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Introduction
"This study was performed on June 15-19, 1998, in the Fluid Research Laboratory at Virginia 
Tech, Blacksburg, Virginia.  

The purpose of the study was to check the validity of the fluid inclusion results obtained 
during my studies at the Institute of Mineralogy and Petrography, Russian Academy of Sci
ences in Novosibirsk in 1995-1998. These results were published (Dublyansky & Reutsky, 
1995; Dublyansky at al., 1996-a, -b, 1998) and presented at the 7" PACROFI Meeting on 
June 2, 1998, in Las Vegas.  

Four samples collected by me in 1995 in the first, approximately 300 m long section of the 
ESF (North portal) have become the subject of this study. Samples represent calcite and opal
quartz-calcite incrustations on the fracture walls or on the gravel-sized fragments found in 
local fractured zones of the welded tuff Tiva Canyon.  

Sample preparation 
All possible precautions have been taken to avoid any mechanical or thermal damage to the 
inclusions, as well as contamination of the samples.  

The samples have been cut using low-speed Buehler Isometr saw set at -120 rpm with cold 
water as a coolant. Freshly cut surfaces have been manually ground and polished using 
grinding powder (600 grit and 5 micron) and Buehler Metadi® water-based diamond fluid (1 
micron). Polished surfaces have been mounted on glass slides using polyacrylic "Crazy Glue" 
and the operations were repeated to produce doubly polished sections.  

I have prepared sections from three samples; in one more sample calcite .appeared to be too 
fractured, and the section was not prepared.  

Optical observations 
I examined prepared doubly polished sections under the microscope Olympus BX-60 at dif
ferent magnifications (objectives 1Ox, 40x, and 80x). Inclusions were photographed with 
Polaroid Digital Camera. Sometimes, for the purpose of the fast mapping of inclusion loca
tions, I used Sony video printer.
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All-gas inclusions 
All-gas inclusions have been ob
served in one sample, SS#85-86. In
"clusions occur in the apparently old
est parts of the calcite crust, more or 
less close to the contact with the bed

A .rock tuff (Fig. 1). Inclusions are dark 
(Fig. 2) and often have equilibrated 
shape (Fig. 1, 3, and 4).  

Fig. 1. All-gas inclusion in calcite near the contact with tuff 
(dark) and some unidentified epigenetic euhedral minerals. Size 
of the inclusion is - 40 pt. Sample SS#85-86.  

UV-luminescence 
All three calcite samples prepared in Blacksburg, as well as sections of the SS#85-86 sample 
brought by me from Novosibirsk were studied for the UV-luminescence. The purpose of this 
was to check possible presence of the liquid hydrocarbon (oil) inclusions. One such inclusion 
has been found by me in the course of crushing tests in Novosibirsk and reported in my talk 
at the 7 1h PACROFI Meeting. None of the samples revealed luminescence.  

Concltsion. Negative result of the LTV-luminescence test indicates that studied inclusions 
apparently do not contain liquid hydrocarbons.  

2ig. 2 All-gas and gas-liquid inclusions. Size of the all-gas in
clusion is - 60 p. Sample SS4S5-86.
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Fig. 3. Inclusion before (left) and after the rupture (right). Note the appearance of meniscus (arrow) in the 
inclusion on the right picture (oil entered the inclusion). Size of the inclusion is -25 ig. Sample SS#85-86.  

Crushing 

I performed several crushing experiments on all-gas inclusions. In four experiments I was 
able to observe the moment of the rupture when the crack intersected the inclusion. None of 
the bubbles in inclusions increased in size. In all four cases oil entered the inclusion vacuole 
and the bubble shrank. Typical example is shown in Fig. 3. Out of the four successful ex
periments, in the three I used standard immersion oil (A); in one experiment I used glycerol.  
For these two fluids, I was unable to detect any difference in the degree of bubble contraction.  

I have made an estimation whether the observed volumetric changes can be explained by dif
ference in barometric pressure between Yucca Mountain and Blacksburg, located at different 
altitudes: 

PBVB = nRT8, 

PrVr = nRTy, 

where P is the pressure, V is the bubble volume, n is the number of moles of a gas in bubble, 
R is the gas constant, T is the temperature, and indices B and Y stand for Blacksburg and 
Yucca Mountain, respectively. Holding the term nRT as a constant, obtain: 

PBVB = PyVy or PIPy = V/V 

Substitution of actual mean barometric pressures at Blacksburg and Yucca Mountain (ESF) 
yields: 

0.957/0.913 = V/V 8 (pressure in bars).  

This means that the difference in altitude between the two sites can contribute no more than 
5% of volumetric change. For example, for a 25 L.t bubble, this would translate in the change 
of bubble diameter of about 0.5 p; by far less than I have observed in crushing experiments.  

I have established, therefore, that the pressure in non-broken inclusion at room temperature is 
less than I at. or 1 bar. Again, a pair of equations may be written: 

P.UIIVV=IRT,,.

PI..vrV = nRT,-.,,:



where indices NOW and ENT denote parameters in the unbroken inclusion now, at room pres

sure and temperature, and parameters during the inclusion entrapment. Since we discuss un
broken inclusions, the volume V should be held constant. Assigning nR/V = a = cons., equa
tions may be re-written as: 

PIVOW = a T.vo,r,..  

PrST = a TEXT.  

The temperature in the moment of entrapment may be determined as: 

TENT = (PE.rT~vo0'!Pvow.  

It is highly unlikely that the pressure of entrapment was PENT < I at. (it should be approxi

mately equal to 1 at. in unsaturated, or vadose, setting and higher than 1 at. in saturated, or 

phreatic, setting). On another hand, from crushing experiments we know that PVo, < I at.  

Therefore: 

PEN7/PV0 1Y> I 1 TE.NT> TvOW.  

In other words, the entrapment temperature should have been higher than the present-day am

bient temperature.  

Conclusion. Crushing data indicate internal pressures in the SS#85-86 all-gas inclusions of 

less than 1 at. Similarity in the bubble behavior upon crushing in two different fluids (one of 

which, glycerol, is known to be non-reactive with regard to the most gas chemistries encoun

tered in fluid inclusions), as well as very fast, almost immediate, contraction of bubbles, both 

argue against the possibility that the bubble contraction might be related to the dissolution of 

the gas in the fluid in which the crushing is performed. Inclusions in their pristine state, there

fore, contain gas with low density. To allow the less-than-atmospheric pressures in unbroken 

inclusions, elevated entrapment temperatures are required.

6



Raman spectrometry

I analyzed two all-gas. inclusions 
from the sample SS#85-86 (Fig.  
4) on the Raman spectrometer 
(analyst Frank Harrison). The 
results are shown in Fig. 5.  

"Inclusion 1. First short, I and 2 
4's min., analyses did not reveal any 

discernible signals on the Raman 
"spectra. Longer, 20 min., run 
"yielded broad hump of the Ra
man spectrum, characteristic of 
the fluorescence. Repeat 20 min.  

Fig. 4. Inclusion 2 studied by Raman spectrometry. Bar scale is 50 p long run on the same inclusion 
yielded similar broad hump, with 

overall intensity decreased by -20%. Analysis of the matrix calcite near the inclusion did not 
show any fluorescence.  

Inclusion 2. This inclusion (Fig. 4) was analyzed by me in Novosibirsk (exposure to laser ex
citation 60 min. has led to overall decrease of fluorescence by an order of magnitude, from 
360.000 to 36.000 counts per second). Being subjected to the two consecutive 20-min. analy
ses, inclusion have shoved the pattern, identical to the one observed for the Inclusion 1, ex
cept the intensity of fluorescence was significantly lower (see Fig. 5).  

Interpretation. Fluorescence of fluid inclusions is typically caused by th6 presence of cyclic 
and aromatic hydrocarbons possessing benzene rings (which is, C, and higher). It might be 
concluded, therefore, that the gas in studied inclusions contains a certain amount of such 
aromatic hydrocarbons. Because the density of the gas is low in these inclusions (as it is ap
parent from crushing experiments), the amount of molecules in the analyzed volume is also 
very small, which makes it impossible to see peaks of individual gases on the Raman spectra.  
Prolonged exposure to the laser beam causes decomposition of organic compounds, which is 
expressed in the decrease of the fluorescence intensity. Direct correlation between the expo
sure time and the intensity of fluorescence can be observed in Fig. 5.
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Fig. 5. Raman spectra obtained from two inclusions and matrix calcite. Sample SS#85-86. Analyst 
F.Harrison. Inclusion 2 was exposed to laser beam for 60 min in Novosibirsk and then -twice for 20 
min. in Blacksburg. Sharp peaks on the spectra are noise.  

Two separate lines of evidence reinforce this interpretation.  

1. Selective absorption analyses of individual bubbles released from the all-gas inclusions by 
crushing have been performed in Novosibirsk (sample SS#85-86; analyst Nina Shugurova).  
Bromine water, used in the analysis, removes cyclic and straight- and branched-chain al
kanes: 

C,,H_. + Br2 = C.H 2.Br 2 

C11H,1,-. + Br, = C,,H,,,_,Br4 

Six bubbles analyzed by this technique revealed significant, -80%, decrease in volume when 
submerged in the bromine water. By contrast, neither the gas bubbles from the "vapor phase" 
quartz (collected at Yucca Mountain), nor bubbles of the ambient air analyzed by the same 
method and with the same reagents, have shown any decrease in the bromine water. The se
lective absorption results, therefore, suggest the presence of the unsaturated hydrocarbons in 
the all-gas inclusions of the SS#85-86 calcite.  

2. Bulk gas chromatographic analyses of calcite (as well as quartz, opal, and welded tuff 
samples) from the ESF have been performed in Novosibirsk (analyst Liubov Egorova). All 
samples, including SS#85-86, have shown presence of methane, acetylene, as well as heavier 
hydrocarbons C, to C, (Fig. 6). Several more peaks have been recorded on the chroma-
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Fig. 6. Results of the gas chromatographic analysis of the four calcite samples from ESF. Sample SS#85-86 
is shown by bold line. Analysis was carried out in Novosibirsk; analyst L.Egorova.  

tographic spectra. Apparently, they represent hydrocarbons heavier than C6. These gases have 
not been identified so far, pending calibration of the equipment.  

Conclusion. On the basis of the data available, the conclusions regarding the presence of 
heavy (aromatic) hydrocarbons in the all-gas inclusions of the SS#85-86 sample seems to be 
warranted.  

Gas-liquid inclusions 

All three studied samples contain all-liquid inclu
sions, sometimes bearing indications of their pri
mary origin (e.g., alignment along growth layers 
in sample SS#45-46). Besides, in all three sam
ples I observed gas-liquid inclusions with appar
ently consistent and generally low vapor-to-liquid 
ratios. In two samples (SS#39-40 and SS#45-46) 
such inclusions are very rare. One of such groups 
is shown in Fig. 7; individual inclusion with 
characteristic vapor-to-liquid ratio is shown in 
Fig. 8.  

Fig. 7. Group of inclusions with apparently con
sistent vapor-to-liquid ratio. Size of the inclusion 
in the center (bubble in left corner) is about 25 ýI.  
Sample SS#45-46.
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Fig. 8. Gas-liquid inclusion. Size is - 25 gt. Sample SS#45-46.  

In sample SS#85-86 gas-liquid inclusions were found to occur along growth zones of the cal
cite crystals. In several cases I was able to observe more than ten inclusions apparently be
longing to the same growth zone within the same view field. Photo mosaic displaying the 
characteristic shapes and distribution of such inclusions is given in Fig. 9.  

Thermometry 

Thermometric study has been performed on the Linkam THMSG 600 stage. I selected a group 
of inclusions, apparently representing the one growth zone and having (on the visual basis) 
similar vapor-to-liquid ratios. The data obtained by such fluid inclusion associations, FIAs, 
are considered the most reliable information in fluid inclusion thermometry. I located and 
mapped 10 inclusions within the same field of view. To be able to observe homogenization 
temperatures of all inclusions, I performed heating in cycles. The sample was heated to 30 'C 

Fig. 9. Ten inclusions with apparently uniform vapor-to-liquid 
ratio in the same growth zone (FI.-\. Size of the largest inclusion 
is -150 .t. Sample SS#85-86. Mosaic.
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Fig. 10. Frequency histograms for the SS#85-86 sample. Upper 
histogram - this study; lower histogram - results by Dublyansky & 

Reutsky (1995) and this study (dark) 

and hold for 1-2 min. for thermal equilibration. Each inclusion was checked for the presence 
of a bubble. The temperature was increased at an increment of 1 'C. After every heating step I 
checked each inclusion. When I was unable to identify the presence of a bubble (this began to 
happen at temperatures in excess of 68 °C), I lowered the temperature by 10-20 'C, which 
typically was enough to see the bubble. The detailed chart of the experiment is given in the 
Appendix.  

As it is seen from Fig. 10, the studied FIA yielded quite consistent homogenization tempera
tures. Eight out often inclusions homogenized within the 4°-interval from 72 to 75 'C.  

Conclusion. Homogenization temperatures indicate that studied calcite was formed from hot 
water with the minimum temperature of 75 'C.  

In this experiment I obtained the data for the stratigraphically early part of the SS#85-86 cal
cite that was not available for the analysis in my early studies in Novosibirsk due to the fact 
that I had to work with cleavage chips, rather than with cut and polished sections. Results 
from the report Dublyansky & Reutsky (1995) characterize the outer parts of the calcite 
crusts. Respectively, lower temperatures have been obtained from these parts of the calcite 
(Fig. 10).
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Discussion

Thermometric data - are they reliable? 

All necessary precautions have been taken to assure the absence of any heating, stretching, or 
other damage to the inclusions during sample preparation and thermometric studies. Besides, 
I am not aware of any "technical" process that could have led to the appearance of fluid inclu
sion groups yielding so consistent homogenization temperatures, as I have measured.  

Geological history of Yucca Mountain precludes any thermal event (like burial or intrusion of 
magmatic bodies) that could have led to thermal re-equilibration of inclusions in studied cal
cite.  

Therefore, the result may be considered as quite consistent, and the obtained homogenization 
temperatures, 72-75 'C, as reflecting the minimum possible formation temperature for the 
studied part of the calcite sample.  

What is the age of the studied calcite? 

To assess possible bearing of our results on the suitability of the Yucca Mountain site, we 
need to know the age of the studied calcite.  

The authors of one of the latest papers dealing with the Yucca Mountain mineralization 
(Stuckless et al., 1998) state: 

"... many calcite occurrences are related to a hydrothermal event (probably the syn
volcanic Timber Mountain even, 9-11 ma). To our knowledge, all of these occur
rences have been found only at great depth ... but other hydrothermal minerals 

'formed during this event are found closer to the modern surface... "t(p. 73) 

Calcite that I studied was collected from depth of -50-70 m below the topographic surface. If 
the observation above is correct, this calcite should be young, "post-Timber Mountain" one.  

In the absence of the absolute age dating, discrimination between old (c.10-11 Ma) "Timber 
Mountain" hydrothermal calcite and younger "post-Timber Mountain" calcite at Yucca 
Mountain is possible on the basis of its isotopic properties. "Old" calcite invariably displays 
characteristic enrichment in "C (5V3C -2 to +5 % PDB) and depletion in radiogenic Sr 

(87Sr/16Sr from 0.7085 to 0.7100), whereas "young" calcite is depleted in "3C (-3 to -10 % 

PDB), and enriched in 1 7Sr (0.7110 to 0.7130). Pertinent discussion can be found in papers by 
Vaniman & Whelan (1994), Whelan & Stuckless (1991) and elsewhere.  

The problem of the age, therefore, may be dealt with in two steps: (1) determination of 
87Sr/86Sr and V'3 C values; and (2) for calcites with "light" carbon and "heavy" strontium com
positions - absolute dating by means of U-series, U/Pb or ESR methods.
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Aromatic hydrocarbons in all-gas inclusions

The presence of aromatic hydrocarbons in all-gas inclusions, along with alkanes (as indicated 
by significant, up to 80%, decrease of the bubble volume in bromine water) and, probably, 
other hydrocarbons (methane, acetylene, C3 to C6 ; gas chromatographic analysis) may be in
dicative of the possible connection of the studied calcite with the petroleum (essentially, gas) 
potential of the Paleozoic sedimentary rocks underlying Yucca Mountain.  

Conclusions and recommendations 

Conclusions 

1. All-gas inclusions from the studied sample SS#85-86 contain, at room temperature, a gas 
or mixture of gases with the pressure less than 1 at. This suggests entrapment of gas from 
heterogeneous fluid at elevated temperature; 

2. All-gas inclusions from the sample SS#85-86 apparently contain aromatic hydrocarbons; 

3. Gas-liquid inclusions from the sample SS#85-86 indicate the temperature of calcite for
mation in excess of 75 °C; and 

4. The presence of groups of gas-liquid inclusions with apparently uniform vapor-to-liquid 
ratios in two more samples (SS#39-40 and SS#45-46) suggests formation of calcite in 
these samples at temperatures, exceeding ambient ones. This conclusion should be 
checked out by further thermometric studies.  

Recommendations 
The following set of research activities may be suggested for the purpose of the evaluation of 
the timing and extent of the migration of water with elevated temperatures within the pres
ently unsaturated zone of Yucca Mountain in the past: 

1. Extensive and comprehensive study of fluid inclusions in calcite, quartz, and fluorite from 
the entire extent of the ESF, as well as from existing boreholes in order to determine: 

a. abundance of minerals formed by warm/hot (>35 °C) fluids; 

b. spatial distribution of such minerals; 

2. Isotopic analyses of calcite samples that yield elevated homogenization temperatures ("3C, "80, and 87Sr) in order to attribute them to "old" Timber Mountain or "young" post-Timber 

Mountain lithofacies; and 

3. Absolute dating of the identified "young" carbonates (U-series, U/Pb, ESR) in order to 
assess the timing of the calcite-forming processes.
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Appendix
Chart of the thermometric experiment 

(4 - bubble present; 0 - inclusion homogenized)

T, °C Inclusion # Cool 
1 2 3 4 5 6 7 8 9 10 to, °C

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67

K' 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
-4 
`4 
`4 
`4 
`4 
`4 
`4.  
`4 
`4 
`4 
4

K' 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4

K' 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
`4 
.4 
4 
4 
4

68 4 4 4 4 4 4 q 4 4 4
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Chart of the thermometric experiment (continued) 

(q - bubble present; 0 - inclusion homogenized)

T,0 C 
1 

69 '1
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82

4 
4 
4 
4 
4 
0 
0 
0 
0 
0 
0 
0 
0

Inclusion # Cool 
2 3 4 5 6 7 8 9 10 to,°C 
'1 '1 4 " 4 q 60 
4 4 4 4 4 4 4 4 4 60 
4 4 4 4 4 4 4 4 •4 60 
4 4 0 4 4 4 0 4 4 30 
0 4 0 4 4 4 0 0 4 60 
0 4 0 4 0 4 0 0 0 60 
0 0 0 4 0 4 0 0 0 55 
0 0 0 4 0 4 0 0 0 65 
0 0 4 4 o o 0 65 
0 0 4 0 4 0 0 0 60 
0 0 0 4 0 0 0 0 0 60 
0 0 0 4 0 0 0 0 0 50 
0 0 0 4 0 0 0 0 0 50 
0 0 0 0 0 0 0 0 0

Note. Studied sample was mounted on a piece of cover glass, which means it wasn't in direct 
contact with the silver block (heater). Possible shift in homogenization temperature should be 
checked. Since I allowed time (ca. 1 min) for thermal equilibration, this effect should not be 
significant.
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Fluid Inclusion Studies at ESF, Yucca Mountain... by Dr. Yuri Dublyansky

Appendix 2: Schematic plan and geological cross
section of the ESF

(courtesy U.S. DOE Nevada Yucca Mountain Operation Office)

Fluid Inclusion Studies at ESF, Yucca Mountain... by Dr. Yuri Dublyansky
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Fluid Inclusion Studies at ESF, Yucca Mountain... by Dr. Yur Dublyansky

Appendix 3. Reviews and Evaluations 

Reviews by 

"* Dr. Larryn W. Diamond, University of Leoben, Austria (also includes discussion with Yuri 

Dublyansky) 

"* Dr. Bruce Yardley, University of Leeds, UK 

"* Dr. Jean Dubessy, CNRS, France 

"* Dr. Jean S. Cline, University of Nevada, Las Vegas 

"* Dr. Joe Whelan, Dr. James Paces, Dr. Brian Marshall, Dr. Zell Peterman, Dr. John Stuckless, Dr.  
Leonid Neymark (all USGS) and Dr. Edwin Roedder (Harvard University) 

Evaluation of the review by Whelan et al. by

* Yuri Dublyansky
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Dear Drs Makhidjan and. Dublyansky, 

accompanying this letter is my evaluation of Dr Dublyansky's report on the Yucca Mountain fluid 

inclusions. I apologize for the'delay in sending you my evaluation, but I took ill over the past 

"-J weekend while I was at home in Switzerland, and I have only just retmned to my office in Austria 

this morning. I hope my evaluation can still be of use to you.  

Best regards, 

Layn W. Diamond 

P.S. I have sent a copies of the evaluation via e-mail to: arjon@ieer.org and kyoto-yuxi@hotmafl.com 
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Evaluation of unpublished draft report bvDnublansk7:

"FlRuid izclusion studies of sanmpes from the Exploratory Study Facilit, Yucca Mountain, Nevada" 
by Dr. Yuri Dublyansky, October 1998, Blacksburg, VA - Washington, D.C.  

The major question addressed by this report is whether the fluid inclusions sampled from the ESF at 
Yucca Mountain represent meteoric waters trapped on descent, or warm deep waters trapped upon 
ascent. With this question in mind I have spent approximately seven hours carefully reading 
Dublyansky's report and using a high-powered optical microscope to examine the samples, he 
provided me (thick-sections numbered 2206 and 2226, presumably corresponding to samples 
SPC00532206 and SPC00532226). My comments (see following numbered points) deal with the 
fluid inclusion, mineralogic, :and stable isotope evidence adduced in favour of the report's 
conclusions. I am not sufficiently expert in radiometric dating to evaluate the results of uraniun-series 
dating of calcite.  

I find the report prepared by Dr Dublyansky to be of very high quality. It contains a large amount of 
meticulously collected data of relevance to the question of interest. The results are clearly presented 
and observations are adequately distinguished from interpretations.
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The evidence in favour of waim, ascending water is summarized in section 6.2 of the report. I 
entirely agree with the com-peling nature of most of the evidence adduced, including that listed under 
the headings: "Mineralogy and textures", "Presence of gases at less-than-atmospheric pressure", 
"Presence of gaseous aromatic hydrocarbons", and "Isotopic parameters of parent fluids". I find the 
evidence of "Stable isotope properties" consistent with the warm ascending water hypothesis but not 
conMelling. in that a cold-water meteoric environment could be envisaged in which the observed 
patterns could be generated. I have doubts about the remaining point, 'Elevated formation 

temperatures", for the following reasons: 

1) According to the report, both primary all-bas inclusions and primary liquid-vapour inclusions are 
present in the calcites, but no information is gven with regard to the relative timing of the two 

types. In my examination of the samples I confinned to my satisfaction, that there are indeed 
primary inclusions of both types, but in addition I found evidence that the two inclusion types are, 
at least in part, contemporaneous. In particular, I found what appear to be mixed inclusions, 
containing large vapour bubbles (> 50 vol%) but also water. If this interpretation of 
contemporaneity is correct, then it would imply that the all-gas inclusions and the primary liquid
vapour inclusions are mutually saturated with respect to hydrocarbons and water (i.e.  
heterogeneous entrapment). Incidentally, since the all-gas inclusions probably contain some water, 
the enigmatic solid observed in a few all-gas inclusions could well be ice or a gas-hydrate clathrate 
that sublimes upon wanning.  

2) The report recommends that homogenization temperatures above a certain value should be ignored, 
but I find this procedure arbitrary. For example, if values above 50°C are to be ignored because of 
the danger of stretching, then how do we know that the values around 30"C are also not elevated 
due to stretching? To be convinced that the reported homogenisation temperatures are significant, I.  
would like to see data on the -remoduciblity of the homogenisation temperatues (I could not find 

any such data in the report) - irreproducible values would indicate that the inclusions had stretched 
during heating on the microthernometric stage. I would also like to see, from overheating 
measurements, exactly at which temperature the inclusions in calcite do h to stretch. Also, no 
explicit mention is made in the report of necking-down as a possible explanation for the spread in 
temperatures, yet I saw in the samples many possible candidates for necking-down, which could 

conceivably yield unrealistically high temperatures.  

3) 1 cannot reconstruct from the histograms of homogenisation temperatures, whether the spread in 
values corresponds to inclusions in the same assemblage (FIA, e.g. primary growth zone or 
healed fracture), or whether the data derive from inclusions in different assemblages. The
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distinction is important, because if the all-gas and liquid-vapour inclusions formed by 
heterogeneous entrapment, as I suggest above, it would mean that only the lowest of the 

homogenisation temperatures from each assemblage would be significant, and these lowest values 
would represent the exact temperatures of entrapment, not minimum temperatures (the internal 
pressure of the hydrocarbon.inclusions should be equal to the internal pressure of the liquid
vapour inclusions at the homogenisation temperature of the latter, presumably only slightly in 

excess of I bar). From what I can judge, this way of treating the data could result in interpreted 
formation temperatures which are actually quite low (e.g. -35 *C?), and hence the evidence for an 

origin as warm, hydrothermal fluid would not be compelling.  

From the information in the report I cannot tell if the strontium-isotope evidence for upwelling is 
compelling or not. The report points out that the STSrI6Sr ratios of the studied calcite are consistent 

with the ratios of the semi-confined Paleozoic carbonate aquifer that underlies the modem aquifer 
beneath Yucca Mountain. However, what are the 7SrJ/86Sr ratios of reactive minerals in the tuffs that 
host the calcite vemi deposits. Am they also compatible with the calcite values? 

Having pointed out these ambiguities in the microthermometric data, I am still of the opinion that, 
viewed collectively, the remaining "compelling" evidence is good support of the report's conclusion.  
that the calcite + opal + fluorite fracture coatings prci'pitated from warm. upwelling fluids, and not 

from descending meteoric water.  

Finally, I have a comment regarding the danger of future upweflings. It is very important that further 
research be directed at understanding why the fluid ascended into the tuffs. If the ascent was driven 
by topographic flow through the deep carbonate semi-confined aquifer, then perhaps erosion in the 

region of Yucca Mountain has already removed the topographic highs, such that no future flow is 

possible.  

Dr Lanyn W. Diamond 

Professor of Mineralogy and Petrology 

Note: "Chart of thermometric experiment" on page 15 of Appendix I seems to be incomplete (no 

zeroes indicating homogenisation).
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Date: Thu, 26 Nov 1998 22:24:58 +0100 
To: "Yuri Dublyansky" <kyoto.yuri@hotmail.com> 
From: diamond@unileoben.ac.at (Larryn Diamond) 
Subject: Re: Yucca Mtn Report 

Dear Dr Dublyansky, 

Thank you for the e-mail and FAX replies to my evaluation of your report. I find your points very interesting and 
mostly they answer the questions I raised in my evaluation. I have made some brief comments to your points, 
inserted into your text below (numbered 1,2,3...).  

Dear Dr. Diamond: 

Thank you very much for evaluating my report and examining two of my samples. I greatly appreciate your time and 
the thoroughness ofyour review. I would like to discuss some ofyour comments and provide clarification on the 
questions you raised.  
Comment I.  
a. Con temporaneous liquid-va=or and all-liquid inclusions. I agree with your observation that there are apparently 
contemporaneous inclusions ofboth types; on several occasions I saw the same relationships. I should have and I 
will incorporate this observation in the report. (Most unfortunately, I have had only 3 weeks to do the original work 
at Bob Bodnar's lab and then only 4 days to compile the report; some of the deficiencies ofthe latter stem from this 
tight schedule). I need to point out (here. as well as in the report) that I never carried out thermometric studies on 
liquid-vapor inclusions associated with gas-rich or all-gas inclusions. All my numeric data are from groups with 
regular liquid-to-vapor ratio (determined on visual basis). Therefore, I do not think that I should worry about the 
possible influence of the heterogeneous entrapment on my numeric data.  

(1) This answer does not really address the problem to which I was referring. See my point 9 below.  

b. Phase which appears in all-gas inclusion uDon freezing. You know, it seems unlikely to me that it was water, 
because it always had a rounded shape - whether I cooled or heated it. Quite possibly it was clathrate, as you 
suggested. I did not want to engage in much discussion on this matter before I have more data. We discussed with 
Bob Bodnar the possibility ofanalysis of this phase on Raman microprobe using cooling stage, and I plan to attempt 
this analysis as soon as I can (most unfortunately, during my 3-week stay in Blacksburg in October, Bob's Raman 
was out of order).  

(2) 1 forgot to mention in my review that the reason that the solid comes and goes at different temperatures may be 
due to sublimation and Ostwald ripening of larger crystals. This is just a suggestion, but for example, each time you 
freeze the inclusion you may nucleate a different number of crystals at different locations in the inclusion. Then as 
you heat, the larger of these crystals should grow (by precipitation from the vapour) at the expense of the smaller 
crystals. Sometimes the larger crystals (the survivors) may be visible, and sometimes they may be hidden in the dark 
rims of the inclusions.  

CommentL2.  
a. Arbitrar_ elimination oif temperatures. You are right, this is more or less arbitrary approach. However, when we 
speak of "tight clustering" of the temperatures measured from FIAs, or of"consistent results", don't you think that 
ourjudgements are equally arbitrary? Should we consider a 5 "C-interval of Thrs obtained from an individual FIA 
sufficiently "narrow"? Or 8 TC? Or 10 TC? For instance. Goldstein and Reinolds (1994) suggest: "For diagenetic 
applications, the class intervalfor Th's should usually be 5 'C" (p. 123). For some ofmy samples (e.g., Fig. 23). data 
measured on as much as 5 FIAsfell ENTIRELY within one class interval! Therefore, my approach to "disturbed" 
inclusion assemblages was like follows: to treat them not as "consistent", but as "moderately consistent" (terms of 
Goldstein and Reinolds. 1994). Since I did not observe indications of "creation" of the two-phase inclusions with 
visually similar liquid-to-vapor ratios from all-liquid inclusions by heating (see below my comment on inclusion 
overheating). I assumed that the same should apply to mechanical stress. In this case. I think, it is even more unlikely 
to "stretch" all inclusions in a group of all-liquid inclusions to produce two-phase inclusions showing similar liquid
to-vapor ratio. However, minor mechanical stress may slightly change the volume of already-two-phase inclusions;
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(7) Good. I think it is important to mention in the report that you explicitly searched for evidence of necking-down 
and avoided inclusions which were suspect.  

Comment 3 

a. Spread of temperature. I am afraid that you were sent a xero-copy of my report, rather than original printout.  
Sorry, I could not control it, for during that time I was in Canada and then in Nevada. As Ifigured out, the different 
shades of gray which I used to represent each FIA on the histograms are not always recognizable on the xero-copy. I 
apologize for this. For four samples which do not show substantial scatter these data are: 
Sample 2206 (Fig. 7): FIA 1 - 49(1), 51(1), 53(2) - 3D group (white) FIA 2 - 53(1), 54(1), 55(3), 54(2), 53(1) - low
angle plane (gray) FIA 3 - 58(2), 59(7), 60(1), 62(2) - growth zone (black) 
Sample 2220 (Fig. 17) FIA 1 - 3 7(1), 39(2), 40(1), 41(1), 43(1) - growth zone (black) FIA 2- 36(3), 3 7(6), 38 (2) 
low angle plane (dark gray) FIA 3 - 36(1). 39(1) - 3D group (light gray) Individual inclusions - 36(5), 37(4), 38(1), 
43(2) 
Sample 2222 (Fig. 23) FIA 1 - 35(3), 36(5), 37(1) FIA 2 - 36(1), 37(1) FIA 3 - 37(6), 38(2) FIA 4 - 35(5), 36(4), 
3 7(1) FIA 5 - 36(4), 37(1) 
Sample 2226 (Fig. 34) FIA 1 - 3 7(4). 38(5), 39(7), 40(2), 41(4) - growth zone (black) FIA 2 - 37(1), 38(6) - low angle 
zone (gray) FIA 3 - 39(3), 40(5), 41(1), 42(1), 43(2) - low angle zone (gray) 
**** Attached is an Excelfile which contains original data **** 
As you can see, some of my FIAs homogenized within 2 TC interval (e.g., sample 2222, FIA 3).  

(8) The data are much more understandable to me now. I agree that the individual fluid inclusion assemblages have 
very narrow Th ranges, and this explains the spreads I assumed to be present in the poorly copied diagrams of your 
report.  

b. Possible influence ofheterogeneous entranment on data interpretation. As I indicated above, I did not use for 
thermometric studies groups of inclusions for which heterogeneous entrapment might have been suspected (see 
Comment 1-a in this letter). The higher-temperature samples, like 2206 and SS#85-86, yielded temperatures of 58-61 
and 72-75 °C from FIAs of 8-12 individual inclusions. Taking into account these two facts, I believe I have reason to 
consider these "elevated" temperatures to be real (meaningful).  

(9) 1 am now convinced that the Th values you report are meaningful. In particular, the range of 72-75 0C is very 
relevant to the Yucca Mountain repository issues. However, we may still disagree on what the "meaning" actually is.  
I do not view these homogenisation temperatures as representing "minimum entrapment temperatures". Rather, I 
think they represent the "exact" entrapment temperatures. The reason is that the calcite samples I looked at show 
evidence for a heterogeneous phase state during calcite growth. There are many fluid inclusion assemblages that 
show variable phase volume proportions, and these are spatially (and temporally in the growth sequence) close to 
fluid inclusion assemblages with constant phase volume proportions, be they all-gas or liquid-vapour. In my 
experience it is common to find all three types of assemblages when two phases coexisted in a vein environment. We 
can imagine that in two-phase system, pure end-member "liquid" may be trapped in some areas, pure end-member 
"gas" may be trapped in others, and mechanical mixtures of the two phases may also be trapped nearby.  

Now if the two-phase state was prevalent during the period of calcite growth that contains the inclusions 
you measured, we must assume that the homogenisation temperatures of the liquid-vapour inclusions (representing 
the pure end-member liquid phase in the veins) is equal to the entrapment temperature, i.e. the isochores of the 
inclusions above Th are meaningless. This deduction follows from the phase relations of immiscible fluids. The fact 
that you measured inclusions in assemblages with constant phase volume proportions does not change this 
interpretation. I therefore think you should state in your report that the Th values as high as 72-75 *C represent the 
exact fluid temperatures during calcite precipitation. This does not greatly change the significance of your results for 
Yucca Mountain.  

If you wanted to insist that the homogenisation temperatures are "minimum" entrapment temperatures, then 
I would suggest that you must prove that the liquid-vapour inclusions you measured are NOT saturated with respect 
to the hydrocarbons in the all-gas inclusions.  

You may be already familiar with these arguments regarding heterogeneous entrapment, but if not, you may 
be interested to see the discussions in the following papers: 

Diamond L. W. (1990) Fluid inclusion evidence for P-V-T-X evolution of hydrothermal solutions in Late
Alpine gold-quartz veins at Brusson, Val d'Ayas, NW Italian Alps. American Journal Science 290, 912-958.
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Diamond L. W. (1994) Introduction to phase relations of C0 2-H20 fluid inclusions. In Fluid Inclusions in 
Minerals: Methods and Applications (ed. B. De Vivo and M. L. Frezzotti), pp. 131-158. Virginia Tech.  

Strontium-isotove evidence. You are quite right, Sr data are not compelling. My purpose was simply to show that 
they are not in conflict with the upwelling model. I realize, however, that they may be interpreted (and, as a matter of 
fact, are interpreted by the U.S. Department of Energy researchers) differently. Generally, Sr in the bedrock tuffs is 
much less radiogenic than that in epigenetic calcites.  

Note: Incomplete chart from page 15 of Appendix 1. Sorry about that. Copy is sent by fax.  

I hope I addressed most ofyour questions. Since your opinion on the non-compelling character of the fluid inclusion 
results seem to have been influenced by some technicalfailures from our part (poor quality of the copy sent to you, 
which made it impossible to see scatter for individual FIAs on histograms; may failure to mention the fact that I did 
not analyze groups showing potential of heterogeneous entrapment, etc.), I would like to ask you: does you opinion 
remains the same after you examined information provided in this letter? If I succeeded in clarification of the 
questions and problems you have had with my data, I would greatly appreciate ifyou could update you review. And 
of course, ifyou do not agree or not satisfied with my comments - please feelfree to leave you review unchanged, or 
make more comments. The release of my report is scheduled for December 1st, so I still have some time to address 
them.  

(10) 1 think it is clear from my comments in this message where I agree or do not agree with your explanations. If 
you find it necessary for me to update my review, I would have to read the new version of your report first. I do not 
know if there is time for that, in view of your December 1 st deadline. Perhaps you can discuss the question with Dr.  
Arjun Makhidjani, since he is paying me for my time.  

As a final remark, I would like to say that it was great pleasure to work with your review, which emphasized many 
points that either were inadequately addressed in my draft report, or that might have raised questions of a reader. I 
greatly appreciate your help! 

Sincerely yours, 
Yuri Dublyansky 

(11) One last point: could you please confirm that the samples you sent me have not been heated already during 
microthermometry. I just want to be sure.  

Please write back to me if the comments I have made here are not clear to you.  
Good luck with the revisions. By the way, youi will receive essentially the same comments from me in my 

review of your manuscript submitted to Chemical Geology.  

Best regards, 
Larryn Diamond 

Department of Mineralogy and Petrology 
Institute of Earth Sciences 
Montanuniversitit Leoben 
Peter Tunner Strasse 5 
A-8700 Leoben 
Austria 

Telephone Office: ++ 43 3842 402 450 
Telephone Secretary: ++ 43 3842 402 451 
Fax: +- 43 3842 470 16 
e-mail Office: diamond@unileoben.ac.at 
e-mail Secretary: mineral@unileoben.ac.at 
Intemet: http://www.unileoben.ac.at/-buero62/



From the School of Earth Sciences University of Leeds 
Head of Resource Centre Professor Bruce W D Yardley Leeds LS2 9JT 

Direct line +44 (0) 113 233 5200 
Fax +44 (0) 113 233 5201 
Departmental Fax +44 (0) 113 233 5259 
E-mail: b.yardley@earth.leeds.ac.uk 

Review of: Y. V. Dublyansky, "Fluid inclusion studies of samples from the exploratory study 
facility, Yucca Mountain, Nevada" - draft version.  

This report is primarily concerned with the results of a fluid inclusion study of vein and cavity
lining calcite from the ESF.  

Calcite is a less robust host for fluid inclusions than some other minerals, but considerable care 
has been taken during sample preparation to avoid possible leakage. I consider that the 
procedures followed accord with best practice, and the results are quite distinct from those that 
would result if damage had occurred during preparation.  

The procedures followed for data acquisition accord with best practice and the data presentation 
and interpretation are clear and consistent. The distribution of homogenisation temperatures 
obtained for individual samples and for the suite as a whole are consistent with the interpretation 
presented, and in particular the well clustered homogenisation temperatures of L-V inclusions are 
typical of warm water trapped originally as a single phase, rather than accidentally trapped 
mixtures of liquid and air liquid-only inclusions are typical of low salinity fluid trapped at 
sufficiently low temperatures that a vapour bubble fails to nucleate on cooling down to the 
freezing point. There is no simple rule for estimating the maximum of trapping from which this 
metastable behaviour may result, but small inclusions trapped at temperatures as high as 80'C 
may nevertheless display this behaviour.  

The report marshals a number of other arguments in support of a hydrothermal, rather than 
pedogenic. origin for the calcite: presence of fluorite and especially quartz, homogeneous stable 
isotope composition and presence of hydrocarbons. These interpretations are soundly based by 
comparison with results from geothermal systems in my opinion.  

Bruce Yardley 
12th November 1998



COMMENTS ON THE REPORT 
"FLUID INCLUSION STUDIES OF SAMPLES FROM 

THE EXPLORATORYSTUDY FACILITY, YUCCA MOUNTAIN, NEVADA" 

from Dr. Yuri V. Dublyansky 

This report contains two parts, one corresponding to results obtained before june 1998 and 

additional results obtained injune 1998.  
This report demonstrates clearly a very careful and high quality work on natural samples which 

are not easy to study.  

The second point concern the detailed description of the samples at all the scales: bedrock, field 
scale, mineralogical and textural descriptions, and finally the petrography of the fluid inclusions. Most 

of descriptions are supported by photographs.  

The microthermometric study is also very carefully conducted in such a manner it can never 
overestimate the homogenization temperatures, which are the critical parameters for the estimation of 
the minimum temperature of fluid trapping or fluid palaeo-circulation. Consequently, values obtained 
by this microthermometric study can be trusted and stronlgy favour the interpretation of circulation of 
ascending "hot" waters in the past.  

More generally, it is worth noting that descriptions are strictly disconnected from the 
interpretation, which allows the reader to make his own interpretation and to compare it with the 

interpretation of the author. The reviewer appreciated also the citations from previous works which 
favoured the vadose hypothesis.  

U and Th isotopic dating of calcite gives an age consistent with previous dating carried out with 
the same method by other authors. These data are preliminary and much more data, coupled with 
microthermometric studies and detailed calcite geochemistry, are required for identifying the different 

fluid pulses.  

Stable isotope data demonstrate the absence of variations typical of climate changes.  
About the use of the UV luminescence (under which wavelength ?) for the identification of 

hydrocarbons, I have a minor disagreement with the author. The absence of fluorescence does not mean 
necessarily the absence of hydrocarbons because alkanes do not exhibit fluorescence under excitation 
with radiations around 300 nm. However, I admit that strictly alkane oil is scarce because oil contains 
usually fluorescent species (aromatic, etc...), even at low concentrations.  

The dicussion is well conducted and compares the data with the vadose hypothesis. However, it 
is clear that the data given in this report validate the hypothesis of ascending <<hot>> fluids. It is worth 
noting that more recent observations, including crush experiments, support the previous interpretation 

and gives more constraints on fluid temperature circulation up to 75 C.



I fully agree with the recommendation of the autor for further studies in order to establish the 
timing and extent of fluid migration within the presently unsaturated zone of Yucca mountain.  
However, the main question of interest for waste disposal repository, which arises from this careful 
study but which could not be solved at this stage, is the following: could these circulations of fluids, 
probably originating from underlying Paleozoic sedimentary rocks, percolate again through Yucca 
mountain? This addresses also the question of the estimation of potential fluid reservoir in these 
Paleozoic sedimentary rocks.  

In conclusion, the report of Dr. Yuri Dublyansky contains high quality data, their interpretation 
is reasonable and indicates the additional ways of research for a better characterization of these 
<<hot>> paleo-fluid circulations.  

Vandceuvre, 4 th of november, 1998 

Jean Dubessy 
Director of Research at CNRS 

Postscript, 24th of November: 
My report about the work of Dr. Dublyansky concerns only the quality of the science in this 

report. I am a scientist and therefore, it is not my function to take any political position or to be 
involved in such political decisions. In addition, I am not qualified to take any position about the safety 
of Yucca Montain as a possible place for nuclear waste disposal.  

To be clear, my report testifies to the high scientific quality of the work of Dr. Dublyansky, 
which is based mainly on fluid inclusions and on some isotope data. But it underlines also, and I agree 
also with Dr. Dubiynansky on this point, that further studies must be done, especially to obtain more 
precise information on the timing of fluid circulation. It is clear that studies done through November 
1998 are not sufficient to allow any decision against or in favour of using Yucca Mountain as a place 
for nuclear waste disposal.
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this change, not recognizable visually, will lead to the scatter of the measured Th's towards the higher temperatures.  
It is probably safe to consider the temperatures of 35-40 °C as not-altered, because they are so low that simply could 
not be lower. Again, I want to emphasize here (as I will do in the final report) that the data obtained on "disturbed" 
samples are considered as "suggestive" rather than "definite". I thank you for bringing up this point, because I now 
realize that I have to explain the rationale of my approach in the report. b. Reproducibility of the homogenization 
temperatures. Most unfortunately, it is impossible to reproduce homogenization temperatures of my inclusions. It is 
inherent and unavoidable problem when working with so low-temperature material. Inclusions which homogenize at 
35-50 *C virtually never heterogenize upon cooling, even when you cool them to <0 'C and hold them at these 
temperatures for weeks (back in Siberia, I try to do that once a whilejust putting my samples outdoor in winter).  
From 100 inclusions with Th of 50-70 TC, only one or two would, probably, heterogenize.  

(3) This is clear to me now. I accept your explanation.  

This holds true not only for the Yucca Mountain samples but for all samples of the low-temperature hydrothermal 
calcites I worked with during the last 18 years (e.g., samples from Hungary, Algeria, Italy, Central Asia, USA, etc.).  
Physical explanation for such behavior is: since the difference between TI and Tambiet is small, the pressure drop 
upon cooling is not sufficient to overcome the thermodynamic barrier and create the bubble. This problem becomes 
even more significant if the size of inclusion and, respectively of a bubble which may appear in it, is small (the 
energy depends on the bubble size as U/r

3).  

(4) 1 am familiar with this phenomenon. Initially I was not sure if it applied to your inclusions, hence the comments 
in my review.  

Therefore, the criteria of reproducibility cannot be applied in my case. Instead, I used the criteria of "tight 
clustering"for homogenization temperatures measured on groups of inclusions associated with petrographically 
defined zones (FIAs).  

(5) See my point 8 below.  

c. Stretching of inclusions upon heating. Your comment on the temperatures of inclusions stretching upon 
overheating is quite important, and I definitely need to include the discussion of this matter in my report. As a matter 
offact, l plan to perform an experiment, trying to "create" two-phase liquid-vapor inclusions from all-liquid ones.  
Presently I have observations on the behavior of inclusions which I heated trying to stretch them and generate 
bubbles to enable freezing experiments. Most of inclusions did not stretch upon heating to 200-250 *C, i.e., they did 
not nucleate bubbles and remained one-phase liquid (I hold some of my samples for 10-25 minutes at these 
temperatures). This applies equally to inclusions that initially were two-phase (Th=35-70 'C) and those that 
originally were all-liquid. This result seems to be in conflict with the H2O phase diagram, which indicates that the 
pressure in such inclusions should increase very rapidly and be very high at 250 'C. It is also in conflict with 
common perception of thefluid inclusions in calcite as being susceptible to stretching upon slightest overheating. I 
suspect that calcite may accommodate very high internal pressures in inclusions through elastic deformations.  
Therefore, Ifeel that the time of overheating may be as important, or even more important than the temperature.  
Inclusions that nucleated bubbles upon heating or freezing had quite irregular and typically high liquid-to-vapor 
ratios (see, e.g., Fig. 24 in my report).  

(6) These are all very revealing observations, and they would calm a lot of doubts (including my own) if you include 
them in your report.  

c. No mention ofnecking-down. You are right, I did not mention that in my report. The reason is that I tried to avoid 
groups of inclusions which, on the visual basis, may have experienced necking-down or heterogeneous entrapment.  
Typically, results obtained by individual FIAs clustered within a 5-6 'C interval, therefore I did not feel it necessary 
to invoke necking to explain this (quite insignificant) spread. In three samples which yielded large scatter of the 
measured Th's, I also measured inclusions which did not show indications of necking on the visual basis. And in one 
of these samples (see Fig. 18 in my report) I observed clear indications of mechanical twinning, which may account 
for the "disturbance" of inclusions.



Introduction 
These comments address three microthermometric studies conducted by Yuri 

Dublyansky and described in a report on samples from the Exploratory Study Facility at 
Yucca Mountain, Nevada. The first study was conducted on samples collected at Yucca 
Mountain in 1995; these samples were evaluated at the Institute of Mineralogy and 
Petrography in Novosibirsk, Russia. The second study was conducted on the same sample 
suite, but at Virginia Polytechnic Institute (VPI) in Blacksburg, Virginia, in the Fluids 
Laboratory of Robert Bodnar, in June, 1998. The third study was conducted at VPI in 
October, 1998, and evaluated samples collected at Yucca Mountain in June 1998.  

Summary of Data 
Section 2 of the report describes the methodology employed during the third study 

conducted at VPI in October, 1998. The homogenization and freezing techniques described 
are appropriate for these samples and should preclude or minimize stretching of inclusions 
during collection of microthermometric data. These methods include heating each chip and 
monitoring all inclusions during a single heating run to obtain homogenization 
temperatures. Heating experiments were conducted prior to freezing experiments so that 
inclusions were not stretched prior to heating by fluid freezing. In addition, prior to 
freezing experiments, inclusions were artificially stretched so that vapor was present during 
ice melting and correct ice melting temperatures could be determined. The methodology 
used in the Novosibirsk study is not described.  

The first two pages of section 4, which summarizes fluid inclusion results, presents 
microthermometric data collected in both Russia and at VPI on six samples collected in 
1995. No descriptions of samples or inclusions are provided. The data generally show 
two ranges of homogenization temperatures. All six samples contained inclusions which 
homogenized between 250 and as high as 55 0C (modes generally at 301 to 351C). Five of 
the six samples have inclusions that homogenized between 600 and 90'C, plus one 
additional data point occurs at 1100 to I 15'C. The lower temperature data show fair to 
good consistency for the six samples; the high temperature data are consistent in a 20-point 
data set in sample SS#85-86, but are less consistent and there are fewer data points (1 to 4) 
for remaining samples.  

The next 17 pages of the report provide data on the third fluid inclusion study of ten 
samples collected in June, 1998. Each sample is described, as are identified'minerals.  
Fluid inclusion discussions list the various inclusion populations present, and describe 
inclusions as occurring along growth zones, along planes, or in three dimensional arrays.  
Homogenization temperatures for each inclusion group are provided in histograms, and 
successful and unsuccessful attempts at determining a small number of ice melting 
temperatures are described.  

In summary, these ten samples were collected from a variety of physical locations 
including: high angle and vertical fractures, lithophysal cavities, calcite cemented breccias, 
and low angle veinlets. All samples contain principally calcite; many samples contain opal, 
dispersed within or forming layers in the calcite. Some samples contain rare to trace 
fluorite and quartz. Additional minerals identified, generally in association with basal tuff 
or in calcite adjacent to the tuff, include alpha quartz, tridymite, and hematite(?).  

All samples, except possibly 2226, contain liquid-only inclusions. In sample 2217.  
liquid inclusions are described as occurring in outer, blocky calcite. No further 
descriptions are provided for liquid inclusions. Seven of the ten samples are described as 
containing abundant vapor inclusions. In sample descriptions for which the locations of 
vapor inclusions are noted (2217, 2222, 2226), they are described as occurring in calcite 
near the calcite-tuff contact. The single exception is sample 2220, in which vapor 
inclusions occur throughout the calcite. This sample is described as being unique in this 
respect.  Seven of the ten samples have inclusions containing liquid plus vapor which are 
suitable for microthemaometry. It is unclear whether or not the remaining three samples do
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not contain liquid plus vapor inclusions, or whether liquid plus vapor inclusions are 
present, but not suitable for microthermometry. These inclusions are described as occuring 
along growth zones, along planes (sometimes further described as secondary inclusions in 
fractures), and distributed in three dimensions in the calcite. Homogenization temperatures 
range from 290 to 61'C and most inclusions homogenize at lower temperatures. Many, but 
not all, samples have restricted ranges of data; this is especially true for some inclusions 
that lie within planes or growth zones. In samples 2220, 2222, and 2226, inclusions 
exhibit tight ranges of homogenization temperatures, all of which are below 50'C. Sample 
2224 contains inclusions, all of which homogenize at temperatures less than 50'C, but 
these temperatures show a 160 temperature range. Samples 2217 and 2221 exhibit some 
homogenization temperatures greater than 50'C, but Dublyansky recommends ignoring the 
higher temperatures owing to the large spread of a small number of data points. Sample 
2206 contains homogenization temperatures which range from 470 to 61'C. Restricted 
temperatures were obtained for inclusion groups: inclusions in growth zone, 570 to 61°C; 
inclusions in a plane, 52' to 57°C; and inclusions in a three-dimensional array, 490 to 530 C.  
In sample 2217, liquid plus vapor inclusions are described as occurring in calcite near the 
tuff contact. Homogenization temperatures for these inclusions range from 410 to 58'C.  
No other inclusion locations within the samples are provided.  

Ice melting temperatures were obtained for four inclusions in 2217. These 
temperatures, -0.30, -0.40, -0.9' and -0.95°C, indicate very low fluid salinities. Additional 
attempts at freezing studies were not successful, and temperatures in the positive range 
indicated the metastable presence of ice. Collectively, freezing studies suggest that fluids 
are nearly pure H20.  

In the summary discussion of the fluid inclusion data, Dyblyansky points out that 
the two samples that contained the highest temperature data, samples 2206 (just described) 
and SS#85-86 (from the first and second studies) were collected from Tiva Canyon tuff in 
the eastern part of the exploratory block, close to the Paintbrush Fault zone.  

Section 5 describes an effort to date four calcite samples. Only one of these 
"samples (SS#45-46) provided a date. There is no description of the material analyzed, or 
relationship of analyzed material to fluid inclusions.  

In appendix 1, the second study, a reevaluation at VPI of samples collected in 
1995, is summarized. Vapor inclusions in SS#85-86 were studied using UV
luminescence, crushing, and Raman spectrometry. These analyses were interpreted to 
indicate that inclusions do not contain liquid hydrocarbons, have internal pressures of < 1 
atmosphere, and contain aromatic hydrocarbons. Microthermometric data were collected 
on liquid plus vapor inclusions in SS#85-86; homogenization temperatures range from 710 
to 75°C for 8 inclusions, and 2 additional inclusions homogenized at 800 and 82rC.  
Dublyansky notes that these data were collected from stratigraphically early calcite (calcite 
near tuff), whereas, data collected in Novosibirsk during the first study, were collected 
from the outer part of the calcite. This study produced homogenization temperatures of 250 
to 40'C for 8 inclusions, plus two inclusions that homogenized at 700 to 750 and 800 to 
85 0C.  

Discussion of Data 
The fluid inclusion data that are presented do not lend themselves to a simple 

interpretation. This is because of the presence of three inclusion populations. If only 
liquid and vapor inclusions were present, a logical interpretation would be that the 
inclusions trapped immiscible fluids. However, the presence of liquid plus vapor 
inclusions that exhibit consistent homogenization temperatures suggests that a 
homogeneous fluid with an elevated temperature was trapped by these inclusions. If this 
interpretation is correct, this suggests that the three inclusion populations were trapped at 
different times during the growth of the calcite crystals.  

Descriptions of inclusion locations for four samples indicate that most vapor 
inclusions were trapped in the paragenetically older part of the calcite crystals (2217, 2222.

3



2226). A few of these inclusions are interpreted to be primary; the origin of most vapor 
inclusions is not given. These descriptions suggest, but do not prove, that the trapped 
"vapor phase may have been present when the first parts of the crystals grew. During later 
crystal growth either this phase was not present or it was not trapped. The presence of 
vapor inclusions throughout the calcite in 2220 may reflect a greater volume of early calcite, 
or, trapping of spatially restricted vapor at a later time.  

Liquid inclusions are abundant and, in sample 2217, were trapped in the outer 
blocky, sparry calcite. The locations of liquid inclusions in other samples, and the origin 
of liquid inclusions are not given. Thus, few constraints can be placed on the timing of 
trapping of these inclusions. The inclusions in outer calcite in 2217 must be relatively late, 
paragenetically.  

Liquid plus vapor inclusions suitable for microthermometry are rare in all samples 
in which they are present. Their location is given only for samples 2217 and SS#85-86, in 
which they occur in paragenetically older calcite near the tuff. Inclusion occurrences within 
growth zones, along planes and in three dimensional arrays suggests that inclusions are 
both primary and secondary. More information on the location of these inclusions within 
the calcite crystals is necessary to place age constraints on the inclusions, however, there is 
at least a suggestion that some of these inclusions may have been trapped early.  

In summary, these observations and data suggest, but do not conclude, that the 
vapor, and vapor plus liquid inclusions may have been trapped when the earlier parts of the 
calcite crystals were growing. Liquid inclusions may have been trapped during growth of 
the outer, younger parts of the crystals. A detailed paragenetic study which documents the 
locations and origins of all inclusions is necessary to understand the temporal relationships 
of these inclusion populations. A better understanding of the location and distribution of 
each inclusion population with respect to other populations is also needed. Without greater 
paragenetic control on the described inclusions, it is not possible to determine their timing 
or origin. A model which explains and describes the trapping of all inclusion populations 
is necessary for complete understanding of the physical and chemical conditions during the 
"formation of these crystals.  

Liquid plus vapor inclusions, in all samples in which they occur, indicate minimum 
elevated temperatures as high as approximately 40'C (a few samples indicate higher 
temperatures). These elevated, but still low homogenization temperatures may reflect 
temperatures of fluids which were greater than ambient temperatures when trapped, or they 
may indicate temperatures related to the geothermal gradient. A study should be conducted 
to determine overburden thicknesses, the possible depth to sample sites over the past 12 
million years, and the geothermal gradient during that time, to learn if the geothermal 
gradient can explain these elevated temperatures. Two samples exhibit consistent 
homogenization temperatures that reach 610 and 75°C. The highest temperature inclusions 
(SS#85-86) are described as being located in the paragenetically older portion of the calcite.  
Dublyansky notes that both of these samples were collected from near the Paintbrush Fault.  
These data do suggest that fluids with elevated temperatures were present and were trapped 
by these inclusions. Additional work is needed to identify the timing of formation of these 
inclusions as well as their spatial distribution in each sample and the extent of these 
inclusions within the ESF, to determine the significance of these inclusions with respect to 
the siting of the repository.  

Two additional minor comments follow.  
1. There is no description of the sample that was dated and no relationship to fluid 
inclusions or homogenization temperatures is provided. Thus it is not possible to evaluate 
the results.  
2. 1 am not familiar with the selective absorption analyses that were conducted in Russia 
and I question analyses that rely on a visual estimate of the shrinkage of the vapor bubble.
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P-02

Department of Energy 
Oftce Of clvilan Radioactive Waste Management 

Yucca Mountain Site Characterzalion Orffce 
P.O. Box 30307 

NoMth Las Vegas. NV 89036-0307 

NOV 13 
Dr. Arjum Makhjami 
Insitutc fmr Energy and Environmental Research 
6935 Laurel Avenue, Suite 204 
Tacoma Park, MD 20912 

Dear Dr. Makhijani: 

Lake H. Barrett askcd that I arangc for reviews of Yuri Dublyansky's drift on fluid inclusion 
sampling from Yucca Mountain and forward them to you.  

The reviews were conducted by two groups: 

I. Dr. Jean Cline of the University of Nevada, Las Vegas, is an acknowledged expert on the techniques and interpretation of fluid inclusion stdies. Dr. Cline has had no previous involvemm with the Yucca Moutain Site Characterization Project, but we are discussing the possibility of her heading up an independent study of these features 
and deposits.  

2. The second set of reviews is from a ream of U.S. Geological Survey geologists.  Members of this team have been dealing with this issue for over a decade.  

Enclosed is the set of reviews by the team of U.S. Geological Survey geologists. Dr. Cline will forward the results of her review directly to you in the near tire.  

I tist this information will satisfy your needs. Feel free to use or distribute this information as you wish. Please do not hesitate to call me at (702) 794-1300 if I can be of further assistance.  

Sincerely, 

PM:JRD-03 10 Project Manager 

Enclosure: 
As stated 

cc W/encl: 
I. S. Cline, UNIV, Las Vegas, NV 
ZeUH PeFmcnan, USGS, Denver, CO 
L. H. BarreM, DOE/14Q (RW- 1) FORS 
Records Processing Center = "14"

AP-5



MEMORANDUM

November 9, 1998 

To: Dennis Williams, Yucca Mountain Project, DOE 

Through- Bob Craig Chie4 Yucca Mountini Project Branch, USGS 

Through: ZeH Peemnan. Chie4 EavronmnW Scie.ce Touri, USGs 

Frorm: Io Whelan, USGS 

Subject: R•iew of Yui Dublyansky's repolt entitled "Fluid inclusion studies of samples from the Exploratory Sudies Faacility, Yucca Mountiia Nevada" and an atadhnnt =ntitled "Fluid inclusioas in calcite samples frm the ESF, Nevada Test Site, Nevada 
The attachrA is a compilation of review comments from James Paces, Brian Marshall, Zell Peterman, John Stuckless, Leonid Neymark and Joe Whelan of the USGS and Edwin Rocdder ofHarvard University. 1n the subject reports, Dr. Dubbyanasky claims that (I) the scacndary mineral asscmblag are not compatible with ambient fornation ftmperzm-; (2) fluid inclusion tmrperatures as high as 75TC and internal pressures of gas-rkh inclusions support formation of calcift from ulpweai hydrothemig solutions (3) the ages of the calcite canainin" tb fluid indusions are young, (4) volatie oranic compounds, suggestive of oil generation, arc present in the inclusions; and. (5) the stable carbon and oxygen isotopic ccmpositions of the hos calcite ane incompatble with unsazuraxe fozmation.  

In reviewing this repor we were disturbed by Dr. Dublyansky's tbrewd and nonscientific argutents that seem to be cnftd for taden unmiliar -with the specific Yucca Mountain geologic relations or the intricacies of specific analytical hniques being discussed: 

" Poorly substantiated concusiou are presented as etabfished £acts.  
"* Data u-Vd to support his contentions are carflully scloced whereas conflicting or refuting data are ignored 

" He poutulates a false corollay to someone else's hypothesis, then dcioastratig that the corolhry is Dilse, concludes that the hypothesis i incorrect.  
" I.porant spatial or ternporal relationships (which are critical in geologic iavestigations) are =nrcpresemed or ignored to confuse those unfamiliar with the subject matter.  

Our most serious objections to Dr. Dublyauky's argummes for periodic and relatively recent upwlling of "hydrothermal" fluids ao sunmnuaized below: 

"What is meant by ""hytfrar"? In typical usage, it is restricted to fluids with temperatres greater than 50*C; whereas here it sccms to apply to minerals formed at ttCapcratures as low as -300C. or any temperatures higher than present ambient values.  

"If an -75°C hydrothermal event tuok place, why is it recorded in only one occurrence out of the 24 samples that Dr. Dublyausky has examined? Such an event should have left its mark on many different occurrence and afficted most of the calcite already present at thac dinc.

ENCLOSURE
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*A large data base Of Published and avaUlabc Mag for the timin and rates of fomaizion of the seconar mnineL~ian isi VonA, cmw thouh thbreor MF hatd cotaino thcsc data arc ciwi~ This data Set, as aL wbole. CleArly shows that the bulk of caleiftepitsat, and probably that WbkCh hMst the SuPPGSed *bYdrot6n=Wj fluid inclusions, 11 so old that it is of no consequence to t&e &MMr Peiz5arr of the potential rqposiftoy.  
*Dublyansjd wassr that flowstne, (attmed in caves is a reasonable analog for Yucca mountain secodaryinirraj]h spite of baving read the USGS reports be either chooses to iýnom our inepretam on r displays poor scholarship When, be argues that Perceved diff=,aes, bemtwen cavt 4dinezalimoni and that in the Yucca Motumri uasaurm4 zmn preclud= Ibrnntarioz of the MUnauaw dn deposmt from descendig mefteon wwu-3 
* Caclation of thic V'3C and 8'10 for calcite are based aim questionable asswnpdons anud a SerIC n anmd '7Sr)"Sr valu= of unmawrad zone caeirs and regionaj Vroud water anc grossly misused to all=c that the calcite fornted from upweffin water

* Crusbing experimce,, which determine the iutealW pressure of' fluid inclusions, ame said to provide strong revidýc for the hydrudehcmai hyotbcsis. HOWCM, When properly interprete.  dtey Oftr strOag evidence that the Calcite fonned in aM ==rsatued zone, or vadose, setting.  
Aldmogh we question Dubiyansky'5 sciecrc a=W biasecs, we cannot rtlect his fluid inclusion data out of hand. Deipite the fact that calcite is a notoriously difficult ]iner~j for ffluid uclusion stuxdip-, those difficuhies arc 3urrnouatable widt care, and Dublyansiy claim to have takmi all reaonable, precautions in conducting his studies. The fluid ibxlnsian datm should there&or, be vcrfi4e the pM&=C~jC Mrlaions of aMY twC-Ph=s inlclusion found should be dgscenbed; and the timing of their formaition should be constrained by isotopic dazing of the bost miner-als
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li•-w af-11.M row~ira •._ by Y. Dub~yadQ', 

Review of "Fluid inclusion studies ofsampiss from the Exploratory Studies Facility, Yucca 
Mountain, Nevada" 

by Yuri Dublyansky 

Comments from Joe Whelan, James Paes, Brian Mar3ball, Zell Peterman, John Stuckleds, 
Leonid Neymark (USGS) and Edwin Roedder (Harvard Univesity) 

Compiled by Joe Whelan 

As with previous reports arguing for upwelling of heated groundwater into the unsatuuated zone at Yucca Mountain, this is not a scholarly investigaton. Strong but careless conclusion. ame drawn from offhand observations and possible interprctations of data are presented as established fact with no eort to objecuvcly consider plausible a"tcrnaives.  

The comments below focus on points or arguments that seem unclear, on interprcxarons that seem to be poorly rooted in reliable data or clearly ignore conflicting evidence. We have consciously tried to ignore ertors that may have resulted from an unwfaliairity with English or which probably represent minor typographical or proofreading misulaks. Numbered commcnts below are keyed either to numbers in the margin of the included t:t otto section headings.  

Section 2. Technical details on sampling...  

J. Strcfhint of lah io Ner it is stated: MThe fact that fluid inclusions with hoarogenization tamperatozcs as low as 35"C were preserved in the prepared secdons indicates that during the preparation, the samples cannot have been exposed to tanpcrammrm higher than 34*C". Although the conctpt is correct and significant, thc statement is wroac Fluid inclusions normally smetch only by heating above thair "mpenture otfhomogcnizmdon (Tn), not below. Bat on heating above Th, inclusions in calcite may stretch with as litle as 10 degrees of overheating. This is because each degrec over Ti, increases the intmaral pressure in the inclusion by about 12 amosphares, and about 100 annospherts is generally suffiieatto cause the host calcite to stretch or decrepitate.  
Dublyansky is obviously swarm ofthis process, but nowhere does he address the major problem 
presented by his own homogenization data. We address it in more detail under hem #7.  

2. "Disturbed" Ikelusions - We arc curious as to how the criteria for "distmrbed" and undisturbed fluid inclusions arm implemented. Sveral ofthe samples described fit the definition of signicant 
scatering of Th values, a•n the authorusuggests that in some instances Th, values from these saples tba are above a zntinutn Tk (aw low as >40"C) are suspec. If some iuclusions in a sample are suspected of being disturbed due to stretching or leaking, why aren't all of the 
inclusions in that sampIc suspect? Espccially when the same sample contains myriad all-liquid inclusions indicating low formation temperature.
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Section 3. Occurrences of calcite in the ESF 

3 "Tectonic Camvtes. -y t'ectonic cavities" we pcesume that the author means fracture cavities where intersectint fractures or dilation of individual fractues has produced open cavities in the tuff. In the photo (Fig.2), he notes that the calcite is coating the floor of the cavity. He makes the same observation for lithophysal cavities (Fig. 4) and &rther on (p. 8, sample 2206) he obswrvus that his sample came from "...the footwall of the [fracture] opening..... Although Dublyansky apparently does not draw the same conclusion, we take this restriction of secondary minerals to dhi floors otcaviies and the footwalls of fiactZucs as conclusive ovidance that the minnrals formed in an unsatuated zone setting. This is in direct conuadiction to his arguments that te fluid inclusions in these minerals require past upwclling of hydrothermal fluids and at lcast locally saturated rocks. Certainly such upwelling fluids would precipitate calcite and/or opal around th entire periphery of cavities and an both walls of-fractnrs. This is an example of 
ignoring an obvious spatial relation.  

4. Fracture Pathways - Dublyansky states that "... thin *acturcs, intersecting these [lithophysal] cavities, if present, do not contain calcite." This is contrary to our experience based on line surveys of -2500 meters oftsecoadary mineralzation and collecting from nearly 300 secondary nmineral occurrences. In general, we commonly observe mineralized fracturcs both above and 
below mineralized lithophysal cavities.  

Section 4. Fluid inclusion results 

5. Dpj, g2 f L - The homogenization temperatures reported by Dublyansky, especially from the 1995 data set, are apparently bimodal with modes near 35C and 75°C. An: these two modes from differend generations of calcite? Do they occur together? The lower temperature inclusions would have to be later because otherwise they would have been alterod by the latcr event, but M-'blyansk never comments on this problem. Here, and throughout the report, the reader is left to wonder what portion of the long dcpositional history of calcite formation was samnpled i.e., what pat of the paragenetic sequence hosts the inclusions? What are the spatial and tcmporal relations? Without patagenetic description, it is impossible to efther relate the data to The 9-M.y.  history of unisaturated zone calcite depositio or.to assess its sidfaicance to site performance.  For example, fig=re 7 plots three different fluid inclusion types butthe reader is told nothing about their spado-temporal rtlations to each other or to The sequence of mineral deposition at this sample site. This deficiency underscores the need to describe the fluid inclusion a.nmblages within a pa eunctic context and to then place geochronological constraints on the fluid inclusion 
assemblages whenever possible.  

6. R•seidn_ of Th? - Dublyansky's descriptions of the fluid inclusion assemblages present in his samples are consistent with our observations in this respect: he finds abundant all-liquid inclusions, common all-gas inclusions, and only rarely does he encounter 2-phase, liquid-plus-gas inclusions. This raises a number of questions that hc iZnores. First he doesn't explain the numerous al-liquid inclusions coexisting with the rare 2-phase inclusions. Second, where he finds 2-phase inclusions that indicate "elevattd" temperatures and which occur other tin atthe base of a minwralization sequence, why ham't that thermal event affected the paragencr•ically older. all-liquid, inclusions present in the sample. He presents histograms showing the TI of inclusionls in 13 samples. In each of these samples, there is a range of values;. T1e difrerence between the highest and lowest values for eac given sample ranges from 4 to 95 degrees Celsius, and averages 28 degrees Celsius. Unless all inclusions were forned in the order of their Tb values, from honest first to coldest last, the lower tempcraturc inclusiorLs should have -stretched".
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Calcite-hosted al-liquid inclusions am extremely susceptible to ,,iechi4' enlargement of the inclusion cavity, by increase of intermal pressure during heating. This is why grear care is taken to prevent thermal saessing during preparation ofplatns for study of calcite-hosted fluid inclusions.  Dublyamky says that some higher temperature two-phase inclusions were fomud near the tnf at ibc base of the calcite, but presens to paragenetic dam for most of his saMnles. Yet Dublyansky also reports th single-phase, all-liquid inclusions arc common in most of these sampIcs, and Roeddcr and Whelan have reported that they can be found even near to the tuffsubZa. Such all-liquid inlusions would be the first to sretch on even gentle waxniig. So the higher temperasue data present a paradox. In this connecto it M3 importat to note that when ALL his T6 dat are plottd they show a relatively smooth, unimodal curve, with a very strong mode at about 35T, a sharp drop to 1l0th the unmber of data by 50oC, and a long "tail" out to 1300C.  Similar highih-ermperature 'tails" have been reported in many fluid inclusion studies, and are generally attibuted to sample and/or laboratory rregularicis rather than to real temperature 
variations.  

Taking the sample SS#$5-86 as an example. if a hydrthermal environmet existed which precipitated calcite at 75"C in the Tiva Canyon Tuff, this ev=t should have reset the all-liquid inclusions present in the pre-750C stage calcke of that sample. Indeed, such an event could realistically have reset all of the pre-existng, calcite-hosted, all-liquid inclusions present in the unsaturated zone at that time. fPcause this would be a powrf argument for the hydrothcrmal scenario, we presume that Dublyansky would have empbas•zed this relationship, were it present.  Since he didn't, it seems likely that older all-liquid inclusions in this and other samples have not been reset and, therefore, it is unlikly that a hydratdhrmal event ever occurred.  
Altcrnativcly, there may be no afl-liquid inclusions that pre-duc the higher temperature inclusions. In this case, the 2-phase inclusions must be early in the aragemesis, probably at least I i.y. old, and of no eosequenre to the recent or fure hydrologic regime of the potential repository. Again, we are left to ponder the possible spatio-temporal relations.  

7. Parat•esis of Fluorite - Dublyansky's statent that "Colorless and violet globules offluorire are associated with the latest stages of calcite growth." is misleading. We have seen occurroes of fluorite visible through calcite coatings but to argue that this is "late" calcte is not warranted; calcite deposition in the unsaturated zone is extremely slow, and the calcite coating the fluorite may also be millions of years ald. Inasmuch as the author laer goes on the claim that the fluorite is a hydrotermal phase, he is here trying to set the stage to argue for recent hydrothermal activity. This provide: two ansertions of faits Ihatare incorruct I) fluorite is probably not late, and 2) fluorite does not require high temperatum to foEm.  
8. Sample 2217 -Here Dublywasky reports that "...two-phase ges-liquid inclusions are ranr. They are restricted to zones of calcite closest to the tuffaceous substratum." This description provides the sort of paragnctic information largely lacking elsewhere in the report, as well as probably indicating that the homogenization tempermires, at least in this sample, are immaterial to recent unsaturated zone hydrology and, therefore, to pcrifornunc assessmenL 

9. Frr-c-ing Metautability - In the discussions of fireezing temperatures, the author states that freezing temperatures above 0°C are 'from metastability" or "metastable ice melting'. Based on his descriptions of the tested incdnsions, this statement is wrong. Metastability commonly occurs during freezing temperature determinations. yielding tcmperatures above 0°C, but only when a vapor phase is not present. The nature of the inclusions run shows that vapor phase must have been present during the "metasable" tests. We suggest tha the reports of ternpcranres over 0°C



Nov-16-98 02:32P 
P.08 

Rr.,w ef lk Incr~ ~ ua ,- *a ... by Y. D~y. m y 
4 

could Kesult from either CAb•rAtio CrIr, or instability (aot mctastabi*) from too-fast warmup.) 
10. Na_ The Paintbrush Fault is at least 2 km ast of these samples. It sems unlikely that upwellitg along this fult coald explain higher elevation deposits to the west. Perhaps Dublyrasky intcnded to invoke the Bow Ridge FauIt, which is in closer proxinu to the sa$=pics, even though underground exposures ofthe fault show no evidence ofhydrotherial alteration. In 

e.•= csc, rhis Provides aa eaM ple of trying to misrepresent geologic information to those unfamiliar with the Yucca Moun are, 

Section S. Age of calcite from the ESF 

Paragrmph 1: A 'hydrotherna origin" has not been proven through the fluid inclusion studies described in this report. The evidcacc reinidos equivocal at best.  
Paragraph 2: Our analytical epcric=CC with subsurfce calcite and opal has shown thax when the samples are carefully pr rep d prior to subsampling (removal of rock powder from the outer surftc• that has acctmulated as a resuf of the mhiing procedures) there is usually no problem in obtaining elevated Th/UTh activity ratios (>20). Exceptions to this are when the total uzanium is very low (less than several nanorams) or when samples are very young (less than teo to thirty thousand years in age). It is curius, then, that three of the four SamPlles fa•iled because of high content of detrital thorium." This quotation is untrue; otherwise, it could not be stated. The analyses muse have been successful in order to know dta. 2 Th contents were too large to calculate a meaninZU 21 'hM age. This is presumably not an analytical problem, but a sample deficiency.  Therefore, the results from the three samples that yielded larpe .Th confents should be published along with the prcferred sample resuts. This way, he reader can gain additional infor na"on about tk natural system and the analytical methods as well as gaining proof tat authors are not being misleading by selecting only the rMsults that support their preconceived ideas.  

Results of SS#45-46: The methods and results are inadequately described. The reader should be told the methods of sampling. spiking. digestion, chemistry, measueMent, and the methods of detrital thorium correction. Subsample sizu and the blank levels are also eitical pieces of information.  Uncerminties in the masud raios should also be given.  
With the information given, we calculated an age of 169.2 -+ 11 ka (95% confidence level) using values of 2% for the ermrs on the isotopic measu Cent. TIle measured 2h/M'U is low (0.0986), so the corrected age of 160 ka is reasonable although without Imowing what values were used to make the correctin-, I could not reproduce this number exactly. The number of siguificant digits appropriate for the Stated Clra should be reported ((i.e., 3 not 6; 29= should be quoted as 16 9 +13/-12 ka, and 160 +13/-12 ka).  

Our TIMS U-series dating has focused ou small sample sizes (<5-10 mg for opal and <50-i 00 mg for calcite). In Rpie of tieme effarts, we have identified a striking nesuatve relation betweent ages and initial •Ut" Urt-os for thce small snamples. We chose not to intOret this trend as an indication that the ''UI/ftU conposirion of the solutions responsible for mineral deposits wa3 changing with time. No substanti changes ar: sea in either sanurated-zone waxers, as demonstrated by Ludwig and others (1992) in their Devils Hole work, nor in the surface environment as demonstrated by our own work with calcrete in the region. Instead, we hxve interpreted this trend. along with other evidence, as an indiL.Lion that growth in these ma;trials is extrmely slow. and that a sample of even small size will average older and younger materials and the result will be an intermediate age. If ti youngest. outermost material is included in the
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samp le, the, resultinS aPparelt age will be mibstantially younger th=t the true age of the material at 
die base of the sample. For waznple, if a 1-mm-thick calcite consisted of 0.5 nun of calcite 'with 
an age of I mi~llionl years, an~d 0.5 nun of recently deposited calcite, and if the entire calcite were 
cnished and analyzed, a 1"C analysis would yield an apparent age of 50% modern carbon (i.c..  about 5.a tbousand years) whercas the true average age for this calcite would be 500,00)0 years.  
Dubly=14%y is aware of th~is work. as he quotes from several Of OUr rcports that describe these 
effects, yet he does not acknowledge this hypothesis and ignores its imiplication to the simnple 
interpretation he promotes. This is a prime example of selective use of information.  

Derek Ford who analyzed this sample spoke with Brian Marshall at the 1998 GSA meeting in 
Toronto and indicated that, the dated sarnple weighed 6 Srains. Such a large sample would be 
severely impacted by mechanical mixing of older and younger rmaterials, and the resulting age 
would clearly be meaninglegs un termis of dating a specific laYer containing two-phase fluid 
inclusions. 71e uranium concentration of 0.1396 ppm is 5 to 10 times larger than uranium 
concentrations for pure calcite (0.0 1 to 0.05 ppma). This indicate that opal was probably present 
in the sample. If the intcluded opal came from near the outer surfices of the costing, &% is commuon 
for many crusts, the isotopic composition of the opal would strongly dominate the sample. This 
would strtmly bias the sample to an even younger apparent 3pv because the opal will have 3 to 5 
orders of magnitude more U thmn the calcite.  

An additional flaw in Dublyansky's evidence and theory is implicit in the stated initia 23'U/D'U 
ratio of 1.7648. If a swfiatcd-zone,?Ydrozbenmal origin for"ti sample is conrect the calcite 
should have inhertd an in "UU ratio identical to that of =u source. Shallow, niaturtd
-one wate~r bencath Yucca M~unrain has anomalously large 1"'L7/P activity ratios (7 to 8). Nor 
is this value clocs to the ratio of 2.3 detenrined for the Paleozoic aquifer Water as sampled from 
VE-25 p#l at Yucca Mountain. On a re~gionial basis, "WV/"U values in grountd wV=r as small as 
1.8 are rare, largely being restricted to high-elevation sprinlgs With very Short flow paths. Lread, the sample has an initial ratio within the range of values observed for pedagenie calcite and opal 
(1-410 1.9). Although it is likely that ilmi initial raito repmeents an apparmn rather than a true 
value based an the large sample size, Dubkyznsky must discuss these inconuistencies in order to 
make a cred~ible a~ttmtto support his hypotheis. These argument about the gieneic implications 
of initial uraaiurri ratios are not new, but continue to be selectively ignored by Dablyansky..  

Paragraph 3: Ile statment tha MTis age, 160 ka, repxronse the fist direc damui on the age of 
hydrothermal activity at Yucca Mouritin.ZL is nonsense for at least three reasons. JFirst the 
presumption of "hydrothermal activity" is ill-defined an has by no mewn been convincingly 
dcmonstrmae Second, tlic large sample 3ize does riot provide a "direct, d=t= on the age" of-the 
six-gram sample for the reasons described in the last several paragraphs. Third, the. statement 
ignorts a large amount of geochrotiological data recently produced by the USGS indicatnog Thut 
only the outermost Layerx in any crust have ages tens than 500,000 years, and that ages of interior 
portions of the mineMa coatings yield ages between I and I Ma (Paces and others, 1996; Neymark 
and others, 1999; Paces and others, 1998). Dublyansky is aware of this work but apparently 
i pores it b ecau se our. results do not support his hyporhesis. This is another example of selective 
use of available data.  

It is also interestnng Wo note that the 160 ka date. meaningless as it is. that is used by Dublyaaky to 
support "the age of hydrothermal activity at Yucca Mouptain" is from a NainpIc with 16 out of 19 
homogenization temperatures between 25 and 350C The two outliers above 4S*C muist be tossed 
out by Dublyawiky's own criteria of clustering temperatures. Thercforu, his stated 
geochronological evidence for hydrodherinal activity is from a sample lacking convincing evidence 
of hydrotherntal activity.
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Paragraph- 4: The youthfhulns of calcit and opal with respect to the age of the host rocks is not in 
question, although it is un~i- to compare data from pre-1995 studies with more recent ones due 
io exreme diffcrcn4s in the methods used. It sho,.dd be noted that the post-1995, technically 
advanced, dating efforts have focused on the outemost suraces of calcite and opal. Materials 
lower in the micrustratigraphy of individual coatings have U-Pb *gse greater than I Ma
Dublyansky cites our most recent rqeorts, but completely ipnorms these data and the implications 
they have on his fluid inclusion studies.  

Paragraph 5: Awkwardly written and seemingly at odds with the last etce of pmagraph 1 of this 
section.  

Section 6- Discussion 

I 1. "Hydrothernal FluiN - Te1 statnccrit that 'The results of our studies show that hydrothenal 
origin ao'13 calcite les is beyond reasonable doubt" is a clear iSnCe of stating a pOSsiblC 
conclusion as fact.  

Furthermore, there is considcrablu ambiguity and inconistecy of usage for various tcrms for 
waxer temperature in this report. Thus, the fluids had "E.lvated tinperatures" wer• hat 
waters", or "Deep seated themal fluids-, and a "Hydrothennal origin is beyond reasonable 
doubt." In part of the report, these terms are used for fluids that show maximurn TI values as low 
as 451C (1995 dama set) and 39*C (1992 data set). Elsewhere, for example sample 2221, which 
has a range ofTh fim 35 to 580C, it is Suggested that "the high-temperacure part of the data 
(>40WC) should probably be disreapded." Yet other samples, having much higher Th values, as 
high as 751C, are considered evidence of hydrothermal fluids.  

12. Ori0in of Ouartz and Fluorite - Dublyarisky's statem•n tt thMe presence of crystalline quartz 
and, particularly, fluorite within calcite crusts is not compatible with the postulated rain-water 
origin oftheis mincral-forming fluids." is wrong. Cave Minerals of the World (ed. by Hill and Ford and which contains a chapter authored by Dublyanlsy) indicates tha both ofthese minerals.  
although commonly a result ofhydrothermna fluids, can and have fo~rmed at ambient tcmperaturcs 
in cave environments.  

13. Trace Minerals -We are chided for offering no explanation for the presence of trace minerals 
present in the secondary occurrences, "Other phases art present (Oluorite, clay minerals, zeolites, 
Mn-oxides., organic phases) but are volumetrioUly inconsequential"' (p.9, Pas and others, 
1996). Inasmuch as all of these phases occur only sporadically and are all amenable to low
temperatures of formation, no special cxplanztion was then or is now called for.  

14. Speleathem Comsranson, - Here, Dublyansky contends tt ifthe Yucca Mountain unsaturated 
zone secondary minerals formed from descending percolation of meteoric origin, that they should 
mimic spelcothem deposits .m caves, which are also fi-ined fmrm descending meteoric waters.  
Although both form from descending water in a vadose environme-n, and Yucca Mountain 
percolation may have hydrochewical similarities with cave water, caves art not a good analog for Yucca Mountain secondary minernlization largely because of the gross differences in calcite 
growth rates.  

Dublywaky advances the false hypothesis that AD calcite dcrivcd by descending meteoric water 
must have fine-grained, mamrillary forms that are common in speleotherms found in limestone 
cavcs. Bccausc subsurface calcite at Yucca Mountain commonly consists of large, free-growing 
crystals, it is dissimilar to speleothem deposits and must therefore not havc the same meteoric
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origin. T7c comparison is and incorrect as df two environments hve very different host rocks, liquid and Ps flux rates, which, in turn, result in very different calcite growth rates. The slowest rams of speleothem fortraooa discussed by Hill and Fori (1997) ane on the order of 10 mm] k.y., or 10.000 0Im/zm.y. Calcit in the unsaruwaed zonu Yucca Moutain formed at rates of 1-S mm/m.y. (Paces and other 1996; Neymazk and others. 1998; Paces and others. 1992), or as much as 4 orders of manitudc more slowly. We have argued that this slow growt rne accounts for the unique calcite forms found in Yucca Mountain (Paceus and others, 1996). Furthermore, the coarse cryst forms of calcite found in the Yucca Nourtain urszue zone do not occur along s" flowpaths 'hat would be analogous to water fims producing flowstoe, but in subhorizontal sWtin where crystal growth is less dependent on flow paterns.  

Spedeothems display layerin, or depositional laminaions, that reflect cyclical changes in fluid flux and composition resulting from long- and short-urm climate varability. Dublyaasky states tha= the Yucca Mountain unSaurated zone calcite does not show such layering and, therefore, can't represent climaXe-d-ven percolation fluxes. Again he is wrong as both the calcite, which shows growth banding under cathodoluminscent illumination (Whlan and others, 1994), and the opal, which displays extremely clear laminated structu= in the SEM 2nd in thin section (Paces and others, 1996), are layered at the micron scale.  
HRae Dublyansky has postulated a spurious corollary to a proposed mode of origin (i.e., that the uns d zone mineralization should mimic speleothents), then, when ihe corollary fails to pass his tests, uses this failure to reject the proposed mode of origin.  

t-5. Stable C and O Isotones of .Cacte. Figure 35 depict3 the variability of calcite VUC and 800 values across two mninc iza on sequences form the North Rtamp (i.a., the Tiva Canyon Tu5).  Both sequences display near coaosnt calcite 6 0 values, ftm which Dublyansky concludes that the calcitz can not represent formation from percolating meweric waters because the C and 0 isotopic C vpasiticx of such wamtn should display a wide range over.tim due to c.im 
variability. We agre with his logic, but find his dat puzzling. We have ,peatedy published C and 0 isotoic: data showing wide varnatoion ini these patatneters within individual samples. For example, figures 4-5 a and b in Paces and others (1996) show rmpgs of VC of -7.2 to 6.3%. and -61 to 6.9%., respeotivcly; anid ranges of 5 "0 of 12. 8 to 16. %& andl 13.7 to 17.8%6. respectively.  Such ranges are common and we take them, as Dublyansky would suggest, as evidence of 
meteoric-watcr percolation fluxes.  

16. Istnic Silgnatumre of Minalizing Fluids - Dublyansky derives the 6'0 of fluids responsible for calcite deposition at 300C from calcke-H0 hiactionation facor and his measured calcite 31O values. The water V0 values he calculates range from -4.9 to -5.7%. (we performed the smine calculation and got -3.5 to•-. 1%). He notes thes 8'10 values arc comsiderably larger tha those of modern Tertiay-ajrr ground waters, which range from -14.0 to -12.8%.L He prformr a similar calculation to estimat the 513C of the dissolved inorganic carbon (DIC) of the calciteforming water and anives at a water with a DIC 8"'C of +0.2 to -3.2%.. Again. we tried to duplicate his calcaulation, but with even more problematic results; we calcujated wat-e with DIC VC of -4.4 to -7.8%.. In either case, we assume that he wishes to imply that the diffwcrn-c between his calculated water and the modern gnrond water is significant - that it is meaningful. It does show that the waters required to form calcite at 50C would be much different than today's Yucca Mountain groundwatrc. In fact, his argument demonstrates that such water is much diffcreut than tegional ground waters during the past 500,00-tO. years (e.g., Winograd and othcrs, 1992) although we suspect that that was not his instent.
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17. Inurce of Minemlzin Watr. In discussion ofhis inclusion-fluid freezing cxpcrimcts, which indicate low-salinity to acarly-fresh inclusion fluids, the author makes the point that such waters arm compatibl with derivation from the regional Paleazoic cabonate aquifer. YMP studies show that such waters are also compatibl with presentm-ay unsatrated zone porewar= as well as with tbh probable cotnposritom of fiIcraM4:o~d percolauion as inferred from perched water bodies in 
the UZ.  

IS. Stosumm ~ Msotepe S n=6atcs - 7hm author misuse reported Sr isotopic data. The Lange cited represents a series af very hiSh precision analyses of ealcite. These calcite 7Sr/O"Srvalues change as a &anction of time such that early calcie is much Ies radiogenic than carbonae quilfar water, and Lauc cacite is more radioganic. Thus the bulk of the Welitz cannot be gemetically related to water froi the carbonate aquaer. Studies of Devils Hfa calcita show am the 7SrlgSr of calci. .  deposited from the carbonate aqluifer do not change with time.  
19. Mydrocarbion Potential - In Section 6.3, Dublyansky cites an unknown reference for hydrocarbon potenzial (Mattson ad others, 1992), and ignores an extensive iriment of ft subject by Grow and others, 1994 (UHLRWM proceedings). Those authrs (experts on the subject) suggestthe: possibility ofhydrocarbon potential in a narrow zone extending from the Calico Hills to the northeast (away from Yucca Mountain). The authors couiclude that "dTere are sufficient dama to conclude that the overall oil and gas ptcenltal near Yucca Mountain is low, as previously indicated by Garside and others (1988)". They now that any occurrence would require a favorable sructiu:2 tap. The YMP has conducted studies that would have idenafied any obvious strucnail trap, but aot found oce Inasmuch as Dublyans- y seems to know little about this subject, he would do well to delete this section. Alternatively, this may represea another example of 

selcctivc use of infornnation.  

Section 7 - Conclusions and Recommendations 

This discussion assluncs the existence of at least one hydrotherinal systemt that depositd calcite. We would argue that that must Arst be verified. If subsaiated, then carel dating of those portions of calcite hosting elevated temperature inclusions should be determined to assess their significance, if ai, to petformaacc assessment. With the exception of He. the isotopic studies 
that he suggests have been mnd am€ being appled to the study of these deosis The results of these studies provide much of the basis for cur conclusions that the secondary calcite and opal in the uwsatumated one have formed from downward percolation of meteoric waters during at least 
the past S Ma.  

Appendix I - Fbuid Inclusious in Calcite Samples from the ESF, Nevada Test Site, Nevada" a report assembled by Yuri Dublyansky for the Office of the Attorney Geaeral or the 
State of Nevada.  

20. Cnrghng ExrimCnts - In the discussion of crushing experiments, Dublyaniky argues that the less-than-atmaspheric pressures he observed must reflect cooling of inclusion gas bubbles trapped from a heated fluid in a saturated zone setting; that they arn "... not compatiblc with a vadosc zonc setting." This is incarlcc. The following mechanism Can account for this behavior in the vadose zone. When Sas bubbics werc trapped to form these all-gas or gs-nch inclusions, they consiActd of various gases (air, CO%, CH4, etc.), all at atmospheric pressure, includirg a partial pressure of water vapor corresponding to the vapor pressure of water in the system at the temperature of trapping. On cooling to surface temperatumre, condensation of this water vapor would decrease internal pressure in the inclusion to <1 atmosphere. Cooling of such an inclusion from 40 to 20°C
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would be sufficie•t to produce sifica=t dccfreas of intenal prosure and an observable decrease in the volume inclusion bubble at the tinm of crushing.  

Fu.,thcmdnor, we would like to know how Dublyansky expiws the less-than.UMospheric pressure Of all-vapor imcluions formed in a suated zone settin? Nowhcre does he descnbe a scenario thai will yield such incusiows. He preumes saturatW conditioas, under which any bubble ofgas at the time of trapping will be at >antospherc pressure, depending upon the hydrostatic hcea. At the depths fom which some of his samples were taken, the hydromc head could be scVrMl amosphercs (if their depositing fluids were actually discharging at the surfac), yet the inclusions tesed by Dublyawky am now z <1 annosphee ConeInsation of water vapor, on cooi•ng fm 30-...C trapping temperatres to surface tompetature would decres the internal pressure sowna, but would be completely inadequaw to cancel out this positive pressure.  
21. Volatile Omni Co olgds - We fnd the discussiou of organic compcxmds full of speculation and unconvincing data. The evidence offered for the presence of higher molecular weight hydrocarbons would appear to be very preliminary, with the author adnitting that individual peaks could not be resolved duo to small sample sh=. To be credible, these experiments should be repeated. The gs chromatographic experiments, which did not face the same sample size restaictions, revealed only lower molecular weight hydrocarboqn (methane, ethane, etc.) which in all cases were at conce ains lesw than 3 ppin. All of thems. ases aft compatible with in situ generation by bacterial degradation of o.ranic compounds (hiumic and fhlvic acids) thai could have been carried down by percolating fluids.  
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Evaluation of the review by Whelan et al ....

Evaluation 

of the Review of "Fluid inclusion studies of samples from Exploratory Studies Facility, Yucca 
Mountain, Nevada" by Joe Whelan, James Paces, Brian Marshall, Zell Peterman, John Stuckless, 
Leonid Neymark (USGS) and Edwin Roedder (Harvard University) - compiled by Joe Whelan 

by Yuri Dublyansky 

I. Comments on the "most serious objections" summarized in the Memorandum from Joe 

Whelan (USGS) to Dennis Williams (Yucca Mountain Project, DOE) 

a. The meaning of the term "hydrothermal". The terms "hydrothermal fluid" or "thermal water" 

do not have strict definitions, and the perception of these terms strongly depends on the specific 

field of expertise of the geologist who uses it. For instance, an ore geologist would not consider 

fluids with a temperature of less than 50-100 0C as hydrothermal. In hydrology, however, the 

threshold for thermal water is much lower. For instance, a definition accepted by most European 

hydrologists calls the water thermal if its temperature at the orifice is 4-6 'C higher than the mean 

annual temperature of the area. (Schoeller, 1962). In this context the temperatures in subsurface 

environments above those to be expected from normal thermal gradients are also considered 

hydrothermal (Dublyansky, 1997). Since the results obtained on Yucca Mountain calcites are 

used to reconstruct the paleo hydrology of the mountain, usage of the "hydrological" meaning of 

this term is justifiable in my opinion.  

However, in order to remove any ambiguity I will explicitly specify in my report that the terms 

"thermal" and "hydrothermal" are used to refer to waters if they reveal temperatures higher than 

may be expected at a given depth within the unsaturated zone.  

b. Why did the -75 'C hydrothermal event not leave its mark on other occurrences? Presently, 

our knowledge regarding the spatial structure of the ancient hydrothermal system and its 

development in time are extremely scarce. Therefore, there are many possible reasons why we 

may be able to see traces of it in some locations and not in others. The statement that "Such an 

event should have ... affected most of the calcite already present at that time." is purely 

speculative. We do not know the time of calcite deposition, in the first place. Also, fluids with 

temperature of-75 °C would not necessarily affect pre-existing calcites (see my comment 1 

Stretching of Inclusions below).

I
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c. The bulk of calcite is so old that its possible hydrothermal origin is of no consequence to the 

repository performance. The data and analysis presented in my report are troubling evidence that 

cast some doubt on the suitability of Yucca Mountain as a repository. This is because of the 

presence of thermal waters could be very damaging to the integrity of the containment of 

radioactivity. Since my report is not definitive on the questions of the number, dates and 

sequence of hydrothermal events, it is not conclusive as to the viability or lack thereof of Yucca 

Mountain. Therefore I have recommended further detailed study to resolve these issues before a 

determination of viability is actually made.  

Suggestion that "...the bulk of calcite present, and probably that which hosts the supposed 

"hydrothermal "fluid inclusions..." is old represents a speculation on the part of the reviewers 

which cannot be either proved or disproved using the information now available. The controversy 

cannot be resolved on this basis. Serious research needs to be carried out before a conclusion can 

be drawn regarding the age of hydrothermal activity at Yucca Mountain. This is one of the central 

recommendations of my report.  

However, if the calcite from Yucca Mountain subsurface is proved to contain two types of 

different origin ("old" hydrothermal and "younger" vadose), this would have quite serious 

implications in terms of the methodology used by DOE to study the origin of the Yucca 

Mountain minerals. This would indicate that methods used are not capable of discriminating 

between these two origins. To my knowledge, out of several tens of papers dealing with Yucca 

Mountain secondary minerals published in the last few years (most of which were authored or co

authored by the reviewers), none concludes or suggests that even part of calcite crusts from the 

Exploratory Study Facility (ESF) may have formed in a saturated environment from waters with 

elevated temperatures.  

d. Analogy with speleothems. Cave deposits represent not only the closest, but probably the only 

known natural analog for the origin of the Yucca Mountain calcites as postulated by the 

reviewers because they are formed from gravitation-driven films of waters. Such a peculiar 

depositional setting imposes strict constraints on the textures of depositing minerals. These 

constraints have to do with physics, rather than with geology. If the postulated "descending" 

origin of the calcite at Yucca Mountain is correct, this calcite should not necessarily "mimic" 

speleothems, but it should comply with the same physical laws (gravitation, surface tension, etc.).
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The rates of deposition, chemistry of host rocks, liquid and gas flux rates play in this context a 

secondary role.  

The formation of large euhedral crystals requires a slow uniform supply of matter to the surface 

of the growing crystal. This, in turn, for most minerals requires a saturated (submerged) 

environment, a low degree of the fluid super-saturation, and quiet hydrodynamics. Large (up to 

1.5 cm) euhedral free-growth crystals, quite common at Yucca Mountain, cannot be formed from 

thin (typically <1 mm) films of water flowing downward along fissure surfaces. Speleothems are 

a useful analog, because by studying them we can examine physical mechanisms of mineral 

growth from film waters. I have not been able to find any reports outside of the publications of 

DOE scientists on Yucca Mountain of large free-growth calcite crystals forming from film 

waters.  

e. Interpretation and use of isotopic data. The allegation that "Calculations of the 613C and 6180 

for calcite are based on questionable assumptions and assertions..." is factually incorrect and 

misleading. Values of 6' 3C and 6180 in calcite presented in my report were measured, not 

calculated, and thus cannot be influenced by any assumptions or assertions.  

The strontium isotopes were mentioned in my report with the sole purpose of showing that these 

data do not contradict the "upwelling" model. The quote below represents ALL discussion on 
8 7 Sr/86 Sr that was present in the draft of my report.  

"Paces et al. (1998) established variations in the 87Sr/3 6Sr values across calcite crusts 
from ESFfrom about 0. 7125 to 0. 710. These values match those of the semi-confined 
Paleozoic carbonate aquifer (0. 71175; Peterman et al., 1994) that underlies the 
modern aquifer beneath Yucca Mountain." 

The numbers in this quote are correct and obtained from cited publications. I do not believe that 

the quote deserves to be labeled a "gross misuse of the data".  

Because the strontium data have no direct bearing on the study's conclusions, it have been 

omitted from the final version of the report.  

f. "Improper" interpretation of crushing results. All-gas inclusions contracting on crushing were 

interpreted in my report as indication of internal pressures of less than I atmosphere and, 

therefore, incompatible with the vadose zone setting (pressures of I atmosphere). This

3
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interpretation complies with the generally acknowledged behavior of vadose-zone inclusions, 

e.g.: 

"The bubbles trapped in the vadose zone are at one-atmosphere internal pressure 
(bubble size does not change when sample is crushed)" (Goldstein and Reinolds, 1994, 
p. 81) 

The criterion of bubbles which do not change their size on crushing is widely used in fluid 

inclusion studies of diagenetic environments.  

The alternative hypothesis that a decrease in internal pressure in a gas-rich inclusion may be 

caused by the condensation of water vapor in the vacuole was introduced by Roedder et al.  

(1994), and to my knowledge, it has not been supported by numeric estimates. Some questions 

regarding this hypothesis are summarized in section 20 of this review. Therefore, the strong 

statement that "...when properly interpreted [the results of crushing experiments] offer strong 

evidence that the calcite formed in an unsaturated zone, or vadose, setting" is not warranted. In 

addition, the all-gas inclusions in Yucca Mountain calcites have other properties (e.g., chemistry 

of gases) which make their "unsaturated" interpretation untenable.  

II. Comments on the Review of "Fluid inclusion studies of samples from Exploratory 
Studies Facility, Yucca Mountain, Nevada" by Yuri Dublyansky 

1. Stretching of inclusions. The reviewers overlooked the point of the argument that they quoted 

from my report. When an inclusion homogenizes at comparatively low temperature (e.g., 35 TC), 

it never heterogenizes on cooling to room temperature (i.e., the bubble does not re-nucleate in it).  

The physical reasons for this failure to nucleate are discussed in detail by Roedder (1984). This 

means that if my samples containing fluid inclusions with Th - 35 TC were heated to 35 TC during 

sample preparation, these inclusions would homogenize (i.e., they would become one-phase 

liquid) and I would not be able to see them as two-phase gas-liquid inclusions afterward.  

The argument that "the inclusions in calcite may stretch with as little as 10 degrees of 

overheating" is assertive. While it makes sense in theory, because overheating should increase 

the internal pressure in all-liquid inclusions. I have found, however, it does not work in practice, 

at least with calcite. For instance, when I tried to stretch inclusions to create a bubble (which is 

necessary for freezing experiments) I heated my samples (about 15 of them) to 250 TC and held

4
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them at this temperature for 10-15 min. Even after such significant overheating, most of the all

liquid inclusions did not nucleate bubbles, implying that they did not stretch. In those inclusions 

that did nucleate bubbles, the latter were typically large with quite irregular liquid-to-vapor ratios 

from one stretched inclusion to another. Stretching related to overheating, therefore, is easily 

recognizable. I have incorporated these observations into the final version of my report.  

My experiments on stretching can easily be reproduced. I would invite the reviewers to try and 

manufacture groups of two-phase inclusions that would yield consistent Th's by means of the 

heating the all-liquid inclusions in Yucca Mountain samples.  

There is no known mechanisms by which u•ups of inclusions sizes, with similar L:V ratios and 

Th varying within a few degrees can be caused by overheating during sample preparation. In fluid 

inclusion studies, such groups are viewed as the most reliable sources of information (Goldstein 

and Reinolds, 1994). In my study, careful handling of samples eliminated even gentle heating 

during preparation; a Th = 35 0C indicates that samples have not been heated over this 

temperature.  

2. "Disturbed" Inclusions. As was discussed above, the two-phase fluid inclusions created by any 

thermal (overheating) or mechanical impact on the originally one-phase liquid inclusions 

typically have highly irregular L:V ratios and homogenize at random and generally high 

temperatures (50-250 'C). It is highly unlikely that such processes would create a group of, say, 

10 or 20 inclusions with Th varying within 5-10 degrees of 35-60 0C.  

There are three samples in the analyzed set (specifically 2217, 2221 and 2224) which reveal some 

evidence of stretching, expressed as a wider range of measured Th's. Results obtained on these 

three samples are less reliable than the data on the rest of samples. Nevertheless, these samples 

may provide a conservative estimate of the paleo temperature if the higher-temperature part of 

the measurements is excluded from consideration. By contrast, the remaining 4 samples of the 

1998 set of samples and sample SS#85-86 described in Appendix 1 yielded very consistent 

results. The definition of a "consistent" result is not straightforward. Goldstein and Reinolds 

(1994) recommend that fluid inclusion associations with 90 % of inclusions homogenizing within 

a 10-15 TC interval should be considered as showing a consistent result (p. 151). For some of my 

samples (e.g., Fig. 23), data measured on as much as 5 fluid inclusion assemblages fell entirely 

within 5 TC interval!

5
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3. "Tectonic Cavities". Attribution of calcite at the bottoms of cavities uniquely to an unsaturated 

environment is not warranted. Other explanations are possible.  

Firstly, if the calcite in question was formed from films of water flowing along the walls of open 

fractures, it would be precipitated on both walls: due to the capillary forces and wettening, these 

films would have to be present on foot walls as well as on hanging walls. This theoretical 

consideration is confirmed by observati6ns in caves. Gravitation begins to play a significant role 

and cause asymmetry in film deposits when the films become thick enough (so that the gravity 

force is compatible to the surface tension and capillary forces). This would require significant 

amounts of water and high rates of percolation.  

Secondly, if calcite on the bottom of a lithophisal cavity was formed from film water, this water 

should first flow along the ceiling and hanging walls of the cavity and only then reach the floor.  

The question is: why would calcite deposition begin only when this hypothetical film reached the 

floor? 

Thirdly, comparatively large (up to 1.5 cm) individual crystals do not form from water films.  

This has to do with basic physics rather than with geology. According to Kendall and Broughton 

(1978): 

"Large crystal terminations do not form on the speleothem surface because they form 
projections that disturb the water flow away from the projections which, as s 
consequence, are gradually eliminated" (p. 519).  

5. Distribution of Th. The wish to know the relationship between inclusions and the paragenetic 

sequence is justifiable, and I am in complete agreement with the reviewer's comment that there is 

"... need to describe the fluid inclusion assemblages within a paragenetic context and to then 

place geochronological constrains on the fluid inclusion assemblages...", and have expressed a 

similar point of view in the "Conclusions and Recommendations" of my report.  

The reviewers state that: "...it is impossible to either relate the data to the 9-m.y. history of 

unsaturated zone calcite deposition, or to assess its significance to site performance". I agree 

with the first part of the statement; my data indicate saturated environment of calcite deposition.  

As I have noted above, I recognize that my current data are inadequate to assess the site 

performance. This will require much more research (see "Conclusions and Recommendations" in

6
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my report). The finding of the saturated environments at Yucca Mountain in the past is, 

however, a troubling indication, and one that needs to be addressed.  

6. Resetting of Th? This section contains a number of separate questions.  

a. Explanation of all-liquid inclusions. The most comprehensive explanation of all-liquid 

inclusions may be found in Edwin Roedder's textbook, "Fluid Inclusions" (1984), in which the 

section entitled "Failure to Nucleate in Nature", is entirely dedicated to this phenomenon.  

"The most frequent and obvious example of metastability in inclusions is the failure of 
some to form a vapor phase (bubble) on cooling. As the bubble is a measure of the 
differential shrinkage of the liquid and the surrounding crystal host on cooling, 
inclusions trapped at surface temperature never have bubbles formed in this manner.  
(Footnote: The converse of this statement (i.e., inclusions without bubbles must have 
formed at surface. temperatures) is not generally valid, as detailed below.) ... The size 
at which the division occurs between those inclusions with bubbles and those without, 
though never precise, is surprisingly consistent for a given sample and varies inversely 
with the volume ofpercent of vapor that should be present. ... all inclusions larger 
than 1 ptm (and some smaller ones) in minerals formed at high temperatures (>Ž350 'C) 
may have bubbles, whereas inclusions as large as 20 ptm in some minerals formed near 
100 'C seldom show bubbles. Aqueous inclusions formed at 70 'C may be as large as 
100 ptm and still not nucleate a vapor bubble... " (p. 292; emphasis by the author).  

Subsequent paragraphs in the book contain detailed physical explanation of the phenomena.  

Rather than paraphrasing it here, I refer the reviewers to the text.  

b. The possibility of "stretching" of inclusions by a late thermal event. As was discussed above 

(see comment 1 "Stretching of inclusions"), the susceptibility of fluid inclusions in calcite seems 

to be significantly over-estimated by the reviewers. In my experiences, overheating to 100-150 'C 

almost never resulted in the appearance of bubbles in all-liquid inclusions, whereas exposure to 

higher temperatures sometimes resulted in stretching and partial leakage of inclusions. Therefore 

exposure of existing early all-liquid inclusions to 70-75 TC due to the ingress of late hot fluids 

would not necessarily produce stretching.  

This is true if these hypothetical all-liquid inclusions were trapped at ambient temperature.  

However, the all-liquid inclusions may also have been trapped at elevated temperatures and 

remain all-liquid at room temperature due to the failure to nucleate the bubble (as discussed 

above). Heating of such inclusions would not produce any excessive internal pressure.

7
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c. Suggestion to plot ALL the data together. Plotting together data obtained from different 

samples, collected from different parts of the tunnel and from different lithological units of tuffs 

would contradict normal scientific practice.  

7. Paragenesis of Fluorite. The reviewers charge that my statement "Colorless and violet globules 

offluorite are associated with latest stages of calcite growth" is misleading. They support this 

point by saying that they "have seen occurrences offluorite visible through calcite coatings" and 

these calcite and fluorite may be millions of years old. They state that they have observed 

fluorite which was apparently old. On the basis of this observation they conclude that the fluorite, 

which I observed in other samples is also old.  

There general agreement that an old hydrothermal event occurred at Yucca Mountain (the so

called Timber Mountain event, ca. 10-11 Ma). Therefore, minerals deposited before calcite (i.e., 

paragenetically older) are of lesser interest from the point of view of repository safety. An 

example of such apparently "old" fluorite may be observed in the ESF at station 52+ 13. More 

relevant to the current debate is the fluorite which was deposited simultaneously with or after the 

calcite at Yucca Mountain. This fluorite may safely be concluded to be as old or younger than the 

late "portions" of calcite.  

In some of my samples I observed fluorite within calcite close to the crystal surface. An example 

is shown in Fig. 27 of my draft report. Moreover, in sample 2206 (station 76+00.6), minute 

euhedral crystals of fluorite were deposited on the surface of the calcite and quartz crystals.  

These observations are provided in the report.  

The reviewers remark that 'fluorite does not require high temperature to form". Indeed, fluorite 

is a common low-temperature hydrothermal mineral. For example: "Fluorite occurs as a typical 

hydrothermal vein mineral with quartz, barite, calcite, sphalerite, and galena" (McGraw-Hill 

Encyclopedia of Geological Sciences, 1988, p. 195).  

8. Sample 2217. The claim that the data are "immaterial to recent unsaturated zone hydrology 

and therefore to performance assessment" suggests that the data should be dismissed without 

further consideration. However, a more correct approach would be to lay the burden of proof on 

the proponents of the repository site and require them to rprov that temperatures measured from

8
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my samples are, indeed, from geologically old part of the calcite and are, therefore, of no concern 

to the safety of the repository.  

10. Paintbrush Fault. The reviewers question the name of fault referred to in my draft report. I re

assert that my study refers to the Paintbrush Fault. There is a present-day thermal anomaly 

associated with this fault (locally elevated groundwater temperatures detected by Sass et al., 

1987) that may indicate "active" character of this fault. However, this is a hypothesis, and there 

may be other equally valid explanations. However, I reject the reviewers' characterization of this 

point as an attempt to "misrepresent geologic information to those unfamiliar with the Yucca 

Mountain area".  

Section 5. Age of calcite from the ESF.  

Parag'aph 1. "The evidence [of the hydrothermal origin of Yucca Mountain calcites] remains 

equivocal at best". This opinion is at odds with the conclusion by the U.S. Nuclear Waste 

Technical Review Board: 

"The fluid inclusion data show that there is little doubt that some of the calcite in the 
ESF was either formed by, or later exposed to, aqueous fluids at elevated temperatures 
(at least 72 'C) under different conditions than those present in today's unsaturated 
environment...  

Paragraph 2 and Results of SS#45-46. I acknowledge the error of my statement describing the 

excess of detrital thorium as the cause of the failure of the three analyses. The correct, reason is 

concentrations of thorium too low to allow statistically sound calculations. The samples, as a 

consequence, were rejected by the program. The error is corrected in final report. Also, more 

information is provided on sample and procedures, as was suggested by the reviewers, and some 

technical remarks about number of significant digits for the stated errors were addressed.  

The last paragraph on page 4 describes the reviewers' line of reasoning regarding the 

interpretation of the change of the 2 34 U/2 38U ratios in calcite samples: 

"We have chosen not to interpret this trend as an indication that the 234 U/238U 
composition of the solutions responsible for mineral deposits was changing with time.  
No substantial changes are seen in either saturated-zone waters, as demonstrated by 

Letter from Jared L. Cohon, NWTRB Chairman to Lake H. Barrett, Acting Director, Office of Civil Radioactive Waste 
Management; of July 24, 1998; Attached document entitled "Board Review". p. 4. Available from the NWTRB official web 
site at http://www.nwtrb.gov
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Ludwig and others (1992) in their Devils Hole work, nor in the surface environments 
as demonstrated by our own work with calcite in the region. Instead, we have 
interpreted this trend, along with other evidence, as indication that growth in these 
materials is extremely slow... " 

Reviewers used the information on the features of two geologic environments (regional saturated

zone waters and regional surface environments) to make a judgement regarding the features of 

another geological environment (which is, of fluids responsible for calcite deposition at Yucca 

Mountain), whose origin is in question. Waters with elevated temperatures which deposited 

calcite at Yucca Mountain may have little to do with either regional aquifer or surface waters.  

The reviewers stress that "a sample of even small size [formed in accordance with "continuous" 

model] will average older and younger materials and the result will be an intermediate age".  

This is correct for all natural geological samples, because virtually any crystal grows through a 

build-up of molecular layers. Therefore, my sample of a finite size will average multiple growth 

layers and any age obtained through isotopic dating will represent an average over a sampled 

thickness.  

The reviewers complain that I do not acknowledge their hypothesis of "continuous" and slow 

deposition of the Yucca Mountain calcite 2 (e.g., Paces et al., 1996) and ignore its implications.  

Indeed, I have quite serious reservations about both "continuous" mode of deposition and the 
"remarkably constant" 1 to 5 mm per million years deposition rates postulated by the reviewers 

for Yucca Mountain. I have provided my evaluation of their model in the final version of the 

report in response to reviewers' comment.  

Paragraph 1. page 5. The example calculation, showing how a mixture of two calcite sub-samples 

with different ages would influence the apparent 14 C age is irrelevant since I did not use the 14C 

dating.  

Paragraph 2. page 5. The correct weight of the sample is 4.95 gm (as indicate in final report). The 

statement: "the result would clearly be meaningless in terms of dating a specific layer containing 

two-phasefluid inclusions" is technically correct but misleading: I never claimed that my result is 

2 The essence of the model is that the calcite is hypothesized to be deposited as infinitely thin layers at an extremely low rate 

(between I and 5 mm per million years; Neymark et al.. 1998). The USGS researchers use this model as opposed to the model 
of episodic/instantaneous growth that envisages formation of layers of a finite thickness which occurs relatively rapidly.
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a date on a "specific layer". This date is obtained on a large sample, some 1 cm thick, and 

averages ages of this thick layer. Therefore, it applies to a point at 5 mm above the base of the 

sample in the mean, and needs to be considered as such. The result is internally consistent, and it 

is difficult to imagine the base of this sample being as old as in the order of 1 million years.  

"The uranium concentration of 0.1396 ppm [in our sample] is 5 to 10 times larger than uranium 

concentration for pure calcite (0. 01 to 0. 05 ppm)" First, what is "pure calcite"? Reviewers 

speculate that the "large" concentration of U measured in my sample is indicative of the presence 

of opal in our sample and, therefore - of erroneous age. However, when my data are compared 

with the results published by the reviewers (e.g., Paces et al., 1994), uranium concentrations of 

1.1396 are not at all "exotic". Paces et al. (1996) report that: "Calcite subsamples without opal ...  

have ... U contents [of] 0.007 to -0.1 ppm..." (p. 16). However, this statement misrepresents the 

reviewer's own data published in the same report. An excerpt from a table in Paces et al. (1994; 

Appendix 2, pp. 51-54) is printed below. As shown by these data, concentrations in pure (that is, 

containing no opal) calcite studied by the reviewers vary from 0.007 to as much as 0.692 

(average 0.139). Therefore, there is double misrepresentation of the data: first the reviewers 

indicated the upper limit of concentration as -0.1 instead of 0.692 ppm in their report; then they 

lowered this boundary even more (by a factor of 70!) to 0.01-0.05 ppm in their review of my 

report. The results of my report are entirely consisted with the original data by Paces et al. (1996) 

# Sample Name ESF station, Occurrence U conc.  
m (ppm) 

I SPC00504305-U1 579.15 Fracture coating 0.420 
2 SPC00509037-U1 625.18 Unclear 0.166 
3 HD2005-UI 1710.95 Fracture coating 0.0271 
4 ESFI975-U! 1975 Unclear 0.692 
5 HD2010-UI 2468.2 Fracture coating 0.0301 
6 HD2096-U3 2523 Fracture coating 0.0138 
7 HD201 I-UI 2568 Fracture coating 0.0070 
8 HD201 I -U2 2568 Fracture coating 0.0466 
9 HD2019-U3 2881 Lithophysae 0.395 
10 HD2019-U4 2881 Lithophysae 0.260 
11 HD2019-U5 2881 Lithophysae 0.266 
12 HD2059-UI 3017.78 Lithophysae 0.185 
13 HD2059-U2 3017.78 Lithophysae 0.142 
14 HD2059-U7 3017.78 Lithophysae 0.0280 
15 HD2059-U8 3017.78 Lithophysae 0.0378 
16 DH2100-U3 4029.9 Lithophysae 0.0119 
17 HD2I I1-Ul 4861.4 Fracture coating 0.0186 
18 HD21 I I-U2 4861.4 Fracture coating 0.0126 
19 HD2114-Ut 4986.5 Fracture coating 0.0119 
20 HD2115-Ul 4988.9 Fracture coating 0.0109 
Average 0.139 

* There appears to be at least two clusters of data in this set.
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Paragraph 3. page 5. We know little about the source of mineral forming fluids at Yucca 

Mountain. Anomalously high 234U/238U ratios in shallow volcanic aquifer are irrelevant, because 

if this calcite was formed from upwelling deep-seated waters, the latter would have little to do 

with the shallow aquifer. Waters from deeper Paleozoic carbonate aquifer have closer, but still 

high uranium activity ratios. This carbonate aquifer at Yucca Mountain was tapped by only one 

borehole (UE-25 p#1), therefore the knowledge regarding this aquifer is not sufficient. And 

again, waters upwelling from significant depth may have had quite different isotopic values.  

All interpretations of isotopic values contain an inherent uncertainty: one does not know the 

initial isotopic properties of the source of calcite (or, calcite-depositing waters), therefore one 

must assume them to have certain values. However, since the major issue is the origin of this 

calcite (or waters), this leads to circular reasoning: one assume some properties for calcite

depositing fluids and then, on the basis of this assumption infers the origin of these fluids.  

Fluid inclusion method, however, is empirical in its nature and is free of this uncertainty. This is 

the reason why the most successful national programs dealing with geological isolation of 

nuclear wastes (e.g., those of Canada, Finland, and Sweden) implement integrated studies of 

isotopes and fluid inclusions to interpret the paleo hydrologic environment. Isotopic methods that 

are not supported and constrained by fluid inclusion studies do not have enough power of 

resolution. The absence of adequate fluid inclusion research is a major and most regrettable 

deficiency of the Yucca Mountain characterization activities.  

Last paragraph. page 5. The reviewers misrepresent my data. The temperature interval "between 

25 and 35 'C' is not correct: the correct numbers are 30 and 40 'C (see histogram on sample 

SS#45-46 in my report). Strictly speaking, the temperatures should be indicated as 30 and 49 'C, 

since the class interval in this histogram is 5 'C. These temperatures, low as they are, are still 

higher than the temperatures expected in the unsaturated zone at a given depth. On top of that, the 

fluid inclusion data indicate saturated environment during calcite formation.  

Paragraph 4. I am familiar with the reviewer's results showing that stratigraphically old calcite 

may be old. In their work, the reviewers consider the Yucca Mountain calcite as monogenic, or 

formed as a consequence of one single process. Therefore, all ages obtained from growth 

sequence should be considered as representing different points in the time history of these 

deposits.

12



Evaluation of the review by Whelan et al.... 13 

My observations presented in the report are in agreement with the single-origin interpretation. In 

studied samples, I never observed features indicative of a dramatic change in environments (e.g., 

from saturated to unsaturated). Part of my samples contained fluid inclusions indicative of the 

saturated environment and elevated temperatures. Typically, elevated temperatures were 

measured from the oldest growth zones; inclusions typical of saturated zone, however, persisted 

throughout the samples. Therefore, an inference that the youngest parts of the calcite reflect the 

same, saturated, depositional environment but perhaps somewhat lower temperatures is logical.  

This inference is reinforced by additional evidence, such as textures and stable isotopic profiles, 

discussed in detail in my report. If my inference is correct, the young ages of calcite reported by 

the reviewers represent the youngest dates of the existence of the saturated environment in Yucca 

Mountain at the level of the planned repository. These youthful ages are of concern from the 

standpoint of the site suitability. Old ages of the micro-stratigraphically early calcite indicate the 

persistence of a saturated environment in the geologic past.  

Summary on the "Age" section. My data on the age of the calcite at Yucca Mountain are by no 

means conclusive. These results need to be refined through a more fine-scale dating. Future 

detailed studies must include integrated and concerted research of fluid inclusions, isotopes and 

ages of calcite samples, as noted in the Conclusions and Recommendations of my report. Similar 

suggestions nave been made by Dr. Robert Bodnar who reviewed some of my earlier work as a 

consultant to the U.S. Nuclear Waste Technical Review Board (available froni the NWTRB web 

page at: http://Www.nwtrb.gov), and by J. Cline, one of the reviewers of this report.  

Section 6 - Discussion 

12. Origin of Quartz and Fluorite. The origin of fluorite was briefly discussed earlier (see 

comment 7). The reviewers invoke a book by Hill and Forti (1997) to argue that fluorite is 

formed at low temperatures in caves. Fluorite, indeed, has been found in a few caves where it 

shows indications of low-temperature origin. In most of these cases the exact origin of fluorite is 

unknown and can be explained through the re-deposition of earlier hydrothermal fluorite veins 

intersected by caves or found in the vicinity. The presence of these early veins appears to be a 

necessary prerequisite for low-temperature re-deposition of fluorite. Some occurrences of 

euhedral quartz have been reported to be formed in a low-temperature environment. Not all of the
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occurrences, however, are studied sufficiently, and in some cases interpretations should have 

been changed after detailed studies: 

"According to Martin, the formation of theses macro-crystalline quartz speleothems is 
still going today, and the feeding water is normal subaerial seepage water. However, 
Stalder and Touray (1970) performedfluid inclusion analyses on these quartz crystals 
and found that the quartz had grown subaqueously in a fluid rich in methane at 
temperatures over 200 'C" (Hill and Forti, 1997; p. 185) 

Conclusions regarding the low-temperature origin of quartz, therefore, need to be approached 

with caution. While low-temperature deposition of quartz and fluorite is possible in nature, these 

are not typical low-temperature minerals.  

Calcite in vertical flowpaths. The strong statement "...the coarse crystal forms of calcite found in 

the Yucca Mountain unsaturated zone do not occur along steep flowp'aths that would be 

analogous to waterfilms producingflowstones, but in subhorizontal settings... (emphasis added)" 

is incorrect. An example of vertical fracture filled with coarse-crystalline calcite is given in Fig. 1 

of my report. (station 67+81). Steep-angle fractures or openings hosting crusts of coarse

crystalline calcite may be found in the ESF at stations 01+03; 01+12.7; 10+75.18; 14+72.53; 

.38+64; 52+13; as well as 0+12.6 and 0+40.5 in Alcove 6. This list is not complete; I cited only 

locations which I visited and sampled.  

Calcite banding. Information given in the paper by Whelan et al. (1994) is insufficient to judge 

that reported "growth banding" observed under cathode excitation represents rhythmic banding 

typical of speleothems and not growth zoning typical of many crystals. The example shown in 

Fig. 4-b of Whelan et al. (1994) does not look like speleothemic material.  

To my knowledge, cathodoluminescence is used quite rarely to study banding of speleothems, 

because luminescence under the UV excitation has a much better resolution. The reason is that 

CL reveals differences in trace element composition, whereas UV luminescence depicts 

differences in the content of organics (humic material). The latter is typically abundant in 

speleothems because the calcite-depositing waters seep through soil. My attempts to document 

banding in my Yucca Mountain samples under the UV excitation have failed.  

15. Stable C and 0 Isotopes of Calcite. The authors agree with my reasoning, but question my 

data. This can only be resolved by joint repeat analysis of my samples.

14
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"...we take them [variations in 813C and 080], as Dublyansky would suggest, as evidence of 

meteoric-water percolation fluxes". From the standpoint of the site suitability, it is of minor 

concern if some of the Yucca Mountain calcites are proved to be formed by meteoric waters.  

However, if my isotopic data are correct (which can easily be checked), and the logic is correct 

(as reviewers have agreed), this will make the "meteoric" origin for my samples untenable. And 

this will be of concern for site suitability. Since "meteoric" calcite is relatively benign in the 

context of the site suitability and repository performance, it seems that the energy that has gone 

into the investigation of this calcite is misplaced. Instead, there needs to be vigorous study of the 

calcite which may indicate threat to the repository performance.  

16. Isotopic Signature of Mineralizing Fluids. "In fact his argument demonstrates that such water 

[that deposited calcite at Yucca Mountain] is much different than regional ground waters during 

the past 500,000+ years (e.g., Winograd and others, 1992) although we suspect that that was not 

his intent". That was exactly my intent.  

The proponents of the "meteoric" concept often argue that since stable isotopic values of the 

Yucca Mountain calcite cannot be derived from those of the regional ground waters, this calcite 

was not deposited from regional ground waters. This is logical. However, a subsequent argument 

that this calcite was derived from soils by descending meteoric waters does not logically follow 

from the first point. Deep-seated fluids which acquired their isotopic properties from Paleozoic 

and Proterozoic rocks and up-welled toward the surface would have little to do with shallow 

waters of regional aquifers.  

The isotopic composition of calcite (8080 and 8V3C) deposited from an aqueous fluid critically 

depends on two parameters: the initial composition of these isotopes in the mineral-forming fluid, 

and the fractionation coefficients, governing partitioning of isotopes between the fluid and the 

depositing calcite. The fractionation coefficients are temperature-dependent. Therefore, we have 

two equations with three unknowns (the isotopic composition of carbon, that of oxygen in 

mineral-forming fluid, and the temperature).  

Fluid inclusion studies provide independent information on the temperature of calcite deposition.  

This eliminates one of the unknowns and makes it possible to calculate initial values of the

is
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mineral-forming fluids. The only other alternative is to assign one of these unknowns with an 

arbitrary value - a questionable practice.  

Calculated values 18 0 and VC3c for paleo fluids. There was a minor calculation error in numbers 

for 5180. Correct values are -4.6 to -6.2 %o SMOW. Equations used for calculations are: 

8 i 80caciite _5180 water- 2.78(10 6T-2)-2.89 (where T is absolute temperature) and 

513 Cwater5 61 3Ccalcite +2.8 (at 50 °C) (reflects fractionation between CaCO 3 and HC03" in solution).  

17. Source of Mineralizing Water. "....such waters are also compatible with present-day 

unsaturated zone porewaters as well as with the probable compositions offracture-hosted 

percolation..." The origin of the pore waters is not known with certainty. They may be relics of 

ancient precipitation, or they could be relics of ancient upwelling fluids. Even less is known 

regarding the "possible composition of fracture-hosted percolation". From very general 

consideration (absence of evaporite deposits above the repository horizon), salinities of these 

waters are expected to be low. However, salinities measured in some inclusions (0.53 to 1.65 wt.  

% NaCl equiv. or 5.3 to 16.5 g/l) represent what is in hydrology called brackish or slightly saline 

waters. These concentrations are higher than may be expected for percolating meteoric waters at 

"Yucca Mountain.  

19. Hydrocarbon Potential. "...Dublyansky cites an unknown reference for hydrocarbon potential.  

(Mattson and others, 1992)..." Two authors of this paper, Steven Mattson and Jean Younker, 

work for one of the major contractors of the U.S. DOE (Science Application International Corp.).  

The other two authors, Joel Bergquist and Thomas Bjerstedt represent represents the U.S.  

Geological Survey and the U.S. DOE respectively. Their paper was published in Geotimes, a 

well-known journal published by American Geological Institute.  

As far as I understand, the reviewers do not argue with my thesis that aromatic hydrocarbons are 

not compatible with aerated vadose (unsaturated) zone. Therefore, sedimentary'rock underlying 

Yucca Mountain represent probably the only reasonable source of hydrocarbons in Yucca 

Mountain calcites. I believe it is clear that in the context of this study, we are interested not in 

economic hydrocarbon potential, but in the potential source of hydrocarbons. Grow et al. (1994) 

pointed out that:
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"While much of the Cambrian through Triassic rocks have thermal potentialfor gas, 
extensive Late Tertiary faulting at Yucca Mountain suggest that seals might be 
"inadequate for retaining gas." (p. 1298).  

Restricted data available to date indicate that thermal history of Paleozoic carbonaceous rocks 

under Yucca Mountain was such as to allow organic matter trapped in these sedimentary rocks to 

be transformed into oil and gas. The only drill hole which penetrated Silurian dolomite under 

Yucca Mountain (UE25p#1) produced Conodonts having color alteration index, CAI, of 3 (Grow 

et al., 1994). Such a value is typical of rocks that have reached temperatures of -180 'C and is in 

the range where: 

"... oil is no longer generated, but in the range where gas is generated and previously 

generated oil is being converted to gas" (Grow et al., 1994. p. 1301).  

Although the amount of these hydrocarbons in Paleozoic rocks may presently be quite small, they 

represent a plausible source of tiny amounts of gases trapped in fluid inclusions. Moreover, it 

should be noted that the fluid inclusions were formed in the geologic past, so that the oil-to-gas 

ratio yielded by current exploration would not necessarily be relevant to the time of calcite 

formation.  

Section 7 - Conclusions and Recommendations 

21. Volatile Organic Compounds. The evidence for the presence of aromatic hydrocarbons may 

be considered as preliminary in the sense that I am presently unable to identify'gases trapped in 

the inclusions. Nevertheless, it is the best available explanation of observed facts: 

a. Luminescence of inclusions under Ar-laser excitation: 

"Fluid inclusions are generally fluorescent if they contain cyclic or aromatic 
hydrocarbons or fluorescent daughter minerals" (Burke, 1994, p. 30); 

and 

b. Decrease in luminescence with increasing time of the Raman signal accumulation, which I 

interpret as the result of the de-composition of organic molecules under the influence of the heat

energy of the laser beam.  

I agree that the results of the gas chromatographic analyses may reflect organic material in calcite 

(not necessarily derived from fluid inclusions). However, the presence of humic and fulvic acids 

in studied calcites, suggested by the reviewers, is highly unlikely. These acids cause calcite to

17
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fluoresce under the UV-excitation in very characteristic yellowish-brownish colors (which is 

quite successfully used to identify the most fine-scale rhythmic growth banding in speleothems 

and to get detailed paleo-climatic records from them; see Shopov, 1997).  

In this final section, the reviewers express their opinion that the existence of the hydrothermal 

system at Yucca Mountain must be verified and, if substantiated, the careful dating needs to be 

performed in order to assess the significance of the data for the performance of the repository. I 

agree with these suggestions, which are similar to those presented in the Conclusions and 

Recommendations of my report.  
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Introduction 
This study was performed on June 15-19, 1998, in the Fluid Research Laboratorv at \irginia 
Tech. Blacksburg, Virginia.  

The purpose of the smudy was to check the validity of the fluid inclusion resuils obtained 
during my studies at the Institute of Mineralogy and Petrography, Russian Academy of Sci
ences in Novosibirsk in 1995-199S. These results were published (Dublyansky & Reutskv.  
1995; Dublyansky at al., 1996-a. -b, 1998) and presented at the 71' PACROFI Meeting on 
June 2, 1998, in Las Vegas.  

Four samples collected by me in 1995 in the first, approximately 300 m long section of the 
ESF (North portal) have become the subject of this study. Samples represent calcite and opal
quartz-calcite incrustations on the fracture walls or on the gravel-sized fragments found in 
local fractured zones of the welded tuffTiva Canyon.  

Sample preparation 
All possible precautions have been taken to avoid any mechanical or thermal damage to the 
inclusions, as well as contamination of the samples.  

The samples have been cut using low-speed Buehler IsoMet®R saw set at -120 rpm with cold 
water as a coolant. Freshly cut surfaces have been manually ground and polished using 
grinding powder (600 grit and 5 micron) and Buehler Metadi® water-based diamond fluid (I 
micron). Polished surfaces have been mounted on glass slides using polyacrylic "Crazy Glue" 
and the operations were repeated to produce doubly polished sections.  

I have prepared sections from three samples; in one more sample calcite appeared to be too 
fractured, and the section was not prepared.  

Optical observations 
I examined prepared doubly polished sections under the microscope Olympus BX-60 at dif
ferent magnifications (objectives l0x, 40x, and 80x). Inclusions were photographed with 
Polaroid Digital Camera. Sometimes, for the purpose of the fast mapping of inclusion loca
tions, I used Sony video printer.



All-gas inclusions 
"A!I-gas incusbeen o'b
"serVed in one sa . SS=-S. In
ciusions occur ii t ie , . ..  
est parts of the calcite crus:. ".,or or 
less close to the contact NN th t c
rock tuff (Fig. 1). Inclusions are dark 
(Fig. 2) and often have equilihr-,,` 
shape (Fig. 1, 3. and 4).  

FiL. 1. All-gas inclusion in calcite near the contact with tuff 
(dark) and some unidentified epigenetic euhedral minerals. Size 
of the inclusion is - 40 P. Sample SS,8-86.  

UV-luminescence 
All three calcite samples prepared in Blacksburg, as well as sections of the SS#85-S6 sample 
brought by me from Novosibirsk were studied for the UV-luminescence. The purpose of this 
was to check possible presence of the liquid hydrocarbon (oil) inclusions. One such inclusion 
has been found by me in the course of crushing tests in Novosibirsk and reported in my talk 
at the T" PACROFI Meetin2. None of the samples revealed luminescence.  

Conclusiont. Negative result of the UTV-Iuminescence test indicates that studied inclusions 
apparently do not contain liquid hydrocarbons.  

Q.2. A. as and inc!uSionS. Size of the .--. as in
z;usion is - 60 U. Sa.Mit Ž'ý'
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Fig. 3. Inclusion before (left) and after the rupture (right). Note the appearance of meniscus (arrow) in the 
inclusion on the right picture (oil entered the inclusion). Size of the inclusion is -25 u. Sample SS#85-86.  

Crushing 
I performed several crushing experiments on all-gas inclusions. In four experiments I was 
able to observe the moment of the rupture when the crack intersected the inclusion. None of 
the bubbles in inclusions increased in size. In all four cases oil entered the inclusion vacuole 
and the bubble shrank. Typical example is shown in Fig. 3. Out of the four successful ex
periments, in the three I used standard immersion oil (A); in one experiment I used glycerol.  
For these two fluids, I was unable to detect any difference in the degree of bubble contraction.  

I have made an estimation whether the observed volumetric changes can be explained by dif
ference in barometric pressure between Yucca Mountain and Blacksburg, located at different 
altitudes: 

PV = nRTB, 
P,.Vy = n7RTI, 

where P is the pressure, V is the bubble volume, n is the number of moles of a gas in bubble, 
R is the gas constant, T is the temperature, and indices B and Y stand for Blacksburg and 
Yucca Mountain, respectively. Holding the term nRT as a constant, obtain: 

PaVE = P ,V. or PIPy = V/1VB 

Substitution of actual mean barometric pressures at Blacksburg and Yucca Mountain (ESF) 
yields: 

0.957/0.9 13 = V/V1B (pressure in bars).  

This means that the difference in altitude between the two sites can contribute no more than 
5% of volumetric change. For example, for a 25 P, bubble, this would translate in the change 
of bubble diameter of about 0.5 p; by far less than I have observed in crushing expeniments.  

I have established, therefore, that the pressure in non-broken inclusion at roorn temperature is 
less than 1 at. or I bar. Again, a pair of equations may be written:

P,0orT = 2RT,.o~j;'



R-•'port to the Ano-rne\ Gecnueral, State of Nevada 
6 

where indices AO011W and E.'Tdenote parameters in the unbrok-', inclusion now, at room pressure and temperature, and parameters during the inclusion enitrapmen. Since we discuss unbroken inclusions, the volume ."should be held constant. Assiui l ' " a cons., equa
tions may be re-wvritten as: 

PEo" = aTo7E, 

The temperature in the moment of entrapment may be determined as: 

TET = 
It is highly unlikely that the pressure of entrapment was PENT < 1 at. (it should be approximately equal to 1 at. in unsaturated, or vadose, setting and higher than 1 at. in saturated, or phreatic, setting). On another hand, from crushing experiments we know that PNow < 1 at.  
Therefore: 

PENA,/PNIOW > 1 • TENT \> Tvo,',.  

In other words, the entrapment temperature should have been higher than the present-day am
bient temperature.  

Conclusion. Crushing data indicate internal pressures in the SS#85-86 all-gas inclusions of less than 1 at. Similarity in the bubble behavior upon crushing in two different fluids (one of which, glycerol, is known to be non-reactive with regard to the most gas chemistries encountered in fluid inclusions), as well as very fast, almost immediate, contraction of bubbles, both argue against the possibility that the bubble contraction might be related to the dissolution of the gas in the fluid in which the crushing is performed. Inclusions in their pristine state, therefore, contain gas with low density. To allow the less-than-atmospheric pressures in unbroken inclusions, elevated entrapment temperatures are required.
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"Raman spectrometry 

I anaz',2J t,-\o a•l-gas incIusions 
from the sample SS-85-S6 (Fig.  
4) on the Ramn, spectrometer 
(analyst Frank Harrison. The results are shown in Fi_..  

Inclusion 1. First short. I and 2 
rn., analyses did not reveal any 

discernible signals on the Rama-, 
.- , -spectra. Longer, 20 min., run 

yielded broad hump of the Ra
man spectrum, characteristic of 
the fluorescence. Repeat 20 min.  Fig. 4. Inclusion 2 studied by Raman spectrometry. Bar scale is 50 pt long run on the same inclusion 

yielded similar broad hump, with overall intensity decreased by -20%. Analysis of the matrix calcite near the inclusion did not 
show any fluorescence.  

Inclusion 2. This inclusion (Fig. 4) was analyzed by me in Novosibirsk (exposure to laser ex
citation 60 min. has led to overall decrease of fluorescence by an order of magnitude, from 
360.000 to 36.000 counts per second). Being subjected to the two consecutive 2 0-min. analy
ses, inclusion have shoved the pattern, identical to the one observed for the Inclusion 1, ex
cept the intensity of fluorescence was significantly lower (see Fig. 5).  

Interpretation. Fluorescence of fluid inclusions is typically caused by the presence of cyclic 
and aromatic hydrocarbons possessing benzene rings (which is, C6 and higher). It might be 
concluded, therefore, that the gas in studied inclusions contains a certain amount of such 
aromatic hydrocarbons. Because the density of the gas is low in these inclusions (as it is ap
parent from crushing experiments), the amount of molecules in the analyzed volume is also 
very small, which makes it impossible to see peaks of individual gases on the Raman speczra.  
Prolonged exposure to the laser beam causes decomposition of organic compounds, which is 
expressed in the decrease of the fluorescence intensity. Direct correlation between the ex:uo
sure time and the intensity of fluorescence can be observed in Fig. 5.
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Fig. 5. Raman spectra obtained from two inclusions and matrix calcite. Sample SS#85-86. Analyst 
F.Harrison. Inclusion 2 was exposed to laser beam for 60 min in Novosibirsk and then twice for 20 
min. in Blacksburg. Sharp peaks on the spectra are noise.  

Two separate lines of evidence reinforce this interpretation.  

1. Selective absorption analyses of individual bubbles released from the all-gas inclusions by 
crushing have been performed in Novosibirsk (sample SS#'85-86; analyst Nina Shugurova).  
Bromine water, used in the analysis, removes cyclic and straight- and branched-chain al
kanes: 

C1H2 . + Br, = C,H2 Br, 
C,H,,.2 + Br, = C,,H_..•.Br 4 

Six bubbles analyzed by this technique revealed significant, -80%, decrease in volume when 
submerged in the bromine water. By contrast, neither the gas bubbles from the "vapor phase" 
quartz (collected at Yucca Mountain), nor bubbles of the ambient air analyzed by the same 
method and with the same reagents, have shown any decrease in the bromine water. The se
lective absorption results, therefore, suggest the presence of the unsaturated hydrocarbons in 
the all-gas inclusions of the SS#85-86 calcite.  

I. Bulk Las chromatographic analyses of calcite (as well as quartz, opal, and welded tuff 
samples) from the ESF have been performed in Novosibirsk (analyst Liubov Egorova). All 
samples, including SS#S5-86, have shown presence of methane, acetylene, as well as heavier 
hydrocarbons C, to C. (Fig. 6). Several more peaks have been recorded on the chroma-



Hydrocarbons 

:i. 6. Resuhls of the Las chromaouraohic anah'sis of he four calcite sairnples from ESF. Samn)I SS#S$-S6 
is shown by bold line. Analvsis was carried out in Novosibirsk: analyst L.Egorova.

tographic spectra. Apparently, they represent hydrocarbons heavier than C6. These gases have 
not been identified so far, pending calibration of the equipment.  

Conclusion. On the basis of the data available, the conclusions regarding the presence of 
heavy (aromatic) hydrocarbons in the all-gas inclusions of the SS#85-S6 sample seems to be 
warranted.  

Gas-liquid inclusions 

All three studied samples contain all-liquid inclu
sions, sometimes bearing indications of their pni
mary origin (e.g.. alignment along growth layers 
in sample SS•-- 6). Besides, in all three sam
ples I observed gas-liquid inclusions with appar
ently consistent and generally low vapor-to-liquid 
ratios. In two samples (SS.g39-4-0 and SS -- 6) 
such inclusions are very rare. One of such groups 

- is shown in Fig. 7; individual inclusion with 
characteristic vapor-to-liquid ratio is shown in 

.g•--• ~ ~ ~ la S., :_ .. .5

Fig. 7. Group of Inclusions with apparently con
sistent xapor-to-niqu. :': .:,. >:zc 01 -N1 inclusion 
In the center (bubble in i m.::: is abou, 25 u.  
Sammpie SS":45-416.
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Fig. S. Gas-liquid inclusion. Size is - 25 ýi. Sample SS#45-46.  

In sample SS#85-86 gas-liquid inclusions were found to occur along growth zones of the cal
cite crystals. In several cases I was able to observe more than ten inclusions apparently be
longing to the same growth zone within the same view field. Photo mosaic displayin= the 
characteristic shapes and distribution of such inclusions is given in Fig. 9.  

Thermometry 
Thermometric study has been performed on the Liniain THMSG 600 stage. I selected a group 
of inclusions, apparently representing the one growth zone and having (on the visual basis) 
similar vapor-to-liquid ratios. The data obtained by such fluid inclusion associations, FlAs., 
are considered the most reliable information in fluid inclusion thermometry. I located and 
mapped 10 inclusions within the same field of view. To be able to observe homogenization 
temperatures of all inclusions, I performed heating in cycles. The sample was heated to 30 'C

I 
/

F:-. 9 Ten inclusioi:< ,.'it apparently uniform vaapor-to-licud 
io in the same growvt z': FIA). Size of the largest inclusion 

is -150 P. Sample SS=S-,-,.

0- . 1.

:• " " ý-v

"7 , -2
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Fig. 10. Frequency histograms for the SS#85-86 sample. Upper 
histogram - this study; lower histogram - results by Dublyansky & 
Reutsky (1995) and this study (dark) 

and hold for 1-2 min. for thermal equilibration. Each inclusion was checked for the presence 
of a bubble. The temperature was increased at an increment of 1 'C. After every heating step I 
checked each inclusion. When I was unable to identify the presence of a bubble (this began to 
happen at temperatures in excess of 68 TC), I lowered the temperature by 10-20 'C, which 
typically was enough to see the bubble. The detailed chart of the experiment is given in the 
Appendix.  

As it is seen from Fig. 10, the studied FIA yielded quite consistent homogenization tempera
tures. Eight out often inclusions homogenized within the 4°-interval from 72 to 75 'C.  

Conclusion. Homogenization temperatures indicate that studied calcite was formed from hot 
water with the minimum temperature of 75 'C.  

In this experiment I obtained the data for the stratigraphically early part of the SS#85-86 cal
cite that was not available for the analysis in my early studies in Novosibirsk due to the fact 
"*hat I had to work with cleavage chips, rather than with cut and polished sections. Results 
from the report Dublyansky & Reutsky (1995) characterize the outer parts of the calcite 
crusts. Respectively, lower temperatures have been obtained from these parts of the calcite 
(Fig. 10).
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Discussion 

Thermometric data - are they reliable? 
All necessary precautions have been taken to assure the absence of any heating, stretching, or 
other damage to the inclusions during sample preparation and thermometric studies. Besides.  
I am not aware of any "technical" process that could have led to the appearance of fluid inclu
sion groups yielding so consistent homogenization temperatures, as I have measured.  

Geological history of Yucca Mountain precludes any thermal event (like burial or intrusion of 
magmatic bodies) that could have led to thermal re-equilibration of inclusions in studied cal
cite.  

Therefore, the result may be considered as quite consistent, and the obtained homogenization 
temperatures, 72-75 °C, as reflecting the minimum possible fornation temperature for the 
studied part of the calcite sample.  

What is the age of the studied calcite? 
To assess possible bearing of our results on the suitability of the Yucca Mountain site, we 
need to know the age of the studied calcite.  

The authors of one of the latest papers dealing with the Yucca Mountain mineralization 
(Stuckless et al., 1998) state: 

.many calcite occurrences are ielated to a hydrothermal event (probably the syn
volcanic Timber Mountain even, 9-11 ma). To our knowledge, all of these occur
rences have been found only at great depth ... but other hydrothermal minlerals 
formed during this event are found closer to the modern surface... "(p. 73) 

Calcite that I studied was collected from depth of -50-70 m below the topographic surface. If 
the observation above is correct, this calcite should be young, "post-Timber Mountain" one.  

In the absence of the absolute age dating, discrimination between old (c.10- 11 Ma) "Timber 
Mountain" hydrothermal calcite and younger "post-Timber Mountain" calcite at Yucca 
Mountain is possible on the basis of its isotopic properties. "Old" calcite invariably displays 
characteristic enrichment in '3C (51 3C -2 to +5 %° PDB) and depletion in radiogenic Sr (7Srr/ 86Sr from 0.7085 to 0.7100), whereas "young" calcite is depleted in 13C (-3 to -10 %° PDB), and enriched in S'Sr (0.7110 to 0.7130). Pertinent discussion can be found in papers by 
Vaniman & Whelan (1994), Whelan & Stuckless (1991) and elsewhere.  
The problem of the age, therefore, may be dealt with in two steps: (1) determination of 

-Sr,•Sr and 6'C values; and (2) for calcites with "ight" carbon and 'heavv" strontium com
positions - absolute dating by means of U-series, U/Pb or ESR methods.
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Aromatic hydrocarbons in all-gas inclusions 

The presence of aromatic hydrocarbons in all-gas inclusions, along \\ ith alkanes (as indicated 
by significant, up to S0, 0 . decrease of the bubble volume in bromine water) and. probably.  
other hydrocarbons (methane. acetylene, C3 to C6 ; gas chromatographic analysis) may be in
dicative of the possible connection of the studied calcite with the petroleum (essentiall\, gas) 
potential of the Paleozoic sedimentary rocks underlying Yucca Mountain.  

Conclusions and recommendations 

Conclusions 

1. All-gas inclusions from the studied sample SS#85-86 contain, at room temperature, a gas 
or mixture of gases with the pressure less than 1 at. This suggests entrapment of gas from 
heterogeneous fluid at elevated temperature; 

"2. All-gas inclusions from the sample SS#85-86 apparently contain aromatic hydrocarbons; 
Gas-liquid inclusions from the sample SS#85-86 indicate the temperature of calcite for
mation in excess of 75 'C; and 

4. The presence of groups of gas-liquid inclusions with apparently uniform vapor-to-liquid 
ratios in two more samples (SS#39-40 and SS#45-46) suggests formation of calcite in 
these samples at temperatures, exceeding ambient ones. This conclusion should be 
checked out by further thermometric studies.  

Recommendations 
The following set of research activities may be suggested for the purpose of the evaluation of 
the timing and extent of the migration of water with elevated temperatures within the pres
ently unsaturated zone of Yucca Mountain in the past: 

1. Extensive and comprehensive study of fluid inclusions in calcite, quartz, and fluorite from 
the entire extent of the ESF, as well as from existing boreholes in order to determine: 

a. abundance of minerals formed by wanrm/hot (>35 °C) fluids; 

b. spatial distribution of such minerals; 

2. Isotopic analyses of calcite samples that yield elevated homogenization temperatures (!"C.  
:'0, and ' 7Sr) in order to attribute them to "old" Timber Mountain or "young" post-Timber 
Mountain lithofacies; and 

3. Absolute dating of the identified "young" carbonates (U-series, U/Pb., ESR) in order to 
assess the timing of the calcite-forming processes.
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Appendix
Chart of the thermometric experiment 

(4 - bubble present; 0 - inclusion homogenized) 
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Chart of the thermometric experiment (continued) 

('- bubble present; 0 - inclusion homogenized) 

T, "C Inclusion # Cool 
1 2 3 4 5 6 7 8 9 10 to, c 

69 N1 - 4 "4 " '1 -1 '1 60
70 4 4 '1 4/ 4 41 41 4 4
71 q1 q N I q V q q 60 
72 - - 4 0 4 4 4 0 -/ 30 
73 ) 0 4 0 o 4 4 0 0 o 60 
74 4 0 , 0 4 0 " 0 0 0 60 
75 0 0 0 0 0 o 0 0 0 55 
76 0 0 0 0 4 0 0 0 0 65 
77 0 0 0 0 4 0 4 0 0 0 65 
78 0 0 0 0 4 0 4 0 0 0 60 
79 0 0 0 0 4 0 0 0 0 0 60 
80 0 0 0 0 4 0 0 0 0 0 50 
81 0 0 0 0 4 0 0 0 0 0 50 
82 0 0 0 0 0 0 0 0 0 0 

Note. Studied sample was mounted on a piece of cover glass, which means it wasn't in direct 
contact with the silver block (heater). Possible shift in homogenization temperature should be 
checked. Since I allowed time (ca. 1 min) for thermal equilibration, this effect should not be 
significant.
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Appendix 2: Schematic plan and geological cross
section of the ESF 

(courtesy U.S. DOE Nevada Yucca Mountain Operation Office)
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Plan view of the Exploratory Study Facility (adopted from Paces et al., 1996). Numbered ticks represent 
station numbers given at 500 m inte'vals. Locations of several major faults are shown schematically with 
bold lines. Locations of studied samples are shown as dots.
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