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WOLFCAMPIAN RUGOSE AND TABULATE CORALS (COELENTERATA:
ANTHOZOA) FROM THE
LOWER PERMIAN MCCLOUD LIMESTONE OF NORTHERN CALIFORNIA!

Edward C. Wilson?

ABSTRACT. Six sections measured across the McCloud Limestone,
Shasta County, northern California, are Lower Permian (Wolfcampian
Series), represent a composite thickness of at least 5,500 fcet (about
1,700 meters), and contain rich invertebrate faunas including at least 49
species of rugose and tabulate corals. Forty-two species in 17 genera of
rugose corals are described, including 36 new species and S new genera.
Seven species in five genera of tabulate corals are described, including
four new species. The general generic composition is characteristic of the
Durhaminid Coral Province known from rocks in the Ural Mountains,
Novaya Zemlya, Spitzbergen, Arctic North America, and western
North America as far south as southern California. Some genera appcar
to be endemic to western North America.

The corals did not form reefs but were randomly spaced on calcareous
bioclastic substrates in shallow waters of the Cordilleran eugeosyncline
near the Permian paleoequator in an arca temporarily lacking much
volcanic sedimentation.

INTRODUCTION

The primary purpose of this study is to determine the diversity
and stratigraphic distribution of the stony corals of the McCloud
Limestone, Shasta County, California. Six sections were mea-
sured and intensively sampled, and some additional collections
were made at localities nearby the measured sections from the
southernmost outcrop of the formation to about 20 miles (about
32 km) north along its general northeast trending strike (Fig. 1).
In the remaining approximately 14 miles (about 22.5 km) of
outcrop north of the measured sections, inspections were made
on High Mountain and Bald Mountain, but the few corals col-
lected were very poorly preserved. The section at Tombstone
Mountain, which contains the highest Permian (Leonardian)
rocks in the formation, is under study.

Fossils were selected for collecting in the following manners:
(1) all corals, where feasible, were collected; (2) fusulinids were
searched for near the exposed bases and tops of the sections, but
within the sections they generally were collected only where
abundant; (3) brachiopods were collected at localities where they
appeared to be well preserved; (4) bryozoans were collected
where abundant; (5) mollusks (bivalves, gastropods, cephalo-
pods, rostroconchs) were collected where well preserved; (6)
other conspieuous fossils were collected if well preserved, readily
attainable, and of potential stratigraphic significance. The re-
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sults are a relatively detailed sampling of the fossil corals of the
southern part of the formation and a reconnaissance collection of
other fossils. The specimens are deposited in the University of
California Museum of Paleontology at Berkeley and the Natural
History Museum of Los Angeles County, Invertebrate Paleontol-
ogy Section.

Field work was pursued during the following intervals: 9-10
March, 19 March-4 April, 19-22 june, 7-11 September 1963;
19-20 April, 26-29 April 1964; 29 June 1967; 19-28 September
1968; 21-22 May 1970; 26 August—6 September 1973; 1-8 Oc-
tober 1976; 21-29 June 1979; 1-15 July 1981.

PREVIOUS WORK

Pioneer work on older rocks in Shasta County was begun by
Trask (1853:15), who later found (Trask, 1855:50) a “‘Car-
boniferous” limestone there that cropped out from “the Pitt
River in a northerly distance for about thirty or forty miles,
forming a portion of the canyon of McCloud’s Fork. . ..” He was
followed by the California Geological Survey under J.D.
Whitney, who collected from the limestone on 20 and 21 Septem-
ber 1862 (Brewer, 1930:323). From this collection, Meek (1864)
described fusulinids, corals, brachiopods, and a gastropod, all
reportedly Carboniferous. Whitney (1865:326) estimated that
the formation was 1,000 feet thick and conformable to the forma-
tions above and below.

Fairbanks (1893:35) named the formation McCloud Lime-
stone. In a differing opinion, Turner (1894:230) considered it to
be part of the Calaveras Formation. The classical study of the
Redding Quadrangle by Diller (1906) fixed the name McCloud
Limestone and assigned the formation to the Pennsylvanian.

Hinds (1932:273) first placed the McCloud Limestone in the
Permian. Using fusulinids, Wheeler (1933) confirmed this deter-
mination and later reported (Wheeler, 1935) fusulinids in “‘seven
distinct faunal horizons” from the southern part of the forma-
tion. Thompson and Wheeler (1946) described fusulinids from

1. Review committee for this contribution: John M. Harris, William J.
Sando, and Calvin H. Stevens.

2. Section of Invertebrate Paleontology, Natural History Museum of
Los Angeles County, Los Angeles, California 90007.
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the McCloud Limestone and Nosoni Formation as far north as
Potter Ridge, concluding that the former formation was Wolf-
campian and Lconardian and the latter was Guadalupian in age.
Fusulinid paleontology and biostratigraphy were continued by
Skinner and Wilde (1965), who showed that the formation repre-
sented an aggregate thickncss in excess of 7,000 fcet and zoned it
for its entire outcrop length into eight complexly distributed
zones, ranging from possible Upper Pennsylvanian into Lower
Permian. Wilde (1971:364) later determined that the lowest zone
is Permian.

Additional reports on fusulinids, corals, brachiopods, and mol-
lusks from the formation were published by Hayasaka (1936:64),
Langenheim and McCutcheon (1959), Watkins (1973, 1974,
1975), and Wilson (1967a and b, 1970, 1971, 1980:89).

Other information about the formation has continued to accu-
mulate. Coogan (1960), Skinner and Wilde (1965), and Watkins
(1973) pointed out that fossils at the top of the underlying Baird
Formation at Bollibokka Mountain are Pennsylvanian or Per-
mian, rather than Mississippian as at the type locality. Working
farther south, Albers and Robertson (1961) reported that the
McCloud Limestone is separated from the overlying Nosoni For-
mation by the largest fault in the area, the McCloud fault, along
which quartz diorite is intruded. Lanphere, Irwin, and Hotz
(1968) cited an age of 246 m.y. for the quartz diorite, indicating
that the intrusion was a Permian event rather than a Jurassic one
as previously believed. Evans (1977) reported on thc economic
geology of the southernmost McCloud Limestone.

Study of the petrography of the McCloud Limestone indi-
cated to Demirmen and Harbaugh (1965) that it is formed
largely of bioclastic sediments that originated in clear waters of a
eugeosyncline, somehow protected from the volcanic sediments
typical of the rest of the scction.

In summary, although considerable work has been done on
other aspects of the McCloud Limestone, thorough paleontologi-
cal study has been limited to the fusulinids, although minor werk
has been done with the corals, brachiopods, and mollusks.

REGIONAL GEOLOGY

Rocks older than Silurian or younger than Triassic have not been
positively identified among the eastward dipping, north-south
trending, eugeosynclinal strata that rise south of Shasta Lake
from beneath disconformably overlying Cretaceous and younger
rocks and disappear northwards beneath the volcanic flows of the
southern flanks of Mount Shasta. At least half of the entire rock
column is composed of layered volcanic rocks.

Upper Paleozoic rocks represent parts of the Mississippian,
Pennsylvanian, and Permian. They are known in ascending order
as the Bragdon Formation, Baird Formation, McCloud Lime-
stone, Nosoni Formation, and Dekkas Formation. Various divi-
sions (members, groups) have been proposed based on lithology,
and some zones and zonules have been erected based on fossils.

The Bragdon Formation has Mississippian fossils. The Baird For-
mation contains Mississippian, Pennsylvanian, and possibly Per-
mian fossils. The overlying three formations all are Permian.

The Pit stock, a Permian intrusive, follows the Baird-McCloud
contact for many miles, locally intrudes faults in parts of these
and other formations, and is followed by the McCloud River for
much of its course south from Bollibokka Mountain. In the Pot-
ter Ridgc area, an intrusion of mafic quartz diorite cuts the Pit
stock in places.

STRUCTURE AND RELATIONSHIPS

The Paleozoic and Lower Mesozoic rocks of the Shasta Lake
area form a slightly sigmoid north-south trending homocline,
which dips eastward at angles varying from 45° to 60°. Coogan
(1960:245) reported synclines and anticlines in the Bollibokka
Mountain region. An additional small anticline is present in this
area on the west bank of the McCloud River near the high-water
line north of the McCloud River Bridge and south of Nawtawa-
ket Creek. Albers and Robertson (1961, map) showed a north-
south trending anticline in the block of McCloud Limestone
north of Marble Creek. For its entire length, the McCloud Lime-
stone is broken by transversc faults into discrete blocks. Numer-
ous high-angle faults occur within some of these blocks.

Thcre has been disagreement about the nature of the contact
of the McCloud Limestone with the underlying and overlying
formations at some localities. Although the scope of this report is
primarily the coral paleontology of the formation, the following
observations and conjectures may improve understanding of the
structural and stratigraphic relationships.

1. On the eastern bank of the McCloud River directly north of
the McCloud River bridge, the contact between the McCloud
Limestone and the underlying Baird Formation consists of purple
tuffaceous sedimcents, including conglomerate, and interbedded
limestonc, and seems to be gradational and sedimentary. The
gradational rocks here were identified (Coogan, 1960:250; Skin-
ner and Wilde, 1965:11) as the Baird Formation but are higher
(Pennsylvanian or Permian) than at the Baird type locality
(Mississippian).

2. A high-angle fault separates the McCloud Limestone and
the Nosoni Formation along the east side of the ridge crest due
east of the McCloud River bridge on Bollibokka Mountain and
continues south for at least a mile. Diller (1906, map 3, top
structure section) apparently recognized this fault, but some
later workers considered the contact to be conformable.

3. About a mile north of the McCloud River bridge on the east
bank of the river opposite Wittawaket Creek, Coogan (1960:249)
described a depositional contact between the McCloud Lime-
stone and the overlying Nosoni Formation. This is in a different
fault block than the McCloud Bridge section of the present
study. I inspected Coogan’s contact and recognized that the
lithology of the apparent top of the McCloud Limestone there

Figure 1. McCloud Limestone exposures in Shasta and Siskiyou Counties, northern California, showing locations of measured stratigraphic sections:
(1) Bayha section, (2) Potter Ridge section, (3) Hirz Mountain section, (4) McCloud Point section, (5) McCloud Bridge East section, (6) McCloud Bridge

West section.
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Figure 2. Columnar sections of the McCloud Limestone showing locations of coral collections.




differs from that at the top of the McCloud Bridge section, but |
feel that the contact is worth further investigation.

4. At Hirz Mountain, an apparently gradational contact be-
tween the McCloud Limestone and the underlying Baird Forma-
tion is exposed along the road a few meters above the beginning
of the steep upgrade that leads abruptly from the nearby horizon-
tal access road to the summit of the mountain. The gradational
contact has limestone beds that contain fusulinids. This contact
also was recognized by Watkins (1973:1755), who erected the
Hirz Mountain Limestone Member of the Baird Formation for
nearby limestone lenses below the Baird-McCloud contact and
considered it to be equivalent to fusulinid zonc A, now known to
be Wolfcampian. If this determination is correct, then the Penn-
sylvanian-Permian boundary here lies in the upper Baird Forma-
tion. It also implies that the fault block along the road should be
in fusulinid zone A and therefore must be in a different fault
block from the one measured at Hirz Mountain by Skinner and
Wilde (1965), who assigned their section at Hirz Mountain
wholly to fusulinid zone D. My Hirz Mountain section is not in
the same fault block as the road and has zone D fusulinids.

5. Both the upper and lower contacts of the McCloud Lime-
stone on the ridge between Marble and Potter Crecks are with an
intrusion of mafic quartz diorite that probably rose along high-
angle faults as emphasized by Albers and Robertson (1961:41).

6. In the Bayha section of the present study, both the upper and
lower contacts of the McCloud Limestone are covered. A fine-
grained shale was dug out here within 2 feet (0.6 meters) of the
upper contact. No evidence of a conglomerate was seen. The
lower contact, though covered by talus and deep soil, has small
springs in places, suggesting the presence of an underlying fault.

7. A pebble conglomerate is present stratigraphically below
definite Nosoni Formation rocks on the south side of the summit
of the first knoll due south of the Gray Rocks. This hill is greatly
faulted, and whether the conglomerate lies within the Nosoni
Formation or at the base of the formation is not easily demon-
strated because rocks below the conglomerate are not exposed.
Fusulinids within the clasts of this conglomerate are referable to
species in the McCloud Limestone.

8. Albers and Robertson (1961:57) rccognized part of an ex-
tensive fault separating the McCloud Limestone and the Nosoni
Formation between the Gray Rocks and the Curl Creek areas,
named it the McCloud Fault, and described it as dipping west at
a moderately steep angle, with left lateral and reverse movement,
amount of displacement unknown. The full extent of this fault
should be mapped to determine if it had a role in causing the
present odd distribution of only older rocks in the southern part
of the McCloud Limestone and only younger ones in the northern
part.

STRATIGRAPHY, AGE, AND
CORRELATION

Relationships of Sections in the
McCloud Limestone

By 1935, the discrete fault blocks of the southernmost 9 or so
miles (about 14.5 km) of the McCloud Limestone were known to
correlate biostratigraphically. It was believed that the same cor-
relation eventually would be obtained everywhere in the forma-
tion when its approximately 30-mile (about 48-km) length had
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been investigated. This expectation was shown to have been sim-
plistic in 1965 when Skinner and Wilde published their mono-
graph on the fusulinid faunas and biostratigraphy of the forma-
tion for its entire outcrop area. They stated (1965:12) that *““the
maximum thickness observed in any one place . . . is about 2,400
feet, but if the maximum observed thickness of the various
[fusulinid] faunal zones werc present in a single section the ag-
gregate would be in excess of 7,000 feet.” Correlation of the fault
blocks proved to be complex. Of their 23 sections measured
across the formation, 7 contain only a single zone, 12 have two
zones, 3 have three zones, and 1 has four zoncs. No section has
more than four of the eight zones.

The validity of this zonation has been substantiated by its
recognition elsewhere in western North America.

Permian corals of western North America are not yet known
thoroughly enough to be used more than locally with any as-
surance as index fossils. In general, howevcr, the results obtained
with the corals in the present study support the fusulinid zona-
tion of Skinner and Wilde (1965) in the limited sense that the
Potter Ridge and Bayha sections can be correlated using corals,
as they can be with fusulinids, whereas the four more northerly
sections, which could not be correlated by corals, were shown by
Skinner and Wilde (1965) to be at various lower stratigraphic
positions in the formation.

Six scctions were measured in the McCloud Limestone with
Jacob’s staff or tape and Brunton pocket transit (Fig. 2). The
tables of Mandlebaum and Sanford (1952) were used to compute
the thickness of the taped sections. Ranges of coral genera in the
formation were tabularized (Fig. 3), and occurrences of coral
species were organized into a checklist (Fig. 4). Comments about
the sections that relate to their stratigraphy, age, and correlation
follow.

Bayha Section. The lower beds of my Bayha section contain very
abundant specimens of the Wolfcampian index fusulinid
Pseudoschwagerina. Four species of corals that occur in the
Bayha section also were found in the Potter Ridge section. Seven
species of corals found in the Bayha section were not recognized
in the Potter Ridge section. Three species of corals described by
Mecek (1864) were not found by me in the Bayha section or
clsewhere, although they reportedly were collected from that
arca. The large archacogastropod Omphalotrochus whitneyi
(Meek, 1864) occurs in the Bayha section, and the types were
collected from there or nearby. It has a wide stratigraphic range
in the McCloud Limestone and is the type species for the genus,
now recognized as an index fossil for the Upper Paleozoic in
North America, South America, Europe, and Asia. Near the top
of the Bayha section are beds with abundant specimens of a
biscuit-shaped blue-green alga. These are overlain with beds of
particularly abundant and large pelmatozoan columnals that are
not present elsewhere in the section. This sequence of algae and
columnals also occurs near the top of the Potter Ridge section.
The occurrences of coral species common to both sections and
the sequential regularity of most of them and other fossils in each
section confirm the correlation of the two sections with fusulinids
by Skinner and Wilde (1965).

Potter Ridge Section. This section has been correlated with the
Bayha section by Skinner and Wilde (1965) with fusulinids. I
have described 15 species of corals from there, 4 of which also

Wilson: Permian Corals of California
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