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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

RTC. SI

Please be advised that, after publication in December 1990, issue of Science
of paper by Quade and Cerling entitled, "Stable Isotopic Evidence for a tNtrrA
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. Si
reasons for this seemingly harsh, and most certainly not politely expressed
viewpoint, my response was "these guys 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. DATE

Analyses of isotopic data derived from samples representing the Yucca Mountain LRG. SE
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. Firsthieencountered 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 ,sr. Si
fingerprints obtained from the individual that is being searched for.

For the Yucca Mountain deposits, a fairly detailed isotopic fingerprint may be WITLU

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 SY
solely on the basis of isotopic characters of stable carbon and oxygen is 1ts.

somewhat "fuzzy" and, for the purposes of identifying parent sources for both .......
of the elements, requires a fair deal of interpretation and speculation. This WITs

is the message that I was trying to convey through my comment "these guys are .......
a bit short on isotopes." DTE

The isotopic file which, 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 - ?r.
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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 guys 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-16 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 ocal
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 del1 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 8r e) the Yucca Mountain calcite-silica deposits carry
the same values of the del380 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 - 530 Celsius, Figures 25 through 27; and g)
values of the paleo-geothermal gradient, estimated based on the observed Yucca
Mountain ddel8/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. 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,

"ORIGINAL SIGNED BY"

Jerry S. Szymanski, Physical Scientist
U.S. Department of Energy

RSED:JSS-1769 Nevada Operations Office
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Leon Reiter, NWTRB, 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
J. Stuckless, USGS, Denver, CO
J. Friedman, USGS, Denver, CO
R. 0. Fournier, Menlo Park, CA
J. Evernden, USGS, Menlo Park, CA
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H. A. Wollenberg, LBL, Berkeley, CA
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D. Powers, Anthony, TX
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C. B. Raleigh, Univ. of Hawaii, Honolulu, HI
E. W. Roedder, Harvard Univ., Cambridge, A
F. W. Dixon, Univ. of Nevada, Reno, NV
J. B. Moody, J.B. Moody and Associates, Columbus, OH
M. Somerville, Lafayette, CA
C. P. Gertz, YMP, Las Vegas, NV
D. L. Livingston, YMP, Las Vegas, NV
J. R. Dyer, MP, Las Vegas, NV
A. C. Robison, YMP, Las Vegas, NV
U. S. Clanton, YMP, NV
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COMMENTS ON THE QUADES AND CERLING PAPER "STABLE ISOTOPIC EVIDENCE FOR A
PEDOGENIC ORIGIN OF CARBONATES IN TRENCH 14 NEAR YUCCA MOUNTPIN, 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 guys 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. irsts Te-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 which, 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: (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 guys are a bit short on a
file."S

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' 3 C 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 del0 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 - 530 Celsius, Figures 25 through 27; and g)
values of the paleo-geothermal gradient, estimated based on the observed Yucca
Mountain ddel'80/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. --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,

ry S. S ki, Physical Scientist
. Department of Energy

RSED:JSS-1769 Nevada Operations Office
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R. A. Zielinski, USGS, Denver, CO
J. Stuckless, USGS, Denver, CO
J. Friedman, USGS, Denver, CO
R. 0. Fournier, Menlo Park, CA
J. Evernden, USGS, Menlo Park, CA
J. Healy, USGS, Menlo Park, CA
I. J. Winograd, USGS, Reston, VA
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P. Cloke, SAIC, Las Vegas, NV
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C. B. Raleigh, Univ. of Hawaii, Honolulu, HI
E. W. Roedder, Harvard Univ., Cambridge, MA
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M. Somerville, Lafayette, CA
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J. R. Dyer, YMP, Las Vegas, NV
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P.S.

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:
(a) 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

Figure 1 Carbon-oxygen isotopic fingerprint. The Yucca Mountain surficial calcite-silica deposits.

Figure 2 Carbon isotopic file - isotopic character of carbon contained in CaCO3 deposits precipitated
in surficial fluids that own their CO2 content to biogenic activity.

Figure 3 Carbon isotopic file - isotopic character of carbon contained in travertines, worldwide data.

Figure 4 Carbon isotopic file - isotopic character of carbon contained in carbonate gangue minerals
from a number of hydrothermal ore.deposits.

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

Figure 6 Carbon isotopic file - isotopic character of carbon contained in the local geothermal fluids;
host rock is tulfpile".

Figure 7 Oxygen isotopic file - isotopic character of oxygen contained in travertines, worldwide
data.

Figure 8 Oxygen isotopic ile - isotopic character of oxygen contained in the eep-seated spring
deposits from the Ash Meadows Basin, Nevada.

Figure 9 Oxygen isotopic file - isotopic character of oxygen contained in the Yucca Mountain calcite-
silica subsurface veins.

Figure 10 Oxygen isotopic factionation data from travertine depositing springs of Central Italy and
Yellowstone ark.

Figure 11 Oxygen isotopic le isotopic character of oxygen contained in the contemporary Yucca
Mountain subsurface Rluids.

Figure 12 Oxygen isotopic file - isotopic character of oxygen contained in the contemporary Nevada
Test Site geothermal fluids.

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

Figure 13a One of the principals of Aristotelian logic states: "if A is not always B then C, although
included in B, does not have to be A".

Figure 136 One of the rincipals f Aristotelian logic states: "if A is not alays B then C, although
icluded in , oes not have to be A".



Part B - Considerations of the Precipitation Temperatures for the Yucca Mountain Calcite-
Silica Surficial Deposits.

Figure 14 Interpretations of the precipitation temperatures. bed on the oxygen -18 contents from
samples of the Yucca Mountain surlicial calcite-silica deposits - general remarks.

Figure 15 Interpretations of the oxygen -18 content for the parent Ruids of the Yucca Mountain
surficial deposits.

Figure 16 Time-series for the oxygen -18 content in fluids emerging from Cane Spring.

Figure 16a The contemporary Cane Spring deposits a modern analog for the Yucca Mountain sur-
ficial calcite-silica deposits.

Figure 17 Time-series for the deuterium content in.the-Nevatla Test Site subsurface fluids. based on
the results of fluid inclusion studies of calcitic veins from Devil's Hole, Ash Meadows. and
Furnace Creek area.

Figure 18 Time-series for the oxygen -18 content in the parent fluids for the Devil's Hole (DH-2)
vein.

Figure 19 Potential errors that may pertain to estimates of the precipitation temperatures for the
Yucca Mountain calcite-silica surlicial deposits, based on the oxygen -18 contents from
samples of these deposits.

Figure 20 Illustration 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.

Figure 21 1985 interpretation of the precipitation temperatures for the Yucca Mountain vadose zone
veins.

Figure 22 1990 interpretation of the precipitation temperatures for the Yucca Mountain vadose zone
veins.

Figure 23 Reconstructions of the precipitation temperatures for the Yucca Mountain surlicial de-
posits, based on the oxygen -18 contents from samples of these deposits.

Figure 24 Reconstruction A - the precipitation temperatures for the Yucca Mountain surficial de-
posits, based on the oxygen -18 contents from samples of these deposits.

Figure 25 Reconstruction B - the precipitation temperatures for the Yucca Mountain surficial de-
posits, based on the oxygen -18 contents from samples of these deposits.

Figure 26 Reconstruction C - the precipitation temperatures for the Yucca Mountain surficial e-
posits, based on the oxygen -18 contents from samples of these deposits.

Figure 27 Reconstruction D - the precipitation temperatures for the Yucca Mountain surficial de-
posits, based on the oxygen -18 contents from samples of these deposits.

Figure 28 Reconstruction E - the precipitation temperatures for the Yucca Mountain surficial de-
posits, based on the oxygen -18 contents from samples of these deposits.

Figure 29 Summary - the precipitation temperature reconstructions. The Yucca Mountain calcite-
silic leposits.



Part C - Considerations of the Yucca Mountain Paleo-Geothermal Gradient.

Figure 30 Interpretations of the paleo-geothermal gradients. based on the observed d6l 8OId: gradi-
ent - general remarks.

Figure 30a Interpretations of the paleo-geothermal gradients. based on the observed d6"5OId: gradi-
ent - general remarks.

Figure 31 Reliability assessment for the paleo-geothermal gradient reconstructions performed by Sz-
abo and Kyser (1990).

Figure 32 Analyses of the paleo-geothermal gradient. as reconstructed by Sza6o and Kyser (1990).

Figure 33 Implications resulting from the paleo-geothermal reconstructions made by Szabo and Kyser
(1990).

Figure 34 Comparison between te paleo-geothermal gradient and the contemporary geothermal
gradient. Well UE-25a.

Figure 3 Comparison between the paJeo-geothermal gradient and the contemporary geothermal
gradient. Well USW 0-2.

Figure 36 Comparison between the paleo-geothermal gradient and te contemporary geothermal
gradient. Well USW G-3.

Figure 37 Comparison between the paleo-geothermal gradient and the contemporary geothermal
gradient. Well USW G-4.

Figure 38 Alternate interpretations of the Yucca Mountain paleo-geothermal gradient - general re-
marks.

Figure 39 Reconstruction A . the Yucca Mountain paleo-geothermal gradient, based on the oxygen
-18 content of samples of the local calcite-silica deposits.

Figure 40 Reconstruction B - the Yucca Mountain paleo-geothermal gradient, based on the oxygen
-18 content of samples of the local calcite-silica deposits.

Figure 41 Reconstruction C - the Yucca Mountain paleo-geothermal gradient, based on te oxygen
-18 content of samples of the local calcite-silica deposits.

Figure 42 Summary - the paleo-geothermal gradient reconstructions.

Figure 43 Comparison between te contemporary geothermal gradient and the paleo-geothermal
gradients, as reconstructed based on the dzis/ldz gradient from samples of the calcite-
silica deposits and using various assumptions.

Figure 44 Concluding rernarks.



Part A - ISOTOPIC COMPARATIVE ANALYSES

Figures 1 through 131)
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Note:

a) Ilie carion-oxygeii part of tie isotopic Giagerprint, for tle Yucca Mousitaiii surlfciil calcite-silica Aci1bais, is a ralige t0f viltsata fr Ihe bdiO and
6I3C ratios;

b) TLe observed range for tde b130 ratio is froin -3.0 to -7.5 per mil Ppu ; and

c) TLe observed range for e 618O ratio is romi 19.2 to 22.0 per soil skow.
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o For the Yucca Moun1 tain area, a nucanr value for proportia.n of plamats I navimag the -3 a llolic 1110lmwaLy is _ 8p j retIl, Qaane. mid. (rhiazg, 1989|.

O A mean value for the 613 C ratio fr GO producetl ly plants having te C-3 metualolic patlhway is 27 lx r euil 1.1,.

o A rueaaa value for dlie 613C ratio for CO2 protuced Ly paLnts having te -4 iciahullic pathway is - 12 er il 11Mj

o A nmean value for te 6'3C ratio for carbon dioxide prodiucetl Ly te local Olamts is - 24 lr iail pijij - ( 27 1r mmil 8r perteut 12 pe r maail .

15 perceut)/100.

O Dissolution of te locally proJuced Lbiogeic CO2 will yiell luidIs With values (if tlc b'3( ratio of alut l Ir ail ,.1)I( Io 1 z --,

per mil DD).

o At temperatures less tan 50C, flid5s carrying 613C: - lfi p1er ail guf amay yieldl ( *is(Vo 3 dJeosils WiliL valu Of I Le 6''( tio, O ilsil. 14

per Illil PDB (I0 I nk;.,ca iicoa - 2 per ...il 'DU).

Note:

a) Carboni isotopic fractionaationm data are fromlio.,fs 1987; aald

b) Plant C02 data are Loin Deines, 1980.

Results of isotoplc comlarison: e oliserveil Yucca Mountaii rallge, roi- 3.0 to - 7.5 per mmil I'1Fjg, is to "lileayvy to le lie result 'fItde I.-

cal iogenic activity alOlle.

Curlmin isotopic lile - istseoijc character of carlioma cetaitie il ill 4 '" 03 (41lePsits preciil imled ill ualleim Uliuls iltal owI tir f I 4
Iemaitemat to liogelaiie iactivity.

igint 2.
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6 3CPoB (per I) - truverliniesNote:
a) fit some regions, carkoui contained in travertine (leposith is largely tlerived fo1) lissolutiona of Ilarine liumestomes a1ld teefore, mean values far

ile 61'C atio eAd o le positive, say i .1.0 per anil P1B; an1l

L) III other regions, Lowever, carbon contaimed i traverine deposits is isotopically ligihler' lami that deriveJ exclusively ml sauriale lilllestones. A
number of factors miay be invoved, icluding: i) participation of LiogenIically prAlscecI (0l3 (b13C valmes raigiag from 35 to 10 per milii P.)j)

and ii) participation of CO2 room dleep, igneous sources (b aC _ -7 per mlii )

Results of isotopic cosutiarisoi: tiLe oI1sIrvCel Yucca M01 nutaiu mage, f r .o . to 7 r per mlPil mmu, is lighter" Lau that fon travedimes
produced ns tle result of IlUmfille lLLestoie lisslul io'l i4blue.

Curloit isotopic ile - isotopiic clastracelr orcarbot c timtfilel is trusvertisios, worlilwiIo dita. 1Iol a l Tui. l'6.

I iWm^:1. 



Ilael

leallyl 0

0

0f 0 00 a*III,

-I

I I

| Plowidencia

Casapekca

} Pastao ueno

Ponasqueita

} Dalwin

} Bluebell

Black H.lS

Cotez

onswo ;- PineI Point

Echo Bay

i

I
i. I

i

I

i

I

I

-15 -10 -5 0 5 10 I;

Note: 6'ji xc er Iin)g.-Vi - carkouaie gaugue Guilt hydrudlierimal ore eplsts

a) Tbe isotopic character of curhmo coattained ill Co 2 Jerived from leep-seated, ineous sources is deriltJb ly a iean value of tle 613C ratiall f
about r7 per ni P1D); and

b) Depending upou reactiou tepierature (103l Ina co21o, = 9.483 103. ''- 2 - 23.89). dissOlutioi f tile igilous (W(12 ) iay yield geodilermil

uids with vlues of ile t'3C ratio ranging fom -I (temp. 20"Celsius) to -14 er .ilj ,.'v (trim) - 300(').

Results of isotopic comalparison: tle observed Yucca Mo in range, from -3.0 to ii per Imil I'mui. is similair Li dtul
conitainel il arlsolitte galigue ailerals froiss LylruitrInuiI re (L4ii1bsits.

Ciarkbon isotop1 i: ilt - istitopic ciaruacter of catrloms ciguIitijti iat carloinamte gng44to aisinerlts Ire,..m u a aislter of lay rutlitermaul re' dle-
11o1sits. I'rolil llot~,19I87.

1 '. 41



II

0 ~~~0

300 ~ ~ ~ ~ 0 

w0 - 0

Z~~~~~~o %

[ OQ- EXPLANATION.
* UE2& of
0 USW G-2

O USW -3 Sainple represents flUids r.II below tile water Wal11e
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Note:

a) Values of tiLe C partial pressure or te Yucca Mounmtain suLsurface iS as calculuted ad reported Ly KerrisL 1987) ringe (r.ms1 log _
-0.79 to og Jco = -2.86 atui. Tle Inea local value of kbg PC%,, is Well aiLoV41 tile ( )2 Lrtial ressre il tle al1,Iuimtplere (I.g I*) -.

atm);

1) Tle esults of nionitoriasg of tile Yucca Mountain orehole llZ63 revealel that, lurilng a 30-1monti long amo iitorimig lerioti, this lrehule Las ex-
Ialed 1150 kg of carLon, Th1orstensoji et al., 1989; ande

c) Botd f te above oLiservationms suggest tat, at Yucca Mouitain, tiLe inet CO2 flux is foioay hroiwlpere - vatlhe Solle . atelmIsIltere, lt nsaL
vice versa. A common sole source ofcarhom, coutaiiet in hoth tie surfacial Je posits anJ tle suLsurface veius, Ilay amot te atimosplhere - Lob-
spikere system.

Results of isotopic comparison: tile olservetl Yucca Mountainm range (sJrficiPl deposits), from .3.0 to -7.S i ir mmii g#1}, is sisuilar as tihat from

samuples of calcite silica veins frou liA ltI te vatlose ZOIle anS lit-low imt Water t.

Carbml istetlpic ilt - iltlbaic cliusruicter af cnrblqP ciauatniawtil ig tle. Yeacea Mammatiaiss ssilurlaire veiuas. Irmna Swii.u mtui1 Kyse-r, P!990tl.
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Note: ° 6 _1za @|3t-'|w.s - (lj&iAjlvjl arixllate 4 5 |

a) Phlrase llydraulic "source" 101o s usal1 to dlenote local areas thiat; i) exiiiit positive vallits uf ile j +lz Krn lirot - k is llytlralulic IxLcteitiaj; ii) 
cxhibit htigh values of tc Jt/( s gradienlt - It/Jlz 35-55'Gsius per IL of elstis; unl iii~cuulr ........................ ,i.l b avings relatively hig cliceultratiolls j[........... 

CL-+SO4- aionls; j

b) At precipitatioll temperatulres 500 Celsius, value of te isotopic fractioniationl fictor 1031U#&Ct~o Vat 10 iS - '2 l^*r 11il l'lllJi 11,11A

c) l1Le -3.0 o -7.5 per rgil po rige toll sanples of tLe Y c Moulaill siffciaMl 1 vsits o ,s illc /lzes radt diet -ir is ilris C k.1e epolits
lhave carrieJ values Of tile 13C ratio rallgilg roin -5.0 to -9.5 Ier mmiii j.g'

Results of isotopic coillmrisoln: tile oliservedl Yucca Mouitain rillage. frO111 - 3.0 to 7.5 sr mil I'jo. is simaial 1i imit expc cttwl fir 414I4siiis
pro(tIlcMI Ly tile local geuileri lhmils.

Carloon isotoli Mue - iuteapic cl dirmacteIr tof ctilarbo cisistatindl i te 141ci1a gelotldraolml IlaiIs; Iast reick i tilli tile. D)alla fiaul ( lauws.m-.
198I 9; iIelm4sO1i 191md McKisley, 98-5; isawl Whitte ud (Iatl un, 987.
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Note:. b8Ossow~wer Illil)^ travertines

a) A value of tule 6"O ratio, rolnl a samlaape of a particular travertiune celxosit, rellects three saim fctors, unlikely: i) oxygell 18 culitemat (sir Ilit imr-

ent fluis, ii) precipitatioll temsperature; mill iii) coudlitiolls elf precipitation alll tile reulltimmg villilt 4( tlme isItimplic frlitUiolitatl auIettar; ladl

L) Various coiLiniatious of tile coltrollilng factors are lossiLle andl, coiaseilcimtly, te w1ritiwiOe ravertilIe t*IsaIMits exiliajt a very Widc rallge of tLe

hlt0 ratio, rom +2 to aLout 1 32 per m11il smow.

Results or isotopic comlparisol tile u*Aervetl Yucca Mouutnium rane., fom 19.2 to 22.0 Iper 1ill smaw, is wil hill tle Ctrts-llmu.ling rahige fint il1

tile worldwide traverlinme dielusits.

Oxygell isotp)jic lile - isUillic e llreltellr *f oxygll coullaijlv4i ise I ravertil as, worl.41wij tti . Irgi ;lri, Il.i.
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Note: 6 'OsAiOW

a) otil tile 6'3C vs. lItlology gradient and te 0180 vs. idtilmogy gradient may reasolalily lIe attriLuted to al icreasing ridelele tile, at tile
* topograplaic surface, of te deposits parent fluils;

L) fle icreasing residence time for te jmafent muid, at tile topographiic surface, is ace Iil iy:stlLy i) 4lecreasing pmrecipLitation telilwrtilre; ii) ia-

creasing kinetic fractionation eects; aid iii) increasing oxygen --18 antl carlpon - 1 evalpriative eCmrichlillemat - eadil of tese factors inlay accomlit

for time oLservexi gralients;

c) Tpa denotes sort - chalky lianestole; T'd denotes dlense odular amd fe-estral imestone; ili denuies carlommat rks 011d linerais uissCliate il

claystones;

1) At tiLe Ash MeaJows topographlic surface, time aul~ieult teinperatuares are likely to lie 5 to 1' (Lius Ligiler tilnl tile corresnlliling telelperatur"s
at Yucca Mountain - tie resul ing ilferenices ill tIe equilihriulm fractioiation factor range roin I to 2 er ilil Sal Ow, tiLe Yucca Mountaia values
Lking larger; and

e) Differences i values of te hiC ratio, Letween tile Aih Meadows deposits and te Yucca Mu1mu1taill surrfcial (eIosits, ure Jirectly attrilutalple to
tile corresponding differences i tile parent fluids Lost rocks.

Results of isotopic coumparison: tLe olservtxl Yucca Mountain range, froim 19.2 to 22 per llil s*1w, if adjaistel for te dilrerimig rqilnLriuma
fractionation factors is coanpaltille with te oxygen 18 ummitant of tbe ASII Meimlows spar ig carlomates.

(Jxygell isotopic tile - itopi{bC ciaricter ofuxyglum coiutinilavil ill te thwii-sentedi sprimg depoIn~sits fioim te Asia Meadows nsitm,
Nevala. Fronm lilay et al., (1986).
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Note:

a) Tbe entite oAserveJ Yucca Mounitainl ralige of te 6lf"O ratios fr carixmiate dlexmsis froml 15.41t 22.0 1wr m|il .,A141w, is ery sinailisu tu tatt ul1>
serveJ 6fr the L Meadows asin eposits, Fig ure 8; ual

L) Te aovesiiiiarities suggest*Liat, liele ierelites ioxygellk--18con eitts frollF salillcs *sftte rsiLstive srfcilul letlxsits are rauistll)ytLe ,re-
spective cliferences i dether ile precipsitationl teolperatures o te isotopic fsctiollatioll factors, L,,t loot y illj ileeUes temmx-l 18
coxitents of tile respective areot fluiJs.

Restilts of isotopic compiarison: file oLservetl Yucca Mntai mge, frin 1.2 to V smow i it justcql fur Ie 4lilre rilig lN rripbitatioll temipernl-
tures, is caomliatiLle with tLe coirvel oxygen - S olite t * I liat Yc *fI/ M ttsill sul.Sufe veins.

ay) ghe isretllic lit! - isol v lic dountaie r oftoxyg L com e i60 saLis illI rlt Yane icpomellti rulI i 1-si4i 2.l s l S..lerfwev is. Daty siid %L hzaul h-
111 sre Iysar (199 e A0) Mela W dll ws idotl sigr(e!J8;n).
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Note:

a) During natural depositious of travertines, the conditions of equiliiriull isoto)ic fractiowUimiOi ale uelomSm ttlliei, *alimily as a Coaasetpilwce of line
Linaetic or non-equililriaum processes;

L) Dependiing upon conlditions of wecipiLatioln te couLbined or actual isutopic fractiolLlion factor (l3IL,,O, 1,'d) nay lx4 litl. larger ad
smaller tihan tile equi'lihrium fractioliatioa factor; aml

C) At a precipitation temperature of £ 20' Celsius, the colaljiuetl isotopic fraclit aioii fitor many le assumI t range ,., 22 to 30 jwr il
SAl OW.

O)xygenl i~sottopic ractionetition di s~ltti s rom'trave rtillv sm dqbsi ingl .pin gs 4)r co-sarm rwi Itsy |asn Yllz tow ilsl- ark. 1 ;"4}1 1 16,i, 0.
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For tile source" portions, greater relative amugiitile of
tile oxygen isotopic sit niay lie attrilutetl to greater
imifluece Of fluids that unlerweut geothlerittal rock o
fluiK isotopic excmauge reactions. 7

/' -"source ortions

For tiLe "siL" portionms, greater relative deteriumsa cou-
teut iLay lie attrilultedI either to a) wanler circulil-

stances of recharge or ) lesser inIlueice of isotopically
light luids tat uderweut geotheriaml rock - f fluid iso-
topic exchange reactions.

-110-

-1 zo- I
-15 -14 -13 -12 -1I -10 I4 .0 -7

6m SO" ms1 - ismbsmarface flO1;SNot

a1)

e.
Tile observed awage of values for tile 6 'sO ratio, fromt samplies of tile contemuporary Yucca Moumtaiam susurface fluids, is fruin 14.2 to 12.7 per
mil suow; samples are LulL water samples pumped out of Lrge segmmeuts of exploratory wells - saumpling sotimiug, allay Le involved, mmmd tiLe
observed range may be smaller ILasm ile actually present one; and

b) If tle parent fluids, for time Yucca Mountain surficial depoits, have carrietl te sanmie oxygeau - 18 conteuts then, te coualsimeml istoloic fruciia-
tion factor was in a range froan 31.9 to 35.2 per nil smow, which is permimissille Ly tile emmml)irical fiactiolulmtioll slata frL. igulre 10.

Resualts of isotopic comparison: tle observeJ Yucca Mountainm rauge, firoam 19.2 to 22 per mlili SAwm6 * is conlepalille wili tat ex ectedl for sie-
posils produced Ly the contemporary Yucca Mumntaim sabslirface fluids.

Oxygens issatolbic file - iscitopic caracter otroxygen cilmmtalill~il ja tilae coaltelsalo4rary Yncca M sitatuin sim1larilrcm i`mli'ls. Di)dX frualm
11eVsoU aud M.Kilmey, 1985.

Iigurr 11.



E1) / = h'"0 o

0

1 00 / C ~~AsL Meadlows - Aniargosa Descert - appl. altitudee 0f la81 l surfu c 2200u - 2(0V0 ft. .. ,J

-100 Yucca Moutain - app. altitude of land surface 3000 - 4800 t. aam.

-ll O-0 Oasis Valley - app. altitude of land surface 3400 - 4200 t. anmul.

PaLute Mesa - app. altitude of Laid surface 6400 - 7000 f. auill.

, , . _
-15 -14 -13 -1 -11 -10 4 -6 -7

6 '5OSUIV - 9gtuierzia fluids
Note:

a) Thle observed range of values for tiLe 680 ratio, froll saiples (If tiLe canteimporary Nevaila Test Site getithernal II8 1dis, I', l 14.8 to 12.3
sMow; samples are LulL samintles pumpedi out of large segielts or expluratory wells - saluplimig "smmootimag mimy Le ivolvetd, anld te 0liservei

oxygeai isotopic shit" may Le smaller tlan tiLe actually presezit ole; alnd

L) If te parent fh1ils, for tle Yucca Moumataiji surficial leposits, have carried tile saumm mxygens 18 couatrits then, tLe vcisaliael iito)pic fractina-
tion factor was i a range fron 31.5 to 36.8 per mil SAOW, whaic agaii is perauiisile ly tile emlirical fractiomtiom htan frona igure 10.

Restults orisotopic compituarisoui: tie observed Yucca Mountainm range, from 19.2 *., 22.0 per .,,il sAf)w is Ce.a,11pI.ilt. witl ticat expectedl for
deposits proumeed Lay te cotem eptorary Nevad LteIst Site geotermal fluis.

Oxygeli impsmlobic hit - isli IpiC elinreter utrifixiygekI cni'istil im I lite! CE.4ltUmp41ray Nevr. Test Sit . 4.4 I :1it ill Il 1s. 1 );&Im I'SmII

( *lass,., i9l8!.; 1lam1"Alil Mu , 1 M. imiy, VMS8;., * Wle si1ir usa,1 &lmmaa;i, 1fl87.

;
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o Tle above perforled consparitive analyses itlicatc tat te 6I8( vs. 13C fI'ld, frou, sammaples f time Yucca Molultaill calcii -silit1 deposits, is
suc tat it is entirely reasonaLle to postulate that these deposits mnay have Lbeen frmied fromsa upwellimg getothermial lmitls (so-called per ensum

origin). Specifically, Ike observed field is compatible witl both die corresponding Geld roti the unquestionlple per aseansumt deposits ad[ tie

expected field for (leposits produced fron te local geotieramal fluids.

o TIe noted Ly Quade and Cerling compatibility of te 6'18 vs. 613L' fields, between tie Yucca Mounlaimi surficial d(pt 5 ijts and rou te local coL-
Le encrustations, may bc taken to have a two-f0li nieaminug. On te oe Ilmidu, it is comceivalale tit ihu lI s!e er asressianal process anl te per
descensum process [ie., a) calcium and silica contained i tie resulting Jelsits are r(vi(l sy wind- llown Jdust; and I) te parent fluis for

tke resulting deposits are infiltrating mcteoric fluids, directly front atanospiheric precipitatinl yieldl deposits that, for oie reason or another, carry

similar carbon and oxygen isotopic fingerprimts. If tis is tile case indeed then te b68() vs 6'3( ficl should not le used1 as te origin discrimi-
nating factor. On tie otber and, the Quade amid Cerilig premise, tat te local calcareous colblble encrmistations were urnietl via tLe per descen-
suM process, may very well e wrong. SuCk encrustations could have eea forniel thruugh a nu1 5bler processes, includiig: a) the opograpiic
surface evaporation of shallow, seasonal odies of run-off fluies (so-called sens llo per desceansmn: pbrocess); I.) tde tojxgr"Jiltic sutface evapora-

tion of near-Ly, no longer active, leep-seated spring discharges; aud c) soume coinliatiom of a) dtill I. If tlis is tie case inideed tien, it is entirely
improper to use P 8 0 vs. ht(e fel, froma the coLlle encrustations, as a nmeanimghil reference. (see Figures a and 13L fir evidlence tdmnt justifies
this statement)

o Clearly, in order to proceed witl furtier resolutions of te origin dileniuna, for te Yucca Momuntain calcite-silica deposits, it is ecessry to cn-
sider some additional factors. It is ortumate indeed tat, i te case of Yucca Mo.uttainl, te already available oxygemi - 18 data Ise is sull;-
ciently broad to facilitate gaining sonic insights ito geotdermal circumstances of Lrnmationm of te lcal calcite-silica depssits. ILt is here where a
satisfactory resolution of tile Jilennia may lie. Lt'S consider two topics, namely a) t precipitation (rystalliszal ion) temnperattires fr tie de-

posits and L) te depth vs. precipitation temperature gradlielt (so-called paleo-geothernaul gradient).

CIsa:i4,1si0sr resiting friai te txygeas 18 al ciarlma. 13 cajasiaristive! mamaslyusu.
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a) 'lie worlwidte dalta or calcretesare frogn Ta'ism mul Netteclierg (198:1);

L) For tiLe Ncvala 'rest Site lkihle encrusations, tle h 13C ranges ront 14.1 to -9. 1 w a, Qomm.le et al.. (1989);

c) imalis range overlaINs witim i) Ilse corespomiliag range fromm Ile worliwide "joeldesgo mic" (?) caecrotes, wlsimi i fo ms .. 4 itu 12 Iper mil i-Oil;

ii) tle correspnmt(lig raisge fromi tie worliwile groammtullron r caleretest, whir i G I I t0 - j Isr mil j-,,,,; iii) 1l1e csmresixmling ramage

trong tile Worlalwitel travertimaest whmicm is flmi I 12 to -24 rser mil i'lau,, Figare 3; iv) Ile correslotoomig rmmge frum carlcmaite gsamgame frmtm

gold-bearing lydlrotlmeranal ore depaosits, wici is frousm 1 10 to - 10 pwr mil jja, Figure 4; v) ILe correspoimmlig ralmge iromu tie Asl. M l-
ows elpep seaied sprinig tiepsits, whmic Ls um I 2.! to --3.0 iwr mmil 11)11. Figure 8; an vi) lime currespmommuiig range fittimm tile Yucea Mojllain

calcite-silica Ieposits, which is rrommm --3.0 to --8.1 per mmil .i ,. 1igmres I anml .i; nml

1) Onc of te tillowing .ateanes lls-it lpe tre milef i)Ie per asreisaspms arcocess yit14s Caomltmute djelsilis lm i f-f il ,13C ridius. nre

simmilar tu limose IFRuueUiC vil tile 1er 4fexeemlsvui Inrms; fir ii) wmNS!mmliliaimll f Ilme per deSeITmamam Oligim fir til I-li-4g14 ic callittemis dLpsils is

4 1mm. ,Ii li rmlmia ij.am.ls Nil' 1 ,- Ar i'.Ie.l ulimi Igi.-j ajl.-: ";l A i6 mt waml smy. It I lit-m (', imlltilmuinml im mlulu414l ill It, liac's immint lmvm. tl I..'

A.
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Notc:

a) Thle worldwitle data for caicretes are from, Tulima amid Netterlierg (1983);

i} For tile Nevada Test Site colile enmcrustationas, tle 6i'10 ramages front -0.4 to - 12.6 mim. Quitle et al.. (1!18!1);

c) Tlis range overlaps with: time corresponuing rauage froma tlae worldwile "pediogesaic" (?) cnicretes, whila is f i 4 to - 8.5 Iper mii pa-g,; ii)

dic corresponding range fron tie worldwide groundwater calcretes (including "riverwater3 calcretes). wlaicl is from. 0.5 to - iper mai rviv;
iii) tlecorresponcJing range from tlie worldwide travertistes, wilici, is fron t 1.5 to -28 per moil i'jw. Figure 7; iv) time correbNinmiing raoge fronb

tile Ash Meadows deep seated spring deposits, which, is fromt - -4.5 to - -15.5 per nail milu. Figure 8; ae v) tme correspmwlinig ralige fruits

tIe Yucca Mountain calcite- silica deposits, wixicm is fromu - -8.5 to - -16.0 per muil pil. igmire 9; atlm

E) One of tie following two stateanetets must Le true either i) tile per asenOsum process yields carljuate depmosits tiat, i leaims of tiLe 6mH() ratios,

are similar to those produaced via tie per desceiasun process; or ii) assllaptiom of ime Imr descensumn urigim fmr ilhe "ImWilelgic" calcareolis lie-

posits is false.

()U! f tile Prisscipuls of tl, Aristotelian logic stastes: "if A is stot always 1 tle C., amtlhomgl icl1lul i B, 14es smut halve? tu 1in
Al.

l iftn 111.
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Part B - CONSIDERATIONS OF THE PRECIPITATION TEMPEnATuJnES FOB THlE YUCCA MOUNTAIN

CALCITE-SILICA SURFICIAL DEPOSITS.

Figures 14 through 29



o A reliahle interpretatioa of te recipitatiol teimperaltures, for tLe Yucca Moun11 tain sitificiil calcite-siliea (t lzsits, cunslilultes aill impurtalit Aspect

of resolving tle thlealiflua that urroulads tile origi of tiese <leposits.

O An umequivocal lenoustratiom tiat, for time surficial deposits, tile precipitatio tellperatturs Were ranging frotui 1 to say 20 (Isiues (nunldient

temlperature uear tile topograplic surface) would iilicate that bothl tile per descensun anl I lie 1wr aSemensuImI origins are Oitsible. A.. uuemivo-

cal enoustration tat these emperatures were rangiag froli 15 to say 30" Cel sins, however, womlil cause a rjection of lime t'r descensumn origin.

O For te Yucca Mountain surfacial leposits, reliable iterpretatioms of tile exact ( I 5 elsiu.s) part ipilationm teumperatures al ot ILe Madte bse1d J

solely on tile oxygen -18 content of tiese deposits.

o Tkis is so because: i) a value of the 6180 ratio, for te deposit's parent fluid, mnay sot Le reliaily estimualvil witL te rquirel lrecisioll of 1.0

per mil SASOwi ii) a value for te comhine isotopic fractionation factor may iuot ie reliaLly rstimimated witl te required Jrecisioim f - .2 per
mil Smow; aud iii) assumI)tion tiat, uriing a time spam rej)resemted L tese epiosits |wmicL is fro 2 I 2 x I3 t miore di., 4 x 10' years
B.l'., Szalo et al. (1981) and Szaljo and Kyser (1990)j, Ltl, tile isotopic coimpositioni of tile pitret li s ai tiLe Co(lmL;{mi isotipic fractionationa

factor remaied tiine-invariamt canimot e justifeJ.

Iliterlprttatiols of tilt iprecinitatiim t ilpratllres, busel m t! xygeam -- 18 cotits il slumlph!s imif tln Yucca Msatsin seirli-
cial calcite-silicu dIepnosits - geimernl remaurks.

Iigm.,. 11.



O Figures 16 through 17 es ii t e actual timaie-series fur te isotopic comtipsimtios of diet Nevadla Iest Sit slistirface IltaitI tat are, or were, i-
volvel i preci)iitations of Ca(C0 3 deposits. Both soilrt ae' lg-t1erul sianss are covtreI.4

o Examitations of tiese flgures reveal *IIst, al time Nevada Test Site, tile oxygel I8 Cout-lit rof tihe smmlimrfarce lMiMlS ully uit lie assuimell s time
invarianmt. B1 the monmotonic varialilitirs luml te oscillatory variaLili ies are evidelnt. le mseallatury vatrinljilities ivoive Itl tile low frequeacy
fluctuations aud te highm frequency luctuatioms.

O telative to tile contemporary susurface fluids, te palo-suLsurface luitis coumml have le s6tupicitally Lhelvier bLy at Itist Ab1 5 O - 5 per flail

o A potential error in estimatinag te oxygen -18 content for tile parent fUiJ, la%4'etl i te corresomiulilg coliteiat uf te coJIntepaporary Bl1i ds, luamy
easily exceed a value of A6 8O -~ 5 per *,,il sstow. The resultling poteltial error i stimmating te seciimel precipitation teamperatire, amea sksing
tLe equililriuma isotopic fractionation curve, is equal to At '?I" Celsius, Iigmmre 10.

iata-rprtatioiS sI tla ! oixyg4l 18 cliate lat Gar Mc plurealat foIaids adf 14! Ywm14.8 M4mamtina ssrlieicl 44-141bit.

Iigil. e a.
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Note:
a) Tile Iime series indicates that, evem during time- spans of few years, tie oxygen -18 coutelt ill te local suhsurfatce fluils does not remuain time

invariant;

b) Te oserved monotouic oxygen -18 depletion is Ab6'O - 1.2 per mil s&jow ill 6 years; a.ml

c) Tile oserved 6180 oscillatory variability has a maxiniumn amplitattle of Ab'8 ( - 5 per mul SsOW.

j

Tiste-series ir the toxyges - 18 contellt ilk filuids elsergiuag frugal Cal Sing. I'usIm i.ys i *L t l, I!J!9J.
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IV evaporatiVe eiirieliiienit envelople - sts are rona unkt f.s, 1980.

c (iraig, 1961)

geotlermal oxyge sit line.

-90- _ 1_ /_

/ E | the MWL intercept is at te lowest weighted average value for te central al.

souterni Nevada Test Site atmosphieric precipitationI, as reported y lugruhalail et

_95 agl., (1990) * *

-100- a

-13 -12 -11 _l -9
61O (per mlil)

Note:

a) C ane Spring is situated some 1400 fit ahove die so- called regional water alle, aroun te spring orifice there is a otgoimg cuimtemaaporary depoIsi-

tion of CaCO3 ;

h) Based on a variety of data, SzynlaisLi (1989) as pistulated dlat WotL te Caite Spring discharge and tine underlying perched bodies of groundl-

water are Jcep-seatae id. togeter express a contemporary Hydraulic mousid, presence of which is te result of past ydr-eictullic activity;

c) The contemporary Cane Spring CaC03 e1Posits may he regarded as a modern analog fr te Yucca Montinin rladitt-silica depJsits; and

11) Tile oLbserveJ "oxygen isotopic sift" fully supports te previous interpretations regarding te hydrologiC s tiilig f tme ('ane Spriug A.

Thne citeptmirary Catie Spring dleposits - a anodere iajlolug liar t1h Yamecit Mommataim slrliital cnlcitat-silicta 41 pesith.

Iigare Ifia
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Note:

a) Durinlg iLe last 2.5 10 yeagrs, tibc deuteriumi cotntent in tbe erut fluids tor tIke local calcite veinls Lave chaaamigtd;

L) Tue lonig-term anonoicatic Jepletion iui leuteriuto is A6D9 - 40 pert lll sntow - time COrCSI)OSliltg uLaillitlIil valule for tiac oxygenl 18 Jepletlimsi is
! 5 per nail smow i f 2.5 x 10 years; aMa

c) Tule skort-period oscillatory variab~ility Las a saaazimmauaaa alaaplatu(Ie o^hlD - .32 jer mmiii sAIW - tiLe corrsommslimg amiaijaiaai value (or *Le short-
periodl oxyrgen -18 variaility is &fi'o -~ 4 per staii S£OW.

riin.erieS fior tlhe dleutrirnmta cntet iUi 11w{ NI~tItla TeSIt Silt.. strnistlacc IlsIs, IIsaI S (Istll 11;aitn Iucasta ad tttII~' taI;Sr calcite VCItIS
fruimal IDviI'ua hol, Aia Meadelows, naidz Futria~ce rExtlk azrea. h1;¢1.l Wiwagriati .t usl., l!8.,

I'igute ,7.
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Note:
a) Eaca dot represents a 6 80 analyzed sample;

h) The average sampling interval is 1.27mm - the corresponding 616o ratio represents a inean. value Ifir a tne spau. of 2300 t 100 years; auJ

c) During lie time span rom 4 104 to alout 3.2 S 105 years B.P., wLicL is eqjuivalcid to te Lime siu represented ly the Yucca Mousntain sulstir- J
face veins, te mean value for the 6160 ratio fluctuatel Wils a msaximnun amaiplitude of aLout 2.7 per nail, smw.

TimcaL-scries for the oxygeii - 18 cztcst i the rbskret lids lhr the Devil's 1lh (1)11-2) voils. I'-roa Wincogrwul et iii., (|I088).

I..... .fy



o As sow i l igure 10, te empirical isotopic ractioiation data indicate that, at te topographic surFace, te dejlitiu Jf ('UC()J iSoe asso

dated with a variety of kinetic processes. A a consequence of these processes te conlljintl, or actual, isotLpic fractiualioni factor is jilTereit
thana the equilibriun isotopic fractionation factor.

O The kinetic, or non-equilibrium, isotopic fractioination elrects nay lbe as large as a #I2l1tcu , - ( 6 per ittil SAtoI$. lhe corresiponuling jo-
tential error in estimating the precipitatiot temperature for a specimen tat ave un(lergunie tile niini-qililiriuii iloic fractiuniatioi, using only
tile equiliLrium fractionation relationslip, may le as large as At 30' Celsius.

O CoMining LotL of ie potential errors, it is pruieilt to restrict te relialbility 0 f tke precipitution telmiperatmre estimaates to a fairly witle raulge,
most certainly wider tian die desired range from 15 to 20 0 Celsius.

Pot4miatiasl errors liiit teany p.ertiia ti etip stieeteas of tha Ibrscilitatiolh tialberalres ;br tt! Yesiccs Mtatitiss cacite-silici sarliciil *e-
jatasits, l311C4l *4)1 tme' sxgeti~ -- 18 c uiit~ii l ~au. saiuksl i tlfl sil! ti.t9SitS.

* I igllt~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~s~ar 19i.



o Uncertainties tat are associatedl wtk interpretationus of time preciplitatioln teliperatilres fr ile YlIcCa M4u1tamli, cleuNits, If.tS41 solely o1n tile oxy-
gen -18 content of Iese deposits, niay Le best illustrated Ly poisiting out tile esillts of Suck iterpretatius as INwrrrilled ly SxZL~) alml Kyser
(1985) anJ Szabo and Kyser (1990).

o A comparisons of Figures 21 and 22 reveals tat, tile same investigators usisig tile same oxygel --18 dlata came t two liIIerr ut coliclusions. lt

accordance witl te results of 1985 interpretationms, saimples yiellimg values of tile b'MO ratio -20) per hail were precipiitalel at a teiperature elf
absout -.25o Celsius, Figure 20. Because some of Ilie Yucca Mountiis calcitem and surficial fault iflhlings carry values of ile 6`O ralging froLl
19.2 to 20.0 per miil; it follows diaL some of these deposits were foriased at telieratares rugilig fun11 25 to 30" CeLiii. lhese temmperatures are
far i excess of those that may reasonably le attrikutesi to tile per descenlliua process.

O In accordance with te results of 1990 interpretations, however, samuples tiat yield vlues of ttle 6 "O rati -20 pr mil were lprecipitateil at a
temperature of ahout -14 Celsius, Figure 21. Tlais precipitation teainleratuire musty 1e regarded as coasistet ith Loth t per deseepasuna pro-
cess and tie per ascensurn process and, terefore, may nsot lie used as tile Origili ciscriililltilIg actor.

IlhiastrAtioll of miucertaimties aussociitCd wit iterlprnetisls * t ie lrecipitatiou tmplI)4ratltuire r ir te Yuisccat Medisutaiu calcitt-siliea
surliciul dieposits, based solely ot *luzxygel - I 8 Culateixts froski sailliiles of tliabe dIepsabjts.

|igire 211.



EXPLANATION
o UE25a .1
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Note:

a) Samples yielding values of tiae 6180 ratio -20 per nail saiow were interpreted to liave Ixien oramedl at a tenjwrature --fi" (Usius;

b) The1 Yucca Mountaia surracial deposits carry values of te 6*10 ratio rangimag ronk 19.2 to 22.0 per .,il slow, igure l; aUl 

c) TLe corresponding range of te precipitation temiiperatures, or te Yucca Moun1 tain surficial Jlelmsits, is fromil 15 to 28 (Isias - only olasiller-
tions of tie per ascetsum mechanism are pernkissiLle.

1085 iterpmretlttiors o ie jarecilithtium tnaperattares fior 1ih- Yemen M enataiall vailse .m, v4i1ls. Iru't alu ama'1t Kys-t, 1985.
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Note:
a) Both the 1985 interpretation aJ die 1990 interpretation are Iase on lime saise oxygen -- 18 lata;

L) Sunples yielding values of tie 638O ratio -20 per mmil smow were interpretedJ to lave e frlm at a teirperaturi of - 1" (Cesius; ad.

c) Time corresponding range of tie precipitation temperatures, for te Yucca Mounai surficial dceposits, i F t aHaUlt - 1&8' (elsius - cossiicratioaas
of tihe per descensumand he per uscensun mecimanisus are pernmissilie.

1091 iterprentiosa * tme recipittimis temperutteres fior te Yca Mllutnimi VI..Ne z4.m4 vilis. irsimm .zaI*.. 11111 KYE.I, l !iII.
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o Figures 24 trouglh 28 present te results of rive coticeivable recoamstriuctiomms of tile p~recipitation temperaLures fr tilt! YUCCa Mmimtai srficial de-
posits. Tiaese reconstructioums are based oin tile oxygeu - 18 coitents roan samiples Of these cijKpsits, as relprtl ly Wl-lun ancl Stuckless (1990).
As shown i Figure I, samples of tile Yucca Mountailn surfacial eposits yiel(i valIes of tlme 6N) ranging from 19.2 to 22.0J per uii Sl )w.

O EacL reconstruction involves two steps. First, value of te combinel isotopic fracliomaLioi factor (I03l zlaV~r-0 II,o 2.78 10t1'2 -2.82 -p

was comfluted by subtracting time assumed value of tILe 618O ratio, for te Jeposil1 Iareat filis, roms tiLe oLserved valea of iLe 01O ratio, fromi
samuples of tiLe deposits. Second, tile precipitatiom teimperatures were estitiuatel mslmamg tile empmlirical isotopic fractiomatiisu inta .fru 'Iuri (1986); if
appropriate bot time equilibrium isotopic fractionationm elfects ald tile maom- eqmililirim isolttpic natcioniation elfects were cossileredl.

o For tile pareut fluids, tihree Jillerent isotopic compositions were consideredi. 'Ihese are: i) reconsstructionm A - aae assmtiiag lust tLme lImrelt il-

ids have carried tile oxyge -18 coltelts sinmilar to tose of tile local cotemaporary atmosplhere precipitation; ii) recoistrictiois i al ( - adie

assmninmg tiat tile paremt fluids have carried tile oxygem - I8 coitemts siaailar to tose of time local cotesmiporary smiisurae fluitis; amll iii) recOll-

structions D amd E - made assumamimg that tiLe parcnt fluids ave carried te oxygenm 18 coasteats eavier y A68b1 -5 iser ail, tiL.m those Of tiLe
local conteamporary suhsurface ILads.

o Recolmstructioll D is cositered as tile muost reliable anl couservative iterpretatiom.

i
4

1

,--,/ I

i
t

Riecon-Am trslctiois ar time jorecilpilitti essili!ratssrt s ror tile Ymc At Msaamtaim siririal 4iiejpsi., l ossl ms tilst loygelma 18 oaltelmth
IIaI sIaIits ear st!s tIilioisits.

F'ies11a. m



20 ° 

sit S. 24 icS 2 Filploo i2\ 1144 -is -12 -11 -10 4
1 O3 1naocco, - u-o

S) i50topic fractionaion Jsta, from Turi (3986). iJ weigiltcio Lttra

a) isnopic rin is oaus u ciom Tu i L98 s Lerc asjul : weigt gktn average val us of the 6'0 hmiou - sfsospiivric precikta tion

b) Tl c miasistuzo maJ ataxinum Values for the coiaxllaetl fraciination fuctor (lO3jUCt:U. _ #1,0 = 2.78 lod [13- 2.82) ore 30.5 auml 33.7, respectivelyi

eJ TIls cotesioulisig range Gr Ilse precipilation Lensperaitures is fuit to - 140 CeLius; auJ

1) TLtc measureJ coitsnapoary in-situ tempertures. at anti war tle 1i1xigrujlalic surfaec, rulge fitme IS lu 21 m Sams et al., (1987) -fil MUsAid

contemaporary eanperatures wicrelisUlCy ilicates dril one w LiA. tle iLasamptios, eaonployel o altcatmic Lhe phic tse peratias, ar relse.

R4ecotasstrticti na A - lhel 1a4-iitattini teiiupaerattires for tle Ym,:cx Momsnutaiua snarlic iail af-apesits, ast.I- osa 4aygui 18 beuateints rruial
,ltalles ifr these dI psits.
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Note I@3ivUxC C'Os lia

a) 1s performing tis reconstruction, it s been assumel ilat: i) Jutinag a time spats representel y tle SOfIcjal dieposils, lme isonpic eCOllwsi-

tions of tile parelt flui were die same as ose olserved below die water table at tle present tlime |61,0 valises raliging front -14.2 to - 12.7

per nil SAtow, Figure I); anl ii) te u-eqluilibrium isotopic fractionatioll eleCts were abSelst, suOC tat tile C0siliwl isotopiC flactiousatios

factor 103nOCkeCo, -HO 2.78. 108 / 'T- 2.82;

b) ITlie mnirimum and maximum values or tile comtbined fractiotatiou factor (1031Utaeco( .0, *- 2.78 1' fF2 2.82) are 31.9 aisdI 36.2 iwar mil
SmOW. respectivey; an(l

c) Fim corres)uuiuliig ralnge fo te precipilationi teahlralures is .,n. 8 to lluw 0' (cisitis - imls alilormuaaily low range ilihicles lat olve s r Ior 11

of tile employel assuaiipstious are false.

I1*4limstrrtiU s - t-heu jorecilpitistifoss tm eratires Ilor tlh Yeeni M4lnuashias ijimerficial sls4I411151 linseil E"i th e 1tKg41x to 41butels

Froas sAIIjss o theSe 411)151itS.

j:,,,,,,.. 9r,
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CImonp(tmCient Er tile Combined

atioma factors.

lO3mmmc.g *, *1,.>

Note:

a) lit performing tins reconstructiom, it las ee.. assumed Ilat: i) nLmrimg a tiame spari represented by tile surimeial 4ieptmsits, tle imtII4fC *Illip)

Sitions of lAie parent fluids were tile same as tiLose observed below tile water talile at tile presenmt tilme (i6`() valimes ranmgiig frnmm 14.2 to

12.7 per mil smow . Figure II); ii) tle conmbinmed isotopic fractionationa factor was larger at tile eqmiiiLrimmm fractionations faclor, su tt

IfIOIIlC-qCO-naO = 2.78 lO 612-2.82 t3; auml iii) tle on-equiliitimm isotopic fraetionmationm is causedl y a rapil ese e ofr('()2 f'mll le par-

eitt solution; isotopically liglter (J02 is eliminated prefereatially, and (.C03 acquires it's oxygen. froet Loti. 1120 aaUm ('X02;

L) Ti1e minimum and maxiimn values for tike comiLned isotopic fractionmaiom factor (ifl3I avc,3 --1t < =k 2.78 I(Y/'I'2 2.82 i) are 31.9 aml

36.2, respectively; aid

c) 'like corresponmding range for tile precipitationm temperatures is from 18 to 34o Celsius.

De comkstracttlsa C - thie I)pEcilitltion termajiorares litr tiht. Yemean Mooaatiml Surticjal 4IejI4Iaits, IaiedI on a til tbxygelm 18 coimttmmts
froima shtillpm 4s *.r 1these ala.jsats.

I'i, Ai
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Note:

a) In performing tis reconstruction, it Las Leen assumed tiat: i) the parent Iuids, for te Yucca Mountain surlcial deposits, were isotopically

Leavier tiasi tLe contemporary Yucca Mountain suLsurface lluitis, A6'O - 5 per ell SAIOW ( 9.2 to -7.7 1tr mil salow, Figure 18); andil ii)

time non-equiliLrium isotopic fractionation effects were ahsent, sucL that te combined isotopic fractionation factor 103 o1cao, -, = 2.78 .
l1af I'2-2.82;

L Tie minimum and maximum values for die comiined fractionation factor (1031""C, aC 1 = 2.78. 10/T2 2.82) are 26.9 amid 31.2 per nail,

respectively; and

c) Tile corresponding range for the precipitation temperatures is foin 13 to ~ 32- ( Iius

Iflemslsrietaon D - the precipiitationu teitilverathires ror the Yeuan Msiantaizi surficital dIe-p>isits, Is1 8l 44111 fl te oxyge.u 18 caimtenits
froum sauuitiles of tlese deposits.

lIigtire 27.
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K' a J J } p - uoll-etlllililsriun coillilamelI (r tIe COIIIIillmli

so i90 opic fractionlationl fLlor
0

20-

Note:
A) 1n performing dIis recouastructioa,, it Iws Laoee assuIIet tat tiLe parent fluis, for tae Yucca Mountainu surficial eepiis, were ih4)14)Iically leav-

ier than the contenporary Yucca Mountain subsurface fluids, A6lO - 5 per unil s0oW ( w 9.2 to - 7.7 per nil s1Jin, Ig.ure 18); tLe coulmaibied
isotopic fractionation actor was larger tian ike eluiliriuin fractionation factor, su h iat I2~aia(CV. .. . 2.78 IU'/ 2.82 I p; aumJ iii) *

ile non-equilibrium isotopic fractionzation is caused y a rapid escape Of (°2 froma tle parent salutiam; isotopically lighter (2 is eiaiaatell i )ref-

cretitially, aid CaCOs acquires it s oxygen rom Lxtlt 1120 and 0a2;

b) T1e ininimum ad maxinuni values or tbe coilsinetl isotopic fractionations factor J03j112C0C!o, 1, . 2.78. l'/1'2 2.82 i) are 26.9 atil

31.2 per mil, respectively; ald

c) Tle corresponling rauge for te preci)itationm temperatures is from 38t 53' C(ISlas.

IRecieasstruction E - tke. ire-iitaatiuleammjacrlimres Liar hal? Yucca. Mimmataia uimris il a. g .1141sitsi , ms.u4i1 tok list! oexyg... 18 C4iaa1tIlim
framnu billpIes r theml. III.S a.ilfs.

I ';....... .MX



o Without having reliable iforiation regarling hot te isotopic compoitions fr tle miNrenL luitis aMa til ilmmic e uomlitioiis, it is
not possible to specify a elialle, Iut at tile same time narrow, range or tLe precipitatiom leunwrntiures ir te Yacra Mpm1 ,tii., suricilil leposits.
Basel on hilorestationm presently at halkml all tlat aImy he said, witl somue legree of certjility, is lint tihme temmmprattres *seomle Iave t61m anywhere
withint a range from 15 to as IIIuchI as 53) Celsius, conssistently with tile 1M r ascensuum origi fr tilt leposiLs.

o lihe currently available data do not allow for ruling out tie possibility that te precipitation temperatures, r all of tlhe cohmelered4 salamples, wre
witlist the 15 - 200 Celsius azmbieni temmperature range. As a couse4ilence, basedl 'i time resilts of cnisi.Ierlitiois of th1e precilitation tenmperlitre
alone, te per descensum origi fr e Yucca Mottistaii surficial deposits call ,,..t L r.etel.

O A more reliable and definitive picture of the geothermmal circummstances of precipitatio for ile Yucca Mom,i, calciesilica Jeposits, aiy b le-
rived from considerations of the paleo-geothermal gradients. Tl.is is so b,.cause such eoitsidierationms may be performtl 4o relativistic basis aud
therefore, do not require Luowledge of tihe absolute isotopic composition for tiLe deprsits pareLt luiis.

N I

I--

Soimmmasitry - te ire.:iluitntiml tSeienpera l tire! recoanisi ruscl tis. Tile? Yeircia Mogmsatist uhlile?-silien t.hIoesits.

Iliglre 29.
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Part C - CONSIDERATIONS OF TIHE YUCCA MOUNTAIN PALEO-GEOTHEIMAL GIADIENT.

Figures 30 through 44



o A reliable Olterl)retatiull of tile Yucca Mounmtan galretn iterlamml rwliem t, asetim die ol.servd grailiit fril.l Salol f .,Fti lleal
calcite-silica deposits, consstitutes all imiportasit aspect of resolviamg tle ileamma tIat surrunails Ilsc origia Iof tlWse fi1 4 45sits.

o A reliable dimonistrations that, ill te Yucca Moutaia valose zolne, til gftrilerual gradlients umaade rgo tealsgarail ilwtitmatiouus, willi aalilitutles say
Adl/dz - 10 -150 Celsius per ILn. oftlhpds, Would constitute a fairly tiefiulitive d1mI-u1olsiautill tat: i) eisodically, tie Yu.cc Moutain vaulos!

zoMe was being iuidlateJ with warn flt 1is; froit below tl.e water taLle; anh ii) all Of tLe Ymlaec Mountatin calcitt-silica Ilegasits were fraartl via
tile per ascensumn process.

o A reliaLle iterpretalion of tie paleo-geotlieriskal graliut is lilficult to perfurama. Ill iS i)A PICUSC SIChS aill iittnIjiri tiioll Fetllires tWso assuaiap-

tiolns. Tese assumptions are: i) tile oxygen --18 coltelmts of te pareLt luids, for satially n1u1il temln-aliy Ailfereslt sam.sples, were vitder the same
or te 61sO' variaLility is Loth kitowit antl xel i, te spatio-telnsporal sense; and ii) Ilse am4bil-iquiliillil istolaaic 'l-actiolulaiinl efects art eilie r
absent or, relative to tiLe ejuililirium fractionation curve, maintain a Lnown relmimuaslhip.

o It is stot possible to exactly specify dtie oxygemsa - 18 coitent of ti! prarent fisis or ile YuCa Mmultaiu aleite-siliea ahi jsosils. I is .) hIeca mAse:
i) ike coltemsporary Yucca Muatiti sSill'urface fluidls eslaiLit tile 6h8 satial variaLilily of I j. er Ilil amdSAgI (Figulre I1 - dhis valiability is

known bs on LL IHuid Samples pmu ipetl omt of lrge Imoreimole sgsucauts, smlpliag "smIoulhing lay 1e iavlved, am el Tli ail l `0 sNl itai

variability aay e rger, say AM" -3 per muil SMwi ued ii) lrr tile tilae-spulls represmltil ly le Yucca Mountai lcite-silica dlepsits, lime
locally knowna value for tle 6`lO temporal variability rauges frout 2.7 o llout 4 perF ai 1 Skjt)lI (Figures 17 al 18).

listLsrj)rt-ltiMIms Of tt Ilinivi-g etltrillil graslvists, lija4se lii t ... eF. .M /il: giamlisuat - geilsmast resamiarks.

F*igmil-3;l).



o We tit) uot Lnow unuchlI 1 1 1t. tbe frc-t~llatirill nlrfcti,.uaen e as slich elreits pe1lill t1 Ile Y4ICva M411111t11.i C alite- hilitJ 4 JN siIS. n

view of subisalltial errors thlt potentially may 1ie ivulved, it is pirutleut to coaitler dce facliaat-itou sA e ariss.

O 'i l rst scellario is that, te .aoi-eqmijiliLriu isotopic fractionaion eflects are cither ailoenll or leptlh invariant. i tis CimL, III1. j- eiileraaial
graliet esfillllmtes are fairly reliuLle. I'lle oaserved tulsltaml Jeplh b"O variihty, fromal slieple.s of tit, lepnsi.s, Islay I4tLAIllikJily lit rguarll as
reflectinlg dle spatiG-ternporai 6'dO varialility i tile pmarcilt flikds or *lmese dcljusits.

o le second scenario is tliat, for sonie or all of tlU considlered SMlIIlClS, tlt! Ciliiililiwl iS.11 4.iC fras iaatnuta (alelor Efxe eiIl I lune r amiliIrigma fractioala.,
ation factor aid tile difference is (lelia variant. i tis case, Io somiae depth, tI: usIlserved * Junt , I via d11)1 a) v ialilily, r sam lt C .,t- /

ile deposits, reflects i) til spatio-temporal b'80 variability ill tile parenat fluils, togetler with ii) tim saatio-temptbru vji slily f hte colshimaet

isotopic ractioiatiol factor. It is liflicult to separate tiese two variabilities Hlll , colstialleld y, the ahe-geudwranai grailt etillatesuimay lul.
be reliable. ecause it is liLely tat tile lnois-euliibriiai. frCittoalatin .e IeLs diiil Elep14lIlwr41, tLme pii e ;Zig irifiml rralitiit estiamamtes, (tar
Jeeper portions of time vailuse zone, may ie regarded s more reliaLle tLa liist. fr salltower Irtioims.

O TiLe tird scenario is dhat, for sonie or all of tLe consitlered sanmleis, tile romiaiisinet isotitopic au tationifttiOl acttor is ssmller dam tilt' vejiliiraurime
fractionmationa factur al ille lilerca.ce is dleptl variaat. liere again, it is difIctal, to pIriut) rly ialterpret tile 4tblse rVetl t'tslaiat tiiall 4'at) varialil-

ity, from samules of die e pisits. As a coisequaesice, t reliability of te paleo-geoheiuali gradhieant estimatem Salmay ie 4W, articularly r saillow
rarts of tite valose zone.

Iaterjartiatn~xai gii str lt *ia-g.(gra divi daol s, tltse di tilittlt! t1tOsivetl /l geatsir ru rks.

Fivll'. 16;



o ILAcolIstructiosls of tie Yucca Monitamin I)JkLe)gezi ItIImlt grutihei., )rforIlLe Ily IZi11io1 Mmii Kystr (1!1!1) n. shaowal ill F-igurtr 22, werv mnnad, ms-
- iag slne oxyge, - 18 datu froaa saliniles Elf Lile calile-silie vIs colect.l frollI cares *xtraided i 14114Ii4iS 111. 2fl, IISW C 2, a.. IISW (-3.

The data reported ljy Whelan and iLuckless (199(). a 1 reprsenting ie sIefial Jej1PSits ail villsma f1u0nn Is4re4lnu1i, 11ISW ( 4, weri 1140t mstil.

o lte reconstractions were mde employing our ssuinptions. Ilese assuil)tmonns are: i) sunmples carrying values ,f Lime h"( rtLio- 20 per mil

Swlow were precipitated at a temperature - 14' Celsimus; ii) spatially .IifllereuL amples were )r4ipitaLe fnu pairent hl.a14s lumving te saile auxy-

ten-18 coutelats; iii) Juring tle tinse spain represiteal ILy tile sulisurice veins, rom 26 i 2 x 2 - L. imOre tha 4 i tts 11.1 , tile xygen

18 content for time paremt fluids remained tile same; amnd iv) precipilationm f ike veisis occurred as a elililirinis fractimntion pracess, skita 11 ha

tiLe actual fractionation factor was a sole and knowLn fisactiorn of tLe recipitatiom tempernlrtmre.

o Tine kown oxygen -18 data Co1 te Nevada T.st Site (l igres 16 trough 18) au1 te e1)iniCll fractimatiun Alln ( iglr. 1) indicate tiat
aone oftihe emplioyed assilill)tiomls may le justilfied. (minsetilimatily, tile rFisluIility O 4l -i li gradnitil 1ec4)ilfietits, pL% plifurisird

ly Ssaklo alnl Kyser (1990), should in. judged as low.

I dlinlily insssinuI. I;r Oi 1r1*4Ia -agv tlemmn aI ;.mmIi ast rzcunstarei stiis iI u l lay Salpos mm Kyse r (1091).

I11�
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o As sow i 'igure 2, til rcostructel Yucca Mollaiftial plaleo-geotmtriaIal graolifmll. exlaatual a very esisicaiis emarval ars. I)waa to a tli:i of
400aaa, tilw dlelitlward rate of time in-situ temmiperatire imcrease is airly low; vilue f tile eaivaleall. growilulai gruslitul is 1/M: - 1" elsius

per IL.. of eila. At grcater depths, Lowever, te dipliwardi rate of lae in-su leailleramre liecreaise is S1ftrlaly Ligelur; Value 1 Ime viuiivalel

geothermal gradiciat is as large as dl/sdz 50" (lsius per ILu of htepIl.

o le results of geothermal studies, p erforiaed l)ly Sass et al., (1987), lead 1 a counclusion tIat te YuCCa Mo.liikii terumlll comlictivity strucilture

is airly haoiogeleous. Laboratory measuremaeits revealed iat a iaaeai value for tie local therial conhleilivity is - 1.7 Ira tl , al dkevin-
tions fronl tis value are fairly small. ha-situ mneasuremaeiits of Jowailole -lmiwruliar'e, performel ill hoirelmtles III -. mi, 11lSW C-2, mail tSW C W(-3 
(Figures 34 through 36), indicate tat tile vaduse zone geotiheriiaal gradiets are fLirly milonamlamiic - a clear iuliciatia ll aso til i-situ tlieriaal l 

conductivity structure is homogeneous. Bota of tile aLove lines of evitlece ialicale tiutt, time paleo-gedt'llerillall grathielt -lirvaturl. is a11arma`1i.

o lais curvature indicates tat, most likely, te paleo-geodlieramal graulient rtitstrictim is i error. To aruammiat fsr tlia culrvatilre, two possililities
may e put forth. 1'ac first possibility is that, tIl parent f.lids, fr time spatially aml temmapoirally lilferiat Veins, have arrivui Jlillreut values of

- atle bimo ratio. lae tail tisie-series for itler tile oxygenm -18 colheaut of tie *I., d teiiiil conteit (Figures 17 aiad 18) imlicate dimit this is a fairly

reasonahle possibility. Tue soml l silbility is tat, te plieo-geothermial gratliit curvatire is telliag us lutt, duriig ormati.m of o lah veias, the
iaoa-equiliriuml, or LuaaetiC, p)rocesses were iavlVXl. TIaC paLIC-- geotileilal gradiwlit *irval ire may Ile eia.hliameal Ly vsstmllilig dhut, willi t pro-
grcssively saller (heptia, tile coillilled fractionaation factor was progressively sualler luii lit eqUillirmilm fittiiliatila factor, Figure I. lis

aoa-equiliLriaiam fractionation efect is sianilar to tat observel h3y lriediian (1971) imrling lis studies of fructioatioll aruesses associaletl wilL

thLe New ligalnuad errace Spriang discharge i tLe Mamimotlh Iot Sprinag re of Yellowstone rL, Wyoling. Il very rajidily Imloviamg ll£tlae
CaO F nucleatiou occurrs prior to te ( C1a deposition. I otiler wordis, time (a(X)3 mari lep sit alhsV teir aamalaeationa depth where lower
temperatures prevail. 'liese auclci recorJ a lower ta depositioal value 0f Ile coillinel frtioiatios faetor.

Awulyses *f thle paltm-gesotheraaad grilielat rscuaastraucte ly Szablo .idas Kyser, 1090)1.

I',igull-31!.



o Pammliag asitle tile rLove servaitions, it iay be assile tihlt te ialo-gehliemial grai.ltet a ecOImIi rUCi lin, . i. ily SzzIll 1I4 K .- l (9I4), is
correct. What are tIme iiplicatitaias that result ro.n.m this reconmstructionm?

o F igimres 34 diarough 37 are-wim ciieparisonms Lelwen Ie recomsirsecilc j len-gelimerimi gra(lit aim. Hll
1

le C4lltlenkporimiy g.. imrm mmid gmn i i fls. as
recor(el i Ile corresponling laordwies IIr-25a, USW C-2, USW (-3, ammd IISW (-4. 1 .xamiaiatiosm 4 these lgilres reveals 11ial, ill it. lwer
parts of lile va(lose zotie (- 100 - 250 im aLove te colteniporary water table), tile econstrmel paeo-geothemimal graliviet is a factor of two

ligiher ta te contemporary geotlermnal graient.

O l61iometric ages of sainples, that were isse i like paleo-geothermal recomstrmSc0iomms, range roin 2 i 2 103 to m.ore tihai 4 x 105 years lI 1
Szalo and Kyser (1990). like factor of two chaige i tile geothlermnal gralient, occurring dsoriiig socll a shurt tioie slpai, JeLnammIs a ralioul expia-

oation. ere, Iowever, tlere is only one lxbiLility, namely: tme basal parts of tle Yucca Mountain vadlose sozoe were being repeatedlly
invaded by warmer fluids from below tile water table.

O Becase bWhl tile 6"3 V ratios ammi tile 61"O ratios frors saitples of tile smrficial Ieposits are iMietical to tiose Goeit sapes t tihe (leIper eins
(Figures 5 al 8). tiere is little ilerit ilm insisting Ilma& tile sirficiahl eposits were foretmed via le per deseensaviu process. (umse qteally. liar Qtiale

astl (erlig comclIision conipriso.m ortie stable carl~io anal oxygenm isotopic coinpsosilionms of le fractire almnoamles will. 11those ofimtolirm sil
cartoates ia te area shows atl. e fracIlIre car0onmates are pe(logenmic ill rigi w .1em emot apixwar mis a liaririnllaly sauiam ed .

Ilzmplica;tioms restaltilg rimm11 the j>lml44-gelatllmmlml recozmstrmctiomms i1st4e by Szmlpe amel Kyaier, 1094).
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400- 
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el/dz brehole USW (-4. Marca 1983, 6n11 Sass
et al., 1987;
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o Figures 39 tirouagi 41 preseilt alterniate iterlbrettatioiis (if tle YIICCA MOUgiti, IMICI-rgeRI41thfiluial grnklisut, IMLS,41 i11. 1 ilese tval JbldV/lZ gri-

lient frout saliples of tile local calcite-silica dleposits. Ilese iterpretatioais were male usng all of tile available oxygelil th Ida, as reportril ly

SzaLo and Kyser (1990) all Stuckless anl Wiela (ll1990).

o A cOmuammolk assujlkl tiolk Cm loyedl ill perforiilitg all thr i{erpretations is tat, fr thte Surlcid CRIlCi-Silitaa deASitS, I le pricilitltaioll teillmiwra-

Lure was 20a 6elsi.s. ile paleo-geothierniaal gratient iterpretations are unly iauu11gillailly sensitive L tLll r ciUittiI lemaaperatlre sstimmptiu
amd, should tis assumption he wrong, te resultiaig errors are tisiguificaiily snuaill.

o lhree conceivable isotopic ractionatioia sceuiarios were cousiterel. lLese sceusarios are; i) reconstruction A - Mtade assuamlig ILat te ctllahiljI*I

isotopic fractionation factor is equal to tie equilihriuaa fracLionatioij factor El(,i ); ii) rccomstrInCtiunl 111 - ai(mad ILisuahiig ilt tiLe cOMILi.t4l

isotopic fractionation factor is larger tLan tiLe equilibriua frctetioiatioli factor (i. 1} 1); anl iii) reconstAuctioik C - mlRAIC assUIlliag that h. o-

Liked isotopic fractionation factor is smaller that te eqyliloritian 1Frctiolatioilk factor ((", u).

i

I

I
i

o RIeconstruction A is regarded as te most relialile and conservative iterpretatiua.

.

Alteralste iiterparetatinms or ill,! Yi. .IZ Maiitaill pljilet-gcotheriestel griali-sat - getwal esenanirks.
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Note:
a) IL performing tis recoustructiou it Las been assumed tilat: i) at tile tupograpJmic surface, te precipittima temamperature fr calcreies ad veins

was C200 Celsius; ii) lie constant tlepth warialility of te oxygen - 18 coint, froml samiipics of tle calcite-silica leposits, rellects tile spatiu-

temporal variability of te oxygen - 18 coatent in tile Irent fluis, Ab'O 3 r Illil; uld iii) time iasil- euililimrili ititpic fractiommatinim eects

are alsent and, terefore, 103brncaco,.1 u/o = 2.78 10612-- 2.82 - wbere ' is pr c ilsitatiom temimgberature i " Keivill; ad~i

L) Value of te lialeo-geotherlial gradliemit is dt/dz 35u CeLsius per lo icrease ial depil - time coresixonalig timmiemraIm y geterIlmli gralienut
ranges ron 20 to 24u Celsius er IL... icrease i lepth.

Rl.lenstructioni A - tto Ynceran Molllll )illIt1)-gtltlh1brllkas, 11a1st.l tll tll! txygell s n1 mttlit it snal1iil..s . tll 1c1 alultite-siiell
,I posits.

'tl
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Note: v stOSA1WlPer aimilj l >
a) il performing tis reconstrucLion, it Las een assumed that: i) at tle topographiic surface, tiLe precipitation Lkmlmgrature fur calcretes ad veins

was t 20' Celsius; ii) time oxygen -18 coltent of tile parenat fluids, for spatiot-emporuriy lireremiL samlmpics, was tile sie; iii) e constanat lepth
variability Of time oxygen -18 contelt, from samples of te calcite-silica lepelsits, is attriloutalile to te anon-eqmlliiurimint isotopic fractionatiou <r-

fects, such tiat combineJ 03lnacco. _fl3o = 2.78 106[1'2- 2.82 -ifl(,); al iv) te mmou-ecililiIrium fractioulation is calvti Iy a rpid, anual
depth variant escape of C02 roin te parenmt solution - tLe 002 Jegassiag rate Jecreftsis drptiward, au ( 0 003 aqmises its oxygen fraIUm o1da1
1120 and (02 amd

L) Value of tiLe paleo-geotheriskal graieit is dl/dz -33u Celsius er L,,, invreuse i J4rp1lL - te cOrUespMiNiiij VOuiJIaHmlbuary gelmermifl gratliest
ranges fromx 20 to 240 Ceisius Iwr L.. imrease i. Je)ti.

11conmlstrrmclti 1 - tile Yloccal M4IJ111ilist IAldev-getlm.ramlaa grm&li iat, hIist I . t- iaxygell IS 8 m. .let .d1 hamlalml.ls .. r Ita14ia:l.
* 1I4.ite-silica deoit'lst.

F:igise II.
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Note: DavA)wiItr hull
a) II perormiing dlis reconstruction, it ls [een assumied that: i at tile topographic surface, tile )reciapitation teillerautre f .r calcrttes al visns

was 200 Celsius; ii) tile oxygen -18 coutenlt of tile aremit luitis, for satio-ttemporally different samaaples, was te same; iii) tile coumstall delihl

variability of tine oxygen -18 content, from saiples o tile calcite-silica deposits, is attrilutalle to tile aneqtiuiilimaaall isotopie fractitualilil cf-

tects, sucL Iiat combiaet1 103ikcaco, nO = 2.78 1[1r2- 2.82 -(dj; am1l iv) tle oi-equilihriuimm frLatioIation is cased ly a rapit upward

movement of tile parent fluidls - tine CaMOO nucleation occuares prior to its lep Usitiol ndl, coaseqmlelitly, tle i1 Kluosittvd (Ja CO3 rcordls, teuiapeaa-
lures iat are higher tha tose prevailing at tile actual depositiona sites; anl

I) Value of time paleo-geotiherinal gradieat is di/dz -58O Celsius wr I Lis increase i Iept - hLe correspqoumditig ltemlpmrary l lmermUmI graieatl
ranges from 20 to 240 Celsius 1er I l. increase i tpti.

lecutnstrttCitml C - le Yauccat M4 atuitltau jluilets-ge4tiaersato graudiet, leasedti uat til uxygt a 18 4amautenat ac stv iuual ai lt taul
celeiteSilica depo~sits.

I .. -i I



o 1 igure 4 1 presels a smummary of reconstruictioniis of tile Yucca Mountaill pale -gedmlerilml gradit, lit. e comteaamjmorary geuilme I gruient, as
measuredl in Well USW C-3 by Sass et aL., (1987). is set1 as a reference.

o Iii all caes cosidered, ik ecomallstrutted pnlm- gteutlerllal gratient is siguifcaltly gwmnter IItiU lime KsIemmmxI)1rmry g!, IlmermmmmmlglamlieLt,ns mamea-

suredl i te corresponding wells. Values of tile colitemmporary geotmernilu gralieant are: i) Well U1El-2b11, J1/l-: 220 (elims lier I L, of ..epth;
Well USW C-2, df/dz . 240 Celsius per IL. of dept; iii) Well USW (-3, l1/1 -~ 22" (elsits per lit of eile)st; aId iv) Well IISW (-4.

dt/dz 200 Celsiums per ILip of epth.

o 1TLe reconstructed values of tile paleo-geothermal graieut are i) recomstructlon y Szulaxn amu Kyser ( 1!J) - dl/d rigiiag from 17, aeAr te

tolpographlic surface, to 500 Celsius per ILm of depth, i tleeper parts of tile vatluse suite; ii) recunstructiolu A - t/, - 35 ( 1sitl5 per IL55 of

Jepth; iii) reconstructiom B - ild: - 33n Celsius per ILkmm of depth; ad iv) recuaistructionm C - ll/dz 58" (simus pxer If depth.

o TLe iterpretel teamiporal luctuatios of values of tle gettlermmal graieim imicalte tilat, tim, Yucca Ms4ammiaa vaJlxUse Zoige Was Iilig 4jpisoiuiliy
invade ly warm fluids fron below tile water table. Lvjdidetly, tile resultig warming lip of tile Vuloise umCe was aecilmpamllitl, al reumeleul, lsy
tile episodic preci)itation of tile calcite-silica veis.

o As far as tIe origin of te calcite-silica deposits is concermed, tile available oxyge - 18 ai carbom - 13 lda are eomviicimg am.l lear. id tile
surflcial deposits uid ime subsurface veins were producedI via tiLe per ascensum process.

Summaaary - te l)4lui-gus Imermamal gramiiesit me astrauvis.

I'-iglif 42.
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Noe:
a) Erachl of ile considered cases yieldIs tie paleo- geotherial graiaiL tlust is suLltallially higher thall tile comtellipnnlry geI thietil gruchrid -; amld

1) ie gecthlermial gralientis Jiscreliamcy iliCiaes thiat precipitalioL 41m Ilse calidLe-silica 4eliis was anuillumitA loy a %igmii;cault welilicig gls iof

ime vaduse uune aul, tlerefure, occurred as tle per usensulm Ula rcetss.

Compairisou tl w Iolwt te c eumtelsa ratry g'4 4btlherximl gunient and lsei pialas-getsal lirsisil gr.solievsis, ms rsermstruii.:e sliasa41 ma Ilse

db' )/d1 grud.uiessal Cir.i.. aaulilp s tortistL! caaleile-silci.c.. mi.ai ...ids mhiag Vmiri..mai aa|:smma;aIr juams.
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o In conclusion, tile resimlts of Lod tilie coliataltive isottpic aialyses ( igures I ilmroumghl 13) andl tile Faleu-getglmermul analyses (l i'ures 1 tlrouglh

43) indicate that tile yer descensum interpretatiois of tiLe origin of te Yucca Mouildaill srifiical Imsils, prei spjetl Iy Qluat. and (:el ijug, lack
a proper foumluation. As a miatter of fact, time very oxygen - 18 amid carino 13 data, hait were usetl i dlevelopiig 1le ju .Icsctnsui, intetrreta-
tions, may Le used to successfully iscredit these imterpretations.

o A itlepentlt, but again quite convincing, deionstrationm tiat Like Yucca MIVImmumthi., calcite-sili a ldejlits were forilled via tLe 1er esceusuill pro-
cess may Lt colsrncted ol te basis of uranimm nll stronLimm isotopic tiala. (Cosioileratioss rnf Lhts. di mj, aw pt rr T1)rnui i * soml o li re-asetl.

report Ly Szymauski, evealed tiat tile isotopic caracters tif uramiummm ad sLtrtillil citainmed i tes Jdeposits are idemlical ti tLe isotopic ur-'

acters of uraiunk and strontium dissolved in tile local getbierial fluids.

o T a experiemced field geologist tile per ascensums origin of te Yucca Mountaie calcite-silica thpiusits, Lased nl c4Iimsimmilm Sease consideraations

of aundauit ielA evidence alone, is obvious. 'lie gamummt of isotopic lata only coil;rmms tie a prioi L.ow., am.d reastinalmly secure, uclusioo.
(umisequently, te per descensun interpretationms, as proposed y Quade am.' 1Gerliig, lmumy nrdly le regartled as all exampl'! 0f lme almst isigihful

and neticulous science. o te contrary, witlim tile context of safety considezationis o0 f a lig- level mamdeleur wast-e relssitsry. this imLterpretalions

nay rightfully he regartled as a gool exaampie of irrmsponsible science.

('ias zlimmg rerairk.
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