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FIGURE 5—1-14, Brachysphingus mammilatus Clark and Woodford, 1927. 1, 2, hypotype, LACMIP 7934, LACMIP loc. 7173, apertural and aba-
pertural views, X2.5. 3, hypotype, LACMIP 7935, LACMIP loc. 7173, abapertural view, X2.4. 4, 5, hypotype, LACMIP 7936, LACMIP loc.
22387, apertural and abapertural views, X1.7. 6, 7, hypotype, LACMIP 7937, LACMIP loc. 26456, apertural and abapertural views, X1.5. 8, 9,
holotype, UCMP 31234, UCMP loc. 3157, apertural and abapertural views, X1.5. 10, 11, paratype, UCMP 31235, UCMP loc. 3159, apertural and
abapertural views, X1.1. 12, hypotype, LACMIP 7938, LACMIP loc. 7044, abapertural view, X1.3. 13, 14, hypotype, LACMIP 7939, LACMIP
loc. 7044, abapertural and outer lip views, X1.6.
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from UCMP loc. 3159, paratype UCMP 31238 from UCMP loc.
3577.

Type locality.—UCMP loc. 3157, Margaret Hamilton Sand
[=division D of Meganos Formation as used by Clark and
Woodford (1927)], Deer Valley, Contra Costa County, northern
California.

Remarks.—A total of 174 specimens were found in museum
collections. Juvenile specimens are very rare, and no specimens
were less than about 15 mm high. Adults are common, but ger-
ontic specimens, like paratype UCMP 31325 (Figure 5.10, 5.11)
are extremely rare. Preservation is generally good to very good.
Specimens from the basal Lodo Formation in the Silver Creek—
Panoche Creek intersection, Fresno County, are the most nu-
merous of any locality, but they are badly weathered.

The primary type specimens are not fully representative of
the species because they consist of only adults. One of these,
paratype UCMP 31235, is 43.9 mm high and is the largest
known specimen of any Brachysphingus. Other than its large
size, it is unusual because of its very low spire and lack of
sculpture. Although the primary type specimens are from three
different localities, the localities are near each other and along
strike of the same stratigraphic interval in the Deer Valley area,
Contra Costa County. This stratigraphic interval was referred to
as ““division D of the Meganos Formation” by Clark and Wood-
ford (1927). Almgren et al. (1988, Figure 4) assigned ““division
D strata of the Meganos Formation” to the CP9 Zone (lowest
Eocene) of the standard calcareous nannoplankton zonation.
These strata are now referred to as the Margaret Hamilton Sand
(Edmondson, 1984).

The presence of spiral ribbing on much of the body whorl on
juveniles (Figures 5.1, 5.2) and the presence of fine incised spiral
ribs separating wide and low bands on the shoulder whorl of
many adult specimens (Figure 5.3, 5.4) represent new and very
useful information about this species.

At LACMIP loc. 7044 in the basal Lodo Formation (Thane-
tian age) at the junction of Silver and Panoche Creeks, Fresno
County, north—central California, there are specimens that are
intermediate in morphology between B. sinuatus and B. mam-
milatus. Like most adult specimens of B. sinuatus, these speci-
mens of B. mammilatus have a somewhat elongate shape with
a moderately elevated and somewhat concave-profiled spire.
These intermediate specimens also have weak axial ribs on the
dorsal part of the body whorl. Two representative specimens are
illustrated in Figure 5.12-5.14. These intermediate specimens
are very important because they establish that B. mammilatus
evolved from B. sinuatus.

Some of the specimens of B. mammilatus at LACMIP loc.
7044 are smooth forms. The presence of this species in late
Paleocene-age rocks (Thanetian) is new information. Prior to
this present report, the species was only known from Eocene-
age rocks (e.g., Clark and Woodford; 1927; Givens, 1974).

Some specimens of B. mammilatus resemble B. gibbosus.
Brachysphingus mammilatus differs from B. gibbosus by having
a concave-appearing upper spire; fine, incised spiral ribs on the
body whorl shoulder of adults (except late-stage ones or weath-
ered specimens); and a globose adult body whorl whose maxi-
mum diameter is located posteriorly and measured perpendicu-
larly (rather than obliquely for B. gibbosus) to the axis of coil-
ing. This latter feature is very useful in identifying poorly pre-
served specimens of B. mammilatus whose spire might be
mostly missing or whose surface sculpture has been obliterated.

Occurrence.—Late Paleocene (Thanetian) to early Eocene
(Ypresian = ‘““Meganos” and “Capay” ‘‘Stages” =Turritella
infragranulata to T. andersoni Zones. Thanetian (7. infragran-
ulata Zone): Basal Lodo Formation, junction of Silver and Pa-
noche Creeks, Fresno County (new stratigraphic occurrence,
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LACMIP loc. 7044). “Meganos” (T. meganosensis Zone): “Me-
ganos”’ Formation, south of Round Valley, Middle Fork of Eel
River, Mendocino County (Merriam and Turner, 1937; Clark,
1940); Margaret Hamilton Sand [=division D of Meganos For-
mation as used by Clark and Woodford (1927)], Deer Valley,
Contra Costa County (Clark and Woodford, 1927); uppermost
Santa Susana Formation, north side of Simi Valley, Ventura
County (new stratigraphic occurrence, CSUN loc. 958). “Ca-
pay” (T. andersoni Zone): ‘“‘Capay’’ Formation, south of Round
Valley, Middle Fork of Eel River, Mendocino County (Merriam
and Turner, 1937, as Brachysphingus very similar to B. mam-
milatus; Clark, 1940, as Bracysphingus very similar to B. mam-
milatus); lower Juncal Formation, Sespe Hot Springs, Ventura
County (Givens, 1974).
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LOCALITIES CITED

All quadrangles are U.S. Geological Survey quadrangles, and unless
otherwise noted, are 7.5-minute.

CASG

2296. From cut along ‘““Santa Fe’” Railway where it cuts the north part
of Vine Hill, 5.6 km (3.5 mi.) S76°E of the mouth of Arroyo del
Hombre, Vine Hill Quadrangle, 1959 (photorevised 1980), Contra
Costa County, northern California. Collected by H. G. Schenck, Oc-
tober 19, 1929. Middle Vine Hill Sandstone; Selandian (Turritella
infragranulata pachecoensis Zone).

2692. In siitstone on west side of Temescal Canyon, 4,862 m (15,950
ft.) south and 3,962 m (13,000 ft.) west of northeast corner of To-
panga Quadrangle, 1952 (photorevised 1967), east-central Santa
Monica Mountains, Los Angeles County, southern California. Col-
lected by R. R. Compton, Dec., 1941. Santa Susana Formation; Tha-
netian.

2693. In siltstone overyling coralline-algal limestone in Quarry Canyon,
4,145 m (13,600 ft.) south and 5,456 m (17,900 ft.) west of northeast
corner of Topanga Quadrangle, 1952 (photorevised 1967), east-central
Santa Monica Mountains, Los Angeles County, southern California.
Collected by R. R. Compton, Dec., 1941. Santa Susana Formation;
Thanetian.

JOURNAL OF PALEONTOLOGY, V. 71, NO. 5, 1997

CSUN

123c. At elevation of 381 m (1,250 ft.) on west side of Meier Canyon,
358 m (1175 ft.) south and 3,103 m (10,180 ft.) east of the northwest
corner of Calabasas Quadrangle, 1952 (photorevised 1967), south side
of Simi Valley, Ventura County, southern California. Collected by R.
L. Squires, May 25, 1996. Float derived from lower Santa Susana
Formation, ‘““Martinez marine member,” Selandian (Turritella pen-
insularis Zone).

354. On the east bank of the south fork of Garapito Creek, 518 m (1,700
ft.) S20°E from the intersection of the San Bernardino base line and
Los Angeles City boundary, Topanga Quadrangle, 1952 (photorevised
1967), east of Sylvia Park, Santa Monica Mountains, Los Angeles
County, southern California. Collected by R. L. Squires, 1978. Upper
Santa Susana Formation; Thanetian.

958. On edge of valley floor [now filled], 381 m (1250 ft.) S and 107
m (350 ft.) east of section 5, T2N, R17, Santa Susana Quadrangle,
1951 (photorevised 1969), north side of Simi Valley, Ventura County,
southern California. Collected by R. L. Squires, 1989. Uppermost part
of Santa Susana Formation; ‘“Meganos.”

LACMIP

7044. Road cut on east bank of Silver Creek 0.4 km (0.25 mi.) south
of its junction with Panoche Creek, SE % of section 20, T15S, R12E,
Tumey Hills Quadrangle, 1956 (photorevised 1971), west side of San
Joaquin Valley, Fresno County, north-central California. Collected by
C. E. Weaver, 1949. Basal Lodo Formation; Thanetian. [Same as
Stanford University (LSJU) loc. 2073 (collections now housed at
CASGQG) and same as UCMP locs. A-1284, A-8394, A-4657, A-97171.

7047. A thin but richly fossiliferous layer of limonite-stained white
sandstone, 0.9 km (0.75 mi.) east of Lower Lake, 366 m (1,200 ft.)
south from bridge over Copsey Creek, in gully on W side of creek,
SE % of NE % of section 11, T12N, R7W, Lower Lake Quadrangle,
1975, Lake County, northern California. Collected by D. W. Scharf
and W. P. Popenoe, August 26, 1930. Martinez Formation; latest Da-
nian or earliest Selandian.

7051. Same as LACMIP loc. 7047. Collected by W. P. Popenoe, May,
12, 1944.

7062. On top of ridge on west side of Temescal Canyon at edge of fire
road, 2,743 m (9,000 ft.) N30°W of Pacific Palisades/Assembly Park,
Topanga Canyon Quadrangle, 1952 (photorevised 1967), east-central
Santa Monica Mountains, Los Angeles County, southern California.
Collected by H. D. B. Wilson, June, 1941. Upper Santa Susana For-
mation; Thanetian.

7079. Concretionary sandstone outcop on hilltop N50°E and 4.4 km (2.75
mi.) from Bench Mark 610, Black Star Canyon Quadrangle, 1949,
north of Irvine Lake, Santa Ana Mountains, Orange County, southern
California. Collected by B. N. Moore, September, 1929. Silverado For-
mation; Selandian (Turritella infragranulta pachecoensis Zone).

7142. Fossiliferous boulder in conglomerate bed along ridge, 785 m
(2575 ft.) south and 305 m (1,000 ft.) west of northeast corner of
section 5, T2N, R17W, Santa Susana Quadrangle, 1951 (photorevised
1969), north side of Simi Valley, Ventura County, southern California.
Collected by A. Clark and L. Hookway, June 17, 1929. Reworked
[Selandian (undifferentiated)] fossils in Santa Susana Formation.

7173. From crest of first ridge north of Deer Valley at a point about 0.3
km (0.2 mi.) west of the main Deer Valley-Horse Valley road, NW
¥4 of section 20, TIN, R2E, Antioch South Quadrangle, 1980, Contra
Costa County, northern California. Collected by D. W. Scharf and W.
P. Popenoe, August, 1930. Meganos Formation; “Meganos.”

11980. Spheroidally weathering siltstone and fine sandstone in canyon
botton (now filled) about 250 m (820 ft.) N88°W of hill 1672, near
head of Pulga Canyon, northwest side of Pulga Canyon about at
northeast tip of second “E” in “FIREBREAK,” Topanga Quadran-
gle, 1952 (photorevised 1067), east-central Santa Monica Mountains,
Los Angeles County, southern California. Collected by I. Alderson,
October, 1988. Upper Santa Susana Formation; Thanetian.

20343. On a ridge just W of Stone Canyon Reservoir, Beverly Hills
Quadrangle, 1966 (photorevised 1981, minor revision 1994), eastern
Santa Monica Mountains, Los Angeles County, southern California.
Collected by Bryson and Curry, 1933. Santa Susana Formation; Se-
landian (Turritella infragranulata pachecoensis Zone).

20894. In tributary canyon of Big Rock Creek, approximately 244 m
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(800 ft.) SW of center of SW % of section 16, T4N, R9W, Valyermo
Quadrangle, 1958, north side of San Gabriel Mountains, Los Angeles
County, southern California. San Francisquito Formation; Selandian
(Turritella peninsularis Zone).

21579A. South of East Fork Fish Canyon, Warm Springs Mountain
Quadrangle, 1958 (photorevised 1974), Los Angeles County, southern
California. Collected by R. W. Webb and E. H. Quayle, 1941. San
Francisquito Formation; late Danian.

21581. Black nodular shale and conglomerate on road 1.78 km (1.1 mi)
E from Cienaga Camp on northwest side of ravine, north side of East
Fork Fish Canyon, approximately 625 m (2050 ft.) north and 229 m
(750 ft.) east of BM 2205, T6N, R16W, Warm Springs Mountain
Quadrangle, 7.5-minute, 1958 (photorevised 1974), Los Angeles
County, southern California. Collected by R. W. Webb and E. H.
Quayle, June 23-24, 1941. San Francisquito Formation; late Danian.

22330. Beds cropping out on nose of spur on west side of Meier Canyon,
approximately 183 m (600 ft.) north of second “n” in Meier Canyon,
Calabasas Quadrangle, 1952 (photorevised 1967), south side of Simi
Valley, Simi Hills, Ventura County, southern California. Collected by
W. P. Popenoe, April 3, 1946. Lower Santa Susana Formation, ‘“Mar-
tinez marine member,” Selandian (Turritella peninsularis Zone).

22374. On west side of low ridge 290 m (950 ft.) S and 2,423 m (7950
ft.) east of northwest corner of Calabasas Quadrangle, 1952 (photo-
revised 1967), south side of Simi Valley, Simi Hills, Ventura County,
southern California. Collected by W. P. Popenoe, April 3, 1946. Mid-
dle Santa Susana Formation, in strata stratigraphically above ‘‘Mar-
tinez marine member,” Selandian (Turritella peninsularis Zone).

22387. On low ridge 579 m (1,900 ft.) south and 1463 m (4,800 ft.)
cast of northwest corner of sec. 28, TIN, R2E, Antioch South Quad-
rangle, 1980, Contra Costa County, northern California. Collected by
W. P. Popenoe, April 13, 1947. Meganos Formation; ‘“Meganos.”

22701. On long ridge immediately west of summit of Simi Hills (=hill
2160), Calabasas Quadrangle, 1952 (photorevised 1967), Ventura
County, southern California. Collected by J. H. Fantozzi, June, 1951.
Lower Santa Susana Formation, ‘‘Martinez marine member,”” Selan-
dian (Turritella peninsularis Zone).

22702. In saddle at elevation of 602 m (1,975 ft.), 229 m (750 ft.) S13°E
of summit of Simi Hills (=hill 2160), Calabasas Quadrangle, 1952
(photorevised 1967), Ventura County, southern California. Collected by
J. H Fantozzi, June, 1951. Lower Santa Susana Formation ‘‘Martinez
marine member,” Selandian (Turritella peninsularis Zone).

23110. Silty sandstone at elevation 625 m (2,050 ft.), 3406 m (11,175
ft.) south and 914 m (3,000 ft.) east of northwest corner of Calabasas
Quadrangle, 1952 (photorevised 1967), Ventura County, southern
California. Collected by J. H Fantozzi, July, 1953. Lower Santa Su-
sana Formation ‘‘Martinez marine member,” Selandian (Turritella
peninsularis Zone).

25281. Sandstone at elevation of 305 m (1,000 ft.), about 122 m (400
ft.) south and 305 m (1,000 ft.) west of northeast corner of section
5, T1S, R17W, Malibu Beach Quadrangle, 1950 (photorevised 1967),
on west side of northern tributary to Stokes Canyon, western Santa
Monica Mountains, Ventura County, southern California. Collected
by J. Stark and T. Susuki, May 21, 1965. Reworked [Selandian (un-
differentiated)] fossils in middle Miocene Calabasas Formation,
Stokes Canyon Breccia Member.

26364. At elevation of 186 m (610 ft.), about 5.6 km (4 mi.) south of
Santa Catarina Landing near top of pass through mesas; top of basalt
mesa is about 46 m (150 ft.) above locality, northern Baja California,
Mexico. Collected by G. Weir and H. Stager, January, 1949. Sepultura
Formation; Selandian (Turritella peninsularis Zone).

26456. Slope on abrupt hill on S side of road, south side of Panoche
Creek, about 1.2 km (0.75 mi) E of Silver Creek, 1052 m (3,450 ft.)
south and 152 m (500 ft.) east of northwest corner of section 21,
T15S, R12E, Tumey Hills Quadrangle, 1956 (photorevised 1971),
west side of San Joaquin Valley, Fresno County, north-central Cali-
fornia. Collected by L. R. Saul, June 10, 1977. Lodo Formation;
Selandian (Turritella infragranulata pachecoensis Zone).

26525. About 232 m (760 ft.) elevation, poorly sorted conglomeratic
sandstone exposed on east side of Dip Creek, south side of Lake
Nacimiento, 427 m (1,400 ft.) S and 61 m (200 ft) west of northeast
corner of section 30, T25S, R10E, U.S. Geological Survey Lime
Mountain Quadrangle, 7.5-minute, 1948, San Luis Obispo County,

central California. Collectors: R. B. Saul and L. R. Saul, December
31, 1977. Unnamed strata. Age: Maastrichtian (Turritella peninsularis
adelaidana Zone) or possibly earliest Danian (Turritella peninsularis
qualeyi Zone).

26526. About 226 m (740 ft.) elevation, poorly sorted conglomeratic
sandstone exposed on east side of Dip Creek, south side of Lake Na-
cimiento, 457 m (1,500 ft.) south and 122 m (400 ft.) west of northeast
corner of section 30, T25S, R10E, U.S. Geological Survey Lime Moun-
tains Quadrangle, 1948, San Luis Obispo County, central California.
Collectors: R. B. Saul and L. R. Saul, December 31, 1977. Unnamed
strata. Age: Maastrichtian (Turritella peninsularis adelaidana Zone) or
possibly earliest Danian (Turritella peninsularis qualeyi Zone).

26583. Near the 320 m (1,050 ft.) contour on east side of the southwest
arm of the Encino Reservoir, approximately 549 m (1,800 ft.) S60°E
of the intake tower, Canoga Park Quadrangle, 1952 (photorevised
1967), Santa Monica Mountains, Los Angeles County, southern Cal-
ifornia. Collected by T. Susuki, March 6, 1961. Santa Susana For-
mation; Selandian (Turritella infragranulata pachecoensis Zone).

26897. Float in gully on west side of Temescal Canyon opposite second
“e” of Temescal at about 450 m (1,475 ft.) elevation, approximately
1082 m (3,550 ft.) S and 533 m (1,750 ft.) east of hill 2036, Topanga
Quadrangle, 1952 (photorevised 1967), east-central Santa Monica
Mountains, Los Angeles County, southern California. Collected by J.
Alderson, March 9, 1980. Santa Susana Formation; Thanetian.

UCcMp

3157. On ridge top on north side of Deer Valley, 792 m (2,600 ft.) S
and 411 m (1,350 ft.) west of NE corner of section 20, TIN, R2E,
Antioch South Quadrangle, 1980, Contra Costa County, northern Cal-
ifornia. Collected by B. L. Clark and A. O. Woodford, circa 1923.
Margaret Hamilton Sand [=division D of Meganos Formation as used
by Clark and Woodford (1927)]; “Meganos.”

3159. On same ridge top as UCMP loc. 3157, 1036 m (3,400 ft.) south
and 46 m (150 ft.) west of northeast corner of section 20, TIN, R2E,
Antioch South Quadrangle, 1980, Contra Costa County, northern Cal-
ifornia. Collected by B. L. Clark and A. O. Woodford, circa 1923.
Margaret Hamilton Sand [=division D of Meganos Formation as used
by Clark and Woodford (1927)]; “Meganos.”

3577. On ridge top 3399 m (11,150 ft.) north and 610 m (2,000 ft.)
cast of southwest corner of Brentwood Quadrangle, 1978, Contra
Costa County, northern California. Collected by B. L. Clark and A.
0. Woodford, circa 1923. Margaret Hamilton Sand [=division D of
Meganos Formation as used by Clark and Woodford (1927)]; Me-
ganos Formation; “Meganos.”

3768. Elevation of 402 m (1,320 ft.), just south of minor saddle on
ridge, NW %4 of the NW % of section 24, T2N, R18W, and 2,987 m
(9,800 ft.) N14°E of hill 2150 in Simi Hills, east of Meier Canyon,
Calabasas Quadrangle, 1952 (photorevised 1967), south side of Simi
Valley, Ventura County, southern California. Middle Santa Susana
Formation; Selandian (Turritella infragranulata pachecoensis Zone).

3776. At bottom of “e” in “Runkle,” east side of Runkle Canyon at
mouth of small tributary, south side of Simi Valley, Calabasas Quad-
rangle, 1952 (photorevised 1967), south side of Simi Valley, Ventura
County, southern California. Collected by R. N. Nelson, circa early
1920’s. Lower Santa Susana Formation, ‘“Martinez marine member,”
Selandian (Turritella peninsularis Zone).

3810. Elevation at 518 m (1,700 ft.), at western end of ridge at point
where it narrows down and starts to slope abruptly into canyon, SE
Y% of the SE % of section 28, T2N, R18W, and 792 m (2,600 ft.)
S86°E of hill 1926 in Simi Hills, east side of Bus Canyon, Thousand
Oaks Quadrangle, 1950 (photorevised 1967), south side of Simi Val-
ley, Ventura County, southern California. Lower Santa Susana For-
mation; Selandian (Turritella peninsularis Zone).

A-1523. Same as LACMIP loc. 7047. Collected by B. L. Clark, 1935.
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1394. From cut along Santa Fe Railway, 762 m (2,500 ft.) N63°E from
overpass at intersection of Pacheco Road and Santa Fe Railway, Vine
Hill Quadrangle, 1959 (photorevised 1980), west side of Pacheco
Creek, Contra Costa County, northern California. Collected by C. E.
Weaver, circa 1950. Lower Vine Hill Sandstone; Selandian (Turritella
peninsularis Zone).



