
June 1978, at Jose Abad Santos, Davao 
del Sur, Mindanao, Philippines. This oc- 
currence, presumably the result of post- 
mortem shell drift, is compatible with 
known current directions (Fig. 3) and in- 
dicates movement of more than 1000 km 
in a maximum of 138 days, or approxi- 
mately 7 km per day. 

The demonstrated ability of Nautilus 
for rapid, extended movement, com- 
bined with postmortem drift of the shell, 
give the animal and its remains unusual 
dispersal potential. This corroborates 
the extensive and often cosmopolitan 
distribution of Paleozoic and Mesozoic 
shelled cephalopods. However, final dis- 
position of many Nautilus shells, in Pa- 
lau and elsewhere, is beach stranding. 
This is unlike the occurrence of many of 
the fossil forms, particularly ammo- 
noids, which are often preserved as com- 
plete shells in what are regarded as mod- 
erately deep open water deposits. This 
points to possible differences in the post- 
mortem buoyancy of some fossil-shelled 
forms, or perhaps to physicochemical 
factors that may have inhibited post- 
mortem decay of the body and separa- 
tion of the shell. 
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Allan Hills 77005: A New Meteorite Type Found in Antarctica 

Abstract. The unique achondrite ALHA 77005 appears to be related to shergottite 
meteorites through igneous differentiation and may have affinities with mafic rocks 
on the earth. 

Allan Hills 77005: A New Meteorite Type Found in Antarctica 

Abstract. The unique achondrite ALHA 77005 appears to be related to shergottite 
meteorites through igneous differentiation and may have affinities with mafic rocks 
on the earth. 

Meteorite finds in Antarctica during 
the last several years have greatly in- 
creased the number of extraterrestrial 
samples accessible for scientific study. 
During the 1977-1978 field season, a joint 
American-Japanese Antarctic expedition 
recovered a large number of meteorites 
from the ice sheet in the vicinity of the 
Allan Hills, Victoria Land (1). One of 
these meteorites, designated ALHA 
77005 (2), has proved to be a type of 
achondrite not previously known. 
Achondrites are igneous rocks, many of 
which have basaltic compositions, and 
thus their origins are understandable in 
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Fig. 1. Textural variations in ALHA 77005 
(plane polarized light). (a) Cumulate olivine 
(01) and chromite (opaque) crystals poikiliti- 
cally enclosed by pyroxene (Px) in sample 34. 
(b) Cumulate olivine (01) with interstitial mas- 
kelynite (M) and minor ilmenite (opaque) and 
whitlockite (W) in sample 31. Scale as in (a). 
(c) Patch of vitrophyre containing skeletal and 
hollow olivine crystals in dark glass. 
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terms of the processes (for example, par- 
tial melting and differentiation) which 
characterize the most abundant terrestri- 
al and lunar igneous rocks. In fact, the 
generation of basaltic magmas appears to 
be one of the few characteristics shared 
by all of the terrestrial planets (3). De- 
spite the petrogenetic similarities be- 
tween achondrites and other igneous 
rocks, these meteorites commonly dis- 
play mineralogical and chemical features 
unique to their respective (presumably 
asteroidal) parent bodies. However, one 
class of achondrites, the shergottites, 
have close similarities with basaltic 
rocks on the earth (4). The new achon- 
drite ALHA 77005 may be related to this 
class of meteorites. 

This meteorite is a rounded stone, 
weighing 482.5 g, that is partially cov- 
ered by dark fusion crust (5). It is tex- 
turally heterogeneous on a centimeter 
scale. In some areas of the meteorite, eu- 
hedral to subhedral olivine and chromite 
crystals are poikilitically enclosed by py- 
roxenes (Fig. la). The olivines are chem- 
ically homogeneous with average com- 
position - Fo74 (74 mole percent forster- 
ite) (Fig. 2) and have a distinctive brown 
color. Pyroxenes occur in both low-cal- 
cium and high-calcium varieties (Fig. 2). 
Some pyroxenes exhibit polysynthetic 
twinning, and all show undulatory ex- 
tinction and deformation twinning with 
kink bands. Chromites enclosed by py- 
roxenes have rims that are slightly more 
aluminous than the core compositions 
(arrow P in Fig. 3). Minor troilite is asso- 
ciated with olivine. Other areas of the 
meteorite consist predominantly of sub- 
hedral olivine with interstitial maskelyn- 
ite, titanium-rich chromite, ilmenite, 
troilite, whitlockite, and less abundant 
pyroxenes (Fig. lb). The maskelynite 
(shocked plagioclase glass) grains are 
zoned with An54Ab450r1 (An is anorthite, 
Ab is albite, and Or is orthoclase) cores 
and An54Ab530r2 rims in extreme cases 
(Fig. 2). Small interstitial pyroxenes may 
subophitically enclose maskelynite laths; 
these interstitial grains are slightly more 
iron-rich than the larger pyroxene grains 
which enclose olivine and chromite (Fig. 
2). Chromites in contact with maskelyn- 
ite are zoned toward ulvospinel compo- 
sitions (arrow M in Fig. 3) or have reac- 
tion rims of ilmenite, or both. The il- 
menite contains 5 to 6 percent MgO (by 
weight) with minor chromium and negli- 
gible Fe3+. The meteorite is relatively 
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Fig. 3. Compositions of spinels (mole percent) 
determined by microprobe. Tie-lines connect 
core and rim compositions in the same grains. 
Chromites in contact with pyroxene and oli- 
vine have slightly aluminous rims (arrow P). 
Chromites in contact with maskelynite (arrow 
M) have titanium-rich rims or are fairly ho- 
mogeneous grains with high ulvospinel com- 
ponents. 

tions, as chromite generally separates 
early in fractionation sequences. It is not 
surprising that maskelynite compositions 
in the two meteorite types are the same 
despite differences in the degree of dif- 
ferentiation experienced, because plagi- 
oclase was probably completely exhaust- 
ed from the source region at the degrees 
of partial melting which produced the 
primary liquids from which these mete- 
orites were derived (7). 

An alternate interpretation of the ori- 
gin of ALHA 77005 is that it represents a 
sample of the (less differentiated) perido- 
tite source region from which shergottite 
primary liquids were derived. The prop- 
erties of this achondrite match those 
predicted for such a source region (7); 
however, if this interpretation is cor- 
rect, ALHA 77005 cannot have exper- 
ienced significant partial melting be- 
cause maskelynite is still present in 
the residue. 

Shock metamorphic features in both 
meteorite types indicate peak shock 
pressures near 300 kbar (8). The shock 
metamorphism ages of the two meteorite 
types (184 + 6 x 106 years for ALHA 
77005 and 164 + 12 x 106 years for 
Shergotty) determined from rubidium- 
strontium systematics (9) are nearly 
identical; this result supports the hypoth- 
esis that they are related. 

If the proposed affiliation with shergot- 
tites is correct, ALHA 77005 should ex- 
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hibit chemical and isotopic features that 
are similar to the shergottites. Although 
the major element chemistry will vary as 
a result of differentiation, minor and 
trace element ratios should have similar 
values, provided that the elements con- 
sidered are not fractionated from each 
other during igneous processes. The sur- 
prisingly young (for a meteorite) radio- 
metric age of crystallization determined 
for shergottites is - 0.6 x 109 years (10), 
and a similar value may be obtained for 
ALHA 77005. If this new achondrite is 
older, it would suggest that ALHA 77005 
represents a relict sample of the source 
peridotite from which the shergottites 
formed by later melting. Many of the re- 
markable similarities between terrestrial 
basaltic rocks and shergottites [chemis- 
try, oxidation state, and potassium/ura- 
nium ratios (4)] should extend to ALHA 
77005, as this new achondrite may pro- 
vide an additional sample of the only oth- 
er body in the solar system known to be 
similar in composition to the upper man- 
tle of the earth. 
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Carbon Dioxide in the Ocean Surface: 

The Homogeneous Buffer Factor 

Abstract. The amount of carbon dioxide that can be dissolved in surface seawater 
depends at least partially on the homogeneous buffer factor, which is a mathematical 
function of the chemical equilibrium conditions among the various dissolved in- 
organic species. Because these equilibria are well known, the homogeneous buffer 
factor is well known. Natural spatial variations depend very systematically on sea 
surface temperatures, and do not contribute significantly to uncertainties in the pres- 
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Injection of anthropogenic CO2 into 
the atmosphere may cause a serious de- 
terioration of global climate. It is likely 
that geochemical processes will even- 
tually transfer much of this CO2 to the 
oceans. The dissolution of atmospheric 
CO2 in surface seawater is enhanced by 
the oceans' capacity to buffer the associ- 
ated changes in seawater chemistry. The 
buffering capacity of seawater depends 
on the conditions and reactions that con- 
trol the partitioning of carbon within the 
oceans. For example, reactions with car- 
bonate minerals may tend to maintain 
relatively constant carbonate ion con- 
centrations, or metabolic processes may 
buffer against changing pH conditions. 
We have chosen to examine the most fre- 
quently cited buffering mechanism: the 
homogeneous reaction of dissolved CO2 
with other dissolved inorganic species in 
seawater. Estimates of the effectiveness 
of this mechanism vary widely (1). Our 
calculations, using GEOSECS surface 
water data from the Atlantic and Pacific 
oceans, clarify some of these differences 
and their significance for global CO2 
models. 

The homogeneous buffering mecha- 
nism is frequently evaluated in terms of 
the buffer factor (2) 

dpCO2/pCO2 
aTCO2/TCO2 

where TC02 is the total concentration of 
dissolved inorganic carbon in surface 
seawater equilibrated with the atmo- 
spheric CO2 partial pressure pCO2. Be- 
cause this homogeneous buffer factor ex- 
cludes any heterogeneous reactions that 
might affect seawater total alkalinity 
(TA), it is more accurately defined as 

aPCO2\ TCO2 
Bho?m - X (1) 

ATC02 /TA pC02 

The homogeneous buffer factor refers 
by definition to an equilibrium state, and 
it can be calculated from the relevant 
equilibrium relationships. To "measure" 
Bhom in seawater is, in effect, to deter- 
mine the appropriate equilibrium con- 
stants for a particular composition and 
temperature. Five sets of salinity- and 
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temperature-dependent values for these 
constants have been published during 
the last 30 years (3-8). We have used 
them to calculate Bhom according to the 
equation 

Bhom = TC02 [H2CO3*] + [CO32-] 
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where 

(2) (2) 

TB(KB')aH+ 
= (KB' + aH+) (3) 

and aH+ is the hydrogen ion activity , the 
brackets denote total single ion plus 
complex ion concentrations, [H2CO3*] is 
the sum of the concentrations of dis- 
solved CO2 and carbonic acid, TB is the 
total concentration of dissolved borate, 
and KB' is the first apparent dissociation 
constant of boric acid (9). 

Figure la shows that the different sets 
of constants yield Bhom values that agree 
within 0.5 percent in warm waters and 4 
percent in cold waters. The constants of 
Buch (3) and. Edmond and Gieskes (5) 
are not consistent with experiments per- 
formed as part of the GEOSECS pro- 
gram (10). If these two sets of constants 
are ignored, the maximum difference in 
Fig. la is less than 1 percent throughout 
the full range of sea surface temper- 
atures. 

Figure la also shows the maximum 
range of Bhom error that might be associ- 
ated with published uncertainties in the 
GEOSECS TCO2 and TA data (10, 11). 
These margins of error range from about 
+ 1 percent in warm waters to + 3 per- 

cent in cold waters. 
Figure lb shows that natural spatial 

variations in the ocean mixed layer 
greatly exceed the analytical margins of 
error associated with Bhom. These spatial 
variations would seem to explain the 
broad range of published buffer factor 
values (12). They result primarily from 
the tendency of the sea surface to remain 
near equilibrium with atmospheric CO2 
at different temperatures. This con- 
clusion is demonstrated by the curve 
shown in Fig. lb, which was calculated 
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