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ABSTRACT GEOLOGIC BACKGROUND

Ash beds associated with the three climactic Yellowstone ignimbrites form important Qua-  All three massive, caldera-forming eruptions of
ternary chronostratigraphic markers over much of the continental United States. Previous the Yellowstone Plateau volcanic field produced
K-Ar ages determined on crystal concentrates from these ashes varied by as much as 60—-100 ksanidine-bearing, high-silica rhyolite deposited as
Laser-fusion“®Ar/ 3Ar dating of single sanidine grains from these units reveals a small number ignimbrite, now largely welded and devitrified,
of grains with anomalously old ages. Eliminating these from the weighted averages results irand associated ash-fall tuff (Christiansen and
highly precise refined ages of 2.003 + 0.014, 1.293 + 0.012, and 0.602 + 0.004 &/er(@rs) for  Blank, 1972). The oldest of these units is the
the Huckleberry Ridge Tuff, Mesa Falls Tuff, and member B of the Lava Creek Tuff, respec- ~2500 knf Huckleberry Ridge Tuff, with asso-
tively. Individual single-grain ages that are slightly too old could result from incomplete de- ciated ash fall that blanketed much of the conti-
gassing of xenocrysts in the magma. Electron-microprobe analyses of sanidine splits reveal neental United States. The near-source stratigraphy
obvious xenocrystic compositions, suggesting another possibility—that phenocrysts from theconsists of a basal layer of bedded ash and pumice
crystallized rind of the magma chamber were re-entrained into the magma prior to eruption. overlain by ignimbrite that welded as a compound
Contamination and natural variation in phenocryst age may create larger uncertainty in bulk- cooling unit consisting of three members, desig-
crystal dating of young silicic volcanic rocks than incomplete extraction of Ar from sanidine. nated A, B, and C (Christiansen, 1979, 1982). The

compound cooling, lack of erosion between

INTRODUCTION 40r/3%r method does not require complete exmembers, and similar transitional remanent mag-

Voluminous silicic eruptions produce largetraction of radiogenic Ar for undisturbed samplesyetization for all three members (Reynolds, 1977)
ignimbrites and widespread fallout depositsas it requires measuring only ratios and not a totizldicate short time spans between eruptions of the
These pumice and ash layers provide instammount of gas. individual members.
taneous chronostratigraphic markers important in We report here refined ages for the three Eruption of the ~280 kihMesa Falls Tuff
constraining the timing of glaciations and mag¥Yellowstone climactic eruptions based on singlecreated the Henry’s Fork caldera (Il in Fig. 1),
netic reversals and in correlating stratigraphgrystal*®r/3Ar analyses. Although similar to pre- nested within the Huckleberry Ridge caldera (1 in
over large areas. For example, distal ashes frorous age determinations of Obradovich (199Zig. 1). The tuff consists of a thick basal layer of
the three climactic caldera-forming eruptions oDbradovich and Izett, 1991), our ages are betterystal-rich, bedded ash and pumice fall directly
the Yellowstone Plateau, designated Pearleto®nstrained due to a larger data set of singleverlain by partially to densely welded ignim-
types B, S, and O ashes (corresponding with tleeystal ages, coupled with statistical methods théatite (Christiansen, 1982).
Huckleberry Ridge, Mesa Falls, and Lava Creeiccount for anomalous grains in calculating a best Eruption of the ~1000 kfi_ava Creek Tuff
Tuffs; Izett, 1981), have been widely used in daestimate for the eruptive age. created the Yellowstone caldera (Ill in Fig. 1),
ing Quaternary landscapes, flora, and fauna
throughout the central United States (Naest

etal., 1973), as well as glaciations in the Yellow {\;\Lf\ Yellowstone Park Boundary
stone area (Pierce, 1979; Richmond, 1986). § -
. . L . r4e°N (A 8YC41( 0Btig?2 R577 -
Contamination by older material is a majol v, 8YCA11 0325
problem in the isotopic dating of both effusive < t’. OYCSSS
\J

and explosive young volcanic rocks, especially irigure 1. Simplified geo-
distal ashes reworked by wind or water. Arlogic map (modified from
effective technique for identifying and correctincChristiansen, 1979) show-
for contamination in age dating is the singlelnd areal distribution of
A0n /3 o ..~ “Huckleberry Ridge, Mesa
crysta_ll RAr/3Ar metho_d._Thl_s high-precision raiis and Lava  Creek
technique allows the elimination of anomalousliTuffs, sample localities,
old ages, which is impossible in bulk-sampl@and outlines of the two
techniques (van den Bogaard et al., 1989; Sp1Ye”°WStt°(;‘e calde’-_\[a re-
surgen omes oman

and Harrlson, 1993,. van den Bogaard, 199! ‘numerals indicate succes-
Gansecki et al., 1996; Chen et al., 1996). One dgjye calderas: Ill is Yellow-

ficulty in conventional K-Ar dating is incomplete stone caldera. Outline of

LA

% = > o 4
extraction of Ar from sanidine, which may pro-Yellowstone National Park =7 0"-10 0 30
duce apparent ages that are too young (e.g., WeShown for reference. } » —
and McDougall, 1967; McDowell, 1983). The 110°W
. I Huckleberry Ridge Tuff [] Lava Creek Tuff ~ «weue: Caldera walls
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now mostly filled by younger rhyolite lava flows. PREVIOUS GEOCHRONOLOGY mean of 2.018 + 0.016 Md2) a*Ar/3%r vs.
Two members, A and B, have been identified in The best ages for the Yellowstone units are prifoK /3%r isochron regression of all analyses that
the Lava Creek Tuff ignimbrite, with a slightcipally conventional K-Ar analyses of sanidineyielded 1.99 + 0.02 Ma, and (3) a preferred age of
break in welding and no erosion found betweerand glass done by Obradovich (1992). Conceth110 + 0.016 Ma from a regression of only the
Both members are normally magnetized andver incomplete extraction of Ar from sanidine ledldest and more precise ages. The scatter in both
have similar natural remanent magnetizatiohim to emphasize that the published ages may begressions is large, with MSWDs (mean squared
directions, suggesting rapid successive emplaagaderestimates and to place greater reliance on theighted deviations) of 10.8 and 4.46, respec-
ment of both members (Reynolds, 1977). Abasalder ages. Fission-track ages, determined on glaagly. Reconnaissance single-cryst#r/3ar
ash-fall layer is present beneath member B whesbards from distal ashes (Naeser et al., 1973; Wakadrk by Obradovich and Izett (1991) yielded an
member A is not present. The two members aet al., 1993), are useful in correlating the Yellowaverage age of 2.08 + 0.02 Ma (11 grains). The
thought to have erupted from separate ring frastone ash layers, but have a resolution too low &rors given on these averages reflect analytical

ture zones, which collapsed to form the Yellowprecisely date the eruptions.
stone caldera and later were loci of resurgent Obradovich (1992) reported several ages for the Bulk-crystal K-Ar dating of the Mesa Falls
Huckleberry Ridge Tuff, including (1) a weightedTuff yielded an unweighted mean of 1.27 + 0.02

doming (Fig. 1; Christiansen, 1979).

TABLE 1. 40Ar3%Ar ANALYTICAL DATA
SORTED BY INCREASING APPARENT AGE MINUS 16 ERROR

precision only, not variations between samples.

Ma and an isochron regression of 1.25 + 0.01 Ma
(Obradovich, 1992). Obradovich and lzett
(1991) obtained #Ar/3Ar age of 1.30 + 0.02 Ma
(two grains).

K/Ca %Ar* Age(Ma) Wtd Avg (Ma) MSWD /Ca %Ar* Age(Ma) Wtd Avg(Ma) MSWD The Lava Creek Tuff was dated by Obradovich
' il _

#19) &lo?) (o) 1o (1992) at 0.617 + 0.008 Ma, a weighted mean of
Huckleberry Ridge Tuff (8YC410B, 2R577) Mesa Falls Tuff (cont.) 4 K-Ar analyses considered valid out of a total
0.4 659 182033 — — 26 973 1.32+0,01 1.293:0.006+  1.3290 i a
L1 933 197:024 1918£0.071 01351 33 982 1321%0.002 13/7%0.003  2.9109 of 11. SanidinéAr/*Ar ages of 0.61 + 0.02 Ma
24 100 1.85£0.06  1.856+0.020  0.1238 41 945 1.326%0.002 1.321+0.002  3.3432 (two grains; Obradovich and Izett, 1991), 0.66 +
23§73  1.8620.07  1.858:0.013  0.0832 15 431 1442003  1.32240.003§ 4.0637 0.02, and 0.67 + 0.02 Ma (Izett et al., 1992) were
3.6 871 1.94x0.13  1.866x0.016  0.1524 ’ A N
26 706 2.02:0.19 1873%0.020 0.2469  Lava Creek Tuff also obtained for Lava Creek Tuff tephra.
20 93.9  1.94£0.06  1.895:0.020  0.3461 Ash fall (0YC553) The problems encountered by Obradovich
19 905 1.95:0.07 1.905£0.019  0.3694 0.6 46.4 0.639+0.083 - - : N
20 924  195:005 1917x0.016  0.3969 20 565 0.585:0,025 0.500:0.015  0.3881 and coworkers dating the Yellowstone ignim
2273 20012011  1.922:0.017  0.4276 20 875 0.622:0.018 0.610:0.013  0.7831 brites challenge workers in many young rhyolite
47 179 195*%82 }-3301(1314 0.4195 ;2 ;51’-3 g-gggg-gi? g-g;g:g-g}; (1}';:;1) provinces. Our work on the younger rhyolites at
23 922 1980, 936£0.013  0.4372 g o ) . 015 . .
25 764 2004008 1.94040.013  0.4513 13 857 0.689£0.018 0.647:0.016§ 29325 Yellowstone (Gansecki et al., 1996) showed that
23 912 1.95£0.02  1.945£0.009  0.4273 many of the problems may be related to the
%08 Lom0os Lomeooos oM 3 3re 0658008 presence of sanidine xenocrysts that are chemi-
23 931 199:0.04 1.955:0.008  0.4604 42 788 0631£0.022 0.634:0.008  0.1641 cally and visually nearly indistinguishable from
22 853  2.01x0.04  1.959£0.008  0.5354 37 87.6 0.629+0.013  0.631x0.004  0.1061 phenocrysts. This realization led us to apply
84 919 2.07:0.09 1.961:0.008  0.5885 38 815 0.635:0.018  0.632:0.003  0.0857 o . - .
22 789 2.02:0.03  1.968£0.009  0.7391 36 717 0.644:0.019  0.634:0.003  0.1480 similar analytical and statistical techniques to the
34 OL6  2.02£0.03 1.973:0.009  0.8396 41 928 0.645:0.011  0.638£0.003%  0.2416 three caldera-forming eruptions.
28 90.1 2.0420.05  1.975:0.009  0.8824 24 628  1.04£0.04 0.649+0.027§  16.568
21 949  2.0120.01  1.99120.007  1.1343
29 864  2.06:0.06  1.992:0.007  1.1409 Member B (8YC411, 7YC325) METHODS
36 943 2.0420.03  1.995:0.007  1.1931 18 632  0.5570.066 — — We analyzed samples collected by R. L.
33 98.0 2.04£0.02  1.999:0.007  1.3300 19 276 05510056  0.554£0.003  0.0048 Christiansen, W. Hildreth, and R. Reynolds from
34 $8.9  2.05£0.03  2.001£0.007  1.3844 28 712 0.559£0.035  0.557£0.002  0.0073 the three tuffs (Fia. 1). Th les of th
32 963  2.06£0.04  2.003£0.007+ 1.4109 27 524 0.580£0.041  0.564x0.006  0.0793 e three tuffs (Fig. 1). The two samples of the
23 987 2.06:0.01  2.018:0.008  2.2153 25 91.8  0.599:0.055  0.569£0.008  0.1469
35 989 2.07:0.02  2.02/£0.008  2.3554 38 89.4  0.591£0.036  0.575:0.008  0.1738 T e a3 .
27 533 208:0.03  2.023:0.008  2.4002 24 313 0.582£0.025 0.577:0.006  0.1547 All K-Ar and *Ar/*Ar data in the text are quoted at
20 966 2.13£0.08  2.024+0.008  2.3801 30 924 0.586£0.025  0.579£0.005  0.1462 20 error.
23 983  2.07:0.01  2.033:0.007  2.8480 28 825 0.593:0.032 0.581x0.005  0.1476
73 872 2.1420.05  2.034:0.008  2.9003 32 771 0.586:0.016  0.583x0.004  0.1378
28 704 2.1420.03  2.036:0.008  3.1776 33 453  0.595:0.024  0.585:0.003  0.1461 4
21 98.0 2212005  2.037+0.008§ 3.4311 31 943  0.612£0.038  0.586£0.004  0.1780

36 219  0.600+0.021  0.588£0.004  0.1953

Mesa_Falls Tuff (8YC460A) 27 90.1 0.589:0.005  0.589£0,002  0.1812 3
38 938  1.26:0.04 — — 34 887 0.600£0.015  0.590:0.002  0.2059
30 927  127:0.02  1.268£0.004  0.0500 34 476 0.601%0.015  0.590£0,002  0.2285 a
27 911 1.29+0.04  1.272£0.006  0.1510 30 93.0 0.595:0.006  0.592£0.002  0.2408 =,
32§03 1293004  1.274£0.006  0.1607 38 80.6 0.610:0.014  0.593£0.002  0.3217 2
55 844 1302005 1.276£0.006  0.1811 28 822 0.619:0.020  0.593:0.002  0.3976
25 87.6  1.27x0.01  1272£0.003  0.1717 39 89.8  0.605:0.003  0.600£0.002 07538
43§73  128£0.02  1.273:0.003  0.1654 33 751 0.619:0.016  0.600£0.002  0.7892 11
47 885 1.28:0.02  1.274x0.003  0.1561 21 685 0.619:0.013  0.600:0.002  0.8525
34 943  12940.02  1.276x0.003  0.2069 29 80.6 0.621:0.012  0.601£0.002  0.9444
66 568 13120.04 1277%0.003  0.2626 33 939 0.650:0.014  0.602£0.002+  1.4249 0 :
43 967 132:0.05  1.278%0.004  0.3097 31 92.6 0.656:0.017  0.603+0.003  1.7792 0 10 20 30 40
40 929 131£0.03  1.279:0.004  0.3831 39 941 0.664+0.010  0.605:0.004  3.1439 Number of Ages
30 979 1.3240.03  1.28120.004  0.4999 34 869 0.943:0.049  0.606:0.004  4.8466
28 913  1.33+0.03  1.283:0.005  0.6597 28 903 1.01:0.04 0.607+0.006§  9.0506 Figure 2. Plot of MSWD vs. number of ages

Note: Running weighted averages (Wtd Avg) are given with 1o’ posteriori error (including scatter);

those in italics have MSWDs greater than the critical value and are not used to calculate preferred ages.
Sample 1R547 is not included in these calculations.
* Radiogenic Ar; —, not applicable

+ Preferred age;

§ Weighted mean of all samples
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included in running weighted averages.
Boxes mark where preferred eruptive ages
were taken. HRT—Huckleberry Ridge Tuff;
MFT—Mesa Falls Tuff; LCT—Lava Creek Tuff
member B. Critical value as defined in text.
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Huckleberry Ridge Tuff are from pumice lapilli reported at & (Table 1), but are compared at the(RESULTS
in the basal ash fall (8YC410B) and from par2c level throughout the paper. A goodness-of-fiHuckleberry Ridge Tuff
tially welded ignimbrite near the middle ofparameter, the MSWD, is used to evaluate the *Ar/3Ar total-fusion ages were measured
member B (2R577). Mesa Falls Tuff samples asources of scatter in the data. An MSWD thd&tom 32 sanidine grains from the Huckleberry
from a pumice lump in the nonwelded base of thexceeds the critical value of (1 + 2[24 2)["3)  Ridge Tuff. The preferred age for the Huckle-
ignimbrite (8YC460A) and from whole-rock, de-for n points (e.g., Wendt and Carl, 1991) indi-berry Ridge Tuff, both samples 8YC410B and
vitrified welded tuff in the middle of the ignim- cates a greater than 95% probability that the sc&R577 combined, is 2.003 + 0.014 Mao(2
brite (1R547). Lava Creek Tuff samples are frorter cannot be explained by analytical error alon&ig. 3, Table 1). There is no significant difference
pumice lapilli in the plinian fallout (0YC553), In these cases, it is reasonable to assume thermiage between the ash fall and the ignimbrite,
whole-rock welded tuff from the lower part of some geologic reason for the observed heterogehich gave ages of 1.995 + 0.020 and 2.024 +
member A (8YC413) and from the middle part oheity. We take the view that in young volcanid.022 Ma, respectively. Most of the data points
member B (7YC325), and pumice from the norrocks that have not undergone reheating evengsg included in the final age calculation, with the
welded top of member B (8YC411). Sanidinexcess Ar or contamination by older xenocrystexception of a tail of older ages that fall outside
grains were separated, prepared, irradiated fiarfar more likely to be a problem than Ar losghe limit of acceptable analytical scatter. Al-
1 hr, and analyzed as in Gansecki et al. (1996k.g., McDowell, 1983). though compositions of Huckleberry Ridge Tuff
The 0.5- to 1-mm-sized grains were fused indi- The technique used to calculate preferred ageanidine grains from the plinian ash deposit and
vidually with a 6 W Ar-ion laser; degassed basals similar to that of van den Bogaard (1995) anfitom the ignimbrite show some variation (Fig. 4),
flux was generally used to aid fusion and maxiGansecki et al. (1996). Running weighted avethere are no obviously xenocrystic compositions.
mize Ar extraction, although some grains fronages with MSWDs are calculated from the
the Lava Creek Tuff were run without the flux.single-crystal ages, which are sorted by increabesa Falls Tuff
Ages from grains fused without the flux are noing minimum age (crystal age minus érror). The*QAr/3Ar ages of the two samples from the
significantly different from those fused with flux, The preferred age is taken at the last point whekdesa Falls Tuff are distinctly different. The basal
but the overall percentage of grains that did nohe MSWD is just below the critical value (Fig. 2,pumice sample, 8YC460A, yielded a well-
fuse and were therefore unusable is much larg@able 1). The @' or posteriorierror given is the constrained age of 1.293 + 0.012 Ma'(Fig. 3)
Splits of the feldspar separates used®av3Ar  weighted error times the square root of théor 17 grains. The sample of devitrified densely
dating were analyzed by electron microprobe adSWD. Unlike a regular weighted error, whichwelded ignimbrite, 1R547, produced a very wide
in Gansecki et al. (1996). only takes analytical precision into account, theange of ages, with one cluster apparent at 1.19 Ma
Raw “%Ar/3Ar dat2 were reduced and sta- posteriori error also incorporates scatter in thand another at 1.28 Ma. We consider sample
tistically analyzed according to the methods dedata. Our preferred ages are therefore skew&&547 to have been disturbed—possibly made
scribed in Gansecki et al. (1996). Errors artoward the younger apparent ages, unless tless retentive of Ar by microscopic feldspar
variation is small, in which case the result wouléxsolution during devitrification—and therefore
" 2GSA Data. Repository item 9839, vellowstoneP€ the same as a standard weighted average. do not use itin calculating the age. Mesa Falls Tuff

4r/3%Ar analytical data, is available on request from
Documents Secretary, GSA, P.O. Box 9140, Boulder,

CO 80301. E-mail: editing@geosociety.org. An
Lava Creek Tuff
024 Ash Fall Deposit
2.4 n=45
o Huckleberry Ridge Tuff (samples 8YC4108B, 2R577) d .
M _
S 20 L == v 1V,
S a Ab 0.5 Or~»
2 Weighted average + 20" = 2.003 + 0.014 Ma o2ho Lava Creek Tuff
1.6 ’ - Ignimbrite - Members A & B
— . n=135
10 ‘ 20 ‘ 30 ‘
1.8
1 Mesa Falls Tuff E v/ 8/5 &y o
Figure 3. Distributions of 5 164  Sample 8YC460A Sample 1R547 Ab :
“0Ar/3%Ar apparent ages | 0.2 o Mesa 'iilgs Tuft
from the three tuffs. Error 2 = B n=
bars on individual data S 8
points are +1 ¢. Horizontal £ A
bars represent preferred 124 BEEEEEF -
weighted averages of each | Weighted average + 20'= Ab 0.5 Or |
unit; shaded analyses 1.293 £ 0.012 Ma Huckleberry Ridge Tuff
were omitted from calcu- 10 ‘ 0 — ‘ 10 - % n =51
lations.
104 H Lava Creek Tuff PI'/' \Ignimbrite
éﬂ inian fallout \ Fallout
4 Ashfall [ Member A Member B (7YC325, 8YC411) _~
(0YC553) | (8YC413)

0.8 Ab 05 Or=
0.638 +0.006] Weighted average + 2¢' = 0.602 + 0.004 Ma

Figure 4. Electron-microprobe analyses of

feldspar splits from the three Yellowstone

tuffs. Pairs of core-rim analyses showed no

significant differences. Open squares are from

0 0 10 20 pumice from nonwelded base of Mesa Falls
Number of Ages Tuff and member A of Lava Creek Tuff.

Age (Ma) + 10

GEOLOGY, April 1998 345



sanidines show remarkably little variation in com¢{Mahood, 1990)—and in many cases may prézett, G. A, 1981, Volcanic ash beds: Recorders of
position (Fig. 4) between grains or cores and rim=de or possibly even trigger ignimbrite erup-  UPPer Cenozoic silicic pyroclastic volcanism in
in either sample, suggesting that the scatter in agémns (e.g., Hildreth, 1981; Huppert and Sparks the western United States: Journal of Geo-
! ple, sugg g tha =i 9. J » Auppert and op ' physical Research, v. 86, p. 10200-10222.
is not the product of xenocrystic contamination1988). If liberated and cooled again within lesgett, G A., Pierce, K. L., Naeser, N. D., and Jaworowski,
than 1 yr, these pseudophenocrysts might give a C., 1992, Isotopic dating of Lava Creek B tephra in
Lava Creek Tuff range of'Ar/3Ar ages similar to what we see in  terrace deposits along the Wind River, Wyoming:
Our preferred age for member B of the Lavaur data: slightly too old but compositionally in-  'MPlication for post 0.6 Ma uplift of the Yellow-
k Tuff is 0.602 + 0.004 Mad?2 Fig. 3), on distinguishable from phenocrysts. This process stone hotspot: U.S. Geological Survey Open-File
Creek Tuff is 0.602 + 0. g.3), guishable from phenocrysts. This process  geport 92391, p. 33.
the basis of 24 analyses from two samplesould explain similar age distribution patterns irMahood, G. A., 1990, Reply to “Comment by R. S. J.
Member B is correlated with the stratigraphicallyMono Craters ashes (Chen et al., 1996) and in  Sparks, H. E. Huppert, and C. J. N. Wilson on
important distal ash bed Pearlette O. Our data sugphra layers from the East Eifel volcanic field rﬁglgdrﬁgcir? :ﬁé :f)onr?gr\‘iglllisnrgz;:?aiisc Z;L?grﬂ'lttlﬁe
gest that memberA may be §omewhat older thz(.man den quaarq etal., 1989). These effects.are isotopic record in the precaldera lavas of Glass
the overlying member B (Fig. 3), although thdikely only visible in systems less than a few mil- Mountain'; Earth and Planetary Science Letters,
small number of analyses for member A make thi®n years old, because the analytical errors mask v. 99, p. 395-399.
conclusion less certain. The number of analysesssich natural age variations in older systems. McDowell, F. W., 1983, K-Ar dating: Incomplete ex-
small because the basal ash fall and some graingOur“Ar/3Ar ages for the Huckleberry Ridge ~ traction of radiogenic argon from alkali feldspar:
Lo . . Isotope Geoscience, v. 1, p. 119-126.
frqm ignimbrite m.em.berAwere fused without(2.003 + 0.014 Ma), Mesa Falls (1.293 + 0.012 5eser. C. W.. Izett, G. A., and Wilcox, R. E., 1973,
using basalt flux, yielding fewer usable data. TheiMa), and Lava Creek (0.602 + 0.004 Ma) Tuffs  Zircon fission-track ages of Pearlette family ash
apparent ages are 0.630 + 0.030 Ma' (&ve are similar to—but better constrained than—pre-  beds in Meade County, Kansas: Geology, v. 1,
grains) and 0.638 + 0.006 Mao(2 six grains), vious age determinations. Establishing an acc%brazbtﬂ‘lfgb 1092, Geochronology of the late
respectlvely_. Combining all the data for the 'Lava_ate chrqnology of such large ash-forming erup- Cenozoic volcanism of Yellowstone National
Creek Tuff yields an age of 0.603 + 0.004 Ma{(2 tions is important not only for understanding  park and adjoining areas, Wyoming and Idaho:
32 grains). Three obvious xenocrysts yield agesruption recurrence intervals and rates of magma U.S. Geological Survey Open File Report

greater than 0.9 Ma, but there are also a few graicisamber processes, but also in providing 92408, 45p.
bradovich, J. D., and Izett, G. A., 199%r/3%r ages

with ages only slightly too old. geochronologic control for studies of regiona : )

- o . of upper Cenozoic Yellowstone Group tuffs:

The sanidine compositions from the four samgeology, geomorphology, and climate change.  gegjogical Society of America Abstracts, v. 23
ples of the Lava Creek Tuff are tightly clustered no. 2, p. 84.

(Fig. 4), with most variation in the plinian ash-Acﬁu'\r'gi\:]v LEVQSMEDES 4 by a McGee Fund arant to €7¢e: K. L., 1979, History and dynamics of glaciation
fall unit, which ranges to slightly more Na-riChG k'gf Sp tord Uy' i We th gk R L in the norther_n Yellowstone Nat|ona}| Park area:
" ansecki from Stanford University. We thank R. L. U.S. Geological Survey Professional Paper
compositions. The Ba contents of Lava Creekhristiansen, W. Hildreth, and R. Reynolds of the  759'¢ n"1 g0
Tuff sanidine are far lower than those from eithe¢SGS for providing samples. Laboratory assistance ey noids, R. L., 1977, Paleomagnetism of welded
of the older ignimbrites, precluding an interpreta% I|—_||ac|:|ker, cli? Jones, E”‘f TMT'Sgle' sltlansgch ?—|dvlice by ™ tuffs of the Yellowstone Group: Journal of Geo-
tion of contamination by these units. ) tafl ’”an ;ev'elwz yd -vcbodgatand . nallare  physical Research, v. 82, p. 3677-3693.
gratefully acknowledged. Richmond, G. M., 1986, Stratigraphy and chronology
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