N B ./
UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

Reply to:
1050 East Flamingo Road
Suite 319
Las Vegas, Nevada 89119
Tel: (702) 388-6125
FTS: 598-6125

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

SUBJECT: STABLE ISOTOPIC EVIDENCE FOR A PEDOGENIC ORIGIN OF
CARBONATES IN TRENCH 14 NEAR YUCCA MOUNTAIN, NEVADA

Please find enclosed the above-referenced document.

PTP:nan

/’—-—’J"_____A’I/—‘\
50044 910129
9%32°NAST E bt/m

GM~11 PDR ) /1/



YMP-8

Department of Energy
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Project Office WBS 1.2.9
P. O. Box 98608 QA: N/A
Las Vegas, NV 89193-8608

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 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 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.

wWhile 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 & depth of at least 670m, Figures S 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!®0Q 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 q)
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. 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,
wieiols

Jerry S. S nski, Physical Scientist
:S. Department of Energy
RSED:JSS-1769 Nevada Operations Office
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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) perioedic 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 a 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 ﬁngerprint. The Yucca Mountain surficial calcite-silica cleposits.

Carbon isotopic file - isotopic character of carbon contained in CaCOs deposits precipitated
in surficial fluids that own their CO, content to l)iogenic 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 number of hydrothermal ore cleposits.

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

Carbon isotopic file - isotopic character of carbon contained in the local geotherma.l fluids;
host rock is tuff pile".

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

Oxygen isotopic file - isotopic character of oxygen contained in the deep-sea.tecl spring

Jeposits from the Ash Meadows Basin, Nevada.

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

Oxygen isotopic fractionation data from travertine depositing springs of Central Ita.ly and
Yellowstone Park.

Oxygen isotopic file - isotopic character of oxygen contained in the contemporary Yucca
Mountain subsurface fluids.

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

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

One of the érincipals of Aristotelian logic states: "if A is not always B then C, althougll
included in B, does not have to be A”.

One of the principals of Aristotelian logic states: "if A is not always B then C, nlthoug]x
included in B, does 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, based on the oxygen —18 contents from
sa.mples of the Yucca Mountain surhcial calcite-silica cleposits - general remarks.

Figure 15 Intetpretations of the oxygen —18 content for the parent fluids of the Yucca Mountain

surficial Jeposits.

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

Figure 16a  The contemporary Cane Spting c]eposits - a modern ana.log for the Yucca Mountain sur-
ficial calcite-silica deposits.

Figure 17 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 Ho]e, Ash Meaclows, and

F urnace Creel: area.

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

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

F igure 20 [llustration of uncertainties associated with interpretations of the precipitation tempera-
ture for the calcite-silica cleposits, based solely on the oxygen —18 content of these cieposits.

Figure 21 19_85 interpretation of the precipitation temperatures for the Yucca Mountain vadose zone
veins.

F igure 2 19_90 interpretation of the precipitation temperatures for the Yucca Mountain vadose zone
veins.

Figure 23 Reconstructions of the precipitation temperatures for the Yucca Mountain surficial 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, Lased on tlxe oxygen ~18 contents from sampls of t]:ese deposits.

Figure 25 Reconstruction B - the precipitation temperatures for the Yucca' Mountain surhicial 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 de-
posits, based on the oxygen ~18 contents from sa.mples 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 cleposits.

Figure 28 Reconstruction E - the precipitation temperatures for the Yucca Mountain surficial de-
posits, based on the oxygen —18 contents from samp]ec of these cleposits.

Figure 29 Summary - the precipitation temperature reconstructions. T}xe Yucca Mountain celcite-
silica deposits.



Part C - Considerations of the Yuceca Mountain Paleo-Geothermal Gradient.
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Interpretations of the paleo-geothermal gradients. based on the observed d5'20/d= gradi-
ent - general remarks.

Interpretations of the paleo—geotherma.l graclients. based on the observed d5'%0 /d= gradi-
ent - general remarks.

Reliability assessment for the paleo—geot}xermal gradient reconstructions performecl l)y Sz-

abo and Kyser (1990).
Analyses of the paleo-geotllermal graclient. as reconstructed Ly Szabo and Kyser (1990).

Implications resulting from the paleo-geotlxermal reconstructions made l:y Szabo and Kyscr

(1990).

Comparison between the paleo-gcotherma.l graclient and the contemporary geotl'nermal

gradient. Well UE-25a.

Comparlson between the pa.]eo-geot}lermal grachent and the contemporary geothermal

gradient. Well USW G-2.

Companson between the paleo—geothermal gradxent and the contemporary geotherma.l
graclxent Well USW G-3.

Com arison between the pa.leo—geotlxermal graclxent and the contemporary geotlzermal

gra.cllent Well USW G-4.

Altelx;sna.te interpretations of the Yucca Mountain paleo-geothermal gra.client - general re-
mar

Reconstruction A - the Yucca Mountain pa.leo-geotherma.l gra.client, based on the 6xygen
~18 content of sa.mpla of the local calcite-silica cleposits.

Reconstruction B - the Yucca Mountain paleo-geot]zermal graclient, based on the oxygen
~18 content of sa.mpls of the local calcite-silica cleposits.

Reconstruction C - the Yucca Mountain pa.leo-geotl:erma.l gra.client, Basecl on the oxygen
—18 content of samples of the local calcite-silica deposits.

Summa.ry - the pa]eo-geot]:erma.l gradient reconstructions.
Companson between the contemporary geothetmal gra.clxent and the paleo-geothermal
grac[xents as reconstructed based on the ds'%0/dz gta.c].lent from samples of the calcite-

silica Jeposxts and using various assumptions.

Conclu&ing rema.tlts.



Part A - ISOTOPIC COMPARATIVE ANALYSES

Figures 1 through 13D
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Notc:

a) The carl)on-oxygen part of the isotopic ﬁngerprint, for the Yucca Mountain surficial calcite-silica ¢|eposils, is a range of values for the 6'%0 and

§13C ratios;

l)) The observed range for the 6'3C ratio is from —3.0 to 7.5 per mil PDB; and

c) The observed range for the §'80 ratio is from 19.2 to 22.0 per mil spow.

Carbon-oxygen isotopic fingerprint. The Yucea Mountain surficial calicite- silica deposits. From Whelan and Stnckless, 1990

l“igun- 1.




o For the Yucca Mountain area, a nean value for |_)roporl.iou of plunts Ilaving the C-3 metabolic pnllnwny is ~ 85 percent, Qum'e and Ccr'ing, 1989.

o A mean value for the §'3C ratio for CO, produced by plants llaving the C-3 metabolic pathway is ~ - 27 per mil ppp.

o A mean value for the §'3C ratio for CO, produced by plants |mving the C-4 metabolic pathway is ~ - 12 per mil ppys.

o A mean value for the §!3C ratio for carbon dioxide prmluced l)y the local plunts is ~ — 24 per mil PDB - (-—27 per mil - 85 percent - {2 per il

.15 perccnt)/lﬂ().

o Dissolution of the locally produced biogenic €O, will yield fluids with values of the 8!3¢ ratio of about -16 per mil ppy (103 mayeo- co. ~8
0; Co,

per mi! ppB).
o A temperatures less than 50°C, fluids carrying 6'3C ~ —10 per mil ppp may yield caCO, (lt‘pusits with values of the 8'2C ratio of about 14

per mil PDB (losllln(:aco,_”co; ~2 per mil pDB).

Nol.e:

a) Carbon isotopic fractionation data are from "ocfs, 1987; and

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

Results of isotopic comparison: the observed Yucca Mountain range, from -3.0 to -7.5 per mil pPoH, is too “Ilcnvy" to be the result of the lo-
cal l)iogenic aclivity alone.

Carbon isotopic file - isotopic character of ecarhon contained in CaC0Oy deposits precipitated in surficial fuids that own their (0O,
content to biogenic activity.

Figlm‘ 2.
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Note: ppa(pel' mxl) travertines
a) In some regions, carbon contained in travertine deposits is lnrgely derived from dissolution of marine limestones and, therefore, mean values for
the 6'3C ratio tend to be positive, say -4 3.0 per mil ppg; an
l)) In other regions, lxowever, carbon contained in travertine deposits is isotopica"y "liglnter” than that derived exclusively from marine limestones. A
number of factors may be invo'ved, inclu(ling: i) participation of l:iogenica"y produce(l CO, (6'3C values ranging from -35 10 10 per mil pug);

and ii) participation of CO, from (]eep, igneous sources (6"0 ~=1 per mil ppa).

Results of isotopic comparison: the observed Yucca Mountain range, from 3.0 to --7.5 per mil pps, is "lighter” than that from travertines
procluce(l as the result of marine limestone dissolution alone.

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

Figure 3.
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Note:

a) The isotopic character of carbon contained in CO; derived from (leep-seute(l, igneous sources is descrilied lxy a mean value of the 6'3¢ ration of
about -7 per mil PDB; and

!)) Depen(’ing upon reaction temperature (103 Inaﬂco; -COyy = 9483 . 103. T-1— 2389), dissolution of the igneous CO, tay yicltl geotlnerum'
fluids with values of the §'3C ratio ranging from +1 (temp. ~ 20°Ce|sius) to —14 per wil ppu (temp ~ 300“(3).

Results of isotopic comparison: the observed Yucea Mountain range, from -3.0 to --7.5 per mil pog, is similar to that
contained in carhonate gangue minerals from 'ly(II‘O'.IIL'l'IIlﬂ' ore (luposits.

Carbon isotopic file - isotopic character of carbon contained in carbonate gangue minerals from a number of hydrothermal ore de-

posits. From locls, 1987.

Figure 4.
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Notc:

a) Values of the CO; partial pressure for the Yucca Mountain subsurface fluids, as calculated and reported by Kerrisk (|987), range from log Peo,
-0.79 to log Peco, = —2.86 atn. The mean local value of log Pco, is well above the CO, partial pressure in the atmosphere (Iog Peo, ~ 3.5

atm);

lJ) The results of monitoring of the Yucca Mountain borelole UZ63 revealed llmt, (luriug a 30-mounth |0ng monitoring pcrim', this borehole has ex-

haled ~1150 l(g of carl)ou, Thorstenson et al., ]989; and

c) Both of the above observations suggest lllat, at Yucea Muuulain, the net CO; flux is from |1y(|rosp||ere — vadose zone —» atmospllere, but not
" vice versa. A common sole source of ca.rl)on, contained in both the surficial (Ieposits and the subsurface veins, may nol be the aunosp‘mre - Lio-
spl\ere system.

Results of isotopic comparison: the observed Yucca Mountain range (surﬁcinl (leposits), from —~3.0 to ~7.5 per mil ppy, is similar as that from

samples of calcite silica veins from both the vadose zone and below the water talile.
Carbon isotopic file - isotopic character of carbon contained in the Yucea Mountain subsurface veins. From Szalo and Kyser, 1990.

Al
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a) Phrase l:ydraulic "source” region is used to denote local areas tlmt; i) exhibit positive values of the (|¢/l|z grm'ient —¢is ||y1|rau|ic potential; ii)

exhibit lliglx values of the (ll/(lz grmlienl. - (Il./(lz ~ 35-55°Celsius per lkin of <|ept||; and iii) contain fuids lnaviug relzltively ||ig|| concentrations of

CL- +SO: ~ anions;

|J) At precipitation temperatures ~50° Celsius, value of the isotopic fractionation factor losl"“Caco,—uco; is ~ -2 per mil ppp; and

c) The =30t =15 per mil pPDB tange, from sampl&s of the Yucca Mountain surficial dcposil.s. indicates that the parent fluids for these (lcposits

have carried values of the §'3C ratio rangin from -5.0 to —9.5 per mil PDB.
8 p

Results of isotopic comparison: the observed Yucca Mountain range, from =3.0 to -7.5 per mil pon, is similar to that expecte(l for (|eposil.s

pro«]uced Ly the local geolluermul fluids.

. . . . . . . ¥
Carbon isotopic file - isotopic character of carbon contained in the local geothermal fluids; host rock is tull pile. Data from Claassen,

1985; Benson and McKinlcy, 1985, and White and Clluma, 1987.

Figurc 6.
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Note: ‘ 680spow (per mil) - travertines
n) A value of the 6'®0 tatio, from a samp]e ofa particular travertine (leposil., reflects three main facl.ms, namcly: i) oxygen — 18 content for the par-

ent ﬂui(l; ii) precipitation temperature; and iii) conditions of precipitation and the resulting value of the isolopic fenctionation factor; and

l)) Various combinations of the conlro“ing factors are possi”e aml, conseqnently, the worldwide travertine dvpnsil,s exhibit a very widde range of the
580 ratio, from +2 to about +32 per mil spr0um .

Results of isotopic comparison: the observed Yucea Mountain Tange, from 19.2 10 22.0 per mil SMOW, IS within the corn-spu|u|i||g range {1om
the worldwide travertine (|eposits.

Oxygen isotopic file - isotopic character of oxygen contained in travertines, worldwide data. From Turi, 1986,

I“igun- 1.



Note:

o)

b)

To! dolomite

313C %.(PDB)

8'%0snr0ow

Botl: the 6'3C vs. lithology gratlient and the 6'%0 vs. |it|lo|ogy grm'ieut may reasonably be attributed to an increasing residence time, at the
topograpllic surface, of the Jeposits parent ﬂuicls;

The increasing residence time for the parent ﬂui(l, at the I.opograplnic surfuce, is acconumnim' l)y: i) clecrea.siug precipitation temperature; ii) in-
creasing kinetic fractionation efrects; and iii) increasing oxygen --18 and carbon --13 evaporative enrichment. - each of these factors may account
for the observed grm'iems;

Tpa. denotes soft - clla"(y |im&sl.one; Tl(l (leuotes (]cnse no«]ulnr and fenestral limestone; Tp' denotes carbonate rocks and minerals disseminated in
claystones;

At the Ash Mea.(lows topograpllic surrace, the ambient temperatures are ’il(ely to be 5 10 10° Celsius ||ig||er than the correspomling temperalures
at Yucca Mountain - the resu]ting diflerences in the equilil)rium fractionation factor range from 1 to 2 per mil SMOW, the Yucca Mountain values
being la.rger; and

Differences in values of the §'3C ratio, between the Ash Meadows deposits and the Yucca Mountain surficial (|eposils, are (lirectly attributable to
tlle-correspon(]ing differences in the parent fluids host rocks.

Results of isotopic comparison: the observed Yucca Mountain range, from 19.2 1o 22 per mil SMOW, irmliusted for the (liﬂering equilil)rimn
fractionation factors is compatiHc with the oxygen 18 content of the Ash Meadows spring carbonates.

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

Nevada. From ”ay et al., (]985)

Figurc 8.
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Note:

a) The entire observed Yucca Mountain range of the §'80 ratios for carbonate (leposits, from 154 10 22.0 per mil sMow, is very similar to that ol
served for the Ash Meadows Basin (leposits, Figure 8; and

l)) The above similarities suggest that, the differences in oxygen — 18 contents from samples of the respective surficial deposits are caused by the re-
spective differences in either the precipitation temperatures or the isotopic fractionation factors, but not |)y major diflerences in the oxygen — 18
contents of the respective parent fluids.

Results of isotopic comparison: the observed Yucca Mountain range, from 19.2 10 22 SMOW, ira«ljustml for the tli[rering percipitation tempera-
tures, is compatib'e with the observed oxygen - 18 content of the Yuceca Mountain subsuclace veins.

Oxygen isotopic file - isotopic character of oxygen contained in the Yiucea Mountain calcite-silica subsurface veins. Data from Szalo

uml Kyser (1990) nml WIlclllll uu(l StllCI(lcSS (1990)

Figure 9.
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Note:

a) During natural deposil.ions of travertines, the conditions of equilil»rinm isotopic fractionation are seldom uuuim-J, mainly as a conscquence of the
kinetic or non-equilil)riluu processes;

l)) Depémliglg upon conditions of precipitation, the combined or actual isolopic fractionation factor (l():'lnn(-.,(;-o, ] ",(,) may be both |urg«-r and

smaller than the equi|i|)rium lractionation factor; and

c) At a precipitation temperature of t ~20° Celsius, the combined isotopic fractionation factor may be assumed 1o range from 22 10 36 per mil
saow.

Oxygen isotopic fractionation data from travertine depositing springs of Central Italy and Yellowstone Park. From Turi, 1986.

Figure 10,



Note:

°)

b)

80 ) —} § l ! | 1
6D =86'%0 + 10
60 — -
For the "source” porlions, greater relative nmgnitm'c of
the oxygen isolopic s]nift, may be attributed to grealer
-100 — influence of fluids that underwent geutlnermal rock -+ -
fluid isotopic exclmnge reactions.
For the "sink” portions, grealer relative deuterium con-
tent may be attributed either to a] warmer circuim-
110 stances of reclnarge or |)) lesser influence of isotopica“y
ligllt fluids that underwent geotlnemml rock — fluid iso- B
topic exclmnge reactions.
-120 ] —1 1 1 1 1 ]
-16 -14 -13 -12 -11 -10 8 8 -7

6"0spow - subsurlace fluids

Tlie observed range of values for the 520 ratio, from samples of the contemporary Yucca Mountain subsurface fluids, is from —-14.2 to ~12.7 per
mil spow; samples are bulk water samples pumped out of large segments of exploratory wells - sampling "smoothing” may be involved, and the
observed range may be smaller than the m:l.na“y present one; and

If the parent ﬂuids, for the Yucca Mountain surficial (leposil.s, have carried the same oxygen —18 contents tlleu, the combined isotopic fractiona-
tion factor was in a range from 31.9 to 35.2 per mil SMOW, which is penuissiHe lyy the empirica| fractionation data from Figure 10.

Results pf isotopic comparison: the observed Yucca Mountain range, from 19.2 to 22 per mil SMOW, IS compatil)le with that expcctml for de-
posits pro:luce(l l)y the conlemporary Yucca Mountain subsurface fluids.

Oxygen isotopic file - isotopic character of oxygen contained in the contemporary Yucea Mountain subsurfuce fluids. Data from

Benson and McKiu]cy, 1985.

l"ignrn- .
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Ash Meadows - Amargosa Desert - app. altitude of land surface 2200 - 2600 fi. ansl.
=100 — ..."./\Yucca Mountain - app. altitude of land surface 3000 - 4800 fi. amsl. B
1104 Qasis Va"ey - app. altitude of land surface 3400 - 4200 ft. amsl. B
Paliute Mesa - app. altitude of land surface 6400 - 7000 ft. amsl.
120 1 1 1 1 1 1 1
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Not §"%0spt10w - geollxernml fluids
ote:

a) The observed range of values for the §'30 ratio, from samples of the contemporary Nevada Test Site gentlnennu' "ui(ls, is from - 148 10 - 12.3
. » . n . .
SMOW; samples are bulk éamples pulnped out of Iarge segments of exploralory wells - samphug smool.lung may be mvulve(l, and the observed
oxygen isotopic shift” may be smaller than the actually present one; and

l:) If the parent "uids, for the Yucca Mountain surficial (|eposits, have carried the same oxygen - 18 contents llnen, the combined isotopic fractiona-
tion factor was in a range from 31.5 to 36.8 per mil SMOW, which again is pennissil)le l)y the empirica' fractionation data from F igure 10.

Results of isotopic comparison: the observed Yucca Mountain range, from 19.2 10 220 per mil SMOW, is compatil.»'e with that expecl.eJ for
(Ieposits pr0(|nce(| l)y the conleniporary Nevada Test Site geothennn' fluids.

Oxygen isotopic file - isotopic character of oxygen contained in the contemporary Nevada Tost Site geothermal fluids. Data from

(flimssvu, 1985; Benson and Mri\’iulv_y, 1985, and White and (:lmmn, 1087.

l“igunf 12.
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The above performed comparitive analyses indicate that the 620 vs. §'3C field, from samples of the Yucca Mountain enleite-silica deposits, is
such that it is eutirely reasonable to posl.ulate that these deposits may have been formed from upwe"ing geotlnermal fluids {so-called per ascensum

origin|. Speciﬁca"y, the observed field is compatible with both the correspon(ling field from the unquestionul»le per ascensum (leposits and the

expecte(l field for (leposits prodncecl from the local geol.‘nerma‘ Nuids.

The noted l)y Quade and Cerling compatil.)ility of the 6'%0 vs. §¥3C ﬁelxls, between the Yucca Mountain surficial ('eposil.s and from the local col-
ble encrustations, may be taken to have a two-fold meaning. On the one lmu(l, it is conceivable that both the Per ascensum process and the per
descensum process [i.e., a) calcium and silica contained in the raulting (’eposil.s are provitle(l |)y wind- blown dust; and |») the parent fluids for

the r&ulting deposits are inﬁhratiug mcteoric ﬂui(!s. (]irectly from atmosplleric precipital.ion] yield tleposil.s I.|nat, for one reason or anotlner, carry

similar carbon and oxygen isotopic fingerprints. [f this is the case indeed then, the 80 vs 6'3C field should not be used as the origin discrimi-
nating factor. On the other llan(l, the Quade and Cerling 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 tlurouglx a number of processes, inclut]ing: a) the topographic

surface evaporation of shallow, seasonal bodies of run-ofl fluids (so—ca"e(] sensu lato per descensum proccss); ln) the topographic surface evapora-
tion of near-lly, no |onger active, (Ieep—scntecl spring clisc'narges; and c) some combination of n) and L) If thiis is the case indeed tlnen, il is cnlirely
improper to use §'80 vs. §!3C field, from the cobble encrustations, as a meaniugfu' relerence. (see Figures 13a and 13l for evidence that justifies

this statement)

Clearly, in order to proceec] with lurther resolutions of the origin dilemma, for the Yucca Mountain calcite-silica dcposil.s, it is necessary to con-
sider some additional factors. It is fortunate indeed that, in the case of Yucca Mountain, the already available oxygen — 18 data base is sulli-
ciently broad to facilitate gaining some insights into geothermal circumstances of formation of the local calcite-silica deposits. It is here where a
satisractory resolution of the dilemma may lie. Let's consider two topies, namely a) the precipitation (crysta"ization) temperatures for the de-

posits and l.\) the dept‘l vs. precipitation temperature grmlient (so-ca"e(l paleo-geotllermal gratlient).

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

Fieure 13
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a) The worldwide data for calcretes are from Talma and Ncuerl)crg (|983);
l)) For the Nevada Test Site cobble encrustations, the 63C ranges from 14.1 10 9.1l ppp, Qumle et al., (|989);
AN

c) This sange ovetlnps with: i) the cnrrespom'ing range from the worldwide *pedogenic” (7) caleretes, which is from 14 10 - 12 per mil ppp;
i) the corrwpmnliug range from the worldwide groundwater caleretes, which is from 41 to — 10 per wil pon; iii) the cmrcspomling range
* from the worllwide travertines, which is from 112 to =24 per mil ppn, Figure 3; iv) the corresponding range from carbonate gangue from
gold-bearing hydrothermal ore dcposits, which is from 1 10 to =10 per mil PDD l“igure 4; v) the cortespom'iug range from the Ash Mead-
ows dccp sealed spring ¢|eposil.s, which is from 42.5% to -3.0 pes mil ron, Figmc 8; and vi) the corrcspnmling range from the Yucca Mountain

cakcite-silica dcposits, which is from 3.0 to -8.5 per mil DR, Figurcs I and b and

(l) One of the fu“owmg statements must be true cither |) the per ascensum ocess ylclxls carbonate (Icpusus llml, in terms of the 8'3C ralios, are
. . - ve . . . » . " I -
similar to those prmlucc«l via the per descensum process; or u) assumption of the per descensum origin for the pe«logemc calcareous (leposns is
false.
Oue of the principals of the Aristotelian logic states: “if A is not always B then C, although incladed in B, does not have to he

A“
I"iglmt .
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Note:

o)

b)

)

d)

The worldwide data for calcretes are from Talma and Nelterl)erg (1983),

For the Neva&la Test Site cobble encrustations, the 6130 ranges from —04 10 -12.6 rOB, Qumle el al., (1989);

This range overlaps with: i) the correspon(]ing range from the worldwide "pedogenic” (?) calcretes, which is from +4 to 8.5 per mil ppy; ii)
the corresponding range from the worldwide groundwater calcretes (inclucling "riverwater calcrelw), which is from -0.5 to =5 per mil ppuy;

iii) the corr&ponding range from the worl(lwide travertines, which is from +1.5 to -28 per mil ppp, Figure 1 iv) the corresponding range from
the Ash Meadows deep seated spring deposits, which is from ~ —4.5 to ~ -15.5 per mil PDB> Figure 8; and v) the correspomliug range from

the Yucca Mountain calcite- silica deposits, which is from ~ ~8.5 to ~ —16.0 per mil ppp, Figure 9; and

One of the fo"owing two statements must be true either i) the per ascensum process yieltls carbonate tlepusits tlmt, in terms of the §'®0 ratios,

. . . . . ”n . "
are similar to those produced via the per descensum process; or u) assumption of the per descensum origin for the "pedogenic” calcareous de-
posits is false.

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

I"‘igurc K



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

Figures 14 through 29




A reliable interpretation of the precipitation temperatures, for the Yucca Mountain surficial calcite-silica (l(-.posils, conslitutes an important aspect
of resolving the dilemma that surrounds the origin of these deposits.

An unequivocal demonstration l.llnt, for the surficial (leposits, the precipitation Lemnperalures were ranging from 14 10 say 20" Celsius (mn':i(-m.
temperature near the topographic surracc) would indicate that both the per descensum and the per ascensum origins are plausible. An unequivo

cal demonstration that these temperatures were ranging from 15 to say 300 Celsius, llowever, would cause a rejection of the per descensum origin.

For the Yucca Mountain surficial (leposits, reliable interpretations of the exact (t bo Celsius) precipitation temperatures can not he made Lased

solely on the oxygen —18 content of these (Ieposil.s. N

This is so because: i) a value of the 6'%0 ratio, for the deposit’s parent fluid, miay not be reliably estimated with the required precision of 1 1.0
per mil SMOW; ii) a value for the combined isotopic fractionation factor may nol be relia'x'y estimated with the require(l precision of ~ 1 1.2 per
mil SMOW; and iii) assumption lllat, (luring a time span represente(l |Jy these Lleposils lw||ic|| is from 20 1. 2 x 10® to more than 4 x 105 years
B.p., Szabo et al. (198” and Szalo and Kyser (lggﬂ)l, both the isotopic composition of the parent fluids and the combined isutopic (ractionation

factor remained time-invariant cannot be jusliﬁe(l.

Interpretations of the precipitation temperatures, based on the oxygen -18 contents from smmples of the Yucea Mountain surfi-
cial calcite-silica deposits - general remarks. ‘

l“igurc .



Figures 16 t\uong‘n 17 preseut the actual time-series for the isolopic composilions of the Nevada Test Site subsurface fluids that are, or were, in-
volved in precipitations of CaCO, (leposits. Both short and |ong—l.crm spans are covered.

Examinations of these ﬁgures reveal ,llmt, at the Nevada Test Sil.e, the oxygen — 18 content of the subsurface fluids may nol be assumed as time
invariant. Both the monotonic variabilities and the osci"atory variabilities are evident. The osci"atory variabilities involve both the low rrt'quc'ncy
fluctuations and the Iligll rrequency fluctuations.

Relative to the contemporary subsurface ﬁui(ls, the paleo—sul)surrace fluids could have been isotopica"y "heavier” |)y at least 28830 ~ 5 per mil
SMOW -

A potential error in estimating the oxygern —18 content for the parenl "lli(l. based on the correspomliug content of the coulemporary ﬂuicls, may
easily exceed a value of 680 ~ 5 per mil SMOWwW . The resuhing poteutinl error in estimaling the specimen precipitation temperature, and using
the equilil)rium isotopic fractionation curve, is equal to At~ 22° (:elsius, I igure 10.

Interpretations of the oxygen --18 coutent for the parent fluids of the Yaicea Mountain surficial deposits.

l“igurc- H
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Note:
a) The time series indicates tllat, even cluring time- spans of few years, the oxygen —18 content in the local subsurface fluids does not remain time
invariant;

l)) The observed monotonic oxygen —18 depletion is 46'%0 ~ 1.2 per mil spow in 6 years; and

c) The observed 6120 oscillatory variability has a maximum amplitude of A6'30 ~ 5 per mil spow .

Time-serics for the oxygen —18 content in fluids emerging from Cane Spring. From Lyles et al., 1990,

Figune 16.
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Note:

)

b)

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

tion of CuCOa;

Basec] on a variety of (Iata., Szymansl&i (1989) has postulate(l that both the Cane Spring (lischarge and the umler'ying pel‘CIIC(I bodies of grouml-

waler are (leep-seal.e(l and togel.ller express a contemporary hydraulic mound, presence of which is the result of past ]un'rcrtectunic activity;

The contemporary Cane Spring CaCO, (leposits may be regartle(l as a modern analog for the Yucca Mountain calcite-silica (]epnsits; and

The observed "oxygen isotopic shift” fu"y supports the previous interpretations regnrtling the lly(|ro|ogic sclling of the Cane Spring area.

The contemporary Cane Spring deposits - a modern analog for the Yucea Monntain surficial calcite-silica deposits.

I"igure 16a.
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Note:

a) During the last 2.5 x 108 years, the deuterinm content in the parent fluids for the local calcite veins have clmnge«';

l)) The long-term monotonic depletion in deuterium is A8D ~ 40 per mil spr0w - the corrwpon(ling minimum value for the oxygen — 18 depletion is
A&f"o ~ B per mil smow in 2.5 x 108 years; and

c) The sllort-period osci"atory variabi'ity has 2 maximum amplitu(le of AsD ~ 32 per mil smow - the correspou(liug minimum value for the short-
period oxygen —18 variability is A6'30 ~ 4 per mil sp0w.

Time-scries for the deuterium content in the Nevada Test Site subsurface fluids, based on fluid inclusion studies of calcite veins
- A .
from Devil's Hole, Ash Mcadows, and Furnace Creek area. Irom W|nogra(| et al., 1985.
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Note:
n) Each dot represents a %0 aualyze(] sample;

l)) The average sampling interval is 1.27Tmm - the corrapon(ling 680 ratio represents a mean value for a time span of 2300 + 100 years; and

During the time span from 4 x 104 to about 3.2 x 10¢ years BP, which is eqnivalent to the time span representetl |.ny the Yucca Mountain subsur-
face'veins, the mean value for the 680 ratio fluctuated with a maximum amplitude of about 2.7 per mil, SMOW -

v

)

Time-series for the oxygen —18 content in the parent fluids for the Devil’s Hole (DH-2) vein. From Winogrml el ul., ( |988).

l"iglur 1.




o Asshownin Figure 10, the empirical isotopic fractionation data indicate tlmt, at the topogmpllic surface, the (vaositiun of CaCQ, is often asso-
ciated with a variety of kinetic processes. Asa consequence of these processes, the cmn';ine(l, or acl.ual, isolopic lractionation factor is diflerent
than the equilil)rium isotopic fractionation factor.

o The l:inetic, or non-equilil)rium, isotopic fractionation eflects may be as |arge as Alﬂﬂlun(.-,.(vol.. mno ~ 6 per mil saron. The (-nm-spmuliug po-
tential error in estimating the precipitation temperature fora specimen that Lave umlergoue the non-cquililuimn‘isotopic rmcl.ional.ion, using only
the equilibrium fractionation relationship, may be as large as At ~30° Celsius.

o Coml)ining both of the potential errors, it is prudent to restrict the relia'xility of the precipitation temperature estimates to a ruirly wide range,
most certainly wider than the desired range from 15 to 20 © Celsius.

Potential errors that may pertain to estimates of the precipitation tamperatures for the Yucen Mountain calcite-silica surficial de-
posits, based on the oxygen —18 contents from samples of these deposits.

I“igurc 19.
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Uncertainties that are associated with interpretations of the precipitation temperatures for the Yucca Mountain (leposits, hased so'ely on the oxy-
gen —18 content of these cleposits, may be l)est i"ustratetl I)y poinling out llle results of such interpretations as perronntxl l)y Szabo and Kyser

(1985) an(l SZ&LO Bll(l KySC[ (]990).

A comparison of F igures 21 and 22 reveals that, the same investigators using the same oxygen —18 data came to two diflerent conclusions. In
accordance with the results of 1985 interpretations, samples yie]cling values of the 6'20 ratio ~20 per mil were precipilalml al a temperature of
about ~25° Celsius, F igure 20. Because some of the Yucea Mountain calcites and surficial fault infillings carry values of the §'%0 ranging from
19.2 to 20.0 per mil; it follows that some of these deposits were formed at lemperatures ranging from 25 to 30° Celsius. These temperatures are
far in excess of those that may reasonallly be attributed to the per descensum prdcms.

«\—\-—’/-
In accordance with the results of 1990 interpretatious, llowever, samples that yiel(l values of the 6'20 ratio ~20 per mil were precipital.e(' al a
temperature of about ~14 ° Celsius, Figure 21. This precipitation temperature may be regarded as consistent with hoth the per descensum pro-
cess and the per ascensum process am], t]uerefore. may not be used as the origin Jiscriminating factor.

»

INustration of uncertainties associated with interpretations of the precipitation temperature for the Yucea Mountaiu calcite-silica
surficial deposits, based solely on the oxygen —18 contents from snmples of these deposits.

I"igun' .
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Note:
a.) Samp]&s yiel(ling values of the 6§'30 ratio ~20 per mil sMow were iuterprel.e(l to have been formed at a temperature ~25° Cclsius;

l)) The Yucca Mountain surficial (leposits carry values of the 8'80 ratio ranging from 19.2 0 22.0 per mil SMOW, I igure L and

c) The corresponding range of the precipitation temperatures, for the Yucca Mountain surficial ¢|eposits, is from 15 to ~ 28" Celsius - only consider-
ations of the per ascensum mechanism are permissiue.

1985 interpretation of the precipitation temperatures for the Yaucca Mountain vadose zone veins. From Szabo and Kyser, 1985.

Figure 21.




Note:

a) Both the 1985 interpretation and the 1990 interpretation are based on the same oxygen —18 (lata;
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b} Samples yielding values of the §!20 ratio ~20 per mil spow were interpreted to have heen formed at a temperature of ~14° Celsius; and
pies y g

c) The corresponc]ing range of the precipitation temperatures, for the Yucca Mountain surficial Jcposits. is from 5 1o about ~ 18° Celsius - considerations
of the ‘per descensum and the per ascensum mechanisms are permissible.

1900 interpretation of the precipitatious temperatures for the Yucca Mountain vadose zone veins. From Szabo and Kyser, 1990.

I"igure 22




o Figutes 24 tlnroug'n 28 present the results of five conceivable reconstructions of the precipilation Lemperatures for the Yucea Mountain surficial de-
posits. These reconstructions are based on the oxygen — 18 contents from samples of these deposits, as reported by Whelan and Stuckless (‘99”).

As shown in Figure 1, samples of the Yucca Mountain surficial deposits yield values of the 6'80 ranging from 19.2 to 22.0 per mil saromw.

o Each reconstruction involves two steps. First, value of the combined isotopic fracﬁouation factor (lﬂ“lnac,,co,_u,o =218 . lﬂﬁ/T2,2,82 { ﬁ)

was computed by sul)tracting the assumed value of the 6'%0 ratio, for the (leposits parent fluids, from the observed value of the 6§20 ratio, from
sampl& of the (Ieposits. Secon(], the precipitation temperatures were estimated using the empirical isolopic fractionation data from Turi (|98(i); il

appropriate both the equi‘ibrium isotopic fractionation effects and the non- equilil)rium isotopic fractionation ellects were considered.

o For the parent ﬂuids, three different isotopic compositions were considered. These are: i) reconstruction A - made assutning that the parent flu-
ids have carried the oxygen ~18 contents similar to those of the local contemporary atmosp'nere precipitation; ii) reconstructions B} and C - made
assuming that the parent fluids have carried the oxygen —18 contents similar to those of the local contemporary subsurface fluids; and iii) recon-

structions D and E - made assuming that the parent fluids have carried the oxygen -- 18 contents hcavier l)y AS'%0 ~b per u|i|, than those of the
local contemporary subsurface fluids.

o Recoustruction D is considered as the most reliable and conservative interpretation.

Reconstructions of the precipitation temperatures for the Yucea Mountain surficial deposits, based on the oxygen -18 contents
from saples of these deposits.

Figuie 23.
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a) isotopic fractionation data, from Turi ( ]986). L) weighted average values of the 6!80 ratio - atmospheric precipitation
at the Nevmlu T&it Site, from lugralnam et nl., (IQQO)
Note:

a) In performing this reconstruction, it has been assumed that: i) the parent fluids, for the Yuces Mountain susficial fluids, were isotopically identical to the
contemporary ntmosp'neric precipilalion (ul altitudes ranging from 1250 to 1400m, 8'20 values fange fiom - 1.7t 113 per wil snuw); und i) the

non-equi'il:rium isotopic fractionation eflects were alxscnt, such that the combined isotopic fractionation fuctor lﬂ:’bmc..co,_ mo =218 . |0"/ 17282

b) The mininum and maximum values for the combined fractionation fuctor (m’lmxc.co,_".o =2.18. 10¢ / 12— 2.82) are 30.5 and 33.7, respectively;

c) The consponding range for the precipitation temperatures is from 0 10 ~ 140 Celsius; and

J) Tlne measuru] conlemporary in-silu temperatures, at uu' near I.|ne topogmplnic surfuce, range from 15 10 21° Cclsins, Sass et ul.. (|987) - the |-u|co and

conlemporaty temperatures (liscrepnncy indicates that one or both of the assumptions, empluyctl to determine the pu‘co tamperature, are fulse.

Reconstruction A - the precipitation temperatures for the Yucca Mountain surficinl deposits, based on oxygen - 18 contents from
samples of these deposits.

l‘.igurc 2.
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Note:

a) In perfonning this reconstruction, it has been assumed that: i cluring a time span represente(l |.wy the surficial deposits, the isolopic composi-
tions of the parent fluids were the same as those observed below the water table at the present time (6"’0 values ranging from —14.2 to —12.7

per mil saow, Figure “); and ii) the non-eqni'il)rium isotopic fractionation ellects were alrscnl, such that the combined isotopic fractionation

factor loalnacaco,_",o =278 . 108 / T2_ 2.82;

l)) The minimum and maximum values for the combined fractionation factor (lﬂ:’luagaco,_",o = 2.8 . 108 /T’— 2.82) are 31.9 and 36.2 per mil

SMOW, respcctive'y; and

c) The corrapomling range for the precipitation temperatures is from 8 to bedow 0° Celsius - this almormn"y low range indicates that one or both
of the emp‘oyetl assumptions are false.

Reconstruction B - the precipitation temperatures for the Yucen Mountain surficial deposits, based on the oxygen 18 contents
from samples of these deposits.

I"iglm- M.
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Note:

u) In perrormillg this reconstruction, it has been assumed that: i (Iuring & Limme span represente(' lny the suclicial (|vposits, the isotopic compao-
sitions of the parent fluids were the same as those observed below the water table at the present time (6'30 values ranging from - 112 10 -
127 per mil SMOW, F igure “); ii) the combined isotopic fractionation factor was larger that the equilil.\rium [ractionation [actor, such that
malnac,co,._",o =2178. 10“/'1"—2.82 +8; and iii) the non-equi'il)rinm isotopic fractionation is caused |)y a mpicl escape of(’()g from the par-

ent solution; isotopica“y ligllter CO: is eliminated preferentia"y, and CaCOj acquires it’s oxygen from both 11,0 and COy;

l)) Tlne. minimum and maximum values for the combined isotopic fractionation factor (lﬂ"'lua(v,,co,_ H,0 = 2.78 - lO"/T‘— 2.82 l[i) are 31.9 aud

36.2, respectivel i'H and

c) The corrspon(ling range for the precipitation temperatures is from 18 to 34° Celsius.

Reconstruction C - the precipitation temperatures for the Yucca Mountain surficial deposits, based on the oxygen 1B contents
from samples of these deposits.

Figure 26.
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Note:

n) In perrorming this reconstruction, it has been assumed that: i) the parent "uicls, for the Yucca Mountain surficial dep;)sits, were isotopica"y
heavier than the contemporary Yucca Mountain subsurface "uitls, A0 ~ 5 per mil sarow (92 t0 1.7 per mil SMOW, l"igure 18); and ii)
the non-cquilil)rium isotopic fractionation effects were n[)sent, such that the combined isotopic fractionation factor loahlacaco, —H,0 = 2.78 .

102/T2-2.82,

l)) The minimum and maximum values for the combined fractionation factor (lﬂalvmc,,co,_ o =218 - 10"/ f2. 2.82) are 26.9 and 31.2 per mil,
rwpcctively; and

c) The corrsponcling range for the precipitation temperatures is from 13 to ~ 32° Celsius.

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

Figurc 2.



L 1 ) 1 4 T T
[ Spcings from Central ltnly
O Main Springs l Yelluwstone
X New "i;ll'nml T Park

Baguaccio

Bagni S. Filippo

g- non-equilil)rium component for the combined
-} isotopic fractionation factor

'O'Lﬁs—ﬁ'—i:—ér—é——é) 3':2\ ]

103nacaco, - 4,0

Note:

a) In performing this reconstruction, it has been assumed that: i) the parent fluids, for the Yucca Mountain surficial deposits, were isotopically heav-
jer than the contemporary Yucca Mountain subsurface ﬂuids, AS'%0 ~ b per mil sprow (—9.2 to ~1.7 per mil SMOW, Figure 18); the combined
isotopic fractionation factor was Iarger than the equilil)rium fractionation factor, such that walnac..co,_ Ha0 = 278 . lﬂ"/ 12-2.82 16; and iii)
the hon—equilil)rinm isotopic fractionation is caused l)y a mpicl escape of COz from the parenl solulion; isotopica"y |ig||ter CO; is eliminated ptef-

erentia"y, and CaCO, acquires it's oxygen from both 11,0 end CO;;

l)) The minimum and maximum values for the combined isotopic fractionation factor (103:..00.,00,_ H,0 = 2.18. 100 /T‘—- 282 +ﬂ) are 20.9 and
31.2 per mil, respective‘y; and

c) The corrspon(]ing range for the precipitation temperatures is from 38 1o 53° Celsius.

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

Figuie 28.




Without Imving reliable information regartling both the isotopic compositions for the parent fluids and the isotlopic [ractionation conditions, it is

not possil)le to specily a re]ial;'c, but at the same time narrow, range for the precipitalion temperatures for the Yucca Mountain surhcial (leposits.

Based on information presently at hand all that may be said, with some (legree of cerlainty, is that these temperatures could have been nnyw'nere
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 mling out the possil)ility that the precipitatlion temperatures, for all of the considered samplcs, were
within the 15 - 20° Celsius ambient temperalure range. Asa consequence, based on the results of considerations of the precipilation temperature
alone, the per descensum origin for the Yucca Mountain surficial Jeposits can not be rejected.

A more reliable and definitive picture of the geothermal circumstances of precipitation, for the Yucca Mountain calcite-silica deposits, may be de-
rived from considerations of the paleo-gcotllermal gtadients. This is so because such considerations may be performed on relativistic basis and
tllerefore, do not require lmowleclge of the absolute isotopic composition for the ¢|eposils parent Mluids.

Sununary - the precipitation temperature reconstructions. The Yucca Mountain calcite-silica deposits.

I"igum 29.



Part C - CONSIDERATIONS OF THE YUCCA MOUNTAIN PALEO-GEOTHERMAL GRADIENT.

Figures 30 through 44



A reliable interpretation of the Yucca Mountain pa'eo—geotl_nermal grmlient, based on the observexd ds1%0/d2 gnulient from smnplcs of the local
calcite-silica «Jcposits, conslitules an important aspect of réso'ving the dilemma that suerounds the origin of these clcpusil.s.

A reliable demonstration lllat, in the Yucca Mountain vadose Zone, the geot'neruml grmlieuts um'ergo temporn' ﬂuctlmtions, with mnp|il.m|os say
Adtfdz ~ 10 -15° Celsius per lkin of 1|c|>l.||, would constitute a ruirly definitive demonstration that: i) cpisotlica"y, the Yucea Mountain vadose

gone was being innudated with warm fluids from below the water table; and ii) all of the Yucea Mountain calcite-silica deposits were formed via

tlle per ascensum process.

A reliable interpretation of the paleo—geotllermal gratlient is dillicult to perform. This is so because such an inlerprelation requires two assutp-
tions. These assumptions are: i) the oxygen —18 contents of the parent "ui(ls, for spalin"y and tenqmm"y different smnples, were either the same

or the §'%0 varial)ility is both known and fixed in the spatio-temporal sense; and ii) the nnn-equi'il:rium isotopic fcactionation effects are either

absent or, relative to the equilil)rium fractionation curve, maintain a known relalionslnip.

It is not possi”e to exact]y spcciry the oxygen ~18 content of the parent fluids for the Yucca Mountain calcite-silica (lepmil.s. This is so hecause:
i) the contemporary Yucca Mountain subsurface fluids exhibit the 30 spalia' varial»ilil.y of ~1.5 per mil saromw Figure 1) - this varin'xilit_y is

known based on bulk fluid samplcs pumpecl out of |nrge horehole segments, sampling "smoodling” may be iuvolvc(l, and the actual 6'%0 spatial
1

variabilit may be lar er, say A8 ~J per mil SMOW; and ii) for the time-spans rcprescntc(l ';y the Yucea Mountain calcite-silica deposits, the
Y g 1 )

loca“y known value for the 30 temporal varial)ihty ranges from 2.7 to about 4 per mil SMOW (Figures 17 and |8)

Interpretations of the paleo-geothermal gradients, based on the observed d8'0/dz gradient - general remarks.

Figure 30,

N




We do not know much about the non-equilil)rium [ractionation e"ecls, as such eflects pertain to the Yucea Mountain calcite- silica (Icposits. ln
view of substantial errors that potentia“y may be involved, it is prudenl to consider three fractionation scenarios.

The first scenario is tlml_., the non-eqnil‘il)rium isotopic {ractionation eflects are either absent or (|ept|| invariant. In this case, the pn|eo—gcodwnnu|
grarlien(. estimales are rair]y reliable. The observed constant (leptll 8180 vnrial)ility, from samples of the (lcposits, may rcnsuual:ly be regauled as
re"ecting the spatio—temporal §'%0 varial)ility in the parent fluids for these (leposits.

The second scenario is t'mt, for some or all of the considered samples, the combined isolopic [ractionation factor exceeds the equim)rium fraction-

ation factor and the difference is deplll variant. In this case, down to some tleptln, the observed constant (leplll $'%0 vurinlxi'il.y, from samples of

the deposils, reflects i) the spatio-temporal %0 varia‘)i]ity in the parenl fluids, l.ogetlner with ii) the spal.io—tempmu‘ vatiul)ility of the combined _/
isotopic [ractionation factor. It is difficult to separale these two variabilities and, consequently, the paleo-geothermal gradient estimiates may not

be reliable. Because it is likely that the non—equililjrium fractionation effects diminish depthward, the pulewgcotlucmm' gradient estimates, for
Jeeper portions of the vadose gone, may be tegarclccl as more reliable than those for shallower portions.

The third scenario is tlml.‘ for some or all of the considered samples. the combined isotopic fractionation factor is smaller than the equili';rium .
fractionation factor and the diflerence is (lcpdl variant. llere again, it is difficult to propcrly interpret the observed constant ('epl.ll 8180 variabil
ity, from samples of the deposits. As a consequence, the reliability of the paleo-geoduenual gradient estimates may be low, particularly for shallow
parts of the vadose zone.

Interpretations of the paleo-geothermal gradients, hased on the observed 46180 /dz gradient - general remarks.

I"‘iglln' :mu.



Reconstructions of the Yucca Mountain paleo—geol hermal gratllenl,, pcrrorme:l |)y Szabo and Kyser (|9‘)0) and shown in Fi igure 22, were made us-

ing the oxygen —18 data from sumples of the calcite-silica veins collected from cores extracted in boreholes UL- 25a, USW ('-2 and USW (-3
The data reporte(] l;y Wlhelan and Stuckless (]990) and representing the surficial (leposnls and veins from horehole USW G- 4 were not use(I

The reconstructions were made employing four assumptions. These assumplions are: i) samples carrying values of the 8'80 ratio ~ 20 per il
SMow were precipitated at a temnperature ~ 14° Ce‘sius; ii) spatia"y different samples were precipitale«l from parent fluids |uwing the same OxXy-
gen —18 contents; iii) Juring the time span repr&cnte(l l)y the subsurface veins, from 26 + 2 x 10% to more thau 4 x 105 years B.l’., the oxygen
~18 content for the parenl fluids remained the same; and iv) precipitation of the veins occurred as an equilibrium fractionation process, such that

the actual [ractionation factor was a sole and known function of the precipitation temperature.

The known oxygen —18 data from the Nevada Test Site (rlgures 16 tllrouglx ]8) and the empmcnl fractionation data (' Ig\tre ]0) indicate that

none of tlle employe(l assumplions may .)e Jllsllﬁefl Conscquenl.ly, tl:e ulna'nllly of the pn'eo—g« ol||er|na| grmlwnt recoustrmllons as perfunnul

l)y SZ&‘)O am' Kyser (1990) SIIOlll(l I)e Ju(lgetl low.

Reliability assessment for the paleo-geothermal gradieut recoustructions performed by Szalbo and Kyser (1000).

l"igunr 3.



As shown in Figure 22, the reconstructed Yucea Mountain pnieo-geotincmmi gruciicnl. exhibits a very conspicuons cuevature. Down to a (icpl.il of
~ 400m, the (ieptilwar(i rate of the in-situ temperature increase is ruiriy low; value of the cquivnicnl gml.in-rnmi grmlieul. is dt/dz ~ 17° Celsius
per Tkm of (leptil. A grealer (ieptins, ilowever, the (lepliiwnr(i rate of the in-situ temperature increase is simrpiy ||igiu'r; value of the cquivaivul.
geotilennai gra(iienl is us iarge as dt/dz ~ 50° Celsius per lkm of cieptin.

The results of geotilermni stu(iies, perrurmeci imy Sass et ai., (i987), lead to a conclusion that the Yucca Mountain thermal cumiuctivily structure

is fairiy iiomogeneous. Laimratory measurements revealed that a mean value for the local thermal con(iuclivily is~ 1.7 114 m oYl and devia-
tions from this value are fairiy small. In-situ measurements of downhole temperature, performeri in boreholes iiib-?ﬁa, USW ('-2, and USW C-3
(Figurm KL} tilrougii 36), in(iicatq that the vadose zone geotiiermai gra(lients are iniriy monotomic - a clear indication that also the in-situ thermal

conductivity structure is ilomogeneous. Both of the above lines of evidence indicate that, the paieo—gcntinennai grmiicnt curvature is abnormal.

This curvature indicates lilat, most iii&eiy, the paieo-geolilermai gra(iieut reconstruction is in error. |0 account for the curvalure, two possii;ilities
may be put forth. The first possil.)iiity is timt, the parent ﬂuitis. for the sputiniiy and temporaiiy diflerent veins, have carried different values of
the 6'80 ratio. The actual time-series for either the oxygen — I8 content of the deuterium content (i"igurcs 17 and 18) indicate that this is a fuicly
reasonable possibility. The second possihility is that, the paieo—geotineruml grmiient curvature is te"ing us that, «iuring formation of the veins, the
nou-equiiiiuium, or itinelic, processes were involved. ‘The paieo— geotiiemmi grmiient curvalure may be expiuine(i |)y asswining timt, with a pro-
grcssiveiy smaller (|epl||, the combined lractionation factor was progressiveiy smaller than the equiiii)rium fractionation fuctur, Figure 10. This
non-equiiii)rium fractionation eflect is similar to that observed i)y Friedman (1970 (iuriug his studies of [ractionation processes associated with

the New "igiiinn(i Terrace Spring (iiscilarge in the Mammoth Ilot Spring are of Ye_"owstone i)arii, Wyoming. ln very mpi(iiy moving "ui(is, the
CaCO, nucleation occurrs prior to the CaCO4 (ieposilion. In other words, the CaCOj; nuclei (leposit above their nucleation (ieptin where lower
temperatures prevaii. These nuclei record a lower than (ieposil.ionni value of the combinedl fractionation factor.

Analyses of the paleo-geothermal gradient reconstructed by Szabo and Kyser, 10900,
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Puttiug aside the above reservalions, it may be assumed that the paleo—geot'lerma‘ grmlieut reconstruction, made I:y Szaho and K yser (|99U), is
cotrect. What are the implications that result from this reconstruction?

l“igures 34 tlnrougll 37 present comparisons |)etween the reconstructed pa‘eo-geol'nermal gmrlient. and the conlemporary gml.lmmml gm«lienl.s, as
recorded in the corresponding boreholes UE-25a, usw C-2, Usw ('—3, and USW C-4. Examination of these ﬁgnres reveals l.||al., in the lower

parls of the vadose zone (~ 100 - 250 m above the contemporary water tal)le), the reconstructed pa|eo-geot|wrma| grmlieul is a factor of two

Iligller than the contemporary geot'nermal gratlient.

Radiometric ages of samp'es, that were used in the paleo—geotluerma' reconstructions, range from 26 + 2 x 103 to more than 4 x 10° years B.P N
Szabo and Kyser (1990 . The factor of two clmngc in the geol.lnennal grac'ient. occurring tluriug such a short time span, demands a rational exp|a— N

nation. llere, however, there is only one possiljility, namely: the basal parts of the Yuceca Mountain vadose zone were being repeatedly
invaded by warmer fluids from below the water table.

Because both the 6'3C ratios and the 6'%0 ratios from sa.mples of the surficial (leposits are identical to those from samp|es of the (Iel'pel' veins
Figurw 5 and 8), there is little merit in insisting that the surficial deposits were formed via the per descensum process. Consequently, the Quade .

and Cerling conclusion ”comparison of the stable carbon and oxygen isotopic compositions of the fracture carbonates with those of modern soil
* 3 () ” -
carhonates in the area shows that the fracture carbonates are pedo_genlc n origin does not appear as a parhcu'arly sound one.

Tmplications resulting from the paleo-geothermal reconstructions made by Szabo and Kyser, 1000.
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Comparison between the paleo-geothermal gradient and the contemporary geotherinal gradient. Well UE-25a.
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Comparison between the paleo-geothermal gradient and the contemporary 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.
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Figures 39 I.llrougll 4] present alternate interpretations of the Yucca Mountain palco—gcotllerma' grmlicnt, based on the olserved d6'%0/d: gra-
dient from snmples of the local calcite-silica (lcposits. These interpretations were made using all of the available oxygen -- 18 (Ialn, as reported by

Szal)o a.n(l K_YSCI‘ (1990) all(l Stuc“ess an(l W||e|nn (Iggﬂ)

A common assumption employe(l in performing all three interpretations is tlml., for the surficial calcite-silica (Iepnsil.s, the precipitation tempera-
ture was ¢ ~ 20° Celsius. The pa'eo—geotllermal gm(lient interprelations are only margiun"y sensitive to the precipitation temperature assumption
and, should this assumption be wrong, the resull.ing €errors are insigniﬁcant'y small.

Theee conceivable isotopic fractionation scenarios were considered. These scenarios are: i) reconstruction A - made assuming that the combined
isotopic fractionation factor is equa] to the equilil:rium fractionation factor (ﬁ(dl = 0); ii) reconstruction I} - made assuming that the combined ~
isotopic fractionation factor is Iarger than the equilil)rium fractionation factor (,6(,,) > 0); and iii) reconstruction C - made assutning that the com-

bined isolopic fractionation factor is smaller that the equilil)rium (ractionation factor (ﬂ(d) < 0). -

Reconstruction A is regnrtle(l as the most reliable and conservative interpretation.

Alternate interpretations of the Yucca Mountain paleo-geothermal gradient - general remarks.

Figure 38,
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a) In performing this reconstruction, it hias been assumed that: i) at the topograplxic surrace, the precipitation temperature for calcretes and veins
was t ~20° Celsius; ji} the constant (]eptln va.ria‘)ility of the oxygen —18 content, from snmples of the calcite-silica deposils, reflects the spatio-
temp'oral vatialaility of the oxygen — 18 content in the parent fluids, A6'80 ~ 3 per mil; and iii) the non- equilibrium isotapic fractionation eflects

are absent nn(], tllerefore, wahmcnco,_ 1o = 218 . ]0°/T 2_282 - where T is precipilation temperature in ° Kclviu; and

b) Value of the paleo—geotllermal gradient is dt/dz ~ 350 Celsius per km increase in depth - the corresponding contemporary geothermal gradient
ranges from 20 to 24° Celsius per lkm increase in ('epl.ll.

Neconstruction A - the Yucca Mountain paleo-geothermal, based on the oxygen -18 content of samples of the local caleite-silica
deposits.
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non-equilil:»rium isotopic fractionation, Bia) ranges from 0.5

400 — —
to about 2.5 per mil.
600 — [~
equilibrium isotopic fractionation
— 8600 — [
E.
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§‘ O
800 1 ) 1 t } t 1
15 16 17 18 19 20 21 22 23
GIBOSMOW er lllil
Note: [P '

a) In p;:rrorming this reconstruction, it has been assumed that: i) at the topogmp]lic surface, the precipitation temperature fur calcretes and veins
was t ~20° Celsius; ii) the oxygen ~18 content of the parent ﬂuids, for spatio—temporarly different samples, was the salne; iii) the constanl;dcptll

varial)ility of the oxygen —18 content, from samp'es of the calcite-silica (leposil.s, is attributable to the non-equililxrium isotopic fractionation ef-
fects, such that combined malnac,co,_",o =278. IUB/T’—- 282 +B(a) and iv) the non-equili'nium fractionation is caused |)_y a rapi«‘, and

depth variant escape of CO; from the parent solution - the CO, (legassin rate decreases (|ept||war(|, and CaCO, acquires its oxygen from both
P! p 4 [}

H;0 and CO,; and

l)) Value of the paleo-geothermal gradient is dt/dz ~33° Celsius per lkni increase in depth - the corresponding contemporary geothermal gradient
ranges from 20 to 24° Celsius per Tk increase in depth.

Reconstruction B - the Yucca Mountain paleo-geothermal gradient, hased on the oxygen —18 content of samples of the local
calcite-silica deposits.
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Note:
a) In perfonuiug this reconstruction, it lias been assumed that: i) at the topograp]nic surface, the precipitation temperalure for calcretes and veins
was t ~20° Celsius; ii) the oxygen —18 content of the parent ﬂui(_ls, for spatio—tempora"y different samples, was the same; iii) the constant depth

variability of the oxygen —18 content, from samples of the calcite-silica (leposils, is attributable to the non-equilibrium isotopic fractionation ef-
fects, such that combined 103nacaco,-#,0 = 2.78 . 10¢ / [2- 282 —Biays and iv) the nou-equilibrium fractionation is caused by a rapid upward

movement of the forent fluids - the CaCOa nucleation occures prior to its (leposition aml, conscqueutly. the Jcposited CaCOa recor(ls, tempera-
tures that are lxig her than those prevailing at the actual Jeposition siles; and

l)) Value of the pa]eo—geot'xermal gradient is dt/dz ~58° Celsius per 1km increase in (]eptln - the correspomling conlemporary geolllerma' gm(lic-nl
ranges from 20 to 24° Celsius per 1km increase in (leptll.

Reconstruction C - the Yucca Mountain paleo-geothermal gradient, based on the oxygen -18 content of samples of the local
calcite-silica deposits.
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Figute 43 presents a snmmary of reconstructions of the Yucca Mouutain palco—geothemm' gm(lient. The contemporary geut'nernml gm«'iuul., as

measured in Well USW C-3 l)y Sass et al., (1987), is used as a relerence.

In all cases consi(lere(l, the reconstructed pa'eo— geotllermal grmlie;lt is siguiﬁcanlly greater than the contemporary goullu-ruml grmlivnt, as mea-
sured in the correspom|ing wells. Values of the contemporary gcot‘ncmm' gra«lient are: i) Well Ul%—‘lf)a. dtfdz ~ 2l Celsius per | ki of tlttplll;

ii) Well USW G-2, dt/dz ~ 24° Celsius per Tk of depth; iii) Well USW G, at fdz ~ 220 Gelsius per Tk of clcptlx; and iv) Well USW A,
dt/dz ~ 20° Celsius per ll&m of depth.

The reconstructed values of the pa]eo—geol.llerma] gm(]ient ares i) reconstruction Ly Szabo and Kyser (|990) - dtfdz ranging from 17, near the
topograp]lic surface, to 50° Celsius per 1km of (lepllx, in (leeper paris of the vadose zone; ii) seconstruction A - dt Jdz ~ 350 Celsius per Tk of
depth; iii) reconstruction B - dt/dz ~ 33° Celsius per 1km of (lepth; and iv) reconstruction G - dt/dz ~ 58 Celsius per tm of depth.

The interpreted temporal fluctuations of values of the geothermal gradient indicate that, the Yucca Mountain vadose zone was being episadically
invaded l)y warmn fuids from below the water table. Evi(‘cnl.ly, the rcsuhing warning up of the vadose zZone was accompnniccl, and rt’.COl‘(lt:l], |;_y
the episoclic precipitation of the calcite-silica veins.

As [ar as the origin of the calcite-silica deposits is concerned, the available oxygen - |8 and carhon - 13 data are convincing and clear. Both the
surficial deposits and the subsurface veins were produced via the per ascensum process.

Summary - the paleo-geothermal gradient reconstructions.
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~O————0— reconstruction C.
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ntemporary gcollu:mml gradicul in borehole USW (-3 - Macch 1983
measurements I)y Suss et ql., 1987.
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a) Eac]n of tlne consi(leretl cases yieI(ls the paleo- geol.llermal gra(lient that is sul)sl.mllia"y ||ig|ner than the conteamporary gcutlncnnul gru(li«-ul; and

l)) The geotllcmml gm(licnl.s discrepancy indicates that precipitation of the calcite-silica clepusits was accompanied by a significant warming up of
the vadose zone and, therelore, occurred as the Per ascensuin process.

Comparison hetween the contemporary geothermal gradient and the paleo-geothermal gradients, as reconstructed based on the
dd'30/dz gradient from samples of the calcite-silica deposits and using varions assumptions.
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]n conclusion, the results of both the comparalive isolopic analyscs l"igurcs | tllruug'n |3) and the palco—gm)l.lmrmu' unulysv.s (l“igurcs 14 lluuugll
43) indicate that the per descensum interpretutions of the origin of the Yucea Mountain surlicial deposits, as pmposml by Quade and (:crling, lack

a proper foundation. As a matter of ract, the very oxygen ~18 and carbon 13 tlu(.a, that were used in (Iuvvlupillg the per descensum inlecpreta-
tions, may be used to success[ully discredit these interpretations.

An independent, but again quite convincing, demonstration that the Yucca Mountain calcite-silica deposits were formed via the per ascensum priv-
cess may be constructed on the basis of uraninm and strontium isotopic data. Considerations of these (|mu, as pcrfunuml in a soon o be released
report l)y Szymansl(i, revealéd that the isotopic characters of uranium and strontinm contained in these (lc'pusils are identical to the isotopic chas-
acters of uranium and strontium dissolved in the local geot.lnerma' fluids.

To an experienced feld geologisl the per ascensum origin of the Yucca Mountain calcite-silica (lcposil.s, based on common sense considerations
of abundant field evidence alone, is obvious. The gamut of isotopic data only confirs the a priovi known, and reasuuul)ly secure, conclusion.
Conseqnently, the per descensum interpretations, as proposed |)y Quatle and Cerling, may lmn“y be regnrdexl as an example of the most insightful
and meticulous science. To the contrary, within the coutext of safety considerations of a lnigln-level nuclear waste repository, these interpretations
may riglllfully be regar(le(l as a goml example of irresponsible science.

Concluding remarks.
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