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Evaluation of carbon and oxygen isotopic compositions of
brachiopod shells as paleoenvironmental indicators

Kazuyuki YamamoTto” ™, Yasufumi Iryu” and Tsutomu YAMADA"

U Institute of Geology and Paleontology, Graduate School of Science,
Tohoku University, Aobayama, Aoba-ku, Sendai, 980-8578, Japan

Carbon and oxygen isotopic compositions of brachiopod shells have been used for the recon-
struction of Paleozoic global carbon cycles and seawater temperatures. Brachiopods occur
throughout the Phanerozoic and their secondary shell layer consists of low-magnesium calcite.
It is assumed that the shells were precipitated in isotopic equilibrium with ambient seawater.
Recent studies, however, showed that isotopic composition of secondary shell layer varies due to
“vital effects” and that the criteria proposed in previous studies to distinguish the diagenetic al-
teration of fossil brachiopod shells are not always perfect.

In order to increase the reliability of the isotopic composition of brachiopod shells as a proxy
for ancient seawater conditions, it is necessary to clarify variations in isotopic composition in a
single shell and within and between species by studying modern brachiopods and to compare
the variations to the measured environmental conditions such as temperature, salinity, and iso-
topic composition of seawater. This will allow selection of species and shell portions that best re-
flect the isotopic composition of ambient seawater. The information about shell ultrastructure,
isotopic and trace elemental compositions of modern specimens are also needed to quantify the
degree of modification of original isotopic composition resulting from diagenetic alteration by
examining fossil forms.

Key words: brachiopod, carbon isotope, oxygen isotope, vital effect, paleoceanography, diage-

nesis
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Figlll Recent terebratulid brachiopod (Rhyn-

chonellata), Magellania flavescens. A)
Anatomy in median section. B) Internal
morphology of ventral and dorsal valves.
Modified from Clarkson (1986).

gooo0o0O0o0oO0ooooooogoooooog
gooo0o0O0o0oO0ooooooogoooooog
gooo0o0O0o0oO0ooooooogoooooog
gooo0o0O0o0oO0ooooooogoooooog
gooo0o0O0o0oO0ooooooogoooooog
gooo0o0O0o0oO0ooooooogoooooog
gooo0o0O0o0oO0ooooooogoooooog
0 0O 0O 0O brachiopod shellD OO OO
0000000000000 ODOoOoodgPhylum
Brachiopodall 0 00 0O 00O Odorsal valveO 00O O
Oventral valveDOOODOOOOOOODOODOO
OOO0OC0OFigsDOOmOoOOOODOOOODOOO
000000000000 foramend OO OO0 O pedi-
ce00000Figs OO0 M OOoOoOoOoODODODOO
gooo0o0O0o0oO0ooooooogoooooog
gooo0o0O0o0oO0ooooooogoooooog
OO0O0O00OQ0O0OFigM OdWilliams et al., 199611 O
gooo0o0O0o0oOoooooooogoooooog
gooo0o0O0o0oOoooooooogoooooog
00000 00OO0Oo0ooooooooooo

Dorsal view of a modern terebratulid
brachiopod Terebratulina crossei collected
at a depth of 70 m near the mouth of Ot-
suchi Bay, Iwate Prefecture.

Fig™

O0OO00OEming, 199200 0000000mMOGOO
000000 D0O0OD0O0ORhynchonelliformead O
0000000000000 DOJRhynchonellida™d
00 0O0O0O0QOThecideidinalD O O OO OO0OO
O TerebratulidaO O 0 O O 0O O O FigtD O Williams
et al, 19960 0000O0ODOODOOODOOODOOO
O00D0o00o0ooU0ooOoooUooooooooog
gooooOoOoOOO0oOoOO0ObDOOoUoUoLUUoooog
O0O0OC0O0COCOODOOORudwick, 19700
g0oooO00oOoOoooooLoooooooogo
goo00ooO0O0OOO0OO0OO0ObDOOoUoUoLUOUoooog
goo00ooO0O0OOO0OO0OO0ObDOOoUoUoLUOUoooog
goo00ooO0O0OOO0OO0OO0ObDOOoUoUoLUOUoooog
goo00ooO0O0OOO0OO0OO0ObDOOoUoUoLUOUoooog
goo00ooO0O0OOO0OO0OO0ObDOOoUoUoLUOUoooog
goo0oOoOoO0OOO0OOO0ObOOoUoUoooooog
goo0oOoOoO0OOO0OOO0ObOOoUoUoooooog
go0o0oOoOoOoOoOOoOOOOOObDOoOooOoo

gboboooboobgoooobobon
gbooogno

O0m 0ooooooooooooooon
O00000000hingeDO0OO0OOD0OOODOOO
00 00 ArticulataD O O O O OO Inarticulatad O
O00oooooooooooooooooooog
O00oooooooooooooooooooog



cooooooooooboooOoOooOooOoobOoOooooooo 289

Paleozoic Mesozoic Cenozoic

Camb | Ord |Sil| Dev | Carb [Perm| Tr Jur Cret

Lingulida
si

phonotretida

|
- } Acrotretida LINGULIFORMEA

Paterinida

,‘_____\
7.

| S ——

7

Craniida
CRANIIFORMEA

35
Q
o
2
ks
@
®

|
|
| H
\ [Fer Trimerellida

N - N —

P ——

ZFF,'Chileida
Chtth

= Obolelida | )
B

|

]

Dictyonellidina

o Kutorginida

Orthotetidina

riplesiidina
"1 memppem Billingselloidea
E I

+? s Clitambonitidina

RHYNCHONELLIFORMEA

Strophomenida

St k Productida

= Protorthida
Orthida

Pemamerid‘a

‘ Rhynchonellida

Atrypida

Spiriferida
? |

| Thecideidina

4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| Athyridida
|

\

Rh.

EN g

Terlebratu\ida

Li, Lingulata; Pa, Paterinata; Cr, Craniata; Ch, Chileata; Ob, Obolellata;
Ku, Kutorginata; St, Strophomenata; Rh, Rhynchonellata.

Figlll  Stratigraphic range chart and tentative hy-

pothesis of evolutionary relationships
among brachiopod orders. Modified from
Williams et al. (1996).
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FiglD Phanerozoicd *C andd *O trends for low

magnesium calcite skeletons (brachiopods,
belemnites, oysters, and foraminifers) with
a minor constitute of aragonite skeletons
(mollusks and corals). The running mean is
based on 20 Ma window and 5 Ma forward
step. The shaded areas around the running
mean include the 68% (+ 1o for a strictly
Gaussian distribution) and 95% (+ 20) of
all data. Modified from Veizer et al. (1999).
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FigllD  Longitudinal section through a valve edge
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