
SEATTLE,



.-

UNIVERSITY OF WASHmGTON
DEPARTMENT OF OCEANOGRAPHY
Seattle, Washington 98105

Technical Reports

Nos. 162, 163, 164,

165, 166, and 167

A COMPlLATION OF ARTICLES REPORTING RESEARCH SPONSORED

BY THE OFFICE OF NAVAL RESEARCH

" "f
Office of Naval Research
Contracts Nonr-477(10)

and Nonr-477(37)
Project NR 083 012

Reference M66-76
December 1966

~,
Chairman

Reproduction in whole or in part is permitted for
any purpose of the United States Government



r

a.

~.

-..
'f

ARTICLES REPORTING RESEARCH SPONSORED BY THE OFFICE OF NAVAL RESEARCH

Technical Report No. 162

QUASIGEOSTROPHIC FREE OSClLLATIONS IN ENCLOSED BASmS, by Maurice Rattray,
Jr. and Robert L. Charnell. Journal of Marine Research, 24(1):82-103.
1966.

Technical Report No. 163

PALAGONrrE TUFFS (HYALOCLASTrrES) AND THE PRODUCTS OF POST-ERUPTIVE
PROCESSES, by Y. Rammohanroy Nayudu. Bulletin Volcanologique, 27: 391-410
+ 5 plates. 1964.

Technical Report No. 164

CARBONATE DEPOSrrS ON PLANTAGENET BANK NEAR BERMUDA, by M. Grant Gross.
Geological Society of America Bulletin, 76:1283-1290. 1965.

Technical Report No. 165

DIGGING CHARACTERISTICS AND SAMPLDfG EFFICIENCY OF THE 0.1 m2 VAN VEEN
GRAB, by Ulf Lie and Mario M. Pamatmat. Limnology and Oceanography,
10(3):379-384. 196? .

Technical Report No. 166

GRAVrrATIONAL cmCULATION m STRArrs AND ESTUARIES, by Donald V. Hansen
and Maurice Rattray, Jr. Journal of Marine Research, 23(2):104-122.
1965. ---

Technical Report No. 167

OXYGEN AND CARBON ISOTOPIC OOMPOSITION OF LIMESTONES AND DOLOMl'rES, BIKINI
AND ENTWETOK ATOLLS, by M. Grant Gross and Joshua I. Tracy, Jr. Science,
131(3714):1082-1084. 1966.



JNIV::R5:TY OF WASHINGTON
0EPARTMENT OF OCEANOGRAPHY
TECHNICAL REPORT NO. 16 7

Oxygen and Carbon Isotopic Composition of Limestones and

Dolomites, Bikini and Eniwetok Atolls
M. Grant Gl·OSS

Joshua I. Tracey, Jr.

Reprinted from Science, March 4, 1966, Vol. 151, No. 3714, pages 1082-1084



....

Oxygen and Carbon Isotopic Composition of Limestones and

Dolomites, Bikini and Eniwetok Atolls
Abstract. Aragonitic, unconsolidated sediments from the borings on the Eni­

wetok and Bikini atoll.r are isotopically identical with unaltered skeletal frag­
ments, whereas the recrystallized limestones exilibit isotopic variations resuitilll!
from alteration in meteoric waters during periods of emergence. Dolomites and
associated calcites are enriched in 0 18, perhaps because of interaction with
hypersaline brines.
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The interpretation that the solution
unconformities developed during periods
of emergence IS reinforced by the find­
ing of fossil land snails of genera whose
living representatives are usually found
only on high islandst and of pollen that
appears to be more closely related to
present floras from high islands than to
those from atolls (3).

We determined the oxygen and car­
bon isotopic composition of samples
from the cores and cuttings (4, 5) in
order to learn more- about the processes
causing lithification of carbonates in
isolated, mid-ocean atolls, and in order
to ascertain whether emergences of the
atolls could be verified by the isotopic
composition of the recrystallized lime­
stone. The initial isotopic composition
of the carbonate sediments was obtained
by analysis of selected skeletal frag­
ments of the dominant carbonate­
secreting organisms now living in the
area, as well as apparently unaltered
skeletal fragments from the cores (Table
1 and Fig. I). The results indicate little
difference in the C13 and 01S contents
of the skeletal fragments, except for the
molluskst from either source; no mod­
ern mollusks were analyzed.

The isotopic compositions of the
recrystallized limestones, the altered
skeletal fragments, and the coarsely
crystalline calcites from the borings on
the two atolls show striking variations
in CI3 content as comp~red to tne un­
altered skeletal fragments or to the
unconsolidated sediments (Table 2 and
Fig. 2). The unconsolidated calcareous
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Fig. 1. Oxygen and carbon isotopic com­
position of skeletal fragments of the
dominant carbonate-secreting organisms.
The numbers are sample numbers.

820 meters~ were f,?rmed in Pleistocenet
late Miocene, and early Miocene time.
Dolomite occurred below the Miocene
solution unconformities at Eniwetok
(2); none was dp.tected at Bikini (1).
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The Cenozoic history of Bikini and
Eniwetok atolls has been one of slow
subsidence-more than 1200 meters
since late Eocene time-interrupted by
several prolonged periods of emergence
during which the atolls stood above the
sea as high islands (J, 2). The emer­
gences are inferred from subsurface
zones of vuggYt calcite-cemented lime­
stone.

Petrographic evidence indicates that
the limestone zones resulted from
the partial solution of original skeletal
material and the addition of crystalline
calcite cement. This alteration of orig­
inally unconsolidated sediment to Iithi­
fied rock is believed to have taken place
through the agency of percolating
meteoric water. Aragonite in these zones
is largely or completely replaced by
calcite. The zones of calcite-cemented
limestone grade downward to unaltered
aragonitic sediments; these zones are
truncated and overlain with apparent un­
conformity· by unaltered aragonitic
sediments. The aragonitic sediments are
considered to r~pr~s.ent parts of the sec­
tion that were not long exposed to
meteoric waters. These unconformitiest
called solution unconformities by
Schlanger (2) t at depths of 90t 330t and



Table 2. Oxygen and carbon isotopic and mineral composition of specimens from cores, Bikini and
Eniwetok atolls. Trace, tr; crystalline, cryst.; recrystallized. recryst.

Table 1. Oxygen and carbon isotopic and mineral composition of major sediment-contributing
organisms.

• Indicates sample from cuttings. t Data from Schlanger (2, p. IOOS).
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Foraminifera, I/alik atoll
-3.3 -2.0
-2.7 +3.1
-3.4 - 1.5
-3.6 +0.5

Skeletal fragments. Bikini
4.6 -1.6

16.8 -2.0
54.9 -1.2
83.8 -0.4

193.5 -5.4
281.9 -1.3
281.9 -1.4
329.8 -2.2
329.8 -2.1

Calcareous algae. Bikini atoll
-4.4 -0.2
-4.6 +2.2
-6.0 -1.5
-1.9 +2.9

Coral. northem Marshall Islands
-4.2 +0.0
-4.3 -2.0
-5.9 -1.9

Core No.
(/, 2)

(F-I-2-6)
(F-I-2-10)
(F-I-3-17)
(F-I-3-26)
(F-I-6-21)
(F-I-12-7)
(F-I-12-12)

(2-2-10)

(2-3-2)

(3-10-13)

(2-7-3)
(2-11-16)

(2A-12-5)
(2A-19-3)
(2A-24-1)
(2A-26-8)

(2A-28-15)

(2A-32-lb)

(2A-37-15)

(2A-1135)

Limestone and matrix mud, Bikini

Skeletal/ragmeflts, Eniwetok
(R-I-17) 0.9 -4.5
(R-I-24) 1.2 -0.9
(MU-7-3a) 4.6 -0.9
(RU-2-3) 9.8 -2.2
(F-I-830-840) 253-256 - 1.5
(F-I-830-840) 253-256 -4.4

(2-1-2)
(2-3-2)
(2-11-1 )
(2A-20-1)
(2A-32-la)
(2A-36)
(2A-36-2)
(2A-I082)
(2A-ton)

Description

Acropora digitifera
SeriOlopora hystrix
Porites lutea

Description

Calcarina spengleri
Marginopora verlebralis
Baculogypsilla sp.
Amphislegina sp.

Lilhopllyllum sp.
Porolilhon craspedium
P.onkodes
Halimeda sp.

Limestone and dolomite, Eniwelok
Recryst. limestone (K-I-253-258) 77.0-78.5 - 5.9
Coarsely cryst.

calcite
Gastropod cast
Recryst. limestone
Recryst. limestone
Recryst. limestone
Dolomite, calcitic
Dolomitic limestone
Calcite
Dolomite, coexisting

with calcite (No. 47a)

5
6
7
8

1
2
3
4

40
41

42
43
44
45
46
47t
47a
47b

27 Brown laminated
limestone

28 Unconsolidated
matrix mud

29 Coarsely cryst.
calcite

30 Unconsolidated
matrix mud

31 Recryst. limestone
32 Unconsolidated

matrix mud
33 Recryst. limestone
34 Recryst. limestone
35 Coral cast
36 Chalky recryst.

limestone
37 Coarsely cryst.

calcite
38 Unconsolidated

matrix mud
39* Brown recryst.

limestone

21 Coral
22 Lithophyllum sp.
23 Tridacna sp.
24 Halimeda sp.
25* Mollusk
26* Coral

12 Pelecypod
13 Halimeda sp.
14 Pelecypod
15 Pelecypod
16 Porites sp.
17 Gastropod
18 Mollusk
19* Pelecypod
20* Pelecypod

9
10
11

Sample

Sample

muds (samples 28, 3D, 32, 38) arc
well within the range of isotopic com­
position of the skeletal fragments and
thus support the hypothesis that these
aragonitic sediments have not been sub~

jected to meteoric waters long enough
to be recrystallized. Most recrystallized
lim~stones (samples 27, 31, 33,34, 36)
show pronounced variations in CI:i con­
tent, similar to those observed in the
limestones in the Bermuda Islands (6).
These isotopic variations result from the
addition to the original sediment of
calcite containing carbon derived from
the gases of the soil zone (8CU = - 25
per mil), and possibly from isotopic ex­
change between the constituent grains
and the interstitial waters when the
atolls were emergent.

The variations in the 0 18 content of
the recrystallized limestones are less
striking, but they too can be explained
as a result of solution of original car­
bonate and subsequent reprecipitation
of calcite in meteoric waters. If the
coarsely crystalline calcites (samples 29,
37, 41) formed in isotopic equilibrium­
with interstitial water at approximately
27°C (7), the 80lR value of the water
must have been between - 3.5 and
- 5.0 per mil (8).

A sample of sea water from Rongelap
Atoll had a 8018 value of- 0.0 per mil,
whereas samples of meteoric waters (9)
had values ranging from - 3.8 to - 5.8
per mil. These results are not conclu­
sive, but they support the hypothesis
that the coarsely crystalline calcites were
formed in meteoric waters whose 0 18

contents were not appreciably different
from present-day meteoric waters in
the region.

The large variations in C13 content
associated with alteration in meteoric
waters are observed only in the samples
(Table 2) from the upper portion of the
borings on the two atolls. We ~elieve

that these variations are the result of
the Pleistocene emergences. The varia­
tion with depth of the C13 content may
be associated with the access of the
meteoric waters to the limestones. Those
samples altered near the surface would
have the freest access to solutions that
had become equilibrated with soil gases
(8Cl3 = - 25 per mil) and would
therefore have the most negative 8Cl3
values. Samples J00 to 200 meters be­
low ihe surface would be exposed to so­
lutions that 'had exchanged considerable
amounts of carbon with the carbon­
ates through which they passed, with
the result that the 8Cu~ values of these
recrystallized limestones would differ Iit-

-~
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tie from those of the unaltered carbon­
ate sediments. An alternate explanation
is that the deeper samples were altered
during earlier Pleistocene emergences,
and thus have had more time than the
younger samples nearer the surface to
approach isotopic equilibrium through
reequilibration or recrystallization in the
sea water that permeates the atolls (7).

With one exception, the samples of
the limestones and dolomites affected
by the postulated Miocene emergences
are from Eniwetok. The one sample
from Bikini (sample 39) associated with
a Miocene solution unconformity re­
tains no isotopic record of the altera­
tion in meteoric water, which has been
postulated to explain its petrographic
character (1). The same is true of the
recrystallized limestones from the Eni­
wetok borings ~samples 43, 44, 45), but

these contained small amounts of dolo­
mite. Thus the isotopic variations of
these recrystallized limestones from the
deeper parts of the borings are dis­
tinctly different from those in the upper
portion of the borings affected by
Pleistocene emergence.

Dolomite (samples 46, 47b) and
associated calcite (sample 47a) from
the core are enriched in Ot8 (Fig. 2).
These data are consistent with the hy­
pothesis (5, 10) that dolomitization re­
sults from the reaction of carbonate
sediment with hypersaline brines. Such
hypersaline brines formed by the evap­
oration of sea water should also be en­
riched in 0 18, and would result in the
enrichment of 0 18 in the sediments with
which they reacted. Perhaps this also
accounts for the isotopic composition of
the deeper recrystallized limestones

(samples 43, 44, 45) from Eniwetok,
which may also have been exposed to
meteoric waters at some time in their
history.

The coexisting dolomite and calcite
exhibit an apparent fractionation (11)
in 8018 of 3.7 per mil. These data are
in reasonable agreement with the ob­
served fractionation (corrected for dif­
ferential acid fractionation) of 2.2 to
2.9 per mil between dolomite and co­
existing carbonate sediment on Plan­
tagenet Bank near the Bermuda Islands
(12).

M. GRANT GROSS

Department of Oceanography,
University of Washington, Seattle

JOSHUA I. TRACEY, JR.

U. S. Geological Survey,
Washington, D.C.
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1 Commander-in-Chief
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1 Commander-in-Chief
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