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oeean which 1s close to the boundar y between Northern 

Central end Southern Central water; no Equatorial 

•ater Ula &s ex1ats 1n the Atllantic . The most northerly 

of these specimens would perhaps be wholly Northern 

Atlantic wa t er , while the southern ones would be a 

mixture of both. Through this region travelling from 

east to west , 1s the Northern Equatorial Current having 

a surfa ce temperature throughout th year of 20° - 25° c. 
At a depth of' four hundred meters the temperature drops 

to 8° - 11° C. The samples from the Pac1f1c Ocean were 

taken from the California Cu.rr nt , a 1de body of water 

travelling rather sluggishly to the southeast . The 

perature .of the watP-;r 1n this region 1a 

9° - 20°C in the ·ummer and S0 - 8° C a t a depth of 

400 meters. 

Variations in the isotopic oonst1tut1on of 

sulphur 1n the ocean water were noted tor various 

pos1t1ona from which the water was taken. If any 

process wsa occurring in the ocean involving sulphur 

isotopes , 1t might be expected t hat as the temperature 

decreased. , tbe oonoentrat1on of the h.eavy isotope 

would 1nore se 1n the sulphate. Sinoe , 1n the 

reg1ons where the sulphates were obtained, the 

temperature deore ses w1th depth , a temperature 

effeot m1gnt as a depth effect aw well. 

• 
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However, th variations in the s32;s34 content of t hese 

peo1mens at the var1ou depths app ar to be r andom 

and small . In faet, th s sulphates possess as 

constant an isoto 1o cGmpo it1on s any group of 

sul phur samples yet examined with the exception of the 

rneteor1t1o sulphur. 

Recently, Kulp (,58) has studied thebehav1our 

of cl4 1n the organic material in the deeper parts of 

the ocean. He oa.loulates that these deposits are on 

· the average, approx1mntely two t bouaand years old, 

suggesting that the oceans become completely mixed 

every f1ve thoueand years • . 4fh1fl would mean tbat the 

sulphat es in the ocean w ter also become mixed and 

ven 1f some localized enrichment of the sulphate 

ooourred, the mixing would soon obliterate the effect . 

Brom th1.s point of view an explanation 1s obtained 

for t he remarkably constant s:32;s:34- :rat1os found foT 

sulphates of the· sea. 

As ment i oned earlier. previous to eight hundrE'd 

m1111on years a go , the b1olog1oal sulphur cycle 1n the 

·ea was prob bl7 not operating and the 1sotop1o 

oomposit~on ot terrestrial sulphur was propably very . 

close to that now found for meteoritic sulphur and 

igneous rooks . S1noe that time the oyele ha.s become 

aot1ve and the sulphur isotopes h~ve be n fraot.1onated 

at an ever 1norea 1ng r te .. Thus, the isotopic 
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abundances of the sulphates in the sea and the sulphides 

from them by ~ana of the oyole would gradually be 

changing w1th time. It would appear from the above 

resul t s that at any one tim the isotopic composition 

of the sulphetes is relatively constant over 11 the 

oceana and a t all depths . s the ~ulphides and 

s.ulphates are deposited from the set\ 1n the form ot 

sedimentary rook , the isotopic content should be 

rel tivel1 constant regardless of the position o 

th.e earth where the rook was laid down. Consequently , 

the governing factor in the sJ2;s34 ratio of sulphur 

in suoll rook 1e not position but t1me. 

• 



1:ABLE I 

ISOWQPIC DIS%'f!IftUT10N OF SULPHUR IN MtlTEDRITES 

N m Type Present s32; s34 

Bella Roca ex. 

Bear Creek , Colo. 

Cambria , N. t . 

Jose Wright Mtn. 

i1der1te 

Siderite 

Siderite 

Siderite 

Duobesne Siderite 

Duchesne Siderite 

W1oh1ta Co. Kans . Siderite 

fia terville iderite 
1. . ( ./""v.f'" • "' 
Canyon Di ablo S1der1te 

Canyon Di ablo Siderite 

Canyon Diablo Siderite 

Canyon Diablo Siderite 

Cumpe.s 

Brenham Co. Kans . 

Indaroh 

Husoton, Kan' • 

Gladstone N _ Me· X. 

S1derol1te 

Aerolite 

Aerolite 

Aeroli t e 

Alamogordo, N. Mex . Aeroli te 

r Mean D~v1atlon 

- J?.-

. Ratio 
1- 1- ' 

22 . 230 . - 0. 09>3 

22 . 227 

22 . 230 

22 . 21.5 
....... 

22 . 222 

22 . 222 

22 . 227 

22 . 227 
2' 1.' ...... ~:-. 

22 . 222 

22 .. 21~ 

22. 220 

22 . 227 ' 

22 . 22?-

22 . 2:32 --

22.21~ 

22 . 222 

22;26:0 
=<.. 2 .7-\ .._ 

• 

• 
It 

" 

• 
ll 

II 

" 
• 
II 

• 

• 
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. '!'ABLE II 

COMPARISON OF PRESENT RESULTS WI TH THOSE OF 
PREVIOUS WORKERS 

Canyon DiaBlo 

Canyon Diablo 

Canyon Diablo 

Canyon Diablo 

Canyon Diablo 

Waterville 

Duchesne 

Duche sne 

El Loba Argentine 

Brenham Kanse. s 

Union co. N. Mex , 

+' Mean Deviation 

Prtaent 
s32L§J Ratio 

I 

i" -t' 
22.222 - 0 , 003 

t/ 22 . 220 

22 , 220 

22 , 227 ' 

22. 227 

22 . 222 

22 , 222 

•• 

• 

• 
• 

" 

" / 

32 . 9¢d s /S Ratio 

~ 1" 

22 . 21 - O,rO.,p2 

22.22 -to ., ,02... 

22,21 
.,. •· () ~ -

22, 21 • 
22,21 • 
22 , 20 • 
22.24 • 
22 , 2) • 
22 . 22 • 
22 . 2) • 
22 , 20 tt 
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TABLE III 

SAMPLES ~lADE FROM S MF. MATERI AL TO FIND 
REPRODUCIBILITY OF METHODS OF PHEPAB TION 

Tro111te from Bella Roca Mexico 

I)ate Prepared a32/s34 Ra tto 

April 1 22,.22? 

April l 22,. 2.32 

April 1 22. 2)2 

April 1 22 . 227 

April 28 22.227 

April 28 22.2:37 

July 31 22 . 232 

July 31 22 . 22.5 

August 1 22.2.32 

Average 22 . 230 + t - • 0.01 -t-

+ Mean Devia tion 
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COMPARISON OF RESULTS OBTAI ED WITH 
SIMULTAJ:! aQUS COl LECTI ON OVER. A_PERIOD OF TWO MOTHS . . = :: . . • .; 

Date -
Decem er .5 

December 5 

December 9 

December 9 

December 30 

December 31 
January 7 

January 13 

J anuary 1.5 

J anuary 16 

~ Mean Devia tion 

Average 
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22el98 

22.19.3 

22 .203 

22 .198 

22.202 

22.198 

22.202 

22.198 

22.198 

22.200 '! 0.003 .,. 

• 



TABLE v 

SULPHUR 

Position d D te Depth ·sJ2;s34 a t1o 
"g;t},.~Q t§~ j ,£ .et~r§l 

2.2°00 ' N 30°oo• w 10 
1" 

21 . ?96 - o.oo:; 
... 

Feb. 14, 1952 68:; 21. 808 • 
121:3 21. 8.51 .. 

09°25' 20°l.S' W l 21. 801 (I 

Feb . 28 , 1952 ?00 21 . ~77' tt / 

.15.5' 21. 06 II 

1J0 oo• JB0 .ss•w 23 21. ?80 • 
reb. 4, 1952 651 21. 7?;. • 

1600 21. 644 • 
16°24. 5' ; 8°S3 • .S' W 21 21. 851 " 
· a rch )1 , 1952 6)6 21. 791 .. 

1432 21. 796 .. 
16°oo•N 46°oa•w 24 21. 639. .. 
April z. 19!12 975 21. ?96 • 

16, 8 21. ?80 . • 
l l 0 .59' N S6°03'W 4) 21. 820, • 

pr1l 9, 19.52 6"/0 
16i.S 

21. 812· " 
21 . 816~ • 

T ean Dev1a.t1on 



SULi HUB ISOTOP t!.i ,ii.BU iDAli•c:cs OH SFt• ~ TE StJLF ATES 
IN THE FAC1~'IC r l<lD ARCT.IC 

Po 1t1cn 

Resolute Bay , 
N. W,.T. 

Pac1f1o Naval 
Lab 12? 

Sanwich Inlet 

Halifax Barbour 
H.s. 

~ Mean Deviat ion 

Depth 
,! Meter§) 

Sur face 

Surface 
2,500 

Surface 
2500 

180 

o32;s34 Ratio 
Macnamara 

1" T 
21. ?3 - 0 . 02 

21. 84 II 

21. 88 • 
21.90 • 
21. 89 • 
21. 80 • 
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s32;s34aat1o 
New Regults .,. .,. 
21. 838 - o.oo; 

21. 820 • 
21. 801 • 
21. 842 • 
21.830 • 

--; .. -

21. 837 . • 

21. 8,56 • 

~~ -::::-:.~ 

• 



SUMMARY 

M$teori tio ·sulphur and sea water sulpnates 

were studied with regard to t hetr .sulphur isotope 

bundanoes . Sulphur from eighteen meteorites a 

analysed, sixteen s :ples of wh1oh had the sa me 

s32;s34 .ratios within 0 . 02 percent the preoi ion and 

accuracy of the determinations . Sinoe the avera ge 

1sotop1e oompoe1t1on of terrestrial sulphur 1s 1'ery 

olose to that found for met or1tes, it would appear 

that the sulphur 1n meteorites 1s the primordial 

sulphur. Further evidence is thus advanced for the 

theory that the earth and meteorites a re related 

!n .some manner. 

The sea water sulpbat e were obtained .from 

various depths in the Atl antic, Pao1f1o and rct1o 

Ooean • The isotopic composition of the sulpha tes 

had an overall variation of 0. )9 peroent and were 

enriched in sJ4 rela tive to the meteoritic base 

level . Brom these results , 1t oan be concluded t hat 

the sulphates 1n the sea are uniform in their 

1sotop1c oomposit1on tod 1 1 and have probably been 

uniform throughout time , even t hougn s32;sJ4 ratio 

has been gradually ohangtng,., 
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