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to lower Norian (Welleri-Kerri) zones.
Berg (1973) placed the Halobia beds in the calcar-

eous member of the Nehenta Formation. He concluded
that the rocks of the calcareous member range from
early to late Norian in age. This conclusion was based
on the occurrence of Halobia in the lower part of the
member, and of Heterastridium in the upper part.
Heterastridium is a cosmopolitan hydrozoan of ques-
tionable affinities which had a pelagic or planktonic
mode of life (Gerth, 1915; Fliigel, 1960). Silberling and
Tozer (1968, p. 31) and Campbell (1974) reported this
genus to be restricted to the Norian, ranging into the
Upper Norian Suessi Zone.

During field work, the corals were observed in asso-
ciation with the Halobia beds. Heterastridium is absent
from strata containing the corals. On the basis of these
findings, I place the coral occurrences on Gravina in the
lower Norian Kerni Zone. The corals of Gravina Island
are thus roughly contemporaneous with many of the
other coral occurrences. The early Norian age assign-
ment is compatible with the occurrence of the brachio-
pod Zugmayerella cf. Z. osmana.

ILIAMNA LAKE, ALASKA

Setting and stratigraphy.—The first mention of a
lower Norian coral reef zone at Iliamna Lake was made
by Smith (1912), who discussed a coral horizon near
Cook Inlet. The coral species listed by Smith were
identical to those known from California and Oregon,
and their discovery at 60 degrees latitude made them
the northernmost Triassic coral fauna known.

Corals from this locality occur in dark limestone on
the north shore of the lake. Martin and Katz (1912)
discussed the geology of the region and concluded that
these abundant corals probably represented a reef. The
coral-bearing limestone is massive and fine grained and
contains much bituminous matter. Martin and Katz
assigned the limestone to the Upper Triassic, mainly on
the basis of the corals, but also noted the occurrence of
Upper Triassic bivalves and brachiopods.

Unfortunately, the stratigraphic relationships at the
Lake Iliamna locality are obscure. The rocks in contact
with and intruding the limestone are basic igneous
rocks that have not been dated but are believed to be
Jurassic. Other rocks in contact with the limestone are
Tertiary tuffs and volcanics. Limestone beds of as-
sumed Triassic age occur in the immediate vicinity in
contact with volcanic rocks but contain no fossils. Lime-
stone at the Lake Iliamna locality may be correlated
with the Upper Triassic Chitistone or Nizina Limestone
of the Copper River Basin and Chitina Valley (Martin
and Katz, 1912; Martin, 1926). These rocks are known
to range from Karnian through Norian ages. Due to
igneous intrusions and stratigraphic and structural corn-

plications, the coral-bearing limestone at Lake lliamna
is isolated, and no formal stratigraphic name has yet
been proposed for it. While this manuscript was in
preparation, I learned that Robert Detterman and Bruce
Reed of the U. S. Geological Survey are engaged in a
geologic study of the Iliamna Quadrangle. According
to Detterman (pers. commun., July, 1977), they place
the coral locality in the upper part of the Kamishak
Chert, a local Upper Triassic unit consisting of 610 m
or more of dark-banded radiolarian chert with intrusive
volcanics and interbedded dark shale, sandstone, and
limestone (Martin and Katz, 1912). The only fossils at
the type locality at Kamishak Bay are Monotis sub-
circularis, a deepwater or pseudoplanktonic bivalve.

During the summer of 1976 I investigated the coral-
bearing limestone along the north shore of Lake Iliamna.
To the east and west along the shore of the lake, the
limestone is in contact with and intruded by basic
volcanic rocks, and to the south it appears to have an
unconformable contact with Tertiary tuffaceous and vol-
canic breccias. Due to a dense cover of tundra vege-
tation, the limestone does not crop out extensively away
from the lake shore. Corals and spongiomorphs are
abundant in certain horizons in the dark limestone, but
few biotic framework structures are present. Structural
complexities and igneous intrusions make estimates of
thickness of the limestone difficult. At least 50 m of
dark-gray to black, fine-grained limestone may be pres-
ent. A description of part of these rocks is given in
Appendix F.

Litho facie's.—Thin sections of limestone from the
Lake Iliamna locality reveal sparsely fossiliferous, partly
recrystallized wackestone, skeletal wackestone, pack-
stone, and bindstone facies. All samples analyzed re-
vealed fine-grained (micritic) matrices with large
amounts of very fine carbonaceous material, which gives
the limestone its dark color (Fig. 9E). The grains are
composed mostly of spongiomorphs with some coral
skeletons. Corals frequently incrust large spongiomorph
grains.

The spongiomorph bindstone facies occurs through-
out the section. It is characterized by successive, closely
spaced incrustations (0.5 to 2.0 cm thick) of Spongio-
morpha ramosa, which effectively trap fine-grained car-
bonate (micrite) and molluskan shell debris (Fig. 9B, C;
Pl. 6, fig. 4). Occasional large borings occur in the
sporgiomorph skeletons, but there is no evidence of
extensive bioerosion.

The packstone facies consists of spongiomorph, mol-
luskan, and coral grains in a micrite matrix. Skeletal
grains are poorly sorted and many are broken. Large,
thin bivalve shells and spicular (?sponge) material are
usually present. Fragments of Solenopora and Gymno-
codium are occasionally present but not significant in
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abundance. Both whole and broken corals are present.
Less common constituents include rare foraminifers and
crinoid and echinoid plates and spines. Completely in-
tact, spherical or ellipsoidal Heterastridium (1 to 3 cm
diameter) are common (Pl. 6, fig. 8, 9).

The wackestone facies alternates with the packstone
and bindstone facies. It consists of occasional small,
thin-shelled bivalves and abundant spicular ( ?sponge)
material. Whole specimens of Heterastridium are pres-
ent in this facies as well as the packstone facies. Corals
are not as common in the wackestone facies (Pl. 10,
Fig. 5).

Some of the limestone, particularly that in contact
with volcanic intrusions, is highly altered and recrystal-
lized, by both volcanism and metamorphism and it
contains abundant stringers and veins of calcite. This
type of lithology is prevalent at the top of the measured
section, and little information concerning original tex-
tures and composition can be derived from these lime-
stones.

Fossils.-A variety of spongiomorphs and corals is
present (Table 9). Percentage data for the abundance
of the major groups in the bindstone and packstone
facies is given in Table 10. Spongiomorphs clearly dom-
inate the fauna in both facies. A few foraminifers were
identified from thin sections, and rare unidentified
chambered calcisponges 1 to 2 cm long were observed
at the outcrop.

Five species of Hydrozoa are present (Table 9).
Heterastridium con globatum is quite common through-
out the sequence. This hydrozoan is a strictly Norian
form in North America and has been reported from
McKinley National Park by Smith (1927). It may be
present at Gravina Island (Berg, 1973), and Silberling
and Tozer (1968) reported occurrences in Nevada,
Canada, and Alaska. H. con globatum is also known
from New Zealand, southern Europe, and Asia (Camp-
bell, 1974). In many of these occurrences Heterastridium
occurs in strata containing a pelagic or planktonic fauna
of nautiloids, ammonites, and halobiid bivalves. Lake
Iliamna is the only locality where this hydrozoan was
found to occur in association with corals.

Spongiomorpha ramosa is a branching, incrusting, or
knoblike spongiomorph which is abundant at Lake
Iliamna (Pl. 4, fig. 11). This species occurs frequently
in situ with parallel branches 5 to 15 cm long (Fig.
9E). The abundant form S. gibbosa occurs as cylindri-
cal stacks or as botryoidal masses up to 10 cm thick.
S. acyclica (PI. 6, fig. 7) is less common, with smaller
mushroom-shaped colonies 5 cm thick. A few speci-
mens (PI. 5, fig. 7) resemble Spongiomorpha sp. A
Fliigel and Sy (1959, Pl. 3, fig. 3). Many spongio-
morphs are incrusted by corals. Spongiomorphs range
in abundance from 40 to 73% (Table 10) and dominate

TABLE 9.-Fossils from the Lake lliamna Locality,
Alaska.

FORAMINIFERA

Nodosaria sp.
endothyrids

PORIFERA

indet. calcisponges
COELENTERATA

Hydrozoa
Heterastridium con globatum Reuss
Spongiomorpha acyclica Frech
S. gibbosa Frech
S. ram osa Frech
S. cf. S. sp. A Fliigel and Sy

Scleractinia
Actinastraea sp.
Coccophyllum cf. C. acanthophorum Frech
Elysastraea major (Frech)
E. profunda (Reuss)
E. cf. E. vancouverensis (Clapp and Shimer)
Margarastraea cf. M. grandissitna (Frech)
"Montliraltia" norica Frech
Oppelismilia cf. O. zitteli (Frech)
Thamnasteria cf. T. smithi Squires
"Thecosmilia" cf. "T." dawsoni (Clapp and Shimer)
"T." cf. "T." suttonensis (Clapp and Shimer)

BRACHIOPODA

indet. spiriferaceans
MOLLUSCA

indet. bivalves including halobiid forms
indet. coiled nautiloid cephalopod
indet. small high-spired gastropods

ECHINODERMATA

indet. crinoid columnals
indet. echinoid spines and plates

ALGAE

Gym nocodium cf. G. bellerophontis (Rothpletz)
Solenopora sp.

the biota.
Ten species of corals are present (Table 9). Most

abundant are "Montlivaltia" norica, Actinastraea sp.,
and Coccophyllum cf. C. acanthophorum. The latter
occurs as both incrusting and branching growth forms.
This species frequently incrusts spongiomorphs (Pl. 4,
fig. 7).

TABLE 10.-Percentages of the Major Biota, Lake lliamna
Locality, Alaska, Derived from Three Grid Counts in
Each Lithofacies. Grid size 25 X 25 units, each 2.5 cm 2 .

Boundstone Lithofacies Packstone Lithofacies
Fossil Group 1 2 3 1 2 3
Corals 	 41.4 11.9 13.8 30.1 18.5 16.0
Spongiomorphs 	 40.9 73.2 68.8 40.5 49.5 50.1
Heterastridium 4.5 1.0 9.8 0.6
Brachiopods 	 3.1 6.4 8.6 4.3 3.0
Gastropods 	 3.0 3.0 4.0 1.6
Bivalves 	 9.0 5.4 6.0 10.0 20.1 22.7
Echinoderms 	 2.6 1.0 5.0 6.0
Algae    2.0 _ 2.7
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Four incrusting species of Elysastraea are present.
E. pro funda is the most common and assumes an in-
crusting growth form (Pl. 10, fig. 4). Much rarer is E.
major, distinguished by unusually large corallites. While
the spongiomorphs are abundant and build unusually
large branching and massive skeletons, the corals are
less abundant and are generally characterized by small,
thin colonies. Cuplike, solitary "Montlivaltia" norica
appears to be one of the most abundant corals. "The-
cosmilia" cf. "T" suttonensis is present but is neither
abundant nor does it form the framework structures so
typical of other localities. Another distinguishing fea-
ture of the Iliamna locality coral associations is the
frequent incrustations of spongiomorphs by corals such
as Coccophyllum. This is the reverse of relationships
observed at most other localities. These relationships
suggest that at Lake lliamna the spongiomorphs were
assuming biologic roles usually held by the corals. This
recalls the Black Marble Quarry locality in Oregon,
where spongiomorphs are also abundant.

Palaestraea descussata was illustrated from Lake
Iliamna by Smith (1927, PI. 121), but after examining
Smith's specimens, I found them too recrystallized for
positive identi fication. Other fossil elements include
spiriferid brachiopods and abundant unidentified bi-
valves, mostly small, thin-shelled forms (Pl. 10, fig. 6).
Small gastropods are present but are not common. A
single unidentified, small coiled nautiloid was observed
in one thin section, but no other cephalopods were ob-
served or collected. Occasional echinoid and crinoid
plates are present, but none could be identified.

Two forms of calcareous algae, Solenopora and
Gym nocodium, are present but not very common. The
former occurs as small nodular masses a few centimers
in diameter, while the latter is branching (Pl. 10, figs.
6, 7). Both are red algae, and occur both as whole and
broken thalla. The other red algae resembles G. bellero-
phontis, illustrated by Johnson (1961, Pl. 20). According
to Johnson, this genus was known only from the Per-
mian. The present finding appears to extend its range
into the Triassic. Both species of algae are rare at Lake
Iliamna.

Discussion.—The spongiomorph-coral limestone at
Lake Iliamna is significant because it is one of the
northernmost Triassic coral localities known. True reef-
oid or framework structures are absent, although in-
crusting spongiomorphs do form thin bindstone tex-
tures at certain intervals. The fauna contains corals
and spongiomorphs known from localities as far south
as California. The coral and spongiomorph fauna closely
resembles that of Vancouver Island and Idaho. Hetera-
stridium, common at the Iliamna locality (Pl. 6, figs. 8,
9) is absent from any of the other coral localities of
North America. Heterastridium appears to have been

a pelagic hydrozoan and in life may not have been part
of the benthonic biota. Pseudoplanktonic halobiid bi-
valves are also present.

Since true framework structure is absent, the lime-
stone does not appear to be a reef but, judging from the
diversity and abundance of the benthonic biota, was
probably an organic bank. The presence of bituminous
material in the dark limestone could be indicative of
original euxinic conditions in the sediment.

Various aspects of the carbonates and the sparsity of
the algae suggest that the deposit accumulated in water
much deeper than the normal reef environment and per-
haps near the maximum depth of the algae. All the
carbonates are fine grained and there are no grainstone
facies, oolites, or algal-coated grains such as described
from other coral localities. This indicates deposition in
quiet water well below wave base. The complete and
generally unabraded condition of most fossils and the
presence of halobiid bivalves and Heterastridium are
compatible with the assumption of deposition in deeper
water.

The occurrence of algae appears at first to contradict
a deepwater hypothesis. However both species are red
algae (Rhodophyta), and among the various algal
groups, these have the greatest tolerance for cold
and deep water (Johnson, 1961; Ginsburg, Rezak, &
Wray, 1972; Heckel, 1974). Today, red algae occur
widely in temperate and polar regions of the ocean. Off
the coast of Norway red algae are known at depths of
200 m (Johnson, 1961). None of the warm, shallow-
water forms, such qs dasycladaceans or codiaceans, are
present.

Age.—The age of the dark limestone at Iliamna has
never been well established. Martin and Katz (1912)
suggested that the corals were part of Smith's (1912)
early Norian interregional coral zone, but subsequent
work has shown that these coral zones actually differ
widely in age.

According to N. J. Silberling (pers. commun., March,
1977), Monotis subcircularis has been discovered in non-
coralline rocks at Contact Point in Cook Inlet, 48 km
southeast of the Iliamna Lake locality. M. subcircularis
is diagnostic of the upper Norian and may be the same
as poorly preserved halobiid forms observed in this study
and also reported by Martin and Katz (1912, p. 45).

The most age-diagnostic fossil in the coral sequence
is Heterastridium, which is characteristic of the Late
Norian Suessi Zone, according to N. J. Silberling (pers.
commun., March, 1977). I therefore place the coral-
bearing rocks of Iliamna Lake in the Suessi Zone. This
assignment is supported by the similarity of many of
the coral species with those from the Vancouver Island
and Idaho localities, both of which have been assigned
to the Suessi Zone.
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REEVALUATION OF TRIASSIC BUILDUPS IN NORTH AMERICA

Reevaluation of the Triassic coral buildups of North
America has resulted in a much better understanding of
the actual nature of these structures. It has produced
some significant findings as well as some major prob-
lems. These problems include 1) age and stratigraphic
distribution of the buildups, 2) paleoecology of the
corals and depositional environment in terms of water
depth, 3) paleobiogeography and distribution of the
coelenterates. The following chapters address these
problems in terms of field and research findings, com-
paring the Triassic buildups of North America with
both modern reef structures and Triassic examples in the
Alps.

AGE AND STRATIGRAPHIC DISTRIBUTION

During the Triassic, scleractinian corals and hydro-
zoans were widespread from California to Alaska, but
Smith's (1912, 1927) idea that all of the coral occurrences
constitute one great interregional reef zone of early
Norian age is disproven, because they are now known
to range from late Ladinian to late Norian. Figure 10

shows the time-stratigraphic distributions, correlations,
and ages of the coral buildups at each locality in North
America. The recognition of European Triassic stages
in North America was discussed by Silberling and Tozer
(1968). The North American biostratigraphic zones used
in Figure 10 were defined by Tozer (1967) and Silber-
ling and Tozer (1968). Most are based on the ranges
of certain ammonoids and halobiid bivalves. The cri-
teria used in placing each of the coral occurrences at a
particular level are given at the end of the locality de-
scription. The placement and correlation of the forma-
tibnal units in Figure 10 is based on assessment of
diagnostic fossil taxa, a review of the relevant literature
for each area under discussion, and consultation with
U.S. Geological Survey workers, especially N. J. Silber-
ling.

It must be emphasized, however, that some correla-
tions of formational units are uncertain. Similarly, pre-
cise positioning of some of the coral horizons within a
particular formation may also be approximate. Figure 10
is oriented to time-stratigraphy, and vertical dimensions
do not reflect actual thicknesses of units. As discussed
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in the descriptive chapters, some of the boundaries of
rock units are uncertain, and these are indicated by
question marks.

The oldest coral occurrences, those at New Pass, are
Middle Triassic (late Ladinian) (Fig. 10). No other
Middle Triassic coral occurrences are present in the
study area. Four of the other localities, the one at Mina,
Nevada, and those in California, Oregon, and Alaska,
are early Norian in age. The locality at Mina, although
early Norian, may be slightly younger than the others;
Silberling (pers. commun., March, 1977) placed it
high in the lower Norian between the Kerni and Magnus
zones. Thus only four localities out of the eight investi-
gated fall into the area of Smith's early Norian "coral
reef" zone.

The limestone in the Black Marble Quarry in the
northern Wallowa Mountains of Oregon is late Karnian
(Dilleri Zone) and represents an older occurrence. Ac-
cording to Tozer (1967), other coral horizons of similar
age occur in the western Cordillera of Canada. These
occurrences, however, are not included in this study.
The remaining three localities are late Norian in age.
The age of the coral occurrences at Vancouver Island
and Iliamna Lake is fairly well established and fossil
evidence from the Lewiston locality indicates that it is of
late Norian age.

From Figure 10 and the locality descriptions it can
be seen that coral development in the form of thin,
reefoid buildups was most frequent in both the early
Norian and late Norian. Generally, coral buildups of
early Norian age characterize the southern part of west-
ern North America, whereas late Norian buildups char-
acterize the north (Fig. 10). In addition, late Karnian
occurrences are known in Oregon, and others have been
reported from British Columbia and the Yukon Terri-
tory (Tozer, 1970).

Muller (1936a) denied Smith's concept of a single
lower Norian coral reef zone, and showed that many
coral faunas of differing ages contain the same species.
He concluded that Triassic corals were of no value in
biostratigraphy. The list of North American Triassic
coelenterates (Table 11), however, shows that whereas
some species are almost ubiquitous, others, especially
corals, are restricted to certain localities. The similarities
are brought out in a more graphic manner by comparing
the species composition of various localities using the
index of similarity (Odom, 1971) (Table 12). This
index is defined as: S = 2C/(A B), where A =
number of species in one sample, B number of species
in a second sample, and C = number of species the two
samples have in common. It has a range of 0 to 1, with
1 indicating identical faunas and 0 representing no
similarity at all.

The index of similarity is quite revealing when
applied to the species distribution data in Table 11.
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Comparisons between Oregon and Gravina and between
Gravina and Shasta show the highest similarity values
(0.83 and 0.80), as shown in Table 12. Table 12 shows
that based on coelenterate similarity values, localities at
Mina, Nevada; Shasta, California; Wallowas, Oregon;
and Gravina Island are all similar (0.54 to 0.83) but
different from other localities. Lewiston, Idaho, Van-
couver • Island, and Iliamna Lake are also grouped on
the basis of their similarity (0.55 to 0.83) but appear
distinct from other localities. This suggests that it is
possible to distinguish early Norian from late Norian
coelenterate faunas. Also, as would be expected, the
Ladinian locality at New Pass shows the least similarity
with the Norian localities. Simple cluster analysis of the
similarity data clearly shows the distinction of the early
and late Norian and Ladinian coelenterate faunas (Fig.
11), demonstrating that the coelenterates, especially the
corals, have some biostratigraphic value. Late and early
Norian assemblages are clearly distinguishable. Char-
acteristic species of the late Norian are Coccophyllum
acanthophorum, "Thecosmilia" suttonensis, "T." datv-
soni, Elysastraea vancouverensis, and Elysastraea major,
and of the early Norian: Actinastraea juvavica, A.
shastensis, "Thecosmilia" fenestrata, "T." delicatula,
Elysastraea parva, and Spongiomorpha dendriform is.
These species appear to be unique to the early and late
Norian in North America.

Karnian and Ladinian coelenterate faunas are not
well represented in this study. The Black Marble Quarry,
Oregon, and New Pass, Nevada, are the only localities
where corals representing these intervals of time have
been studied. Nevertheless, from available data, the
coelenterate faunas from these two localities appear to
be distinctly different from each other and from those
of Norian age. Examinations of abundant Karnian coral
faunas of Canada (Tozer, 1967, 1970) may add more
information and allow more meaningful comparisons.
From this study, the Ladinian is characterized by several
unidentified astrocoeniids and Cassianastraea cf. C. reussi
known from similar age sequences of Italy. The Karnian
contains the coral Margarosmilia cf. M. con fluens, which
may be distinctive (Table 11). Such common species as
Elysastraea prof unda and "Montlivaltia" norica are long
ranging and are not considered to be biostratigraphically
useful.

The present study suggests that the Triassic corals
have as yet unrealized potential in biostratigraphy. Al-
though they are not so short ranging as ammonite spe-
cies, they may nevertheless be of some biostratigraphic
value because of their frequent occurrence in strata
devoid of ammonites or other diagnostic fossils.

PALEOECOLOGY

DePositional environments.—During this study, oc-
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TABLE l L—Distribution of North American Triassic Coelenterate Species. Symbols: X, from this study; *, Black

Marble Quarry, Ore.; Sm, in Smith (1927); Sq, in Squires (1956); A, Limestone Alps: Germany, Austria, and
Italy (Frech, 1890; Laube, 1865; Fit:Tel and Sy, 1959); U, USSR (Melnikova, 1967, 1972); J, Japan (Kanmera,
1964); S, Slavic countries (Kolosvary, 1966, 1967; Roniewicz, 1974); T, Timor (Vinassa de Regny, 1915); C,

China (Wu, 1975).

Outside
New
	 North

Species
	 Mina	 Pass

	 Calif.	 Ore.	 Idaho	 Vancouver	 Gravina	 Iliamna	 America

SCLERACTINIA
Actinastraea idahoensis 	
A. juvavica 	
A. martini 	
A. ohmanni 	
A. schafhaeutli 	
A. shastensis 	
A. waltheri 	
A. sp. 1 	
A. sp. 2 	
Astraeomorpha con/usa 	
A. con/usa var. minor 	
A. cuneata 	
Cassianastraea reussi 	
Coccophyllum acanthophorum
Elysastraea austriaea 	
E. major 	
E. norica 	
E. parva 	
E. pro funda 	
E. vancouverensis 	
E. sp. A 	
Margarastraea eucystis 	
M. grandissima 	
M. norica 	
Margarosmilia con fluens 	
"Montlivaltia" marmorea 	
"M." ?martini 	
"M." norica 	
opelismilia zitteli 	
Palaeastraea borealis 	
P. descussata 	
Pinacophyllum paralletum 	
P. parviseptum 	
Stylina norica 	
Stylo phyllum paradoxum 	
Thamnasteria borealis 	
T. norica 	
T. rectilamellosa 	
T. smithi 	
"Thecosmilia" daulsoni 	
"T." delicatula 	
"T." fenestrata 	
"T." norica 	
"T." suttonensis 	

HYDROZOA
Heptastylis aquilae 	
H. oregonensis 	
H. stromatoporoides 	
Heterastridium conglobatum
Spongiomorpha acyclica 	
S. californica 	
S. dendriformis 	
S. gibbosa 	
S. minor 	
S. ram osa 	
S. tenais 	
S. sp. A. Fliigel 	
?Tubulitrypa maculata 	
?Zlambachella alpina 	
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TABLE 12.-Comparison of Coelenterate Faunas in the Triassic of Western North America. Numbers are derived
from the Index of Similarity (Odum, 1971) and based on the species listed in Table 11.

Mina New Pass Shasta
Wallowa

Mts. Lewiston
Vancouver

Island
Gravina
Island

Iliamna
Lake

Mina 	
New Pass 	
Shasta 	
Wallowa Mts. 	
Lewiston 	
Vancouver Island 	
Gravina	 Island 	
Iliamna Lake 	

1.00 0.12
1.00

0.58
0.09
1.00

0.59
0.12
0.54
1.00

0.14
0.00
0.18
0.14
1.00

0.20
0.00
0.21
0.17
0.79
1.00

0.61
0.08
0.80
0.83
0.17
0.19
1.00

0.18
0.00
0.31
0.15
0.56
0.55
0.34
1.00

currences of Triassic corals that have been consistently
referred to in the literature as "coral reefs" have been
found to be only thin, laterally restricted buildups or
coral-colonized banks (i.e., flat-topped elevations on the
sea floor). Almost all are not true coral reef structures.
Few of the coral buildups show the types of biologic
zonation typical of modern shallow-water reefs and
most of the Triassic coelenterate colonies are much
smaller than those of modern reef-building species. Field
investigations and petrographic analysis reveal that most
of the coral buildups developed in relatively quiet-water
settings, some of which may have been deeper than is
usual for reef systems.

Early	 Norian

P	 S	 W	 G

Late	 Norian
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Pm. 11. Dendrogram cluster analysis of the coelenterate similarity
data in Table 14 constructed on the basis of weighted pair groups
with arithmetic averages. Letters refer to localities as follows:

P, Pilot Mountains, Nevada; S, Lake Shasta, California; W, Wal-
lowa Mountains, Oregon; G, Gravina Island, Alaska ; L, Lewiston,
Idaho; V, Vancouver Island, B. C.; I, Iliamna Lake, Alaska; N,
New Pass, Nevada. Scale at left is index of similarity (Odum,
1971). Numbers give level of similarity for each cluster group.
This shows the clustering of coral assemblages of similar ages and

their distinction from others.

The Triassic buildups appear to have formed under
diverse settings. Most never achieved the continuous

regional distribution envisioned by Smith (1927) but
instead were linked with the local tectonic-depositional
regimes operating in each area.

The only buildup that provides much evidence for
a large reef structure is in the Martin Bridge Formation
of the northern Wallowa Mountains, Oregon (Nolf,
1966). Unfortunately, this thick, massive limestone se-
quence is completely recrystallized and yields no pa-
leontologic information. However, it is a large limestone
mass that thickens and thins and has abrupt facies
changes with other rock types. Such relationships are
characteristic of stratigraphie reefs (Fig. 3). Possible
correlative limestones at Lake Shasta, California, contain
a coral fauna associated with better preserved shallow-
water carbonates; however, the corals do not appear to
produce a framework structure in the limestone. Older
(Ladinian) corals at New Pass, Nevada, occur in similar
types of limestones that also clearly indicate shallow-
water deposition.

Some limestone of the Luning Formation in the Pilot
Mountains of Nevada contains textural features indicative
of shallow-water deposition (i.e., oolites, algae-coated
grains), but the thin, biostromal coral limestone units
in the lower part of the Luning have features indicative
of deposition in quieter environments at depths greater
than that normally associated with reefs. They lack
algae as well as other textures that indicate shallow-
water deposition, and they occur between shale intervals
that are devoid of benthonic fossils. These coral faunas
occur in thin, patchy buildups and are closely associated
with beds containing abundant large oyster and pteriinid
bivalves. Higher in the same section, however, more
massive dolomite and oolitic limestone of shallow-water
origin do contain corals, many of which are conspecific
with those occurring in the thin buildups.

Corals occurring in thin patches of impure limestone
at Vancouver Island and Gravina Island, Alaska, as well
as corals in massive, more pure limestone in Idaho, are

all judged to have inhabited relatively shallow-water en-
vironments. However, some of these limestones, unlike
those at other localities further south, lack any indication



40 	The University of Kansas Paleontological Contributions

of warm-water deposition such as oolites. Calcareous
algae are also rare.

Rocks at Lake Iliamna, Alaska, show the most con-
vincing evidence of deposition in deep water. Dark-gray
to black limestone contains an abundant spongiomorph
fauna and a low diversity coral fauna. Criteria that sug-
gest deposition in quiet, deeper water are 1) thick se-
quence of limestone with fine-grained, micritic matrices,
which lack any textural features or primary structures
indicative of shallow-water sedimentation (i.e., oolites,
algal laminations, mudcracks, intraclastic grainstone fab-
rics); 2) poor sorting of fragments and abundance of
benthonic organisms in situ showing little or no abra-
sion, as would be expected from wave action, and little
evidence of framework destruction except by minor
bioerosion; 3) association with dark organic limestones,
possibly indicative of euxinic conditions; 4) absence or
scarcity of algae; 5) association with planktonic faunas
(e.g., halobiid bivalves, Heterastridium) that did not
inhabit the same environment; 6) apparent lateral rela-
tionships with presumably deepwater radiolarian cherts.
Although based primarily on negative evidence, all
criteria taken together strongly suggest deeper water.
Heckel (1974, p. 131) stated that the lack of algae alone
is one of the best indications of deepwater buildups.

Cold and deepwater coral banks.—The presence of
richly coralliferous carbonate accumulations in cold or
deepwater regions has been known for over half a
century but has been largely overlooked by geologists.
Teichert (1958) presented details of modern cold or

deepwater coral banks in the North Atlantic and off the
coast of Norway. His paper has became a classic refer-
ence on the subject because it alerted both stratigraphers
and paleobiologists to the fact that deepwater coral
buildups in the rock record could be easily mistaken for
warm, shallow-water reefs. The Holocene buildups
discussed by Teichert occur at high altitudes in deep
fiords of Norway and on the continental slope in the
northeast Atlantic. Some appear to occupy the tops of
submarine volcanos. These buildups occur at depths
well below 90 m (many as deep as 2,500 m) and in
water temperatures as low as 4° C. They are dominated
by an abundant fauna of both solitary and colonial
ahermatypic corals as well as hydrozoans. These coe-
lenterates, together with sponges, bryozoans, brachio-
pods, mollusks, crustaceans, polychaetes, and echino-
derms, build carbonate structures up to 62 m thick and
as much as 2.4 km long. The resulting biological and
physical environment is one not normally expected at
these depths and would be difficult to distinguish from
shallow-water patch reefs if present in rock strata.

According to Teichert (1958, p. 1073), some criteria
one might use to distinguish these buildups from their
shallow-water counterparts are lenticular shape, small

size, patchy distribution, paucity of algae, lack of wave
erosion with framework breakdown solely by bioerosion,
frequent signs of rapid exterminations and reestablish-
ment, the presence of nektonic and open water plank-
tonic faunas, and low diversity of the coral fauna with
only a few species contributing to the framework struc-
ture.

Since publication of the paper by Teichert, numerous
other living deepwater coral buildups have become
known in various parts of the world (Heckel, 1974, p.
119), including near Ireland, France, Spain, South Caro-
lina, the Bahamas, the Gulf of Mexico, New Zealand,
and Nigeria. Most recently, Neumann, Kofoed, and
Keller (1977) reported deepwater buildups that they
called lithoherms in the Straits of Florida. It appears
that living deepwater buildups are fairly common and
no doubt will become better known as exploration of
deep marine environments continues.

Corals in the deepwater buildups today are exclu-
sively ahermatypic species that lack a symbiotic relation-
ship with algae. Symbiotic algae (zooxanthellae) in the
tissue of hermatypic species have been found to be of
significant value to the coral in the removal of nitrog-
enous wastes. Presence of the algae is also known to
greatly increase calcification rates, enabling rapid colony
growth. These factors have been cited to explain the
domination of hermatypic species over ahermatypic spe-
cies in the shallow-reef environment. Thus, by virtue
of their symbiosis with algae, hermatypic corals have
built thick, extensive reef complexes. The relationship

between corals and algae does not appear to follow phy-
logenetic pathways in that it occurs almost randomly
within various scleractinian coral taxa, at the familial
and even generic or specific levels. Hermatypic corals,
due to requirements of the algal symbionts, are limited
to warm, shallow, well-lighted environments. They usu-
ally do not occur deeper than 70 m and are best devel-
oped at 10 m or less. Because the associated algae leave
no fossil record, it is not possible to recognize ancient
hermatypic corals when living species are not available
for comparison. Nevertheless, it is generally thought that
this symbiotic relationship arose early in the history of
scleractinian corals sometime during the Triassic. Ac-
cording to Wells (1956), however, the oldest aherma-
types extend back only to the Jurassic.

Despite wide knowledge of the stratigraphie distri-
bution of organic buildups, only a few ancient examples
are known (Heckel, 1974). An excellent one is a Ter-
tiary buildup described by Squires (1964). Coates and
Kauffman (1973) have also described a deepwater coral
buildup in the Cretaceous of New Mexico, which they
refer to as a coral thicket. The fact that few occurrences
are known from the fossil record is not unusual, espe-
cially in respect to new awareness of plate tectonics, sea-
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floor spreading, and subduction. If ancient examples are
preserved, the place to look for them would be in folded
mountain ranges such as the Cordilleran region of west-
ern North America, where portions of the deep-sea
sedimentary record have been brought to the surface.
Such examples appear to be present in the Triassic of
North America.

As previously discussed, evidence in the Triassic
coral buildups of this study suggests that some developed
in deep water. If so, then these examples were probably
inhabited by ahermatypic corals.

In this study, the occurrence of identical species of
scleractinian corals in both deep and shallow environ-
ments appears to be especially significant. Either these
early coral species had a very sporadic association with
algae, being both hermatypic and ahermatypic, a condi-
tion not known today, or they were mostly, if not
entirely, ahermatypic.

Although many of the Triassic coral species studied
may be regarded as massive colonial forms comparable
to living hermatypic reef-corals, some differences are
clear. Living, light-adapted hermatypic reef corals pro-
duce large branching and massive colonies with lateral
growth dimensions approaching a meter. In contrast,
the Triassic corals are usually small, with dimensions of
only a few tens of centimeters (see appendices A through
F and Plates 1 to 4). Much current research has been
devoted to illustrating how closely living hermatypic
coral growth forms are adapted to light dispersion and,
consequently, depth (Barnes, 1973; Baker and Weber,
1975; Graus, 1977). To some extent this is believed to
be reflected in living coral reef zonation. Corals in the
present study show little diversity in growth forms. Such
Triassic colonial, compound corals as Elysastraea, Ac-
tinastraea, and Thamnasteria from different deposits
indicating shallow and deepwater environments have
almost identical growth forms consisting mostly of ir-
regularly incrusting to flat, to only slightly convex,
platy shapes. Rarely if ever do any of the massive col-
onies exhibit tendencies toward the large hemispherical
growth so characteristic of modern, shallow-water light-
adapted hermatypic species. Also, the branching "The-

cosmilia" colonies are fragile, dendritic or phaceloid
types that seldom show the morphologic plasticity and
diversity of form that characterize modern hermatypic
species. In some respects the growth forms of some of
the Triassic corals resembles those of Paleozoic rugose
species.

If Triassic corals are mostly ahermatypic, one might
expect them to show close similarities in both organiza-
tion and growth form with living ahermatypes. Because
more than 200 million years of evolution separate these
early scleractinians from modern counterparts, it is diffi-
cult to make direct comparisons with species, genera, or

even families. Also, as pointed out above, the symbiotic
condition of living ahermatypes does not appear to fol-
low any obvious phylogenetic pathways. Nevertheless,
obvious differences exist when considering solitary vs.
colonial life habits. According to Wells (1956) living
ahermatypic genera may equal or exceed hermatypes
in diversity, but only one-third of all living ahermatypes
are colonial. Most are small and solitary. In contrast,
the Triassic buildups contain very few solitary corals
and colonial forms predominate. According to Teichert
(1958) and Squires (1964), however, the Holocene and
Tertiary deepwater ahermatypes that build framework
structures are exclusively colonial. Branching, dendritic
growth forms are particularly abundant.

Judging by morphologic similarity of growth forms,
some remarkable similarities exist between some living
ahermatypes and some Triassic taxa. The ubiquitous,
bifurcating "Thecosmilia" colonies (PI. 2, figs. 3, 5, 7),
abundant in presumed deepwater buildups at Iliamna,
are similar in growth form to living deepwater oculinids
as well as to deepwater Cretaceous framework species
described by Coates and Kauffman (1973).

Wells (1956) suggested that the earlier scleractinians
in the Middle Triassic were hermatypic, and that
ahermatypic forms did not appear until the Jurassic;
however, there is little objective evidence for this. In-
deed, Teichert (1958) suggested that deepwater aherma-
typic corals extend back to the Triassic. From the record
of reef-building, Middle Triassic to early Late Triassic
corals of the Alpine region were not conspicuous or
abundant elements in shallow-water reef environments.
Also, from evidence in Alpine regions, scleractinians did
not actually construct any significant reeflike structures
until the latest Triassic or early Jurassic (Wilson, 1975).
Wells (1956) pointed out that known Jurassic aherma-
types appear to show a distinct trend of slowly spreading
into colder and deeper water environments through the
Jurassic and into the Cretaceous.

If we assume, as the North American coral buildups
suggest, that an ahermatypic life style was gradually
developed toward the end of the Triassic, movement of
ahermatypes into cold and deepwater environments ac-
quires special significance. It suggests that newly emerg-
ing reef-building hermatypes that were well adapted for
warm, shallow environments were gradually competing
with the remaining hermatypes and forcing them into
regions of colder or deeper water. Thus, when we at-
tempt direct comparisons between Triassic ahermatypes,
which may have inhabited shallow-water environments
virtually without competition, and living ahermatypes,
which became acclimated to cold and deepwater environ-
ments over the course of several hundred million years,
we might expect to find major differences in coloniality
and growth strategies.
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Biologic zonation and paleoecologic relationships.—
Buildups at Mina, Black Marble Quarry, Idaho, Van-
couver Island, and Gravina Island all contain evidence
of organic framework-building by the corals and spongio-
morphs. All other localities lack any evidence of frame-
work, although most contain the same coelenterate
species.

Within some buildups that display framework struc-
ture, vertical zonation is evident in the composition and
growth forms of the coelenterates. This is most obvious
at the Mina locality in the Pilot Mountains, Nevada
(Fig. 5), but it is also present at Vancouver Island and
Gravina Island. In vertical sections, a lower zone is
dominated by abundant flat, platy colonial corals such as
Actinastraea, platy, disc-shaped Thamnasteria (Pl. 2, fig.
1), and sheetlike incrusting corals such as Elysastraea
(PI. 3, fig. 6). This zone is succeeded by another zone
characterized by clusters or thickets dominated almost
exclusively by large branching corals of the genus "The-
cosmilia" (Fig. 8A). Overlying the "Thecosmilia" zone
and culminating the buildups is another zone consisting
of molluskan beds dominated by abundant bivalves and
few coelenterates (PI. 9, fig. 6). In the Pilot Mountains
the patchlike buildups occur directly above shale se-
quences and the bases of the buildups are characterized
by a unique calcisponge fauna (Fig. 6D, E; PI. 7) that
undoubtedly stabilized the fine-grained, mud substrate
and provided a hard substrate for the coelenterates to
become established. Nowhere else is that type of sponge
fauna evident. At Vancouver and Gravina Islands, the
buildups developed within a thick sequence of limestone
where the substrate consisted largely of molluskan skele-
tal debris.

From its position within the vertical sequence, "The-
cosmilia" appears to have thrived in the upper portions
of the buildups. Although this coral occurs with other
corals, it does achieve maximum abundance toward the
top. None of the basically lenticular buildups are
thought to have developed much elevation, but detailed
stratigraphic studies in the Pilot Mountains have re-
vealed that some of the patchlike masses locally achieved
as much as a 3 or 4 m relief above the sea floor (Fig. 5).
The development of the "Thecosmilia" zone may have
coincided with that stage in the development of the
buildups in which slight elevation was acquired, sug-
gesting also that these corals developed best under low
sedimentation rates, clear water, and conditions of maxi-
mum current flow.

Some modern deepwater buildups termed lithoherms
(Neumann, Kofoed, & Keller, 1977) contain branching
corals such as Lophelia that are remarkably similar to
some species of "Thecosmaia." These corals were always
observed on the crests or tops of the low-relief buildups.
J. C. Land (pers. commun., 1977) suggested that dis-

tribution on the buildups is directly related to current
velocity and direction.

Major differences in ecologic relationships are most
apparent when comparing the Triassic buildups with
modern reefs. These include 1) size and morphologic
variability of the framework-building coral colonies, 2)
diversity and abundance of the coral species, 3) bio-
erosion, and 4) algae. One of the obvious differences is
in the size of the coral colonies. With the exception of
"Thecosmilia," which can reach up to a meter in width,
most of the Triassic corals are quite small (PI. 1 to 4),
much smaller than living hermatypic reef species. The
most common taxa are usually flat and platelike (Tham-
nasteria, Actinastraea) or thin and incrusting (Elysas-
traea), and they rarely develop strongly hemispherical
colonies. Generally, corals in the Triassic buildups do
not show the great variety of growth forms that char-
acterize modern reef species. Species diversity in the
coral buildups is generally low in comparison with that
in the modern reef. Although the Mina locality yielded
a total of 22 species, the diversity at other localities was
much lower (2 to 13 species). It is clear that even where
diversity is high, only a few coral species are volumetri-
cally important. At all localities only two or three spe-
cies are the principal framework-builders. At most
localities, species of Actinastraea or Thamnasteria, Pa-
laeastraea or Elysastraea, and "Thecosmilia" produce the
chief framework of the buildups and are usually supple-
mented by other corals and spongiomorphs. In such
localities as the Black Marble Quarry, Oregon, and
Iliamna, Alaska, one or two species of spongiomorphs
provide the principal framework.

Another distinguishing feature of the Triassic build-
ups is the paucity of borings and other evidence of
bioerosion. Although some evidence is present (Fig. 6F;
PI. 9, fig. 9) it is not nearly so intense as in modern
tropical reefs. Also, there is a general lack of skeletal
debris such as flanking beds or broken coral fragments
in the lenticular Triassic buildups, perhaps reflecting
the absence of physical destruction and comparatively
low rates of biologic breakdown. This is in contrast to
Triassic reefs of the Alps where bioerosion is interpreted
to have also been intense (Zankl, 1971). Also in contrast
to modern reefs, calcareous algae are not very abundant
in the Triassic buildups. Alpine Triassic reefs differ by
containing abundant calcareous green and red algae,
which are frequently major contributors to the limestone
(Ohlen, 1959; Zankl, 1969). Much of this evidence sug-
gests that the Triassic buildups of North America did
not develop in the warm, tropical settings that charac-
terize reefs today and that appear to have been present
in the Triassic Alpine regions. A general summary of
attributes of the Triassic buildups of North America
is given in Table 13.
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PALEOBIOGEOGRAPHY AND DISTRIBUTION
OF THE CORALS

Dispersal and migration routes.—The similarity be-
tween Late Triassic coral faunas of western North
America and southern Europe has been noted by various
workers beginning with Smith (1927), who addressed
himself to the problem of biogeography. Because of
these similarities, Smith considered the corals to have
considerable biostratigraphic value. The oldest Triassic
scleractinian corals appeared in the early Middle Triassic
(Anisian) in the German Muschelkalk. Since Anisian
age marine rocks in western North America lack coral
faunas, European scleractinians appear to have migrated
to North America soon after this time. The oldest North
American coral fauna occurs at the New Pass locality
and is of Middle Triassic (Ladinian) age. This fauna
shows differences from that of the younger Triassic
localities in North America and contains some species
that are known from Europe.

Ammonoids, pseudoplanktonic halobiid bivalves, and
planktonic coelenterates such as Heterastridium (Pl. 6,
figs. 8, 9) are conspecific or very similar with those of
Europe and have been used to establish correlations
between the two regions (Tozer, 1967; Silberling &
Tozer, 1968). The present study has established an even
greater degree of similarity between coelenterate faunas
of North America and those of the Alpine region in
southern Europe. Of the 57 coral and hydrozoan species
identified (Table 11) 39 are conspecific with European
forms. Of the 43 coral species, 30 are conspecific with
European forms. Thus nearly 70% of the coelenterate
fauna bears close affinities with those of the Tethyan
realm. Although all groups have not yet been studied
in sufficient detail, it seems clear that such high levels
of similarity do not exist for noncoelenterate benthonic
invertebrates. Smith (1927) listed few benthonic in-
vertebrates, with the exception of the corals, which have
affinities outside North America.

Smith (1927) postulated that during the Triassic a
marine connection extended from the Tethys region
of the Mediterranean through the Gulf of Mexico to
western North America. Presently, accepted continental
reconstructions for the Triassic suggest that North Amer-
ica was still part of Pangea and that by the Late Triassic
the fragmentation of Gondwanaland had just begun. No
Triassic marine rocks are known in eastern North Amer-
ica. The interpretation of eastern North America and
western Europe as land areas characterized by continen-
tal sedimentation casts doubt on the existence of a west-
ward marine connection from the Tethys region to
western North America. Olson and Leyden (1973, p.
724) presented a paleogeographic map showing that
until the Late Triassic, the Gulf Coast was an evaporite
basin, completely isolated from the Pacific Ocean. Tozer

(1971, p. 1007), however, stated that the distribution of
one Middle Triassic ammonoid species suggests the
possibility of a westward connection between the western
Tethys and North America. Such a connection, if ever
present, must have been through the embryonic Atlantic
Ocean and continued across the Gulf of Mexico. In the
face of such meager data, a migration route for Triassic
corals from the Tethys to western North America via a
westward route must therefore remain doubtful. The
most logical route from the Tethys would be eastward
across the Tethys via the Pacific Ocean.

Latitudinal distributions and climate—At present,
marine Triassic rocks are distributed in the circum-
Pacific, Arctic, and Tethys regions (Tozer, 1971; Fig. 1).
As expected, most of the Late Triassic pelagic faunas
appear to have been especially cosmopolitan. The distri-
bution of Triassic corals is confined to the Cordilleran
region and runs generally north-south from Alaska to
Peru and occurs within the latitudinal range of 60 °
north to 12° south (Fig. 1). Latitudes in presently ac-
cepted Late Triassic continental reconstructions do not
differ significantly from those of today. Occurrences of
coral faunas in the Tethys region are restricted to an
east-west belt (Fig. 1) and in Triassic reconstructions
are aligned closely to the equator, presumably within a
warm tropical region just north or south of the equator.
While the latitudinal distribution of the Tethys is gen-
erally compatible with the distribution of modern herma-
typic reef corals, those of the Cordilleran region produce
an anomalous pattern. This has also been pointed out by
Tozer (1970) in discussing Late Triassic reef faunas at
high latitudes in the Canadian Cordillera.

Unlike the pelagic faunas, the noncoelenterate ben-
thonic reef invertebrates of North America form a dis-
tinct zoogeographic province. We are thus faced with
dual problems—the close similarities of the North Amer-
ican Triassic coral faunas with those in distant areas
such as the Alps and the anomalous presence of these
faunas in North America at unusually high latitudes in
both present-day and Triassic continental arrangements.

Much evidence indicates that Triassic climate was
warmer and more uniform than today (Schwarzbach,
1963) with arid conditions in some areas. On the other
hand, Gordon (1973, 1976) has indicated that many
marine groups in the Late Triassic show distinct lati-
tudinal differentiation into boreal and tropical regions,
undoubtedly related to the effects of temperature. Trias-
sic plants also show evidence of differentiation into polar
and equatorial belts (Barnard, 1973), suggesting cli-
matic control. Thus, although the climate may have
been warmer, it was probably not entirely uniform, but
differentiated latitudinally with marked seasonal varia-
tions.

The influence of oceanic currents along the coast of
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North America is difficult to assess but, as suggested by
Valentine and Moores (1973), a southward-flowing bo-
real current may have existed along the western margin
of North America during the Triassic. Like present
currents, this may have produced cool water tempera-
tures at relatively low latitudes. Given the generally
north-south trending distribution of the coral faunas of
western North America, one would expect to find the
most active reef building in the southern regions. Thick
limestone buildups do occur in Oregon and northern
California. The thick Martin Bridge Formation of Ore-
gon (Nolf, 1966) may contain the Triassic buildup
most similar to Alpine examples. The buildup in Oregon
is elongated northeast to southwest, paralleling the
Triassic continental margin with Triassic paleolatitudes
approximately equivalent to those of the Tethys region
(Smith, Briden, & Drewry, 1973, fig. 9).

Hypotheses relating to plate tectonics.—In the present
study two major paleobiogeographic problems have been
discussed: the wide latitudinal distribution of the coral
buildups, and the presence of cosmopolitan coral faunas
in western North America in association with other in-
vertebrate groups that are largely endemic.

Several tectonic hypotheses were outlined earlier and
have direct bearing on the paleobiogeography and dis-
persal of the corals. Hypotheses relating to plate history
can be discussed in terms of two concepts. The first
suggests that the coral buildups of the Cordilleran region
represent fragments of Asia, some Pacific continent, or
a multitude of fragments that have been carried across
the Pacific and sutured to North America (Wilson, 1968;
Danner, 1970; Hughes, 1975; Nur & Ben-Avraham,
1977). While this hypothesis might explain the presence
of corals with Tethyan affinities, it does not explain the
distribution of the other North American Triassic ben-
thonic invertebrates that form a rather distinct zoo-
geographic province.

The second tectonic hypothesis suggests that large
fragments of diverse terranes along the northwest Pa-
cific coast were accreted to North America after rifting
during the Triassic. According to this hypothesis, since
the Late Triassic these terranes have undergone extensive
northward movement along large-scale, left-lateral trans-
form faults (Jones, Silberling, & Hillhouse, 1977). This
terrane is generally identified by similarities in Triassic
stratigraphy. According to this hypothesis, anomalous,
high latitude, tropical coral buildups are explained as
originally low latitude structures that have been displaced
northward. Exact amounts of displacement and timing
of the movements are unknown, but presumably thou-
sands of kilometers of displacement are required.

While this hypothesis is appealing because it explains
the wide latitudinal distribution of coral buildups, many
unresolved issues remain, such as the cosmopolitan na-

turc of the coelenterates but the largely endemic nature
of the noncoelenterate, benthonic invertebrates. Also, it
is not clear how all of the coral buildups fit into this
tectonic hypothesis. Only two of the buildups, those at
Vancouver Island and Oregon, lie within the proposed
fragment of Wrangellia. The locality at Iliamna, Alaska,
is much further north and lies outboard of Wrangellia
whereas the Gravina Island, Alaska, locality is inboard
of this terrane. It is also unclear how the buildups
further south relate to Wrangellia. Most advocates of
this hypothesis presume that all regions along western
North America are in fact fragments of other terranes
similar to Wrangellia and that since the Triassic, each
has been displaced from its original location. While the
basic assumptions of this hypothesis have merit, the
absence of detailed data on the timing, amount of move-
ment, and relationships of the various terranes make it
difficult to apply as a working hypothesis.

New hypothesis.—I propose an alternative hypothesis
based on the paleoecological implications of corals. The
basic assumption is that most if not all of the corals in
the buildups are ahermatypic. This assumption provides
an explanation for the anomalous occurrences at high
latitudes and the cosmopolitan nature of the corals. Un-
like hermatypic reef corals, ahermatypes have a wide
range of depth distributions. They are not unusual
today at depths of 1,500 m; to date, the deepest authen-
ticated depth for ahermatypic corals is 6,000 m (Wells,
1956). They can also inhabit shallow depths but
seldom construct buildups there. Due to their wide
temperature and depth tolerances, ahermatypic corals are
fairly cosmopolitan in the oceans today and cannot be
separated into distinct faunal provinces (Wells, 1956).
Many modern ahermatypic species, such as Lophelia
prollfera and Fun giacyathus marenzelleri, are among the
more cosmopolitan invertebrates. The former species
inhabits the Caribbean, Mediterranean, Atlantic, and
Antarctic; the latter occurs in almost all oceans except
the Mediterranean Sea. According to recent research on
living ahermatypic corals (Cairns, 1976), the deeper the
ahermatypic corals, the more cosmopolitan is their dis-
tribution. Although the oceans pose formidable barriers
to the dispersal of many shallow-water benthonic in-
vertebrates, including hermatypic corals, bodies of deep
water do not present an obstacle to the distribution of
many ahermatypic species. Given an ample supply of
nutrients and water circulation, these corals can occur
at remarkably high latitudes and depths. Today they
even build reeflike structures north of the Arctic Circle
(Maksimova, 1972). By comparison with the distribu-
tion of living ahermatypic species, the widespread distri-
bution of Triassic "ahermatypes" across expanses of
ocean separating the Tethys from western North Amer-
ica seems plausible. This hypothesis explains the distri-
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bution pattern of the Triassic corals in a simple and
direct manner without evoking complicated processes or
proposing unconventional tectonic hypotheses.

A possible parallel exists in the distribution of Cam-
brian trilobite biofacies described by Cook and Taylor
(1975). The similarity of trilobite faunas in eugeosyn-
clinal rocks of western United States with those of Asia
and their dissimilarity from typical shelf faunas of west-
ern North America was used by some workers to sup-

port the contention that rocks of North America are
part of an Asian block left behind after a hypothetical
collision between the two continents. Cook and Taylor,
however, using data on trilobite paleoecology, were able
to demonstrate convincingly that Cambrian trilobites
were differentiated into shallow-shelf, endemic faunas
and cold-water, cosmopolitan faunas. The latter were
capable of free migration across the Pacific Ocean be-
tween Asia and western North America.

TRIASSIC BUILDUPS OF EUROPE—COMPARISONS WITH NORTH AMERICA

Buildups of Triassic age are best known in Alpine
regions of Europe, where they occur in thick sequences
of dolomite and limestone. For almost a century car-
bonate rocks in this classic region have been recognized
as reefs and have received much study. Due to tectonic
and structural relationships, the buildups of this region
are divided into two parts, the Northern Limestone Alps
of Germany and Austria and the Southern Alpine Trias-
sic or Dolomites of northern Italy.

Major stratigraphic problems exist in defining the
Triassic Alpine stratotypes (Silberling & Tozer, 1968),
and boundary problems in the Norian and Rhaetian are
still unresolved (Zapfe, 1967). Nevertheless, carbonate
buildups of the Alps are considered to range from the
Ladinian through the Rhaetian stages, and in the North-
ern Limestone Alps they continue into the Lower
Jurassic.

TRIASSIC BUILDUPS OF THE ALPS

The Dolomites are over 2,000 m thick and contain a
succession of reef limestone ranging in age from Middle
to Late Triassic. Frequently these are associated with
great volumes of volcaniclastic material. Although Mid-
dle Triassic sequences in the Dolomites have been
referred to as reefs, they have little reef framework and
corals are minor constituents. Because of the lack of
framework structure, they are best categorized as a
complex of carbonate banks (Wilson, 1975). Much of
the sequence is highly dolomitized and contains abun-
dant dasycladacean algae, sponges, and mollusks, along
with other invertebrates. Corals are only locally abun-
dant. In the Northern Limestone Alps, other Middle
Triassic buildups have been referred to as banks. One
of these, the Middle Triassic Wetterstein Limestone, con-
tains a diverse assemblage of invertebrates and calcareous
algae, including corals. It grades from shallow-water
facies to deeper downslope mud accumulations. Based
on a lack of reef framework structures, the presence of
similar types of faunas, and generally similar tectonic

settings, Wilson (1975) compared the Middle Triassic
banks of Europe to the Upper Permian "reef" complex
of west Texas.

Upper Triassic buildups are best preserved in the
Northern Limestone Alps of Austria and Bavaria. Mas-
sive limestone that characterizes these areas ranges from
Norian to Rhaetian in age and extends along strike in
an east-west direction for over 500 km. It is best pre-
served along the southern margin of the Northern
Limestone Alps from the vicinity of Vienna to Lofer.
Limestone sequences approximately 1,200 m thick are
present in this area as well as corals in framework struc-
tures.

Well-studied reefs of Norian to Rhaetian age in the
Dachstein Limestone near Berchtesgaden were recently
described in detail by Zankl (1969, 1971). Most of the
reef limestone is undolomitized and contains abundant
framework-building corals. Forereef, central reef, and
backreef facies developed on shallow platforms that
Wilson (1975) termed reef-lined banks.

One reef in Bavaria, the Hohe Gdll, is perhaps the
best documented example. Zankl (1967, 1969) has shown
that it is actually a series of small, superimposed patch
reefs and not a massive reef as once thought. Each patch
reef is about 5 m in diameter and 10 cm to 2 m in
height. Quantitative study (Zankl, 1969), has shown
that the proportion of reef framework to debris is only
1 : 9. Corals, sponges, calcareous algae, and foramini-
fers are abundant, and sponges and corals occur in equal
proportions. Species of "Thecosmilia," Astraeomorpha,
Thamnasteria, "Montlivaltia," and Palaeastraea identical
to those of North America characterize the limestone.
Zankl (1969) distinguished high growth forms repre-
sented by branching phaceloid corals such as "The-
cosmilia" and Oppelismilia and low growth forms typi-
fied by such incrusting corals as Thamnasteria and
Elysastraea.

Twenty-four species of corals were illustrated by
Zankl (1969), of which 12 are known also in North
America. In addition, diverse foraminifers, sponges,
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spongiomorphs, bryozoans (more probably sclerosponges
or hydrozoans), brachiopods, bivalves, gastropods, ceph-
alopods, crustaceans, echinoderms, fi sh, and calcareous
algae are present. In these Dachstein reefs, "Thecos-
milia" characterizes the more protected, quieter facies
and basinal facies. Multiple cycles of cementation and
framework growth characterize the patch reefs. Accord-
ing to Zankl (1971), these patch reefs contributed an
abundant supply of detritus, which was lithified by early
diagenetic cement. The process resulted in the formation
of an impressive thickness of limestone that resembles
a massive reef.

Interfingering with the Dachstein Limestone are the
Zlambach beds that represent deeper water Hallstatt
facies (Zankl, 1971). The Zlambach rocks are Norian
to Rhaetian in age and consist mostly of dark shaly
marls and dark bioclastic limestone. The Zlambach has
many coral species in common with North America.
According to Zankl (1971), the Zlambach beds were
deposited in deeper, calmer waters away from the shal-
low-shelf environment.

Younger reef limestone sequences of the Dachstein
occur in the Northern Limestone Alps and span the
Triassic-Jurassic boundary. The upper or Rhaeto-Liassic
portion of the Dachstein is characterized by thick, mas-
sive limestone with well-developed coral framework.
One of these, the well-known Steinplatte-Sonnenwand
complex near Lofer, Austria, was studied by Ohlen
(1959). This reef complex bordered the deeper water
K6ssen Basin. It is estimated that during its formation,
the edge of the complex attained relief of 160 m. Corals
of the reef facies are described by Ohlen (1959). Only
nine species are present in the entire complex, and only
four of these are found in North America. Ohlen stated
that the framework reef facies was built exclusively by
a single species of "Thecosmilia" that produced gigantic
colonies up to 10 m high. Some of the species in the
Rhaetian portion of the reef complex show radical modi-
fications in growth form, which are thought to be re-
lated to depth and water turbulence. The corals are
associated with particularly abundant and diverse asso-
ciations of calcareous algae and foraminifers in addition
to ?bryozoans, brachiopods, mollusks, arthropods, echino-
derms, and problematica.

Thick limestone of the Steinplatte has long been
regarded as a massive reef, and Ohlen (1959) referred
to the framework nature of reef facies. A. G. Fischer
(pers. commun., 1975), however, has discovered that the
apparently massive reef is actually numerous, small,
tabular bodies that grade laterally into calcarenite facies.
Thus, like the older Hohe G611 (Zankl, 1969), the mas-
sive Steinplatte reef may also be a series of small patch
reefs with vast quantities of cemented debris.

During development of the marginal Rhaetian reefs,

small bioherms containing corals and other reef organ-
isms existed in the deeper water of the Kiissen Basin.
The Kiissen Beds are characterized by marl, shale, and
limestone. Much of this unit is dark bituminous lime-
stone and shale with significant amounts of pyrite. The
Kiissen beds described by Ohlen (1959) are sandwiched
between thicker shale and marl, and the limestone had
a strong fetid odor when broken, possibly indicating the
presence of organic matter.

The K6ssen beds are thought to have been deposited
in deep euxinic basins that bordered the reefs. The
limestone bioherms reach large sizes and are character-
ized by corals and other reef organisms. According to
Zankl (1971) the coral limestone is dark and thin-bedded
and occurs as lenses up to 10 m thick. "Thecosmilia"
sp., Thamnasteria norica, Actinastraea sp., and other
corals identical to species in North America are present.
Abundant bivalves (Pteria, Myophoria, Ostrea, and Pec-
ten) and some foraminifers occur in the Kiissen beds.
Spiriferid brachiopods are especially abundant in some
beds. Terebratulids and crinoids are also present. "The-
cosmdia" is the most abundant coral in most bioherms,
which are of special interest because they appear to be
deepwater structures comparable to those of North
America.

The absolute depth of the basins is difficult to esti-
mate, but based on the relief of the shelf-edge reef, a
minimum depth of 100 m is indicated (Wilson, 1975).
It should be noted that this depth is well below that
of shallow reefs today and also below the maximum
depth of most algae. Why the corals built reefoid
masses in this type of environment has not been satis-
factorily explained. Some coral bioherms in the Kiissen
beds appear to have developed on piles of bivalve shells
that provided an initial hard substrate.

COMPARISONS WITH NORTH AMERICA

Most Triassic coral buildups in North America are
laterally restricted and usually are only a few meters
thick whereas Alpine reefs occur in vast carbonate com-
plexes, some of which are more than 1,200 m thick. As
mentioned, several of the better known Alpine reef
sequences have been reexamined and found to be series
of thin, laterally restricted patchlike buildups, which in
size and shape are more comparable to the buildups of
North America.

In general, the composition and diversity levels of
the Alpine coelenterate faunas are similar to those of
North America. In the Steinplatte reef, colonies of
"Thecosmilia" dominate the sequence and reach sizes
considerably larger than in North America, but judging
from drawings by Zankl (1969), the sizes and growth
forms of individual corals are not unlike those of North
America. Why, then, did the coral buildups of North
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America not reach the scale and magnitude of reef
sequences in the Alps?

During the Triassic, prolific coral growth in the
Tethys may have been related to a combination of
climate, diagenetic cementation, and tectonic setting.
The reef complexes of the Northern Limestone Alps de-
veloped on a fragmented continental margin, which
under tensional and perhaps directional stress, produced
horst and graben style tectonics (Wilson, 1975), result-
ing in rapid subsidence and uplift of the carbonate plat-
forms. In such a tectonic setting, warm circulating water
in the Tethys Ocean appears to have promoted rapid
growth of small patch reefs. The warm, perhaps arid,
climate may have also facilitated early diagenetic ce-
mentation of the reefs as shown by Zankl (1969) and
suggested by Wilson (1975). Influx of terrigenous
elastics appears to have been at a minimum in the area,
permitting thick accumulations of massive carbonates.

From discussions of reefs in the Berchtesgaden Alps
by Zankl (1969, 1971), it is clear that the volume of the
reef debris overwhelmingly exceeds the organic frame-
work represented by the small patch reefs. I suggest that
the Alpine corals were incapable of building massive
and extensive large-scale framework structures, even in
the warm tropical setting of the Tethys, because of their
slow growth rates coupled with the high rates of frame-
work destruction. The effects of early cementation may
have been a principal factor in promoting rapid vertical
growth.

Clearly the Triassic buildups of North America did
not develop under the influence of the same types of
tectonic forces as did those of the Alpine region. In
North America the buildups appear to have developed
on either relatively stable carbonate platforms or in
active volcanic arc settings (Table 13). The coral faunas
in North America may also have developed in cooler,
more seasonal climates than those of the Alps, which
may have inhibited coral growth and early diagenetic

cementation. As previously pointed out, a distinctive
attribute of most North American buildups is the
paucity of algae, especially as sediment contributors. In
the Alpine reef complexes, the abundance and diversity
of calcareous algae indicate a warm and uniform climate.

Finally, a similarity does exist between buildups of
North America and the Alpine regions in that both
show evidence of deeper water coral structures. In North
America, evidence of deeper water buildups has been
found in Nevada, Oregon, and Alaska (Table 13)
whereas in the Alps similar examples may exist in the
Hallstatt Facies and the Kiissen beds. After examining
some of my thin sections and fossils, Zankl (pers.
commun., 1977) remarked that especially noteworthy
similarities appear to exist between the Iliamna locality
and the Alpine Kirissen beds. In composition and frame-
work construction, parallels may also exist between the
Kiissen beds and thin-bedded lenticular buildups of the
Pilot Mountains near Mina, Nevada.

If most or all Triassic corals of North America are
ahermatypic, as this study indicates, then identical spe-
cies in the Alps most likely followed this lifestyle also.
The youngest and best-represented Triassic buildups in
North America are Norian in age. The Rhaetian is
poorly represented in North America, and in most se-
quences where sedimentation appears to have been con-
tinuous between the latest Triassic and the Jurassic, non-
carbonate rocks predominate with no indications of
reefs or buildups. In the Alps, however, coral reef-
building was especially active in the Rhaetian. In the
Rhaeto-Lias sequence (Zankl, 1971), prolific reef devel-
opment appears to span the systemic boundary. Per-
haps the hermatypic lifestyle was not acquired by sclerac-
tinians until the latest Triassic (Rhaetian) or earliest
Jurassic. If so, the warm-water setting of the western
Tethys may have fostered this early coral-algal sym-
biosis.

CONCLUSIONS

Reevaluation of the Triassic buildups in western
North America has yielded a new and comprehensive
body of information on their paleoecology, structure, and
developmental history. The general findings are sum-
marized in Table 13.

Two major problems emerge from this study. First
is the wide latitudinal distribution of the coral buildups
with anomalous occurrence of presumed tropical coral
faunas at high latitudes. Second is the presence in west-
ern North America of cosmopolitan coral species having
strong affinities with distant coral faunas of the Tethys
realm. The second problem is compounded by the fact

that while the corals are cosmopolitan, the other ben-
thonic invertebrates appear to be largely endemic, pro-
ducing a rather distinct zoogeographic province in
western North America.

To explain these problems I propose a paleoecologi-
cal hypothesis based on the idea that the early sclerac-
tinian corals of the buildups were largely if not entirely
ahermatypic. This assumption is derived from a number
of independent facts presented in this study: 1) the
small size and shape of the coral buildups, clearly unlike
most living coral reefs produced by rapid growth of
hermatypic corals; 2) the size and growth forms of the
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corals, which, with the exception of "Thecosmilia," are
small and nonmassive, assuming flat, platy or incrusting
growth habits distinctly unlike massive, light-adapted
Holocene reef corals; 3) the identification of deepwater
Triassic buildups containing corals identical to those of
contemporaneous shallow-water deposits.

The wide latitudinal distributions, the occurrence of
deepwater buildups and the absence or scarcity of algae
in some buildups all suggest that the climate may not
have been entirely warm and uniform during the Late
Triassic. In addition, cool, south-flowing currents may
have existed along the continental margin, exerting con-
siderable influence on the distribution of shallow marine
invertebrates.

Besides explaining their wide latitudinal distributions,
the interpretation of an ahermatypic lifestyle for the
corals helps explain their cosmopolitan nature and makes
possible the postulation of migration routes between the
Tethys and western North America. As exhibited by
living deepwater coral species, wide tolerances to both
cold temperatures and depth may have aided the Triassic
corals in more successful migrations between the Tethys
and western North America. An ahermatypic lifestyle
may also explain the apparently wide latitudinal distri-
butions of Triassic scleractinians because, like many
living ahermatypic species, they were not closely adapted
to warm tropical belts. Although Triassic corals un-
doubtedly colonized many warm, shallow-water environ-
ments such as those on carbonate platforms, they were
never capable of constructing large-scale reefs.

Warm-water reef sequences in Alpine regions of
Europe provide additional insight into the ahermatypic
hypothesis. Recent reevaluation of some Late Triassic
carbonate reef sequences in the Northern Limestone Alps
has revealed that little coral framework is actually pres-
ent. Some of the massive reef limestone, such as that of
the Berchtesgaden Alps, shows that the apparently mas-
sive reef sequence is actually composed of numerous
small, lenticular, patchlike buildups. The thicknesses
and shapes of these appear comparable to those of North

America. Also as in North America, certain facies in the
Alpine sequences may contain examples of deepwater
scleractinians.

It is suggested that the hermatypic condition did not
arise in the early scleractinians until the latest Triassic
or Jurassic, when corals underwent rapid diversification
and undoubted large-scale coral reefs appeared. The
warm water, arid conditions of the Tethys may have
provided the type of environment that fostered sym-
biotic associations between algae and scleractinians. The
fact that the Triassic buildups of the Tethys developed
thick massive carbonate sequences while those in North
America did not may be attributed to differences in
climate, style of tectonic activities, early diagenetic ce-
mentation, and increased rates of physical and biologic
breakdown.

In this study the ahermatypic idea is selected as a
viable working hypothesis to explain the problems in
the most simple and direct manner. A great deal of
additional information is still needed including a thor-
ough systematic evaluation of all benthonic Triassic
invertebrates of North America and a comparison of the
corals with Alpine type species. Since the majority of
the buildups investigated in this study are Norian in
age, not as much is known about older buildups. Per-
haps Ladinian or Karnian occurrences in Alaska and
the Canadian Cordillera will also yield new data, per-
mitting more meaningful comparisons with those of
Norian age.

Finally, a region in the Cordilleran belt which holds
key answers concerning Triassic coral buildups is Peru
(Fig. 1). Located east of the Andes, Late Triassic "reef"
structures have been only briefly mentioned (Körner,
1937) and virtually nothing is known concerning their
shapes, composition, structure, or paleoecology. Because
these alleged reefs are the southernmost Triassic build-
ups known, they hold great potential for further clarifi-
cation of problems related to Triassic climate, ecology,
and biogeography.
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APPENDICES

Units in each locality are described from top to bottom.

APPENDIX A: Measured Sections in the Pilot Moun-
tains, Nevada
Locality MC

Unnamed canyon 14.5 km west of Mina. Long. 118°02'45", Lat.
38°25'55". Section measured in the lower member of the Luning
Formation. Strata measured in an anticlinal limb, dipping 20°

southwest. Almost continuous section with one normal fault.

THICKNESS
UNIT	 DESCRIPTION	 (M)

18 Limestone, massive, reefoid; dolomitic, highly recrystal- 9.1
lized, abundant massive and branching "Thecosmilia";
sponges and molluskan debris common; crinoid col-
umnals concentrated in certain beds.

17 Limestone, fine-grained, crystalline (nonreefoid); with 	 1.8
thin incrusting colonial corals and molluskan debris.

16 Limestone, dolomitic, medium-bedded, coarsely crystal- 4.6
line; with abundant massive corals, molluskan debris,
and ?brachiopods; brecciated zones and large clasts up
to 2 cm diameter; fossils poorly preserved.

15 Limestone, fine to coarse-grained, medium to massive- 23.0
bedded, dark, mostly calcarenite; dolomitic and strongly
recrystallized in part; vague traces of branching and
massive corals and bivalves; much bioclastic debris with
occasional oolitic zones and small scale cross-bedding;
some zones of finely laminated limestone.

14 Shale, light-gray, fissile; rare halobid bivalves and im- 20.6
pressions of ammonites; large ichthyosaur vertebrae.

13 Limestone, dark-gray, fine-grained; composed of a bi- 4.0
valve coquina; minor incrusting corals and spongio-

morphs.
12 Shale, similar to unit below; irregular contact with un- 3.6

derlying limestone.
11 Limestone, reefoid, similar to those below with short 3.7

bushy colonies of branching "Thecosmilia" near top of
unit; colonies reach 150 cm in diameter; smaller colonies
appear to be developed directly upon larger colonies pro-
ducing limestone thickenings 1 to 1.5 cm thick.

10 Shale, light-gray; pyrite crystals common; shale irregu- 	 3.1
larly drapes over limestone below; rare impressions of
?Carnites.

9 Limestone, reefoid, fine-grained; with abundant branch- 2.7
ing, thin incrusting, and massive-platy corals, especially
Actinastraea and Thamnasteria; spongiomorphs com-
mon; sponges and numerous bone fragments at base;
near top, small heads of branching "Thecosmilia" up to
45 cm wide and 30 cm high in life position; massive-
platy corals are up to 60 cm in diameter and 12 cm
thick and characterize much of unit.

8 Shale, light-gray, pyrite common; no fossils observed. 2.4
7 Limestone, reefoid, similar to those below; with abun- 1.5

dant corals and incrusting spongiomorphs. Incrusting
sparse Ascosymplegma at base; spiriferid brachiopods
clustered within cavities; coral colonies more massive
and thicker toward top. Corals incrusting and ribbon-
like as well as platy; numerous small convex disc-
shaped colonies of Thamnasteria rectilamellosa; max
diameters 33 cm, max thickness 10 cm.

6 Shale, light-gray; no fossils observed; grades upward 3.1
into limestone.

5 Limestone, dark-gray, thin-bedded, reefoid; pyrite com- 4.3
mon; framework constructed by abundant incrusting
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and platy corals, spongiomorphs and sponges; grades
upward into nonframework, less coralliferous limestone
with abundant molluskan (bivalve) hash; rare gastro-
pods; crinoid columnals common in shell bed at top;
brachiopods throughout, especially at base; Thamnasteria
forms massive plates 16 cm in diameter and 5 cm thick;
Actinastraea large, platy, up to 16 cm in diameter, of
comparable thickness and often stacked; occasional
"Montlivaltia" and abundant thin incrusting corals 5 cm
thick; corals show evidence of borings (2 to 5 mm in
diameter).

4 Shale, light-gray, fissile. Irregularly overlaps underlying	 2.4
limestone. No macrofossils observed.

3 Limestone, thin-bedded, fine-grained; with abundant 2.1
bivalves and some brachiopods. Corals present but no
reefoid framework. Elysastrea and Actinastraea com-
mon.

2 Limestone, dark-gray, reefoid, fine-grained, partly recrys-	 3.1
tallized; irregularly bedded, dark-brown with light mot-
tling; sharp contact with underlying shale; occasional
thin shale partings 1 to 4 cm thick; thin, ribbonlike
incrusting corals Elysastrea and more massive Tham-
nasteria abundant; spongiomorphs, brachiopods, and bi-
valves, especially Ostrea, abundant; sponges well devel-
oped at base; large at base; large bone fragments also
at base.

1 Shale and argillite, silty in part; occasional thin limy 20.0
beds; megafossils rare (Tropites, luvavites).

Total thickness of section: 115.1 m.

Locality DC

Section measured on the north side of Dunlop Canyon Road in
the Pilot Mountains. Long. 118°07'10", Lat. 38°26'0". Approxi-
mately 5.2 km west of locality MC. Section in strata dipping
25-35° SE. Section measured from west to east along road in

east limb of overturned anticline. Section cut by thrust fault.

37 Limestone, thin-bedded, bioclastic, alternating with 20.0
shale; corals, spongiomorphs, brachiopods, and bivalves
common.

36 Limestone, reefoid, thin-bedded; abundant massive and 7.3
incrusting corals and spongiomorphs similar to those
occurring below; much recrystallization.

35 Limestone, thin-bedded, coralliferous with abundant 11.0
molluskan-crinoidal debris; brachiopods and some large
massive corals; Actinastraea, Palaeastraea, and Elysastraea
common; some large branching spongiomorphs 75 cm
wide at top and 45 cm high.

34 Shale, dark-gray, fissile; no macrofossils observed.	 5.8
33 Limestone, rubbly, thin-bedded; abundant Ostrea shells 4.5

and occasional brachiopods.
32 Limestone, thick-bedded, bioclastic; molluskan and 4.4

crinoidal debris; small lsocrinus columnals and cidarid
spines.

31 Argillaceous interval, partly covered.	 3.7
30 Limestone, bioclastic, thin-bedded, incrusting corals, mol-	 5.8

luskan debris, abundant oysters; occasional branching
spongiomorphs and incrusting Ascosymplegma.

29 Mostly covered shaly interval.	 3.0
28 Limestone, thin-bedded; corals and abundant Ostrea and 1.5

other small, thick-shelled bivalves.
27 Shale, gray, no fossils observed.	 1.5
26 Limestone, recfoid, medium-bedded; abundant large 6.6

massive platy corals, branching and incrusting spongio-
morphs common; "Thecosmilia" present near top form
low, bushlike colonies up to 160 cm high; occasional

large platy colonies of Actinastraea up to 45 cm in
diameter and 5 cm thick; abundant ribbonlike irregu-
larly incrusting Spongiomorpha and similarly shaped
colonies of Elysastraea; Actinastraea juvavica common;
Palaeastraea descussata forms thin, incrusting colonies
with small domelike prominences.

25 Limestone, bioclastic, thin-bedded; with abundant bi-	 1.2
valve and brachiopod debris; minor incrusting corals;
coral abundance increases upward.

24 Shale, gray, fissile; macrofossils absent.	 3.6
23 Limestone, thin-bedded, bioclastic; with common in- 6.1

crusting corals and molluskan debris.
22 Covered interval poorly exposed, appears to be alter- 19.0

nating shale and limestone.
21 Limestone, dark-gray, argillaceous, with thin shale	 1.8

partings; brachiopods and oysters common.
20 Limestone, bioclastic, rubbly, thin-bedded; abundant 20.4

molluskan debris with occasional brachiopods.
19 Shale, dark-gray; no macrofossils apparent.	 4.4
18 Limestone, thin-bedded, rubbly; with abundant bivalve 4.4

debris; brachiopods common.
17 Shale, silty, dark-gray; no macrofossils apparent.	 5.8

(Thickness subtotal: 141.8 m)

-thrust fault contact-

16 Limestone, bioclastic, coralliferous, recrystallized with 10.2
abundant molluskan debris.

15 Shale, gray, fissile; with rare Halobia impressions.	 3.7
14 Limestone, fine to coarse-grained, argillaceous; bivalve 23.3

shells abundant with Ostrea; brachiopods common, corals
rare; more argillaceous toward top.

13 Shale, fissile, light-gray, calcareous. 	 3.7
12 Limestone, thin-bedded, reefoid, bioclastic with abun-	 4.0

dant corals Actinastraea and Thamnasteria. Large frag-
ments of bivalve Trichites; platy Thamnasteria 15 cm
in diameter, 3 cm thick, other massive corals averaging
8 cm diameter, 2 cm thick; Elysastraea profunda irregu-
larly incrusting colonies 7 cm diameter, 2 cm thick;
Actinastraea (platy) 21 cm in diameter, 2.5 cm thick.

Il Shale, silty, calcareous, brown and rubbly. Thin bio-	 5.7
clastic limestone at top; no fossils observed.

10 Limestone, thin-bedded, fine-grained; with abundant 2.5
oysters Ostrea and Septocarditia; minor corals.

9 Shale, light-gray and fissile; no fossils.	 5.8
8 Limestone, thin-bedded, bioclastic; with abundant cri-	 4.9

noidal debris and brachiopod and bivalve shells, occa-
sional coral fronds.

7 Limestone, medium-bedded, bioclastic; with abundant 5.3
corals, brachiopods and molluskan hash; massive Ac-
tinastraea and Thamnasteria common; Spongiomorpha
present.

6 Limestone, reefoid, thin, irregularly bedded and fine-	 8.2
grained; large convex massive-platy coral colonies of
Thamnasteria reaching 80 cm in diameter and 10 cm in
thickness; colonies average 17 cm diameter, 5 cm thick;
massive Actinastraea colonies up to 30 cm in diameter,
1 to 2 cm thick; thinner incrusting colonies of Elysas-
traea; "Thecosmilia" present at top, colonies reach 150
cm in width and 10 cm in height; abundant molluskan
debris; corals contain numerous borings 1 to 4 mm
diameter; spiriferid brachiopods common in coral cavi-
ties.

5 Limestone, argillaceous. Few fossils evident.	 1.0
4 Limestone, reefoid, medium-bedded, fine-grained; abun- 3.0

dant massive-platy Thamnasteria and thinner colonies
of Elysastraea; occasional solitary "Montlicaltia"; spin-
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fend brachiopods and sponges abundant especially at

base where large incrusting colonies of Ascosymplegma

are present; much bivalve debris composed of pectinids

and Septocarditia as well as crinoid columnals; top of

unit composed chiefly of branching Spongiomorpha den-

driformis, 30 cm high.
3 Shale and limestone alternating; limestone contains 4.0

abundant Ostrea shells as well as brachiopods and other
bivalves.

2 Shale, dark, with lenses of limestone similar to unit 4.9

below but with more abundant corals and fewer sponges.
1 Limestone, thin-bedded, 1 to 3 m thick, dark-gray, rub- 15.3

bly, weathering, alternates with thin beds of shale of
equal thickness; limestone, calcarenite composed of
abundant shells of Ostrea; pectinid bivalves and brachio-
pods common, some small platy corals Thamnasteria

and many Isocrinus columnals.

(Thickness subtotal: 105.5 m)

Total strata measured: 247.3 m

APPENDIX B: Measured Section at New Pass, Nevada

enite. Gastropod, bivalve, and crinoid fragments com-
mon.

3 Covered interval.	 9.2

2 Limestone, silty, medium to fine-grained, weathers red- 9.1

dish.
1 Limestone, thin to medium-bedded, light-gray, varies 22.0

from medium to coarse-grained. Some beds mottled and
saccharoidal. Occasional oolite beds. Large megalodont
bivalves common.

Total thickness measured: 153.5 m.

APPENDIX C: Measured Section in the Wallowa
Mountains, Oregon

Eagle Creek Locality

Southern Wallowa Mountains, Oregon. Martin Bridge Formation.
Seetion measured on the west side of Eagle Creek near the junction

with Paddy Creek. NE1/4, sec. 21, T. 7 S., R. 44 E.

THICKNESS
UNIT	 DESCRIPTION	 (M)

15 Limestone, recrystallized, fine to coarse-grained; thin 32.0
beds alternate with thicker beds; occasional breccia and
intraclast beds. Limestone coralliferous at top with
colonial corals, mollusks, and echinoderm plates; small
in situ "Thecosmilia" or spongiomorph colonies 15 to
30 cm in diameter; Actinastraea sp., branching ?Ely-

sastraea pro/undo and Montlivaltia norica. Most coral
colonies are flat and platy, 30 to 60 cm long, and 5 to
8 cm thick; all corals are highly recrystallized; corals do
not form framework structures within the limestone.

14 Covered interval.	 75.0
13 Limestone, thick-bedded, fine to medium-grained and 6.1

brecciated in part with angular, fine grained clasts; no
fossils.

12 Covered interval.	 40.0
11 Limestone, thin-bedded, dark, fine-grained; with abun- 5.5

dant Halobia shell hash.
10 Limestone, thin to medium-bedded, fine-grained, with 5.0

thin shale partings.
9 Alternating dark limestones and shales. Limestone beds 24.8

10 to 20 cm thick; medium to fine-grained; shale inter-
vals contain Halobia.

8 Limestone, thin-bedded, gray beds 15 to 30 cm thick 5.0
and dominantly fine-grained.

7 Limestone, argillaceous, partly covered.	 4.3
6 Shale, fissile, bituminous, with occasional thin limestone 11.6

beds; massive limestone bed 1 m thick at top containing
abundant angular clasts up to 1 cm in diameter.

5 Limestone, thin-bedded, fine-grained, argillaceous, grades	 8.0
upward into bituminous, calcareous shale. Ammonite
impressions and Halobia common. Limestone beds are
fine grained and contain abundant angular clasts up to
16 cm in diameter.

4 Alternating shale and limestone beds, shale, bituminous, 10.3
dark, limestone beds, 9 to 15 cm thick, fine-grained.
Upper 6 m is more argillaceous with Halobia.

3 Covered interval.	 5.5
2 Limestone, thin-bedded, dark, argillaceous; with Ha- 5.0

lobia.
1 Shale, fissile, thin-bedded and dark with thin limestone 7.0

beds.
22.3	 Total thickness measured: 244.8 m.

Section measured near New Pass Mine, New Pass Range, west side
of South Canyon (Bull Canyon). Lat. 117°29'31", Long. 39°36'

42". Section steeply dipping 45° SE. Lower member, Augusta

Mountain Formation.

THICKNESS
UNIT	 DESCRIPTION	 (M)

12 Argillaceous interval with ammonites and bivalves. Oc- 50.0

casional, thin limestone beds 0.1 to 0.3 m thick. Lime-
stone beds fine to coarse-grained and fossiliferous. Para-
trachyceras and Halobia common.

11 Limestone, coarse-grained, dark-brown, fossiliferous;	 1.5
with aulacoceratid cephalopods and crinoid columnals
common.

10 Limestone, argillaceous, dark, thin to medium-bedded, 10.0
some shale beds 0.5 m thick. Limestone mottled. Fos-
sils not conspicuous.

9 Limestone, fine to medium-grained, thin-bedded, with 6.7
some thin shale beds. Abundant Solenopora algal bodies
from 0.5 to 1.0 cm diameter. Bivalves and ?ostracodes
common. Corals rare.

8 Limestone, thin-bedded, coralliferous, light-gray, fine to	 5.2
medium-grained. Angular clasts 0.5 to 1 cm in diam-
eter. Abundant flat, platy corals. Actinastraea up to 7
cm thick and 45 cm long. Occasional disc-shaped
Thamnastraea colony; incrusting, ribbonlike corals 0.5
to 1 cm thick, 12 cm length. Largest platy coral colony
75 cm long and 20 cm thick but majority 30 by 10 cm.

7 Calcarenite, coarse-grained, thin-bedded. Numerous thin 4.6
shale partings. Abundant platy colonial corals and pec-
tinid bivalves.

6 Calcarenite, very coarse-grained. Highly  fossiliferous 2.4
and saccharoidal. Abundant crinoid columnals and large
megalodont bivalves. Small ribbonlike incrusting corals
common, 4 to 5 cm long. Unit oolitic in part with
some pisolites and algal-coated grains up to 0.4 mm in
diameter.

5 Limestone and thin shales interbedded. Limestone thin- 15.3
bedded and fine to medium-grained.

4 Limestone, thin to medium-bedded, light-gray calcar-
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APPENDIX D: Measured Section at Lewiston, Idaho
Quarry on cast side of Mission Creek, Lapwai Indian Reservation

Nez Perce County, Idaho. NW1/4, sec. 15, T. 34 N., R. 3 W.

Rocks dip 50 0 south.

THICKNESS

UNIT	 DESCRIPTION
	

(M)

4 Limestone, thick-bedded, medium-grained, partly re- 8.0

crystallized,	 coralliferous;	 abundant	 "Thecosmilia"

branches and thin incrusting corals. Framework struc-

ture not present.

3 Limestone, reefoid, thick-bedded, fine to medium- 4.0

grained; with abundant branching and platy corals

forming a framework structure; much broken coral

debris composed of "Thecostnilia" branches, platy flat

Actinastraea fronds, 0.6 to 1.2 cm thick and 10 to 20

cm long; occasional ribbonlike incrusting corals; gas-

tropods and bivalves common.

	2 Limestone, coralliferous, medium-grained, crystalline; 	 6.1

abundant branching corals ?"Thecosmilia" and minor

incrusting, ribbonlike corals; gastropods and bivalves

common.

1 Limestone, massive-bedded, gray; bivalves and gastro- 15.3

pods abundant; mostly fine-grained limestone, few corals.

Total thickness measured: 33.4 in.

APPENDIX E: Measured Section at Vancouver Island,
British Columbia

Section measured on south shore of Lake Cowichan across the lake

from Youbou; Long. 124°13'55", Lat. 48°51'25"; Sutton Forma-

tion; beds dip 45 0 northwest. Section measured at two outcrops

on cast and west sides of a small inlet of the lake (locality of

Clapp and Shinier, 1911). (Top of section, east side of inlet.)

THICKNESS

UNIT	 DESCRIPTION
	

(M)

10 Limestone, light-gray, dense and massively-bedded, me- 3.8

dium to coarse-grained and bioclastic; fine fossil debris

with traces of faint, small cross laminations at top of

unit.

9 Limestone, thick-bedded, recfoid; with abundant corals. 	 2.4

Limestone thickens and can be traced laterally into

bivalve beds; branching "Thecosmilia" dawsoni colonies

10 to 15 cm high and 25 cm wide and branching

Thantnasteria (30 coi wide); much broken coral debris;

silicified, abundant, incrusting, matlike Elysastraea pro-
funda 15 cm in diameter and thicker colonies of E.
rancouverensis; Actinastraea schafhaeutli and other

corals less common. Massive heads of branching "The-
cosmdia" suttonensis over 1 m wide and 0.65 m high at

top of unit; occasional angular volcanic clasts occur with

corals. Brachiopods are occasionally associated with

corals.

8 Limestone, gray, thick-bedded; with abundant mol- 3.9

luskan shells. Fossil shell debris increases toward top

where a bivalve coquina is present; silicified Costatoria
and other bivalves abundant; rare aulacoccratid cephalo-

pods.

7 Limestone, dark-gray, blocky, with thin shale partings; 	 3.7

beds 15 to 20 cm thick; few fossils observed.

6 Limestone, gray, coarsely crystalline, medium-bedded; 	 8.6

beds 30 to 90 cm thick; thin cherty beds in upper

part. Few fossils observed; dark bituminous fragments

(?wood) common.

5 Limestone, thick-bedded, gray, bioclastic; bivalve hash	 1.5

with abundant Minetrigonia, Costatoria, and Myophoria;
beds at top argillaceous.

4 Interval covered by water.	 40.0
3 Limestone, bioclastic, ?thick-bedded; abundant bivalve	 1.0

coquina with Myophoria, Minetrigonia, and rare incrust-

ing corals; indet. ammonite impression.

2 Limestone, gray, thick-bedded, fine-grained, recfoid;	 1.8

with abundant in situ incrusting, branching, and plate-

like corals; Elysastraea pro funda and E. vancotwerensis
abundant. Also poorly preserved branching Astraeo-
morpha cuneata and "Thecosmilia" dawsoni; occasional
bivalves and brachiopods; approximately half of corals

arc branching Thamnasteria.
I Limestone, gray, fine to medium-grained with dark 5.0

laminations; fine fossil debris observed.

Total thickness measured: 71.7 m.

APPENDIX F: Measured Section at Iliamna Lake,
Alaska

Unnamed limestone exposed on the north shore of the lake, east

of Millets Point; NE'/4, sec. 2, T. 5 S., R. 31 W. Thick sequence

of massively bedded, dark limestone, folded and intruded, dipping

steeply southwest. Section measured at first good exposure along

beach.

THICKNESS

UNIT	 DESCRIPTION	 (M)

7 Limestone, highly crystalline and fractured, dark-gray; 15.0
with occasional coral fragments and ?spongiomorphs.

Unit intruded by volcanics. Fossils poorly preserved.

6 Limestone, fine-grained, bituminous, black; with abun- 5.2
dant ribbonlike Spongiomorpha and branching Cocco-
phylum. Flat, platy colonies of Actinastraea; "Thecos-
millet," "Montlivaltia," and Elysastraea common; spin-

fend brachiopods, bivalves, and branching spongio-

morphs toward top. Heterastridium throughout.

5 Limestone, chcrty, fine-grained, dark-gray, bituminous 2.5
with calcite stringers; coral and spongiomorphs at top

of unit; "Thecosmilia" common. Crinoid columnals
present; gastropods rare.

4 (Volcanic dike)

3 Limestone, fine-grained, massively bedded, black, bi- 7.3
tuminous; abundant incrusting corals Elysastraea and

Actinastraea 5 to 10 cm in length; abundant, fingerlike
branches of Spongiomorpha 5 to 10 cm long. Larger,

massive, botryoidal niasses of Spongiomorpha, 10 cm

thick.	 Abundant thin, ribbonlike Spongiomorpha;
"Montlivaltia" common especially at top of unit; Hetera-
stridium present throughout.

	2 Limestone similar to below but with abundant branch- 	 1.2
ing spongiomorphs and incrusting corals; lower part of

unit argillaceous. Heterastridium present.

1 Limestone, fine-grained, massively bedded, blue-gray, 2.7
minor silicified zones and stringers of chert, limestone

bituminous with fetid odor when broken.

Total thickness measured: 35.5 m.
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EXPLANATION OF PLATES

PLATE 1
FIGURE

1. Actinastraea idahoensis (Squires), X3. Lewiston, Idaho.
USNM no. 252707.

2. A. schafhaeutli (Winkler), X5. Lewiston, Idaho. USNM no.
252708.

3. A. ohmanni (Frech), small colony showing branching growth
form, X2. Vancouver Island. KUMIP 113706.

4. A. ohmanni (Frech), view of another specimen, X2. Van-
couver Island. KUMIP 113707.

5. A. ohmanni (Frech), small fragment of a branching colony,
X2. Vancouver Island. KUMIP 113708.

6. A. tvaltheri (Frech), X4. Pilot Mountains, Nevada. KUMIP
113675.

7. A. juvavica (Frech), X1.5. Pilot Mountains, Nevada. KUMIP
113665.

8. Astraeomorpha con/usa var. minor (Frech), small portion of
a delicate branched form, X3. Vancouver Island. KUMIP
113710.

9. Actinastraea shastensis (Smith), X2. Pilot Mountains, Ne-
vada. KUMIP 113670.

10. Thamnasteria smithi (Squires), X4. Lewiston, Idaho. USNM
no. 252709.

11. Astraeomorpha confusa (Winkler), X1.5. Pilot Mountains,
Nevada. KUMIP 113666.

12. Thamnasteria rectilamellosa (Winkler), X1.5. Pilot Moun-
tains, Nevada. KUMIP 113705.

PLAIE 2
FIGURE

1. Polished longitudinal section through several colonies of
Thamnasteria rectilamellosa (Winkler), X 0.4. Pilot Moun-
tains, Nevada. KUMIP 113679.

2. Pinacophyllum cf. P. parallelum Frech, weathered in matrix,
X3. Pilot Mountains, Nevada. KUMIP 113703.

3. Coccophyllum acanthophorum Frech, surface of several coral-
lites, X2. Vancouver Island. KUMIP 113701.

4. Astraeomorpha cuneata (Squires), showing irregularly branch-
ing growth, X0.5. Vancouver Island. KUMIP 113699.

5. Coral assemblage in growth positions with branches of
Coccophyllum acanthophorum Frech in center, "Thecosmilia"
common, Xl. Vancouver Island. KUMIP 113701.

6. Large solitary "Montlivaltia" norica Frech in growth position
on an incrusting colony of Coccophyllum acanthophorum,
X 1. Lewiston, Idaho. USNM no. 252710.

7. Coccophyllum acanthophorum Frech, portion of a branch,
X3. Vancouver Island. KUMIP 113701.

8. "Montlivaltia" norica Frech, view of calyx, X1.5. Lewiston,
Idaho. USNM no. 252711.

9. "M." norica, showing budded individuals, X 1. Lewiston,
Idaho. USNM no. 252712.

10. "M." norica, same specimen as above, side view, X I.

PLATE 3
FIGURE

1. "Thecosmilia" cf. "T." fenestrata (Reuss), specimen in ma-
trix, X0.8. Pilot Mountains, Nevada. KUMIP 113694.

2. "T." suttonensis (Clapp and Shimer), specimen illustrating
nearly parallel branches with small horizontal connections be-
tween branches, X 1. Vancouver Island. KUMIP 113676.

3. Coral assemblage with numerous small branching colonies of
"Thecosmilia" dawsoni (Clapp and Shimcr) in upper left;

at lower right, sheetlike incrusting Elysastraea vancouverensis
(Clapp and Shimer), X0.7. Vancouver Island. KUMIP
113698.

4. Transverse cross section of a colony of "Thecosmilia" sut-
tonensis showing closely packed nature of corallites, X1.
Vancouver Island. KUMIP 113700.

5. Colonies of "Thecosmilia" delicatula (Frech) in the matrix,
X0.75. Pilot Mountains, Nevada. KUMIP 113669.

6. Coral assemblage with numerous sheetlike masses of incrust-
ing Elysastraea profunda (Reuss) and other corals; tere-
bratulid brachiopod near center, X0.6. Vancouver Island.
KUMIP 113697.

7. Elysastraea parva (Smith), X2. Pilot Mountains, Nevada.
KUMIP 113673.

8. E. profunda (Reuss), surface of coralla, X2. Lewiston, Idaho.
USNM no. 252713.

PLATE 4
FIGURE

1. Margarastraea norica (Frech), weathered surface, X2. Pilot
Mountains, Nevada. KUMIP 113668.

2. M. eucystis (Frech), weathered surface, X1.5. Pilot Moun-
tains, Nevada. KUMIP 113624.

3. Elysastraea vancouverensis (Clapp and Shimer), X4. Van-
couver Island. KUMIP 113711.

4. Palaeastraea descussata Reuss, surface of incrusting corallum,
X2. Pilot Mountains, Nevada. KUMIP 113689.

5. P. descussata Reuss, specimen exhibiting branching growth,
Xl. Gravina Island, Alaska. KUMIP 113712.

6. Branching hydrozoan resembling Tubulitrypa maculata
X2. Lewiston, Idaho. USGS Mesozoic coll. no. 17424.

7. Numerous branches of Spongiomorpha ramosa Frech incrusted
by the coral Coccophyllum, X 1. Iliamna Lake, Alaska.
KUMIP 113649.

8. Hydrozoan resembling Tubulitrypa maculata Flügel, X2.
Lewiston, Idaho. USGS Mesozoic coll. no. 17424.

9. Hydrozoan resembling Zlambachella alpina Flùgel , X2. Lew-
iston, Idaho. USGS Mesozoic coll. no. 17424.

10. Massive nodular specimen of Spongiomorpha sp. showing
lamellate growth, X0.4. Black Marble Quarry, Oregon.
KUMIP 113677.

11. Spongiomorpha ramosa (Frech), showing polished cross sec-
tion of part of a branch, X2. Iliamna, Alaska. KUMIP
113651.

PLATE 5
FIGURE

I. Spongiomorpha gibbosa Frech, longitudinal polished section
of a cylindrical specimen, X2. Pilot Mountains, Nevada.
KUMIP 113686.

2. S. gibbosa Frech, transverse cross section of specimen in
Figure 1, X2.

3. S. gibbosa Frech, weathered cylindrical specimen, X 1. Pilot
Mountains, Nevada. KUMIP 113690.

4. S. gibbosa Frech, detailed view of weathered surface, ><-.
Pilot Mountains, Nevada. KUMIP 113690.

5. Spongiomorpha sp., polished longitudinal section of a speci-
men with numerous borings in the skeleton, X2. Pilot
Mountains, Nevada. KUMIP 113723.

6. Heptastylis cf. H. stromatoporoides Frech, naturally weath-
ered longitudinal section showing numerous convex indi-
viduals, X0.6. Pilot Mountains, Nevada. KUMIP 113672.
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7. Spongiomorpha cf. S. sp. A Flügel and Sy, note irregularly
incrusting growth, X 0.6. Iliamna Lake, Alaska. KUMIP
113650.

PLATE 6
FIGURE

I. Spongiomorpha tenuis Smith, cross sectional view of a por-
tion of polished surface, X2. Pilot Mountains, Nevada.
KUMIP 113704.

2. S. tennis Smith, numerous masses of elongate, subparallel
branches, X1.5. Eagle Creek, Southern Wallowa Mountains,
Oregon. KUMIP 113662.

3. Spongiomorpha sp., longitudinal cross section showing nu-
merous incrusting growth forms, X1.5. Black Marble Quarry,
Oregon. KUMIP 113660.

4. S. ramosa Frech, unoriented section through large branching
specimen showing details of coenosteum, X3. Iliamna Lake,
Alaska. KUMIP 113717.

5. S. californica Smith, longitudinal section of a massive, partly
silicified specimen showing the lamellae and pillar elements,
X1.5. Gravina Island, Alaska. KUMIP 113713.

6. Hcptastylis sp., longitudinal section showing incrusting growth,
X1.5. Black Marble Quarry, Oregon. KUMIP 113716.

7. Spongiomorpha acyclica Frech, longitudinal section through
globular colony showing laminar growth, X2. Iliamna Lake,
Alaska. KUMIP 113653.

8. Heterastridium conglobatum Reuss, longitudinal cross section
through nearly spherical coenosteum showing finely perforate
interior, X1.5. Iliamna Lake, Alaska. KUMIP 113714.

9. H. conglobatum Reuss, transverse section of a partly recrys-
tallized specimen of ellipsoidal outline displaying concentric
laminations, X1.5. Iliamna Lake, Alaska. KUMIP 113654.

PLATE 7
FIGURE

1. Ascosymplegma expansum Seilacher, specimen in matrix
showing details of perforated exterior wall and chambered
interior, X I. Pilot Mountains, Nevada. KUMIP 113667.

2. A. expansum, specimen in matrix which has grown over
itself, X0.3. Pilot Mountains, Nevada. KUMIP 113685.

3. Polished longitudinal cross section of A. expansum showing
incrustation over spiriferid brachiopods, X I. Pilot Mountains,
Nevada. KUMIP 113671.

4. Polytholosia cylindrica Seilacher, transverse section through
sponge, interior almost completely filled with fine-grained
micritc. Note spar-filled void at top; this geopetal structure
indicates position in which sponge rested after burial, X 1.5.
Pilot Mountains, Nevada. KUMIP 113692.

5. P. cylindrica, complete specimen showing faint segmentation
of exterior and perforate walls, X 0.8. Pilot Mountains,
Nevada. KUMIP 113695.

6. Natural transverse cross section through P. cylindrica reveal-
ing the vesicular structure of interior, X 1. Pilot Mountains,
Nevada. KUMIP 113691.

7. Another natural transverse cross section of P. cylindrica at a
different position showing elliptical outline, X 1. Pilot Moun-
tains, Nevada. KUMIP 113691.

8. P. cylindrica, polished longitudinal section showing internal
partitions and fine-grained micrite filling interior cavity, X1.5.
Pilot Mountains, Nevada. KUMIP 113719.

PLATE 8
FIGURE

1. Calcisponge Ascosymplegma in black limestone matrix, X0.5.
Black Marble Quarry, Oregon. KUMIP 113684.

2. Waagenella cf. W. timorica (Vinassa), weathered surface
showing the chambers in this sponge, X 1.5. Black Marble
Quarry, Oregon. KUMIP 113683.

3. Side view of pharetronid sponge ?Peronidella sp. with three
chambers, X2. Lewiston, Idaho. USGS Mesozoic coll. no.
17424.

4. Thamnastocoelia sp., transverse view of a single chamber
showing osculum, X5. Lewiston, Idaho. USGS Mesozoic
coll. no. 17424.

5. Rhynchonellid brachiopod showing strong plications, X 1.5.
Pilot Mountains, Nevada. KUMIP 113687.

6. Lateral view of specimen in Figure 5, X1.5.
7. "Terebratula" statonensis Clapp and Shimer, showing smooth

shell with growth lines, X2. Vancouver Island. KUMIP
113647.

8. Terebratulid brachiopod showing relatively smooth shell and
small foramen, X 1.5. Pilot Mountains, Nevada. KUMIP
113688.

9. Side view of specimen in Figure 8, X1.5.
10. Zugmayerella uncinata (Schafhaeutl), side view showing

strong plications, X 1.5. Pilot Mountains, Nevada. KUMIP
113696.

11. Z. uncinata, side view of a specimen showing high pedical
valve and curved beak, X 1.5. Pilot Mountains, Nevada.
KUMIP 113718.

12. Z. uncinata, showing large high interarea and delthyrium,
X1.5. Pilot Mountains, Nevada. KUMIP 113696.

13. Polished slab showing Zugmayerella in the matrix with in-
crusting sponge above, X I. Pilot Mountains, Nevada. KUMIP
113679.

14. Side view of indeterminate spinose bivalve in the matrix, X 1.
Black Marble Quarry, Oregon. KUMIP 113720.

15. Minetrigonia suttonensis (Clapp and Shimer), X3. Vancou-
ver Island. KUMIP 113661.

PLATE 9
FIGURE

1. Trichites sp., interior view of one valve showing the undu-
lations around the shell margin and deep adductor scar,
X0.5. Pilot Mountains, Nevada. KUMIP 113678.

2. Trigonia (Kumatrigonia) sp., view of exterior of a partially
broken right valve, X1.5. Lewiston, Idaho. USGS Mesozoic
coll. no. 17424.

3. Interior view of specimen in Figure 2, X1.5.
4. Myophorid bivalve, exterior view of left valve, X1.5. Lewis-

ton, Idaho. USGS Mesozoic coll. no. 17424.
5. Interior of specimen in Figure 4, X1.5.
6. Silicified bivalve coquina from bivalve bed at Vancouver

Island; most specimens are Minetrigonia and Costatoria, X I.
KUMIP 113662.

7. Purpurina gravinaensis Smith, X 1. Gravina Island, Alaska.
KUMIP 135248.

8. Prolocula bassetti Smith, X1.5. Gravina Island, Alaska.
KUMIP 135247.

9. Longitudinal section of a partially recrystallized coral skeleton
that contains numerous small cavities produced by boring
bivalves; large borehole at top is still occupied by an un-
identified bivalve, X3. Pilot Mountains, Nevada. KUM1P
113702.

10. Polished slab showing crinoidal and molluscan debris, X1.5.
Pilot Mountains, Nevada. KUMIP 113724.

PLATE 10
FIGURE

1. Mollusk packstone from beds overlying the coral buildups;
note numerous cross sections of bivalves, X1.5. Vancouver
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Island, British Columbia. KUMIP 113722.
2. Coral framestone showing transverse view of branching

Thamnasteria colony; many of the small angular constitu-
ents are volcanic rock fragments, X 1.5. Vancouver Island,
British Columbia. KUMIP 113709.

3. Branching Thamnasteria, sponges, and other fossil debris in
a black, fine-grained matrix; cross sections of several calci-
sponges at right, X 1.5. Black Marble Quarry, Oregon.
KUMIP 113721.

4. Recrystallized incrusting Elysastraea with bivalve debris in
dark, fine-grained limestone, X 1.5. Iliamna Lake, Alaska.

KUMIP 113715.
5. Partially recrystallized coral and spongiomorph debris (wacke-

stone), cross section of "Thecosmilia" in upper left, incrusting
Spongiomorpha are common, X 1. lliamna Lake, Alaska.
KUMIP 113680.

6. Mollusk-coral packstone with abundant bivalve shells, cal-
careous red alga Gymnocodium in upper center, X 3.
Iliamna Lake, Alaska. KUMIP 113681.

7. Part of a branching thallus of Gymnocodium in dark fine-
grained limestone, X2. Iliamna Lake, Alaska. KUMIP
113680.
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