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Tropical-subtropical fossils (certain fusuline foraminifera, certain radiolaria, certain bivalves, certain corals) of Permian
and Jurassic age now occur in Northern Pacific Asian and North American marginal areas. Their presence indicates orig-
inal locations in tropical-subtropical, warm water “central” Panthalassa from which they were transported and accreted
to cooler water areas. This information, palaeontological and lithological is the basis for the conclusions made here.
• Key words: Permian oceanic palaeogeography, post-Permian movements from mid-Panthalassa sources, bedded oce-
anic chert records.
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There are two basic palaeogeographic types. The first with
which we are familiar is the stable platform, the “continen-
tal” type. The second, is the dynamic oceanic. Palaeo-
geography deals largely with the stable platform. On the
stable platform one may plot lithofacies data, lithofacies
data with climatic zone implications, reef environments
and many other classes of geologic-palaeontologic infor-
mation. From the combined similarities and differences
provided by data from various platforms, Cambrian to Neo-
gene one may arrive at reasonable palaeogeographies (Bou-
cot et al. 2013). The stable platform data is commonly com-
bined with the data of remanent magnetic information to
arrive at more precise latitudinal solutions. One caveat, warn-
ing, here is that the remanent magnetic data should reflect
the same time interval derived from the palaeontologic in-
formation provided by each stable platform. Remanent mag-
netic data that has been “reset” by significantly younger hea-
ting events can lead to erroneous latitudinal conclusions.

Phanerozoic palaeographic analysis is a complex busi-
ness. Ideally it involves the following: as small time slices
as possible, largely based on the available fossil record;
careful animal community analysis aimed at distinguishing
shallow water, shoreline region, and deeper water environ-
ments; recognition of nonmarine facies and associated
nonmarine fossils whenever possible in order to more reli-
ably locate the shoreline region; climatic analysis based on
using the distribution of climatically sensitive lithologic
types such as evaporites, calcretes, lateritic types including
bauxites, coals, clay minerals with climatic significance
such as kaolin, corrensite and smectite plus the poleward
distributions of climatically sensitive animals and plants

such as palms, mangroves and crocodilians that enable the
recognition of global climatic belts.

The stable platform, underlain by basement complex,
commonly features dominant, widespread carbonate rocks
in shallower water regions, fringed by fine-grained silici-
clastics in deeper water regions, with faunas adapted to
those different environments. The stable platforms present
in cool to cold regions lack widespread, abundant carbon-
ate rocks in shallower water regions, as well as evaporites
and organic reefs, as contrasted with widespread
siliciclastic rocks, with cool to cold water, lower diversity
faunas.

It is important to recognize that the ever changing
global climatic gradient, high to low, exerts a primary con-
trol over whether cool to cold water marine strata will be
deposited at high latitudes.

The dynamic oceanic regions feature an underlying
ophiolitic complex capped by bedded radiolarian cherts
that may include conodonts in strata of appropriate age,
with an absence of shelly fauna, and characteristically
lacks abundant siliciclastic strata including detrital quartz.
The dynamic oceanic may also include shallow water car-
bonate rocks that represent oceanic islands built on a volca-
nic basement, as well as shallow water carbonate rocks that
represent spreading center islands.

Between the stable platform and the dynamic oceanic
there is a transitional, bathyal and near platform oceanic
region. The bedded radiolarian cherts of this transitional
region are commonly much thicker than those of the adja-
cent oceanic, may include substantial, interbedded
siliciclastic detrital material ultimately derived from the
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adjacent platform. The seminal paper making clear the
changing character and thicknesses involved as an oce-
anic sedimentary unit approaches the continent is pro-
vided by Matsuda & Isozaki (1991).
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Little attention has been paid to the palaeogeography of the
oceanic realm through time, including the locations of an-
cient spreading centers and oceanic islands. Exceptions in-
clude the attention given to Carboniferous to Cretaceous
oceanic bedded radiolarian cherts, plus evidence of oceanic
islands suggested by certain shelly limestones, in marginal
areas of eastern Asia from the Koryak Mountains, north of
Kamchatka, south through the Khabarovsk area, Sikhote
Alin, northeastern Heilongjiang, Japan including the Ryu-
kyus, to the Palawan area of the Philippines. In western
North America there is similar evidence from the Peninsu-
lar area of south-central Alaska, the southern Yukon and
British Columbia to eastern Oregon and a few California
localities. The evidence consists chiefly of bedded radiola-
rian cherts of oceanic type, some with associated limestones
concluded to have been derived from oceanic islands for
the most part. Neither the bedded cherts nor the limestones
are commonly associated with ophiolitic basement owing
to later tectonic dismemberment, although the limestones
may rest on volcanic basement in some cases. The limestones
contain shallow water shelly marine faunas with biogeo-
graphic affinities in some cases to those present on the
stable platforms. The Japanese examples are the most ex-
tensively investigated, and the oceanic interpretation for
the others rest largely on their overall similarity to the Japa-
nese examples.

Establishing the latitudinal position of these ocean de-
rived materials depends on the following reasoning. If one
extends the warm/hot, tropical-subtropical climatic zones
established on the stable platforms, following the Boucot et
al. (2013) compilation across the oceans, Panthalassa in
particular, one can then conclude that the platform mar-
ginal Tethyan faunas of the Permian and Jurassic were de-
rived from the Permian and Mesozoic tropical-subtropical
belt and then transported northeasterly to collide and be-
come part of western North America, or were transported
northwesterly to become part of eastern Asia, or were
transported southwesterly to become part of North Island,
New Zealand. Shi (2006) termed the Tethyan type Permian
faunas of eastern Asia the Panthalassan Province. This
biogeographic term could also be applied to the Tethyan
type faunas in marginal parts of western North America.

Those eastern Asian, marginal, Tethyan faunas pre-
sumably originating from spreading centers and oceanic is-
lands in the western parts of “central” Panthalassa may be
contrasted with their opposite numbers in marginal parts of
western North America from Alaska on the north, south
into Central California. The presence in North Island New
Zealand of similar oceanic strata including warm water,
Permian Tethyan bedded cherts and Lower Jurassic cooler
water bedded cherts suggests a southwesterly movement
from Panthalassic Southern Hemisphere spreading centers,
beginning with Tethyan radiolarians in the Permian ex-
tending into cooler water, higher latitude Jurassic cherts.
The absence of such data for western South America may
reflect an absence of adequate geologic activity plus a lack
of palaeontologic effort rather than a basic absence.

Wakita & Metcalfe (2005) summarized the seafloor
spreading origins of East Asian oceanic type units with
their potential histories from origins at spreading centers to
their present continent marginal positions. Kojima &
Kametaka (2000) provided an overview of Late Palaeozoic
to Jurassic and Cretaceous oceanic type occurrences at
varied locales in eastern Asia, with useful index maps for
specific areas. Tikhomirova (1988) summarized informa-
tion about Far Eastern Russian Jurassic oceanic type radio-
larians. Mizutani & Kojima (1992) summarized the rela-
tion of Japanese units to those as far North as the
Khabarovsk area, with radiolarian descriptive material
which implies that both areas include Tethyan radiolaria.

Tilman et al. (1982) provided an overview of the tec-
tonic complexities of the Kamchatkan Koryak area.
Sokolov (1990) made clear the structural complexities of
the Koryak Highlands, as did Vishnevskaya & Filatova
(1994)!

Permian fusulines, corals and bivalves. – Kobayashi (1999)
reviewed the Late Permian, Lopingian, emphasizing the
Palaeofusulina-bearing localities of the circum-Pacific Tet-
hyan faunas with their palaeobiogeographic implications.

Mizutani et al. (1990) while reviewing the Triassic and
Jurassic radiolarian bearing strata from the Nadanhada area
southerly to Palawan and Borneo, also indicated (fig. 3,
and accompanying text) associated occurrences of Permo-
Carboniferous fusulines, Tethyan in type. Isozaki &
Aljinović (2009, table 1) summarized the stratigraphic re-
cord of the Alatoconchidae in the Permian, including Japa-
nese, Palawan, Malaysian and Thai occurrences.

Koryak area. – Davydov et al. (1996) described Permian
fusulinids of Tethyan type from the Koryak area of north-
eastern Russia, associated with Tethyan waagenophyllid
corals (Kachanov 1984); this is the northernmost Old World
Tethyan material of tropical-subtropical type that was deri-
ved by northerly movement from an original position far to
the South in a tropical-subtropical part of Panthalassa.
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Primorye area. – Chedija (1981) reported Midian Lepido-
lina, a Tethyan taxon, from southern Primorye.

Sikhhote-Alin area. – Sosnina (1960) cited Tethyan fusuli-
nids from Sikhote-Alin.

Nadanhada Range, Northeast China. – Han Jian-xiu (1985)
described Permian Tethyan fusulines from the Nadanhada
Range. Mizutani et al. (1990, fig. 3) noted the occurrences of
Tethyan fusulines in the Nadanhada area south to Palawan.

Japan. – Kasuya et al. (2012) made a strong case for the
Early and Middle Permian, Tethyan, Panthalassan occur-
rence of Yabeina occurrences followed by uppermost Lepi-
dolina occurrences, while suggesting that biogeographi-
cally Yabeina occurs at lower tropical latitudes than
Lepidolina. This paper summarized the extensive Japanese
occurrences of Tethyan fusulines and their palaeogeograp-
hic distribution and origins. Kirschvink & Isozaki (2007)
provided a 12° S latitude for the southernmost samples.

Ota & Isozaki (2006) discussed the end Guadalupian
extinction of the larger fusulines, especially the Tethyan
forms using evidence from the Kamura, Kyushu, and Aka-
saka, Honshu areas that are thought to represent sea-
mounts, with Kasuya et al. (2012) providing more detailed
information about the Kamura area.

Mizutani et al. (1990) cited Tethyan fusulines and
Waagenophyllum from the Ryukyu arc. Isozaki (2006) de-
scribed a Guadalupian alatoconchid occurrence from
Kyushu in a “mid-Panthalassian paleo-atoll complex” with
associated, well-dated fusulines.

Thailand. – Udchachon et al. (2014) described or cited ala-
toconchids, Waagenophyllum and Tethyan fusulines from
the Loei area of the Indochina Terrane in eastern Thailand.

Palawan area. – Amiscaray (1987) discussed Tethyan fu-
sulines from northwestern Palawan.

Sarawak. – Sanderson (1966) listed some earlier Permian
fusulines from southern Sarawak, but no typical Tethyan
forms were noted.

New Zealand. – Aita & Spörli (2007, fig. 2; see also Spörli
& Gregory 1980, who early recognized the major transoce-
anic transport suffered by these fossils) noted Tethyan fu-
sulines from the Northland, New Zealand Waipapa area,
while Leven & Grant-Mackie (1997) described a typical
Middle Permian Tethyan fusuline fauna from Wherowhero
Point, Orua Bay, Northland.

Westernmost North America. – Belasky & Stevens (2006)
reviewed the Permian faunas of the westernmost North
American Cordillera.

Alaska. – On the Kenai Peninsula, Kodiak Island and An-
chorage areas, Alaska, ophiolitic mélange produced Tet-
hyan fusulines (Stevens et al. 1997), while from the same
area Blodgett & Isozaki (2013) discussed the presence of
an alatoconchid, a giant Tethyan bivalve.

British Columbia. – Orchard & Danner (1991) reviewed
the palaeontology of the Cache Creek belt.

Orchard et al. (2001) reviewed the Tethyan Permian
fauna, including fusulines, Waagenophyllum and the
Tethyan alatoconchid bivalve Shikamaia from the Cache
Creek belt of central British Columbia.

Cordey & Schiarizza (1993) described the Cache Creek
type rocks and Tethyan fusuline fauna of the Bridge River
complex of southwestern British Columbia.

Kobayashi et al. (2007; see also Gota et al. 1986) de-
scribed Late Guadalupian fusulines featuring Yabeina
from the Cache Creek Group of southern British Columbia
in the Marble Canyon-Hat Creek area.

Oregon, Northwestern Washington and Southeastern
British Columbia. – Bostwick & Nestell (1967) discussed
Tethyan fusulinds from eastern Oregon, southwestern Bri-
tish Columbia and northwestern Washington, all presu-
mably derived from warm water, tropical-subtropical
areas. Nestell & Stevens (2013) described an Upper Trias-
sic conglomerate from Central Oregon that contains clasts
yielding Carboniferous and Permian corals and fusulines
of McCloud Belt type with others yielding typical Tethyan
corals and fusulines, suggesting that by at least the Upper
Triassic the marginal Laurentian McCloud Belt and the
source of the Tethyan fossils were very close together and
might even have already joined with Laurentia.

Central California. – Douglass (1967) described Tethyan
fusulines from west-central California, their southern-
most in situ occurrence, from the Calaveras Formation
near Jackson, which raises the possibility that the Calave-
ras Formation (see Duffield & Sharp 1975, for a discus-
sion of the Calaveras Formation) is a Tethyan derived
area, possibly related to the Cache Creek belt. Douglass
(1967) stated that Bostwick and Nestell mentioned to him
that in Oregon they had identified Nagatoella and Misel-
lina, two Tethyan genera. Still further south in California
Stevens (1977, fig. 5, loc. 16) cited Middle Permian Te-
thyan fusulines (Stevens, written comm., 2011, gene-
rously provided the following unpublished information
about this southernmost North American Tethyan loca-
lity: “Middle Permian, definitely Tethyan, extracted from
a pebble in a conglomerate in what was referred to as the
Calaveras complex in Yokohl Valley about 25 km north-
east of Porterville, CA. The collection was made by Jason
Saleeby and the fusulinids were studied by me. The fusu-
linids I identified as Yabeina? I question the identification
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because in the very limited material I had I was unable to
get well-oriented sections.”).
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There is a basic difference in the Baumgartner (1987) vs
Pessagno (many references) view of just what controlled
Mesozoic radiolarian distributions, with Pessagno opting
for latitudinally correlated biogeographic differences,
while Baumgartner preferred to interpret their distribution
patterns as due to oceanographic factors. I opt for Pes-
sagno’s view owing to the good fit between the data deri-
ved from western North America, far north to south, that
agrees so well with the biogeographic model, plus the Kies-
sling & Scasso (1996) information from the Antarctic
Peninsula. Baumgartner’s view appears to have been influ-
enced by the largely Tethyan nature of the bulk of his ma-
terials, i.e., not nearly as much north-south latitudinally
correlated information.

Kamchatka, and the Koryak Mountains. – Vishnevskaya
(1994) described some Permian radiolarians from the Ko-
ryak Highlands.

Vishnevskaya (1992) described Jurassic and Creta-
ceous radiolarians from the Koryak Upland. Vishnevskaya
& Filatova (1994) discussed Tethyan Jurassic radiolarians
from some Koryak Mountains localities. Sey & Kalaheva
(1983) described Late Jurassic Tethyan ammonites in units
of the Koryak area and other high northern latitude locali-
ties. Vishnevskaya et al. (1991) described Jurassic Tethyan
radiolarians from the Koryak area.

Khabarovsk area. – Zyabrev & Matsuoka (1999) summa-
rized information from the Khabarovsk complex of Far
Eastern Russia, making it clear that Late Jurassic bedded
radiolarian cherts and siliciclastic units indicate a continental
approach of an oceanic unit; no ophiolites are associated,
presumably owing to structural dismemberment of an oce-
anic unit. Suzuki et al. (2005) described Permian radiolaria
from the Khabarovsk area. Kojima et al. (1991) discussed
and illustrated some Triassic and Jurassic radiolarians from
the Khabarovsk area.

Sikhote-Alin area. – Kojima et al. (2000) summarized the re-
lations of the southern Sikhote-Alin area to a similar Japanese
unit. Kojima (1989) provided additional data for the
Sikhote-Alin, Nadanhada and Japanese areas, while pointing
out the similarity of the Mino and Nadanhada radiolarians.

Kemkin & Khanchuk (1994) discussed and described
some Jurassic radiolarians from southern Sikhote-Alin.

Nadanhada area, Northeastern China. – Mizutani et al.
(1986) described rock types and illustrated some Triassic

and Jurassic radiolaria from the Nadanhada area of North-
eastern China. Kojima & Mizutani (1987) added additional
information, which Kojima (1989) for the Jurassic inter-
preted as Southern Boreal Province in the Jurassic, with the
Japanese Mino area being Tethyan. Zhang (1990) descri-
bed Late Triassic to Middle Jurassic radiolaria from the
Nadanhada Range. Yang & Mizutani (1991) stressed the
overall similarity of the Triassic and Jurassic in the Mino
and Nadanhada areas and suggested that they were for-
merly parts of the same unit. Yeh & Yang (2006) described
Late Triassic and Early Jurassic radiolaria from the Nadan-
hada area, which seem similar to those from the Queen
Charlottes and the Mino area; this similarity would imply a
Tethyan biogeographic assignment. Mizutani et al. (1990)
summarized the data on the presence of Triassic and Juras-
sic radiolaria in the Nadanhada area.

Honshu, Japan. – Wakita et al. (2001) discussed the cha-
racteristics of the Mino and Hida areas on Honshu in some
detail. Yao (1983) reviewed Permian through Cretaceous
radiolarian occurrences from Honshu. Yao et al. (1980)
and Yao (1982) described Triassic and Jurassic radiolaria
from the Inuyama area, Mino Belt, central Japan. Isozaki &
Matsuda (1985) described Early Jurassic radiolarians from
Kamiso in the Mino Belt, with references to many varied
ancillary papers on Triassic and Jurassic Mino area radiola-
rians. Hori (1990) dealt with Lower Jurassic radiolarians
from southwestern Japan. Mizutani & Kido (1983) described
some Middle Jurassic radiolarian from the Mino area.
Kishida & Hisada (1985) described Late Triassic to Early
Jurassic radiolarians from the Kanto Mountains central Ja-
panese Mino area, with a Tethyan Province implication.

Ryukyu Islands. – Ujie & Oba (1991) discussed the Ryukyu
Island locations and illustrated Permo-Jurassic radiolarians.

North Palawan Block. – The North Palawan Block [Isozaki
et al. 1988; Faure & Ishida 1990; Tumanda 1991; Cheng
1989 (Permian and Triassic), 1992 (Tethyan Tithonian);
Kiessling & Flügel 2000; Zamoras & Matsuoka 2000,
2001] is a very complex set of Late Pennsylvanian (Moscov-
ian) through later Jurassic bedded radiolarian chert “units”
mixed with varied shallow water limestones yielding Tet-
hyan fusulinid Permian faunas. The bedded radiolarian
cherts are most easily interpreted as oceanic strata, whereas
the shallow water, shelly limestones are interpreted as oce-
anic island remnants; none of these structurally complex
items is related to ophiolites, with subsequent structural
processes assumed to have been responsible for the ab-
sence. Cheng (1992) concluded that the Jurassic radiolari-
ans are Tethyan types.

Indonesia. – Scattered occurrences of Jurassic and Creta-
ceous mélange yielding bedded radiolarian cherts, as well
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as limestones, basalt and ophiolitic rock types occur in the
Lok Ula Complex on Java, the Meratus Complex on Kali-
mantan and the Bantimala Complex on Sulawesi (Wakita
2000; Wakita et al. 1998, 1994). Pessagno & Hull (2002)
described Northern Austral Province Oxfordian radiolari-
ans from the Sula Islands, close to eastern Sulawesi. Tan
(1978) discussed Lower Cretaceous radiolarian cherts
from the Lupar Valley of West Sarawak, while Leong
(1975) discussed a chert-spilite association from the Lower
Cretaceous of Sabah. McCarthy et al. (2001) described
Middle Jurassic radiolarian cherts from western Sumatra.

The “original” positions of these Indonesian oceanic
type units is still uncertain as to whether they represent
Panthalassic oceanic remnants or alternatively had origins
from an oceanic area south of present day Indonesia.

New Zealand. – Spörli et al. (2007a; see also Spörli & Aita
1988, Spörli et al. 2007b) described the Middle Permian to
Middle Triassic radiolarian cherts from northernmost
North Island, New Zealand, featuring warm water Permian
and cool water younger fauna (Aita & Spörli 2007, fig. 2,
refer to the Permian and earlier Triassic faunas as Tet-
hyan). Adachi et al. (1986) discussed Permian radiolarian
cherts from North Island, New Zealand. Spörli et al. (1989)
discussed some Tethyan and non-Tethyan, Southern Hemi-
sphere radiolarian faunas from the Waipapa area, North Is-
land, New Zealand. Aita & Grant-Mackie (1992) described
Late Jurassic radiolaria from the Murihiku area, North Is-
land suggesting that that they represent Southern Hemi-

sphere equivalents of the Northern Tethyan and Southern
Boreal Provinces, i.e., a relatively warm water fauna, as
contrasted with the colder water Arrow Rocks Waipapa
area faunas.

Westernmost North America. – Damborenea & Manceñido
(1979) noted the Lower Jurassic occurrence of the warm
water, low latitude, western Americas, North and South,
Early Jurassic bivalve genus Weyla in the Kuskokwim,
Wrangellia, the northern Yukon (Laberge Group), and the
Tyaughton Group, plus Nilkitwa, Telkwa, Ntlakapamax
formations and the Ladner Group, as well as on Vancouver
Island, the Queen Charlotte Islands, the Blue Mountains of
eastern Oregon, the Taylorsville District of California,
Hardgrave and Lilac formations, and the Potem Formation
of Shasta County.

Blodgett (2009) described the presence of Weyla in the
Lower Jurassic of the Cook Inlet Basin part of the Alaskan
Peninsular area. Aberhan (1999; see also Aberhan & Mus-
ter 1997, and Aberhan 1998, for additional Early Jurassic
bivalve evidence) made it clear that Early Jurassic
pectinoid evidence, including Weyla, indicates, that both
Wrangellia and Stikinia underwent major northerly move-
ment from original tropical-subtropical positions to their
present far northerly positions, with evidence from as far
north as parts of Alaska to the north of the latitude of the
present northern Yukon; he also summarized earlier Juras-
sic ammonite evidence from the same areas that arrived at
similar latitudinal conclusions.

��

��������� Lower Cretaceous (Barremian–Aptian) paths taken by tropical-subtropical Permian strata containing
Permian fossils from their original positions at Panthalassic spreading centers to their final Lower Cretaceous terrane
locations (map modified from Boucot et al. 2013).
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The occurrence of Famennian, later Late Devonian age
strata above the ophiolitic rocks of the Chulitna area (Jones
et al. 1980) in south-central Alaska, the northernmost oc-
currence of the Wrangellia area, raises the possibility that
this Tethyan sourced area began to accumulate in the tropi-
cal-subtropical areas of Panthalassa during the later Late
Devonian before being transported to accrete with western
North America by the Late Jurassic to Early Cretaceous.

Scholz et al. (2008) made it clear that the Early Jurassic
bivalves from Sonora, NW Mexico are similar to those of
northern Chile, another lower latitude warm water fauna
that also has similarities to the Wrangellia and Stikinia fau-
nas.

Central Oregon, Central California, Queen Charlotte
Islands. – Pessagno & Blome (1986) discussed and descri-
bed the Mesozoic rocks and fossils of the central and east-
ern Oregon Blue Mountain Province, emphasizing the tro-
pical presence of Weyla in the Lower Jurassic and of a
change near the Bajocian-Callovian boundary from earlier
Tethyan radiolarian faunas to Boreal type faunas. Pessagno
& Whalen (1982) dealt with some of the Lower and Middle
Jurassic radiolaria from east-central Oregon, the Great
Valley in California and the Queen Charlotte Islands with
Tethyan types indicated for the Lower Jurassic. Carter et
al. (1988) described the Tethyan Lower and Middle Juras-
sic radiolaria of the Queen Charlotte Islands, associated
with Tethyan ammonites and foraminifera, and suggested
affinity with Wrangellia.

Cache Creek area, British Columbia. – Cordey et al.
(1987) reviewed the significance of the Jurassic radiolari-
ans from the Cache Creek area of British Columbia, while
indicating that a Serpukhovian to Pliensbachian age is in-
volved overall for the Cache Creek in this area. Cordey
(1986) listed Early Permian to Late Triassic radiolaria from
the southern part of the Cache Creek Complex in Southern
British Columbia and Middle Triassic to Early Jurassic
from the nearby Bridge Creek Complex. Cordey et al.
(1991) reviewed biostratigraphic data from the Cache
Creek area in the southern Yukon. and mentioned Pliens-
bachian-Toarcian radiolarians Cordey (1998) described ra-
diolarians from the Cache Creek, Bridge River and Hoza-
meen areas.

Caribbean area. – Montgomery & Pessagno (1994) dis-
cussed the varied Tethyan bedded red radiolarian chert
fragments of eastern Pacific oceanic origin embedded in
the Caribbean area, including La Désirade, Puerto Rico and
Hispaniola. They considered the La Désirade red cherts to
belong to the North Tethyan Province. Montgomery et al.
(1992) considered that the La Désirade Tithonian belongs
to the North Tethyan to South Boreal Provinces, i.e., a
boundary unit, and considered that the Puerto Rico Jurassic

also belongs to the North Tethyan to South Boreal Provin-
ces, i.e., another boundary unit. Montgomery & Pessagno
(1994) concluded that the Hispaniolian Jurassic belongs to
the Central Tethyan, and the Puerto Rican Bermejo Juras-
sic to the Central Tethyan Province.

Eastern Mexico. – Pessagno et al. (1987) assigned the Late
Jurassic radiolaria from eastern Mexico to the Northern
Tethyan Province. Pessagno & Martin (2003) summarized
the evidence for deriving the Mexican San Pedro del Gallo
area from the Southern Boreal Province during the Bathon-
ian and then moving it to the Northern Tethyan Province
by the Kimmeridgian and Tithonian and to the Central Te-
thyan Province by the Early Cretaceous.

Although not involving the movements of oceanic strata
to become areas attached to platforms at varied latitudes,
Pessagno et al.’s (1999) treatment of northwest to southeast
movement of Jurassic rocks from mid-latitude North Amer-
ica to central Mexico and western Cuba is a model for
the use of biogeographic information, radiolarians in this
case, to explain developing palaeogeographies. They made
a strong case that Southern Boreal Province radiolarians
(40° N) bearing strata of Oxfordian (Late Jurassic) age were
faulted to the southeast so that by the Tithonian (latest Juras-
sic) and Berriasian (Early Cretaceous) they were located in
Northern Tethyan Province latitudes (22–29° N), with an-
other part of the unit eventually being faulted easterly to end
up in western Cuba. They also included palaeoecologic in-
formation indicating a distinct deepening through time from
shelf to bathyal or abyssal depths. The starting position of
these strata was probably somewhere in east-central Califor-
nia to the west of shallow neritic Late Jurassic strata such as
the Sunrise Formation of west-central Nevada (Muller &
Ferguson 1939) and east of the bathyal, turbiditic strata of
the Mariposa Slate (Imlay 1952).

California Coast Range. – Pessagno et al. (1986) conside-
red the Jurassic radiolaria to belong to the Southern Boreal
Province.

Baja California. – Pessagno et al. (1979) and Whalen &
Carter (2002) dealt with radiolaria from the Late Triassic of
the San Hipólito Formation, Baja California, while Whalen
& Pessagno (1984) dealt with the Tethyan radiolaria of this
formation.

Costa Rico. – Gursky& Schmidt-Effing (1983) discussed
Late Jurassic-Early Cretaceous, with radiolarian chert,
from the Costa Rican Nicoya Ophiolite Complex.

Antarctic Peninsula. – Kiessling (1999; see also Kiessling
& Scasso 1996) described Late Jurassic radiolarians from
the Antarctic Peninsula, and concluded that they represent
a Southern Hemisphere Austral Province that is equivalent
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to the Northern Hemisphere Northern Tethys and Southern
Boreal Provinces.

���������

Figure 1 (Base map after Boucot et al. 2013, Map 21) pro-
vides a visual synthesis of the possible location(s) in “Cen-
tral Panthalassa’s” tropical-subtropical zone of the accre-
ted Permian occurrences now present in the Northern
Hemisphere of Eastern Asia and western North America as
well as their Southern Hemisphere presence in the accreted
Permian of New Zealand. These possibilities were previ-
ously considered in large part by Yancey (1976) on a mo-
dern base map, and by Ross (1995) on a “mobilist” base
map (Ross’s reconstruction did not recognize that the Ale-
xander area was derived from far northern rather than
tropical-subtropical latitudes [Blodgett et al. 2010], nor did
it indicate the potential locations of the East Asian Koryak,
Nadanhada or Palawan accreted Tethyan areas among
others).

The present map reconstruction takes advantage of the
available climatic data that provides a latitudinal constraint
for the tropical-subtropical zone if one accepts the assump-
tion that the continental data can be extrapolated across the
broad Panthalassan Ocean. Keep in mind that whether or
not more than one mid-Panthalassan spreading center was
present during the Permian is unknown or just where varied
Tethyan oceanic islands might have been situated is also
unknown.
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