
0R0-3852-38 

URANIUM AND THORIUM SERIES ISOTOPES IN NEARSHORE MARINE SEDIMENTS 

M. R= S c o t t and P. F. S a l t e r 

Measurements of U and Th s e r i e s i s o t o p e s have been made on s ed imen t s 

most o f t e n as a means o f e s t i m a t i n g sed imen t accumula t ion r a t e s . T h e r e f o r e 

d a t a a r e a v a i l a b l e f o r long h a l f - l i f e i s o t o p e s such as 2 3 0 T h and 2 3 1 P a on 

s lowly d e p o s i t i n g d e e p - s e a s e d i m e n t s , and f o r t h e s h o r t h a l f - l i f e i s o t o p e s 

such a s 2 2 8 T h , 2 3 ,*Th, and 2 1 0 P b mos t ly on r a p i d l y accumula t i ng c o a s t a l 

s e d i m e n t . 2 1 0 P b a n a l y s e s of M i s s i s s i p p i Del ta s ed imen t s have been used 

by Shokes (1976) t o e s t i m a t e s e d i m e n t a t i o n r a t e s and b i o t u r b a t i o n r a t e s f o r 

t h e d e l t a . We a r e a l s o in the p r o c e s s o f measur ing 2 l 0 P b on samples of 

Gulf o f Mexico s ed imen t s c o l l e c t e d f o r t h i s s t udy i n o r d e r to improve 

o u r a b i l i t y t o i n t e r p r e t t h e Pu p r o f i l e s in t h e G u l f . 

S t u d i e s of U and Th s e r i e s n u c l i d e s in s ed imen t s of r i v e r s e n t e r i n g 

t h e Gulf have been d e s c r i b e d i n a p r e v i o u s s e c t i o n of t h i s p r o g r e s s 

r e p o r t . The i s o t o p i c decay s e r i e s a r e o u t o f e q u i l i b r i u m a t s e v e r a l 

s t e p s in t h e s e r i e s . The a c t i v i t y r a t i o of 2 3 k U / Z 3 8 U i s g r e a t e r t han 1 in 

sediment end w a t e r samples in a few c a s e s , and t h e 2 3 0 T h / 2 3 U U r a t i o i s 

g r e a t e r t han 1 i n most i n s t a n c e s . In t h e c a s e of t h e M i s s i s s i p p i River 

suspended sed imen t , an ave rage of 0 . 9 3 dpm/gm 2 3 0 Th i s p r e s e n t i n excess 

of t h e amount of i t s p a r e n t 2 3 4 U . This e x c e s s 2 3 0 T h c l e a r l y must be added 

t o t h e Gulf of Mexico by t h e r i v e r . The Gulf of Mexico sed iments have 

been r e p o r t e d by S a c k e t t e t a l . (1973) t o have u n u s u a l l y h igh U concen-

t r a t i o n s . We have t h e r e f o r e begun a s t u d y of U, Th, Pa, Ra, and Pb i s o t o p e s 

i n t h e sed iments of t h i s sy s t em, i n c l u d i n g t h e n e a r s h o r e mar ine a r e a of 

t h e M i s s i s s i p p i R ive r D e l t a . The p r e l i m i n a r y r e s u l t s a r e d i s c u s s e d in t h i s 

r e p o r t . 
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Uranium and Th i s o t o p e a n a l y s e s have been completed on two co re s 

from t h e d e l t a , 78-G-8, S t a t i o n s 8 and 9 (Table 1; F igure 1 ) . Both c o r e s 

show d i s e q u i l i b r i u m among t h e U and Th i s o t o p e s as wel l as ev idence f o r 

chemical r e a c t i o n s i nvo lv ing t h e U i;i t h e sediment . 

By f a r t h e dominant source of sediment t o t h i s p a r t of t h e Gulf of 

Mexico i s t h e suspended sediment c a r r i e d by the M i s s i s s i p p i River . An 

"average" M i s s i s s i p p i River suspended sediment sample c o n t a i n s the f o l l o w i n g : 

2 .74 ppm U, 23«HJ/238U = 1.02 + .07; 11 .3 ppm Th; 2307h = 2 .90 dpm/gm, 

2 3 0 T h x s = 0 .93 dpm/gm. These va lues a r e based on the M i s s i s s i p p i River 

suspended sediment samples analyzed f o r t h i s p r o j e c t . Comparison of average 

r i v e r sediment to t h e marine sediment va lues in Table 1 shows some obvious 

d i f f e r e n c e s . The uranium con t en t of t h e 0 - 2 cm i n t e r v a l of marine 

sediment c o r e s i s the same o r s l i g h t l y l e s s than average r i v e r sed iment . 

Below t h a t depth both c o r e s show s i g n i f i c a n t enrichment of U with d e p t h , up 

to 4 .33 ppm in t h e 102 - 106 cm i n t e r v a l of t h e g r a v i t y c o r e from S t a t i o n 8 

(F igure 2 ) . These sediments have been shown to be reduc ing below the top 

few c e n t i m e t e r s , and t o have undergone r e m o b i l i z a t i o n of Fe and Mn. The 

enr ichment of U i n t h e c o r e s i s probably r e l a t e d to t h e p rocess desc r ibed 

by Veeh (1967) in which sea water U i s reduced to i t s r e l a t i v e l y i n s o l u b l e 

+4 s t a t e by o r g a n i c - r i c h , r e d u c i n g , nea r sho re sed imen t s . In t h e case of 

the d e l t a sediments t he reduc ing c o n d i t i o n s a r e brought about by the r a p i d 

sed imen ta t ion r a t e , which qu ick ly removes o rgan i c ma t t e r from c o n t a c t w i th 

oxygenated sea w a t e r . The organic ma t t e r c o n t e n t of the sediments i s not 

e s p e c i a l l y h igh , about 0.5% (Shokes, 1976) . 

According to t h i s i n t e r p r e t a t i o n the i n c o r p o r a t i o n of sea water 

uranium should be r e f l e c t e d by an i n c r e a s e in the 2 3 l f U / 2 3 ^ J a c t i v i t y r a t i o , 

because a v e r a g e sea w a t e r U has a r a t i o of 1 .14 (Ku e t a l . , 1977) . I t 



Table 1 

Uranium and Tnorlurs lwtoplc Analyses of Mississippi Delta Sediments 

7S-S-3, Station 9 !Ct in, depth 

7J-G-E. Station 3 31 j ' , ii?tn 

Interval j'l.G J In : "U J5-U •1JiIft 2 »5Ifi ; 2' } j : Th 
ca 

j'l.G ppn ppn dpri/s dpir/g dp.r./g dpm/g 7T!7h "-Th Excess 
0 - 2 7b.97 2.87 : .03 18.45 2 .16 2.12 : .02 1.83 : .02 4.54 : .04 5.11 t .04 0.89 » .01 t. 13 • .01 2.72 • .04 3.23 .05 
6 . 10 53.49 3.46 I .04 la.88 : .30 2.56 i .03 2.34 .03 4.64 s .07 5.19 2 .08 0.91 1 .02 1.12 l .02 2.22 i .04 2.85 2 .59 
22 - 26 51. «5 3.16 : .09 15.53 : .29 2.33 : .C7 2.28 : .06 3.82 : .07 3.94 i .07 0.98 * .04 1.03 t .03 1.73 . .06 i.ec i .09 
3e - <2 51.34 3.43 r .06 13.70 : .12 2.53 : .04 2.13 ; .04 3.37 « .03 3.54 i .03 0.90 X .02 1.05 2 .01 1.55 ; ,C3 •..26 • .C5 
54 - £8 47.03 3.16 i .C6 12.rO • .15 2.33 : .34 2.14 : .u4 3.15 : .04 3.37 4 .Os 0.92 1 .02 1.07 1 .02 1.57 ; .03 1.C3 
7'" - 78 4*.<18 3.22 t .06 >3.96 : .14 2.3S ; 2.10 i .04 3.44 i .01 3.60 t .04 0.68 ; .03 1.05 2 .01 1.72 i .04 1.51 1 .06 
IC2 - 106 SO. 60 3.07 t .12 13.00 : .09 2.27 : , .09 2.1 fi i .09 3.20 • .C2 3.32 t .02 0.96 . .05 1.04 . .01 1.52 j .06 1.14 .11 
SUnk - - n.ri. — - - - -

0 - 2 6-,.1'i 2.56 : .07 9.32 t .30 1.29 : .C5 1.75 2 .05 2.<3 : .07 2.C9 t .03 0.93 .03 1.17 .05 1.54 t .06 0.94 .09 
i - 10 56.21 3.26 4 .08 14.50 • .26 2.41 : . . Ci 2.:-9 2 .se 3.57 ; .06 3.81 ; .07 0.95 2 .03 1.07 £ .03 1.67 • .05 1.52 .09 
22 - 26 53.29 4.00 i .06 11.62 : .39 2.96 : .05 2.82 : .05 2.iC i .10 3.25 : .10 0.95 ; .02 1.14 i .05 1.15 t .04 0.43 • .12 
38 - 42 57.25 3.61 i .08 11.44 t .70 2.66 ; . ,C5 2.55 • .05 2.81 1 .18 2.77 t .lb 0.96 • .03 0.98 1 .00 1.09 l .08 0.22 • .20 
54 - 58 57.90 4.05 t .07 13.13 : .19 2.99 : . ,C6 2.91 2 .25 3.23 2 .jj 3.45 : .05 0.97 . .02 1.07 i .02 1.13 2 .03 3.54 : .37 
74 - 78 54.99 3.98 • .06 11.61 i .11 2.54 , ,05 2.Z0 : .04 2.o6 2 .03 3.14 * .03 0.95 ; .02 1.10 t .01 1.12 i .02 fi.34 t .05 
102 - 106 54.30 4.33 i .07 11.19 s .20 3.20 i . .05 3.04 s .C5 2.75 i .05 3.01 i .05 0.95 i .02 1.09 i .03 0.99 i .02 0.03 i .07 
Blank - - n.d n.d. - - — — mm 
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Figure 1. Locat ion of sediment co res ana lyzed . 
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Figure 2. Distribution of uranium versus depth in cores. 
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i s puzz l ing t o note t h a t t h i s does no t seem t o be t h e c a s e . As an extreme 

example, t he 1 0 2 - 106 cm l a y e r of t h e S t a t i o n 8 c o r e (Table 1) has 1 .59 

yg/g more U than ave rage r i v e r sed iment . I f t h i s were added wi th a sea 

wate r a c t i v i t y r a t i o of 1 . 1 4 , t h e r e s u l t i n g r a t i o should be 1 . 0 6 . I n s t e a d , 

the 23**u/238U a c t i v i t y r a t i o i s 0 .95 + . 0 2 . C l e a r l y t h e behav io r of U in 

t h i s system i s not so s imple a s hypothes ized above. 

A l l e r and Cochran (1976) and Thompson e t a l . (1975) have a l s o noted 

m o b i l i z a t i o n of U in nea r shore sediments of Long I s l a n d Sound. They 

obse rve an apparen t U l o s s from t h e c o r e t o p s , and s u g g e s t t h a t i t i s 

r e l a t e d to the a c t i v i t i e s of b e n t h i c o rgan i sms . These organisms i r r i g a t e 

t he bottom sediments to p rov ide an oxygen supply f o r themselves in 

reduc ing sed imen t s . Luedtke and Bender (1979) have shown t h a t such 

organisms t r a n s f e r 22Na a t r a t e s g r e a t e r than p o s s i b l e by chemical 

d i f f u s i o n . The i r r i g a t i o n may cause or enhance removal of U from t h e 

c o r e t o p and a d d i t i o n of U in deeper p a r t s of the sed iment . This a c t i v i t y 

m?.y be s e a s o n a l l y v a r i a b l e , and could r e s u l t in complex p a t t e r n s of 

d e p l e t i o n and enr ichment ( A l l e r and Cochran, 1976) . 

An examinat ion of 2 3 0 7 ^ / 2 3 ^ a c t i v i t y r a t i o s in t he d e l t a sediments 

a l s o shows d i s c r e p a n c i e s . The "average" unsupported excess 230Tli in r i v e r 

sediment i s exceeded in t h e d e l t a s e d i m e n t s , even though t h e sediments 

have a p p a r e n t l y been enr iched in U in t h e marine envi ronment . F igure 3 

i s a p r o f i l e of 2 3 0 T h excess in S t a t i o n 9 sediments versus dep th . The 

s t i p p l e d a r ea r e p r e s e n t s t h e 0 .93 dpm/gm 2 3 0 Th excess i n h e r i t e d from r i v e r 

s ed imen t . If t h i s amount of 2 30Th i s o m i t t e d , a t o t a l marine 2 30Th 
2 

excess of 57.8 dpm/cm may be c a l c u l a t e d , assuming a dry bulk d e n s i t y of 

0 .9 gm/cm3. The water depth a t t h i s s t a t i o n was 106 m, so t h e t o t a l 2 3 0 Th 

in e q u i l i b r i u m wi th t h e 2 3 t f u in a 1 cm^ column of wate r would be 29 dpm, 
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presumably e n t i r e l y removed t o t h e sed iment . I t i s t empt ing to sugges t 

t h a t more "marine" 2 3 0Th has been t r a n s p o r t e d to t h e s e sediments than the 

amount gene ra t ed by U in t he o v e r l y i n g w a t e r . I f so , t h e t r a n s p o r t would 

probably i n v o l v e shoreward movement 2 3 0 T h - r i c h p a r t i c l e s , a s proposed by 
o 10 

Bruland (1974) and Shokes (1976) to e x ^ a i n h igher than expec t ed" Pb 

va lues i n nea r sho re s ed imen t s . 

The 2 3 0 Th con ten t of t h e sediment from S t a t i o n 8 compl i ca t e s the 

i n t e r p r e t a t i o n given above. The 2 3 0 Th d i s t r i b u t i o n w i th depth in t h i s 230 
core ( F i g u r e 4) shows very l i t t l e excess Th, and v i r t u a l l y no unexplained 

230 , 
"marine" excess Th. This s i t u a t i o n i s caused in p a r t by t h e U enrichment 

of t h e sediment a t t h i s s i t e , which d i r e c t l y a f f ec t . ? the c a l c u l a t i o n of 
230 

Th e x c e s s . However, i t i s a l s o appa ren t from Table 1 t h a t t h e S t a t i o n 9 
n on 232 

sediment i s r i c h e r in both Th and Th than i s t h e sediment from 

S t a t i o n 8 . S c o t t (1968) has shown t h a t a l though the d i f f e r e n c e in U in 

d i f f e r e n t s i z e f r a c t i o n s of r i v e r sediments i s s l i g h t , t h e d i f f e r e n c e in 

Th c o n t e n t may be s i g n i f i c a n t . I t i s p o s s i b l e t h a t t h e S t a t i o n 9 sediments 

show an a p p a r e n t Th enr ichment because of s i z e f r a c t i o n a t i o n , The 230 232 

c o r r e l a t i o n between Th and 'Th was a l s o seen in s i z e f r a c t i o n a t e d 

r i v e r s ed imen t s , and was a t t r i b u t e d to r e m o b i l i z a t i o n of both Th i s o t o p e s 

in t h e s o i l p r o f i l e s dur ing weather ing p r o c e s s e s . A s t rong p o s i t i v e 230 23^ 

c o r r e l a t i o n of Th/U weight r a t i o s with Th/ U a c t i v i t y r a t i o s i s 

shown in F igure 5. S imi l a r r e l a t i o n s h i p s were shown f o r r i v e r sediments 

( S c o t t , 1968) and f o r s o i l s (Roshol t e t a l . , 1966) . I t i s probably t h a t 

t he d e l t a sediments have i n h e r i t e d t h i s t r end in t h e i r l a n d - d e r i v e d 

c o n s t i t u e n t s . Addi t ion of U t o t h e samples would move t h e da ta po in t s 

toward t h e o r i g i n . Removal of U or a d d i t i o n of Th (or enhancement of Th 

con t en t by s i z e f r a c t i o n a t i o n ) would move t h e da ta p o i n t s away from the 
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o r i g i n a long t h e same l i n e . We w i l l c o n t i n u e our s t u d i e s of d i s t r i b u t i o n 

of U and Th s e r i e s n u c l i d e s i n marine sediments dur ing the coming y e a r . 



12 

REFERENCES 

A l l e r , C. R. and T. K. Cochran, 1976, 2 3 1 Th / 2 3 e U d i s e q u i l i b r i u m in 
n e a r - s h o r e sed imen t s : p a r t i c l e reworking and d i a g e n e t i c time s c a l e s , 
Earth P l a n e t . S c i . L e t t . , 29, 37-50. 

Bruland, K. W., 1974, Pb-210 geochronology in the c o a s t a l marine 
environment , Ph.D. D i s s e r t a t i o n , U n i v e r s i t y of C a l i f o r n i a . 

Ku, T. L . , K. G. Knaus and G. G. Mathieu, 1977, Uranium in t h e open ocean : 
c o n c e n t r a t i o n and i s o t o p i c compos i t ion , Deep Sea Res . , 24, 1005-102. 

Rosho l t , J . N. , B. R. Doe, and N. Tatsumoto, 1966, Eva lua t ion of t he 
i s o t o p i c composi t ion of uranium and thorium in s o i l p r o f i l e s , Bu l l . 
Geol. Soc. Amer., 77, 987-1004. 

I u e d t k e , N. A. and M. L. Bender, 1979, Trace r s tudy of sed iment -water 
i n t e r a c t i o n s in e s t u a r i e s , E s t u a r . and Coast . Mar. S c i . , 643-651. 

S a c k e t t , W. M., T. Mo, R. F. Spalding and M. E. Exner, 1973, A r e -
e v a l u a t i o n of the marine geochemis t ry of uranium, jm Symposium 
on the I n t e r a c t i o n of Rad ioac t ive Contaminants wi th the c o n s t i t u e n t s 
of marine envi ronment , S e a t t l e , Washington, p . 757-769, IAEA, Vienna. 

Shokes, R. F . , 1976, Rate-dependent d i s t r i b u t i o n s of l ead-210 and i n t e r s t i t i a l 
s u l f a t e in sediments of t he M i s s i s s i p p i River D e l t a , Ph.D. D i s s e r t a t i o n , 
Texas A&M U n i v e r s i t y . 

S c o t t , M. R . , 1968, Thorium and uranium c o n c e n t r a t i o n s and i so tope r a t i o s 
in r i v e r sed iment s , Earth P l a n e t . S c i . L e t t . , 4 , 245-252. 

Thompson, J . , K. K. Turekian and R. J . McCaffrey, 1975, The accumulat ion 
of meta l s in and r e l e a s e from sediments of Long I s land Sound, in^ 
Es tua r ine Research, 1. Chemistry , Biology and the Es tua r ine System, 
L. E. Cronin , e d . , p. 28-44, Academic P r e s s . 


