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AN EOCANITES FAUNA FROM THE EARLY CARBONIFEROUS OF
CHILE AND ITS PALAEOGEOGRAPHIC IMPLICATIONS
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ABSTRACT. A goniatite fauna is described from the Zorritas Formation of the Sierra de Almeida, Antofagasta,
Chile which includes the genera Eocanites and several species of prionoceratids including Gattendorfia. A new
species, Eocanites sernageominus is described. Faunas are assigned to the earliest Carboniferous (lower
Tournaisian). The locality is west of the axial ridge of the Andes. Comments are made on the distribution of
Eocanitesinternationally. The bearing records do not support the claimed Devonian-Carboniferous unconformity
for this area and they indicate that no ice cap was present.

KEY-WORDS: Eocanites, Gattendorfia, Carboniferous, Tournaisian, Chile, Zorritas Formation.

RESUME. Une faune de goniatites est décrite dans la formation de Zorritas, Sierra de Almeida, Antofagasta,
Chili. Elle comprend le genre Eocanites et quelques espéces des prionoceratides y compris Gattendorfia. Une
espéce nouvelle, Eocanites sernageominus est décrite. Les goniatites sont attribuées au Carbonifére Inférieur
(Tournaisian inférieur). La localité est située a I'ouest de la chaine axiale des Andes. Le probléme de la
distribution internationale d’ Eocanites est discuté. La discordance Devonien-Carbonifére en Amérique du Sud,
et les propositions concernant I'existence d’une calotte glaciaire a cette période dans la region, sont revus.

MOTS-CLES: Eocanites, Gattendorfia, Carbonifére, Tournaisien, Chili, Formation de Zorritas.

1. INTRODUCTION

The fauna of twenty-seven goniatite specimens
which is here described was kindly sent for
determination by Prof. A. J. Boucot of Oregon State
University. It had been collected by Profs H. Niemeyer
and C. Breitkreuz from the Sierra de Almeida, about
70 km south of the SW end of the Atacama Dese,
about 69°35' West, 24°30' South. The fauna is con-
sistent with a late Gattendorfia Stufe, earliest
Carboniferous age, for a level in the Zorritas Forma-
tion. The useful stratigraphical tie which the fauna
provides has already been included in more general
studies by Breitkreuz (1986) and Bahlburg et al.
(1987) who have provided a review of evidence for
the development of the Palaeozoic basin indicated
in northern Chile between latitudes 21°-27° south of
the equator and in NW Argentina. This account is
intended to give a more specific account of the
goniatite fauna and to illustrate critical elements
which it contains but comments are also made on
the bearing of the fauna on the claimed Devonian-

Carboniferous unconformity in southern South
America (Lopez-Gamundi & Rossello, 1993) and of
the possibility for a polar ice-cap in South America at
this time (Caputo, 1985).

2. LOCALITY AND MATERIAL

The locality of the faunas described here is about
215 km east of Antofagasta, Chile, to the south of
the Salar de Atacama and east of the Salar de Punta
Negra, along an outcrop from 15 km NW to 16 km
SW of Co. Guanaqueros, which is in the southern
part of the Sierra de Almeida, 21 km SSW of
Monturaqui, in eastern Chile some six or so km from
the border with Argentinia (Fig. 1 A, B). The location
numbers on the specimens refer to three localities
of Profs Niemeyer and Breitkreuz, C, D and E, with
the area prefix Z. All these sections at locality B of
Isaacson et al. (1985) and are in the Quebrada Zorras
(Fig. 1B). A composite section has been published
by Bahlburg et al. (1987, fig. 3) which shows the level
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Figure 1. Diagrams showing the location from which the Eocanites fauna has been collected. A, Indicating position of locality in northern
Chile and showing the location of B. B, a detailed locality map based on diagrams in Isaacson et al. (1985). The fauna comes from section
C at Quebrada Zorras. C, a stratigraphical column for the locality based on a diagram in Bahlburg et al. (1987) showing the level of the

Eocanites fauna.

of the Eocanites fauna (Fig. 1C). The column given
refers to an identification of Wocklumeria, but that
genus is not present in the collections available for
study and according to Kullmann (1993) the record
was a field determination. The column shows the
Devonian - Carboniferous boundary to lie within
pelites about 60 m above a group of tuffs and
epiclastics with clastics entering about 30 m higher.
All the material is consistent with collection as nodu-
les within shales, perhaps silty shales. Usually body
chambers are preserved solid but the earlier
phragmocones are crushed or were not collected.

The complete collection has been presented to the
National Museum of Natural History, Washington, D.C.
to which the USNM collection numbers refer.

3. SYSTEMATIC DESCRIPTIONS

Superfamily Prolecanitaceae, Hyatt, 1884
Family Prolecanitidae Hyatt, 1884
Subfamily Eocanitinae Weyer, 1972
Genus Eocanites Librovitch, 1957

Type species by original designation of Librovitch
1957, Protocanites supradevonicus Schindewolf
(1926).

Eocanites sernageominus House, sp. nov.
PI. 1, Figs 8-12, Text-fig. 2C

DERIVATION OF NAME. After the acronym for the
Servicio Nacional de Geologia y Mineria, Casilla,
Chile, whose staff have contributed so much to
regional geology of the area.

MATERIAL. The holotype and only known specimen
is preserved within a nodule is available (USNM
486283; labelled Z-C-12) which shows only a por-
tion of the body chamber and the last two septa
preserved solid (Pl. 1, Figs 10-12). An external mould
of the earlier phragmocone is preserved within the
nodule, enabling a three-dimensional cast to be
prepared (PI. 1, figs 8,9) which includes the very
posterior part of the body chamber.

DIAGNOSIS. A species of Eocanites with simple
convexly rursiradiate growth lines, without
biconvexity, with a slightly swollen ventral lobe.

DESCRIPTION. At maximum diameter measurable
of 28.3 mm, at the penultimate septum, whorl width
is 8 mm, whorl height is 7.6 mm, and the umbilical
width is 13.7 mm; on the latex mould at 21.4 mm
diameter, whorl width is 7.1 mm, whorl height is 6.7
mm and umbilical width is 9.7 mm. Shell evolute,
with body chamber perhaps less than half a whorl.
Whorl section rounded (Text-fig. 2C) with shallow
impressed depth. Growth lines convexly rursiradiate
across the flanks with a broad shallow sinus over
the venter towards the end of the phragmocone, but
with a slight forward projection on the umbilical slopes
in earlier stages. Suture (Text-Fig. 2C) with
lanceolate, slightly swollen, ventral lobe, inferred
rounded first lateral saddle, first lateral lobe
lanceolate with pinched termination and perhaps
slightly swollen, second lateral lobe on the inner flank
rounded, V-shaped, with a broad, slightly asymmetric
(steeper ventrad) saddle to the third lateral lobe with
the seam on the dorsad slope; a deep V-shaped
umbilical lobe and a deep and narrowly swollen
lanceolate mid dosal lobe with a narrow digitiform
saddle in between.
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Figure 2. Sutures of Prolecanitidae.

A. «Protocanites» gurleyi (Smith). Suture of the holotype based on Miller & Collinson (1951, Text-fig. 12). Specimen from the Northview
Shale, Chouteau Formation, at Cedar Gap, Missouri, U.S.A. X 4.8.

B. Eocanites supradevonicus supradevonicus (Schindewolf). Revised suture by Korn (1994, p.81) of a specimen figured by Véhringer
(1960) at a whorl height of 6.5 mm. Specimen from the Hangenberg Limestone, Bed 2, at Oberrddinghausen, Germany. X 4.1.

C. Eocanites sernageominus House sp. nov. Suture of the holotype and whorl cross section at 28 mm diameter. Scale of 5 mm. From the
Zorritas Formation near the southern end of the Sierra de Almeida, Chile. USNM 486283, X 5.2.

D. Eocanites wangyounensis Ruan & He. Suture of the holotype based on Ruan & He (1974, PI. 119, Fig. 6; also figured Ruan 1981, Text-
fig. 62a). ca. X 3.6.

E, Michiganites algarbiensis (Pruvost). Suture of the holotype based on Pruvost (1914, Text-fig. 1) from north of Bordelete, Portugal.
Enlarged.

F. Michiganites marshallensis (Winchell). Suture from Miller & Garner (1955, p. 156, Text-fig. 16A). Enlarged.

G. Michiganites scalibrinii (Antelo)[= australis Antelo 1969). Suture of the holotype based on Antelo (1969, Text-fig. 2A] from the base of the
Maliman Formation at Maliman Arriba, Argentina. Enlarged.

H. Michiganites greenei (Miller). Reversed suture of the holotype, based on American Museum of Natural History, New York No. 2539.
Labelled as from the «Knobstone Formation» (New Providence Shale), New Albany, Indiana, U.S.A. Scale of one millimetre, X 16.2.

COMPARISON. There are some twenty-four named
species or subspecies of Eocanites, but only Eo.
wangyouensis shows a similarly swollen ventral lobe:
according to the revision by Korn (1994) of
Vérhinger’s specimen named Eo. supradevonicus
supradevonicus that species has a significantly more
swollen ventral lobe: Schindewolf’s holotype of that
species is, however, unrevised. The orginal spelling
of the species by Ruan & He 1974, p. 239 was
wangyouensis, but this was changed by Ruan (1981,
p. 96, et seq.) to wangyuensis. Transliteration ano-
malies are normally grounds for a «justified
emendation» under the ICZN Rules, but itis not clear

that this applies in this case, and | am indebted to J.
Kullmann and D. Korn for their opinion that it does
not, so the original spelling is used here. In the many
forms described by Ruan (1981) the ventral lobes
are parallel-sided or slightly V-shaped. Another
species (or, more probably, subspecies) showing a
slight swelling of the ventral lobe is Eoc. retiolus Ruan
(1981, p. 97), but these all differ from Eo.
sernageominus in not having the regular convexly
rursiradiate ornament of growth lines. Species
currently refered to Eocanites show very similar
general shell growth characters (Fig. 3).
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Figure 3. Diagram showing statistical data for Eocanites. Data from German material taken from Véhringer (1960) and showing the relation

to the Chilean Eocanites sernageominus.

4. COMMENTS ON EVOLUTION

The major papers of Weyer form a starting point
for consideration of evolution in the early
Prolecanitidae (Weyer 1965, 1972a,b), a group
characterized by an evolute shell with early whorls
serpenticonic. Weyer suggested that three lines
radiated from Eocanites supradevonicus type. The
first of these established a V-shaped ventral lobe
(Protocanitinae) and showed proliferation of umbilical
lobes. A second line (Eocanitinae, probably the root
stock for all three) kept the ventral lobe rather parallel-
sided and also proliferated umbilical lobes. A third

line (Prolecanitinae) is characterized by a swollen,
and in later members, short ventral lobe, and again
by the proliferation of umbilical lobes.

It is the Prolecanitinae which is the direction
indicated by Eoc. sernageominus. Fig. 2 shows a
morphological series of sutures hypothetically linking
Eoc. supradevonicus with Michiganites, in the view
of Weyer (1972b), the earliest member of the
Prolecanitinae. Michiganitesis characterised by three
lobes on the flanks, whilst Eocanites has only two.
Use of lateral lobe number in this way has proved
useful in the Prolecanitidae as a whole and, if
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Figure 4. Sutures of Prolecanites lyoni (Meek & Worthen).

A. Suture, drawn by the author, of a specimen figured by Hall
(1879, P1. 72, Figs 1,2) in the American Museum of Natural History,
New York, from Rockford, Indiana, U.S.A., X 2.

B. Sutural diagram from Gordon (1986, p. 15) of a specimen from
the Chainman Shale, Elko Co., Nevada, U.S.A. X 1.5.

followed here, the forms such as Eoc. sernageominus
and Eoc. wangyouensis, start the morphological
series towards Michiganites algarbiensis (Pruvost,
1914, specific name sometimes spelt algarviensis)
from Portugal, in which an incipient additional
umbilical lobe is seen (Fig. 2E) and the type species
of Michiganites (Ruzhencev in Bogoslovskiy, et al.,
1962, p. 348), Mich. marshallensis (Fig. 2F). Forms
with the three lateral lobes very well developed
include Michiganites scalabrinii (Antelo 1970 =
australis Antelo 1969 non Prolecanites australis
Delépine 1941) and Mich. greenei (Miller 1894), the
holotype of which is refigured here (Fig. 2H, PI. 1,
fig. 5), based on drawings and a photograph by the
author of the original in the American Museum of
Natural History, New York. It is interesting that Mich.
scalabriniiis recorded from 10.5 km NE of Malaman,
San Juan Province, Argentina (Fig. 1A), only 600 km
away from the locality for Eoc. sernageominus.

The main problem remains, as usual for the
Tournaisian, the lack of detailed and stratigraphically
known successive faunas of goniatites, especially
in the mid Tournaisian. The rich Chinese faunas of
Ruan (1981) carry no detailed stratigraphic record.
The author has many reservations on the proliferation
of specific names in Eocanites based on slight sutural
differences alone. As indicated by the many illustra-
tions of the sutures of the American Protocanites lyoni
(Meek & Worthen, 1860) in the literature (for example,
Miller, 1956; Miller & Collinson, 1950; Furnish, Miller
& Youngquist, 1955; Gordon, 1986) and herein (Fig.

4). Although it might seem that forms with a swollen
ventral lobe, such as illustrated by Gordon (1986,
Figs 5-2-5), should seem more properly assigned to
Eocanites, Campbell et al. (1983 p. 111; Campbell &
Engel, 1963) have indicated that the early stages of
Australian Protocanites are variable, and often the
ventral lobe is swollen. Indeed Prolecanites may be
derived from Eocanites by the simplification of the
ventral lobe in the adult. Many «species» of
Eocanites should be relegated to subspecies, at least
until they are involved in a biostratigraphy: some
species, on the other hand, are clearly discrete,
especially those listed by Weyer (1972b, p. 322) and
Eo. holcoventrus (Ruan, 1981).

It would seem that Eo. sernageominus would be
expected to be younger than the majority of typical
Eocanites known from the Gattendorfia-Stufe faunas
which were described in the masterly account of the
Hangenberg Limestone by Véhringer (1960). A pos-
sible exception is Eocanites n. sp. A (Weyer, 1965,
p. 458, PI. 8, Fig. 4a-c, Text-fig. 3) which has a
somewhat similar suture but without the swollen ven-
tral lobe, and a different and deeper swollen second
lateral lobe on the inner flanks, and quite different
ornament.

In a paper reviewing Lower Carboniferous zona-
tion in Argentina (Azcuy et al. 1990), following Gon-
zélez (1985), a « Protocanites fauna» is distinguished
as a late Tournaisian Zone, the editor noting (Azcuy
et al. 1990, p. 208) that the name-giver should be
assigned to Michiganites.

Superfamily Prionocerataceae, Hyatt, 1884
Family Prionoceratidae, Hyatt, 1884
Subfamily Prionoceratinae, Hyatt, 1884

Twenty-six specimens are available which are
prionoceratids. Scarcely any show sutures or
phragmocone and they are preserved solid as parts
of the body chambers which often show ornament
but never evidence of early stages, so detailed
determination is not possible. There are three
separate collections, Z-D-8j (USNM 486284-286289;
numbered 2-12), Z-D-8h (USNM 486290a-g;
numbered 13-19) and Z-21 (USNM 486291a-h;
numbered 20-27) and comments will be made on
each fauna separately.

Z-D-8j
There are ten specimens from this level but only three
tentative names are given to members of the fauna:

(@) Gattendorfia cf. molaris Vohringer. A single
specimen (USNM 486284; No. 7) with only part of
the body chamber preserved and showing clearly
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the wide, open umbilicus ofthe genus (PI. 1, Figs.
3,4). At 16 mm diameter the whorl width is 7.1 mm.
No sign of the suture is seen. There are probably
four constrictions in the last whorl which follow the
growth lines being prorsiradiate over the flanks to a
rounded salient and a linguiform ventral sinus. The
type specimen of the species is from Bed 3c in the
Hangenberg Limestone of the Hénnetal, Germany,
but it is recorded as ranging up to the top of the
exposed patens Subzone, the highest level in the
Gattendorfia Stufe examined by Véhringer (1960,
p.158).

(b) ?Streeliceras cf. heterolobatum (V&hringer).
Three specimens may be assigned here (USNM
486285-7; Nos. 2,3,8) but none show sutures. The
figured specimen (USNM 486285, PI. 1, Figs 1,2) is
the best preserved. This species was made the type
species of a new subgenus of Acutimitoceras, named
Streeliceras, by Becker (1995), but the diagnostic
feature of the genus, the short ventral lobe, is not
shown by any of the specimens. The writer takes
the view that Acutimitoceras should be restricted only
to those oxyconic forms which Librovitch intended
to be included within the genus.

(c) ?Rectimitoceras sp. A single crushed specimen
of part of a body chamber, showing no suture (USNM
486288; No. 5, figured PI. 1, Figs 6,7) has growth
lines and traces of constrictions which conform to
Schindewolf’s original use of the genus Imitoceras,
now restricted for younger Carboniferous forms, for
which the genus Rectimitoceras is applied by Bec-
ker (1995).

(d) Other specimens are really not determinable
(USNM 486289a-f). One (USNM 486289a; No. 9)
has fine convex lirae reminiscent of the specimen
figured by Schmidt (1924, PI. 8, Fig. 1) as «/.
infracarbonicus». Another specimen has the whorl
form of «l. trochiforme» (Vdhringer) which Korn (in
Korn et al., 1994; Korn, 1994, p. 59) refers to the
genus Nicimitoceras Korn 1993.

Z-D-8h

There are seven specimens (USNM 486290a-g) from
this level which are not specifically determinable.
These are poorly preserved and none show sutu-
res. Two (USNM 486290a,b;Nos, 14, 15) show the
shell form and growth lines of Nicimit. trochiforme.
Another specimen (USNM 486290c; No. 17) has the
shell form of «Imit. globosum» Schindewolf (1951,
p. 46-48).

Z-21
There are eight specimens in this collection (USNM
486291a-h) all of which are very poorly preserved,

without sutures or evidence of early stages but they
are consistent with being prionoceratids. One
specimen (USNM 48629a; No. 20) shows rather flat
flanks converging rapidly to a well-rounded venter.

5. DISCUSSION
5.1. AGE

The faunas as a whole are consistent with a
Gattendorfia Stufe age, but probably high in the divi-
sion. Particularly critical forms are the Eocanites
sernageominus and Gattendorfia cf. molaris. The
former is rather more advanced than any described
by Véhringer (1960) from the Hangenberg Limestone
of Germany, which is the best succession known
anywhere. Gatt. molaris is recorded throughout the
upper subinvoluta Zone and crassa Zone in the re-
cords of Véhringer (1960, p. 177). The other
prionoceratids do not suggest anything different.

However, it is the absence of typical later
Tournaisian genera, such as Protocanites,
Kazakhstania, Prodromites, Muensteroceras and
pericyclids which confirms that the fauna should be
assigned to the late Gattendorfia Stufe. Itis of interest
that the geographically nearest form, Michiganites
scalabrinii, from San Juan Province, Argentina
(Antelo 1969, 1970), already has the extra umbilical
lobe of Michiganites and must be presumed to be
significantly younger than Eo. sernageominus.

In the scheme of Kullmann et al. (1990, p. 127)
this division is the earliest recognized in the
Carboniferous which they refer to «Tournaisian Tn
1b», that is the earliest Tournaisian following the
revision of the Devonian-Carboniferous boundary.

Becker (1993a), by contrast, has documented the
Lower - Middle Tournaisian boundary goniatite break
in some detail. Attention to this break had already
been drawn by Matthews (1970, 1971). Becker
associates the disappearance of the typical
Gattendorfia Stufe (cu |) faunas to the transgressive
black shale of the Lower Alum Shale, that is, the
Lower Alum Shale Event (Becker, 1993a,b).

5.2. DISTRIBUTION OF GATTENDORFIA STUFE
FAUNAS

This new Chilean record, and the nomenclatorial
revisions, extend still farther the known range of
Eocanites, examples of which are known to be
widespread in North America, Europe and Asia. The
distribution of the genus has been summarised by
Becker (1993a).
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5.3. PALAEOGEOGRAPHIC IMPLICATIONS

The area of northern Chile which includes the
Sierra de Almeida and adjacent NW Argentina has
been recognised in recent years to be the site of a
discrete Palaeozoic basin (Breitkreuz, 19886;
Bahlburg et al., 1987). Although west of the central
cordillera of the Andes it is considered that the region
has been part of the South American margin since
at least the Late Precambrian. The Zorritas Forma-
tion, comprising about 2,700 m of Devonian to early
Carboniferous, lies unconformably on early rocks
which were folded during the Late Ordovician Ocldyic
Orogeny, an orgeny which may have been caused
by the collision of either the allochthonous Arequipa
Terrane or eastern Laurentia (Bahlburg, 1994). Any
collision of a microplate «Chilenia» would lie south
of the area of concern here and has been suggested
to dock between 29° and 34° south according to
Lopez-Gamundi and Rossello (1993).

The Lower Carboniferous of the Sierra de Aimeida
and the Rio Blanco Basin, of NW San Juan and wes-
tern La Rioja provinces of adjacent Argentina, have
been interpreted as indicative of a transgression from
the ‘Pacific’ into western Argentina, and the fauna
has been termed «Maliménian» (Gonzalez, 1994),
and characterized by a «Protocanites-Rossirhyn-
chus» Assemblage (formerly Protocanites fauna of
Gonzéalez 1985); but as remarked above, the
goniatite is better refered to Michiganites (W. Man-
ger in Azcuy et al., 1990) and the Assemblage
renamed. The recognition of an earlier Gattendorfia
assemblage would seem reasonable.

So far as the late Devonian glaciation of South
America is concerned (Caputo 1985), Becker (1993a)
has pointed out that the Bolivian records of mid-
Famennian sporadoceratids (Babin et al., 1991)
indicate warm water and not proximity to an ice cap.
Loboziak et al. (1992), on spore evidence, moved
the date of the suggested glacial deposits in the
Pamaiba Basin to equivalents of the Hangenberg
Event level at the Devonian-Carboniferous boundary.
But if account is taken of the record of Wockiumeria
(Bahlburg et al., 1987) in north Chile, and the late
Gattendorfia Stufe age assigned here to the Sierra
de Almeida faunas, as well as the probably later oc-
currence of Michiganites in adjacent San Juan Pro-
vince of Argentina, any ice cap must be significantly
distant geographically at those times, or even
stratigraphically younger. This supposes that current
views on the assignment of the goniatite areas to
the South American continent of the time are correct
(Bahlburg, 1994).

The suggestion that South America shows a
significant Devonian-Carboniferous unconformity
(L6pez-Gamundi and Rossello, 1993) may apply to
the Ventana fold belt and other areas. But this clearly
did not apply to the Sierra de Aimeida and the Rio
Blanco Basin area discussed here. However, the
igheous activity at about this level in western
Gondwanaland seems well-documented, and finds
analogies in the Marrakesh area of Morocco (Piqué
et al., 1993; Leblanc, 1993), and even the Rio Tinto
area of Spain (Boulter, 1993), although the
relationships of these events are at present quite
unknown.

6. ACKNOWLEDGEMENTS

The material described here was collected by
Hans Niemeyer (Universidad del Norte, Antofagasta,
Chile) and Christopher Breitkreuz (Technische
Universitat, Berlin). Collecting in Chile was aided by
SERNAGEOMIN (Servicio Nacional de Geologia y
Mineria, Casilla, Chil)e and Viadimiir Covacevich in
particular. The specimens were drawn to my atten-
tion by Arthur J. Boucot (Oregon State University,
Corvallis, Oregon) and Peter E. Isaacson (Univer-
sity of ldaho, Moscow, Idaho) who kindly provided
local information. | am indebted to Dr R. Thomas
Becker for many helpful suggestions and for
supplying some literature and also to J. Kullmann
and D. Korn for useful comments.

7. REFERENCES

ANTELO, B. 1969. Hallazgo del genéro Protocanites
(Ammonoidea) en el Carbonifero Inferior de la Provincia de San
Juan. Ameghiniana, 6(1): 69-73.

ANTELO, B. 1970. Protocanites scalabrinii por Protocanites
australis Antelo (non Protocanites australis Delepine).
Ameghiniana, 7(2): 160.

AZCUY, C.1., SABATTINI, N., & TABOADA, C. 1990. Advances in
the Lower Carboniferous of Argentina. Courier Forsch.-Inst.
Senckenberg, 130: 207-210.

BABIN, C., RACHEBOUEF, PR., LE HERISSE, A. & SUAREZ
RIGLOS, M. 1991. Donnés nouvelles sur les goniatites du Dévo-
nien de Bolivia. Geobios, 24(6): 719-724.

BAHLBURG, H. 1994. Palaeozoic geodynamic evolution of the
southern central Andes (NW-Argentina, N-Chile), and its bearing
on the postulated Laurentia connection. Jour. of the Czech
Geological Society, 39(1): 4-6.

BAHLBURG, H., BREITKREUZ, C. & ZEIL, W. 1987. Paleozoic
basin development in northern Chile (21°-27°S). Geologische
Rundschau, 6(2): 633-646.



102 Michael R. HOUSE

BECKER, R.T. 1993a. Analysis of ammonoid palaeobiogeography
in relation to the global Hangenberg (terminal Devonian) and Lower
Alum Shale (Middle Tournaisian) events. Ann. Soc. géol. Belgi-
que, 115(2): 459-473.

BECKER, R.T. 1993b. Anoxia eustatic changes and Upper
Devonian to lowermost Carboniferous global ammonoid diversity.
Systematics Assoc. Spec. Vol.: 47, 115-163.

BECKER, R.T. 1995. New faunal records and holostraigraphic
correlations of the Hasselbachtal D-C-parastratotype. Ann. Soc.
géol. Belgique: (This volume).

BOGOSLOVSKIY, B.I., LIBROVITCH, L.S. & RUZHENCEYV, V.E.
1962. Ammonoidea. Systematic section. Osnovy Paleontology,
Mollusca Cephalopoda, 5: 334-425, pls. 4-32. (In Russian)

BOULTER, C. 1993. Comparison of Rio Tinto, Spain, and the
Guaymas Basin, Gulf of California: an explanation of a supergiant
massive sulfide deposit in an ancient sill-sediment complex.
Geology, 21(9): 801-804.

BREITKREUZ, C. 1986. Das Paldozoikum in den Kordilleren
Nordchiles (21°-27°S). Geotekt. Forsch., 70: 88 pp.
CAMPBELL, K.S.W., BROWN, D.A. & COLEMAN, A.R. 1983.
Ammonoids and the correlation of the Lower Carboniferous rocks
of eastern Australia. Alcheringa, 7: 75-123.

CAMPBELL,, K.S.W. & ENGEL, B.A. 1963. The faunas of the
Tournaisian Tulcumba Sandstone and its members in the Werrie
and Belvue synclines, New South Wales. Jour. Geol. Soc.
Australia. 10(1): 55-122.

CAPUTO, M.V. 1985. Late Devonian in South America.
Palaeogeogr. Palaeoclim. Palaeoecol. 51: 291-317.

CLOSS, D. & KULLMANN, J. 1972. Late Paleozoic cephalopods
from South America. Anales de la Academia de la Brasil, Ci ncias,
44: 95-98.

DAVIDSON, J., MPODOZIS, C. & RIVANO, S. 1981a. El
Paleozoico de Sierra Almeida, al oeste de Monturaqui, alta
Cordillera de Antofagasta, Chile. Revista Gedlogica de Chile, 12:
3-23.

DAVIDSON, J., MPODOZIS, C. & RIVANO, S. 1981b. Evidencias
de tectogenesis del Devonico Superior-Carbonifero Inferior al
oeste de Augusta Victoria, Antofagasta, Chile. Revista Gedlogica
de Chile, 12: 79-86.

DELEPINE, G. 1941. On Upper Tournaisian Goniatites from new
South Wales, Australia. Ann. Mag. Nat. History, (11), 7(40): 386-
395.

FURNISH, W.M., MILLER, A.K. & YOUNGQUIST, W. 1955.
Discovery of the early Mississippian goniatite Protocanites in
northeastern Nevada. Jour. Paleont., 29: 186.

GONZALEZ, C.R. 1985. Esquema bioestratigrafico del Paleozoico
superior marino de la Cuenca Uspallata-lglesia. Rep. Argentina.
Acta Geol. Lilloana, 16: 231-144.

GONZALEZ, C.R. 1994. Early Carboniferous Bivalvia from wes-
tern Argentina. Alcheringa, 18(2): 169-185.

GORDON JR, M., 1986. Late Kinderhookian (early Mississippian)
ammonoids of the Western United States. Paleontol. Soc. Memoir,
19: 36 pp.

HALL, J. 1879. Natural History of New York: Palaeontology. 5(2):
Albany, N.Y. 113 pls.

ISAACSON, P, FISHER, L. & DAVIDSON, J. 1985. Devonian and
Carboniferous stratigraphy of the Sierra de Aimeida Northern Chile,
preliminary results. Rev. geol. Chile, 25-26: 113-121.

JIQ., WANG, Z., SHENG, H., JINGPENG, H., FENG, R., WE], J.,
WANG, S., WANG, H., XIANG, L. & FU, G. 1989. The Dapoushang
section: an excellent section for the Devonian-Carboniferous
boundary stratotype in China. Science Press, Beijing, China. 165
pp, 43 pls.

KORN, D. 1994. Devonische und karbonische Prionoceraten
(Cephalopoda, Ammonoidea) aus dem Rheinischen
Schiefergebirge. Geol. Paldont. Westfalen., 30: 85 pp.

KORN, D., CLAUSEN, C-D., BELKA, Z., LEUTERITZ, K.,
LUPPOLD, FW., FEIST, R. & WEYER, D. 1994. Die devon/Karbon
Grenze bei Drewer (Rheinischen Schiefergebirge). Geol. Paléont.
Westfalen., 29: 71-147.

KULLMAN, J. 1993. Paleozoic ammonoids of Mexico and South
America. Comptes Rendues XII Congrés International de Strati-
graphie et de Géologie du Carbonifére, 1: 557-562.

KULLMANN, J., KORN, D. & WEYER, D. 1990. Ammonoid zona-
tion of the Lower Carboniferous Subsystem. Courier Forsch.-Inst.
Senckenberg., 130: 127-131.

LEBLANC, M. 1993. Amas sulfuré formé par injection de sills dans
des sediments: example d’Hajar (Marrakech, Maroc). C. r. Acad.
Sci. Paris, Sér. ll, 313: 498-504.

LIBROVITCH, L.S. 1957. O nekotorykh novykh gruppakh
goniatitov iz kamennogol’'nykh otlozhenij SSSR. Ezhegodn. Vses.
Paleontol. ob-va, 16: 246-272.

LOBOZIAK, S., STREEL, M., CAPUTO, M.V,, & DE MELO, J.H.G.
1992. Middle Devonian to Lower Carboniferous miospore
stratigraphy in the central Parnaiba Basin (Brazil). Ann. Soc. Géol.
Belgique. 115(1): 215-226.

LOPEZ-GAMUNDI, O.R. & ROSSELLO, E.A. 1993. Devonian-
Carboniferous unconformity in Argentina and its relation to the
Eo-Hercynian orogeny in southern South America. Geol.
Rundschau, 82: 136-147.

MATTHEWS, S.C. 1970.A new cephalopod fauna from the Lower
Carboniferous of east Cornwall. Palaeontology, 13(1): 112-131.
MATTHEWS, S.C. 1971. Comments on palaeontological standards
for the Dinantian. Compte rendu 6éme Congrés Internat. Strat.
Géol. Carbon., Sheffield, 1967. 3: 1159-1164.

MEEK, F.B. & WORTHEN, A.H. 1860. Description of new
Carboniferous fossils from lllinois and other western states. Proc.
Acad. nat. Sci. Philadeiphia, 1860: 447-472.

MILLER, A.K. 1956. A Mississippian goniatite from Virginia. Jour.
Paleont., 10(1): 69-72.

MILLER, A.K. & COLLINSON, C. 1951. Lower Mississippian
ammonoids of Missouri. Jour. Paleont., 25(4): 454-487.
MILLER, A.K. & GARNER, H.F. 1955. Lower Mississippian
Cephalopods of Michigan; Part 3, Ammonoids and Summary. Univ.
Michigan Contr. Mus. Paleont., 12(8): 113-173, 7 pls.

MILLER, S.A. 1894. Palaeontology. 18thAnn. Rept. Indiana Dept.
Geology & Natural resources, 330: pl. 10.

PIQUE, A., BOSSIERE, G., BOUILLIN, J.-P., CHALOUAN, A. &
HOEPFFNER, C. 1993. Southern margin of the Variscan belt: the
north-western Gondwana mobile zone (eastern Morocco and
northern Algeria). Geol. Rundschau, 82: 432-439.

PRUVOST, P. 1914. Observations sur les terrains Dévoniens et
Carboniféres du Portugal et sur leur Faune. Comunicag6as da
Comisséo do Servigo Geoldgico de Portugal. 10(1): 1-21.
RUAN, Y. 1981. Devonian and earliest Carboniferous ammonoids
from Guangxi and Gouzhou. Mem. Nanjing Inst. Geology &
Palaeontology, Acad. Sinica, 15: 1-151, 33 pls (in Chinese).
RUAN, Y. & HE, G. 1974. A handbook of the stratigraphy and
Palaeontology in southwest China. Nanling Institute Geol. Pal. (in
Chinese).

SCHINDEWOLF, O.H. 1926. Zur Kenntnis der Devon-Karbon-
Grenze in Deutschland. Zeit. deutsch. geol. Ges., 78: 88-133.
SCHINDEWOLF, O.H. 1951. Uber ein neues Vorkommen
unterkarbonischer Pericyclus-Schichten in Oberharz. Neues Jb.
geol. Paldont., Abh. 93(1): 23-116.



AN EOCANITES FAUNA FROM THE EARLY CARBONIFEROUS OF CHILE AND ITS PALAEOGEOGRAPHIC IMPLICATIONS 103

SCHMIDT, H. 1924. Zwei Cephalopodenfaunen an der Devon-
Carbongrenze im Sauerland. Jb. preu3. Geol. Landesanst. 44:
98-171, pls. 6-8.

VOHRINGER, E. 1960. Die Goniatiten der unterkarbonischen
Gattendorfia-Stufe imHo6nnetal (Sauerland). Fortschr. Geol.
Rheinland. u. Westf., 3(1): 107-196.

WEYER, D. 1965. Zur Ammonoideen-Fauna der Gattendorfia-
Stufe von Dzikowiec (Ebersdorf) in Dolny lask (Niederschlesien),
Polen. Ber. geol. Ges. DDR, 10(4): 443-464.

WEYER, D. 1972a. ZumAlter derAmmonoideen-Fauna des Mars-
hall-Sandsteins (Unterkarbon; Michigan, USA). Ber. deutsch. Ges.
Wiss., A, Geol. Paldont. 17(3): 325-350.

WEYER, D. 1972b. Trilobiten und Ammonoideen aus der
Entogonites nasutus-Zone (Unterkarbon) des Blichenbergsattels
(Elbingeréder Komplex, Harz). Geologie, 21(3): 317-349.

ADDENDA AND CORRIGENDA

in the paper by the author in Annales de la Science géologique
de Belgique, T. 115, fasc. 2, p. 574 the explanation of Plate 3 was
incomplete. The following should be added:

Figs. 8-11. Gen. nov. prorsum (Schmidt). 8-10, MRH 1395, X 6.
11, MRH D 1276, X 6.

The MRH collection referred to will be presented to the University
of Oxford palaeontological collections.

Manuscrit regu le 24/11/1994; accepté le 22/04/1995.
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Plate 1

Ammonoids from the Lower Carboniferous of Chile and the U.S.A.

1, 2. ?2Streeliceras cf. heterolobatum (Vohringer). Lateral and ventral views of a specimen
from the Zorritas Formation, Sierra de Almeida, Chile. USNM 486285, X 3.

3,4. Gattendorfia cf. molaris Vohringer. Ventral and lateral views of a specimen from the
Zorritas Formation, Sierra de Almeida, Chile. USNM 486284, X 3.

5. Michiganites greenei (Miller). The holotype of the species from the «Knobstone Formation»
(New Providence Shale), New Albany, Indiana, U.S.A. American Museum of Natural History,
New York No. 2539, X 5.9

6,7. ?Rectimitoceras sp. Lateral and ventral views of a specimen from the Zorritas Formation,
Sierra de Almeida, Chile. USNM 486288, X 3.

8-12. Eocanites sernageominus House sp. nov. Views of the holotype from the Zorritas
Formation, Sierra de Almeida, Chile. 8,9, latex mould of the exterior of the shell; 10-12,
lateral and oblique views showing the shell form and sutures. USNM 486283, X 2.
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