GU-3) 14.6 66C-1 -5.6 20.9 00016103
Yes  HD-383C USW G-3/GU-3) 14.5 66C-2 -6.4 21.0 00016103
Yes  HD-3844 USY" 7 3/GU-3) 315 66C-3 -6.4 20.7 00016104
Yes  HD-385B Us™ GU-3) 45.6 66C-6 -6.5 21.1 00016105
2 Yes  HD-38A USW (-3/GU-3) 50.3 66C-8 -6.% 20.7 00016106
Yes  HD-387A USW G-3/GU-3) 60.7 66C-9 -5.3 20.7 00016107
Yes  HD-388B USW G-3/GU-3) 62.5 66C-10 -6.4 20.1 00016108
Yes  HD-388C USW G-3/GU-3) 62.5 67C-2 -5.5 20.7 00016108
Yes  1D-390A USW G-3/GU-3) 73.5 67C4 -6.6 20.3 00016110
Yes  HD-390B USW G-3/GU-3) 73.5 67C-5 -6.4 20.9 00016110
Yes  HD-390C USW G-3/GU-3) 73.5 67C-6 -6.8 20.5 00016110
Yes  HD-3%0D USW G-3/G"~-3) 73.5 67C-7 -4.8 20.0 00016110
Yes  HD-3%E USW G-3/GU-3) 735 67C-8 -6.7 20.4 00016110
Yes  HD-391A USW G-3/GU-3) 75.8 67C-9 -6.1 20.3 00016111
Yes  HD-3924 USW G-3/GU-3) 82.8 68C-2 -6.5 20.2 00016112
Yes  HD-392B USW G-3/GU-3) 82.8 68C-3 -5.4 20.4 00016112
Yes  HD-392B USW G-3/GU-3) 82.8 69C-6 -5.5 20.4 00016112
Yes  HD-395A USW G-3/GU-3) 100.6 68C-6 -6.0 20.3 00016115
Yes  HD-395B USW G-3/GU-3) 100.6 68C-7 -5.6 19.9 00016115
Yes  HD-397A USW G-3/GU-3) 112.1 68C-10 -5.4 20.7 00016117
& Yes  HD-397B USW G-3/GU-3) 112.1 69C-1 -6.6 19.6 0016117
Yes  HD-398A USW G-3/GU-3) 1314 69C-2 -5.3 19.9 00016118
Yes  HD-400B USW G-3/GU-3) 146.2 69C-5 -5.4 20.0 00016120
Yes  HD-401A USW G-3/GU-3) 151.9 69C-7 -4.2 20.0 00016121




»

CALULIE/DILILA -~ CARKDURNALE DIABLE LU IUPES

-Aevept? HD ¢ Locallty Depth : m Exta Loa #  d13C pdb 41830 smow SrPC ¢
& Yes  HD-403A USW G-3/GU-3) 168.6 69C-8 -4.1 19.3 00016123
Yes  HD-406A USW G-3/GU-3) 192.0 65C-9 -5.8 20.0 00016126
Yes HD-421A USW G-3/GU-3) 341.7 70C-1 -5.3 18.4 00016141
K Yes HD42A USW G-3/GU-3) 349.8 71C-2 . -6.0 18.1 00015142
B . HD42M USW G-3/GU-3) 349.6 70C-2 -6.0 18.2 00016142
Yes  HO-4%A USW G-3/GU-3) 521.4 70C-3 -5.7 15.8 00016144
R Yes H»-598A USW G-3/GU-3) 893.6 71C-5 2.1 9.6 00016157
Yes  HD-599A USW G-3/GU-3) 897.9 72C-1 2.4 9.1 00016158
Yes  HD-599B USW G-3/GU-3) 897.9 72C4 3.2 8.9 00016158
™ Yes  HD-600A USW G-3/GU-3) 900.3 72C-6 3.3 9.0 00016159
Yes HD-GO1A USW G-3/GU-3) 903.6 72C-7 2.2 9.2 00016160
Yes  HD-602B USW G-3/GU-3) 908.5 72C-9 2.7 9.2 00016161
& Yes HD-60SA USW G-3/GU-3) 938.5 73C-1 3.7 9.4 00016165
Yes  HD-606B USW G-3/GU-3) 938.5 73C-2 2.0 9.5 00016165
Yes  HD-608A USW G-3/GU-3) 946.9 73C4 3.2 9.0 00016167
Yes  HD-610A USW G-3/GU-3) 1315.6 73C-5 2.3 7.1 00016169
Yes  HD-610B USW G-3/GU-3) 1315.6 73C-6 2.3 11.0 00016169
Yes  HD-610C USW G-3/GU-3) 1315.6 73C-7 2.6 7.7 00016169
X Yes HD-611A USW G-3/GU-3) 1324.8 73C-8 1.6 10.0 00016170
X Yes HD-612A USW G-3/GU-3) 1330.5 73C-9 1.0 8.3 00016171
XK Yes HD-613A USW G-3/GU-3) 1343.0 73C-10 1.4 11.0 00016172
Yes  HD-614A USY ~ 2/GU-3) 1349.5 74C-2 2.1 11.0 00016173
Yes  HD-614B us 3U-3) 1349.5 74C-3 1.9 11.2 00016173
X Yes HD-615A USW -3/GU-3) 1407.9 74C4 1.6 7.8 00016174
Yes  HI:~17A USW G-3/GU-3) 1456.2 74C-6 0.9 12.0 00016176
Yes  HD-0I9A USW G-3/GU-3) 1521.0 74C-8 2.3 10.6 00016178
Yes  HD-620A USW G-3/GU-3) 1530.0 74C-10 0.9 8.9 00016179
B Yes HD-722A  USWG-3/GU-3) 13.3 70C4 -6.6 20.6 00005520
Yes  HD-723A USW G-3/GU-3) 14.4 70C-7 -6.6 20.7 00005512
Yes  HD-723B USW G-3/GU-3) 14.4 70C-8 -6.1 20.9 00005519
Yes  HD-74A USW G-3/GU-3) 17.3 70C-9 -6.6 20.9 00005518
X Yes HD-725A USW G-3/GU-3) 22.1 70C-10 -6.4 20.2 00005517
Yes  HD-726A USW G-3/GU-3) 27.4 71C-1 -6.3 20.4 00005516
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CALCITE/SILICA - CARBONATE STABLE ISOTOPES

" Kecept? HD ¢ Locallty Depth : m Extn Log #  di3C pdb dI130 smow SPC ¢
Yes  HD-871-A UE-25 A6 35.8 25C-2 -7.6 18.8 00019121
Yes  HD-872-A UE-25 A-6 40.6 25C-3 -6.8 18.4 00019122
R Yes HD8RA UE-25 A6 40.6 45C-10 -6.8 18.7 00019122
Yes  HD-875-A UE-25 A-6 114.4 25C-5 -5.5 16.7 00019125
B Yes  H-876-A UE-25 A-6 119.2 25C-6 - -6.2 16.2 00019126
Yes HD-8T7-A  UE-25 A6 121.6 25C-7 -7.0 17.9 | 00019127
BYs HDSTIA  UE2S A6 121.6 46C4 -%.0 17.9/ 00019127
X Yes HD-878-A UE-25 A-6 125.5 26C-2 -7.2 17.9 00019128
Yes  HD-879-A UE-25 A-6 132.6 26C-3 -6.6 17.8 00019129

Request number 42,

See the following re
#17 for site 106
#22 for Nevares Spring,
#31 for UE 25 RF-9

quest for the remaining data.
s, #26 for Wahmonie,
#27 for Grapevine Spring,
» #28 for Yucca Crest.




