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In their interesting comparison of the
early Paleozoic biostratigraphy of the Pre-
cordillera of northwest Argentina with that
of the Laurentian craton, Astini et al. (1995)
reached the same basic conclusion as did we
and our colleagues (Dalla Salda et al,
1992a, 1992b; Dalziel et al., 1994). We all
agree on the Appalachian affinities of the
Precordilleran terrane and that the Ouach-
ita embayment is the most likely point of
origin. We also agree that the Precordillera
docked against the Gondwana craton in
mid-Ordovician time. This is in contrast to
Torsvik et al. (1995), who suggested a De-
vonian transfer from Laurentia to South
America, a timing incompatible with the
Upper Ordovician glacial deposits of the
Precordillera as well as with the timing of
Famatinian orogenesis (Dalziel, 1993; Dal-
ziel et al., 1994).

We disagree, however, with two aspects of
the “geodynamic model” put forward by As-
tini et al. (1995). First, following Thomas
(1991) they suggested that the Precordillera
was initially separated from the Laurentian
craton by a “Ouachita mid-ocean ridge”
near the Precambrian-Cambrian boundary
(ca. 540 Ma), at the same time as along the
Appalachian margin as a whole (Astini et
al., 1995, Fig. 14A). Yet sedimentologic and
thermal subsidence studies indicate that rift-
drift transition in the Ouachita embayment
was later than along the Appalachian mar-
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gin proper (cf. subsidence curves 15 and 18
in Bond and Kominz, 1991). Astini et al. also
stated (p. 268) that “polarity trends in the
Precordilleran terrane are opposite to those
of the Appalachians,” thereby ignoring the
presence of the latest Precambrian to early
Paleozoic Rome-Reelfoot rift system west
of the Appalachians (see Dalla Salda et al.,
1992, Fig. 3). We contend that the Precor-
dillera was not separated from the Lauren-
tian craton by an active spreading ridge until
after collision with Gondwana in the
mid-Ordovician.

The second point concerns the relative
positions of Laurentia and Gondwana dur-
ing the Ordovician Period as the Precordil-
lera approached South America. The whole
point of the model put forward by Dalla
Salda et al. (1992a, 1992b) and amplified by
Dalziel et al. (1994) is that the paleomag-
netic data allow either the traditional sepa-
ration of Laurentia and present-day north-
west Africa by an ocean 4500 km in width
(the “archetypal paleogeographic scenario”
of Torsvik et al., 1995, p. 284 and Figs. 11a—
11c) or else, as demonstrated by Dalziel
(1991, Fig. 2), a “tight fit” of the proto-Ap-
palachian margin of Laurentia and the
proto-Andean margin of South America
(the “alternative paleogeographic ap-
proach” of Torsvik et al., 1995, p. 284 and
Figs. 11d-11f). It is not clear what control
Astini et al. used in the reconstruction of
their Fig. 14, which illustrates their model.
They neglected to state the projection and
the paleomagnetic pole or poles used. The
small circles of latitude shown look like
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those for Laurentia, but, as demonstrated by
both Figure 3 of Dalziel et al. (1994) and
Figure 11 of Torsvik et al. (1995), existing
paleomagnetic data for mid-Ordovician
times do not permit placement of the central
part of the Appalachian margin opposite the
Peruvian margin of South America, sepa-
rated by 3000 km of oceanic lithosphere, as
in Astini et al., Fig. 14C. This point is sup-
ported by new data from Antarctica
(Grunow, 1995).

Thus, either Laurentia and northwest Ar-
gentina were far more widely separated in
the mid-Ordovician than is depicted in the
model of Astini et al. (1995), or else they
were much closer. If they were in the “ar-
chetypal” position, it would have been im-
possible for the Precordillera to have sepa-
rated from Laurentia and converged on the
proto-Andean margin of Gondwana in the
time interval permitted by the analysis of
Astini et al., below the uniformitarian Mes-
ozoic-Cenozoic plate tectonics “speed lim-
it.” For the reasons stated in Dalla Salda et
al. (1992a, 1992b) and Dalziel et al. (1994),
we suggest that the two continents collided
and subsequently separated along the lines
of the pre-existing Ouachita embayment
fault system, leaving the Precordillera as an
exotic terrane within South America prior to
the docking of Chilenia. In this scenario the
Precordillera is a tracer, like the Cambrian-
Ordovician platform deposits of the Hebrid-
ean craton in northwest Scotland (Dalziel,
1993), testifying to the former tectonic in-
teraction of two now widely separated
continents.
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We welcome discussion by Dalziel and
Dalla Salda on our recent paper in the Bul-
letin and hope that it clarifies some confused
issues related to our Argentine Precordil-
lera rifting and drifting hypothesis.

In their discussion, Dalziel and Dalla
Salda pointed out that we both reached the
same basic conclusion on the Appalachian
affinities of the Precordillera and also
agreed on a mid-Ordovician docking of the
Precordillera against Gondwana, although
they modified the timing from their previous
papers. These are two very general conclu-
sions that have been previously suggested
since the breakup hypothesis of Bond et al.
(1984). Until recently, there was no firm ge-
ologic evidence in favor of this hypothesis,
and, due to the absence of paleomagnetic
data coming from the Precordilleran ter-
rane, any reconstruction of Precordilleran
history had to account for geological obser-
vations. Our thoughts are based not only on
biostratigraphy and biogeography, but also
on basic sedimentology, stratigraphy, and
geology of the Precordillera and surround-
ing regions (Astini et al., 1995). Despite the
above remarked similarities, there is a fun-
damental difference between our models. In
Dalla Salda et al. (1992a, 1992b, 1993), Dal-
ziel (1992, 1993), and Dalziel et al. (1994),
the Precordillera is considered part of an
extensive continental sliver (the Occidenta-
lia terrane) and believed to represent the
western foreland of an early Paleozoic col-
lisional orogen (the Famatinian belt),
whereas in our paper the Precordillera is
considered an uppermost Cambrian to low-
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ermost Ordovician Appalachian derived ter-
rane. In Dalla Salda and Dalziel’s view, the
Precordilleran carbonate bank would be
part of the interior of the Laurentian craton,
rifted from the Ouachitan embayment after
the collision with South America (western
Gondwana margin) during the Taconic-
Ocloyic orogeny. For this reason, Dalziel
(1993) considered the Precordillera as a tec-
tonic tracer of one of the several continent-
continent collisions between Laurentia and
Gondwana in Laurentia’s journey along the
proto-Andean margin. Conversely, we visu-
alize the Precordillera as an independent
microcontinent, and, if accepting the
SWEAT hypothesis, it should have rifted
and departed Laurentia after the late Neo-
proterozoic supercontinent breakup. For
this reason, in our view the Precordillera
should not be considered as a tectonic
tracer, but as a block exotic to South Amer-
ica. The strongest evidence for considering
the Precordillera as an independent block
comes from the faunal endemism developed
in the Precordillera since the Early Ordovi-
cian and its connections with the intra-Ia-
petus Celtic Province and Baltic Province
during the same period of time (Herrera
and Benedetto, 1991; Benedetto, 1993; As-
tini et al., 1995; Benedetto et al., 1995; Vac-
cari, 1995; Baldis, 1995), as well as from the
apparently different wandering paths of the
Precordillera, Gondwana, and Laurentia
based on lithological indicators of climate
(Astini, 1995a).

With respect to the first aspect questioned
by Dalziel and Dalla Salda, we are well
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aware of the differences in timing between
the older Blue Ridge rift/mid-Iapetus ridge
(rifting ends at earliest Cambrian) and that
of the younger Ouachita rift (rifting ends at
middle Late Cambrian) depicted by Thomas
(1989, 1991). In our Figures 11a and 11b we
attempted to show the westward shift in
crustal extension (transferred along the Al-
abama-Oklahoma transform) that occurred
during the Early Cambrian, which initiated
Ouachitan rifting and the subsequent sepa-
ration of the Precordilleran terrane in the
Late Cambrian. The strong similarities be-
tween the recently discovered Lower Cam-
brian evaporite-clastic-carbonate succes-
sions in the Argentine Precordillera (Astini
and Vaccari, in press) and those in the sub-
surface of the southern Appalachians (Ray-
mond, 1991), and in the Birmingham graben
(Thomas, 1991), suggest a shared evolution
along the rifted margin of the Ouachita em-
bayment, from where the Precordillera orig-
inated at an asymmetric (conjugate-pair)
rift. The Rome-Rough Creek—Mississippi
Valley graben system constitutes the north-
ern extension of the Ouachita rift, which
failed to open a new ocean (Thomas, 1991).
The polarity of the Argentine Precordillera
present coordinates is opposite to that of the
Ouachita rifted margin, as well as that gen-
erally developed in the Appalachians, but
the rift stratigraphy resembles that pre-
served in the Rome-Rough Creek-Missis-
sippi Valley—Birmingham graben system,
suggesting its proximity and relative position
toward the southeast. The existence of Mid-
dle Cambrian outer-shelf carbonate blocks
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in the western tectofacies of the Precordil-
leran terrane (Vaccari and Bordonaro,
1993; Benedetto and Vaccari, 1992; Astini,
1992) is compelling evidence that slope fa-
cies had developed by then in the Precor-
dillera, clearly indicating separation. Ac-
cording to trilobite cluster analysis (Vaccari,
1994), however, separation of the Precordil-
lera and the southern Appalachians was not
complete until the Late Cambrian, when an
effective barrier prevented fluent exchange
of benthic faunas between the Argentine
Precordillera and Laurentia. This evidence
shows that the Precordillera separated from
Laurentia during Late Cambrian time,
much before the suggested collision with
Gondwana, and not later, as suggested by
Dalziel et al. (1994).

Surprisingly, the first sentence of the sec-
ond point raised by Dalziel and Dalla Salda
supports our suggestion for the indepen-
dence of the Precordillera when considering
its approach to South America. Neither of
the two basic coincidences outlined at the
beginning of Dalziel and Dalla Salda’s com-
ment favors, either the traditional or the al-
ternative (see Torsvik et al., 1995) paleoge-
ographic scenarios in absence of new
paleomagnetic data. By contrast, the only
published Precordilleran paleomagnetic
data (Rapalini and Tarling, 1993) suggest
that the Precordillera had an intermediate
position between the 4500 km that sepa-
rated Laurentia and present-day northwest
Africa in the archetypal scenario, and the
tight fit (less than 500 km) of the proto-Ap-
palachian and the proto-Andean margins in
the alternative one. We do not disregard
Moores’s (1991) and Dalziel’s (1991)
SWEAT hypothesis, although the “details of
the timing of rifting and drifting and of the
exact original configuration of the conti-
nents remain to be worked out,” as cited by
both authors in a discussion with Boucot
(1992; Moores and Dalziel, 1992). For this
reason, we slightly modified the traditional
scenario, which fits better with our paleobio-
geographic data (see also Herrera and
Benedetto, 1991) and has stronger geologi-
cal support (Huff et al., 1995; Wright et al.,
1995; Williams and Harper, 1995; van der
Pluijm et al., in press). Nonetheless, our
model was basically constructed as inde-
pendent of adopting one or the other polar
wandering path for the intervening conti-
nents. We appreciate Dalziel and Dalla Sal-
da’s highlighting of the apparent mistake in
our Figure 14. Unfortunately, we do not
have PLATES software and do not know
Grunow’s (in press) paper, but we feel that
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paleogeographic maps should be done on a
much larger database than that coming from
paleomagnetism. For this reason, we did not
use the term paleomagnetic reconstruction
but paleogeographic reconstruction.

In regards to the spreading rate objected
to by Dalziel and Dalla Salda, even consid-
ering the archetypal position and assuming a
10 cm/yr drifting rate, it would be enough to
cover the distance traveled by the Precor-
dillera to converge on the proto-Andean
margin of Gondwana during the time inter-
val 510—-465 Ma (approximately Early Or-
dovician). This is far below the uniformitar-
ian Mesozoic-Cenozoic plate tectonics
“speed limit” and considerably lower than
that assumed by Meert et al. (1993, 1994)
and also indicated by Dalziel et al. (1994) for
the Vendian-Early Cambrian interval.

In view of the Dalziel and Dalla Salda
model, in which the Precordillera remained
attached to Laurentia until its separation
from Gondwana, it is difficult to explain the
paleobiogeographic development of the
Precordillera, particularly the endemism de-
veloped during the Early Ordovician (dur-
ing its travel) and the presence of Baltic and
Celtic intra-Iapetus brachiopods. It is diffi-
cult to explain several well-founded obser-
vations related to the approach of the Pre-
cordillera to Gondwana, such as the
diachronous foundering of the carbonate
bank indicating the development of a colli-
sional foredeep (Astini, 1995b) and the re-
cent discovery of early Llanvirn K-bento-
nites (Kolata et al., 1995) related to its
collision, in which the Famatinan ranges
seem to be the counterpart Preliminary
work by Huff et al. (1995) indicates that
these are not related to Appalachian ben-
tonites and confirms that the Precordillera
must have departed Laurentia before the
Middle Ordovician. We are not certain that
the alternative paleomagnetic reconstruc-
tion does not violate faunal, climatic, and
structural data (cf. Dalziel et al., 1994). In
fact, the first two factors do not support this
hypothesis, but do support the behavior of
the Precordillera as an independent drifting
terrane for at least the Early Ordovician.
The somewhat colder-water faunas and cli-
mate-sensitive facies of the Middle Ordovi-
cian rocks in the Precordillera contrast with
warmer-water faunas and facies in the Ap-
palachians, suggesting also the existence of a
large separation between the Precordillera
and Laurentia at that time.

The point we tried to make in our paper
is that the Precordillera initiated rifting dur-
ing the Early Cambrian, separated from
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Laurentia during the latest Cambrian, and
would have drifted during the Early Ordo-
vician, allowing the development of an in-
creasing endemic fauna during the Early-
Middle Ordovician before its accretion to
Gondwana. This was the intended contribu-
tion of our paper, in addition to certain de-
tails about where and how the rifting, drift-
ing, and collision would have happened.

REFERENCES CITED

Astini, R. A, 1992, Tectofacies ordovicicas y evolucion de la
cuenca Eopaleozoica de la Precordillera Argentina: Estu-
dios Geologicos, v. 48, p. 315-327.

Astini, R. A., 1995a, Paleoclimates and paleogeographic paths of
the Argentine Precordillera during the Ordovician: Evi-
dence from climatically sensitive lithofacies, in Cooper,
J. D, Droser, M. L., and Finney, S. C., eds., Ordovician
odyssey (Seventh International Symposium on the Ordovi-
cian System, Las Vegas, Nevada): Society of Economic Pa-
leontologists and Mineralogists, Pacific Section, v. 77,
p. 177-180.

Astini, R. A., 1995b, Geological meaning of Arenig-Llanvirn di-
achronous black shales (Gualcamayo Alloformation) in the
Argentine Precordillera, tectonic or eustatic?, in Cooper,
J. D., Droser, M. L., and Finney, S. C., eds., Ordovician
odyssey (Seventh International Symposium on the Ordovi-
cian System, Las Vegas, Nevada): Society of Economic Pa-
leontologists and Mineralogists, Pacific Section, v. 77,
p. 217-220.

Astini, R. A., and Vaccari, N. E., in press, Sucesion evaporitica del
Cambrico inferior de la Precordillera: significado geolégico
Revista de la Asociacion Geoldgica Argentina, Buenos
Aires.

Astini, R. A., Benedetto, J. L., and Vaccari, N. E., 1995, The early
Paleozoic evolution of the Argentine Precordillera as a Lau-
rentian rifted, drifted, and collided terrane: A geodynamic
model: Geological Society of America Bulletin, v. 107,
p. 253-273.

Baldis, B. A., 1995, Ordovician trilobite zonation in western Ar-
gentine, in Cooper, J. D., Droser, M. L., and Finney, S. C.,
eds., Ordovician odyssey (Seventh International Symposium
on the Ordovician System, Las Vegas, Nevada) Society of
Economic Paleontologists and Mineralogists, Pacific Sec-
tion, v. 77, p. 27-30.

Benedetto, J. L., 1993, La hipétesis de la aloctonia de la Precor-
dillera Argentina: un test estratigrafico y biogeografico: XII
Congreso Geoldgico Argentino, Mendoza, Tomo III,
p. 375-384.

Benedetto, J. L., Vaccari, N. E., Carrera, M. G., and Sanchez,
T. M., 1995, The evolution of faunal provincialism in the
Argentine Precordillera during the Ordovician: New evi-
dence and paleogeographic implications, in Cooper, J. D.,
Droser, M. L., and Finney, S. C., eds., Ordovician odyssey
(Seventh International Symposium on the Ordovician Sys-
tem, Las Vegas, Nevada): Society of Economic Paleontol-
ogists and Mineralogists, Pacific Section, v. 77, p. 181-184.

Benedetto, J. L., and Vaccari, N. E., 1992, Significado estrati-
gréfico y tecténico de los complejos de bloques cambro-
ordovicicos resedimentados de la Precordillera Occidental,
Argentina: Estudios Geoldgicos, v. 48, p. 305-313.

Boucot, A. J., 1992, “Southwest U.S.—East Antarctic (SWEAT)
connection: A hypothesis” and “Pacific margins of Lauren-
tia and Antarctica-Australia as a conjugate rift pair: Evi-
dence and implications for an Eocambrian supercontinent”:
Comment: Geology, v. 20, p. 87.

Dalla Salda, L. H., Cingolani, C. A., and Varela, R., 1992a, Early
Paleozoic orogenic belt on the Andes in South America:
Results of Laurentia-Gondwana collision?: Geology, v. 20,
p. 616-620.

Dalla Salda, L. H., Dalziel, I. W. D, Cingolani, C. A., and Varela,
R., 1992b, Did the Taconic Appalachians continue into
southern South America?: Geology, v. 20, p. 159-162.

Dalziel, I. W. D., 1991, Pacific margins of Laurentia and East
Antarctica as a conjugate rift pair: Evidence and implication
for an Eocambrian supercontinent: Geology, v. 19,
p- 598-601.

Dalziel, I. W. D., 1992, On the organization of American plates in
the Neoproterozoic and the breakout of Laurentia: GSA
Today, v. 2, p. 237-241.

Dalziel, I. W. D., 1993, Tectonic tracers and the origin of the
proto-Andean margin: XII Congreso Geoldgico Argentino,
Mendoza, Tomo III, p. 367-374.

Dalziel, I. W. D., Dalla Salda, L. H., and Gahagan, L. M., 1994,
Paleozoic Laurentia-Gondwana interaction and the origin
of the Appalachian-Andean mountain system: Geological
Society of America Bulletin, v. 106, p. 243-252.

Herrera, Z. A., and Benedetto, J. L., 1991, Early Ordovician bra-
chiopod faunas of the Precordillera basin, western Argen-
tina Biostratigraphy and paleobiogeographical affinities, in
Mackinnon, D. I, Lee, D. E., and Campbell, J. D., eds.,
Brachiopods through time: Rotterdam, Netherlands,
Balkema, p. 283-301.

Geological Society of America Bulletin, March 1996



Huff, W. D., Bergstrom, S. M., Kolata, D. R., Cingolani, C., and
Davis, D. W., 1995, Middle Ordovician K-bentonites dis-
covered in the Precordillera of Argentina: Geochemical and
paleogeographical implications, in Cooper, J. D., Droser,
M. L., and Finney, S. C., eds., Ordovician odyssey (Seventh
International Symposium on the Ordovician System, Las
Vegas, Nevada): Society of Economic Paleontologists and
Mineralogists, Pacific Section, v. 77, p. 343-349.

Kolata, D. R., Huff, W. D., Bergstrom., S. M., and Cingolani, C. A.,
1995, Ordovician K-bentonite beds discovered in the Pre-
cordillera of Argentina: Geological Society of America Ab-
stracts with Programs, v. 26, no. 7, p. A-503.

Meert, J. G., Van der Voo, R., Powell, C. McA., Li, Z. X., McEl-
hinny, L. W., Chen, Z., and Symons, D. T. A., 1993, A plate
tectonic speed limit?: Nature, v. 363, p. 216-217.

Meert, J. G., Van der Voo, R., and Payne, T. W., 1994, Paleomag-
netism of the Catoctin volcanic province: A new Vendian-
Cambrian apparent polar wander path for North America:
Journal of Geophysical Research, v. 99, p. 4625-4641.

Moores, E. M., 1991, Southwest U.S.-East Antarctica (SWEAT)
connection: A hypothesis: Geology, v. 19, p. 425-428.

Moores, E. M., and Dalziel, I. W. D., 1992, “Southwest U.S.-East
Antarctic (SWEAT) connection: A hypothesis” and “Pacific
margins of Laurentia and Antarctica-Australia as a conju-
gate rift pair: Evidence and implications for an Eocambrian
supercontinent”: Reply: Geology, v. 20, p. 87-88.

Rapalini, A. E., and Tarling, D. H., 1993, Multiple magnetizations
in the Cambrian Ordovician carbonate platform of the Ar-
gentine Precordillera and their tectonic implication: Tec-
tonophysics, v. 227, p. 49-62.

Geological Society of America Bulletin, March 1996

DISCUSSION AND REPLY

Raymond, D. E., 1991, New subsurface information on Paleozoic
stratigraphy of the Alabama fold and thrust belt and the
Black Warrior basin: Geological Survey of Alabama, Bul-
letin 143, 185 p.

Thomas, W. A., 1989, The Appalachian-Ouachita orogen beneath
the Gulf coastal plain between the outcrops in the Appala-
chians and the Ouachita mountains, in Hatcher, R. D. Jr.,
Thomas, W. A, and Viele, G. W., eds., The Appalachian
Ouachita orogen in the United States: Boulder, Colorado,
Geological Society of America, Geology of North America,
v. F-2, p. 537-553.

Thomas, W. A., 1991, The Appalachian-Ouachita rifted margin of
southeastern North America: Geological Society of Amer-
ica Bulletin, v. 103, p. 415-431.

Torsvik, T. H., Tait, J., Moralev, V. M., Mckerrow, W. S., Sturt,
B. A., and Roberts, D., 1995, Ordovician paleogeography of
Siberia and adjacent continents: Journal of the Geological
Society of London, v. 152, p. 279-287.

Vaccari, N. E., 1994, Las faunas de trilobites de las sucesiones
carbonaticas del Cambrico y Ordovicico temprano de la Pre-
cordillera Septentrional, Repiblica Argentina (Ph.D. the-
sis): Cordoba, Argentina, Universidad Nacional de Cor-
doba, 271 p.

Vaccari, N. E., 1995, Early Ordovician trilobite biogeography of
Precordillera and Famatina, western Argentina: Prelimi-
nary results, in Cooper, J. D., Droser, M. L., and Finney,
S. C,, eds., Ordovician odyssey (Seventh International Sym-
posium on the Ordovician System, Las Vegas, Nevada): So-
ciety of Economic Paleontologists and Mineralogists, Pacific
Section, v. 77, p. 193-196.

Downloaded from http://pubs.geoscienceworld.org/gsa/gsabulletin/article-pdf/108/3/372/3382492/i0016-7606-108-3-372.pdf
bv lIniversidad Nacional de | a Plata user

Vaccari, N. E., and Bordonaro, O., 1993, Trilobites en los olis-
tolitos cambricos de la Formaciéon Los Sombreros (Ordo-
vicico), Precordillera de San Juan, Argentina: Ameghiniana,
v. 30, p. 383-393.

van der Pluijm, B. A, Van der Voo, R., and Torsvik, T. H., in press,
Convergence and subduction at the Ordovician margin of
Laurentia, in New perspectives in the Appalachi-
an-Caledonian Orogen: Geological Association of Canada
Special Paper.

Williams, S. H., and Harper, D. A. T., 1995, Newfoundland and
beyond—refined biogeographic controls and the history of
Tapetus, in Cooper, J. D., Droser, M. L., and Finney, S. C.,
eds., Ordovician odyssey (Seventh International Symposium
on the Ordovician System, Las Vegas, Nevada): Society of
Economic Paleontologists and Mineralogists, Pacific Sec-
tion, v. 77, p. 489.

Wright, C. A., Barnes, C. R., and Jacobsen, S. B., 1995, Nd isotopic
composition of early Paleozoic oceans: Testing global mod-
els of paleogeography and paleoceanography, in Cooper,
J. D., Droser, M. L., and Finney, S. C., eds., Ordovician
odyssey (Seventh International Symposium on the Ordovi-
cian System, Las Vegas, Nevada): Society of Economic Pa-
leontologists and Mineralogists, Pacific Section, v. 77,
p. 303-304.

MANUSCRIPT RECEIVED BY THE SOCIETY SEPTEMBER 20, 1995
MANUSCRIPT ACCEPTED SEPTEMBER 25, 1995

Printed in U.S.A.

375



