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PART 1
INTRODUCTION

Just how suitable salt beds are for permanent disposal of radioactive
wastes has been the subject of extensive studies covering diverse aspects
over the past decade. The proposed site of the Waste Isglation Pilot Plant

(WIPP) is located in southeast New Mexico, about 42 km east of Carlsbad,

where plans are to construct the storage facility in rock salt beds of the Permian

Salado Formation. Detailed surface and subsurface geology at the site and
of the surrounding area has been discussed previously (Bachman, 1976
Powers and others, 1978).

A basic concern for waste repositories in salt beds is their high solu-
bility in ground waters. Different kinds of dissolution features are known
in most evaporite basins including the Delaware Basin, the region of the pro-
posed WIPP site. Some primary questions that can be posed are: 1. Is
there active dissolution of salt at or near the site of WIPP? 2. Is the pro-
cess of salt dissolution continuous or episodic? 3. If episodic, what is
the correlation between time and depth? 4. When did the last salt dissolu-
tion cycle occur? 5. What is the rate of dissolution?

Rosholt and others (1966) and Rosholt (1978) demonstrated that a process

of isotopic evelution of uranium and thorium occurs in most types of sedi-

ments, altered volcanic ashes and deeply buried granites provided that some

groundwater is allowed to migrate through the porous zones of these materials
during their geologic history. Often the dna1yses of the isotopes of.the
238U—234U-230Th-232Th system yield an estimated age for the time of deposi-
tion (uranium-trend age estimate) over the range of the method from 2,000 to
about 800,000 years ago (Rosholt, 1978). Accordingly, it was felt that a

preliminary study of salt dissolution residue samples near the WIPP site
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may yield insight into the dissolution processes and/or it may provide a
uranium-trend age estimate for the most recent salt dissolution that pro-
duced clay residuum and bands of gypsum. The application of uranium trend
dating in the invesfigation of the age of surficial deposits in the area east

of Carlsbad, New Mexico, is included in Part II of this report.

EXPERIMENTAL

Samples for this study came from WIPP-25, borehole drilled on the edge
of Nash Draw. Nash Draw is located a few km west of the WIPP site, a fea-
ture generally attributed to solution of underlying soluble salt beds and
subsidence of the overlying rock units. The detailed geologic data of'
drillhole WIPP-25 is reported by Sandia Laboratories and U. S. Geological
Survey (1979). Eight samples were selected for the analyses of uranium and
thorium isotopes from the top of Salado salt at depth of from 179.%m to
183.1m. These samples were chosen by S. J. Lambert of Sandia Laboratories

and C. L. Jones and B. J. Szabo of the U. S. Geological Survey because they
seemed to represent the dissolution residues most closely associated with

intact salt. The samples grade from gypsum in the top sample (179.9m)
through a series of redish-brown clays with increasing amounts of gypsum
with depth, to halite with stringers of polyhalite (183.1m).

A1l of the disscluticn residues (samples A through G, Table 1) were dried
at 80°C for about 12 hours, crushed to a powder and then homogenized. Samp1es_
weighing about 8 g were totally dissolved by repeated addition of concentrated
HF, HND3 and HCLO, mixtures and dried. The residues were dissolved in 6F HCI

and spiked with standard 236U, 229Th and 228

Th soluticn. Isotopic monitoring
permitted not only quantitative determinations of % recovery but also un-

ambiguous peak energy assignment. Sample solutions were added to a previously
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prepared and conditioned Dowex 1-X8 ion exchange column in the C1~ form.
Thorium does not form stable chloride complexes and hence passes diréct1y
_ through while the uranium chloride complexes are absorbed. (Krauss and
others, 1956). The uranium is recovered in a separate beaker via subsequent
elution with very dilute HC1 or water. Both nitrate and/or chloride column
separations can be used to further purify either the uranium or the thorium
.so1utions since both thorium and uranium nitrate complexes are absorbed.
Repetitive column treatments result eventually in a final tiny volume of
very nearly pure uranium or thorium salt. The uranium solid is dissolved
in a micro-drop of HC]O4 mixed with an NH4C1 buffer and the pH adjusted to
approximately 4. This solution is then added to a specially designed teflon
ﬁlating apparatus and electroplated onto a disc suitable for alpha spectro-
meter counting. Platinum discs are used for uranium and reguire roughly 30
minutes of plating at a current of 1 amp. The thorium solid is dissolved
in a small volume of O.1F HNO3 and extracted with an equally small volume
of thenoyltrifluoroacetone {TTA). This organic solution is then evaporated
on the disc and the extraction procedure repeatad, the disc is flame dried
and then placed in the alpha spectrometer for counting.

About 50 g of the halite was dissolved in slightly acidic HNO3 solution

(pH>1), then iron nitrate carrier and standard 236U, 2ZgTh and 228

Th spike
solution were added. Addition of concentrated NH40H to the solution copreci-
pitated the uranium and thorium with the iron hydroxide. The precipitate

was separated by centrifugation and washed with 1:20 NH4OH. Then the precip-
itate was dissolved in minimal concentrated HNO3 and the concentration adjusted
to approximately 7F to permit maximum ion exchange efficiency. A previously
prepared and conditioned Dowex 1-XB8 jon exchange column in the NO3' form
selectively absorbs both uranium and thorium nitrate complexes from this

matrix while most other metals pass directly through; Elution with very
dilute HNO; or water permits recovery of the relatively impurity free solution.

1
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This solution was evaporated to dryness and the solid dissolved in 6F HCI
solution, after which the treatment was identical to that indicated above.

Discs were counted for about 10,000 counts in an Ortec alpha spectro-

meter.

RESULTS

Results of the analyses are presented in Tab]g 1. JUncertainties in the
ratios required for plotting are listed as 2-sigma errors. The red clays .
(samples B through E) have uranium concentrations of about 1 to 2 ppm,
whereas the mostly gypsum samples (A and G) have much lower uranium concen-
trations of about 0.2 ppm. The uranium content for the salt sample is about
0.017 ppm. The 234U/238U activity ratio in the salt is about unity within

23071,23% of 0.16 is

rather low, indicating either a recent gain of uranium or loss of 2307y,

234

the 1imits of experimental error, but the value for
the daughter element of U, from the salt that is situated just below the
solution residue unconformity. Although larger sample weights were taken to
zompensate for the anticipated low uranium content in the salt, less signifi-
cance should be placed on these numbers which differed only little from back-
grounds.

The analytical data of the solution residue samples (A through G) were
treated by the uranium-trend dating technigue of Rosholt (1978). The method

238U 232 2304, ,232 238

/" 7"Th versus U - 230Th versus

238y .
U from which the uranium-trend date may be calculated. These

requires plots of

Th/ Th and

234 238

U -

238U

uranium-trend plots of the solution residue samples at WIPP-Z5 are presentad

in Figure 1. The sample points, except for sample A, yield a linear relation-:

ship on the uranium-trend plots. This linear relationship indicates that the
solution residue unit between 179.9 and 183.1 m represents a salt dissolution
process for which the calculated uranium-trend date of the residual matter

!

is older than 700,000 years. .
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DISCUYSSION

The results of this study show that the uranium trend dating technique
appears to be applicable to date salt dissolution residues. The observed
data scatter enable one to obtain a minimum age, in this case, for that
section of the core analyzed. No present day dissolution activity is indi-

cated in the interval sampled. Indicated stability for such a long period

of time resulting from this study utilizing independent chemical methodology, is

in agreement with the work of Bachman, (1974).

Dissolution activity at the upper Salado Formation was the only aspect
addressed in this investigation and this event may represent the most recent
dissolution. Qur preliminary investigation indicates moreover, that uranium-
trend dating of salt dissolution residues may yield useful data. Additional
samples are being analyzed from the WIPP-25 drill hole as well as WIPP 27
to determine if depth correlates with dissolution time indicating possible

cyclic occurrences.
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Table 1. Analytical data of WIPP-25 borehole samples. Sample A is mainly gypsum; samples B,C,D,E and F ape mainly
reddish-brown clays; sample G is mainly gypsum with some clay; salt is mainly halite with some polyhalite.

oW HEHR S 3 onowm ey
(==---muuu activity ratios---w--ooo_ . )
A 179.9 0.287 0.068 1.24 5.110.6 6.4+0.4 ~0.2410.12 -0.32+0.05
B 180.9 2.19 1.02 .98 B1+.06 .80+, 04 +.01+.06 +,02+.05
C 181.2 1.63 .94 1.20 .76+.06 915,04 -.20+.07 -.06+.05
b 181.5 1.28 1.02 1.36 70406 1.03¢.05 -, 36+.08 +.02+.05
E 181.8 1.68 .08 1.06 81406 86+.04 ~.06+.07 -.02+.05
F 182.2 1.42 .96 1.0] 7403 -.014.06 -.01+.06 -.04+.05
G 182.5 .248 .93 .95 L974.12 L92+.05 +.05+.09 -.06+.,07
Salt 183.1 017 1.13 18 23.2+3.5 4.1+.3 +.82+.07 +.13+.10
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Table 2. Description and

face of caliche

Depth

_{cm)

18

121

223

Hraitium
quarry,

Norizon

Btca

and thoyiun concentrations in Berino soijl overlying Mescale
NE-T/4, SW-1/4 sec. 12, 1.225

mostly quartz, clayey, firm. Peds

blocky, angular to weakly columnar,

sand, fine to mediuin grained, wel) sorted,

mostly quartz, clayey and calcareous
rests with sharp contact on K horizon

Disconformity, long hiatus assumed.

Platy, very Firmly cemented, Pods ptaty,

angular, sandy, much recementation.

Peds blocky, angular, very
firmly cementeq. Nodular at
base. Engulfs underlying

Triassic sandstone.

oy RU3TE. Hat Mesa, Ne

.693

o caliche from east
w Mexico, 15° quadrangle,

.608
.730
.105
1.55
2.24

3.31
3.23
754
. 384
.045
2.24
1.85




Table 3. Uranium and thorium concentrations and Th/U ratio in qypsum spring deposit expo:
in arroya. SW-1/4, SW-1/4, sec 15, T.22S., R.30E. Nash Draw, New Mexico, 15"
quadrangle. 14 km west of caliche quarry.

Sample Depth Description u Th R
(cm) (==~--ppm--n=n-- )
_ 0-30 Sand not sampled
GYP-1 30-45 Gypsum, 0.150 0.417 2.7
5YP-2 45-60 well cemented, 77 .596 3.3
GYP-3 60-75 moderately wet. .153 .547 3.5
GYP-4 75-90 Fraction of .310 1.11 3.5¢
GYP-3 90-105 clay components .437 1.47 3.3¢
YP-6 133-120 increases with L444 1.38 3.11
5YP-7 120-135 depth. .503 1.85 3.87
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Table 4. Analytical data of 'UFfILTdi deposits in Nash Uraw and HaL Me sa, New Mexico quadrangles,

Depth U 234y, 2307 238y 2307 (238y.2307, (234y-238y
Sample {(cm) (ppm) 238() 238y~ 23Z7h 22Th - 4 T A T
(cmmmmmmm activity ratios-—---ceecmanas )
Berino Soil (figure 2)
Qs 1 8 5 0.561 1.000 1.592 "0.52+0.03 0.82+0.02 -0.59+0.07 +0.40.03
Qs 1 ¢ 15 662 993 1,572 .574.03 .89¢.03 -.57+.07 ©-.01+.03
QS 1 D 30 580 1,013 1.710 AC+.02 .83+.02 -.71+.07 +.01+.,03
CQS 1 E 45 678 L1969 1.621 A6 02 744,02 -.62+.07 -.03+.03
Qs 1 F 60 .593 928 1,555 44,02 68+.02 -.56+.06 -.07+.03
QS 16 70 545 925 1.488 .44+ .02 .66G+.02 -.49+.06 -.08+.03
Mescalero caliche (figure 3)
cqc 1 H 73 483 1,129 1.020 .92+, 05 .91+.03 -.02+.04 +.13+.04
cqc 1 1 88 .592 1.182 1.037 L94+.05 .98+.03 -.04+.09 +.18+.04
= ety 133 .807 1.45) 1.258  4.03+.21 5.07+.14 -.26+.05 +,45+,05
CQC 1% 162 1.90 1,437 1.103 7.9+.4 B.7+.2 -.10+.05 +.44+,05
€QC 1 Ko 164 2.37 1,550 1.154 69.243.6 79.8+2.2 -.15+,05 +.56+.05
Qe 1L 193 693 1.126 1.227 1.35+.07 1.66+.04 -.23+.05 +.13+.04
CqC 1 M 223 1,22 1,065  1.08 1.64+.08  1.78+.05 -.08+,04 +.06+,03
. . ' Gypsum spring (figure 4)
GYP-1 30-40 150 1.258 1.682 1.09+.06 1.84+.05 -.68+.08 +.26+.04
GYP-?2 40-50 77 1.208 1.451 L9005 1.31+.04 -.45+.07 +.21+.04
GYP-3 50-60 163 1.257  1.556 .85+.01  1.32+.04 -.56+.08 +,26+.04
GYP-4 60-70 .310 L7 1392 851,00 1.18+.04 -.39+.07 +.12+.04
GYP-5 70-80 .437 1.097  1.365 90+.05  1.23+.04 -.37+.07 +,10+.04
§ 66 80-90 444 1.112 1.397 L98+.05  1.36+.04 -.40+.07 +.11+.04
N GYP-7 90- 99 1503 (977 1.304 .78+.04 1.02+.03 -.30+.06 -.02+,03
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Mexico quadrangles.

e © U-trend
i Deposit slope
;Berino soil -0.533
éﬁescalero caliche
'i . Upper part -2.34
|
; Lower part -.419
jésypsum spring -.889
:
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x-intercept
Th index
~0.480
+.036

+.182

-.196

Half period of F
(103 yr)

able 5. Uranium-trend ages of surficial deposits in Nash Draw and Hat Mesa, New

(0)

140

590
370
340

Age
{102 v

330475
420+60

570+110
380+60
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Sample

W2 Enamel
(smaller tooth)

W3 Enamel
{larger tcoth)
W4 Bone
(larger tibia)

Y1 Bone
(Szabo coilected)

5 Bone
1eg bone)

——

A b i A

T A AN G A AN 1 e e i 4, 4

Species

Eaquus scotti

Fauus scotti

Horse

Bison

0.83 + 0.03

Dpm

|+

.03

2.C

1.6

Mo

[l

34

=

W
w0

| +

|+

| +

| +

|+

.C4

.04

.04

.04

.26

.43

(2]
~J

1+

Table 6. Apparent ages using 23OTh/234U and 234U/238U ratios on fossil bones from
SW-1/4, SW-1/4, sec. 15, T7.225., R.29E, Nash Draw, New Mexico quadrangle.

2307y
2y
0.04 0.22 + 0.0
.01

.01

arroyo,

Apparen
Age (10

26 +
32 +

E0 +

169 +

ors



1.4

a g '7‘ -’
| A ' o~
\
1.2t '\ -
\ -
___+L_
1f i i
—H ——
L =
= AR
N BBt . ———
ga ‘i‘rwr
> [ <
@r_- B. 6t \:.
™
N - \.
3. 4 \
o 4
\.\-{\ ‘1
o }
2.2 X \
L 1 ]
e ;
- 1
a i L " i
2 a2 d. 4 2.5 2. B 1 i.2 i 4
= 2
258U/2”2Th
3.5 B ™
- |
.4+ :
& | ]
2.2 ; | s
?3 l % Sl jlf.
‘ = 1 i !
':.\ | | —/:.qui;ibrium | |
- 2 o TIT e b ] T T T ——— '5
o L - R et~ T S _— !
s L
= | |
o -eer g 1
L {
L ! | 4
| A ?,
_E 4 . i
1
-2. 6 - : - -
-1 -8.6 -0. 2 2.2 2.6 1
2 7, P 22
(238U_23 Tk / .{..JEU
Figure 1. Urznium trend isochron plots of solution residue samples in
WIPP-25 borehole.
A

» activity ratios, 2384/232Th versus 2307h/23271h,

sampie A and
salt are not included on plot or slope calculation.
B, activity ratios, ( }/238y; sam-

23BU-230Th)}/238U versys (234y-238y
pie A and salt are not included in slope calculation. Gypsum in
sample A is interpreted to represent a previous dissolution cycle.

o’y



8.8} —— | L

= g
o 7
N / |
£ F) -~
— /
% B.4 4 e
oy ,/ -
f/ /”l
!‘_‘.{;/"
E- 2 L )
&7 l
\S‘b\/}r t'/ ’
<&/
// /’ }
d
d 8.2 a4 B 6
. 2.3 1
EUBU/EBETH
2.5 FTB
[ .
- i ]
i
- !
3 : 1
¥ |
N E- 2 L -
N F‘u\\ ;
= N
3 o oo '
| f\ - " ;udia_IBRIbM\_‘
) 2 R = s T T e
~r -———.P—\—‘A&_
52! . F '
L ~ |
\\\~ |
-2.2¢ S j
S ]
~.
~_
\“
2.4 - >
~1 ~-@. 8 -a.5 g 2.2

2.4 -2, 2
(2382387, , 238),

Figure 2 Uranium tr ] |
. trend ysochren Plots of Bepi v
3, :g:}v;:y ratips, 23§g/2§2Th vefglgozggig/ggg%gon'
. vity ratios, (238(. 30Th)/238U versus (234
s | U-238U)/238U
&/f




e =
, -
B

2307,,,2327,

2345238}, , 238,

Figure 3.

13 - . . v ~—
A I/’ /‘/’
| L
/' /'/
B + //'
Py
L d :
i 1
Ve
,5// ////
5] Q\’_./ BN 1
o ey '\).1_\" )
,/ ] Q/a -/,/
v ’ -
”~ . /_/
4 ”// - /_/’
// —/'
. //_,J' _/'/
- /;/'//
2 A 4
‘4/;./ \__ai"\
/"’;:f/’ N
gL - -
a 2 4 5 8 18
27
238,232y,
8.5 - , . . -
) N
_ \ |
S~ ) ——+——‘\ | :
B. 4r "\‘_‘ -S,“\
_ \_\ N :
T — \u-\ q
‘\.‘ \ ‘\.
~— -~ \\ !
g.a2r L \“‘*\
=M T I
*h Y
\- l i *
B L I “";‘\._\
T s e e
Equilibrium’ ! ‘\
I \ J
\\
~8.2 A\
!
_B‘ 4 L N " . i
-1 -0.8 -B.B -2, 2 -B. 2 2 8.2
Uranium trend isochron plots of “escalerg caliche section,

A, activity ratios, 238(/222Th ve-zus 230Th/232Th.
B, activity ratios, (238y-2307h}, %380 versus (234y-238y),2381.

Five samples in the upper =art of zaliche section (M,I,J, Ky,Kz)

ire inieroreted to rebresent 2 ~*““z2rent ace of caliche fArma-

o/



2307,,2327),

1.8 2

8.6 - :
.
- B ‘\\
\\.
B.4F AN 1
\'\
= L 4
os} j \\‘ 1
& i T |
- &z ‘Fr—,\\
S o] !
(00] ] :
& .. Equilibrium
i N Lo
o 2 7% i
s l :\ |
m ‘\ :
oY - | 1
L .\\ ;
\\ i
~B.2f : N 1
3\
N |
é .
"’B. 4 P " L L " i " o N i
-1 -2.8 -3.6 -0 4 -2.2 P g.2

(2382307, , 238

Figure 4. Uranium trend isochron plots of gypsum spring section.
A, activity ratios, 238U/232Th versys 23 Th/?321h.
B, activity ratios, (238y-230Th)/238y versys (2341-238(),238. .




Mot > seale

Figure 5.

Rocx TNe o U-Tegno parg

Rasw Deaw Baxino 101 F30.183 g,
: Mesearsas CAapjens YA -575.00 v g3

witp-25

+

o -‘% ‘Gypsum pEvomT 580. Ja* ues
/ wWikoesas £ ) CAL-n9. 003 gy
/ ?EKH!ﬂN 5:‘{'_’,;‘( oy

o1 AT Pissos wrtes - 77003 LS
L_f_ KFecrous
: N

Kok SoanT

Spatial relations of Berino sofl, Mescalero caliche,
gypsum spring deposit, salt dissolutign residue and
rock salt. (Illustration provided by C. L. Jones.)

onf



PART 11

INTRODUCTION

Uranium-trend dating of sediments an

geochemical replacement

deposits is a modified version of traditicnal uranium-series datina.

2! 2:,-
It is different than traditional °°0Th/25%y,
231,235

Pa/"""U dating that reguires a cioced

mathematical solutions for calcula*icn of

tyses of geolcgical material (Hu, 157%)
numser of geochemical variables zssociats

L)

- g —~ - - - - [ -
aces o7 denosition in oa veriety o7 Ziffe
oo T ma Y L oy ke i -
aZfsar 0 2 2pplicedis o tnis metnod o
. - ~ - - -~ - -~ —_—- -
H0s3t sediments and gecchemical Zenos
-

racicactive daughisr products that were r

sedimentary matrix material. These trai?

23 230

S 4
gsnecially U and

pattern in the nost sediments and this pa

n

empirical uranium-trend model. A more ¢

m

234,,,228,, .
3*Uf 8b, and

system to satisty rigorous
relizble ages in suitable

2 .
ceCause

ssumption o7 zn oroen

52me ZauInter profucts

an emrirical model that
o oobtzin spluticn for
ent tyoes o7 dengsiis thzs
C2IING

eadily adsorbed on the s3t
5 of daughter oroducts,
ttern is the basis for the

tailed description of the

anpirical model has been reported (Rosholt, 1978).

d

Th, commonly were distributed in a oredictable
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Analyses on a number of alluvial and eolian deposits have been

used to formulate the model and those depositional units with
sufficient age control were used for time calibration points.

The same empirical model is used for dating the disso]ution‘residues

in Part I and the surficial deposits in Part I1.
SAMPLING REQUIREMENTS AMD DZPQSIT DESCRICTICNS

The dating technique consists of detsrmining an iscchron

from analyses of several different samplies representing a given

—

dezositiongl unii; Trom thres <o ten samplss in each unit are zna-

lyvzed In each sampie an accursie deziavminaticn of the z2bundances
e Rl a) R L Eada} leds
A 20 L0, -Jur LIl —: H b - ~
of v, J, Th, and 1 75 racgutred Chemical procadurss

The results of thes2 analyses are plotted wisre {T77U hi/m U
yarsus {2343_2333)f2363 ideaily wields 3 Tinezr relaticonship in
wnicn the measured siope changes in 3 precicizble way witih the in-
Crzasing age of the depositignal uniz. cLea2s* sguares fitting ot

The *time of cencsizion of three giffsrent units in the arca
Y -7 nT - —_ e = T - 14 sa - iz
zoproximately 33-47 kilometfers ezst o7 Clerlsbad, Haw Mexico, was

determined by tha uranium-trend tschnigus. A description of the

saction of Mescalerc caliche and the gverlying Eerino soil from the

(@]

zliche quarry, collected and cescribed hy George Bachman [USGS;, is

shown in Table 2. Ssmoles from thick gypsum spring exposed in an

arroye in Nash Draw ware collected with George Bachman and John Hewiey

{New Mexico Burezu of Mines and Mineral Rescurces). A description

IO



of this unit and the uranium and thorium content in samples collected

is shown in Table 3.
RESULTS

Isotopic ratio analyses required for the three units and the
ratios showing variation from radioactive equilibrium, required for
U-trend plots, are listed in Table 4. The uncertainties in these

ratics are 2-siama errors &s required by the least sguares fitting

2

of a straight line using the York-fit method (Ludwig, 1978) to
obtain the isochrons shown in Figures 2, 3, end £. The uranium-

trend slats for the Zering sail, Mescalars caliche, and gypsum spring

~ K - et i i o - : - R ;
The parameters Jdetermined from the U-irend plots znzd ihe ages
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Jrobably ceased 2efore about 337,007 years 250 when the cverlyin

C

=

sanc was deposited on which the Saring soil ceveloped. Formaiion
of the gvpsum soring deposit eppears O have begun azbout the time wnen

ary czliche ceased development and its source may De

: (Fig. 5) . ... .
iapse/. Bachman (1576, p.146) suggesied

that solution of evasorite and collzpse of the surface occurred both

before and after the accumulaticn of the Mescalero caliche in Nash Draw.

-

Five fossil bones and testh of harse and bison were coliscted
by Curtis Mckinney from the bottem of-the arroya in which the gypsum
soring was exposed. These specimens yield apparent uranium-series
ages that had a considerable spread in time (Table 6). Apparent

ages ranged continususly from about 25,000 years for tooth enamel 1o

9
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about 170,000 years for bison leg bone. The reason for the large
divergence in these apparent ages may be the result of the geochemical
environment to which these bones have been subjected. The three
bone samples (60,000 - 170,000 yéars apparent ages) have uranium
contznts (Table 6) that significantly decrease with increase of
apparent age suggesting the pessibility of late uranium addition of
the fossil bone material resulting in apparent ages that may be
t00 voung. The reliability of U-series dating ¢f fossil material
influenced by a nigh sulfate environment, as occurs in a gypsum
saring, has naver been tested.

One of the best studies of U-series dating of buried Tessils
was done 5y Hansen and S2gg {1970} in which they dated fossiis that

avorable environments for bone Jraservaticn. They

culated an zverece age of 103,000 + 6,000 years 7or four fossid

(%)
1
M
[
=
s
73
w
—"I

rom the Teichert site, Sacremento area, California.
cvium 2t this site has now bzen assigned to the midd
the Rivardank Formaticn (D, E. Mavrchand, 1920, orz! commun.} and

¥ : : + 3 - [ N - =
“he besi current estimate for the zae of middie Riverbank z

(a4

10



REFERENCES

Bachman, G." 0., 1976, Cenozoic deposits of southeastern H.M. and an
outline of the history of evaporite disso}ution, U.S. Geological
Survey Journal of Research, v. 4, no. 2, p. 135-149.

Hansen, R. 0., and Beag, E. L., 1970, Age of Quaternafy sediments and
soils in the Sacramento area, California, by uranium ang actinium
series cating of vertebrate Tossils:  Earth ang Planetary Science

Letters, v. 3, p. 411-419,

vy Sci. letters, v, 4, p. 317-379.

2v. Zarth aznd Planet

w

Ladwig, X, R., 1873, A sregrem in Hewlett-Packard 345

ant iine-Tiiling of {sotopic and other céta: U.S. Zecliogical
Survey (sen-7Fi1a Report 73-1847, 23 p
farchand, U, £., and Aitwardt, AL, 1377, Late Cenozoic stratigrzchic
<. +haopta Cam  Trymegs Vel Ay [ - 5. :-S HeAY e
ul1-3, WOY‘LHE..S'_:‘T‘I‘I >an JDgcuIn Va 1S, \,uA}!\_,-rrha, Yoo, '.--..DID‘:'
Survey {nen-Fije Report 77-733, 135 p.
Aosnolt, J. oL, 197z, Uranium-trend cating of alluvial dempeits in

Shert Pazers of the rourth Interraticnzi Con

W



