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muth-ikunolite-bismuthinite-joseite A (Fig. 2). The rarity of ikunolite

and the commonly reported association of bismuth with bismuthinite

suggest that very special conditions are necessary for its formation.

Ikunolite may, perhaps, be stable over a limited P-T range or form only

in the presence of significant amounts of selenium and tellurium. A solu-

tion to this problem, however, must await a detailed study of the system
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INrnooucrrou

one of us (Phinney , 1962) has made a systematic study of the mineral-

ogy and major element chemistry of a sequence of rocks from a regional

metamorphic terrane in Nova Scotia. The rocks, collected from St. Paul

Tsland and Cape North, Nova Scotia, are represented by one from the

garnet zone, 19 from the staurolite zole, two from the kyanite isograd,

and one from the kyanite zone. The results of that study indicate that

though the rock as a unit might represent an equilibrium facies charac-

teristic of the temperature and pressure under which it was formed, there
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are distinct inhomogeneities in mineral composition on the hand speci-

men and thin section level.
The suite of coexisting biotites and garnets used in that study were

analyzed. for Ni, Co, Cr, Cu, Ba and Sr to determine what the effect of

metamorphic grade is on the distribution of these elements between the

two phases.
The emission spectrographic methods for Co, Cr and Sr have been

described by Turekian and Carr (1961). The other elements were de-

termined by the same methods, using iron lines for internal standards for

Ni and Cu, and a calcium line for Ba. The precision is about l07o coeffi-

cient of variation, and each sample was run in duplicate.

RBsurrs

Table 1 presents the analyses of the garnets and biotites with increas-

ing metamorphic grade reading down. In all cases strontium was below

thc level of detection, 4 ppm Sr.
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33 .514
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198 99 253 8 550

r Results are listed with increasing metamorphic grade Atl resultc are in parts per million In all determi

nations strontium was below the level of detection, 4 ppm.
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178 1040 517
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Drscussrow

The array of data in Table 1 may be asked several questions: (1) for a
particular metamorphic facies are there equil ibrium distributions be-
tween the two phases for the trace elements, (2) what are the variations
in trace-element distribution as a function of metamorphic grade, and (3)
what is the gross structure of trace-elemenl distribution between the
coexisting minerals under study?

The 19 coexisting biotite-garnet pairs from the staurorite zone provide
an opportunity to check if the several trace elements studied are in
equil ibrium distribution. Kretz (1959) has made a similar study for some
gneisses from the Grenville province and finds that manganese obeys the
Nernst distribution law whereas chromium does not. For the discussion
of Ni and co, we have used the fraction of the trace element to the morar
sum of iron plus magnesium as an index, as the sites occupied by these
elements are the l ikely ones for the incorporation of cobalt and nickel.
From Figs. r and 2 it is evident that no clearly defined curve (either a
straight l ine if the sites were chosen correctly and ideai solution laws were
obeyed, or a curved line, otherwise, going through the origin) can be
drawn, and the scatter is fairly large, especially for nickel. The large
spread is outside the limits of analytical errors, and we must conclude
that for the trace elements we have studied equilibrium does not seem to
be observed from hand specimen to hand specimen.

There are also no obvious trends for any of the trace elements as one
proceeds from the low-grade assemblages to the higher grade assemblages.
The ratio, (Co/Mg)61.rnJ(Co/Mdeatner, however, of the one sample of
the garnet zone is .094 while for the other zones it is in the range of 0.5.
This is in the same direction as that reported by carr and rurekian
(1961) comparing pairs from the amphibolite and the epidote-amphibolite
facies, but the ratios are about 2 and 0.6 respectively.

Despite the fact that precise equilibrium distributions of the trace ele-
ments are not evident, there are nevertheless marked distribution effects
controlled by the mineral structures. rn the garnets there are 8, 6 and 4
coordination sites whereas in the biotite there are 12,6 and 4 coordina-
tion sites. The trace elements are presumed as a first approximation to fit
into sites which most closely resemble their ionic radius requirements. In
the garnets studied all the Mg and Fe is in the 8 coordination site, and it
is to be expected that Mn, Ni, Co, Cu, Ca, Cr, Sr and Ba should be found
in this site. The cr may be in the 6 coordination site as well. rn the bio-
tites the 6 coordination site is the locus of the Mg and Fe and presumably
also of the Mn, Cr, Ni, Co and Cu. The Ti may either be in this site or in
the tetrahedral site.

rn this general context the observed distributions are as lollows: Nichel
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is heavily discriminated against by the garnet site (Fig.3a). The data in

DeVore (1955) show a similar discrimination. Cobalt is also favored by the

biotite octahedral site, but the disparity is less than nickel for the two

lattices (Fig.3b). chromium is only slightly favored by the biotite (Fig.

3c) and copper appears to be randomly distributed between the two

phases.
Stront' ium is almost completely excluded from both lattices ((4 ppm

Sr), while barium is found in great abundance in the 12 coordination site

in the biotite and is present to about 20 ppm in the garnet structure' This

implies that there is a very much more important sink in the system for

strontium than either of the mafic minerals, while the barium is more

generally distributed. This sink for strontium is undoubtedly the plagio-

clase.

CoNcr-usroNs

Our study reinforces the conclusions implicit in the work of DeVore

(1955) and Kretz (1959) on other suites of metamorphic rocks, aiz. (l)

rarely in samples of hand specimen size are equilibrium distributions of
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trace elements between coexisting phases observed in metamorphic

sequences, and (2) the laws governing the inclusion of a trace element in

different coexisting crystal lattices are more than those based on any

single parameter such as ionic radius.

RnlrnBNcrs

C.q,nn, M. H. eNr K K. Tunnr<r.tn (1961) The geochemistry of cobalt. Geochim. Cosmo-

chim. Acta,23,g- f f i .

DnVonn, G. W. (1955) Crystal growth and the distribution of elements. Jour. Geol'. 63,

471494.
Knorz, R. (1959) Chemicai study of garnet, biotite, and hornblende from gneisses of

southewstern Quebec, with emphasis on distribution oI elements in coexisting min-

erals. I our. GeoI. 67, 37 1402.

PnrNNnv, W. C. (1962) Phase equilibria in the metamorphic rocks of St. Paul Island and

Cape North, Nova Scotia. Iour. Petrology, in press.

TunonrlN, K. K. eNn M. H. Cenn (1961) Chromium, cobalt and strontium in some Bureau

of Standards rock reference samples. Geochi'm. Cosmochim. Acta,24, t-9.

THE AMERICAN MINERAIOGIST, VOL. 47, NOVEMBER-DECEMBER, 1962

INTERCRYSTALLTZED APATITE AND ANKERITE FROM THE
NBW ALBANY SHALE OF INDIANA1

Sovlroun S. GnBBNnBRG2 AND Jecr L. IfanntsoN,
I ndiana G eolo gical S uraey, Blo omington, I ndiana.

A core that penetrated the New Albany Shale (upper Devonian and

iower Mississippian) was obtained from Clark County in southeastern

Indiana. An unusual specimen of intercrystallized apatite and ankerite

was found within the black shale. This sample, which is 0.1 foot thick,

was obtained approximately 1 foot stratigraphically below the top of the

New Albany Shale. Similar material has been seen in approximately the

same stratigraphic position at five other localities in Indiana; the sample

from Clark County best illustrates the relationships described in this

note.
More than 90 per cent of a thin section cut from this sample is com-

posed of intercrystallized apatite and ankerite. Pyrite, qtrattz and gyp-

sum(?) as well as separately crystallized ankerite and apatite, also are

present. The intercrystallized apatite and ankerite has wavy extinction, a

birefringence between apatite and ankerite, and refractive indices rang-

ing from 1.648 to 1.576 (Na light). Discrete areas of intercrystall ized

1 Published with permission of the State Geologist, Geological Survey, Indiana De-

partment of Conservation, Bloomington, Ind.
2 Present address: virginia Division of Mineral Resources, Box 3667, University Sta-

tion, Charlottesville, Virginia.




