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The HEAT3D code provides graphic and data output at predetermine
10 Ma and Figure 8 shows the temperatures in the model grid at 10 Ma, both for Model 21. Th
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Yucca Mountain is a rldge_ of mostly welded tuff orlglnatlng from a series of nested calderas known as the Timber Mounta_ln calder.a complex (Byers e’F Secon_dary calcite and opal are prgsent as fracture footwall coatings and as cavity floor coatings; these n_un.erals formed from FIovynward- Models 15 - 21 were constructed using HEAT3D (version 4.10:0517, Wo.hletz and Heiken, 1992; Wohl_etz (_at al., 1999) in 2005. Tablt_a 1 shows the keY model the magma chamber than adjacent to the chamber due to hydrothermal convection beneath the unsaturated zone, similar t
al., 1976). Three of the eruptions that produced these extensive ash-flow sheets are the result of some of the largest explosive eruptions known with esti- percolating water over most of the time between at least 10 Ma and the present (as young as 8 ka). Both fluid inclusion homogenization tem- parameters and results for all models. The goal of these modeling exercises was to put as much realism into the models as possible and to investigate the d bv Bish and A (1993)
: ; 3 ; L - : : . . . . . e proposea by bBish ana Aronson :
mated eruption volumes in excess of 1000 km3 (Mason et al., 2004). As part of site-characterization activities conducted for the proposed (now with- peratures and temperatures derived from oxygen isotope measurements indicate that some calcite formed at temperatures greater than the effects of hydrothermal convection outboard from the magma chamber. Each of these models assumes the presence of an additional 100 m of Rainier Mesa e = F' g
drawn) licensing of a radioactive waste repository, tunnels (Fig. 1) were constructed which provided access to two of these ash-flow sheets, the Tiva present-day ambient temperatures within the unsaturated zone at Yucca Mountain. Age constraints, primarily from U-Pb dating of opal, chal- Tuff deposited on the older tuffs at 11.6 Ma, eroded linearly through time. Igure , 'gure
gapyonl\'l;luff (1_'2_.7ffl\(/l1a1)§rl\1/? t)hg Toptopah Sp;lrlng Tuff (;2.8 Il/rlla) as V\;EI][ 33 nonvl\\;lelde:i yolgamco’(c)uffs ;nﬂl}a_etwg:n these_ maj(I::Ir ?]sh flcl):)ws. A third T(aFj_or ;nlt, ceczI[on_y,IaTd qu?;tz:[;ur:hffr |nl()1|€:[atf tfz:lt th(la hlgh(;ar teTpera]:cltJr:e portu:ns E[)f;clhe coa_ltlngs aretreds’érlcttr(]ad to;hf oldest I[7artsbof thg C?atljn‘?'ﬁl tHhe Model 15 uses a 2D simulation of a 30 x 30 km grid (total model is symmetric about the central plane so only half the space needs to be considered). The ,
0 - - . . . . . . . . . . . . . enon 136.177.25.133
f alnlgr esa tu | 19.94) a), I1s not currently exposed on the crest of Yucca Mountain, bu m of this unit may originally have been present (Fig. 2; ages material c ?[iesf 0 the tuff su sI rate(zl.:. [;r)o onged cooling of the unsaturated zone Is suggested by these data as well as by a single & arid spacing was set to 0.25 km using a mirror on the right-hand side. The rock mesh is shown in Figure 5 and the rock unit properties are listed in Table 2. T R— |
rwth?\’g‘er ¢ I?j.’d T ' h Spring Tuff and the Tiva C Tuff. calcite and | " - ¢ d within lithophvsal agBe on apat|he Joln % g.um![ce clas tlg.' d - th time. it is likelv that th S ‘Y Mountai These models all start at 12.8 Ma rather than 15 Ma used in previous models. This was done to eliminate the unrealistic assumption of the continuous pres- e T (°C)
![ 0 The WEIAE gpopa : prllng . _a_r][ ; def Ve danyon l:I e C'I et.an opz[a 0LCUras ip?ﬁe coatlndgs on_t_rac ?Le iur acfetshan V;’(' i |(Pop ysat ec(:jgusi ¢ da ?Jlnthlca © Ia mc{[nobo:_lc fecre'c.]”s.e n efmperaurf«ta i |rpe,| 1I‘Sthl ePy. t?) ?llénsa ura _‘i ?I_(;Ine a tuccab bcIJun aif Wa‘:i e ence of magma in the chamber from 15to 11 Ma. The model begins with the emplacement of magma at the initiation of the Paintbrush Group eruptives. The s o — e
C?Wz(l)%?.) Fle§de.sefon_ ary ”.‘t'l']‘.e"a $| p{empl o ?I r%qgoowlnwar dperf[:ot'cr]] ||:[1g . erf(?[\r:er mos 3 ° Pos IEDOS'. 'f’t“:‘. STOTY 0 q etr;)c mas: aces € Ispon t'r?g . e; neir }; t.erm_a tﬁer - Ia onl ortmlf ONS 0 yl_e?rsi[r? err] elrlup on Ot b ¢ a,lﬂ T_ruz I\';IOUD f[m_' S.Th © m(zls l.pro ?f ?[ Sﬁurcebo a magma chamber is replenished with fresh magma at 11.6 Ma, corresponding to the approximate time of the Timber Mountain Group eruptives. Hydrothermal e
al., : t.h ui |rllc u3|dons;/w In c: cite aGs weh as | .vatuz‘f; indicate '| ausgrll;e of the secm: ary mlner.atp;emplI ation ;)cc_:u;[]e hg hem}laera urets : da_rget dermlalpe; tuhr a |0||1_ 1S fe elmp acerlr;en| 0 maﬁqrt[ls |Ir_1ﬂc])_ fhs allow crl:csT_ (TgnealvI m; er I:.oun Zln.h & Tr? 3|[[1g_|e dor sI ave fiﬁn convection in unit 4 was allowed until 10 Ma. Magma advection calculation and acceleration were turned off. The time step and dump interval were 53.3 TM21-00 Surface Gradient: Age = 2,802,029 yrs 200
g}rea Izr an;no er?thay eT_pera\l/Jre.s. el.oc I’O]EIO qglc Sy pr;marlyl dmeaT_ure?.e: > o_?hassoc;a e” odpa AtES ratln ¢ ',? of .enzﬁe:? Hres to |redc Ied SOlely @ e”cootlhng 0 t?' arg]?tzu Vo CIaTCd Aot 'E ebwcml;ytﬁ Ilm f_r ofun Tmll ;ggre ds lows Ite ctalied geology orine years and 53,344 years, respectively. The simulation continued until 6.5 m.y. after 99 dump intervals. Model results are shown in Figure 6 for a location 8 km €
e older portions of the coatings. Various lines of evidence suggest a prolonged cooling history. The gradually decreasing temperatures in the Yucca - model domain as well as the outline of the simulated magma chamber and the location of calculated model results. | outside the caldera wall (see Fig. 4) at depths of 100 to 200 m, corresponding to the general locations of samples used to reconstruct the thermal history. = 400
Mountain unsaturated zone (UZ), together with the proximity to a large caldera complex, suggest that the cooling of a subcaldera batholith could explain The Timber Mountain caldera complex has been extensively studied and its geologic history is well-established (Byers et al., 1976; Chris- ll-.....llllll N
the thermal history. This hypothesis was supported by a simple one-dimensional analytical heat flow model (Marshall and Whelan, 2000). This hypothesis tiansen et al., 1977). There have been four major eruptions of ash-flow tuff, resulting in a series of nested calderas. These four major erup- Model 16 employed refinements to Model 15 to allow for longer time runs and restrict hydrothermal convection near the edge (within 5 km) of the model sk l'V‘--iii‘—"il.i X 600
has been disputed, however, by other researchers who state “in the geological history of Yucca Mountain, there are no known thermal events, like intru- tions span the time interval from 12.8 to 11.5 Ma; each of these eruptions is estimated to be about 1000 km3 in volume. This indicates that the space. Watch Points were set to monitor the surface thermal gradient at the edge of the caldera (x = 60), and at 4 km (x = 22) and 8 km (x = 28) from the cal- S ... N
sions of large-volume magmatic bodies, that could have led to the increase in temperatures in the unsaturated zone” (Dublyansky et al., 2001). It should magma chambers that produced each of these huge eruptions were on the order of 5000 to 10,000 km3 (Smith, 1979). In all of the models pre- dera. Andesitic composition magma properties were employed (rather than rhyolitic as was used in earlier models). The initial time step for Model 16 was -.lllllllllllll S 800
be noted that there is only scant evidence for hydrothermal alteration of the UZ tuffs at Yucca Mountain at the time of volcanism (Holt, 2002). Younger por- sented here (Table 1), a magma chamber volume of 5000 km3 is simulated. 107 years with a dump interval set to 99,966 years. At 10 Ma, hydrothermal convection was disallowed; this increased the time step to 184 years. lllllllllllllll
tions of the secondary minerals faithfully record climate-related signals that clearly indicate an origin from meteoric water (Paces et al., 2010). Model 17 was identical to Model 16, but hydrothermal convection was allowed to continue rather than stopping at 10 Ma. This had the effect of prolonging 1000
1 ' 1 1 ' ' 1 1 1 ' ' ' . . . . . Horizontal Location (km)
This poster summarizes numerlcal_mode!lng studies tha_t S|mu_late the thermal history W|t_h|n the known geologic framework of the Timber Mountain cal- Figure 5 high temperatures above the zone of hydrothermal convection. This model did not cool down. In Model 18, hydrothermal convection also was allowed to T T
dera complex. The results of these simulations were published in Whelan et al. (2008) and in Bryan et al. (2009). — continue, but the porosity in the convecting unit was reduced to 10%. Model 18 also does not cool down (not shown). |
igure A . . . . . . . .
In Model 19, the porosity of the convecting unit was reduced at different times to simulate the effect of the clogging of pores by secondary minerals such (|) 2|0 4|0 6I0 810 “IJO
T < Talne Figure 2 as quartz. The porosity started out as 10%, but was reduced to 5% at 10 Ma, to 2% at 9 Ma and then hydrothermal circulation was disallowed at 8 Ma. CONCLUSIONS Grid X (x 0.25 km)
o ay Because hydrothermal convection results in nearly constant temperature with depth in the convective zone, artificially high temperatures may result from The simulations of the thermal evolution of the Timber Mountain caldera complex
e\ . . £ - c!eep convective flow. Therefore,_ModeI 20 reduced the vertical extent o.f the convgctlye zone._AII other parameters were kept the same as in Model 19. The indicate that the inferred cooling history of the unsaturated zone at Yucca Moun- _
Stratigraphy of Yucca Mountain 0 time step starts out at 213 years, increases to 311 years at 10 Ma (after first reduction in porosity), and then decreases to 184 years at the end of the convec- tain can be explained by the slow cooling of a subvolcanic batholith. The Model 21 Figure 9
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| : nonweldedts x tive period (8 Ma). results match the thermal history data adequately (Fig. 9), considering the simplicity
: igure 1 ' Jvitric zone oy ta)-rich member ° : . . : : : : ' ' T
e nonlithophysal zone £ a0 Model 21 starts out with the full extent of the original convective zone, but changes the deeper portion to conduction only at 10 Ma. In the upper portion of ~ of, and assumptions in, the model and uncertainties in the data. .
| eratalvio S the convective zone, porosity is reduced with time as before: 5% at 10 Ma and 2% at 9 Ma. After 8 Ma, only conductive cooling is allowed. 2 The thermal histories simulated bv the various models show larae variations de-
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igure _ ere rough 5 from base to top; the magma : _ : : o
::::Iv:gti‘:;l\:\?eldedb Yucca Mountain Tuf (Tpy) chamber is shown in red. There is a mirror-plane Model 15 Model 19 tions; a greater volume of magma could, for example, amplity thermal gradients and 5
80 - Paintbrush Tuff pre-Yucca Mountain Tuff bedded tuffs (Tpbt3) on the right-hand side. 120 120 prOIOng Increased temperatu res in in the UZ. g— N
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‘0 | | | | | | ® GidX(x025km) Dublyansky and Polyansky (2007) performed additional modeling efforts and concluded
12 10 8 6 4 = 0 Rock mesh for Models 16 - 18. Rock unit 4 is ' i j _
Age (Ma) model outline of the simulated magma chamber and the point on Yucca Mountain (8 km from the divided into convective (inboard) and non- that their models could nOt_repmduce the thermal history. Dublyansky (2014) did repro
. . . . edge of the Timber Mountain caldera complex) where model results are shown. Cross section - duce the model presented in Whelan et al. (2008) but concluded the model was not REFERENCES
g p convective (outboard) zones.
PRGN EEMREIDNGS off ealElte fien) MDace |eUil &5 & AImEHEn of fge. A-A'is an example location for the model half-space cross sections shown in Fig. 5. Model 16 Model 20 valid. His main criticisms and our responses are outlined below
Temperatures are estimated from oxygen isotope values and fluid inclusion 120 120 ' _ o P ) ) _ _
homogenization. Ages determined by U-Pb dating of associated opal and * Rock mesh is unrealistic because the outlylng block of volcanic rock is deSlgnated as Bish, D.L., and Aronson, J.L., 1993, Paleogeothermal and paleohydrologic conditions in silicic tuff from Yucca Mountain,
im-i i . Nevada: Clays and Clay Minerals, v. 41, no. 2, p. 148-161.
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N _ e magma chamber is closer to site than ’ : ’ Letters, V. 201, p. 559-573.
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portions of this rock unit are convective in . ) ) McKee, E.H., and others, 1999, Digital geologic map of the Nevada Test Site and vicinity, Nye, Lincoln, and Clark Coun-
0-5km 4 volcanic rocks 1750 980 1.3 models 14 - 21 \ mal h/story of the site (see Houseworth and Hardin, 2010). ties, Nevada, and Inyo County, California: U.S. Geological Survey Open-File Report 99-554-A, 56 p.
3 i @ i i i a o a : ‘ . . . . Smith, R.L., 1979, Ash-flow magmatism: Geological Society of America Special Paper, v. 180, p. 5-27.
19 12.8 Ma 0.25 km 5000 km 2.5km andesitic (1000 °C, replenished at 11.6 Ma) Rock unit 4 adjacent to and above chamber 10%, 5% @ 10 Ma, 2% @ 9 Ma, ended at 8 Ma Close to matching data, cools rapidly at 8 Ma. 0-05Kkm . UZ volcanic rocks 1900 980 1.0 beginning in model 12 20 | i i | | | 20 I , I , i i * No modeling outcomes produce a reasonable match with the empirical benchmark Wh$|an,J.|\F/.l,Netymar||\<|, L.A(.j, MSSZatAi, R.IJ_.,dlvéarshﬁn, B.I?.,ancjz?l)%oe(:gz:, 56725008, Thermal history of the unsaturated zone at
data- Woh:Je(i[:aK (()Jlijvne'?t;n'L eavnad ?)'rsi G' 1839I9The$r$1cz;lg\Tollsutr:i»gr\llloft'hF;. Phle-raea.n magmatic system: Journal of Volcanolo
20 12.8 Ma 0.25 km 5000 km?* 2.5 km andesitic (1000 °C, replenished at 11.6 Ma) Reduced vertical extent of convecting zone 10%, 5% @ 10 Ma, 2% @ 9 Ma, ended at 8 Ma  Similar but reaches lower maximum temperatures. : : o e : d Geothermal Research, v. 91, p. 381-414. ) : VR o
We thlnk that we have ShOWﬂ that the mOdel, glven Its Ilmltatlo > Woﬁlnetz, Ii?, ar?(;nll-laeiken,G., 199\12, Volcanology and geothermal energy: Berkeley, Calif., University of California Press, 432 p.
Judged to be close enough to matching data that ] - nximatinn
21 128Ma  0.25km 5000 km® 2.5 km andesitic (1000 °C, replenished at 11.6 Ma)  Convection in deeper portion ended at 10 Ma  10%, 5% @ 10 Ma, 2% @ 9 Ma, ended at 8 Ma no more models were constructed. does provide a reasonably c_se i

Is also limited by uncerta




