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BY

G.E. G. WESTERMANN?" and A. C. RICCARDI"

With 28 plates and 28 text-figures, 3 tables in the text and on 1 folder

Abstract

The Bajocian Stephanocerataceae of the Argentine-Chilean Andes are revised taxonomically and chronologically, based on the
reexamination of all available specimens, most type localities and many new localities in Neuquén, Mendoza, San Juan (Argentina),
Atacama and Antofagasta (Chile) provinces. The type specimens of previously described species are reillustrated, but several of them
appear to be lost.

The following taxa are new: Podagrosiceras maubeugei n. sp., Emileia (Chondromileia) n. subgen. [type-sp. E. giebeli (GoTTscHE)].
Pseudotoites crassus n. sp., Chondroceras recticostatum n. sp., Stephanoceras arcicostum (IMLAY) caracolense n. subsp. and. Teloceras
crickmayi (FREBOLD) dhacayi n. subsp.

The following new assemblage zones and correlations are proposed (from below): (1) Zurcheria groeberi Zone, characterized by
Z. groeberi WEst. et Ricc., Eudmetoceras cf.[aff. klimakomphalum (Vacex), E. gerthi (Jaw.) and Tmetoceras spp. — Concavum
Chronozone, part.; (2) Puchenquia malarguensis Zone, characterized by P. malarguensis (BurckH.), Podagrosiceras spp., (?) Fontannesia
spp., Sonninia amosi WEST. et Ricc. and ?Eudmetoceras moericke; (Jaw.) — Upper Concavum-Discites Chronozones;
(3) Pseudotoites singularis Zone, characterized by P. singularis (GoTT.), P. sphaeroceroides (TORNQ.), Sonninia zitteli (GOTT.), S. espina-
zitensis altecostata TORNQ., S. amosi WEsT. et Ricc. and Docidoceras sp. — circa Ovalis Chronozone; (4) Emileia giebeli Zone,
characterized by E. giebeli (Gotrt.), Chondroceras recticostatum n. sp., Sonninia espinazitensis s. s. TORNQ. and S. alsatica (Haug):
subdivided in (4 a) E. giebeli submicrostoma Subzone (below), characterized by E. giebeli submicrostoma (GoTT.) — circa Laeviuscula
Chronozone, and (4 b) Emileia multiformis Subzone (above) characterized by E. multiformis (Gorr.), E. giebeli s.s. and Stephanoceras
cf. macrum (Qu.) — circa Sauzei Chronozone; (5) Stephanoceras chilense Subzone, characterized by S. chilense HiLLEBRANDT, S.
(Stemmatoceras) spp. and Teloceras spp. — upper Humphriesianum Chronozone, circa Blagdeni Subzone. The European Romani Sub-
zone, lower Humphriesianum Chronozone, and (?) the North American Megasphaeroceras rotundum Assemblage Zone (Subfurcatum
Chronozone + ?) are used.

Sexual dimorphism is indicated for most species described; this is illustrated in bivariate scatter diagrams. The rare Bajocian
Haplocerataceae, Perisphinctaceae, Phylloceratina and Lytoceratina will be described in Part IV.

*) Address of the authors: )
Prof. Dr. G. E. G. WESTERMANN, Department of Geology, McMaster University, Hamilton, Ontario, Canada L8S 4M1.
Dr. A. C. Riccarpi, Divisién Paleozoologia Invertebrados, Museo de Ciencias Naturales, 1900 La Plata, Buenos Aires, Argentina.
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Zusammenfassung

.Die Stephanocerataceae des Bajocium der Argentinisch-Chilenischen Anden werden taxonomisch und chronologisch revidiert,
aufgrund von Neuuntersuchungen aller zuginglichen Exemplare, der meisten Typlokalititen und vieler neuer Fundorte in den Provinzen
Neuquén, Mendoza, San Juan (Argentinien), Atacama und Antofagasta (Chile). Die Typen friiher beschriebener Arten werden neu
abgebildet, aber mehrere Originale scheinen verloren gegangen zu sein.

Die folgenden Taxa sind neu: Podagrosiceras maubeugei n. sp., Emileia (Chondromileia) n. subgen. [Typart E. giebeli (GoTTscHE)],
Pseudotoites crassus n. sp., Chondroceras recticostatum n. sp., Stephanoceras arcicostum (IMLAY) caracolense n. subsp. und Teloceras
crickmayi (FREBOLD) dhacayi n. subsp.

Die folgenden neuen Faunenzonen werden vorgeschlagen, (von unten): (1) Zurcheria groeberi Zone, charakterisiert durch Z.
groeberi WEsT. et Ricc., Eudmetoceras cf.[aff. klimakomphalum (VAcex), E. gerthi (Jaw.) und Tmetoceras spp. — Concavum Chrono-
zone part.; (2) Puchenquia malarguensis Zone, charakterisiert durch P. malarguensis (BurckH.), Podagrosiceras spp., (?)Fontannesia spp.,

Sonninia amosi WesT. et Ricc. und ?Ewudmetoceras moerickei (Jaw.) — Ob. Concavum + Discites Chronozonen;
(3) Pseudotoites singularis Zone, charakterisiert durch P. singularis (GoTT.), P. sphaeroceroides (TORNQ.), Sonninia zitteli (GoTT.),
S. espinazitensis altecostata TORNQ., S. amosi WEsT. et Ricc., und Dodidoceras sp. — circa Oovalis Chronozone; (4) Emileia giebeli

Zone, charakterisiert durch E. giebeli (Gott.), Chondroceras recticostatum n. sp., Sonninia espinazitensis s.s. TORNQ. und S. alsatica
(HAuG): unterteilt in (4 a) E. giebeli submicrostoma Subzone (unten), charakterisiert durch E. giebeli submicrostoma (GoTT.) — circa
Laeviuscula Chronozone; und (4 b) Emileia multiformis Subzone (oben), charakterisiert durch E. multiformis (Gotr.), E. giebeli s. s. und
Stephanoceras cf. macrum (Qu.) — circa Sauzei Chronozone; (5) Stephanoceras chilense Subzone, charakterisiert durch S. chilense
HILLEBRANDT, S. (Stemmatoceras) spp. und Teloceras spp. — obere Humphriesianum Chronozone, circa Blagdeni Subzone. Die euro-
piische Romani Subzone, untere Humphriesianum Chronozone, und (?) die nordamerikanische Megasphaeroceras rotundum Faunenzone
(Subfurcatum Chronozone + ?) werden benutzt.

Sexualdimorphismus ist fiir die meisten beschriebenen Arten erwiesen oder angedeutet; zur Illustrierung dienen bivariate Streu-
Diagramme. Die seltenen Haplocerataceae, Perisphinctaceae, Phylloceratina und Lytoceratina des Bajocium werden in Teil IV
behandelt werden.

Schliisselworte:
Ammonoidea — Bajocium — Siidamerika — Stephanocerataceae.

Resumen

Se revisa taxondmica y cronolégicamente a los Stephanocerataceae bayocianos de los Andes argentino-chilenos, sobre la base del
estudio, de todos los ejemplares disponibles y de la mayoria de las localidades tipos de las provincias de Neuquén, Mendoza, San Juan
(Argentina), Atacama y Antofagasta (Chile). Se reilustran los ejemplares tipos de las especies descriptas previamente, con excepcién de
algunos aparentemente extraviados.

Los siguientes taxa son nuevos: Podagrosiceras maubeugei n. sp., Emileia (Chondromileia) n. subgen. [especie tipo E. giebeli
(GotrscHE)], Pseudotoites crassus n. sp., Chondroceras recticostatum n. sp., Stephanoceras arcicostum (IMLAY) caracolense n. subsp. y
Teloceras crickmayi (FREBOLD) chacayi n. subsp.

Se proponen las siguientes zonas de asociacién, indicindose sus probables correlaciones (desde abajo hacia arriba): (1) Zona de
Zurcheria groeberi, caracterizada por Z. groeberi West. & Ricc., Eudmetoceras cf.[aff. klimakomphalum (Vacexk), E. gerthi (Jaw.) y
Tmetoceras spp. — Cronozona de Concavum, parte; (2) Zona de Puchenquia malarguensis, caracterizada por P. malarguensis (BuRckH.),
Podagrosiceras  spp., (?) Fontannesia spp., Sonninia amosi West. & Ricc. y ?Eudmetoceras moerickei (Jaw.) —
Cronozonas de Concavum superior-Discites; (3) Zona de Pseudotoites singularis, caracterizada por P. singularis (Gotr.), P. sphaero-
ceroides (TORNQ.), Sonninia zitteli (GOTT.), S. espinazitensis altecostata TORNQ., S. amosi WesT & Ricc. y Docidoceras sp. — circa
Cronozona de Ovalis; (4) Zona de Emileia giebeli, caracterizada por E. giebeli (GotT.), Chondroceras recticostatum n. sp., Sonninia
espinazitensis s. s. TORNQ. y S. alsatica (Haug): comprendiendo (4a) la Subzona de E. giebeli submicrostoma (abajo), caracterizada
por E. giebeli submicrostoma (GoTT.) — circa Cronozona de Laeviuscula, y (4 b) la Subzona de E. multiformis (arriba), caracterizada
por E. multiformis (GoTt.), E. giebeli s.s. y Stephanoceras cf. macrum (Qu.) — circa Cronozona de Sauzei; (5) Subzona de Stephano-
ceras chilense, caracterizada por S. dhilense HILLEBRANDT, S. (Stemmatoceras) spp. y Teloceras spp. — fines de la Cronozona de
Humphriesianum, circa Subzona de Blagdeni. Se utilizan ademés: de Europa la Subzona de Romani y la Cronozona de Humphrie-
sianum inferior, y (?) de América del Norte la Zona de Asociacién de Megasphaeroceras rotundum (Cronozona de Subfurcatum + ?).

Para la mayoria de las especies descriptas se indica o sugiere la presencia de dimorfismo sexual, el cual es puesto en evidencia por
medio de diagramas bivariados. Los Haplocerataceae, Perisphinctaceae, Phylloceratina y Lytoceratina del Bayociano, escasamente
representados, seran descriptos en la Parte IV.

Palabras claves:
Ammonoidea — Bayociano — América Meridional — Stephanocerataceae.
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Subfamily Cadomitinae WESTERMANN, 1956 .......c.uiiiniiiinennnennnnennnenns 175
Genus Cadomites MUNIER-CHALMAS, 1892 ... .......iiiiiiiiiiiiiennniinnn, 175
Cadomites sp. nov. A aff. deslongchampsi (D’ORBIGNY, 1846) @ .......... 175
Cadomites sp. nov. A?, & [Polyplectites] ........cooiiviiiiiiiiinninn 176
Cadomites cf. daubenyi (GEMMELLARO, 1877) ......oviiinueeennennnnnn. 177
?Cadomites cf. psilacanthus (WERMBTER, 1891) @ .............coiuenn. 177
S 5 3 VT S P 178
Explanation of PIates ......cuunueininetininoniti ittt 182
Introduction

This is the second part of a monograph which revises the rich and diverse ammonoid fauna known for more
than a century (cf. GorrscHE 1878) from the Argentine-Chilean Andes. Following the first part (WESTERMANN
& Riccarpl, 1972 b), it concerns faunal distribution, classification (taxonomy), biochronology (time-stratigraphy)
and intercontinental correlation. The study is based on reexamination of the type localities, on collections re-
posited in museums, institutes and companies (cf. Acknowledgments) and on our own extensive collections
from “old” and “new” localities in Mendoza, Neuquén, San Juan, Atacama and Antofagasta provinces of
Argentina and Chile. Our joint field work in the Neuquén and Mendoza provinces was carried out in 1965
and 1970; Riccarpr visited San Juan province and repeatedly inspected many sections in the Neuquén and
Mendoza provinces, assisted by S. DAMBORENEA and M. MANCERIDO (Universidad de La Plata), in the years
1973—77; while WESTERMANN examined the Chilean sections, assisted by R. Vicencio and A. FasorLa (then
Universidad Nacional de Chile, Santiago) in 1965 and both of us with G. CHonG in 1978.

Part] of this monograph (1972) dealt with the superfamily Hildocerataceae of the Aalenian and early
Bajocian, particularly with the abundant and diverse Sonniniidae which are closely affiliated to European fau-
nas. The late Hammatoceratidae are less abundant, geographically restricted, more poorly preserved and partly
endemic at the genus-group level. Relatively rare Hildoceratidae (Tmetoceras and ?Fontannesia), and probable
Graphoceratidae [(?) Leioceras and (?) Staufenia (Costileioceras)] were also described.

Part IT deals with the early (mainly Bajocian) members of the large superfamily Stephanocerataceae. The
material has enlarged rapidly since the first part of this monograph was finished in manuscript about 7 years
ago, so that two additional parts are now required to complete this monograph. Part III will deal with the late
Middle Jurassic (Bathonian-Callovian) Stephanocerataceae, particularly the recently named subfamily Euryce-
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phalitinae THierry, and PartIV with the remaining ammonoid taxa, i.e. Haplocerataceae, Perisphinctaceae,
Phylloceratina and Lytoceratina; they are planned to appear in short order. Part IV will also contain the faunal
analysis pertaining to total taxonomic affinities, palaeobiogeography and biochronology.

Measurements

The measurements of the types and figured specimens as listed in the tables were all taken on the internal
moulds (estimated if test present) in the conventional manner. D = diameter; H = whorl height at given D,
from umbilical seam to venter in plane of coiling; W = whorl width at given D, perpendicular to plane of
coiling; U = umbilical width at given D, “inner” diameter at umbilical seam. P = number of primary ribs
(primaries) and S = number of secondary ribs (secondaries) at given D, per 1 whorl or !/2 whorl as indicated.
Many specimens were measured at different diameters, representing morphogeny, at phragmocone (phrag.),
body chamber (body ch.), and aperture (apert.) as indicated. In the diagrams, such sets of measurements on single
specimens are connected with thin lines, and plots for phragmocone measurements are distinct from those of
body chambers. Relative growth rates, such as “W” (expansion rate) and “D” (distance from the coiling axis)
of Raup (1966), which require measurements from the coiling axis, were not employed for reasons of con-
sistency with data from literature and because of the frequently imperfect preservation.

Repositories

The figured specimens were reposited in the following collections under the catalogue numbers listed in the
text and plate explanations:

BMNH British Museum (Natural History), Cromwell Road, London, S.W. 7, England.

DNGM Direccién Nacional de Geologia y Mineria, Avda. Santa Fe 1548, Buenos Aires, Argentina.

FCENBA Facultad de Ciencias Exactas y Naturales (Departamento de Geologia), Universidad Nacional de Buenos Aires, Buenos
Aires, Argentina.

GA Instituto de Geologia, Universidad Nacional, Santiago, Chile.

GAUG Geologisch-Paliontologisches Institut, Georg-August-Universitit, Berliner Str. 28, D-3400 Géttingen, West Germany.

GH Geiselthal Museum, Halle, G.D.R.

IMGPT Institut und Museum fiir Geologie und Paliontologie der Universitit Tiibingen, D-7400 Tiibingen, West Germany.

IPB Institut fiir Paliontologie, Rhein. Friedrich-Wilhelms-Universitit, Nussallee 8, D-5300 Bonn, West Germany.

MBR Museo de Ciencias Naturales ‘Bernardino Rivadavia’, Avenida A. Gallardo 470, Buenos Aires, Argentina.

MCM Department of Geology, McMaster University, Hamilton, Ontario, Canada.

MHNS Museo Nacional de Historia Natural, Seccién Geologia, Quinta Normal, Santiago, Chile.

MLP Museo de Ciencias Naturales (Divisién de Paleozoologia Invertebrados), Universidad Nacional de La Plata, Paseo del
Bosque, La Plata, Buenos Aires, Argentina.

MNHNP Muséum National d’Histoire Naturelle, Institut de Paléontologie, Paris-V, France.

MNHUB Museum fiir Naturkunde, Humboldt Universitit, Invalidenstrafie 43, Berlin, G.D.R.

TBM Thomas Burke Memorial Washington State Museum, Washington, Seattle, U.S.A.

TUB Institut fiir Geologie und Paliontologie, Technische Universitit Berlin, Hardenbergstr. 42, D-1000 Berlin 12, West
Germany.
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STRATIGRAPHY
Fossil Localities

Neuquén Province, Argentina

In the Zapala area, the formational names are not clearly defined for the outcrops of Charahuilla, Cha-
caico, Los Molles, Pictin Leufd, Paso del Carro Quebrado, and Cerro Lotena.

WEAVER (1931) introduced formational names for the different lithologic units, but they were not clearly
defined, being listed merely in the Correlation Chart (pl. I). The Los Molles Formation is the “dark gray marine
shales”, which according to the chart range in age from the Toarcian to the Opalinum Zone; “Above these beds
are calcareous and argillaceous sandstones containing a marine fauna ranging in age from the zone of murchisoni
to the zone of sowerbyi” (pl.1), which were not named; higher up, the next named lithologic unit in the area
is the Lajas Formation, for “calcareous sandstones... interbedded with the strictly continental sandstones”;
above it, the continental sandstones of the Lotena Formation were recorded.

WeAVER (1931) however also stated that the Lotena Formation “continues downward to the massive and
banded gray shales of the lower Dogger”, and that the “bluish gray and black marine shales” (Los Molles For-
mation) are overlain by shallow water marine and continental sandstones and sandy shales which are in part
middle Bajocian and in part Callovian (WeAVER 1931: 25). Furthermore at Cerro Lotena “there is a continuous
sequence of shallow water sandstones and sandy shales from the top of the massive shales of the zone of opa-
linum upwards to the base of the marine limestones of the lower Tithonian” (op. cit., p. 26).

Taking also into account the later restriction of the Lotena Formation (cf. GROEBER et al. 1953: 165), it
seems therefore that Lajas Formation (as Las Lajas Formation in VOLKHEIMER 1969: 134) could be used for the
sandstones and shales underlying the Lotena Formation and overlying the Los Molles Formation.

The name Las Lajas Formation was, nevertheless, used by VOLKHEIMER (1969, 1973) for mixed marine
and continental facies of Callovian age, while for the marine Bajocian he introduced the name Cura Niyeu
Formation. It seems more practical to retain only the names introduced by Weaver (1931) and to use, there-
fore, Lajas Formation for the marine Bajocian deposits of this area (cf. MARCHESE 1971; DiGREGORIO 1972;
Leanza 1973; DigrReGORIO & UL1ANA 1975).

1. Charahuilla-Chacaico (39° 20'—25’S, 70° 22'W)

Approximately 50—60km southwest of Zapala, Neuquén province (text-fig.2-A1); sections accessible
by car.
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The main outcrops are along the slopes of the broad anticlinal valley which in the South contains the
Arroyo Charahuilla, running southward into the Arroyo China Muerta, and in the North the Arroyo Cha-
caico, running northward into the Arroyo Los Molles which, in turn, joins the Arroyo Piciin Leufu.

The general stratigraphy of the area was studied by FERNANDEZ (1943), GARCiA VizZCARRA (1943), LAMBERT
(1946), VoLKHEIMER (1973), and summarized by GRrOEBER et al. (1953: 158) (cf. also Stipanicic & RoDpriGo
1970: 359). However, the exact stratigraphic occurrences of the listed fossils were unknown. 235—340m of
clay, marlstone, and limestone bearing Sinemurian, Pliensbachian and Lower Toarcian ammonites, were said
to be overlain by 570—630 m of marly and limey shales with ammonites supposedly representing the European
zones of L. opalinum (“Harpoceras klimakomphalum, Harpoceras aalense”), L. murchisonae (“Harpoceras mur-
chisonae, Tmetoceras gemmellaroi”), and O. sauzei (“Otoites sauzei, Sphaeroceras multiforme, Sonninia espina-
zitensis, S. mesacantha, S. propinquans, S. fascicostata™).

The specimen of “Cadomites sp.” figured by LEanza (1958; here refigured on pl. 23, fig. 4) from Chacaico
(fide StipaniciC 1969: 374) which was regarded as the only evidence for the Humphriesianum Zone of Argen-
tina and considered by us to be “a perfect Stephanoceras (Skirroceras) macrum (QUENSTEDT)” (cf. WESTERMANN
& Riccarpr 1972 b: 9) is now compared with Stephanoceras (Skirroceras) cf. jublei ImLay (1964, 1973) from
the Sauzei Zone equivalents of South Alaska (Crassicostatus Zone) and Oregon. We have found rare fragments
of S.(S.) cf. macrum (QUENSTEDT) in the upper E. giebeli Zone of Chacaico, a species known from the Sauzei
Zone and basal Humphriesianum Zone of Europe.

1a) Section Charahuilla-1, at northeastern slope of Charahuilla valley, along a gully opposite to the Arroyo
Tin Tin valley. Type section of the “Cura Niyeu Formation” of VOLKHEIMER (1973: 121).

Formation Age Bed Thickness

Lotena Callovian > 40 m  Sandstone and some shale.

2 30 m above base — Isognomon cf. isogno-
monoides (StanL), Ctenostreon cf. pectini-
formis (SCHLOTH.).

13m Sandstone, coarse, often cross-bedded,
forming the cliff — unfossiliferous.
.................................................................... unconformity

Lajas 22m  Arenaceous and silty shales grading down-
ward into brownish shales — unfossiliferous.

E. giebeli Z. 6m Gray marls and sandstone bed at base. —

E. multiformis Sz. 1ay Marls with abundant Oxytoma, Modiolus,

Pleuromya, pectinids, ostreids, also several
serpulids, Sonninia (Papilliceras) sp. @,

?Emileia 3.
7 m Marls — with rich ammonoid fauna: S. (Pa-
1ag pilliceras) espinazitensis TorNQ. Q, Emileia
(2180, 182) multiformis (Gott.) Q, E. (Chondromileia)

giebeli giebeli (Gott.) Q, E. (Ch.) giebeli 3,
Bradfordia sp., large Lytoceras sp.
5m Shale and marl — unfossiliferous.
1.5m Platy sandstone — some Papilliceras sp.
2.5m Shale and arenaceous marl — near base with

1b abundant S. (Papilliceras) espinazitensis

(?184) Q & cf. 3, single S. (Fissilobiceras) cf.
E. g. submicrostoma Sz. zitteli (Gort.), Emileia (Chondromileia)
< ?) giebeli 3.

15m  Shale and marl.
5m Shale with concretions — abundant Sonninia
1ci (Papilliceras) espinazitensis Q & cf. 3, single
S. (Sonninia) ovalis (Qu.) @, S. (S.?) alsatica
(Hauc) @, some pectinid and aviculid bi-
valves.

Palaeontographica Bd. 164. Abt. A 12
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Formation Age Bed Thidkness
1ce 2m Sandstone with concretions — Emileia
(?187—188) (Chondromileia) giebeli submicrostoma Q,
E. giebeli 3,
189 [loose — Emileia (Chondromileia) giebeli 3,

E. (Ch.) giebeli cf. submicrostoma Q, several
S. (Papilliceras) sp.].
50m Dark micaceous shale — poorly fossiliferous.
1d At 30—35 m from top some badly preserved
S. (Papilliceras) cf. espinazitensis Q TorNQ.

1b) Fernandez collection, 1939, from Arroyo Charahuilla, 1.5 km from junction of Arroyo Huecu. — Sonninia
(S.) alsatica (Haug), S. (Papilliceras) espinazitensis TORNQ.

1¢) Museo B. Rivadavia collection from Charahuilla. — Dorsetensia blancoensis WeESTERMANN & RICCARDI.

1d) Chacaico, at southeastern slope of Chacaico valley, near beginning of road from Chacaico to highway 40.

Formation Age Bed Thickness
Lajas E. giebeli Z. 1 Scree from marls with concretions at ap-
E. multiformis Sz. proximately 20—30 m below base of cliff —

Emileia sp. &, Sonninia (S.?) cf. alsatica
Q & & (Haua), S. (Papilliceras) cf. espina-
zitensis Q, Stephanoceras (Skirroceras) cf.
macrum (Qu.).

1e) Fernandez collection, 1939, from Chacaico. — Sonninia (Papilliceras) espinazitensis TORNQ.

1f) Garcia Vizcarra collection, 1939, from Chacaico. — Sonninia (Papilliceras) espinazitensis TORNQ.

1g) Frenguelli collection, from Chacaico. — Sonninia alsatica Hauc, Emileia multiformis (GoTT.), Stephano-
ceras (Skirroceras) cf. jublei ImLAY.

1 h) Museo B. Rivadavia collection, from Chacaico-Curi. — Sonninia (Papilliceras) espinazitensis TORNQ.

2. Los Molles and Pictin Leuft (39° 12'S, 70° 17'W)

Approximately 50 km southwest of Zapala, Neuquén province (text-fig. 2-A1); section accessible by car.

The North-South oriented Charahuilla-Chacaico anticlinal valley turns easterly at the junction of Arroyo
Los Molles with Arroyo Picin Leufd. ,

The outcrops of the southeastern limb of the broken anticline were examined by Weaver (1931: 29 and
plate I, section 16). He reported the following sequence (from below; cf. WESTERMANN 1964 b: 175): (1) at
least 300 m bedded shales with “Posidonomya alpina” [ = Bositra buchi], near base with “Dumortieria pusilla
Jaw.” [? mistaken sonniniid or hammatoceratid microconch] and “Hammatoceras insigne SCHUEB.” [p. 407, said
to have a ventral groove = ?Erycites or ?Podagrosiceras]. This entire interval therefore belongs in the Aalenian
or basal Bajocian. (2) 145 m shales and sandstone, with “Posidonomya alpina”; the holotype of Podagrosiceras
athleticum MAUBEUGE & LAMBERT (1955; cf. WESTERMANN 1964 b; WESTERMANN & Riccarbpi 1975) probably
came from this interval which would belong to the Los Molles formation. (3) 28 m arenaceous shales with
“Sphaeroceras multiforme GoTTscHE” [p. 407, Otoites gottschei West. = Emileia multiformis 3, allotype]
and “Hammatoceras lotharingicum BEN.” [ = ?Sonninia]. (4) 16 m sandstones and shales with “Posidonomya
alpina” and, above, “Sphaeroceras multiforme”. (3) and (4) belong in the Giebeli Zone.
2a) The section examined by us is at the northwestern limb of the anticline, south and west of the junction

of Arroyo Los Molles and Arroyo Pictin Leufd. The lower part of the section is as follows:

Formation Age Bed Thickness
Lajas 22m Massive sandstone forming cliff.
—?— 95m Shale, upper 10 m strongly arenaceous; re-

mainder with thin sandstone interbeds; small
concretions in middle part of sequence.
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E. giebeli Z.,
E. multiformis Sz.

(°E.g. submicrostoma Sz.)

P. singularis Z.

Los Molles

Up. Toarcian
— basal
Bajocian
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Bed
11a

11b

11 ¢

Thickness

90 m
90 m

60 m

22m

100 m

20m

12m

20—30m from top — Sonninia (Papillice-
ras) cf. espinazitensis TORNQ., Gryphaea
sp., astartid and pleuromyid bivalves.
35—50m from top — Emileia aff. brocchii
(Sow.) @, E. multiformis (Gorr.) Q, Son-
ninia alsatica (Haug) @ & &, Dorsetensia
aff. edouardiana (Ors.), haploceratid indet.,
astartid bivalve.

55—60m from top — Emileia multiformis?
& — contracta, E. sp. @ Sonninia s. L. sp.
Massive sandstone, in 3 padkets, and inter-
mittent shales — unfossiliferous.

Shale with several massive sandstone beds
(4 m at base) — unfossiliferous.

Shale with a few thin sandstone beds and
concretions.

10 m above base — rare Sonninia (Papilli-
ceras) sp. @, S. sp. & and pteriid bivalve.
Basaltic sill with 3—5m altered shale at
basal and top contact.

Fissile shale with a few sandstone beds and
concretions above middle part.

10m from top — S. (Papilliceras) espina-
zitensis @ & cf. &, Bositra buchi, belemnite
indet., coniferous plant remains.

25—30m from top — abundant S. (Papilli-
ceras) espinazitensis Q & cf. 3.

35—40 m from top — abundant Psexdotoites
singularis (GoTT.), more scarcely Sonninia
(Papilliceras) cf. espinazitensis Q & cf. 3.
Lytoceras sp., Bositra buchi abundant in
some concretions, Inoceramus sp., limid bi-
valve, plants.

85—87 m from top — Sonninia (Euphoplo-
ceras?) sp. ind. Q@ & &, Pudbenquia? sp.,
Bositra buchi, Plicatula?.

Sandstone, argillaceous sandstone and
arenaceous shale — poorly fossiliferous,
single partial impression of (?) Sonniniidae
indet.

Foliated silty shale with interbedded thin
siltstone beds.

7—8 m from top — very abundant but com-
pletely crushed Hildocerataceae indet. (invo-
lute and evolute, compressed, keeled shells
with somewhat sigmoid and usually divided
or fasciculate ribbing, rarely tuberculate:
possibly including Grammoceratinae and
Hammatoceratidae [Phymatoceras ? or Pu-
chenquia?], or Sonniniidae), Plicatula, tere-
bratulid brachiopods.

2b) 2—3 km downstream the Arroyo Picin Leuft from the Los Molles section described above, is the faulted
and less complete exposure of the southeastern limb of the Charahuilla-Chacaico anticline which was studied
by WEeavVER (1931: 29). Shales 20—25m below the massive sandstone forming the cliff (loc. 10, McM.
J1338) have furnished Emileia cf. multiformis (GortscHE) @ & ? 38, Sonninia cf. alsatica (Haug) 8, nu-
merous shallow-water bivalves (pleuromyids, arcids, Gryphaea) and a gastropod. This assemblage of the
Giebeli Zone resembles those from Los Molles, beds 11 a—b (above).
2 ¢) Simonato collection, Pictin Leufd. — Tmetoceras scissum (BEN.).
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3. Cerro Lotena and Paso del Carro Quebrado (39° 11°S, 69° 40'—57'W)

Approximately 30 km southeast of Zapala (text-fig. 2-A1); accessible respectively by jeep and car.
The outcrops lie on the continuation of the above described anticlinal structure running South-North from
Charahuilla-Chacaico to Los Molles where it turns eastward and is followed by the valley of Arroyo Picin
Leufd.
At Cerro Lotena (3a—b), the presence of fossiliferous beds placed in the Opalinum and Sauzei Zones
was noted by KEeIDEL (1925: 13, 22, 23). WEAVER (1931: 25—27, and pl. I, section 17) reported from the
Cerro Lotena area (265) c. 130 m shales with occasional thin sandstone interbeds, bearing near the base “Harpo-
ceras puchensis BURCK.”, “H. malarguensis Burck.” [ = ?Puchenquia spp.], Bositra buchi, and “Hammatoceras
insigne” (cf. pl. I, section 17) [ = ?Eudmetoceras]; the sequence becomes arenaceous above, with Emileia multi-
formis, E. giebeli and “Sonninia cf. fascicostata TorNQ.” [= ?S. espinazitensis TORNQ.; but specimen from
loc. 126 is a Puchenquia (?)]. The minute alleged “Sphaerocoeloceras cf. brocchiformis Jaw.” (examined), reported
from either 191 m lower in the section or from the same level (pl. 1, sect. 17), is probably a nucleus of Poda-
grosiceras (see below).
The geology and general stratigraphy of Cerro Lotena and directly north of it was studied by Suero (1951)
who distinguished a lower [Aalenian] series of blue-gray clay and marls, sandstones, sandy limestones and
conglomerates bearing “L. opalinum Burck., H. cf. planinsigne, Hildoceras sp., T. scissum”; overlaid by 650 m
brownish and reddish conglomerates, sandstones and clays, in the upper part with “O. sauzei and H. goniono-
tum” [Bajocian]; and, above, gray conglomerates and sandstones which were placed in the Callovian. From
Paso del Carro Quebrado, approximately 25 km west of Cerro Lotena, Suero (op. cit.) recorded brownish
sandstone and brown sandy limestones with “O. sauzei, E. multiformis, S. zitteli, S. espinazitensis”, and bivalves.
The Bajocian section of Cerro Lotena (Suero 1951), consisting of yellowish-gray marls with several coarse
sandstone and conglomerate beds, dips steeply and is probably overturned, according to the age of two fossili-
ferous beds which have respectively yielded Podagrosiceras maubeugei sp. nov. @ & & and (?) Stephanoceras s.l.
3a) Locality No. 176 of Riccarpi, DAMBORENEA & MANCERNIDO 1973, northern slope of Cerro Lotena, 50 km
SE of Zapala, Neuquén province, Argentina; lower part of the slope and sequence, intercalated in con-
glomerates. — Podagrosiceras maubeugei sp. nov.
3b) Locality No. 827 of WEAVER 1922—25, !/2km W of Granite Mt. in Belt O of C° Lotena. — Podagrosi-
ceras maubeugei sp. nov.

3¢) Carro Quebrado — 1, at northern limb of anticline, collected by us, in 1965 (field Nos. 6 a—c) and by
Riccarpi, DAMBORENEA & MANCERNIDO in 1973 (field Nos. 155—165).
The lower part of the section is as follows:

Formation Age Bed Thickness
Lajas E. giebeli Z. 20m Shales, grayish and yellow
6c 10 m — S. (Papilliceras) espinazitensis
Torng. $.
1.5m Calcareous sandstone — Emileia multiformis
6b (Gorr.), E. (Chondromileia) giebeli giebeli
(160—1) (Gotr.) Q, E. (Ch.) giebeli 3, E. (Ch.)
?E.g. submicrostoma Sz. giebeli submicrostoma Q, Pseudotoites trans-
atlanticus (TorRNQ.), Chondroceras recti-
costatum sp. nov., Trigonia sp., Pholadomya
sp., veneroid.
(c. 20—30m) Calcareous sandstone — fossiliferous, with
(159) Emileia giebeli, Stephanoceras (Skirroceras?)
(158) sp. juv. indet., Chondroceras recticostatum

sp. nov., Bradfordia aff. costidensa IMLAY.
15—20m Silty shales (poorly exposed).
1m Calcareous sandstone, yellow, partly conglo-
P. singularis Z. meratic — rare Psexdotoites sphaeroceroides
6a (TorNgQ.), abundant P. singularis (Gotr.)
(156) Q & 3, P. transatlanticus (TORNQ.), Sonninia
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Formation Age Bed Thidkness

(Papilliceras) espinazitensis cf. altecostata
TorNQ., Chondroceras recticostatum  sp.
nov., Pholadomya sp., Pleuromya sp., Go-
niomya sp., veneroid.
138 m Sandstone and shale, yellowish.
(155) At 66 m — Pseudotoites crassus sp. nov.

3d) Carro Quebrado — 2, at the southern limb of the anticline, collected by Riccarpi, DAMBORENEA & MAN-
CENIDO 1973.

Formation Age Bed Thickness
Lajas E. giebeli Z. 154 17.6m Calcareous sandstone, coarse, poorly ex-
E. g. submicrostoma Sz. posed. — Upper 3.2m with Pseudotoites

sphaeroceroides (TorNQ.), Emileia multifor-
mis (Gort.), E. (Chondromileia) giebeli
submicrostoma (Gott.) Q, ? E. giebeli 3.

153 8m Sandstone — Emileia giebeli cf. submicro-
stoma Q, E. giebeli? 3.
152 20.8m Calcareous sandstone. — Upper 1.6 m with

Emileia giebeli 3, Sonninia sp., and bival-
ves.

150 6.4m Sandstone with concretions. — Top 1.6m
with scarce P. sphaeroceroides, brachiopods,
bivalves and belemnites.

149 27.2m Massive calcareous sandstone. — Top 3.2m
with Sonninia (Papilliceras) espinazitensis
TORNQ., Pseudotoites sphaeroceroides, P.
singularis &, Emileia multiformis, E. cf.
giebeli, and bivalves (fauna condensed or

_ partly reworked?).

P. singularis Z. 147 24m Platy sandstone, grayish and yellow, poorly
exposed. Top 1.6 m with Pseudotoites singu-
laris (Gott.), P. sphaeroceroides, Lytoceras
sp., rynchonellids and plant remains.

3e) DNGM collection, from Carro Quebrado. — Pseudotoites singularis (Gorr.), P. sphaeroceroides (TORNQ.).
3f) YPF collection, from Carro Quebrado. — Psexdotoites sphaeroceroides (TORNQ.).
3 g) Garate Zubillaga collection, from Carro Quebrado. — Psexdotoites sphaeroceroides (TORNQ.).

4. Chacay Melehue (37° 15’S, 70° 30'W)

The Lomas Bayas at the right slope of the valley of Arroyo Chacay Melehue, 25 km northwest of Chos

Malal, at the road from Chacay Melehue to Andacollo, Neuquén province (text-fig. 2-A2).

The middle part of the Jurassic section bears a most prolific Bathonian-Callovian ammonite fauna (WESTER-
MANN 1967 a, fig. 2), while the lower part includes rather poorly preserved ammonoids of Toarcian to Bajocian
age (Jaworsk1 1914; GROEBER 1918; summary in GROEBER et al. 1953: 192). At the base are calcareous sand-
stones of Lower to Upper Toarcian age, overlying a supposedly Triassic to early Jurassic series of volcanic rocks.
The Toarcian was said to be overlain by approximately 150—200m black limestones with “Harpoceras klima-
komphalum, H. cf. opalinum and Erycites fallax”, which were placed in the Opalinum and Murchisonae Zones.
Although we have not found any ammonoids in these beds, the recorded fauna would suggest that this is the
Malarguensis Zone of basal Bajocian age. The highest parts of this sequence were probably correctly corre-
lated with the Sauzei Zone based on the occurrence of Emileia multiformis (GotrtscHE) [Giebeli Zone, Multi-
formis Subzone].

Between the E. giebeli Zone and the Bathonian-Callovian is a small but important new early Upper Bajo-
cian assemblage (WESTERMANN 1967 a) which we again collected in 1970. The Macrocephalitidae will be
described in part 3 of this monograph. The lower part of the section (Toarcian-L. Bajocian) is included in Los
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Molles Formation, whereas the upper part (U. Bajocian-Callovian) has been named Chacay Melehue For-
mation and considered equivalent to the Lotena and Lajas Formations of the Zapala area (cf. DiGREGORIO
1972). We collected in 1965 (fields Nos. A—D, 1—2) and 1970 (field No. 18), Riccarpi, DAMBORENEA &
MaNcEefDO in 1973 (field No. 250).

The lower part of the section studied by us is as follows:

Formation Age Bed Thickness

Chacay Melehue Bathonian-Callovian 550 m Dark shales with concretions, several tuffa-
ceous beds, and thin calcarenite beds near
base and top — rich ammonoid fauna (cf.
WESTERMANN 1967 a).

250 c.130m above base: large slump roll of
conglomeratic mudstone. — Some strongly
corroded fragments, probably reworked, of
Stephanoceras (Stemmatoceras?) sp., Cado-
mites sp.

1 c.80m above base — corroded fragment,
probably reworked, of Cadomites cf. dau-
benyi (GEM.); also complete Eurycephalitinae
and Bullatimorpbhites sp.

D 15—20 m above base — first Eurycephali-
tinae?

65m Shales with concretions and thin calcarenite
beds.
1. U. Bajocian C Top 3—5m — Leptosphinctinae spp., ?Par-
M. rotundum Z. 18 kinsoniidae (??Strenoceras or Parastrenoce-
ras), Stephanoceras aff. ‘andinense’ HiLLE-
BRANDT, Teloceras crickmayi (FrREBOLD) cha-
cayi subsp. nov., Cadomites sp. nov. A ? 3,
Oppelia s. 1., Bositra sp.
— B ~ 15m below top — ?Stephanoceras ex. gr.
1. U.- u. L. Bajocian itinsae (McLEarN) &.
30m Mudstone, arkose and conglomerate. Near
A base — Sonninia (Papilliceras?) cf. espina-
E. giebeli Z. zitensis TORNQ., Emileia sp.

Los Molles ?Aalenian-Toarcian 100m Bituminous black shales and argillites with
some concretions. — Between 34 and 71 m
with Harpoceratinae and Dactylioceratidae.

Mendoza Province, Argentina

5. Sierra de Reyes (36° 45'—37°S, 69° 38—46'W)

East of Rio Colorado, slightly south of the confluence of Rio Grande and Rio Barrancas, southernmost
Mendoza province (text-fig. 2-A3); in proximity of Highway 40.

5a) From the western slope of the Sierra de Reyes, GRoEBER (1918, 1933); GROEBER et al. (1953) and Stira-
NiciC (1966) reported Triassic overlain by 10—12m conglomerate; followed by arenaceous limestone
(bed 846) with “Hammatoceras tenuinsigne VACEK” [ = Planammatoceras cf. planinsigne (VACEK); Aale-
nian]; approximately 100 m higher are sandstones and limestones (bed 844) with “Sonninia espinaziten-
sis 'TORNQ., Sphaeroceras multiforme GOTTSCHE, S. submicrostoma TORNQ., and Stephanoceras sphaeroce-
roides TORNQ.”. Only Pseudotoites singularis (GoTT.) was available to us. 20m above follows the Callo-
vian.

5b) On the eastern side of the Sierra, the same authors reported Jurassic beds with “Sonninia
alsatica (HauG) and S. cf. romanoides Douv.” [= S. cf. alsatica and Dorsetensia cf. mendozai; uppermost
Giebeli Zone]; from higher up in the sequence came “Sphaeroceras submicrostoma Gotrt.”; followed by
“Stephanoceras humphriesianum QUENST.”. 200—230 higher is the base of the (Bathonian-) Callovian.
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According to Stipanicic (1966), this fauna indicates the Opalinum, ‘Sowerbyi’ and Sauzei Zones. The
supposed S. humphriesianum originally reported by Groeser (1918: 11) was later omitted from the re-
cordings (GROEBER et al. 1953).
One Dorsetensia mendozai WEesT. & Ricc. came from an unknown stratigraphic level, Sierra de Reyes.

5c) Aguada de la Mula (36° 54'S, 69° 40°W) of Sierra de Reyes, was examined by Riccarpi, M. ULIANA,
G. PanDO, S. DAMBORENEA & M. MANCERIDO in 1973. The lower part of the Jurassic section is as follows:

Formation Age Bed Thickness
Lajas 128 m Calcareous sandstones. —
E. giebeli Z. 220 At 107 m with Sonninia sp., bivalves and
belemnites.

219 At 104 m with Sonninia sp. and Emileia sp.
3.

218 At 82m with Sonninia sp., terebratulids,
rhynchonellids, bivalves and belemnites.

217 At 71 m with Sonninia sp., Emileia sp. 3,
brachiopods, gastropods, bivalves, belemni-
tids.

_ 213 26 m Calcareous sandstone — with Podagrosiceras
?P. malarguensis Z. cf. athleticum Maus. & Lams. and bivalve
fragments.
Aalenian 212 12m Shales and siltstones, with some limestones.
— Concretions with T'metoceras sp.
Remoredo " L. Jurassic-Triassic

6. Bardas Blancas (35° 52’S, 69° 49'W)

Cliffs on both sides of the Rio Grande at bridge of Highway No. 40, southern Mendoza province (text-

fig. 1 A).

The section has previously been studied by BurckuarDT (1900, 1903), GROEBER (1918), GROEBER et al.
(1953), GErTH (1925) and Stipanicic (1966). BURCKHARDT recorded “Tmetoceras scissum” (1900; referred
to T. gemmellaroi in 1903) [= T. cf. flexicostatum WgsT.] from the lower levels of limestones and marls, and
“Gryphaea calceola” from white limestone higher in the section, placing the lower horizon in the Murchisonae
and Sowerbyi Zones (and the upper in the ‘Sowerbyi Zone’ and Sauzei Zone, cf. columnal section; recte Ox-
fordian).

GROEBER (1918: 19) reported a single loose block (No.236) with “Tmetoceras scissum, Erycites nov. sp.”
[= “E. cf. gonionotum” of GROEBER et al. 1953] and “Zurcheria nov. sp.” [= Zurcheria groeberi WEsT. &
Ricc.]. However, he placed this assemblage in the Murchisonae Zone although recognizing that Zurcheria was
then known elsewhere only from the ‘Sowerbyi Zone’. This assemblage indicates the late Aalenian Z. groeberi
Zone.

Jaworskr (1926 a: 292) recorded a juvenile Hammatoceras ex gr. H. insignis SCHUBLER from the basal beds
[= horizon 21 of profile V of GertH 1925, pl. IV]; although the closest resemblance was believed to exist
to species of the Opalinum Zone, the beds were correlated with the Murchisonae-‘Sowerbyi’ Zones of Paso del
Espinacito. GROEBER et al. (1953: 210) reported Hammatoceras [= Planammatoceras] tenuinsigne VACEK
from the base of the section which they therefore placed in the Opalinum Zone [recte Murchisonae Zone], and
from higher in the section the assemblage already listed by GROEBER in 1918.

Stipanicic (1966) identified a basal horizon with “Hammatoceras sp.” which he placed in the Opalinum
Zone; 125 m above a level with “Tmetoceras and Sonninia”, referred to the Murchisonae or ‘Sowerbyi’ Zone;
and the “Gryphaea cf. calceola” Bed with “Perisphinctes s.s.” in the overlying La Manga Formation dated as
Oxfordian.

The lower Middle Jurassic series described herein was included by DEessanTti (1973: 22) in the Puchenque
Formation, whereas the La Manga Formation was described as Formacién Calizas del Calabozo (p. 24).
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We found an association in a bivalve lumachelle bed of Zurcheria groeberi West. & Ricc., Eudmetoceras
aff. klimakomphalum (Vacex), and Tmetoceras cf. scissum (BEN.) indicating latest Aalenian age. The litho-
facies suggests extremely shallow water to shoreline conditions so that this assemblage could be winnowed or
condensed. Tmetoceras occurs, however, throughout 19.2m of section, and the same ammonite assemblage
occurs also in limestone concretions at Arroyo Blanco (below). We observed the following Middle Jurassic
sequence:

Formation Age Bed Thickness
La Manga Oxfordian Gray limestone and some shale, andesitic
sill at base — Gryphaea sp.
(unconformity) 4—5m Conglomerate, coarse polymictic.
Puchenque 295 ~ 40m Sandstone and yellowish marl. — At 3.4—
?E. giebeli Z. 12.4 m (espec. 6.2 m) below top with Sonninia

(Papilliceras?) sp., Chondroceras?, bivalves
and belemnitids.
~ 22m Sandstone, partly conglomeratic, and arena-
ceous lumachelle beds. From single lumachelle
Z. groeberi Z. 1) bed — rare Tmetoceras cf. scissum (BEN.),
several Eudmetoceras (Euaptetoceras) sp.
nov. aff. klimakomphalum (VAcex), Zur-
cheria groeberi WEsT. et Ricc., minute ? Son-
niniidae sp. &, and abundant Trigonia s. 1.
sp., ? Corbula sp., Meleagrinella sp., Entolium

sp., et al.
—— ~ 40m Shales, metamorphosed at base — unfossili-
- ferous.
Remoredo? Andesitic-keratophyric sill and thidk red
porphyrites.

7. Cerro Puchenque (Cerro Puchén) (35° 30'S, 69° 58'W)

The Middle Jurassic Sections are on the valley slopes of the upper Arroyo Negro, directly northeast of
Cerro Puchenque; approximately 36 km west of Malargiie, Mendoza province (text-fig. 2-A4). Car access
to within approximately 4 km.

The section has previously been described by BurckuarDT (1900, 1903), GERTH (1925) and JAWORSKI
(1926 a); a summary was given by GrOEBER et al. (1953). The Black Limestones series was said to comprise
approximately 200 m. The collection of HauTHAL’s locality No.7 (H7 on tableI) which was described by
BURCKHARDT at first (1900) under “Harpoceras klimakomphalum, H. aalense, H. cf. opalinoides and H. aff.
opalinum”, and later (1903) under “H. malarguense, H. hauthali, H. puchense, H. klimakomphalum, H. stria-
tulum, and Witchellia argentina” [the “Pleydellia assemblage” auct. = Puchenquia WesT. & Ricc.], came from
the upper half of the section (cf. WesTERMANN & Riccarpi 1972 b). In the lower part of the Black Limestones,
GROEBER et al. (1953: 213) distinguished four fossiliferous levels with (from top): (1) Dumortieria pusilla
Jaw., Sphaerocoeloceras brocchiiforme Jaw.; (2) Hammatoceras insigne SCHUBL., Grammoceras ? cf. bassanii
Fuc., Fuciniceras meneghinianum Haas; (3) Hildoceras tenuicostatum Jaw., ‘Witchellia’ obscurecostata Jaw.;
and (4) Harpoceras subplanatum (Opp.). Level (1) was correlated with the Upper Toarcian zone of Dumor-
tieria ‘pseudoradiata’ [recte Pseudoradiosa] and levels (2) to (4) were placed in the Middle Toarcian. The Black
Limestones were said to be overlain by Lower Callovian with “Macrocephalites”.

Since our brief field work just north and south of the upper Arroyo Negro in 1965 (cf. WESTERMANN
1967 a: 67), one of us (Riccarpi) has surveyed the entire Jurassic outcrop area surrouding the domal intrusive
structure of Cerro Puchenque in 1967, we have reexamined and extended our earlier studies along the southern
drainage slope of the Arroyo Negro in 1970 and Riccarpi, DAMBORENEA & MANCENIDO have again visited
the area in 1973. The Toarcian to Bajocian section just south of the Arroyo Negro, dipping 50°E, is as follows:



Formation Age

Puchenque

—

P. singularis Z.

P. malarguensis Z.

Aalenian

U. Toarcian

L. Toarcian

Palaeontographica Bd. 164. Abt. A

— 101 —

Bed

11

12
(342)

13
14

15

16
()

17

(59
(G a)

Thidkness

~ 45 m

42 m

1.2—15m

50—80m

~70m

Massive sandstone and conglomerate, with
interbedded shale and silty marlstone —
unfossiliferous.

Shale, with lenticular sandstone interbedded
increasingly towards the top, and large bladk
limestone concretions particularly in the
lower part. — Upper 31 m unfossiliferous.

11 m above base, fossiliferous concretion —
Sonninia (Papilliceras) espinazitensis cf. alte-
costata TORNQ.

8 m above base, fossiliferous concretion —
Sonninia (Euboploceras) amosi WEesT. &
Ricc., S. (Papilliceras) cf. peruana Jaw., S.
(S.) mirabilis TorNQ., Pseudotoites singularis
(Gort.) @ & &, P. sphaeroceroides
(TorNQ.), Bradfordia aff. costidensa IMLAY,
(?) Calliphylloceras sp., Lytoceras sp.

4 m above base — Sonninia cf. zitteli (Gorr.).
1m above base, layer of lenticular concre-
tions, moderately fossiliferous — Puchenquia
malarguensis (Burckn.) @ & &, P. cf. ma-
larguensis.

Several lenticular bladk limestone beds.
Upper bed moderately fossiliferous — Px-
chenquia cf. malarguensis (Burcku.) Q, cf.
Sonninia (Euboploceras?) sp. ind.

Shale and silty shale, with some interbedded
impure sandstone above; lower part poorly
exposed.

1 m below top — abundant Sonninia (Eubo-
ploceras) amosi West. & Ricc., more rarely
Puchenquia cf. malarguensis (BURCKH.)
Q & (?) 8, P. (?) aff. malarguensis Q.

~ 8 m below top — single fragment of (?)
Staufenia (Costileioceras) sp. ind.

[Same interval at north side of Arroyo
Negro, 1—1.5 km N. of main section (7 b):
~ 25—37 m below top — poorly preserved
rather abundant Tmetoceras sp. and un-
determinable Hildocerataceae (also higher),
single Erycites ? sp. ind.].

Shale, with interbedded sandstone partic-
ularly in top 10 m and at ~ 25—40 m from
base.

Scree from upper half — Hammatoceras
(Hammatoceras) cf. insigne (SCHUBLER),
Sphaerocoeloceras brocchiiforme Jaw.

At 25—40m from base — poorly preserved
Phlyseogrammoceras (?) cf. tenuicostatum
(Jaw.).

Calcareous sandstone, highly fossiliferous —
Harpoceras cf. subexaratum Bonar., Harpo-
ceratinae ind., Dactylioceras cf. commune
(Sow.), Peronoceras cf. vorticellum (Simp.),
Frechiella kammerkarensis cf. helvetica REnz
(cf. HiLLEBRANDT, 1973 b, pl. 2, fig. 9), pho-
ladomyid, pleuromyid and trigoniid bivalves.
Marls and calcareous sandstone — Harpo-
ceratinae and bivalves.

13
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8. Weavers locality 204 of 1922—25 (1931), 10 km southwest of “Cafiada Colorada”, just north of Malargue.
Beds just above the marine sandstone of the “Lias” and below the “upper Dogger” continental sandstones. —
Sonninia (Papilliceras) espinazitensis TORNQ.

9. Cerro Tricolor (35° 31’S, 70° 13’W), left side of Rio Grande, between Arroyo de la Totora and Vado
de la Piedra (text-fig. 1 A), GErTH’s collection of 1911—13 from “Horizont 2” (1925: 25, fig. 8; JAWORSKI
1926 a: 299). — Fontannesia (?) austroamericana Jaw., Eudmetoceras endmetum jaworskii WesTt., E. gerthi
(Jaw.), E. moerickei (Jaw.) and Leptosphinctes (Praeleptosphinctes) jaworskii WEST. — One of us (Ric-
CARDI) has reexamined the section in 1977, confirming GERTH’s stratigraphy. In the c¢. 15 m marls of
“Horizont 2”7, 5 m bear fossiliferous concretions with Eudmetoceras (Euaptetoceras) moerickei (Jaw.), E. (E.)
klimakomphalum (VACEK), ?Puchenquia, phylloceratids and lytoceratids. The unique “Morphoceras” cf.
Defrancei (D’ORrB.)” [ = Leptosphinctes jaworskii WEST.] of Jaworskl (1926 a) almost certainly came
from the same interval [? P. malarguensis Zone].

10. Arroyo Blanco — Arroyo La Manga area. About 25 km northwest of El Sosneado (text-fig.2-A5). The
mouth of Arroyo Blanco can be reached by car.

The general stratigraphy of the area and the fauna of the Arroyo Blanco section have previously been
studied by GErRTH (1925), Jaworsk1 (1926 a), GROEBER et al. (1953), Stipanicic (1966), VOLKHEIMER (1970),
and Stipanicic & BonetrTI (1970). They report a succession of approximately 400—600 m of Lower Jurassic
sandstones and calcareous siltstones which are overlain by approximately 250m of shales with several fos-
siliferous limestone beds bearing “Sonninia zitteli (GoTTsCHE), S. fascicostata TORNQ. [= S. espinazitensis
TorNQ.], S. altecostata TORNQ. [subsp. of S. espinazitensis], S. mammilifera Jaw., S. aff. argentinica TorNQ.
[= ? S. zitteli], Emileia polyschides Waac., E. aff. singularis (GoTTscHE) [= Pseudotoites], Hammatoceras
gerthi Jaw. [= ? Eudmetoceras], H. lotharingicam BEN. [= Eudmetoceras eudmetum jaworskii West.], and
Oppelia moerickei Jaw.,” [ = Eudmetoceras (Euaptetoceras) moerickei]. Jaworskl dated this fauna as
Concava to Sauzei Zones. The Opalinum Chronozone is also indicated (GrOEBER et al. 1953) and has
recently been tentatively confirmed by (?) Leioceras opalinum (REIN.) in tectonically disturbed flaggy siltstones,
approximately 6 km northwest of the Arroyo Blanco section near the watershed between the valleys of Arroyo
Blanco and Arroyo La Manga (WeSTERMANN & Riccarpr 1972 a,b). These shales are said to be overlain by
45m calcareous, partly conglomeratic sandstone with interbedded shales; and 15m shales and limestones,
topped by a limestone bed with poorly preserved ammonites. Above follows 30 m gypsum, the Yeso Inferior
which Stipanicic (1966: 443) tentatively dated as Upper Bajocian or Bathonian. Since the subjacent beds
contain Macrocephalitidae to be revised (WesTERMANN & Riccarpr 1972b) and the superjacent sandstones
have yielded “Reineckeia ex gr. anceps” (GROEBER et al. 1953: 218), however, the “Yeso Inferior” or Tabanos
Formation appears to belong in the Callovian.

The formational sequence of the Arroyo Blanco area has recently been reviewed almost simultaneously by
Stieanicic & BoNETTI (1970) and VOLKHEIMER (1970). Of the two formational names given to the same Middle
Jurassic sequence by these authors, China Muerta (Stipanicic & BoNeTTI 1970) seems to have temporal priority
over El Codo (VOLKHEIMER 1970).
10a) Arroyo Blanco (34° 51°S, 69° 42'W)

Approximately 15 km upstream from its mouth with the Rio Atuel, the Arroyo Blanco changes its course

from an eastward toward a southward direction; a good Middle to Upper Jurassic section is here exposed

along the left bank.

Formation Age Bed Thickness

China Muerta 100(?) m  Shale with some beds of sandstone, conglom-
erate and siltstone, especially in upper
part, several lenticular beds of dark lime-
stone and calcareous fossiliferous concretions.
The lower part is faulted.

[?M. rotundum — E. giebeli Z.] A 3[7 [Loose from top — Stephanoceras sp. Q, Ca-
domites sp. nov. A. Q@ aff. deslongchampsi
(Ors.)].
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Formation Age Bed Thickness
A13 [Loose near top — S. (Stemmatoceras?) aff.
frechi (Renz) @ & 3, partly in same blodk
with Sphaeroceras sp.].
4 a1 [Loose from upper 40 m — Stephanoceras?
- — cf. allani (WARREN) sp., Emileia sp.].
U. E. giebeli Z. 10 4m below top — Dorsetensia aff. edouar-
(D. blancoensis faunule) diana (ORrs.), D. blancoensis West. & Ricc.,

D. mendozai West. & Ricc., Sonninia cf.
alsatica (Haug).

4 by [Loose concretion from upper 40 m — Dor-
setensia mendozai WesT. & Ricc. @ & ? &,
D. blancoensis West. & Ricc. @ & 3, Wit-
chellia sp. nov. indet. Q, Somninia (Eubo-
ploceras?) sp. Q, Sonninia (Papilliceras) sp.
Q & ? 8, Stephanoceras sp., S. (Skirroceras?)
aff. nodosum (Qu.) &, Holcophylloceras sp.,
oysters and cf. Plicatula sp.].

6 6 m below top — Stephanoceras (Skirroce-
ras) cf. macrum (Qu.).
4a [Loose from same interval — Emileia cf.
- multiformis (Gott.) Q1.
P. singularis Z. 4b 16 m below top, fossiliferous concretions —
B11,A 11 abundant Sonninia (Fissilobiceras) zitteli

(Gott.) @ & cof. 38, also Pseudotoites sp.,
Docidoceras? aff. paucinodosum WEsT.,
Bradfordia cf. helenae (RENZ), Lytoceras sp.,
bivalves and belemnite.

[?P. malarguensis Z.] 5b [Loose concretion from upper part — Eud-
metoceras (Euaptetoceras) klimakomphalum
subsp. nov.

—?— 9 [Loose concretion from upper part — Zur-
cheria groeberi West. & Ricc., Eudmeto-

[Z. groeberi Z.] ceras (Euaptetoceras) sp. nov. aff. klimakom-
phalum (Vacek), E. ? sp., Tmetoceras scis-
sum (BEN.), T. cf. scissum.].

[Aalenian] 5a [Loose — single Tmetoceras cf. flexicostatum
— Fault — WEsT.].
U. Toarcian 5 >50m Shelly limestone, shale and sandstone. Upper

part with abundant Phlyseogrammoceras (?)
tenuicostatum (Jaw.), Phymatoceras sp.

10b) Locality 3g, approximately 6 km northwest of the Arroyo Blanco section (10 a), near the watershed between
the Arroyo Blanco and Arroyo la Manga. We found about 15 m thin-bedded sandstone and siltstone with
some shale, structurally disturbed, bearing (?) Leioceras opalinum (REIN.) (WESTERMANN & RICCARDI
1972 a, b).

10c) 5 km north of the Arroyo Blanco section, along strike, the shale and sandstone series with the Bajocian-
?Bathonian boundary beds are exposed at the left bank of the Arroyo la Manga, at the mouth of the Arroyo
de los Tabanos.

Formation Age Bed Thickness
(Igneous dyke)
China Muerta 12—15m Silty shale with limestone concretions and
?Bathonian 2 interbedded sandstone, especially above.
— L. Callovian Concretion loose from this series — Exryce-

phalites sp., bivalves.
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Formation Age Bed Thickness
1 Concretion at base — Dorsetensia blan-
U. E. giebeli Z. coensis WEsT. & Ricc.
(D. blancoensis faunule) Sonninia alsatica Haua.
Toarcian-Bajocian > 100m Shale with several sandstone beds — un-

fossiliferous.

10d—e) M. Janitens’ localities 203 E and 68, respectively, at Cerro Minguito, right side of Arroyo la Manga,
8 km upstream of junction with Arroyo de los Tabanos; and watershed at western slope of Cerro Mulo
Macho, between Arroyo Blanco and Arroyo la Manga. — Collections partly mixed: Stephanoceras (Ste-
phanoceras) cf. itinsae (MCLEARN), S. (S.) aff. itinsae, S. (Stemmatoceras) cf. allani (WARREN), indicating
the Humphriesianum Zone, and Dorsetensia mendozai WesT. & Ricc.

10f) Cerro China, GErTH’s collection of 1911—13 (1925) from locality 6, upstream Arroyo la Manga, north of
Rio Atuel. — Pseudotoites argentinus ARKELL and Eudmetoceras gerthi (Jaw.).

San Juan Province, Argentina

11. Paso del Espinacito (32° 8'S, 70°W)

About 50 km southwest of Barreal (text-fig. 2A6). The Jurassic section is near the path over Cordillera
del Espinacito, and ci be reached through the pass near the head waters of Rio de las Lefias (4476 m).
Rio de las Lefias joins Rio de los Patos about 20 km to the east; the nearest road is 15 km downstream of
this junction where Arroyo Las Hornillas joins Rio de los Patos. The marine Jurassic outcrops are on the
pass and western slope of Cordillera del Espifiacito, beginning immediately beside the path. The westward dip
almost coincides with the topographic slope, so that the zigzag horse-trail runs mostly on crests and pinnacles
(which gave the name to the pass) of fossiliferous Bajocian. The ammonites and stratigraphy of this area have
previously been studied by GieBeL (1851), STELZNER (1873), GoTTsCHE (1978), BODENBENDER (in TORNQUIST
1898), ScHILLER (1912), RicaL (1930), GroEBER (1951), Strpanicic (1966) and HiLLEBRANDT (1970).

The first ammonites from Paso del Espinacito were collected by STeLzNErR (1873) and described by
GortscHE (1878). The Bajocian ones were included in “Lytoceras eudesianum D’Ors., L. francisci Opp. var.
posterum, Phylloceras neogaeum sp. nov., Cosmoceras regleyi THiOLL.?, Harpoceras zitteli sp. nov., H. proxi-
mum sp. nov., H. andium sp. nov., H. aff. sowerby: MiLL., H. aff. variabile 0’Ors., H. stelzneri sp. nov.,
Stephanoceras singulare sp. nov., S. multiforme sp. nov., S. m. var. micromphalum, S. m. var. macromphalum,
S. submicrostoma sp. nov., S. sauzei p’ORB.”

The stratigraphic position of these species was poorly known, and merely inferred by the lithology. Another
species, i.e. Stephanoceras giebeli GOTTSCHE, was based on material collected by GieseL (1851) probably at the
same general locality (see p. 134).

BopDENBENDER (in TorRNQuIsT 1898: 5—11) collected at this locality more ammonite material which was
studied by TornqQuisT (1898). He described and figured “Harpoceras concavum SowerBY, Sonninia zitteli
GOTTSCHE, S. argentinica nov. sp., S. intumescens nov. sp., S. altecostata nov. sp., S. fascicostata nov. sp., S.
espinazitensis nov. sp., S. gracilis nov. sp., S. curviplex nov. sp., S. stelzneri (GOTT.), S. mirabilis nov. sp., S. sub-
deltafalcata nov. sp., S. bodenbenderi nov. sp., Stephanoceras sphaeroceroides nov. sp., S. transatlanticum nov.
sp., P. tatricum PuscH”.

BopenBENDER (fide TorRNQuUIST 1898: 6) described the succession as follows (from below): (1) red con-
glomerate; (2—3) gray-white sandstone with bivalves, followed by a fossiliferous bed with Lytoceras rasile
Vac., Phylloceras modestum TorRNQ. and bivalves; (4) calcareous sandstone with Stephanoceras multiforme
Gorr., Sonninia argentinica TORNQ. and Lytoceras francisci OPPEL var. postera. Beds 2 to 4 total 2 m in thick-
ness; STELZNER would have collected from bed 4. Most of the fossils came, however, from “sample ITI”, 10 m
below the pass. In calcareous and silty sandstones, BODENBENDER found here abundant “Sphaeroceras evolutum
TORNQ., Stephanoceras transatlanticum TORNQ. and rare S. multiforme Gotr.”. The other fossils, i.e. most of
the Sonninia spp., came either from this “sample III” or from levels (3) or (4).
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SCHILLER’s sections (1912: 23—25; see GROEBER 1918: 32—40) show that the total thickness of the Bajo-
cian is about 25 m; the Sonninia spp. occur in the lower and middle parts, and “Stephanoceras” and “Sphaero-
ceras” spp. in the upper part. GROEBER (1918; cf. 1953) attempted to clarify the stratigraphy of Paso del
Espinacito in an elaborated discussion. He distinguished the (1) Concava Zone with Ludwigia concava and
Tmetoceras scissum BEN.; (2) Laeviuscula Zone with Sonninia mirabilis TorNQ. and S. intumescens TORNQ.;
(3) Sauzei Zone with Stephanoceras sphaeroceroides TorNQ., S. multiforme GotT., S. submicrostoma GoTT.,
S. giebeli Gorr., S. evolutum TORNQ., Otoites sauzei D’ORB., Sonninia espinazitensis TORNQ. and S. alsatica
Hauc; and the (4) Romani Zone with Stephanoceras transatlanticum TorNQ. He regarded the stratigraphic
position of the other Sonninia spp. as doubtful, but indicated their possible range as Laeviuscula-Sauzei Zones.
GROEBER stressed however the necessity of more detailed stratigraphy.

In 1930 RicaL found levels with Peronoceras cf. subarmatum (Younc & Birp) indicating the Toarcian
in the Quebrada Honda, about 8 km south of Paso del Espinacito.

HiLLeBrANDT (1970) reported the following fossiliferous succession (from below): (1) Exdmetoceras pu-
chense (BURCKHARDT), E. malarguense (BURCKHARDT), and bivalves; (2) 5—6 m higher: Sonninia cf. crassi-
spinata BUCKMAN, S. ovalis (QUENST.), S. argentinica TornQ. [? = §. zitteli (GorT.)]; (3) a few dm higher:
Pseudotoites singularis (GottscHE) and P. (Latotoites) evolutus (TORNQ.); (4) 2—3 m above (2) Psexdotoites
sphaeroceroides (TORNQ.), Sonninia altecostata (TORNQ.); (5) 3—4 m higher: abundant Sonninia espinazitensis;
(6) 2 m higher: Emileia multiformis and rare S. espinazitensis; (7) 3—4 m higher: E. multiformis, Otoites con-
tractus (Sow.), S. espinazitensis and Lytoceras sp. He included level (1) in the Aalenian, and (2) to (7) in the
Sowerbyi-Sauzei Zones.

We (WEeSTERMANN & Riccarpr 1972b) have tentatively placed “Harpoceras concavum” of GOTTSCHE
in Puchenquia malarguensis (BurckH.); described and figured the Sonninia ovalis and S. (Euhoploceras) cf.
adicra formafvar. crassispinata cited by HILLEBRANDT, and a Sonninia alsatica from the BODENBENDER collec-
tion; accepted as valid species only Somninia (S.) mirabilis, S. (Fissilobiceras) zitteli (GottscHE), S. (Papilli-
ceras) espinazitensis (with subsp. altecostata); and described a Dorsetensia aff. edouardiana (0’Ors.).
11a) One of us (Riccarpr), together with S. DAMBORENEA & M. MANCERIDO, reexamined the Paso del Espina-

cito section in 1974 and both of us in 1978.

Formation Age Bed Thickness

? E. giebeli Z. 424/25 1.5—2m Grey-brown calcareous sandstone, highly
fassiliferous — Emileia (Chondromileia) gie-
beli giebeli (Gort.) Q, E. (Ch.) giebeli 3,
S. (Papilliceras) cf. peruana Jaw., Calliphyl-
loceras sp., Lytoceras sp., Trigonia sp.,

Ostreidae.
_ 24m Calcareous sandstone and limestones, fossilif-
P. singularis Z. erous.
420—2/24 Top 3m — Pseudotoites argentinus ARr-

keLL Q@ & &, Sonninia (Papilliceras) espina-
zitensis altecostata TOrNQ. and bivalves.

415—419/23 19—21 m above base — Psexdotoites argen-
tinus ?Q & ? 3, P. crassus nov. sp., S. espina-
zitensis altecostata S. (F.) zitteli (Gort.) and
bivalves.

414/22 16—18 m above base — Sonninia (Fissilo-
biceras) zitteli (Gorr.), S. (Euhoploceras) sp.,
brachiopods and bivalves.

21 12—13 m above base — Sonninia (Euhoplo-
ceras) sp.
21a 10—12 m above base — Pseudotoides sphae-

roceroides (TORNQ.), Sonninia (Fissilobiceras)
zitteli (Gorr.), Calliphylloceras sp.

22 5—10m above base — Sonninia sp. [loose],
at top S. (F.) zitteli (Gott.), bivalves, be-
lemnitids.
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Formation Age Bed Thickness
—— 408 10.5m Calcareous sandstones with lumachelle beds.
? 403—407 21 m Yellow tuffaceous sandstones with conglom-
erate beds — brachiopods, bivalves and bel-
emnitids.
401—402 16.5m Sandy tuffs with conglomerate lens — bi-

valves and belemnites.

The type material (D. below) of Emileia multiformis (Gott.) which is here redescribed, probably came
from above the section here recorded. According to HILLEBRANDT (1970), the level with Psexdotoites singularis
(Gotr.) [including the microconch “P. (Latotoites) evolutum (TornQ.)”] is above the first occurrences of
Sonninia and below the bed with P. sphaeroceroides and S. espinazitensis altecostata. We have, however, found
no new material of P. sphaeroceroides and P. transatlanticus (TORNQ.).

Other collections inspected from Paso del Espinacito are those of:

A. BODENBENDER 1897, from “Schicht I”. — Puchenquia cf. malarguensis (Burck.).
B. HiLLEBRANDT 1966—68, from “Schicht mit S. argentinica”®. — Sonninia cf. ovalis (Qu.), S. cf. adicra
forma/var. crassispinata Buck. From “Horizont mit P. singularis® — Pseudotoites singularis (GOTT.)

Q and P. crassus sp. nov.

C. BobpenBeNDER 1897, from “Schicht III”. — The type material of Sonninia s.1. spp. and Pseudotoites spp.
described by TornQuIST (1898); the topotypes of Emileia (Ch.) giebeli submicrostoma (GoTT.).

D. SteLzner 1873. — The type material of Sonninia zitteli, Emileia multiformis, E. giebeli submicrostoma
and Pseudotoites singularis, GoTTscHE (1878) ssp. and subsp.
E. ?ScHILLER 1906—09. — Sonninia zitteli (GOTT.), S. espinazitensis TorRNQ., S. aff. edouardiana (Owrs.),

Emileia giebeli (GoTT.), Pseudotoites singularis (GoTT.), P. crassus sp. nov., Emileia multiformis (Gorr.),

Stephanoceras (S.) pyritosum (Qu.).

F. YPF collection (?MINGRAMM & STIPANICIC). — Sonninia zitteli (GOTT.).

G. DNGM collection. — Sonninia espinazitensis TORNQ.

H. GuissreLpT 1888, “Ramada Abhang”. — Sonninia espinazitensis TORNQ.

11b) GussreLpT 1888, “Gipfel der Kordillera zwischen Mendoza und Auncagua, Chile” [c. Paso del Espina-
cito]. — Emileia giebeli (GorT.).

12. Paso de la Guardia (31° 53’S, 70° 14’'W)

According to S. DaMBORENEA & M. MaNCENDO (in litt. 1975), Jurassic-Cretaceous sediments crop out
between Paso de la Guardia and Paso de las Ojotas at the Argentine-Chilean boundary. They dip westward,
overlie Permo-Triassic volcanics and are overlain by Upper Cretaceous-Lower Tertiary volcanics. At Paso
de la Guardia, near a small creek about 200 m to the south of the road from Barreal to El Pachén, the following
section was measured from which we identified the ammonites.:

Formation Age Bed Thickness
? ? c.29—35m Sandstone, fine, limonitic-carbonaceous
—?— sandstones and siltstones.
0.53m Calcareous sandstones forming a conspicuous
L. Bajocian 455 level. — Fossiliferous, Lytoceras sp., Sonni-

nia sp., Belemnitidae indet., serpulids, bival-
ves.

c.20m Sandstones and calcareous sandstones, gray-
yellow, upper part ferruginous.

E. giebeli Z. 454, 466 At top — Emileia multiformis (Got1.) &,
Sonninia sp.
465 11—14m above base — S. (Papilliceras)
espinazitensis TORNQ.
464 c. 7 m above base — ?Emileia sp.

462 c. 5 m above base — Sonninia sp.
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Formation Age Bed Thickness
460—1 38—4m above base — S. (Papilliceras)
espinazitensis.
6.8 m Tuffs and calcareous sandstones, coarse —
? brachiopods, bivalves and belemnites.
— unconformity — 1.7 Conglomerate.

?Permo-Triassic > Tuffs, igneous breccias.

Atacama Province, Chile

13. Manflas (28° 8'S, 69° 58'W), 95 km S.E. of Copiapd, at confluence of Rio Manflas and Quebrada de la
Iglesia forming Rio Copiapé (text-fig. 1B).

This ‘classical’ Aalenian-Bajocian section was originally recorded by STEINMANN (1884) and described by
MORICKE (1894) in inverted sequence and with partially mixed assemblages, probably due to the occurrence
of two iron-oolites (“Eisenoolith”) and the duplication by a low-angle overthrust. A preliminary revision has
been published by the senior author (WESTERMANN 1967 a), and the entire area has recently been examined in
detail by HiLLEBRANDT (1970, 1973 b, 1977). Our Manflas ammonite fauna (collected in 1965 by WESTERMANN
with the assistance of Dr. RauL Vicencio, then at Inst. Geol., Univ. Nac. Chile), although restricted to a
single section, indicates to us slightly younger ages for the Aalenian assemblages than those given by HirLE-
BRANDT (1970).

The highest beds examined were below the upper iron-oolite bearing Stephanoceratidae of the upper
Humphriesianum (Chilense Sz.) and Rotundum Zones (cf. HiLLEBRANDT 1977); they contained abundant but
poorly preserved Chondroceras aff. defontii (McLEARN) (bed 7, J1191), and may still belong to the (lower)
Humphriesianum Zone. 20—30 m lower in the section, the Giebeli Zone is developed with calcareous beds inter-
calated in shales and marls, with Emileia giebeli (Gott.), E. multiformis (Gott.) and Sonninia (Papilliceras)
cf. espinazitensis TORNQ. throughout (beds 6 a, b). The upper part (bed 6 b) contains also Emileia cf. vagabunda
BuckmaN and, significantly, Chondroceras cf. defontii (MCLEARN), a common species of the North American
Kirschneri Zone (table 2, from HaLL & WESTERMANN, in press). These beds are underlain by unfossiliferous
reddish shales (including a liparitic sill).

Below the reddish shales lie several meters of grayish-whitish marls from which a moderately preserved
but important ammonite fauna was collected (bed 5, McM J1188). Most abundant is a new genus with two
species (unnamed) which unite attributes of late Hammatoceratinae, i.e. Eudmetoceras, with those of Sonniniidae;
they were originally (WESTERMANN 1967 a: 67; cf. also HiLLEBRANDT 1970) identified with “Hammatoceras”
gerthi Jaworski and “H. lotharingicum” of Jaworski [= Eudmetoceras eudmetum jaworskii WesT.] and
later described under Hammatoceratidae? gen. et spp. nov. (WesTERMANN & Riccarpr 1972 b). This fauna also
includes Eudmetoceras (?) cf. kochi (Prinz), E. (E.) cf. klimakomphalum (VAcek), Fontannesia (?) austro-
americana Jaw. 8, Fontannesia (?) sp. ?, a single fragment of Sonninia (Euboploceras?) sp. (ex coll. BIEsE),
Tmetoceras cf. scissum (BEN.) and T. cf. flexicostatum WEsT. Since the fauna was collected from the weathered
head of the beds along a gentle slope, it is possible that two distinct assemblages are present as suggested by
HiLLEBRANDT (1970: 185; 1973 a, table 1). This fauna is dated by us as Concava to Discites Chronozones.

The underlying (lower) iron-oolite is fossiliferous in its upper part which has yielded Bredyia aff. crassor-
nata (Buck.) and Planammatoceras sp. A (bed 4, McM. J1187); from this formation are also Planammato-
ceras (?) sp. B. (ex coll. Biese), and the Erycites cf. gonionotus (BEN.) described (from the “Humphriesianus-
Schichten”) by MOrickE (1894, pl. 1, fig. 7).

HiLLEBRANDT (1973 a: 176, table 1) has recently reported Leioceras cf. comptum (REIN.) from the base
of this oolite which is therefore dated as late Opalinum Zone, Comptum Subzone, to Murchisonae Zone. (HiLLE-
BRANDT, loc. cit., also reported “Sphaerocoeloceras cf. brochiiforme” and “Podagrosiceras cf. athleticum” from
this interval; they are anachronous and need inspection.)

The (lower) iron-oolite is underlain by Upper Toarcian variegated shales with Phymatoceras copiapense
(MORICKE).
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Other collections from Manflas:

[. Biese (MHNS), “Schicht 1”. — Fontannesia (?) austroamericana Jaw., F. (?) sp. indet., Eudmetoceras (?)
cf. kochi (PrINZ), Hammatoceratidae gen. et sp. nov. A (WESTERMANN & RiccarDpI 1972 b).

II. Biese (MHNS), “Schicht I1”. — Planammatoceras (?) spp. A and B WesT. & Ricc.

14. Salar de Pedernales (approximately 26° 15’S, 69° 10'W)
Approximately 50 km N.N.E. of Potrerillos Mine, Atacama province (text-fig. 1 B).

Two small ammonite assemblages from dark bituminous limestones, kindly made available to us (or briefly
inspected and photographs furnished), represent the early Humphriesianum Zone, probably Romani Subzone:

A. Collection of Mr. F. Garcia, E.N.A.P. (Inst. Geol., Univ. Nac., Santiago, GA-1035): Stephanoceras (Ste-
phanoceras) aff. humphriesianum (Sow.) %, S. pyritosum (Qu.) @, S. (Stemmatoceras?) aff. frechi (Renz) 3,
Dorsetensia aff. deltafalcata (Qu.).

B. Collection of Dr. A. v. HiLLeBraNDT (TUB 660714/6, 670308/4): Dorsetensia romani (OppEL), D. liostraca
BuckMan forma tecta Buck., said to be associated with Stephanoceras cf. humphriesianum (Sow.) (HILLE-
BRANDT 1970: 189).

Antofagasta Province, Chile
15. Caracoles, 38 km southeast of Sierra Gorda railway station at highway Antofagasta-Calama.

The Cerros de Caracoles (text-fig. 3) have long been noted for their silver mine operating between about
1860 and 1895, and for the ammonites (caracoles = snails). The mountains are formed by a structural complex
of uplifted blocks consisting of a thick volcanoclastic Upper Triassic-Lower Jurassic sequence overlain by
Middle-Upper Jurassic marine sediments, and injected by Cretaceous diorites, andesites and Tertiary porphy-
rites.

The fossils from Caracoles became known well over a century ago (cf. GoTTscHE 1878: 5) and were
systematically described by STEINMANN (1881) (also STenN 1923), but without stratigraphic or locality infor-
mation. Most of the ammonites were correctly placed in the Callovian and Upper Jurassic. The only certain
Bajocian species described, in a matrix of “yellow or light brown silicified rock”, is Stephanoceras humphrie-
sianum” [= “Cadomites cosmopoliticum® MORICKE = S. chilense HILLEBRANDT]; Possible Bajocian species
are “Stephanoceras zirkeli” STEINMANN, a phragmocone of uncertain generic affinity from a matrix of “blue-
gray marly limestone weathering yellowish”, which was believed to indicate the Bathonian but could be a
Lower Bajocian Chondroceras, Upper Bajocian Eocephalites or a Bathonian-Lower Callovian Xenocephalites;
and “Cosmoceras dunkeri” STEINMANN, which was originally dated as Callovian because of its preservation
(black bituminous limestone), but later as Upper Bajocian (HiLLEBRANDT 1970, 1973 a) and is now believed
to be an Oxfordian perisphinctid (HiLLEBRANDT, in litt. 1976). MSRICKE (1894: 20) also mentioned fragments
of “Coeloceras” [Teloceras] blagdeni (Sow.) from Caracoles.

The only biostratigraphic work of the Caracoles Jurassic known to us was done by HarRrRINGTON (1961).
However, the ammonite identifications are rudimentary (see below) and one of us (WESTERMANN) could not
trace more than a few specimens in the collections of the University of Buenos Aires.
15a) Quebrada Descubridora section of Harrington (1961: 187), “about 6 miles [km?] southeast of Placilla de

Caracoles” between Cerros “Carrasco” (de la Deseada) and Torcazas. According to HARRINGTON, the Bajo-

cian section in the Quebrada Descubridora is as follows (ages added by us):

Formation Age Bed Thickness

Mina Chica ?Bath.-Callovian 80m Shales with sandstone — with Macro-
cephalitidae and Reineckeiidae.
3m Bituminous shale, weathering grayish blue

and purple gypsum. — “Macrocephalites
macrocephalus, (ScHLOT.) Posidonia cf. or-
nata Qu.”
Torcazas Humphriesianum Z., 65m Sandy shales, yellow, with interbedded
?S. chilense Sz. calcareous sandstone. — “Cadomites hum-

phriesi (Ors.)”, bivalves.

Palaeontographica Bd. 164. Abt. A 14
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Formation Age Bed Thickness
35m Sandy shales, dark greenish brown with
interbedded calcareous sandstone. — Above:
?Romani Sz. “Cadomites humphriesi, Normannites sp.”;

below: “C. bumphriesi, Hammatoceras sp.”
[= ?Sonniniidae].

Coronado 10m Calcareous sandstone, dark brown. — Bra-
chiopods and bivalves.

45m Conglomerates, fine grained, and conglom-

eratic sandstone, light yellowish brown. —
“Cadomites humpbhriesi”, bivalves, belem-
nites, gastropods, brachiopods, corals.

—?— 25m Calcareous sandstone, dark brown, in places
highly silicified, highly fossiliferous through-
out. — “Oppelia sp., Cadomites humpbhriesi,

(?) E. giebeli Z. Lytoceras sp., Emileia sp. nov. ex. group

E. sauzei”, bivalves, belemnites, brachiopods,
Keratophyric flows and tuffs.

? Triassic — L. Jurassic

15b) Quebrada Descubridora — 1 (23° 03'S, 68° 58'W), 3.5 km southeast of Placilla Caracoles, hills between

Quebrada Descubridora and the lower 500—1000 m course of the tributary Quebrada Torcazas, (Synonym:

Quebrada Aqua Dulce; Text-fig. 3).

One of us (WESTERMANN), together with Dr. C. KLoHN G. and Mr. A. FasoLa, visited the Caracoles area
in 1965 and both of us in 1978. We collected mainly from the upper part of HARRINGTON's (generalized) Tor-
cazas Formation at this locality. The lower part of the Mina Chica Formation consists of yellow marly silt-
stones and Marls with calcareous concretions and some lenticular sandstones; it yielded abundant but crushed
Eurycephalites together with some Xenocephalites, Perisphinctidae and bivalves. The basal 2 m contain also
some mudstone and locally coquina or bituminous shale; some small and modestly preserved Macrocephalitidae
or Sphaeroceratidae, Perisphinctaceae and bivalves occur indicating Upper Bajocian or younger beds. Near the
boundary with the underlying beds, we found a Cadomites n. sp. together with Strenoceras sp. (first known
occurrance in Americas) marking the early Upper Bajocian.

The upper 15—20 m of the underlying Torcazas Formation consist of intercalated yellow silty shales, silt-
stone and some calcareous sandstone (HARRINGTON’s horizone ‘Id’) which have yielded the famous silicified
Stephanoceras fauna: Stephanoceras (S.) chilense HILLEBRANDT (only above), S. (S.) arcicostum caracolense n.
subsp., S. (Stemmatoceras) cf. dowlingi (MCLEARN), S. (St.) allani (W ARREN)?, Teloceras cf. crickmayi chacay:
n. subsp., ?Cadomites cf. psilacanthus (WERMBTER), Lissoceras cf. oolithicum (ORB.), Rhactorhynchia (?) caraco-
lensis (Gortr.), bivalves and gastropods of the S. chilense Subzone. These fossiliferous beds are underlain by 3 m
poorly fossiliferous yellow marls, shales and partly conglomeratic sandstones (‘I a—b’).

The assemblage of the upper Torcazas formation clearly indicates the upper Humphriesianum Zone,
S. chilense Subzone. The previous tentative dating as early Upper Bajocian (WESTERMANN 1967 a, 1971 a) was
based on (1) the similarity of most stephanoceratids with the late Bajocian to Bathonian Cadomites spp., e.g.
“C. cosmopoliticum” MORICKE = C. psilacanthus (WERMBTER), (2) the occurrence of similar Teloceras in the
Upper Bajocian of the Neuquén province, (3) the presence of Lissoceras cf. oolithicum, and of (4) Rhactorhyn-
chia(?) caracolensis (GoTtscHE) which according to Dr. AGer (in WESTERMANN 1971 a) has close European
relatives in the Upper Bajocian of England. However, the supposed (1) Cadomites spp. are now known to be
homeomorphs belonging instead to Stephanoceras s.s. and S. (Stemmatoceras) (see systematic part); (2) similar
Teloceras occur in the Humphriesianum Chronozone [Chondroceras oblatum Zone] of Alberta (HarL & We-
STERMANN, in press); (3) Lissoceras oolithicum is now also known from the Humphriesianum Zone of Europe
(Sturant 1971: 91); and (4) rynchonellid brachiopods are “very difficult to use for stratigraphic purposes”
(from same quotation, AGER in WESTERMANN 1971). The range of Stephanoceras arcicostum in North America
appears to be late Lower to early Upper Bajocian. On the other hand, the typical Upper Bajocian genera Me-
gasphaeroceras, Eocephalites, Lupherites [“Domeykoceras® HiLLEBRANDT], ?Cadomites and Leptosphinctes
which are elsewhere abundant in the lower Upper Bajocian Megasphaeroceras rotundum Zone of Chile (HiLLE-
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BRANDT 1973 a, 1977; CovAcEvicH & PIRACEs 1976), are entirely missing. Also absent are Stephanoceras ex
gr. humpbhriesianum and the late Sonniniidae of the Romani Subzone.

The upper Torcazas Formation of this locality belongs to the Stephanoceras chilense Subzone of the late
Humphriesianum Zone. HARRINGTON’s assemblage (with tuberculate sonniniid?) of the basal Torcazas suggest
the Romani Subzone, while the faunas listed by him from the Coronado Formation indicate the Emileia giebeli
Zone.

Elsewhere in the Caracoles area, however, the (?) M. rotundum Zone is indicated by Megasphaeroceras?, Eoce-
phalites? and Stephanoceras (HILLEBRANDT, 1977).

15 ¢ Loc. 091567 of R. Vicencio in Caracoles area; with Teloceras aff. blagdeni (Sow.).

Biozones and Standard Chronozones

A scale of zones, comprised of existing chronozones and newly proposed assemblage (or OPPEL) zones,
is here introduced for the lower part of the Argentine-Chilean Middle Jurassic (tables 2, 3). From top to bottom
and youngest to the oldest:
1.(?)Megasphaeroceras rotundum Assemblage Zone (HALL & WESTERMANN, in press).

North America. This zone is being established in North America (southern Alaska, Oregon, and U.S.
Western Interior) utilizing IMLAY’s (1962, 1964) suggested “guide fossil” for the early Late Bajocian of southern
Alaska. The typical M. rotundum assemblage of the Twist Creek Siltstone, Tuxedni Group, at Cook Inlet
(IMLAY 1962, 1964) includes abundant M. rotundum ImLaY and Liroxyites kellumi IMLAY, together with Sphae-
roceras, Spiroceras?, Leptosphinctes s.l., Lissoceras, Lytoceras, Macrophylloceras, Calliphylloceras, and the
latest Stephanoceras s.1. ImLaY (1967) subsequently identified a somewhat different assemblage of the same zone
in the Twin Creek Limestone of the Western Interior U.S.A., also bearing Megasphaeroceras cf. rotundum, late
Stephanoceras s.1. and Spiroceras (without Liroxyites, Sphaeroceras and Leptosphinctes), together with the
apparently endemic Eocephalites spp. In the Snowshoe Formation of Oregon, however, the assemblage of the
M. rotundum Zone resembles the south Alaskan fauna, including M. rotundum, Leptosphinctes, Sphaeroceras,
and Oppeliidae (but without Lissoceras) and with the only North American occurrence of Lupberites (IMLAY
1973 and personal information).

South America. In the Argentine-Chilean Andes, the assemblage of the (?)M.rotundum Zone is charac-
terized by ?M. cf. rotundum, ?Eocephalites, Lupherites [ “Domeykoceras” HILLEBRANDT], Spiroceras (all hitherto
found in Chile only: cf. HiLLEBRANDT 1970, 1973 a, 1977; CovacevicH & Piracks 1976), Leptosphinctes,
Cadomites and the last Teloceras and Stephanoceras. (‘Cadomites’ dunkeri STEINMANN is now believed to be an
Oxfordian perisphinctid; HILLEBRANDT, in litt.). The zone is well developed in Chile and very probably present
locally in Argentina as indicated by the Leptosphinctes-Cadomites-Teloceras association of Chacay Melehue.
The Andean assemblage closely resembles that of the typical North American M. rotundum Zone containing
an almost identical genus-group and, in part, specific association, with the note-worthy exception of the typical
Tethyan Cadomites and the apparent absence of Oppeliidae.

The base of the eastern Pacific (Alaska to ?southern Andes) M. rotundum Zone approximately coincides
with the base of the European Subfurcatum Zone in which late Stephanoceratinae also coexists with Lepto-
sphinctes and Cadomites. The top of the M. rotundum Zone, however, is poorly defined since no superjacent
zone has been established.

In the Andes, the (?)M. rotundum Zone is best known from the central Cordillera Demeyko (HILLEBRANDT
1970, 1977) where it may possibly be subdivided into two subzones.

(a) An upper subzone characterized by the absence of Stephanoceratinae, which is perhaps partly equivalent to the Garantiana

Zone; and
(b) a lower subzone characterized by Lupherites debmi (HILLEBRANDT).

2. Humphriesianum Chronozone [Stephanoceras humphriesianum (Sow.)]. — Well estab-
lished standard zone in Europe, with subzones (cf. table 3; CALLOMON, in litt.).
a) Stephanoceras chilense Assemblage Subzone (new). — The fauna of this subzone is charac-

terized by Stephanoceras chilense HILLEBRANDT, S. (Stemmatoceras) spp., inflated Stephanoceras ex gr. umbili-
cum (QUENSTEDT) and Teloceras spp. Widely distributed in Chile, particularly in the Cordillera Domeyko (cf.
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HiLLEBRANDT 1973 a, 1977; here), but poorly known from Argentina (?Espinacito, ?Arroyo Blanco area). —
Time-equivalent approximately to the Chondroceras oblatum Zone of North America (HALL & WESTERMANN,
in press) and to the upper part of the European Humphriesianum Zone, Blagdeni Subzone, and ?part of “Hum-

phriesianum Subzone”.

Table 3.
Proposed assemblage zones and subzones for the early Middle Jurassic of the Argentine-Chilean Andes; compared with the European
chronozones and chronosubzones, in capitals (MOUTERDE et al., 1971; STturani, 1971; CaLLOMON in litt. 1976—77) and the new North
American zones (HALL & WESTERMANN, in press). Faunules in brackets. Note that the presence in South America of the M. rotundum
Zone is still uncertain, according to our 1978 field work.

EUROPE ARGENTINA AND CHILE USA CANADA S. ALASKA
4 .| caranTiaNA L ______° ? _ L2 _4 L __- 2
[+}]
Megaspha as rot ?
Z 8 susrurcatum SO e e s ot i M. rotundum
=2 (Lupherites dehmi]
< BLAGDENI! Stephanoceras
HUMPH- chilense Chondroceras oblatum
HUMPHRIES
R'ESIAJ:W' HUMPHRIESIANUM ?
- ROMANI (?) ROMANI Stephanoceras | Zemistephanus richardsoni
o HEBRIDICA | [D. blancoensis] | kirschneri [s. juhlei ]
SAUZEI .
E. multiformis . .
- Emileia giebeli Parabigotites crassicostatus
g E. giebeli
- 2 LAEVIUSCULA submicrostoma 2
————————— -
(o) Witchellia
< OVALIS Pseudotoites singularis with Sominia graciis . sutneroides
Euhoploceras, Docidoceras
Docidoceras widebayense D.
m camachoi
DISCITES . .
Puchenquia malarguensis
Eudm. amplectens
Z with T
< CONCAVUM Zurcheria groeberi Tmetoceras, » LTmet. tenue
Praestrigites Erycitoides howelli ~—————-
- 9
= 4 LE: teres
with Planammatoceras,
w MURCHISONAE Bredyia, Leioceras ?
-
< OPAL_ COMPTUM with Tmetoceras scissum
< INUM i
b) Romani Chronosubzone [Dorsetensia romani (Orr.)]. — Well developed in Europe; said to

equal the Poecilomorphus cycloides Subzone of STuraNI 1971 (CALLOMON, in litt.).

The very similar Andean assemblage, known to be well developed only at the Salar de Pedernales in
northern Chile, is characterized by Dorsetensia romani (OppEL), the D. liostraca (BuCKMAN) group, Stephano-
ceras pyritosum (QUENSTEDT) and other species of the S. humphriesianum (Sow.) group. Significantly, all are
common European species. — Time-equivalent to approximately the Zemistephanus richardsoni Subzone of the
Stephanoceras kirschneri Zone of North America (HALL & WESTERMANN, in press).

3. Emileia giebeli Assemblage Zone (new). — This assemblage is characterized by E. (Chondro-
mileia) giebeli (GottscHE), Chondroceras recticostatum sp. nov., Sonninia (Papilliceras) espinazitensis s.s.
TornQuisT and S. alsatica (Hauc). The zone is typically developed in the Zapala area of Neuquén province
and widely distributed throughout the Andes. Two (or three?) subzones are distinguished.



Table 1a. Neuquén province.

Occurrence of Aalenian-Bajocian taxa des-
cribed in parts I and II of this monograph,
according to province, formation, locality
and bed (lowermost beds at left of sections);
locality and bed designations as in locality
maps and stratigraphic section; + , occurrence
certain; ®, probable.

NEUQUEN PROVINCE

LAJAS FORMATION

1. Charahuilla — Chacaico

2. Los Molles

3. CO. Lotena — Carro Quebrado

a ibic,

1d

189
1c2
188
187
icl
1b

184
122
182
180
lal

3]

|
I
1
I
|
!
|
I en

Tmetoceras scissum
cf. flexicostatum
Fontannesia (?) austroamericana &
sp.indet. ¢
(?) Lesoceras opalinum
(?) Staufenia (Costileioceras) sp.
Planammatoceras cf. planinsigne, ssp.n.A.
sp.A¢?
?sp.B?
Bredya aff. crassornata
Eudmetoceras eudmetum jaworskii
gerthi
(’) cf. kochi
sp.indet.
E. (Euaptetoceras) cf. klimakompbalum s.s.
moerickes
sp.nov. aff. klimakompbalum
Hammatoceratidae ? gen.ct.sp.nov.A
aff sp.nov.A
sp.nov.B
Puchenquia malarguensis @ + &
Sonninia (S.) mirabilis
(S.?) alsatica @ + S
ovalis 9
S. (Euboploceras) cf. adicra crassispinata
amosi @ + S
S. (Fissilobiceras) zitteli ¢ + ?3
(F.?) mammilifera
S. (Papilliceras) espinazitensis s.s. ?
espinazitensss altecostata ? .
cf. espinazitensis &
S. (P.?) peruana ¢
Zurcheria groebers
Witchellia sp nov.indet. ¢
Dorsetensia aff. edouardiana 9
blancoensis ¢ + 3
mendozai ® + 73
romani
liostraca tecta @
aff. deltafalcata &
Podagrosiceras athleticum &
cf. athleticum @ + &
maubeugei ® + 73
Docidoceras? (Pseudocidoceras?) cf. paucinodosum
Emileia (E.) multiformis ® +d
aff. brocchii 9
cf. vagabunda ?
(Chondromileia) giebeli 3
giebeli giebeli ®
giebeli submicrostoma @
Pseudotoites singularis @ + &
sphaeroceroides ¢ + &
crassus ?
transatlanticus ?
argentinus @ + 73
Stepbanoceras (S.) pyritosum ?
cf. tinsae @
arcicostum caracolense @
chilense ¢
aff. ‘andinense’ ? S
(Skirroceras) cf. macrum ¢
cf. jubles 9
(?) sp.juv.indet.
(?) aff. nodosum o
(Stemmatoceras?) aff. frechi @ + 9
cf. allani
cf. dowlingi @ + ¢
Teloceras aff. bﬂgdem Q
crickmayi chacayi @
cf. crickmayi chacayi® o
Cadomites sp.nov.A., aff. deslongchampsi ¢
sp.nov.A? é
cf. daubenyi
?Cadomites cf. psilacanthus
Chondroceras cf. defontii @ +?3
recticostatum 9 + &
Bradfordia (Iokastelia) aff. bellenae
(B. ?) aff. costidensa
Lissoceras cf. oolithicum

4
|
|
|
|
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Table 1b. Other provinces.

Occurrence of Aalenian-Bajocian taxa des-
cribed in parts I and II of this monograph,
according to province, formation, locality
and bed (lowermost beds at left of sections);
locality and bed designations as in locality
maps and stratigraphic section; +, occurrence
certain; ®, probable.

ANTOFA-
MENDOZA PROVINCE SAN JUAN PR. ATACAMAPR'GASTAPR.
PUCHENQUE CHINA MUERTA TORCAZAS

7. CO Puchenque

10. A° Blanco-La Manga

11. Paso d. Espinacito

13. Manflas

. | 15. Caracoles

a

o

a

o

bc

213
217
236
17

(1)

16
15
14
Haut.7

{

342
11
204
16
5a
5b
4b

(]
=)

§

Al11-B11
4al

o

414,21,22
415-9

420
421
422
424
E

G_ ]

F
H

-

Tmetoceras scissum
cf. flexicostatum
Fontannesia (?) austroamericana 8
sp.indet. ?
(?) Lesoceras opalinum
(?) S f ia (Costilesoceras) sp.

Planammatoceras cf. planinsigne, ssp.n.A.
AR

?sp.B¢
Bredya aff. crassornata
Eudmét. s eud jaworskis
erthi .
(?) cf. kochi
sp.indet.
E. (Euaptetoceras) cf. klimakompbalum s.s.
moerickei
sp.nov. klimakompbalum
Hammatoceratidae ? gen.ct.sp.nov.A
aff sp.nov.A
sp.nov.B
Puchenquia malarguensis @ + &
Sonninia (S.) mirabilis
(S.?) alsatica® + ¢
ovalis @
S. (Euboploceras) cf. adicra crassispinata
amosi? + 3
S. (Fissilobiceras) zitteli @ + 23
(F.?) mammilifera
S. (Papilliceras) espinazitensis s.s. ¢
espinazitensis altecostata 9
cf. espinazitensis &
S. (P.?) peruana ¢
Zurcberia groeberi
Witchellia sp.nov.indet. ¢
Dorsetensia aff. edouardiana ¢
blancoensis @ + &
mendozai @ + ?3
romani
liostraca tecta 9
aff. deltafalcata 8
Podagrosiceras athleticum &
cf. athleticum @ + &
maubeugei ¢ + 23
Docidoceras? (Pseudocidoceras?) cf. paucinodosum
Emileia (E.) multiformis @ + &
aff. brocchis @
cf. wagabunda ?
(Chondromileia) giebeli &
giebeli giebeli ?
giebeli submicrostoma ¢
Pseudotoites singularis ? +
sphaeroceroides @ + 3
crassus ?
transatlanticus ?
argentinus @ + ?d
Stephanoceras (S.) pyritosum 9
cf. itinsae ?
arcicostum caracolense 9
chilense ¢
aff. ‘andinense’ ?3
(Skirroceras) cf. macrum ?
cf. jublei ?
(?) sp juv.indet.
(?) aff. nodosum &
(Stemmatoceras?) aff. frechi @ + &
cf. allani
cf. dowlingi ¢
Teloceras aff. blagdeni ¢
crickmayi chacays ¢
" cf. crickmayi chacayi ?
Cadomites sp.nov.A., aff. deslongchampsi ¢
sp.nov.A? ¢
cf. daubenyi
? Cadomites cf. psilacantbus
Chondroceras cf. defontii @ + 23
recticostatum ? + &
Bradfordia (Iokastelia) aff. bellenae
(B.?) aff. costidensa
Lissoceras cf. oolithicum

+

+ + + + +

+

+
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+ +
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Table 2.

Composite ranges of the early Middle
Jurassic Argentine-Chilean Ammonitina
(several poorly known species excluded)
according to the new zonation. Asterisks
indicate essential dependence on literature
(HILLEBRANDT 1970, 1973a, 1977;
CAVACEVICH & PIRACES 1976).

AALENIAN

BAJ O

Lower

CIAN

Upper

: Zurch.
| groeberi

Puchenquia
malarguensis

Pseudotoites
singularis

Emileia
giebeli

HUMPHRIE-
SIANUM

e

Megasphaer.
rotundum

|
Eg. | E.
submicr.  multif.

I
(?) Steph.
ROMANI | chilense

A
[Lupb.]l @)
debmi) |

(?) Leioceras opalinum
comptum™
Tmetoceras scissum
cf. flexicostatum
Fontannesia (?) aus;roamen'cam
Pl as cf. planinsi
Bredyia aff. crassornata
Eudmetoceras tum jaworski
gerthi
(?)cf. kochi

(-3

E. (Euaptetoceras) cf. klimakompbalum s.s.

moerickes
Hammatoceratidae? gen. et spp. nov
Puchenquia malarguensis
Sonninia (Sonninia) mirabilis
alsatica
S. (Euboploceras) amosi
S. (Fissilobiceras) zitteli
S. (Papilliceras) espinazitensis s.s.
p f stensis alte
Zurcheria groeberi
Dorsetensia aff. edouardiana
blancoensis
mendozas
romani
liostraca tecta
aff. deltafalcata
Pddagrosiceras athleticum
maubeugei
Emileia (Emileia) multiformis
f. brocchii
cf. vagabunda
E. (Chondromileia) giebelsi s.s.
giebeli submicrostoma
Pseudotoites singularis
sphaeroceroides
crassus
transatlanticus
argentinus
Stepbanoceras (Stepbanoceras) pyritosum
arcicostum caracolense
chilense*
S. (Skirroceras) cf. macrum
S.(?) aff. nodosum
S. (Stemmatoceras) aff. frechi
cf. allani
Teloceras aff. blagdeni
crickmays chacayi
Lupberites debmi*
C A, . aff. Aoel, g h,
cf. daubenyi
Chondroceras cf. defontii
recticostatum
Megasphaeroceras cf. rotundum*
Leptospbinctes spp.*
Bradfordia (Iokastelia) aff. bellenae
(B.?) aff. costidensa
Lissoceras cf. oolithicum

‘1
|
|
|
|
|
|
I
[
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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a) Dorsetensia blancoensis faunule (?Assemblage Subzone) (new). — Dorsetensia blancoensis and
D. mendozai, WesT. & Ricc. spp., at the top of the E. giebeli Zone possibly indicate a subzone. Significantly,
D. blancoensis closely resembles D. hebridica MorTON (1972) from the Sauzei-Humphriesianum Zones boundary
veds of Skye, Scotland, and both may be geographical subspecies. Although MorTON originally placed the
D. hebridica faunule in the basal Humphriesianum Zone, he now considers it as the uppermost biostratigraphic
unit of the Sauzei Zone (MoRTON 1975).

b) Emileia multiformis Assemblage Subzone (new). — This assemblage is characterized by E. (E.)
multiformis (GorttscHe), E. (Chondromileia) giebeli (GoTTscHE) and rare Stephanoceras (Skirroceras) cf. ma-
crum (Qu.). (Note that the more typical E. giebeli giebeli is not used in order to avoid confusion with the
zonal index.). — Approximately time-equivalent to the Crassicostatus Zone of North America (IMLAY 1973;
HaLL & WESTERMANN, in press) and to (most of) the Sauzei Chronozone of Europe.

c) Emileia giebeli submicrostoma Assemblage Subzone (new). — This assemblage is charac-
terized by Emileia (Chondromileia) giebeli submicrostoma (GoTTsCHE), some late Pseudotoites spp. and early
Emileia (E.) multiformis (GoTTscHE). — Probably time-equivalent to the Laeviuscula Zone of Europe; equiv-
alent zone unknown in North America (?Psexdolioceras costistriatum faunule of upper Docidoceras wide-
bayense Zone, South Alaska; cf. WESTERMANN 1969 a).

4. Pseudotoites singularis Assemblage Zone (new). — This assemblage is characterized by Psexdo-
toites singularis (GOTTSCHE), P. sphaeroceroides (TorRNQuIsT), Sonninia (Fissilobiceras) zitteli (GoTTscHE), S.
(Papilliceras) espinazitensis altecostata TORNQUIST and Docidoceras sp., occurring together with late S. (Eubo-
ploceras) amosi WesT. & Ricc. and rare early Emileia giebeli. The zone is typically developed at Cerro Pu-
chenque, Mendoza province (superjacent to the P. malarguensis Zone), and widely distributed throughout the
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Text-fig. 4. Phylogeny of the genera and subgenera described in volumes I and II of this monograph. Andean occurrences in solid

lines, extended ranges elsewhere dashed.






