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‘ UNITED STATES

- NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

Reply to:
301 E. Stewart Ave., #203
Las Vegas, Nevada 883101
Tel: (702) 388-6125
FIS: 598-6125

TO: King Stablein, M/S§ 4 H 3
FROM: Paul T. Prestholt, Sr. On-Site Licensing Representative
DATE: March 29, 1991

SUBJECT: COMMENTS ON THE QUADES AND CERLING PAPER "STABLE
ISOTOPIC EVIDENCE FOR A PEDOGENIC ORIGIN OF CARBONATES
IN TRENCH 14 NEAR YUCCA MOUNTAIN, NEVADA," DECEMBER
1990 ISSUE OF SCIENCE
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Editor, Science 16. S
1333 H Street N.W.
Washington, DC 20005 INITIA
COMMENTS ON THE QUADES AND CERLING PAPER "STABLE ISOTOPIC EVIDENCE FOR A DATE
PEDOGENIC ORIGIN OF CARBONATES IN TRENCH 14 NEAR YUCCA MOUNTAIN, NEVADA,"
DECEMBER 1990 ISSUE OF SCIENCE
RIC. $Y
Please be advised that, after publication in December 1990, issue of Science
of paper by Quade and Cerling entitled, "Stable Isotopic Evidence for a INITIAL
Pedogenic Origin of Carbonates in Trench 14 near Yucca Mountain, Nevada," I
have been interviewed by a number of local newspaper reporters. When I was  [::::--
asked to comment on the scientific validity of the main conclusion, which is DATE
the per descensum pedogenic origin of the Yucca Mountain calcite-silica
deposits, my response was blunt "nonsense." When I was asked about the RTG. sY
reasons for this seemingly harsh, and most certainly not politely expressed
viewpoint, my response was "these gquys are a bit short on isotopes and a bit INTTIAL
short on a file." Considering that the paper has been published in the highly
respected scientific journal, I feel obligated to explain and justify my cesees
viewpoints; in a nut shell, this is the reason for this letter. DATE
Analyses of isotopic data derived from samples representing the Yucca Mountain |§Tc. s
calcite-opaline silica deposit, performed for the purposes of determining the
origin of these deposits, may be viewed, perhaps simplistically, as similar to [::.:::--
searching for an identity of an individual that left his fingerprints at a T
crime scene. For such a search to be reliably successful, two essential = |.......
requirements must be satisfied. First, the encountered fingerprints must meet |DATE
certain minimum requirements with regard to the state of their preservation.
Second, the available fingerprint index, or file, must contain a copy of ]
fingerprints obtained from the individual that is being searched for.
For the Yucca Mountain deposits, a fairly detailed isotopic fingerprint may be | INITIA
constructed by considering the isotopic characters of uranium, strontium,
carbon, and oxygen contained in these deposits. The necessary data are DATE
already available, and there is no compelling reason to exclude these data
from considerations. The isotopic fingerprint that has been constructed T
solely on the basis of isotopic characters of stable carbon and oxygen is ’
somewhat "fuzzy" and, for the purposes of identifying parent sources for both |.......
of the elements, requires a fair deal of interpretation and speculation. This |INITIAL
is the message that I was trying to convey through my comment "these guys are .
a bit short on isotopes." . DATE
The isotopic file which, in my opinion, is absolutely -essential for the P
performance of reliable interpretations of the intraformation residence time [T
and history for the parent fluids for the Yucca Mountain deposits, based on :| VW:22'
v os | TNITIAL
' ) ‘ ) | oate
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the stable carbon and oxygen isotopic fingerprint, should be fairly complete.
At a minimum, such a file should include the following elements: (a) the
isotopic characters of carbon and oxygen contained in the local subsurface
fluids, with both short and long intraformation residence time; (b) the
isotopic characters of carbon and oxygen contained in the local subsurface
fluids, with both simple and complex intraformation residence histories; (c)
the isotopic characters of carbon and oxygen contained in deposits related to
local deep-seated springs; (d) the isotopic characters of carbon and oxygen
contained in deposits related to known (but not assumed) perched bodies of
fresh-meteoric fluids; and (e) the isotopic characters of carbon and oxygen
contained in veins associated with epithermal ore deposits, etc.

In arriving at their conclusion, Quade and Cerling considered only two
elements of the isotopic file, namely: (a) the isotopic characters of carbon
and oxygen contained in samples of the local cobble calcareous encrustations,
so-called per descensum pedogenic deposits; and (b) the isotopic characters of
carbon and oxygen contained in an incomplete suite of samples from the Ash
Meadows spring deposits. Ignoring uncertainties that are associated with
circumstances of formation of the calcareous encrustations, in my opinion, the
employed deduction practice, at a minimum, may be faulted for not recognizing
the principal of Aristotelian logic which states "if A is not always B then C,
although included in B, does not have to be A." This is the message that I
was trying to convey through my comment "these quys are a bit short on a -
file."

Enclosed please find both the carbon-oxygen isotopic fingerprint and the
corresponding isotopic file, both that may be used in establishing identity of
the parent fluids for the Yucca Mountain deposits. The oxygen-18 data
considered by Quade and Cerling, if combined with similar data from the Yucca
Mountain vadose zone, may be employed in performing very revealing
reconstructions of the geothermal circumstances of formation of the local
calcite-silica deposits. I have performed such reconstructions and have taken
the liberty of including the reconstruction results in the enclosed package.

while reviewing the enclosed material, please note the following points: a)
at Yucca Mountain, the calcite-silica veins, that contain the oxygen-18 and
carbon-13 isotopic signals comparable to those from the surficial deposits,
are known to occur down to a depth of at least 670m, Figures 5 and 9; b) the
Yucca Mountain calcite-silica deposits exhibit the strong carbon-13 isotopic
affinity with carbonate gangue veins from gold-bearing hydrothermal ore
deposits, Figure 4; c) the Yucca Mountain calcite-silica deposits carry the
same values of the dell3C ratio as those expected for deposits produced from
the local geothermal fluids, Figure 6; d) the Yucca Mountain calcite-silica
deposits exhibit the oxygen-18 isotopic affinity with the local deep-seated
spring deposits, Figure 8; e) the Yucca Mountain calcite-silica deposits carry
the same values of the dell®Q ratio as those expected for deposits produced
from the local geothermal fluids, Figure 12; f) the precipitation '
(crystallization) temperatures, for the Yucca Mountain surficial deposits, may
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have been in a range from 15 to ~ 53° Celsius, Figures 25 through 27; and g)
values of the paleo-geothermal gradient, estimated based on the observed Yucca
Mountain ddel!®0/dz gradient, are a factor of 1.5 - 2.5 greater than those
observed at the present time, Figure 41. BAll of the above observations,
considered either individually or together, lead to an uneguivocal conclusion
that the Yucca Mountain calcite-silica deposits were formed via the per
ascensum process, i.e., from upwelling geothermal fluids. An independent, but
again convincing, verification and validation of this conclusion may be
derived from considerations of uranium and strontium isotopic data. These
considerations, as performed by me in a soon-to-be-released report, indicate
that the isotopic characters of uranium and. strontium.contained in the Yucca
Mountain calcite-silica deposits are similar to those dissolved in the local
geothermal fluids. Because both the uranium isotopic data and the strontium
isotopic data were not considered by Quade and Cerling, I did not include
these data in the enclosed package.

Hopefully, based on the review of the enclosed material, you and other
scientists associated with the Science journal may agree that labeling the
conclusions reached by Quade and Cerling as "nonsense," although not a most
polite way of expressing my viewpoint, is justified. The viewpoints expressed
in this letter and in the enclosed attachments, are solely my own opinions.
These viewpoints neither reflect the U.S. Department of Energy’s official.
position nor opinions held by the majority of contractors associated with the
Yucca Mountain Site Characterization Project Office. Should you or your
associated scientists express an interest and desire, I stand ready to discuss
the remaining isotopic and other data and facts that have a bearing on the
matter of origin of the Yucca Mountain hydrogenic deposits..

In closing, the U.S. Department of Energy is responsible for a satisfactory
performance of unprecedented task of developing a safe and socially acceptable
high-level nuclear waste repository. Consequences that may result from an
unanticipated and sharply adverse performance of the repository are of truly
catastrophic proportions. While executing this difficult and very important
task we must keep in mind our responsibilities to future generations and
insist on a cool judgment and utmost sound science. Our decision must not
and, if I can help, will not be based on questionable science and "wishful
thinking." Should you have any questions regarding this letter or desire
further clarifications, please do not hesitate to contact me.

Sincerely,
“0RIGINAL SIGNED BY” -

Seet™ Sziveds |

Jerry S. Szymanski, -Physical Scientist

U.S. Department of Energy
RSED:JSS~-1769 - " Nevada Operations Office
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Leon Reiter, NWIRB, Arlington, VA

P. T. Prestholt, NRC, Las Vegas, NV

J. Quade, Univ. of Utah, Salt Lake City, UT

T. E. Cerling, Univ. of Utah, Salt Lake City, UT

B. J. Szabo, USGS, Denver, CO

R. B. Scott, USGS, Denver, CO

R. A. Zielinski, USGS, Denver, CO
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B. M. Smith, LBL, Berkeley, CA :

D. J. DePaolo, LBL, Berkeley, CA
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J. B. Moody, J.B. Moody and Associates, Columbus, OH
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U. §. Clanton, WP, NV
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Editor, Science
1333 H Street N.W.
Washington, DC 20005

COMMENTS ON THE QUADES AND CERLING PAPER "STABLE ISOTOPIC EVIDENCE FOR A
PEDOGENIC ORIGIN OF CARBONATES IN TRENCH 14 NEAR YUCCA MOUNTAIN, NEVADA,"
DECEMBER 1990 ISSUE OF SCIENCE .

Please be advised that, after publication in December 1990, issue of Science
of paper by Quade and Cerling entitled, "Stable Isotopic Evidence for a -
Pedogenic Origin of Carbonates in Trench 14 near Yucca Mountain, Nevada," I
have been interviewed by a number of local newspaper reporters. When I was
asked to comment on the scientific validity of the main conclusion, which is
the per descensum pedogenic origin of the Yucca Mountain calcite-silica
deposits, my response was blunt "nonsense." When I was asked about the
reasons for this seemingly harsh, and most certainly not politely expressed
viewpoint, my response was "these gquys are a bit short on isotopes and a bit
short on a file." Considering that the paper has been published in the highly
respected scientific journal, I feel obligated to explain and justify my
viewpoints; in a nut shell, this is the reason for this letter.

Analyses of isotopic data derived from samples representing the Yucca Mountain
calcite-opaline silica deposit, performed for the purposes of determining the
origin of these deposits, may be viewed, perhaps simplistically, as similar to
searching for an identity of an individual that left his fingerprints at a
crime scene. For such a search to be reliably successful, two essential
requirements must be satisfied.  First, the encountered fingerprints must meet
certain minimum requirements with regard to the state of their preservation.
Second, the available fingerprint index, or file, must contain a copy of
fingerprints obtained from the individual that is being searched for.

For the Yucca Mountain deposits, a fairly detailed isotopic fingerprint may be
constructed by considering the isotopic characters of uranium, strontium,
carbon, and oxygen contained in these deposits. The necessary data are
already available, and there is no compelling reason to exclude these data
from considerations. The isotopic fingerprint that has been constructed
solely on the basis of isotopic characters of stable carbon and oxygen is
somewhat "fuzzy" and, for the purposes of identifying parent sources for both
of the elements, requires a fair deal of interpretation and speculation. This
is the message that I was trying to convey through my comment "these guys are
a bit short on isotopes.” -

The isotopic file vhich, in my'opinion, is absolutely essential for the
performance of reliable interpretations of the intraformation residence time
and history for the parent fluids for the Yucca Mountain deposits, based on
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the stable carbon and oxygen isotopic fingerprint, should be fairly complete.
At a minimum, such a file should include the following elements: (a) the
isotopic characters of carbon and oxygen contained in the local subsurface
fluids, with both short and long intraformation residence time; (b) the
isotopic characters of carbon and oxygen contained in the local subsurface
fluids, with both simple and complex intraformation residence histories; (c)
the isotopic characters of carbon and oxygen contained in deposits related to
local deep-seated springs; (d) the isotopic characters of carbon and oxygen
contained in deposits related to known (but not assumed) perched bodies of
fresh-meteoric fluids; and (e) the isotopic characters of carbon and oxygen
contained in veins associated with epithermal ore deposits, etc.

In arriving at their conclusion, Quade and Cerling considered only two
elements of the isotopic file, namely: (&) the isotopic characters of carbon .
and oxygen contained in samples of the local cobble calcareous encrustations,
so-called per descensum pedogenic deposits; and (b) the isotopic characters of
carbon and oxygen contained in an incomplete suite of samples from the Ash
Meadows spring deposits. Ignoring uncertainties that are associated with
circumstances of formation of the calcarecus encrustations, in my opinion, the
employed deduction practice, at & minimm, may be faulted for not recognizing
the principal of Aristotelian logic which states "if A is not always B then C,
although included in B, does not have to be A." This is the message that I
was trying to convey through my comment "these quys are a bit short on a
file." ‘

Enclosed please find both the carbon-oxygen isotopic fingerprint and the
corresponding isotopic file, both that may be used in establishing identity of
the parent fluids for the Yucca Mountain deposits. The oxygen-18 data
considered by Quade and Cerling, if combined with similar data from the Yucca
Mountain vadose zone, may be employed in performing very revealing
reconstructions of the geothermal circumstances of formation of the local
calcite-silica deposits. I have performed such reconstructions and have taken
the liberty of including the reconstruction results in the enclosed package.

While reviewing the enclosed material, please note the following points: a)
at Yucca Mountain, the calcite-silica veins, that contain the oxygen-18 and
carbon-13 isotopic signals comparable to those from the surficial deposits,
are known to occur down to a depth of at least 670m, Figures 5 and 9; b) the
Yucca Mountain calcite-silica deposits exhibit the strong carbon-13 isotopic
affinity with carbonate gangue veins from gold-bearing hydrothermal ore
deposits, Figure 4; c) the Yucca Mountain calcite-silica deposits carry the
same values of the del!3C ratio as those expected for deposits produced from
the local geothermal fluids, Figure 6; d) the Yucca Mountain calcite-silica
deposits exhibit the oxygen-18 isotopic affinity with the local deep-seated
spring deposits, Figure 8; e) the Yucca Mountain calcite-silica deposits carry
the same values of the del!®O ratio as those expected for deposits produced
 from the local geothermal fluids, Figure 12; f) the precipitation
(crystallization) temperatures, for the Yucca Mountain surficial deposits, may
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have been in a range from 15 to ~ 53° Celsius, Figures 25 through 27; and g)
values of the paleo-geothermal gradient, estimated based on the observed Yucca
Mountain ddel!®0O/dz gradient, are a factor of 1.5 - 2.5 greater than those
observed at the present time, Figure 41. All of the above observations,
considered either individually or together, lead to an unequivocal conclusion
that the Yucca Mountain calcite-silica deposits were formed via the per
ascensum process, i.e., from upwelling geothermal fluids. An independent, but
again convincing, verification and validation of this conclusion may be
derived from considerations of uranium and strontium isotopic data. These
considerations, as performed by me in a soon-to-be-released report, indicate
that the isotopic characters of uranium and strontium contained in the Yucca
Mountain calcite-silica deposits are similar to those dissolved in the local
geothermal fluids. Because both the uranium isotopic data and the strontium
isotopic data were not considered by Quade and Cerling, I did not include
these data in the enclosed package.

Hopefully, based on the review of the enclosed material, you and other
scientists associated with the Science journal may agree that labeling the
conclusions reached by Quade and Cerling as "nonsense,” although not a most
polite way of expressing my viewpoint, is justified. The viewpoints expressed
in this letter and in the enclosed attachments, are solely my own opinions.
These viewpoints neither reflect the U.S. Department of Energy’s official
position nor opinions held by the majority of contractors associated with the
Yucca Mountain Site Characterization Project Office. Should you or your
associated scientists express an interest and desire, I stand ready to discuss
the remaining isotopic and other data and facts that have a bearing on the
matter of origin of the Yucca Mountain hydrogenic deposits.

In closing, the U.S. Department of Energy is responsible for a satisfactory
performance of unprecedented task of developing a safe and socially acceptable
high-level nuclear waste repository.  Conseguences that may result from an
unanticipated and sharply adverse performance of the repository are of truly
catastrophic proportions. While executing this difficult and very important
task we must keep in mind our responsibilities to future generations and
insist on a cool judgment and utmost sound science. Our decision must not
and, if I can help, will not be based on questionable science and "wishful
thinking.” Should you have any questions regarding this letter or desire
further clarifications, please do not hesitate to contact me.

Sincerely,

WH J) wwu'ou
Jdrry S. S ki, Physical Scientist

»S. Department of Energy
RSED:JSS-1769 . Nevada Operations Office
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Analyses of the isotopic data from the Nevada Test Site, and from the Yucca
Mountain calcite-opaline silica deposits, lead to a number of very profound
conclusions. These conclusions bear upon a thermodynamic nature of the Nevada
Test Site geodynamic system. Specifically, the local isotopic data offer a
rare opportunity to demonstrate that this system exhibits: '

(2) self-organization; (b) periodic and/or non-periodic motions;

(c) "structural instability," expressed as relatively recent "sink->source"
and saddle->"sink"” ("source") transformations. All of these three aspects
of behavior of a dynamic system indicate that one is concerned with a
non-monotonically evolving, non-equilibrium dissipative system, Nicolis and
Prigogine, 1977. '

In my considered opinion, however, the isotopic analyses are not essential for
fairly reliable understanding of circumstances of formation of the Yucca
Mountain calcretes, fault infillings, and subsurface veins. Allow me to share
with you & statement made by the distinguished British scientist, Professor N.
J. Price, who has examined both the field evidence and the pertinent in-situ
experimental data. "Moreover, I maintain that to an experienced field
geologists, with experience in studying veins, this conclusion (from time to
time, the water table reaches the topographic surface), based on a study of
the field evidence, is obvious” - a turn of phrase I could not but envy.
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ATTACHMENTS

Part A - Isotopic Comparative Analyses

Carbon-oxygen isotopic ﬁngerprim. The Yucea Mountain surficial calcite-silica deposits. :

Carbon isotopic file - isotopic character of carbon contained in CaCO, cleposits precipitated
in surficial fluids that own their CO; content to Eiogenic activity.

Carbon isotopic file - isotopic character of carbon contained in travertines, worldwide data.

Carbon isotopic file - isotopic character of carbon contained in carbonate gangue minerals
from a nu_mber of hyc{rotherma.l..ore. c]eposits..-

Carbon isotopic file - isotopic character of carbon contained in the Yucca Mountain sub-
surface veins.

Carbon isotopic fle - isotopic character of ca.r.;Bon contained in the local geotberma.l Auids;
host rock is tuff “pile".

Oxygen isotopic ﬁ]e_ - isotopic character of oxygen contained in travertines, worldwide
data. '

Oxygen isotopic file - isotopic character of oxygen contained in the cleep-sea.tecl spring
deposits from the Ash Meadows Basin, Nevads.

Oxygen isotopic file- isotopic character of oxygen contained in the Yucca Mountain calcite-

silica subsurface veins.

Oxygen isotopic fzactionation data from travertine depositing springs of Central Italy and
Yellowstone Park. ’

Oxygen isotopic fle - isotopic character of oxygen contained in the contemporary Yucca -

Mountg.in subsurface fluids.

Oxygm isotopic file - isotopic character of oxygen contained in the contemporary Nevada
Test Site geotlzetmal fluids.

Conclusions resulting from the oxygen —18 and carbon —13 comparative analyses.

One of the rincii:als of Aristotelian logic states: "if A is not dways B then C, a.lthougl’x
included in%. does pot have to be A”.

One of the principals of Aristotelian |ogic states: "if A is not always B then C, although
included in . does not have to be A”.
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Part B - Considerations of the Precipitation Temperatures for the Yucca Mountain Calcite-

-~

~ "

Silica Surficial Deposits.

Figure 14
F igure 15

Figure 16

Figure 16a

F igure 17

Figure 18

Figure 19

Figure 2
Figure 21
F igure 22

Figure 23
Figure 24
Figure 25
Figure 26
Figure 27
Figure 28

Figure 29

Interpre:a.ilons qf the recipitation ten:reratures, based on the oxygen —18 contents from
samples of the Yucca Mountain surficial calcite-silica deposits - general remarks.

[merpretations of the oxygen —18 content for the parent -ﬂuids of the Yucca Mountain
surficial cleposits.

Time-series for the oxygen ~18 content in fuids emerging from Cane Spring.

The contemporary Cane Spring deposits - a modern analog for the Yucca Mountain sur-
ficial calcite-silica deposits.

Time-series for the deuterium content .in .the.Nevada Test Site subsurface fluids. based on
the results of fluid inclusion studies of calcitic veins from Devil's Hole, Ash Meadows, and

Fumace Creel: area. :

Time-series for the oxygen —18 content in the bparent fluids for the Devil's Hole (DH-?)
vein.

Potential errors that may pertain to estimates of the precipitation temperatures for the
Yucca Mountain calcite-silica surhicial Jeposits. based on the oxygen —18 contents from
samples of these deposits.

[llustration of uncertainties associated with interpretations of the precipitation tempera-
ture for the calcite-silica deposits, based solely on the oxygen — 18 content of these deposits.

19_85 interpretation of the precipitation temperatures for the Yucca Mountain vadose zone
veins.

1990 interpretation of the precipitation temperatures for the Yucca Mountain vadose zone
veins.

Reconstructions of the precipitation temperatures for the Yucca Mountain surficial de-
posits, based on the oxygen ~18 contents from sampla of these cleposits.

Reconstruction A - the precipitation temperatures for the Yucca Mountain surficial de-
posits, based on tlxe oxygen ~18 contents from sampls of tllse cleposits.

Reconstruction B - the precipitation temperatures for the Yucea Mountain surficial de-
posits, based on the exygen —18 contents from samples of these deposits.

Reconstruction C - the precipitation temperatures for the Yucca Mountain suzficial cle-‘
posits, l:ased on tl:e oxygen ~18 conteats from sampls of t]:ae Jeposits.

Reconstruction D - the précipitation temperatures for the Yucca Mountain surficial de-
posits, based on the oxygen ~18 contents from sampla of these Jeposit.s.

Reconstruetion E - the precipitation temperatures for the Yuces _Mountain surficial de-
posits, based on the oxygen ~18 contents from sampla of these Jcposits.

Smnmary - the precipitation temperature reconstructions. The Yucca Mountain calcite-
silica Jcposits.
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Part C - Considerations of the Yucea Mountain Paleo-Geothermal Gradient.

F igure 30
F igure 30a

F igure 31

F igure 32

Figure 33

Figure 34
Figure 33
Figure 36
Figure 37
Figure 38
Figure 39
Figure 40
Figure 41
Figure 42

Figute 43

Figure 44

Interpteta.tions of the palgo—geothetmal graclients. based on the observed d§'%0/d= gtadi-
ent - genera] remarks.

Interpretations of the pa.leo-geothermal grachents. based on the observed d5'%0/d: gradi-
ent - general remarks.

Reliability assessment for the paleo-geothermal gradient reconstructions pen'ormecl by Sz-

abo and Kyser (1990).

Analyses of the paleo-geothermal gradient. as reconstructed by Szabo and Ryser ( 1990).

Implica.tions resulting from the paleo—geothermal reconstructions made by Szabo and Kyser

(1990).

Comparison between the paleo-geothermal gradient and the contemporary geothermal

gra.cliem. Well UE-25s.

Compatison between the pa.l,eo-geothermal gra.dient and the contemporary geothermal

gradient. Well USW G-2.

gﬁzzﬁw&eheﬁge&n (';.}?; pa..leo-geotherma.l graclient and the contemporary geotlxerma.l ,

‘Comparison between the paleo-geothermal gradient and the contemporary geothermal

gradien:. Well USW G-4.

Altegate interpretations of the Yucca Mountain paleo-geothermal gn:lient - genera] re-
marks. ’

Reconstruction A - the Yucca Mountain paleo-geothermal gradient, based on the oxygen
~18 content of samples of the local calcite-silica deposits. .

Reconstmétion B - the Yucca Mountain paleo-geotherma.l grulient. based on the oxygen
~18 content of sa.mpla of the local calcite-silica deposits. ’

Reconstruction C - the Yucca Mountain pa.leo-geothermal gndient. based on the oxygen
—18 content of samples of the local calcite-silica deposits. .

Summa.ry - the paleo-geothermal guclient reconstructions.
Comparison between the contemporary geotbenna] gradient and the pa.leo-geothetma.l

gradients, as reconstructed based on the d5'%0/dz gradient from samples of the calcite-
silica deposits and using various assumptions.

Conclucling remarks.



Pa.l't A - ISOTOPIC COMPARATIVE ANALYSES

Figures 1 through 13b
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a) “ The wl:on-oxygen pari of the isolopic ﬁngetprinl., for the Yucea Mountain surficial calcite-silics (lqmsils, s & range of values for the 8*%0 and

~ 8'3C ratios;

b) . The observed range for the 6'3C ratio is from ~3.0 to —7.5 per mil ppp; and
. 14 I

c) The observed range for the 6'80 ratio is from 19.2 10 22.0 per mil SMOW .

Carbon-oxygen isotopic tingerprint. The Yucca Mountain surficial ealicite- silica deposits. From Whelan and Stuckless, 1990,

.




o  For the Yucca Mountain area, a mean value for proportion of plunls llaving the C-3 metalolic |ml||wuy is ~ 85 pereent, Qumlc- and (:crliug, 1989.
"o A mean value for the 6'3C ratio for CO, proJucct' lny pluuls Imviug the C-3 metabiolic pulluwny is ~ 20 per mil ron.

"o - A miean value for the §'3C ratio for CO; pnxluce(l l:y planls ||uviug the C-4 metabolic palllwuy is~ |2 per mil ron-

o A mean value for the §'3C ratio for carbon dioxide produced by the local plants is ~ 24 pere mil ppys - ( 20 per mil - B9 percent ¢ 12 per mil o

. 15 perccnt)/ 100.

o Dissolution of the locally produced biogenic CO; will yiekl fluids with values of the 8¢ ratio of alout 16 per mil pppn (108 Ina,,, o, ~8

Cu,
per mil ppn).

o A temperalures less than 50°C, fluids carrying 3¢ ~ - 16 per mil ppu Y yi«-'«l CuC'Oy c|c-|msil.s with values-of the 82 ratio of about 14
per lllil PDB (lﬂs '“"cuco,--uco; ~ 2 per Illil I'DB)-

Notc:

a) Carbon isotopic fractionation duta are from ”o:fs, 1987, and

l)) Plant CO; data are from Deines, 1980.

Results of isotopic comparison: the observed Yucea Mountain range, from 3.0 1o - 75 per wil ppy, is too "heavy” 1o be the result of the bo-
cal l)iogenic actlivity alone.

Carbon isotopic file - isotopic character of carbon contained in CaCOy deposits precipitated in sarticial Huids that own their €O,
content to hiogenic netivity. :

"‘iguu' 2




Nolc:
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6"6’ppu(per mil) - travertines

Iui some regions, carbon contained in travertine (leposits is |arge|y derived from dissolution of marine limestones um', tlu-n-fnre, mean values for
the §'3C iatio tend to be positive, say | 30 per mil ppy; anc )

In other regions, lzowevet, carhon contained in travertine (l(‘.p()sils is isotopica"y "lighler" than that derived exrlusivr.ly from marine limestones. A

number of factors may be involve«l, including: i) participation of l»iogeuica"y pnn|ncc¢| CO, (b"’(-' values ranging from 35w 10 per mil mm).
and ii) participation of €O, from deep, igneous sources (b"(-’ ~ -1 pes mil I'DD)-

Results of isotopic comparison: the observed Yucea Mountain ange, from -3.0 0 1.5 per mil g, is "lighter” than that from travertines
proxluce(' as the result of marine limestone dissolution alone. :

. . 4 . . . . . . . ’ U .
Carbon isotopic file - isotopic character of carbon contained in travertines, worldwide data. From Turi, 1986.

Fiure 3.
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Note:

a) The isotopic character of curbon contained in CO; derived from (Icclrscutctl, igneous sources is descrilind by a mean value of the 8'3¢ ration of
" about 7 per mil PDB; and

| l)) Depending upon reaction temperature (IO’ Wmayco: -co,,, = 9483 . 103. -1~ 23.89), dissolution of the igneous CO; may yiekl geothermal
fluids with values of the 613C ratio ranging rtom--}l (lemp. ~ 20°Ce|sius) to--14 per mil rou (temp ~ 3()()“(3).

Results of isotopic comparison: the observed Yucea Mountain range, from 30t 75 per mil rou, is similar to tiat
contained in carlonate gangue minerals from ||y(lml.|u-nuu| ofe (lrpusils.

Carbou isotopic file - isotopic character of carhon contained in carbonate gangue wineeals from o number of hydrothermal ore de-

posits. From Hoefs, 1987,
Fivnse 4

]

N



LI I | 1 ' I |
o o
wo}l— -
0
Og
00— -
)
;
| o
™ . o 7]
€ I % [ ] a
E el I EXPLANATION . m
8 O UE2Sa #t
soo}— ® USW G-2 —
auUsw 63 Sample represents fluids from below the water tal.le
00— Py —
| | | | | | |
0 8 -7 L] -8 -4 -3 -2
8"Ceascme

Note:

a) Values of tlnc CO; pattial pressurse for the Yuccu Mountaiu subsurface ﬂuicls, as calculated and tqmrlcll lxy Kersisk (l!’87), rauge from log V-0, =
-0.79 10 log Pco, = ~2.86 atmr. The mean local value of log Py, is well abiove the (:()3 purtiu' pressure in the uhlmspln'rc (h)g o, ~ 36

ntm);

la) " The results of monitoring of the Yucca Mountain boreliole UZ63 revealed llml, (|miug a 30-mouth |uug monitoring |u-rim|, this borehole bas ex-

. lm!e«] ~1150 lg of carlmn. Tlnorslcnson et u'., 1989; aml

c) - Both of the above oliservations suggest llml., at Yucca Mounlaiu, the net CO, flux is from 'Iy(lnlﬁp'uflc -+ vadose gone - » almmplaetc-, but not
vice versa. A comaion sole source of catl:ou, contained in both the surficial tlr.pusils and the subsurlace veins, may not be the utmosplwre - Lo
sp!;crc system.

Results of isotopic coinparison: the observed: Yucca Mountain range (surﬁciul (lcposits). from - 3.0 16 7.5 per wil ppy, is similar as that from

samplcs of calcite silica veins from both the vadose zone and Lelow the water talle..
- - . N . - . 13 - - . . A . ‘
Carbou isotapic file - isotopic character of earbon contained in the Yucen Mouutain subsurfuce veins. Feom Szabio and hysee, 1990,

A
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Note: 5 -io M Cppy - dissolved carlonate =18

n) Phrase lxydraulic *source” region is used to denote local areas llnal; i) exhibit posilive values of the c|¢/-|z gnulirnl -is ||yc|mu|ic potential; ii)
exhibit lnigll values of the dt /(lz grm'ieul - Jl/Alz ~ 35-55°Celsius per ki ofu'cplln; and iii) contuin fluids Iuwing n-|uliv«-|y |nig|| coucentrations of

CL'+SO; ~ anions;

lx) At precipitation temperatures ~50° Celsius, value of the isotopic fractionation factor |0’hm('.u‘ ‘0, - 10O, is ~ 2 pes mil opgy; and
c) Tlxe 30w -7.5 per mil pPDB Tange, ﬁom samplcs of l'le Yuccu Mounlnin surﬁciu‘ -|--pusils. imlical.es t|ml l.lu- parent "uiJs fur l.lmse ||v|msits
have carried values of the §'3C ratio sanging from 5.0 10 95 per nil ppp.

Results of isotopic comparison: the observed Yucen Mountain range, from -30 1w 75 per il pou. is similar o that vxpm-lwl for dlvpusils
pl’()(IIICQ:ll by the local geuthermal fluids. '

Carbon isotopic file - isotopic character of carbon contained in the local geothermal fuids; host vock is all pile. Data from Clacissen,

1985; Benson and McKinkey, 1985; and White and Cluma, 1957
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Note: - 6"'05"0w(pcr mil) - travertines

a) A value of the 6*%0 ratio, from a samplc ofa particular travertine ('qmsit, reflects three smin lactors, nmucly: i) oxygen 18 content for the par-

ent fuid; ii) precipitation lemperalure; and iii) conditions of precipitation and the resalting value of the isotapic finctionation factor; and

L) Various combinations of the contw"iug factors are pussi'nlc aml, conscqucnt'y, the worldwide travertine clc-pm'ils exhibit & very wide sange of the
880 ratio, from +2 to about 132 per mil sar0mw -

Nesults of isotopic comparison: the observed Yucca Mountain range, from 19.2 10 22.0 per mil sasow, is within the mm~s|mn-|ing range fiom
the worldwide travertine «|eposils.

Oxygen isotopic file - isotupic character of oxygen contained in (ravertines, worldwide data. Feons Turi, 1986,
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n) ‘Botln the 6'3C vs. |il.||o|ogy gratlient and the 830 vs. |it]wlogy gratlicnl may tensunuln'y be attributed 10 an increasing sesidence time, at the
. topogtap'uic surface, of the Jeposils parent fluids; )

la) The increasing residence time for the parent ﬂui(l, at the lopugrapl:ic surfucc, is uccompuuiﬂl Iny: i) «Iccreusing peecipitation lemperature; ii) in-
creasing kinetic [ractionation eflects; and iii) increasing oxygen --18 and carbon - 13 evaporative enrichment - each of these factors may account
for the observed grmlienl.s;

c) 'l;pa denotes soft - c'xa"&y 'imeslouc; Tid (‘cuol.cé dense nodular and fenestral limcslune; 'rp' denotes carbonate rocks aud minerals disseminated in
claystones;

(l) At the Ash Meadows I.opograrlnic surrace, the ambient temperalures are |ilc|y to be § to 10° Celsius ||ig|u-r than the cnm-spmuliug lemperatuses -/
at Yucca Mountain - the resu ting diflerences in the equililnium fractionation factor range from | o 2 per mil satow, the Yucen Mountain values
ln:ing largcr; and

‘ :
e) Differences in values of the 6'3C ratio, between the Ash Meadows deposits and the Yucea Mountain suclicial deposits, are directly astributalle 1o
the correspou(ling differences in the parent fluids host rocks. '

Results of isotopic comparison: the ul)servul Yucca Mountain range, from 19.2 10 22 pes mil SMOW, il uc|jnslu| for the cli[rcring ﬂ|ui|i|nium
fractionation factors is cumpntiuc with the oxygen - 18 content of the Ash Meadows spring carbonates.

Oxygen isotopic tile - isotopic character of oxygen contained in the deep-seated spring deposits from the Ash Meadows Basin,

Nevada. From Hay et al., (I‘JHB).

Fisenre 8
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from below the water whle palco—gcotlu-nlml grmlirnt difdz.
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Not,c: W,
a) The entire observed Yucca Mountain range of the "0 ratios for carbonate (Icpusils, feom 15410 220 per mil SATOW, IS very similar to that o
served .,for the Ash Meadows Basin Jeposils, Figurc §; and
l)) The above similarities suggest tlmt, the dilfezences in oxygen -- 18 contents from suxuplcs of the respective surhicinl (I('pusits are caused |»y the re-
spective differences in either the prccipilaliqn temperatures or the isotopic fenctionation rucl.ors, but not |ny major differences in the oxygen 18
contents of the respective parent fluids.
Results of isotopic comparison: the observed Yucca Mountain ange, from 192 00 22 SMOW ., il mliustml for the clilruring pereipitation tempera- i
tures, is cumpnlils'e with the olservel axypgen - I8 content of the Yucca Mountain subsurlace veins. :
Oxygen isotopic file - isotopic chinfacter of oxygen contained in the Yueen Moustain caleite-silica subsuefnce veins. Data from Szalas ,
und Kyser ('990) and Whekan nnd Stunckless (l!mﬂ). i
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During natural (]cpositious of travertines, the conditions of equililnrium isotopic fractionation are sehlom attained, wainly as a consequence of the
kinetic or' non-equilibrium processes;

Depcn(ling upoti conditions of precipitation, the combined or actual sutopic fractionation factor (ID:'lnn(.u(.o, ,,,(,) iy Le both |nrgvr and

sinaller than the equi]iln’ium [ractionation factor; and

At a precipitation temperature of ¢ ~20° Celsius, the combined isotopic fractionation factor may be nssumed to sange from 22 1o 36 per mil
SAMow - '

Oxygen isotopic fractionation data from travertine depositing springs of Central Italy aned Yellowstone Park. From 'I‘mi, 1986.
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For the "source” portions, grealer relutive umgnitmlc of
. the oxygen isotopic s||irt, nay be attributed o greater : -
-100 — influence of fuids that underwent gcul.l:crmul rock -
fluid isotlopic exc'mnge reactions.
For the "sink” portions, greater relative denterium con-
tent inay Le attributed either to a) warimer circum- -
stances of rcclmrgc or b) lesser influence of isulupicn"y
110y . . 1. —
Inglnt fluids that underwent geotlncrmn' tock -+ fluid iso- |
topic exc'mngc reactions.
<120 1 ] 1 1 1 1 t
-16 -14 -13 -12 -1t -10 0 -8 -7
Notci 8"%0gp0w - subsurlace Mluids N,

a) The observed range of values for the 60 ratio, from samp'rs of the contemporary Yucca Mountain subsurface ﬂni«'s, is from 14210 - 127 per
lnil SMOW, samples are bulk wates salnp'cs pumpetl out of large segments of exploratuty wells - smup'ing "smuollliug" may be involvul, and the
observ. range may be smaller than the nctua"y present one; and

b) If dhe parent ﬂui(]s, for the Yucca Mountain susficial (lcposil.s. liave carried the same oxygen - I8 contents then, the combined isulopic fractiona-
tion factor was in a range from 31.9 10 35.2 pes il SMOW: which is pennissil.-le |)y the empiricu‘ {ructionntion dats from I igure 10.

Results of isotobic comparison: the observed Yucca Mountain Tange, from 19.2 10 22 per mil SAMOW, IS cumpalilnle with that cxpcctctl for de-
posils protluceul l)y the conlemporary Yucca Munntain subsurface Muids.

Oxygen isotopic file - isotopic character of oxygen contained in the contemporary Yucea Mountain subsurfice Huids. Data feom

Benson and McKinlcy, 1985.

l"igurr It.
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Ash Meadows - Anmrgosu Desert - app. altitude of lund surfiuce 2200 - 2600 fu. amsl.
~100 — ".."./\ Yucea 'Mountain - app. altitude of land surface 3000 - 4800 fi. amsl. r
-0 Ousis Vu"ey - app. altitude of land surface 3400 - 4200 f¢. ansl. B
Pahute Mesa - app. nlti;utle of land surface 6400 - 7000 f1. arusl.
120 1 1 1 1 t 1 1
-18 -14 -13 -12 -11 -10 0 8 -7
8800w - gmllncunul Huids
Note:

u) The observed range of values for the 6'20 ratio, from smnp'es of the contemporary Nevada 'l‘rsl”Sil.e g«-utlw:um' "uicls, is from 148w 123
SMOW sampl& are bulk samples pumpu' out of large segments of exploratory wells - sampling “smoothing” may be involved, mu| the observed
- "oxygen isotopic shift” may be smaller than the actunlly present one; and

b} Ifdhe parent ﬂui«]s, for the Yucca Mountain surficial ¢|cposils, liave carsied the same oxygen 18 contents then, the combined isutopic fractiona-

tion factor was in a range from 31.5 10 36.8 per mil SMOW, which again is pennissil»lc |)y the cmpiricu' fractionation Jdata from l"igure 10.

Results of isotopic comparison: the observed Yucea Mountain sange, from 19.2 10 22.0 per mil sarow, is compatible with that expected for
(lvpusils pru(lncml l)y the conlemporary Nevada Test Site geul'wmml fusicls.

Oxygen isotopic file - isotopic character of oxygen contained in the contemporary Nevada Test Site geothermal Huids. Data fiom

(fl.-m.sm-u, JU8sh; Benson and Mrl\'iulv_y, 1985, and White aul (’luuuu, 187.

l“il.;un- 12.



The above per[orlueal comparitive uualyses indicate that the 8'%0 vs. 3¢ ﬁl?lll, feom samplcs of the Yucca Mountain caleite-silica Jv.msils, is
such that it is cutitely reasonable to posl.ulul.c that these (lcpusits may have been formed from upwc"iug gcullwrmu' fuidds {so-called per ascensum

origiu). Specifically, the observed field is compatible with both the corsesponding fickd from the unquestionable per ascensum deposits and the

expcctetl field for (leposil.s prmlucc«' from the local geollncnna' fluids.

The noted by Quade and Cerling compatibility of the 820 vs. 613 fields, between the Yucen Mountain suclicial deposits and from the local cob-
ble encrustations, may be taken to have & two-fold meaning. On the one hand, it is conceivable that both the per ascensum process and the per
descensum process Ii.e., a) calcium and silica coutaine(l in the nsulting deposits are provided by wind- blown dust; and l-) the patent fluids for

the r&ulting (leposits are inﬁlluting meteoric fluids, (lirectly from ahuosp'wric precipitatioul yield deposits that, for one reason or another, carry

similar carbon and oxygen isotopic fingerprints. If this is the case indeed then, the 8'20 vs 613¢ fickl should not be used as the origin discrimi-
nating factor. On the other hand, the Quade and Ccr'ing premise, that the local calcareous cobble encrustations were formed via the per descen-
sum process, may very well be wrong. Such encrustations could have been formed I.'lruugln a number of processes, iuc'mling: a) the lupugrupllic

surface evaporation of shallow, seasonal bodies of run-ofl fluids (SO-CB."C(' sensu luto per descensum pmccss); |.) the topographic surface evapora-
tion of ncnr-l»y, no longer active, (Iccp~scalc(| spring (lischarges; and 'c) some combination of u) and b). If this is the case indeed then, it is cntircly
improper to use §'0 vs. 6"3(-' ﬁc“, from the coblile encrustations, as a meaningfu' reference. (we Figurw 13a and 13b lor evidence that justifies

this statcmeut)

Cleasly, in order to proceec] with fusther resolutions of the origin dilemma, fur the Yucea Mountain calcite-silica depasits, it is necessary to con-
sider some additional factors. It is fortunate indeed l||at, in the case of Yucea Mounlain, the u|n:m|y availalle oxygen - 18 data base is sulli-
ciently broad to facilitate gaining some insiglzts nto gcotlu-nnnl circumstances of lormation of the local calcite-silica depasits. It is here where a
satisfactory resolution of the dilemnma may lie. Let’s consider two topics, namely n) the precipilation (crystu“izul.iun) temperatures for the de-

i)osits and l») the ¢|ept|l vs. precipitlation temperature gradient (so—ca"ccl paleo-geothernal gtmlicnl).

Couclusions resulting from the oxygen 18 and carbon 13 comparative analyses.

/




Nou:
c) The worldwide data for calcretes are from Talima nnd Nultcl'wrg (|983);
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l:) For the Nevado Test Site cobble encrustations, the 6'3C tanges from 14.1 1o -9.11 yopas, Qnmle et al, (I989);

)

d)

Oue of the principals of thee Avistotelian logic states: "I A is not always b then €, o

A",

This range oveslaps with: i} the currespom'iug rnnge feom the worklwide “pedaogenic” (7) ealeretes, which is from 1410 12 per wiil ppp;

i) the ronapmn'ing ange from the worklwide gronndwater enleretes, which is from 11 to - 10 per mil yopn; iii) the corsesponding range
fzom the worklwide teavertines, which is frommt 11200 - 24 per mil pon, Figure 3, iv) the concspnm'ing sange feom carbonnte gangue from
gold-bearing hydrotheral ore deposits, which is from 110 0 - 10 per mil ppa, Figure 4, v) the cunt-slmmliug range from the Ash Mead-

ows déep seated spring (lcpmits, which is fiom 12.5 to 3.0 per il ron, Figure 8; and vi the correspouding range from the Yucea Mountain
| ! K i g 1ang

cakite-silica Jcposils, which is from --3.0 to --8.5 per wil I I"igmcs Fand 5 and

Ouc of the ﬁ;"uwing statements must be trae cithes i) the PEP @SCENSUIM PHOCESS yicr':ls cathonate clvpmils that, in ters of the 8%3C sutios, nre

. . . . . . LI .- P
similar to those prm'ucc-' vin the per descensum process; or u) nssumplion of the per descensum otigin for the |m|ugc-|uc calearenus «Ic-posnls 18

false.

Hhough included in 1B, does not have to be

Fiouse 1la
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a) Tlne wot“wﬁ'e data for calcretes ase from Tu'ma and Netterl»erg (l983),

L) For the Nevada Test Site coblle encrustations, the 60 ranges from =04 to - 12.6 ppur, Quade et al., (l%’”);

¢) This range overlaps with: i) the corres n(]iug range [rom the worldwide "pedogenic” (7) caleretes, which is from 14 10 - 8.5 per mil ppp; ii
g ps po P 4 } [in

the corl'apon(ling range from the worldwide groundwater calcretes (inc'mling "riverwater’ calcrcl,es), which is from 0.5 10 -5 per mil pyy;

-iii) tl\e-'corlupom]iug range from the worldwide travertines, which is from 4 1.5 10 -28 per mil P, l"igurc 1; iv) the cuur.swnuliug range from

the Ash Meadows deep seated spring deposits, which is from ~ =450 ~ -15.5 per mil PDU F igure 8; and v) the cun‘eslmmling range from

the Yucea Mountain calcite- silica deposits, which is from ~ -85 to ~ -16.0 per mil roB, Figme 9, and

J) One of the following two statements must be true either i) the per ascensum process yicltls carbunate ('vposiLS tlml, in terms of the 80 ratios,

. - . - » .
are similar to those procluce«.l via the per descensuin process; or n) assumption of the per descensum origin for the |mlugcmc" calcareous de-
posits is false.

One of the principals of the Aristu.t.cliun logic states: “if A is not always B then C, althongh included in B, does not have to be
A",

[y

Fienee 131,




Part 3 - CONSIDERATIONS OF THE PRECIPITATION TEMPERATURES FOR THE YUCCA MOUNTAIN
CALCITE-SILICA SURFICIAL DEPOSITS.

Figures 14 through 29




o A reliable interpretation of the precipitation temperatures, for the Yucea Mountain surhicial calcite-silica (lq'pnsils, constitutes an important aspect
of resolving the dilenna that surrounds the origin of these ¢|eposits.

o An lmequivucal demonstration llmt, for the sucficial (|epnsits, the precipitation temperatures were canging from 1 10 say 200 Celsius (llllll)it‘lll
temperature near the topogtnpllic surfncc) would indicate that botl: the per descensum and the per ascensum origins are plausible. An unequive-

cal demonstration that these temperalures were ranging from 15 10 say 30 C«-lsius, ||chvcr, would cause a rejection of the per descensum origin.

o For the Yucca Mountain surficial Jeposil.s, reliable interpretatious of the exact (l i (:clsius) precipitation temperatures can not be made based  ~_/

solely on the oxygen ~18 content of these (|eposits.

o This is so because: i) a value of the §'%0 tatio, for the (leposil's parent ﬂuic|, may ool be n-|iu|»|y estimated with the n-quiml precision of § 1.0

per mil SMOW; ii) a value for the combined isotopic fractionation factor wmay not be tclia'»ly estimated with the nrqnirml precision of ~ 1. 1.2 per |
wil SMow; and iii) assumplion l'mt, (luring a time span teprescnletl ij these (leposils lenic'n is from 20 1 2 x 103 1o more than 4 x 108 years

B.P., Szabo et al. ('98') and Szabio and Kyser (lggﬂ)l. both the isotopic composition of the parent fluids and the combined isotopic fractionation

factor remained time-invariant cannot be justiﬁcll.

lutcrpretatim}s of the precipitation tesperatures, basced on the oxygen - 18 contents from samples of the Yucen Mountain surli-
cinl calcite-silicn depuosits - general remarks.

l“ignn- .



Figurcs 16 tluoug'n 17 present the actual time-series fur the isotopic compasitions of the Nevada ‘Test Site subsurface fluids that are, or were, in-
volved in precipitations of Ca(l0; deposits. Both short and lung-l‘crm spans are covered.

Examiuations of these ﬁgures reveal tlml, at the Nevada Test Site, the oxygen 18 content of the sulsurface fluids may nol be assumed as time
invariant. Both the monotonic variabilities and the osci"alory variabilities are evident. The us«:i"uluty variabilities involve both the low ftﬂmmu-y

fluctuations a_ud the 'xig'x feequency {luctuations.

Relative to the contemporary subsurlace “uitls, the pn'w-sul:surfacc fluids could have Leen isulupira"y "henvier” I:y at least 486"0 ~ 5 per wil
. SMOW -

A potenlial error in estimating the oxygen — 18 content for the parent fluid, Lased on the corresponding content of the contemporary Buids, may

easily exceed a value of 4580 ~ 5 per wil ShiOW- The resulling tential error in estimaling the spechimen precipitation temperature, and using
the equililnium isotopic fractionation curve, is equal to At ~ 22 Celsius, I igure 10.

Iuterpretations of the oxygen 18 content for the parent tluids of the Yocea Mountain suvficial deposits.

l"i};lltl' 15,
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Notc:
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a) The'time series indicates tlnat, even during time- spans of few years, the oxygen —18 coutent in the local subsucface fuids does not remain time

invariant;

l)) The observed monotonic oxygen —18 Llcpleliou is A5'%0 ~ 1.2 per mil sasow in 0 years; and

c) The observed 620 osci"utory varinl»ilil.y has a maxinwun amplitmle of 88O~ 5 per mil SMOW -

Time-series for the oxygen - 18 content in fuids emerging from Cane Spring. Fros Lyles eval., 1990,

I|. .
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’ evaporative enrichment envvlupc - slupcs are from l'unlcs, 1980.
/' (Craig, 1961)
' .
-85 -
geothermal "oxygen shilt” line.
? —90"1 == == == =% -dokikh k---F=~--
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L ! *
a ‘l the MWL intercept is at the lowest weig'nlcd average value for the central and
y southern Nevada Test Site almosplu:tic precipitation, as mportcml |ny Ingm'mm el
s el (1990)
-100 ' ' . :
-13 -2 -1 -10 -9

&'%0 (per mil)

Note: ‘

)

b)

Cane Spring is situated some 1400 fi above the so- called regional water table, around the spring orifice there is an ongoing contemporary deposi-

_tion of :CaCO;;

Based ou a variety of ¢|nta, Szymausli (1989) has postulatccl that both the Cane Spring c'isclmrge and the nm'ur'ying pt‘l‘("letl bodies of gruuml-

water are Jeep-seate«] nml togelller express a contemporary ||yt|rnu|ic mound, presence of which is the result of past |w«|m-l.cclpnic activity;

The contemporary Cane Spring CaCO; (leposils may be reganlct' as a modern aualug for the Yucea Mountain ealcite-silica tlc'.posils; and

The observed "oxygen isotopic shift fu"y supports the previous interpretations rrgunling the hydrologic setting of the Cane Spring area.

The cuntcmpn‘rnry Cane Spring depasits - a modern analog for the Yucen Mountain surficial calcite-silica deposits.

l"igurc 0.
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Note:
a) Ddting the last 2.5 x 10° years, the deuterium coutent in the parent {luids for the local calcite veins have changed;
l)) The long-term monotonic depletion in deuterium is ASD ~ 40 per mil sar0w - the cmnspomling minimum value for the oxygen 18 depletion is

25610 ~ 5 per mil sasow in 2.5 x 10° years; and

c) The s'nort-penocl oscn"atory vana'nluy has a maximum ampllluc'e of AsD ~ 32 per wil satow - the currcslmnllmg minimum value for the short-
per riod oxygen -18 vanulnllty is AS%0 ~ 4 pet mil SMOW-

Time-series for the deuterinm content in the Nevada Test Site subsurface fluids, based on Suid inclusion studios of ealcite veins
. Al .
from Devil's Hole, Ash Meadows, and Furnace Creck arean. From Wmugnul et n'., 1985,

Figmc 1.
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Note:
n) Each dot represents a 620 analyzed sample;

l:) The average sampling interval is 1.27mm - the corresponding 6'®0 ratio represents a mean value for a time span of 2300 1 100 years; and

c During the time spazn from 4 x 10* ta aliout 3.2 x 10° years BP, which is equiva'cnl to the time span tepnseutcil l)y the Yucca Mountain subsue- \_/
face veins, the mean value for the '%0 ratio fluctuated with a maximum amp'itu(le of about 2.7 per mi', SMOW -

Time-series for the oxygen -18 content in the parent fluids for the Doevil’s Hole (DH-2) vein. From Winugnul et al, (|988).
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o Asshownin l"igurc 10, the empiricn| isotopic fractionation duta indicate t'nat, at the tupugmplnic surfuce. the ('vpusiti«m of CaCO, is often asso-
ciated with a variely of kinetic processes. Asa cotiseqquence: of these processes, the com':inu', or aclunl, isolupic [ractionation factor is different
thau the equilibrium isotopic fractionation factor. :

o The kinetic, or non-equilil)rium, isotopic fractionation eflects Inay be as large hs Alﬂ"'luu(,-.,(.-o,“ w0 ~ b per wil sarony. The corlespomliug po-
tential error in eslimating the precipitalion temperature fora specimen that have mulcrgune the mm-muihlarimu isotopie fracliunatiun, using only
the equililnium (ractionation rclationsllip, may be as |arge as At ~30° Celsius.

o Coml)ining both of the poteutia] errors, it is pruclent to restrict the reliability of the precipitation temperature estimates to a fairly wide range,
mast cel'tainly wider than the desired range from 15 to 20 © Celsius. '

Potentind errors that may pertain to estimates of the precipitation tesuperatures for the Yucen Mountain calcite-silica surficial do-
posils, based on the oxygen - 18 contents from samples of these deposits,

Figure 19,




)

Y]

o Uncertainties that are associated with interprelations of the precipitation temperatures for the Yucea Mountain (|c|msits, bLased su'vly on the oxy-
gen —-18 content or Ilwsc (leposits, may Le bcst i“ustmtetl |;y pointing out I.'w l‘csu'ls uf suclx interpretations as |x-rfunm1| |ny Szulm uml Kyscr

(|985) axul SZ&‘)O Bll(l Kyser (1990).

o A comparison of Figur& 21 and 22 reveals tlmt, the same investigators using the same oxygen - 18 data came o two dillerent conclusions. I
accordance with the results of 1985 inlerpretations, samplts yie“ing values of the 8'%0 ratio ~20 per mil were pn-ripitnh-:' al a temperature of
about ~25° Celsius, Figure 20. Because some of the Yucca Mountain calcites and suslicial fault inﬁ"ings carry values of the 6'%0 runging from
19.2 10 20.0 per mil; i follows that some of these (lcposits were formed at temperalures ranging from 25 1o 30° Cebsius. These temperatuses are

far in excess of those that may rcasonauy be attributed to the per descensum process.

o In accordance with the results of 1990 interpretations, |mwever, samp’cs that yieltl values of the 680 ratio ~20 per mil were prrcipil.ntetl at a
temperalure of about ~14 © Celsius. Figure 21. This precipitation temperature may he rcganlc(l as consistent with both the per descensum pro-
cess and the per ascensum process aml, t'ucrefo:e, may not Lie used as the origin tliscrimiuutiug factor.

IMustration of uncertaintics associated with interpretations of the precipitation temperature for the Yucen Mountain ealeite-silica
surficial deposits, based solely on the oxygen - 18 contents fron samples of these deposits.

Fignn- 20.
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Notc:

u) Samplos yieltling values of the §'®0 ratio ~20 per mil Saow were intetprele(l to have been formed at a temperature ~20° (’u'sius;
|)) The Yucca Mountain surficial Jcposits carry values of the §'%0 ratio ranging from 19.2 10 22.0 per mil SAOW, Fignn: | and

¢ The co:raponclmg range of the precipitation temperatures, for the Yucca Mouutain surficial (|¢=pmus, is from 15 10 ~ 28* Celsins - only consul«-r-
ations of the per ascensum mechanisn are penmsslue

1085 interpretation of the precipitation temperatures for the Yucen Mountain vadose zone veins. Froui Szalo and Kys:-t, 1985.
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Note:

a) Both the 1985 interpretation and the 1990 interpretation are based on the same oxygen - 18 :latu;

" " ” " 18 .

8
8'%0CALCITE s Morw

l)) Samples yielding values of the 8'30 ratio ~20 per mil sprow were interpreted to have been formed at a temperature of ~14° Celsius; and

c) The corraponding range of the precipitation temperatures, for the Yucea Mountain surficial (Icposits, is from § to about ~ 189 Celsius - consiclerations
of the per descensum and the per ascensum mechanisis are permissible.

1000 interpretation of the precipitatious temperatures for the Yucea Mountain vadose zone veins. From Szabo and Kyses, 1990,
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o Figures'24 I.|uoug|| 28 present the results of five conceivable reconstructions of the precipitation temperatures for the Yucea Mountain surhcial de-
posils. l'hese reconstructions are based on the oxygen — 18 contents from smup'cs of these (Irpusils, ns n‘pul’lﬂl |»y Whdaa and Stuckless (|990).

As shown in Figure I, samp'es of the Yucca Mountain surficial (leposils yield values of the "0 ranging from 19.2 10 22.0 per mil sarow.

o Each reconstruction involves two steps. Firsl., value of the combined isotopic fractionation factor (Ill-‘znac..,-o, T 218 . I()"f 12-282 4 ﬁ)

was computed by sulatracting the assumed value of the 6'%0 ratio, for the deposits parent fluids, from the observed value of the 6120 ratio, from

sampls of the Jeposits. Second, the precipitation Lemperatuses were estimated using the enipirical isotopic fractionation data from Turi (|985); if

appropriate both the equilibrium isotopic fractionation effects and the non- equilibrivm isotopic frnctionation ellects were considerel. N4
o For the parent Quids, three diflesent isotopic compositions were cousidered. These are: i) reconstruction A - made assuming that the parent flu-
ids lmve cartied the oxygen ~18 contents similar to those of the local contemporary utmusplwrc precipitation; ii) reconstructions 13 and € - made
assuming that the parent fluids have carried the oxygen — |8 contents similar o those of the local contemporary subsucface "ui‘ls; and iii) recon-
structions D and E - made assuming that the parcenl fluids have carried the oxygen 18 contents heavier |;y AP0 ~b per mi|, than those of the
local contemporary subsurface fluids.
0o Reconstruction D is considered as the mast reliable and conservative interpretation.
Z
~/

Reconstractions of the precipitation temmperatures fur the Yucen Mountain surficial deposits, hased on the oxygen 18 contents
fvonu simanples of these deposits,

Fienie 23
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l) isotopic fractionation data, from Turi (1986). b) weighted average values of the 8'%0 rutio - atmospheric precipitation

at the Nevada Test Site, from lnsmlmm et al., (|99U).
Nole: .

s) Ia petﬁ.mning this seconstruction, it has been assumed that: i) the parent nuiJs, for the Yucca Mountuin susficiul ﬂuicls, were iwlupim"y identical to the
contemmporary tlmosp'uecic peecipitation (ul Jlilmla sanging lroun 1250 1o 14000, 8%0 values sauge _fmm LT w - T3 pee mil sazom )i uadd i) the
uon—equi'ilxium isolopic fractionation ellocts were nlnsenl, such that the combined isotupic fiactionation factor lﬂ’luuc..(,-u, "o = 218 . II]"/ l'?—2,82;

l:) The minimum and piaximum values for the combined factionation fuctor ( 103 eacaco, -0 = 278 - 10¢ / |'- 2.82) are 30.5 and 33.7, respectively;

c) The cones]muliug sange for the precipilation l.empcrallu:cs is om0 to ~ 14 Ccl:.ins; and

J) The measured coutemporury in-silu lemperstiures, at aml near the lupugwp'nic smfucc. range from 15 10 21¢ (:clains, Sass et u'., (1987) - the pulcu |

contemporary temnperatures Lliscrcpuncy indicates that one or buth of the assumptions, culpluyu' to detenmine the |us|co temperature, are fubse.

Recounstruction A - the precipitation temperatures for the Yacca Mountain surficial depaosits, based on oxygen

18 contents from
snmplaes of these deposits.,

Fienre M4
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Notc:

! a) In pcxforming this reconstruction, it has been assumed that: i) tluring a time span represented by the surficial deposits, the isotopic compaosi-
" tions of the parent fluids were the same as those observed below the water table at the present lime (6“() values ranging from - 14240 127

per mil SMOW, Figme ||); and ii) the non—equililuium isotopic [ractionation effects were nllsenl, such that the combineld isolopic fractionation

- factor 10tnacaco,-m,0 = 278 - 10° [ T2 282,

l)) The minimnum and maximum values for the combined fractionation factor (lﬂ’lwt(.-.,‘-o, M0 = 278 . 100 / Iz 2.82) are 31.9 and 36.2 pet wil
SMOW, respectivcly; and
c) The correspmn'ing range for the precipitation temperatures is from 8 1o bdow 0° Celsius - this nlmumm"y Jow range im'iml;-s that one or bath

of the cmploye(l assumplions are false.

Reconstruction B - the precipitation temperatures for the Yacen Mountain surficinl deposits, based on the oxygen 18 comtents
from samples of these deposits.
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isotopic fractionation factors.

W0 nacaco, 8,0

B - non cquililuium component for the combined

In performing this reconstruction, it has been assumed that: i) cluriug a time span Icprcst'.lllcll |ny the surlicial clvpnsits, the isotopic compo-

sitions of the parent fluids were the same as those observed below the water talle at the present Lime (6"‘() values ranging from - 14210 -

12.7 per mil sarow, Figute ||); ii) the combined isotopic fractionation factor was larger that the cquilil)rium fractionation factor, such that

103nacqco, -1,0 = 218 . Iﬂ"/ 12-2.82 48; and iii} the non-equilibrivm isotopic fractionation is caused by a rapid escape of CO; from the par-

ent solution; isotopica"y liglltcr CO: is eliminated prefereuliu“y, and CaCO; acquires it's oxygen from both H;0 and CO;;

The minimum and maximum values for the combined isotopic fractionation factor (m:'luu(-,.(,-o, M0 = 2.18 . |(l“/'|‘z 2824 ;i) are 31.9 and

36.2, respecti vely; and

The coruspomling range for the precipilation temperatures is from 18 to 34° Celsius.

Reconstruction C - the precipitation temperatures for the Yucen Mountain surficial deposits, based on the oxygen 18 contents

from samples of these deposits,

Fieare 26
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Notc:

a) In performing this reconstruction, it has been assumed that: i) the parent fluids, for the Yucca Mountain surficial deposits, were isotopically
heavier than the contemporary Yucca Mountain subsurface fluids, A¢'%0 ~ 5 per wil sarow ( 92w -1.7 per mil sarows |“igme |8); and ii)
the non-equi'i!)rium isotopic fractionation effects were ul>scnt, mc'x that the combined isotopic fractionation factor m’lnac,co, o = 2.18 .

10°/T2-282;

l)) Tlxe minimum and maximum values for the combined fractionation factor (lo:’hmc..co,-n,o =218. l()‘*/'l‘5 : 2.82) are 26.9 and 31.2 per mil,

respcclively; and

c) The consponcling range for the precipitation temperatures is from 13 1o ~ 320 Celsius.

Recoustruction D - the precipitation temperatures for the Yucea Mountain surficial deposits, based o the oxygen 18 contents
from samples of these deposits.

l“igurc 2.
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Notc:

a) In performing this reconstruction, it has been assumed dhat: i) the parent fluids, for e Yucca Mountain sucficial deposits, were isotopically heav- ‘
ier than the contemporary Yucea Mountain ml)sur[ucc ﬂuids, A8'80 ~ B per mil sMow ( 920 -1.17 per mil SMOW, l“igure |8); the combined
isotopic fractionation factor was lurger than the equilibsinin fractionation factor, such that WP inacaco, -0 = 2.78 - |0“/'|‘7 282 1 ; and iii)
the nou-equi‘iluium isotopic fractionation is caused by a rapid escape of CO; from the parent solution; isutopically 'ig'ulcr (0, is eliminated peel-

cn;eutia“y, and CaCO4 acquires it's oxygen fcoin both "z() and CO;;

l») The minimum and maximum values for the combined isotopic fractionation factor (H)%m(-..w,. mo = 218 |U"/ I2. 282, [3) are 20.9 and
31.2 per mil, respeclivdy; and )

c) The corrspom‘ing range for the precipitation temperatures is from 38 w 53° Celsius.

-

Reconstruction E - the precipitation tcinpcrnlurcs fur the Yucea Mountain sarficial deposits, hased on the oxygen 18 contents
from samples of these depusits,
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Without 'laviug celiable information regnuling both the isotopic compusitions for the parenl fluidds and the isulopic [ractionation mncliliuus, itis

not possilxle to spccif_v a n:]iul:'c, but at the same time uarrow, range for the precipitation temperatures for the Yucea Mmmtuin surhcial clepusil.s.

Baw(l ol iuformatiou presently al ||a|u| a" tlmt mny I»c suic', willl sone t|cgrct- of cerlainty, is l|mt t|ues«~ temperalures mu“ lnm.- lm'u unywlacrc
within a range from 15 to as much as 53° Celsius, consistently with the per ascensum origin for the deposits.

The currently available data do not allow for ruling out the pussil»ilily that the precipitation temperatures, for all of the considered samplcs, were
witlxin l.'zc 15 - 20° Ce‘sius aml)icul temperatuse range. Asa couse(uience, |nw«n| ot the results uf considerations of the precipitation temperature
aloue, the per descensum origin for the Yucca Mountain susficial Jeposils can not be rejected.

A more reliable and definitive picture of the geot'wrmal circumstances of precipitation, for the Yucea Mountain caleite-silicn depasits, may be de-
tived from considerations of the eo-geot'xermal grazlients. This is so because such considerations may b pcrﬁmnm' on relativistic basis and
therefore, do not require knowl ge of the absolute isotopic composition for the (l(:pusils parent fluids.

Summary - the precipitation temperature reconstructions. The Yocea Monntain calcite-silica deposits.

I“igmr 2.



_ Pa.l't C - CONSIDERATIONS OF THE YUCCA MOUNTAIN PALEO-GEOTHERMAL GRADIENT.

Figures 30 through 44




A reliable intespretation of the Yucen Mountain pulm»—gml'mmml gradieut, based on the observel « h'“()/alzv gradient from samples of the bocal
calcitesilica deposits, constitutes an important aspect of resu'viug the dilemma that surrounds the origin of these c'.-pmil.s.

A reliable demonstration tlml, in the Yucca Mountain vadose gone, the gcotlwmml gnuli«nts umlvrgn lumpnml "uchmtiuns, with amphtm'cs say
Adifdz ~ 10 -15° Celsius per 1k ofclcplll, would constitute a fuicly slcﬁnitivc demonstration that: i) episodically, the Yacen Mowntain vadose

zone was being innudated with warm Ruids from below the water table; and ii) all of the Yucea Mountain caleite-silica depuits were formed via

the per ascensum process.

A reliable interpretation of the paleo-geot'acnuul gratlicnt is difficult 1o .ml'..n... 'l'lnis is 50 because such an interpretation requires two assung- ~/
tions. These assumplions are: i) the oxygeun — 18 contents of the parent "ui«'s, for spaliu"y and lvuumm"y dilferemt smuplcs, were cither the same

or the 5'%0 vm‘ial)ilily is both known and fixed in the spatio-temporal sense; and ii) the non-equililbeivm isotopic fractionation elfects are either

absent or, relative to the aqui'iluium feactionation curve, maintain a known rclul.iumluip.

It is not possil)]c to exacl'y spu:ify the oxygen - 18 content of the purent fluids for the Yucen Monntain ealeite-silica c'n-pusils. This is so because:
i} the contemporary Yucea Mountuin subsurface fluids exhibit the 8*%0 Spﬂlinl vnriu'ni'ily of ~1h e wil SAOW (I"igun: “) - this vmiul»i'ity is

known based on bulk fluid sauuplcs pumpml ont of |argc borelole segineats, smup'ing "smuullning" may be inv-nlvnl, and the actual 80 spat ial
varial»ility may be largcr, say Ad® 3 per mil sMow; and ii) for the time-spans n-prcscnh.‘t' lny the Yucea Mountain enleite-silica ('r|xmils, the

locu"y known value for the 8120 tempom' varin'»i'ity ranges from 2.7 to about 4 per il sarom ("‘igums 17 and |8).

/

lutcrpn:tnliﬁus of the paleo-geotherial gradients, hased on the observed d3""O /s gradient - gencral resincks.

Figue 30,



We do not know much about the nun-cquililnimn fractiomation c'rm:ls, as such effects pertain Lo the Yucea Mountain calvite- silica 4lu-lmsil.s. In
view of substautial errors that poleulia"y may be iuvulvc«l, iis pnulc-ul to consider theee fiactionation scenarios.

The fiest scenario is llmt, the nuu-oqu'i|‘i|ui|uu isotopic fractionation efleets are either alsent or al.-plls invariant. I this cuse, the pu’m—gml.'wmml
grmlieul estimates are fuirly relinble. The ohserved constant val'u 4] vurinlnilily, from smnp'vs of the «lrlmsil.s, uay n-awnml»‘y be n-gun'wl as
tcﬂccting the spatio—tcmporal 8'%0 vutiulni[ity in the pacent fuids for these depussits.

The second scenario is tlmt, for some or all of the considered sumplnes, the combined isolopic [ractionation factor exceeds the «-qni'ilnium rmctiuu\)
ation factor and the diflerence b (leplll variaut. I this case, down 10 some .|«-pt'n, the olserved constant (lc'plll %0 varialilin Y, from smupl«-s of N
“the (leposits, reflects i) the slmtio-lcmpoml %0 \mriul)ilil.y in the parent fluids, together with ii) the spatio-temporal varinlilia y of the combined
isotopic fractionation factor. It is diflicult to separale these two varinbilities um', consegient ly, the |mlru-gu»lln:mm' gm-'i«-nt estimates may not

be rclialxle. Bccause it is lilely that the non—equilil;rinm fractionation effects diminish a|c~|nl|nwnn|, the pn'ru gc:nllutmml gnulivnl estitates, for
Jceper portivns of the vadose zone, may be rcgunlul as more reliable than those for shallowes puortions.

The third scenario is that, for some or all of the considered smup'cs, the combined isolopic fiactionntion factor is smaller than the cquilibriuem
fraclionaliou factor aml the 4|i|rcrcucc is (luptll variant. “cte again, it is difficult to pl’ulu'l"y interpret the observed conslant tlt‘p‘ h 650 variahil-
ity, from samples of the ¢|4'posits. Asa conscquence, the rcliul)ility of the |m|cu-gn)t|ncmml granlic-nt estimates may be low, parliculmly for shallow
parls of the vadose zone.

Literpretations of the paleo-geathenual gradients, based on the obsceved $30fd: gradient - genersl remineks.,

"'imm- Sk



Reconstructions of the Yucca Mountain |m|co-gw-I-lu:nnul gnulicnl., p«:rrunuml |:y Szabo il Kys«-r (l!)!m) and shown in I"iguu- 22, were made us-

ing the oxygen —18 data lrom samples of the calcite-silica veins cu"cch-_(' from cores extracted in boreholes UL 25, SW G2, and USW (-3,
]y \ " . .
I'he data reported by Whelan and Stuckless (1990), and representing the sulicial deposits and veins feom borelode USW (G 4, were not used.

The reconstructions were made emp'uyiug four assumptions. These assumptions are; i) sump'us carrying valaes of the 8170 ratio ~ 20 per il
SMow were precipitntctl at a temperature ~ 14° (:e'sius; ii) spnliu"y different smuplc:s were pn-ripituh-l from parent Hluids Imviug the sumne uxy-
gen -18 countents; iii) Juring l.||e time span repres«-nt_ct' |»y l.'u.- sulxsmrm:e veins, rmm 26 ¢ 2 x 10* Lo more I.lum 1x U years ".l'., llu- oxygen o
=18 content for the parent fluids remained the samc; and iv) precipilation of the veins occursed as an o:qllililu'imu [ractionation process, such that N

the actual fractionation factor was a sole and knows function of the precipilation ﬁ-uqn-rulurv.

The known oxygen — 18 data from the Nevada Test Site (l“ignrcs 16 llmmg‘n |8) and the empirical fractionation da (I"igun- IU) indicate that

none of the empluycnl assumptions may 'mjustiﬁwl. Cuuseqm-ully, the rcliulnilily of the |m|cu—gvul|mrum| gnuhc-nl reconstsuctions, as p.-‘ﬁ,m..-.l

I:y Szabo and Kys«:r (1990), should be jm'gcd as low.

Relinbility nssessiient for the paleo-geothermnl gradicnt recoustructions pectormed by Szabo and Kyser (1000),

|‘Iigmu~ AR



As SIIOWII in I“igure 22, l.llc nrcmusltuvhx' Yuccu Mmmlniu |m|a~o-g¢-nl'wmm| gmuli--ul. uxluil»ils i very conspicnous curvature, ”uwn toa |It.'pl.'| ur
~ 400..., the tlcpl'lwanl rate of the in-situ temperature increase is fnirly luw; vlue of the cquiV:t'ruI. g--ul.ln-l'mn' gnu'ivul is dtfudz ~ |7 Celsius
per |’ orclcpl.ln. A greater (Inpl'ns, lwwevcr, the 4|«~|»I.||wnn| rate of the in-sutu temperature increase is almrply 'liglu-r; value of the (’(lllivult'lll
gcul'nermu' gradient is as |ur|5e as dt fdz ~ 50° Celsins per Lk ofu'cpl'l.

Tlle tesull.s of geollngrmal studia, perftmne(l |»y Suss el al., (|987}, Icml loa mm’lusiun I.|mt tlnc Yucm Mmmluiu lln-mml mmlm'tivily structure

is fairly homogeneous. Laboratory measurements revenled that a mean value for the local thermal conductivity is ~ 1.7 0w % ¥, and devia-

tions from this value are fairly small. fn-sitx measurements of downhole temperature, pecformed in boreholes UE-26a, USW -2, and USW (5.3 \/\ 1
(Figures H lluougln 36), indicate that the vaduse zone gcol'nc‘rmu' grm'icuts are ruirly monotomic - a clear indication that also the in-setu thermal N

conductivity structure is lxomogencous. Both of the above lines of evidence indicate that, the puleo-geothenmal gradicnt curvatuse is abuormal.

This cusvature indicates l'mt, most |ile|y. the |m|eo-gcol|nemm| grm'ient reconstruction is in error. o account for the curvature, lwo pussil;ililic-s
may be put forth. The first possil:ility is tlw,t, the parent “ui«ls, for the spuliu"y and I.cmpum"y diflerent veins, have earried dilleeent values of
the 6'%0 ratio. The actual time-series for either the OXygen 18 content of the denterivm content I igures |7 and 18} inlicate that this is o ﬁ.s.ly

reasonable possiLilily. The second |xxssi|ni|ity is I.|ml, the |m|eo-gcut|lcnna| grzulivnt curvature is (c"ing us llml, |'ming formation of the veins, the |
llon~equi|i|u'ium, or Liuctiv, processes were involved. The pulco- gmtluemml gradient curvature may be explained by assuming that, with a pro- |
gtmsively saller (|c|nt|a, the combined fractionation factor was pmgte&sively smaller than the c-qni'il»rium finctionation factor, l"igum 10. This
nou-equili':rium fractionation cffect is similar to that observed |Jy Friedman (1970 ¢|uring his studies of fractionation processes associated with

the New "igllluml Fesrace Spfiug t'is«:lutrge in the Mammoth llot Spring are of Yellowstone Pml‘, Wyumiug. lu very mph"y moving "uicla. the

CaCOa nucleation occures prior Lo the CaCO;, t'cpusilion. lu other wuuls, the CaCO;5 nuclei ¢|«-|msil above their nucleation (’1‘ptl| where lower
r

temperatuces prevai'. These nuclei record a lower than depositional value of the combinel fractionation factor.

Annlyses of the paleo-geothermal geadient reconstructed by Szabo and Kyser, 1900,

Figare 32,



puumg aside the above resecvalions, it may be assumed that the |m|m»-gml|u rnal gnulu nt reconstruction, made |»y Szabo and l\nu (I‘J‘Nl) s
correcl. What are the implications that result from this reconstruction?

ki gures H l|mmg|n 3 preseut comparisons bhetween the reconst nu‘lul puluu-g«-ul herinal brmln -ut and the conlemporary ;,,u»l'n tnal .,m-‘u ‘nls, as
n:cou'u' in the corrﬁpom‘mg bore lioles "lr25a, USW . l Usw 3, and USW G4 Fxamination of these lq,un's reveals llml, in the |uwu
parts of l'nc vadose tone {~ 100 - 260 i above t'ne coulemporary water I,aHe), the reconstructed |m|m—gml||crma| gm«lirnl is a factor of two

|1ig|:er than the coutemporary geol.'uerma' gru'ient.

N
. : . . ae L s AN
Radiometric ages of samplcs, that were used in the |mleo—geot|aerma| reconstruclions, range feom 20 1 2 x 10% 1o more than 4 x 105 years l”'., S
Szabo and Kyscw (1990) The factor of two clmngc in the gcot'u:nna] gra«lient occurring (luring such a short time span, demands a rational exp'a-
nation. "ere, ||owcvet, there is only one possﬂnlnty, mune'y the basal parts of the Yucca Mountain vaduse gone were being repeatedly
invaded by warmer fluids from below the water table.
Because both the 6'3¢ ratios and the 6'20 ratios from samp'es of _llle surhcial «L-posits are identical o those from samples of the deeper veins
Figures & and 8) there is little merit in insistling that the surlicial de posits were formed via the per descensum process. Consequently, the Quade
aml (ncrlmg mnrlusum comparison or l'le slal;'e car'um am' oxygen isotopic compnsllmns nf l||e fracture carhonates wnl'u I'mm of modern sm|
cathonates in the area shiows that the fracture carbonates are pe«'ogcmc in origin " does not appear as a partic nlm'y sound one.
—/

Implications resulting from the paleo-geothermal reconstructions made by Szalwo and Kyser, 1000

l"ignn- KX
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dtfd: hased on d6'%0/d: content of veins from
UE-25a, USW G-2, and USW C-3, from Szabo -
and Kyser, 1990.
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Sass et n'., |987, —
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Comparison between the paleo-geothermal geadient aad the contenmporary geothermal gradient. Well UE-20a.
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Szabo and Kyser, 1990.

difdz Loeehale USW -2, Novenber 18, 1982,
from Sass et n’., |987;

dtfdz ~ 2°C per Tk of depth.
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Comparison hetween the paleo-geothermal gradient and the contenmporary geothermal gradient. Well USW G-2.
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Comparison between the paleo-geothermal gradient and the contemporary geothermal gradient. Well USW G-3.

l'.igun- 36




depth [m]

' ).
tanperature w(relsins

I | 2P T | hi | % | N [ P

¥ T g —

USW (-3, from Szabo and Kyser, 1990.
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Conparison between the paleo-geothermal gradient and the contemporary geothesmal gradient. Well USW G-,

l"igm e 37,




F igures 39 llnroug'n 41 prescut alternate interpretations of the Yucea Muuntuin |m'u»—gvul.'u!(llm' grm'icnt, bLased ou the olmerved db"'()/.lz unln-
dient from samplcs of the loeal calcite-silica (Icp()sils. Fhese interpretations were made using all of the availuble oxygen 8 tlul.u, as n-purlnl l»y\

Sza.l)o nml Kyser (1990) uml Stucuess aml Wlmlun (|990).

A common asﬁumat:ion em loye(l in pcrfunuing all three interpretations is tlml., for the sushicial calcite-silica :l.-pusils, the precipitation Lempnera-
ture was ¢ ~ 20° Celsius. The palco—guutllcnual grmlicnl interpretations are unly mzugiuu"y sensitive to the precipitation temperature nssingstion
and, should this assumption be wrong, the rcsu'liug €rrors are iusigniﬁcunl'y small.

e . . . . . , . Y . . . N
Three conceivable isotopic [ractionation scenarios were considered. These scenarios are: l) teconstruction A - made assmning that the cuml)i:unI
isotopic fractionation factor is equal to the equililurium fractionation factor (ﬂ(,,, = ll); ii) reconstruction 1} - made assuning that the combined
isotopic fractionation factor is |arger than the equililnium fractionation fuctor (ﬁ(,,) . ll); and iii) reconstiuction - male assuning that the com-

Lined isotopic fractionation factor is smaller that the equilibirium feactionation fuctor (;‘i‘.,, < (l).

Reconstruction A is regnnlc(' as the most selialle and conservative interpretation.,

Alteruate interpretstions of the Yucea Mowdain paleo-geothennal geadient - general semarks.,

Figare 35.

i

N




100 °1
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26'30 for the parent Muids
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800 $ t t ' t t $ 1
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’ 380 sas0w |per wil
Note: | I

a) lu 'pcrform_ing this reconstruction, it has been assumed that: i) at the lupogfup'nic surfuce, the precipitation tempernlure for enleeetes and veins
was ¢ ~20° Celsius; ii) the constaut (leptlu vuia'aility of the oxygen - 18 content, from samples of the calcite-silica deposits, reflects the spalio-
temporal variul)ilil.y of the oxygen - I8 content in the parent ﬂui«'s, A0 ~ I per mil; and iii) the non- equilibirivm isutopic feactionation effects
are absent and, therefore, w’hmc,,éo,..",o =278 .10° / 12.282 - wheee T is precipitation temperature in ® Kelvin and

lx) Value of the |mleo—gcot.xcnuu| gruc'ién@ is dt/dz ~ 35 Celsins per Lk increase in ('«-pl»lx - the coln-s|mm|ing conlemporary gm»llwmml gradient
tunges from 20 o 24° Celsius per kui increase in depth.

Reconstraction A - the Yucea Mountain paleo-geothermal, based on the oxygen 18 content of smaples of the Joeal enleite-silien
deposits, :




non-equilibrium isotopic fractionation, Py ranges from 0.5
to about 2.5 per mil.

equilibrium isotopic [ractionation.

800 1 t 1 1 1 1 1
18 10 17 18 19 20 21 2 3

Notc' . a'u()suowlpcr llli'l

a) In pcrfonniug this reconstruction, it has been assumed that: i) at the lopogmplnic surface, the precipitation temperature fur caleretes and veins
was ¢ ~20° Celsius; i) the oxygen —18 content of the parent ﬂuixls, for spatio—lempururly different snmplus, was the snme; iii) the constant «|vpl,||

variability of l'le’oxygen -18 content, from sumplcs of the calcite-silica (lepusil.s, is attributable to the nun~cqui|i|uimu isolopic fractionstion of-
fects, such that combined lﬂ’luac.,co,-",o =278 . |06/| 2_2824 Bia)i and iv) the uun-equi'il»rium fractionation is coused |n¥ a mpitl, and

Jcpl.lx variant escape of CO; from the parent solution - the CO, tlcgassing rate duecreases J:-pllnwanl, and CaC(), nequires ils oxygen from both

"30 and CO;; and

l)) Value of the paleo—gcollnemml gnulient is difdz ~33* Celsius per Lk increase in depth - dhe coreesponding contemporary geothermal gradicat
runges from 20 1o 24° Celsius per Ik increase in depth.

Reconstruction B - the Yucen Mountain paleo-geothermal geadient, based on the oxygen 18 content of smuples of the loeal
calcite-silica deposits,

l"igmc 10).
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™ pexforming this seconstruction, it has been assumed that: i) at the tupogmpluic surﬁu:e, the precipitation tetnperatuse for caleretes and veins

was ¢ ~20° Cclsius; ii) the oxygen ~18 coutent of the parent nuitls, for qmti&lcmporu"y different samplcs, was the same; iii) the constant (lcpl'l

varia‘.»iliiy of the oxygen —18 content, from samplcs of the calcite-silica deposits, is attributable 1o the non-equilibrium isotopic fractionation f-
fccts, such that combined 10*tacaco, - n,0 = 2.18 . 10“/' I'2- 2.82 -Biyi and iv) the nun-cquiii':rium fractionation is cnused |»y a l‘ltllil' npwnnl

movement of the
tures that are ||ig ver than those prevai'ing at the actual tlcpusiliou sites; and

)

tanges from 20 to 24° Celsius per Tk increase in Jcpll\.

Reconstruction C - the Yucca Mountain paleo-geothernual geadient, based on the oxygen
culcite-silica deposits,!

rent fluids - tlxe CaCO; nuclenlion occures prior Lo its (lupusilion mul, consee ueully, the 1|r|msilu| (:u(:();, tt:‘conls, tempuosa-
"a p ) i

Value of the paleo-gcol.llcrmal graclicnl is dt/dz ~58° Celsins per Lk increase in (Icpl'n - the corresponding contemporary geothermal geadicat

18 conteut of smples of the local
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Figure 43 presents a summary of reconstructions of the Yucea Mountain pa’mr gmllwrmnl gnulicnl. The contemporary g.-utlwmml gnu'icnt, as

measured in Well USW C-3 Ly Sass ct al., (l!m?), is used as a reference.

lu all eases consi«len:d. the tecoustnwtml pn'c-u- g«-ullzemml grm'icnl is signiﬁcunlly greater than the Conlemposary g nllu'nllil' gunlirnt, as men-
sured in the cotrespou(ling wells. Values of the contemporary geothermal gradient are: i) Well ULE-26a, difuaz ~ 22° Celsins pes |k of depth;

ii) Wl USW C-2, dtfdz .~ 24° Celsius per u::: of Jcptlu; iii) Wc" UsSwW (.—3, dtfdz ~ 2 Clelsius per o of (llfplll’, | iv) Well USW G4,

dtfdz ~ 20° Celsius per llrp of depth.
S

“The reconsttuctcd values of the paleo-geotlxetmal grmlient are: i) reconstruclion Ixy Szabo and Kysw (I!l!lll) - Jl/clz ranging from 17, near the
wpugrapllic sutfacc, to 50° Celsius per ke of «leptlu. in (lccper parts of the vaduse zone; ii) reconsteuction A - dt iz ~ 350 Celsing pes Lo of
Jcplln; iii) reconstruction B - dtfdz ~ 33 Celsius per Tk of Jcpllu; and iv) reconstruction C - dtfiz ~ 58° Celsius per than of depth.

The intctpretei' lempoml fluctuations of values of the gmllu:mml grm'ienl indicate tlmt, the Yucea Mountain vaduse zone was |u-ing rpism'iru"y
Al

invaded I)y warm fluids from below the water table. l',vitlcnlly, the n:suhing wanuing ap of the vadose gone was m-cumpzminl, andl n-mnlnl, I:_y

the cpisoclic precipitation of the calcite-silica veins.

As [ar as the origin of the calcite-silica depasits is concerned, the available oxygen - 18 and carbion - 13 data are convincing and clear. Both the
suthicial Jcposils and the subsueface veins were prutluccd via the per ascensum process.

Sunmmmary - the paleo-geothermal gradient recoustructions.,

Figuie 42,
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a) Fach of the considered cases yielcls the paleo- geotlwnuu' grm'icnt that is substantially Iligllct than the contemporary gmllwnnu' gradient; and

|:) The gent'mnnal gu«'iunls ¢|iscn-|mncy indicutes that precipitation of the colvite-silica «l«-pnsils was m‘rmn.muin' by signilicant warming up of
the vadose gone nm', l|wrcfun:, occurred as the per ascensum process.

Cuowmparison hetween the r.mltmnpur:.lry geothermal gradient and the pateo-geothermal gradients, as reconstructed hased on the
db'%0/dz gradient from smmples of the calcite-silica deposits and using various assmaplions.
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In conclusion, the results of Loth the conlpsatilive isolopic unulyscs (I"igmcs | I'mmgln |3) and the |m|c1rgﬁnl.|u'rltm| analyses (I“igurcs 14 through
43) indicate that the per descensum interpretulions of the origin of the Yucca Monntain surficial l':'lmsil.s, as pmpusm' |»y Quml«- and (:c||ing, lack |

a proper foundation. As & matter of racl, the very oxygen - 18 and cacbon 13 (lnta, that were used in ('cm:lupiug the por descensum interprela-
tions, may be used to successru“y discredit these interpretations.

An imlepcmla:nt, but again quite conviucing, demonstration that the Yucea Mountain ealcite-silica c|c|msils were formed via the per ascensum pro-

cess may be constructed on the basis of nranium and strontimn isotopic duta. Considerations of these «|al<u, as pc-tfnnunl in n soon to be releasad .

report l)y Szylnanslti, revealed that the isolopic characters of usanium and strontivm contained in these clt"msils are identical to the isulapic clmr"—‘t’\
- acters of uranium and strontium dissolved in the local gwl.lwrmal lluids. -

NP

|
To an experiencc(] field geologist the per ascensum otigin of the Yucea Mountain calcite-silica deposits, Lased on conmunon sense considerations
of abundant field evideuce alone, is obvious. The gamt of isotopic data only conflisims the o priori known, and reasonably secure, conclusion.
Cousequenl'y, the per descensum interpretalions, as pmposc(l |)y Qum'e and C«-r'ing, may |mn"y be regnnlul as an cxmup'«r of the most insig‘nlful
and meticulous science. To the conlrary, within the context of sufety considerations of a 'nig'r'cvrl nuclear waste repository, these interpretations
may rig'llfu"y be reganlccl as a goo example of irresponsible science. '

Coucluding remnrks.,
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