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Silli!M . .ARY 

The Upper Cretaceous deposits of the Santa Ana Mountains in the area 

between Trabuco and Santa Ana Canyons are divisible into three formations, 

each of the two upper formations being further divisible into two members. 

The Trabuco formation at the base has an estimated average thickness of 

250 feet. It lies unoonformably upon a basement complex made up of meta­

morphosed Triassic sedimentary rocks, and later intrusive igneous rocks. 

The Trabuoo formation is a red, soft, incoherent, boulder conglomerate, is 

unfossiliferous, and may be of continental origin. The Trabuco formation 

is apparently oonformably overlain by the Ladd Formation, which has a maxi­

mum thiclmess of at least 1700 feet, a.nd which is divided into the Baker 

sandstone and conglomerate member below, and the Holz shal e member above. 

The Baker member, approximately 200 feet thick on the average consists of 

hard, well-cemented, gray, unfossiliferous boulder conglomerates below grad­

ing into thick-bedded to shaly highly fossiliferous sandstones above. The 

Holz shale member has a maximum observed thickness of approximately 1500 

feet, is composed principally of silty, micaceous, gray shale. The lower 

half of the shale is almost unfossiliferous. The upper half yields a pro-

lific molluscan fauna. The Williams formation rests upon the Holz shale 

with a slight unconformity. It is divided into the Schulz conglomerate 

and sandstone member below, and the Pleasants sandstone member above. The 

Schulz member is unfossiliferous, composed of well-worn and rounded pebbles 

and boulders alternating with arkosic s~dstones. It is approximately 200 

feet thiok. The Pleasants member consists of thin-bedded, rather shaly, 

light-colored micaoeous sandstones, alternating with coarse, calcareous 

sandstones. It is highly fossiliferous. 
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Two fauna.l zones are di s tinguished. The fauna of the Baker member, 

or ,Acata.eonella oviformis zone of Pac.l{ard , is not certainly known else­

where in California, but is probably in part represented in the basal beds 

of the Rogue River Valley Upper Cretaceous of Oregon. The Glycymeris 

veatahii zone includes the upper part of the Holz shale member, and all 

of the Williams formation. It i s divi sible into three subzones from be­

low upward (a) the subzone of Turritella chicoensi s, typical variety , (b) 

the subzone of Turritella ohicoensis, giant variety, (c} the subzone of 

i1Ietaplaoenticeras pacificwn. 

Fossiliferous Cretaceous beds in the Simi Hills and the Santa Monica 

Mountains of southern California a,re probably to be correlated wHh the 

subzone of Metaplaoenticeras pacificum, and to be somewhat younger than 

the Upper Cretaceous beds at Chico Creek, Butte County. 

A fauna of approximately one hundred ten species is listed and dis­

cussed, a number of new species are described and figured, and new facts 

concerning the systematic position of a number of previously described 

fossils are presented. 
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INTRODUCTION 

Study of the Upper Cretaceous deposits of the Pacific Coast consti­

tutes one of the most promising pioneer fields of research yet remaining 

in North .American stratigraphy and paleontology . It is now nearly three-

quarters of a century since Gabb disclosed the considerable extent of beds 

of this age in California and Oregon, and gave some hint of the richness 

e,nd excellent preservation of the contained faunas. In the last decade 

of the nineteenth century other workers added some details of specific 

sections, and described a number of new fossil species. Since the end of 

the last century work in this field has been largely incidental to areal 

studies of other and later formations. It has seldom passed the recon-

naissance sta.ge; and has usually consisted in mapping the areal limits of 

exposures irnown to be Upper Cretaceous and assigning them to the "Chico 

format ionn. 

As a result of these conditions and methods, the stratigraphic subdi­

visions and faunal successions of the Upper Cretaceous of the West Coast 

are yet imperfectly known. Areas in whioh deposits of this age are known 

to occur have been fairly well determined, and their surface exposures hue 

been demarcated in many regions. The faunas contained in these beds how-

ever are but imperfectly known, or in many instances are entirely unknown 

in so far at least as published reports go. The age relationships of the 

Upper Cretaceous deposits in different parts of the Pacific Coast region 

have not been established, while the position of these deposits in the 

standard. Cretaceous time-seale of the world has been subject to the most 

diverse interpretations. 
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At the beginning of this study, it was hoped that a correlation 

might be made between the Cretaceous of the Santa Ana Mountains and the 

cretaceous of other parts of the Pacific Coast region, particularly with 

the section exposed on the east side of the upper Sacramento Valley. 

Work had not long been under wa.y however, before it was realized that no 

satisfactory comparison could be made with the Cretaceous as developed 

elsewhere in the West Coast region, because no general standard section 

had ever been worked out for this area. This forced a reversal in the 

object of the research. Instead of attempting to correlate the Creta-

ceous of the Santa Ana Itountains with a standard section developed else­

where in the Pacific Coast Cretaceous, the attempt has been to set up a 

tentative section based on a. detailed study of' the stratigraphy and fauna 

of the Santa Ana Mountains deposits. With this section may be compared 

the stratigraphic sequence and faunas of other regions as detailed work 

makes them known. 

This thesis, then, should be regarded as a progress report in a de­

tailed stratigraphic and faunal study of the Upper Cretaceous of the 

Pacific Coast. I hope to be able to take part in and forward this study 

in other areas than the one here treated. It will doubtless not be the 

privilege of any one person to complete a program so vas~. Careful work 

done in any part of the Pacific Coast section can so~cely fail to be of 

value, however; and continued effort in this direction will ultimately af­

ford as precise paleontologic and stratigraphic information of the West 

Coast Cretaceous section as is now available for Upper Cretaceous deposits 

elsewhere in North America.. 



CONIXJCT AND RESULTS OF THE RESEARCH 

In the conduct of this investigation, especial emphasis has been laid 

upon obtaining as nearly complete a collection of the fossil fauna as has 

been possible in the time available. Exact location of each collection 

has been stressed, and so far as possible, the comparative stratigraphic 

position of each assemblage has been determined. The subdivisions of 

the Upper Cretaceous of the area have been mapped in greater detail than 

in any study previously published. The base maps used have been airplane 

photographs with an approximate scale of 1500 feet to the inch. struc­

tural and physiogra.phio problems in the area studied have been treated only 

incidentally, and only as they have been necessary to an understanding of 

the stratigraphy. 

Accompanying the work upon the field problems, has been a detailed 

preliminary review of the fauna. In the systematic part of this thesis, 

many changes have been suggested in the specific, generic, and even family 

designations in which sorne of the fossils have previously been included. 

Relat i onships with Cretaceous forms elsewhere have thus been determined 

that had not been recognized before. Especial attention has been paid to 

working out details of dentition and other internal structures of the pele­

cy-2ods. The hinge-structures and other important feattires of diagnostic 

value of many of these forms have been entirely unknown, even since the 

time oi' Gabb, for the resistant matrix i n which the fossils are embedded 

has prevented the working out of these delicate structures. It was found 

possible in this work to grind away the matrix, near').y to the surface of 

the shell, with a dental carborund~~ wheel, and to clean the remaining rock 

away from the fragile hinge-teeth and other delicate structures with a sharp 



needle 1.U1der high magnification. The work has been both arduous and ex-

acting, but the results attained have justified ma.:nyfold the time and 

patience expended. As a result of this work, the affinities of many well-

known but misappraised species have been determined. These discoveries 

will permit a closer comparison of these forms with those found elsewhere 

in the Cretaceous of the world. It is not to be inferred from this that 

paleontologioal work on the Santa Ana Mountains Cretaceous fauna is com­

plete. Many new gastropods are present in this fauna, and the study and 

description of these difficult forms is yet to be done. It is hoped that 

it may soon be begun. The fauna of the Baker member of the Ladd forma­

tion should be studied in detail; for this assembl8€8 is not only one of 

the most distinct faunal groups known in the California Upper Cretaceous, 

but is imperfec~l y known. I hope to take up this study also soon. 

It is believed that the stratigraphy ~d f~un~i succession of the 

Upper Cretaceous of the Santa Ana Mountains has been fairly well estab­

lished. It must rem.a.in for future work in oth,er parts of the Pacific 

Coast region to show what part of the succession here is local in its 

character, and what part is characteristic of the faunal succession of 

the Cretaceous of the Californian region as~ whole. The iarger prob­

lems outlined have their own difficulties, and likewise their owµ rewards. 

I hope to be one of those permitted to advance the solution. 
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HISTORY OP Pfu.'"'VIOUS WORK 

/1 
GOODY.E.A.R in 1888 made the first reference I have found to the presence 

/1 Goodyear, w. A., Calif. State Mining Bureau, 8th Ann. Rept. State 
Mineralogist, PP• 337-338, 1888. 

of' marine Cretaceous in the Santa Ana Mountains. He gave a very brief 

account of a reconnaissance taken in company with Dr. J. G. Cooper in the 

neighborhood of Aliso Creak, where Cretaceous fossils were found in the 

bed of the creek. 

/2 
FAIRB.A:NKS in 1892 noted the presence of Cretaceous rocks on the western 

/2 Fairban:i.cs, n. w., Calif. state Mining Bureau, 11th Ann. Rept. state 
hlineralogist, pp. 115 et seq., 1892. 

slope of the Santa .Ana Mountains, and briefly mentioned the conglomerates 

developed in these peds. 

morphias. 

Most of his discussion is confined to the meta-

/~ 
COOPER in 1894 discussed the fossils collected by Stephen Bowers in the 

/3 Cooper, J. G., Cal if. state Mining Bureau, Bull. no. 4, pt. 4, PP• 

34-35, et. seq., 1894. 

Santa A.na Mountains. Cooper regarded the fossils as older than "Chico-

Tejon" because of the pAU.ci ty of arnmoni tes, but younger than the Shasta 

group, and younger than the Cretaceous beds ex-posed in the old coal mine 

on Point Loma, San Diego County. 

bov1ersia.na. from this region. 

/4 

He described one species, Cuoullaea 

SMITH in 1900 mentioned the presence o:f Plaoenticeras paci£ioum in "the 

/4 Smith, J. P., The Phylogeny and Development of Placenticeras, Cal~f. 
Acad. Sci., Proc., (3), vol. 1, no. 7, P• 210, 1900. 
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lower Chico beds of Silverado Canyon near the old coal mine". 

rizon represented was believed to be Cenoma.nian in age. 

/.5 

The ho-

ANDERSON in 1902 selected as a typical "Lower Chico" locality, the Ore-

/5 Anderson, F. M., Cretaceous Deposits of the Pacific Coast, Calif. 
Acad. Sci., Proc., (3), vol. 2, no. l, 1902. 

taceous beds of Silverado Canyon, Santa Ana Eountains (p. 26) and cited 

on pp. 27-32, a long list of species from this locality or from its nearby 

stratigraphic equivalents. On pp. 73 fil. ~- he described a. number of new 

species from this locality, including Phola~om.ya ana.ana., Pectunculus .E.1!­

cificus, hlactra gabbiru'!a, Baculites fairba.nksi and Acanthoceras compressum. 

/6 
DICKERSON in 1914 mentioned briefly some of' the features of' the Ore-

/6 Dickerson, R. E., University of Calif. Pu.bs., B1111. Dept. Gaol., vol. 
8, no. 11, 1914. 

taoeoa.s of this region. A concise swmnary of the general Cretaceous 

geology is contributed on PP• 262-263 by E. L. Packard. 

/1 
PACKARD in 1916 discussed the fauna of the Upper Cretaceous of the Santa 

/7 Packard, E. L., University of Calif. ?ubs., Bull. Dept. Gaol., vol. 
9, no. 12, 1916. 

Ana x.lountains in some detail. He listed one hundred thirty-one forms of 

Invertebrates from this region, and distinguished three faunal zones which 

he named after characteristic molluscan fossils. He considered the 11pper-

most faunal zone to be the approximate equivalent of the type Chico of 

Chico Creek. 

/§. 
PACKARD in 1922 described and figured thirty four new species of fossils 

/s Packard, E. L., University of Calif. Pubs., Bull. Dept. Gaol. Sci., 
vol. 13, no. 10, 1922. 
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from the Upper Cretaceous beds of the Santa Ana 1Iountains, and gave a 

brief resume of the fauna.l subdivisions of this part of the section. 

/:}_ 
ENGLISH in 1926 published a report and geologic map including the north-

/9 English, w. A., u. s. Gaol. survey Bull. 768, 1926. 

ern end of the Santa Ana Mountains as far south as Silverado Canyon. 

The discussion of the Cretaceous beds of this area is adapted almost en-

tirely from the previously cited articles by Packard. English's map 

offers some interpretations of the areal geology different from those 

given by Packard and Dickerson. 

/10 
MOORE in 1930 mapped the Cretaceous beds of the area between Silvera.do 

/lo Moore, B. n., Ph.D. Thesis, Calif. Inst. Technology, 1930. 

roid San Juan Canyons in the course of a general geological study of this 

portion of the Santa Ana Mountains region. Moore considered the 'l'rabuco 

formation of Packard to be a leached or weathered basal phase of the basal 

Cretaceous conglomerate. He ma~ped four lithologic divisions in the ere-

taceous, and briefly discussed some of the f'aunal characteristics of the 

beds. 

/11 
ANDERSON and HANl'l"A in 1935 referred the upper cephalopod-bearing Ore-

/11 .Anderson, :F. M., and Ha.nna, G.D., Calif. A.cad. Sci., Proo., (4), 
vol. XXIII, no. 1, 1935. 

taoeous beds of the Santa. Ana I'.lountains to Campa.nian age, correlating them 

with the Panache formation of Ht. Diab lo, wi. th the Pt. Loma beds at San 

Diego, and with the Ariyalur series of India. 'l1he "Lov,er Fossil Beds11 

of the Santa Ana. Hountains were referred to a lower Turonian age. These 

references were pa.rt of a tentative correlation chart of the We st-Coast 

Upper Cretaceous. 
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LOCATION AND GENERAL GEOLOGIC FEATURES 

The Santa Ana I.iount ains\ 

The Sant& Ana Mountains are a rugged m.ountain mass ris ing about fifty 

miles southeast of Los Angeles, in southwestern Riverside and northeastern 

orange Co unties. The oommon boundary of these two counties lies along 

the crest of the range. The northern boundary of t he mountains is fixed 

by the canyon of the Santa Ana River; the steep northeastern scarp of the 

r~ge overlooks the Elsinore troogh, in whi ch lie the towns of Corona and 

Els inore; the gentler southwestern slopes of the range merge gradually 

into the fertile orchard lands of the southwestern end of the Los Angeles 

Basin in the region around the towns of Orange, Santa Ana, Tustin, ~d El 

Toro. The southeastern limit of the mountains is indefinite, but may be 

taken as corresponding roughly with the San Diego-Orange County line. 

The general trend of the range is northeast-southwest. 

Location of the Upper Cretaceous Area 

The Cretaceous beds whose study forms the subject of this thesis out~ 

crop in a rudely triangular a rea lying upon the southwest slope of the 

Santa Ana Mountains in the region between Trabuco and Santa Ana. Canyons. 

The apex of this triangle is situated a short distance north of Trabuco 

Canyon, and about nine miles northeast of the small town of El Toro. The 

base of the triangle extends from a point about one mile north of the mouth 

of Sierra Canyon obliquely northeas t across the mountains to intersect 

Santa Ana Canyon six miles west of Corona. The northeastern line of the 

triangle lies near the crest of the range in the vicinity of Blackstar 

and Sierra Canyons but pa.sses progressively farther to the south and west 
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of the crest as it approaches Trabuco Creek. The southwestern side of'. 

the Cretaceous outcrop roughly parallels the course of' Santiago Creek 

from Harding Canyon to its northwestern end. Throughout most of this 

distance, the Cretaceous-Tertiary contact lies from one-eighth to one­

half mile east of the bed of Santiago Creek, except in the vicinity of 

the mouth of Sierra Creek, where Cretaceous beds form both walls of 

Santiago Canyon. 

vegetation and Culture 

Little of the area underlain by Cretaceous beds is suitable for cul­

tivation, and only the narrow valley floors c~n be satisfactorily farmed. 

The shale series in the middle part of the section usually supports a 

good growth of grass and sage-brush. Some of this region is fenced for 

grazing. The coarser sediments outcropping in the upper a.nd lower parts 

of the section support a dense growth of heavy brush. Roads have been 

built along the floors of several of the principal canyons, ma.king these 

easy of access. Recently, a number of good dry- weQther fire control 

roads have been built by the u. s. Forest Service, and by the state, a-

cross the inter-canyon divides. These have not only made the whole re-

gion much more accessible, but have made some v~luable fresh rock exposures. 

Small farms and orchards have been established in the broader parts of the 

canyon bottoms, and a number of homes and resorts have been built along 

the streams. On the whole, however, the region is quite rugged, and is 

not easily traversed away from the roads. 

Physiography of the Area 

As remarked above, the Santa Ana Mountains present a steep scarp to 

the northeast overlooking the Elsinore Trough, and a much gentler slope to 
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the southwest. The crest of the range thus lies very near the northeast 

boundary. The gentler southwestern slope is drained by a number of large 

creeks tributary to Santiago Creek. These streams head near the crest of 

the range, flow more or less directly down the southwestern slope through 

rather deep incised canyons, and join Santiago Creek near the contact be­

tween the Cretaceous and Tertiary beds. These canyons thus cut directly 

across the Cretaceous ou.tcrop exposing good natural sections every two or 

three miles along the strike. The Cretaceous bede dip to the southwest 

or west in the same direction as the general slope of the mountain face and 

the courses of the streams. Resistant beds outcropping in the cretaceous 

have given rise to a small scale hogback physiography with a latticed drain­

age pattern and the development of a system of small subsequent and obse-

quent gullies. This pattern is particularly well marked at the base of 

the Cretaceous where a resistant gray conglomerate overlies Qn easily eroded 

red conglomerate. Subsequent gullies developed along the outcrop of the 

basal red conglomerate have undercut the resistant beds overlying, which 

sta.nd up as a. northeastward facing cliff that may be traced for a distance 

of more than ten miles. The slope of the Cretaceous outcrop to the south-

west is more gentle, thus reproduoing in miniature the genera.l contour of 

the range as a whole. 

Structure of the Cretaceous Beds 

The structure of the Cretaceous of the Santa Ana Mountains is broadly 

rather simple, though locally it is rather complex. South of Blackstar 

Canyon the beds show a regular homoclinal dip to the southwest or west a.nd 

outcrop in long narrow roughly parallel strips trending north or northwest. 

From Blackstar Canyon south to Silverado Canyon, the prevailing strike is 
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nearly north-south, and the dip between twenty and thirty degrees to the 

west. From Silverado Canyon south, the strike of the beds tends to turn 

more and more to a westerly direction~ being almost due northwest in the 

vicinity of Harding Canyon. Near the southern tip of the outcrop the 

strike is nearly N 75° W. The prevailing dip of the beds throughout most 

of this area does not exceed 35 degrees and is usually 25 degrees south-

west. Near the southern em of the outcrop in the region between Harding 

and Trabuoo Canyons, the dip increases, especially near the Cretaceous­

Tertiary contact, which here is a fault contact. Dips of from 60 to 70 

degrees are found in this area and in one place observed, the strata next 

to the fault are overturned. 

Four faults have been recognized in the area south of Blackstar Can­

yon. One of these has been traced with reasonable certainty from about 

one mile south of Harding Canyon to the vicinity of Eaker Canyon, a dis­

tance of six miles. The fault-plane is apparently nearly vertical. The 

downthrow is to the west. Its trend is slightly oblique to the prevailing 

strike of the beds through which it passes, except in the region south of 

Harding Canyon, where it outs through younger and younger rocks, finally 

passing into the Tertiary beds. Throughout the distance in which it has 

been traced, this fault is bounded on one side or the other by the shales 

of the middle part of the section. Along a great deal of its course, the 

fault trace lies wholly within the shales. :North of the Baker-silverado 

Canyon divide , this fault passes into the coarse conglomerates developed 

here in the basal part of the shales. It has not been traced with cer­

tainty beyond this point, though it may be represented in the Blackstar 

Canyon area. 
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East of the main outcrop of the Cretaceous between Silverado and 

Harding Canyon, portions of the basal Cretaceous section have been dupli­

'cated by two low angle faults with dovmthrow to the east, that have drop­

ped Cretaceous on the east side of the fault plane against the basement 

rock on the west. The easternmost dislocation has involved only two 

isolated :and narrow strips of the lowermost member of the Cretaceous -

the red Trabuco conglomerate. One of these strips may be seen along the 

high ridge forming the south wall of Harding Canyon at a point about one­

half mile above its mouth; the second strip is to be seen along the crest 

of the divide between Harding and Will iams Canyons, about three-quarters 

of a mile east of the basal contact of the main Cretaceous outcrop in this 

region. The westernmost fault of this pair has not only dropped a. blook 

showing the entire thickness of the Tra.b uco format ion, but all of the gray 

marine conglomerate and sandstone overlying, and a considerable thickness 

of the gray shales that occupy the middle part of the section. At its 

upper contact, the shale dips directly against the Triassic a,ndesite along 

a very sinuous trace, and a. few rods to the west of this contact, the basal 

beds of the Trabuoo conglomerate may be seen resting in normal contact on 

the andesi te. 

The fourth important fault of this area forms the boundary between 

the Cretaceous and Tertiary from about one and one-half miles southeast of 

the mouth of Harding Canyon southeast to the tip of the Cretaceous outcrop 

in the Trabuco Canyon region. This fault is also nearly vertical in atti­

tude and the downthrow is to the southwest. ·rhe total displacement is 

unknown, but must be considerable, for a great thiekness of the middle 

shale series of the Cretaceous and all of the upper sandy and conglomerate 

series are missing. If the original thickness of the Cretaceous at this 
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plaoe be assumed to be the same as that exposed between Harding and 

Williams Canyons, fully seventeen hundred feet of Cretaceous beds have 

been cut out by this fault; and as some of the base of the Tertiary ha.a 

also been out out the total displaoement may be considerably more. 

The structure of the Cretaceous north of Blackstar Canyon is much 

more complicated than in the region just discussed, and because of poor 

exposures, massive character of the rook, and absence of good horizon 

markers, is much more difficult to decipher. In its larger features, 

this northern portion ma;y be characterized ~s a broad open syncline with 

its a.xis trending slightly west of north, broken by two large faults and 

many small ones, and modified on its western limb by one or two obscure 

small folds. The axis of this syncline is believed to 1ie near a line 

connecting the mouth of Blackst~r Canyon on the south with a point slight­

ly west of the mouth of Bedroek Canyon on the north. In general, the 

faults in this region are roughly paraU..el to the synclinal a.xis. Most 

of these appear to be nearly vertical and to have the downthrow to the 

west, though in one or two instances, this direction appears to be re­

versed. It is probable that the Triassic-Cretaceous contact from Tiak 

Canyon north to Bedrock Canyon is a fault-contact, for here, the entire 

lower part of the Cretaceous is absent from the section, and the middle 

shales rest against the Triassic basement. North of the head of Tick 

Canyon, the basal Cretaceous beds again a.ppea.r, resting upon the Triassic 

apparently in normal depositional contact. 
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THE UPPER CRETACEOUS SffiA.TIGRA.PHY OF THE SANTA ANA MOUNTAINS, 

General Features 

The Upper Cretaceous strata of the Sant~ Ana Mountains may be di­

vided on a lithologic basis into five mappab~e units. Except for local 

~eas where p~ts of the section are missing due to fault\ng or overlap, 

e~ of these units may be distinguished from end to end of the outcrop, 

with only minor changes in lithology. Thes~ five uni ts are here grollped 

into three formations, the upper two of which are each divided into two 

members. In descending order, the stratigraphic classification here a­

dopted is as follows: 

3. Williams formation 

2. Ladd formation 

1. Trabu.co formation 

(Pleasants sandy shale member 

(Schulz conglomerate member 

(Holz shale member 

(Baker conglomerate a.nd sandstone member 

The Cretaceous rocks of this region are almost entirely elastic. 

Coarsely elastic sediments are conman, and in places predominate. Indi­

vidual beds that are calcareous enough to be called impure limestones are 

present, but are rare. In parts of the section, particularly in the mid­

dle portion silty clay shales are developed in great thickness. The most 

striking, if not the thickest sediments in the area are the coarse sand­

stone and conglomerate beds that occur both in the lower and in the upper 

parts of the section. In the territory south of Silverado Canyon these 

coarse deposits compose approximately half of the Cretaceous rocks exposed. 

North of Silverado Canyon these coarse sediments predominate. 



Detailed Stratigraphy 

l. The Trabuoo Format ion 

The basal member of the Cretaceous rocks from Bl-ackstar Canyon south 

to the southern tip of the outcrop is a soft massive red boulder conglom­

erate aver13,ging perhaps two hundred fifty to three hundred fifty feet in 

thickness. This rook unit was first distinguished as a separate formation 

by Packard (1916, P• 140), who named it the Trabuoo formation. In compo­

sition, this formation is quite variable. It is characteristically• mass 

of ill-sorted 9 angular, deeply weathered boulders that range in size from 

small pebbles to huge blocks more than a foot in diameter within a very 

small area, and in composition from angular blocks of sandstone, chert, and 

nodular limestone to deeply decayed fragments of coarse-grained plutonio 

rocks. Ocoasion~l lenses of coarse red sands occur. Wherever bedding 

is discernible in t~ese, cross-bedding is conmon. Except for these sand 

lenses however, bedding is hardly ever to be seen in the Trabuco, and for 

this reason, calculations of the attitude and thiokness of the formation 

are difficult. Assuming that the Trabuco formation has the same strike 

and dip as the beds immediately overlying , the thickness of the formation 

is estimated to be approximately three hundred feet. The conglomerate is 

nearly everywhere deeply weathered. The weathering extends usually even 

into the oenter of the most resistant boulders, tingeing them with the strik­

ing red color so characteristic of the rooks of the formation, and decom­

posing them so that they usually crumble under ~light l:ltress. Perhaps the 

predominant rooks among the boulders are of sedimentary origin - sandstones, 

quartzites, slates, ooncretionary limestones and cherts. These closely 

resemble the sediments present in the metamorphic Triassic rooks that form 
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a considerable part of the basement upon which the Trabueo was deposited. 

Other important rock types represented among the Trabuco boulders include 

a.ndesitio rocks that are not distinguishable megascopioally from much of 

the andesite that in places forms the basement rock; and a coarse-grained 

dioritic rock similar to that found on the east side of the Elsinore Valley 

of this region. 

The Trabuco rests upon a basement of metamorphosed Triassic sediments 

and of igneous rocks intruding the Triassic, •with a profound unconformity 

that has been noticed and mentioned by nearly every geologist who has worked 

in this area. This unconformity is strikingly shown in many places. In 

the vicinity of Baker and Blackstar Canyons the Trabuoo lies upon Triassic 

slates; in the region of Silverado Canyon and Ladd Canyon, the basement rock 
/1 

is an andesite, which, according to Moore is intruded into the metamorphics. 

/1 Moore, Berna.rd N., Geology of the Southern Santa Ana Mountains, Ph.D. 
Thesis, Calif. Inst. Technology, 1930, PP• iv, 32, etc. 

About three-quarters of a mile east of the Trabuoo-andesite contact in the 

Ladd Canyon region, a considerable thickness of Cretaceous has been faulted 

down with a portion of the underlying basement. The normal depositional 

oontaot of the Cretaceous with the basement is clearly shown here. The 

basement rock below the contact is seen to be ·Triassic slate, which dips at 

a high angle to the northeast, while the Trabuco , as shown by the incli­

nation of the surface upon which it rests , dips at nearly as high an angle 

to the west. Near the Baker Canyon-Silvera.do Canyon divide the line of the 

Trabuoo-Basement contaot truncates the contact of the Triassi c slates am 

the andesites of the basement series. From this point north to Tiek Canyon 

the Trab uco rests again against the slates in deposit i onal contact. 



19. 

The Trabuco conglomerate is considerably less resistant to erosion 

than is either the underlying basement rock or the overlying basal mem-

ber of the Ladd formation. For this reason, it forms a non-resistant 

zone that has been excavated by small subsequent gullies into a depressed 

zdne bo1.mded 011 the west by the conglomerate cliff's of the Baker member 

of the Ladd formation, and on the east by the steep dip slopes of andesite 

or slate. The gullies formed in this depressed strip meet the larger 

consequent streams that cut across the strike almost at right angles. 

These smaller gulties usually develop in pairs, flowing toward their mas­

ter stream from opposite directions, but entering the master canyon at 

almost the same point along its course. 

The Tra.buco conglomerate has thus f'ar yielded no fossils, and no accu-

rate deterrninat ion of' its age can be made. It appears to be essentially 

conformable with the undoubted marine cretaceous overlying. Since it is 

profoundly unconformable wi th the Triassic below, its deposition post-dates 

the orogenic disturbances during which the 11riassic sediments were intruded, 

tilted, and eroded. A late lower Cretaceous or early Upper Cretaceous age 

has generally been assigned to it, and this estimate is probably nearly 

correct . 

1£ /~ 
Packard and 1Ioore have studied the origin of the Trabuco and have 

IE. Packard, E. 1 .. , u. of Calif. Pubs., Bull. Dept. Gaol., vol. 9, no. 12, 
P• 141. 

/3 Eoore, B. H., op. cit., PP• ix, 52-54a 

come to diametrically oppos i te conclusions in regard to it. P aclrard, in 

defining the formation, wrote: "The peculiar color, the angular form of 

mos t of the pebbles and sand-grains, and the l ack of marine fossils suggests 
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~hat the Trabuoo formation was deposited on a narrow coastal plsin by tor­

rential streams arising in a mountainous region but a short distance to 

the eastward. After about two hundred feet of this material had been 

laid down, marina conglomerates of the basal Chico accumulated within the 

waters of the transgressing sea". 1Ioore, in 1930, wrote: "The red basal 

conglomerate called the Trabuco formation is clearly only a basal conglom­

erate and of less formational value than some of the other lithologic zones 

of the Cretaceous which have here been mapped" (p. v) and on page ix re-

marks: "The red beds of the •••• '2 ra.buco. . • • are in reality altered marine 

deposits rather than continental beds". Farther on, on pages 52, ~. ~-

Moore explains his opinions in a discussion somewhat too long to q_uote, 

but which is based on an interpretation of the Trabuco as a basal phase of 

the marine Cretaceous conglomerate, altered and weathered to its present 

red color and state of decomposition by agents active long after the con­

glomerates had been deposited. He concludes his arg~~ent with these words: 

"A full consideration of the available evidence leads me to the belief that 

the red color and the apparent continental nature of the deposit are due 

not to a different and non-marine mode of deposition, but to alteration 

of a coarse, porous, arkosic material. The mechanism of the alteration 

is u.."'1.lmown e Whatever type it was it is certain, because of the evident 

oxidation of the iron, that oxygen bearing meteoric waters were involved. 

In the process of alteration the more porous parts were most easily oxi-

dized. Some parts were evidently so slightly porous as to prevent much 

alteration''. After some discussion of' the structural relations be~Neen 

the Trabuco and gray conglomerates overlying, Hoo re epitomizes his opinion 

with these words: "In view of the close relationship of this basal series 

to t he overlying Cretaceous, it is believed that it has no status as a dis­

tinct formation". 
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The q_uestion of the origin of' the Trabuco is of importance in the 

consideration of the stratigraphy and the paleogeography of the Upper 

cretaceous in this part of California. If the Trabuco is marine -and 

represents only an altered lower portion of the basal conglomerate, in­

terpretation of geologic events taking place in this region in early 

Upper Cretaceous or late Lower Cretaceous time will be far different from 

the diagnosis suggested by the evidence for a thick mantle of detrital 

continental beds mantling the land surface over which the Cretaceous sea 

transgressed. The Trabuco has yielded no fossils. The attack upon the 

problem thus must be from the standpoint of petrology. such an investi­

gation is now in progress, and it is hoped, may suggest which of the two 

opposing views quoted is more probably correct. 

2. The Ladd Formation 

The Ladd formation is defined as the series of Cretaceous beds of the 

Santa Ana ~ountains included between the top of the red Trabuco conglom-

erate below and the base of' the Williams format ion above. The type lo-

oality of the formation is the region west of the mouth of Ladd Canyon, 

for which the format ion is named. The greatest measured thiclmess of the 

fo~nation approximates seventeen hundred feet. The contact of the Ladd 

formation with the Trabuco is probably conformable and may be gradat ional; 

its contact with the Willia.ms formation above is abrupt wherever observed, 

and is believed to be disconf'orma.ble if not actually uneonf'orrna.ble. The 

Ladd formation is divided into two members - the Baker conglomerate and 

sandstone member below, and the Holz shale member above. 
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The Baker Conglomerate and Sandstone Member 

This member, named for its great development in the type region in 

Baker Canyon, includes the gray conglomerates and greenish-gray overlying 

sandstones that immediately overlie the 'l'rabuco formation and underlie 

the thiak gray shale section in the Santa Ana liountains Cretaceous. The 

thickness of the member probably approximates two hundred fifty or three 

hundred feet. This member is the resistant series that forms the scarp 

on the westward side of the 1.rrabuco lowland, extending from the southern 

t i p of the outcrop north to the Baker-Blackstar Canyon divide. It charac-

teristically consists of a coarse, hard, gray, almost massive boulder con­

glomerate below, grading up into a thick-bedded coarse, sometimes calcar-

eous, arkosic sandstone abovee The conglomerates meet the Trabuco conglom-

erate below with a contact that is usually quite abrupt, a l t hough in plaoes, 

the contact seems gradational. In comparison v~th the Trabuco, the upper 

conglomerate is much better consolidated, far less weathered, the botilders 

composing it are generally fresh and hard, show better sorting, smaller 

average boulder size, higher percentage of volcanic rocks, and considerably 

smaller percentage of sedimentary rockso The individual fragments composing 

the upper conglomerate are likewise better rounded. The sedimentary rocks 

contained in it are of more resistant types such as quartzites and cherts. 

Topographically, the conglomerate usually outcrops along a bold, bare, and 

steep cliff-face overlooking the longitudinal valleys carved in the Trabuco 

formation. :ro fossils other than a f ew indeterminate Gryphaea- like or 

oyster-like forms have been fotmd in this member. I t s thickness in the 

neighborhood of Silverado Canyon and farther south averages about one hun­

dred feet. Horth of Silverado Canyon, as will be expl ained, it becomes 

much thioke1•. 
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This gray conglomerate grades up into, and in places is interbedded 

with a thick-bedded gray-green sandstone that forms the upper part of 

the Baker member. This sandstone is typically coarse, hard, well- cemented, 

thick-bedded and highly arkosic near the transition zone into the conglom­

erate below, but becomes progressively finer and more shaly toward its top 

where it grades into the Holz shale member. Occasional thin stringers 

and lenses of pebbles occur among the sandstones, and some soft shaly and 

limey thin-bedded bands ooour interbedded with the more massive phases. 

The thickness of the sandstone is extremely variable. At places, as for 

example just north of Williams Canyon, but little sandstone is present, 

the transition from conglomerate to shale taking place within a vertical 

distance of forty or fifty feet. In other regions, as for example in the 

territory south of Harding Canyon, the sandy beds appear to attain a thick-

ness of two hundred fifty feet. The transition from sandstone to shale 

is usually gradual and determination of the contact between the two members 

is thus somewhat arbitrary, and a question of individual judgment. The 

lenticular character of the sandy phase makes it extremely probable th~t 

some of the beds mapped here as uppermost sand.stone are synchronous in the 

deposition with beds mapped elsewhere as basal shale. 

The sandstones of the Baker member are at places highly fossiliferous, 

though the fossil oocurrenoes are usually sporadic and very unevenly de­

veloped. Vlhile i n some places the fossils occur in distinct beds, each 

bed containing only a few species, there is little evidence that any of 

these species are confined to distinct levels within the sandstone. The 

fauna may well be considered as a unit. In general, the faun.al assem­

blage is quite distinct in character, differing strikingly from the fauna 

of the beds overlying, and resembling but little other known faunal horizons 
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in the California Cretaceous. "By far the greater proportion of new 

species descri bed from the Cretaceous of this region oome from these beds. 

Fonns occurring here that have been found elsewhere in California include 

Trigonia. evansana Meek, Syncyolonema onerculiformis (Gabb}, Aphrodina ? 

arata ( Gabb), Turri tel la cf. 1,. hearni i Merriam MS. Other species com­

mon in this zone but little known elsewhere include Clisooolus oorrug~tus 

n.s., Glycymeris paoificus Anderson, Trigonarca californica Packard, As­

tarte sulcata Packard, Liopistha a.naa.na Anderson, Crassatella gamma. n.s., 

and many others. Three species of small Prionotropid ammonites similar 

to if not identical With forms described by :B'. E. Anderson from the Rogue 

River Valley and Siskiyou I.1ountains Cretaceous, occur in the Baker sand­

stone in abundance, and indicate the probable correlation of this member 

with part of the Cretaceous section of southern Oregon. 

The Holz Shale Member 

Lyi!J€ above the Baker sandstone and OO!J€lomerate member is a thick 

series of gray sandy shales that here are called the Holz shale from their 

excellent exposures at the type locality in the neighborhood of the Holz 

Ranch in Silvera.do Canyon. The Holz shale is the most persistent member 

of the Cretaceous of this region; for it may be followed in unbroken ex­

posure from end to end of the outcrop. In area of exposure, the shale 

a.lao probably exceeds a.1w other member in the section. At its greatest 

thickness it approximates one thousand five hundred feet, considerably 

thicker than all of the rest of the Cretaceous section combined. 

The predominating rock of thi s member is a soft brownish-gray mi­

oaoeous rather sandy clay shale, but variations from this lithology are 

numerous and extreme. Thin beds of concretionary limestone are comnon 
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looally. Rather persistent, though thin, beds of gritty sandstone are 

not rare; and lenses of coarse conglomeratio sandstone or heavy conglom­

, erate are numerous and striking in their development within the shale. 

As has been stated, the contact of the Holz shale with the Baker 

member below is gradational, and the designation of the contact is largely 

a matter of arbitrary choice. The only exoeption to this statement is 

found in the neighborhood of Harding Canyon. Here, a huge conglomerate 

lens developed at the base of the shale innnediately overlies the fossil-

iferous sandstones of the Baker member. At the upper limit of this lens, 

~he tran~ition from conglomerate to shale is quite abrupt, taking pl~oe 

within a few feet. On the other hand, the oonta.ct of the Holz shale with 

the basal beds of the overlying Williams formation is usually very abrupt. 

Good exposures of this contact may be seen in a number of places. New 

readouts made a.long the fire control roads in the Santiago Canyon and Sil­

verado Canyon areas show these abrupt contacts excellently; an almost un­

broken series of good exposures extends from Baker Canyon to the Blackstar­

Sierra Canyon divide; the contact is a.gain well shown on the north wall of' 

the north fork of Sierra Canyon where a newly out fire control road winds 

down the steep side of the canyon wall. The lithologic change at this 

contact is very pronounced, the silty shales of the Holz member giving wa.y 

in the space of a few inches to coarse conglomerates and gritty sandstones. 

There is also a rather pronounced faunal break in the fossil assemblages 

above and below the contact. These changes suggest an unconformity. This 

is further suggested by the gradual thinning out to the north and the final 

disappearance of a prominent fossil bed at the top of the shale, that in 

the Viilliams Canyon-Harding Canyon interstream area is about one hundred 

feet thick. Between Williams and Silvera.do Canyons, this bed thins rapidly 



northward. Along the fire control road just south of Silverado Canyon, 

this bed is not more than four or five feet thick, with the sharp contact 

wt th the overlying 1:"lil lie.ms formation truncating its upper surface. North 

of Silverado Canyon, the fossil bed has been cut entirely from the section. 

Vlhile this contact is believed to represent an unconformity and a 

pro"bably erosion surface, it is not believed that the unconformity repre­

sents a very long time interval. The faunas above and below the contact, 

while fairly distinct, show no marked cha.Dge such as might be expected if 

a long unrecorded interval separated the times in which they lived in the 

region. There is no discernible discordance in the bedding above and be-

low the unconformity, and it is probable that it represents no more than 

a local and minor oscillation of the sea bottom. 

The greatest measured thiOkness of the Holz shale is to be found in 

the area between Harding and Williams Canyons, where a total thiekness of 

nearly one thousand five hundred feet is indicated. This figure is prob­

ably too small, for pa.rt of the shale section has been cut out by a per­

sistent longitudinal fault that involves the shale section on one or both 

sides of its trace from Baker Canyon to about one mile south of Harding 

Canyon, where the fault passes into the Tertiary beds. The total dis­

placement of this fault is unknown, but it is at least one hundred fifty 

feet , and may be much more. South of the point where this fault leaves 

the shale section, the Tertiary beds are dropped against the shales by an 

intersecting fault that has cut out of the section the entire Williams for­

mation at this point and a considerable thickness of the upper Holz shale 

as well. 

The presence of conglomerate lenses in the shales has already been men-

tioned. Ean.y of these lenses do not exceed more than a few feet in thickness 
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and a few yards in length. Some of them however are huge. A ·large 

lens about three thousand feet long and perhaps seventy-five feet thick 

in its middle portion is found at about the middle of the exposed shale 

1:J80tion on the north side of Williams Canyon. Many of the boulders in 

this lens exceed a foot in diameter. In the Aliso Canyon region, a sec-

ond thick lens of coarse boulders and gritty sandstones is fot1nd in the 

midst of the shale section. 

one hundred forty feet thick. 

At the only place measured, this lens is 

Its exposed length exceeds one mile. I ts 

original length probably was much greater, for it is truncated on both ends 

by faults. Reference has already been made to the conglomerate lens de-
I 

veloped in the basal part of the shale in the neighborhood of Harding Can-

yon. The maximum measured thickness of this conglomerate exceeds one 

hundred feet, and is probably much more for part of it is cut out by a 

fault in the shale section. Its length exceeds one mile. 1.rhe most re-

markable conglomerate in the sha.le.s is the lens that is developed in the 

basal part of the shale section beginning in the high bluff to the north 

of th e Holz ranch, in Silverado Canyon a.nd extending north to a short dis­

tance beyond the Baker Canyon-Blackstar Canyon divide - a distance of more 

than three miles. The total thiolmess of this deposit is as yet unknown, 

but probably is not less than one thousand feet. It is composed of massive 

beds of gritty feldspathic sandstone in great thiolmess alternating with 

boulder beds carrying fragments ranging in size from small pebbles to great 

angular blocks three or four feet in diameter. In general, the mass is 

firmly consolidated. The terrane it underlies is clothed with a thick 

tangle of brush, which, except in a few places where trails have been out 

through it, is virtually impassible; and the streams that transect the lens 

flow through gorges so choked with brush, so strewn with boulders and so 
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set with waterfalls and potholes that exploration of their courses is 

exceedingly difficult. 1.rhroughout most of its extent this lens merges 

below with the Baker sandstone and conglomerate member, and has been map­

ped with it. 

North of Tick Canyon on the east side of Blackstar Canyon, the whole 

basal series including the Trabuoo Conglomerate, the Baker member, and 

the great co11glomerate lens described above, pinch out and disappear. A 

few hundred yards north of Tick Canyon, the Triassic slates and the Holz 

shale occur within a few yards of one another, though no actual contact 

is visible. ETom this point north to the Bedrock Canyon-Sierra Canyon 

divide, the shale appears to be in direct contact With the basement rock. 

North of this divide nearly to Santa Ana Canyon, a soft reddish or bro,m­

ish boulder conglomerate appears on the east wall of Bedrock Canyon in nor­

mat depositional contact with the Triassic and apparently in fault contact 

with a thin strip of Holz shale above. This lower conglomerate may repre-

sent a part of the i'rabuoo, or the 1.rrabuco plus part of the Baker member. 

The ~uestion of the origin of the conglomerate lenses developed in the 

shales is of considerable interest in sed"nentation. They are doubtless 

in part marine, for they carry marine fossils. They may have developed 

along the bases of high sea-cliffs that descended into fairly deep water 

@d mingled their talus with the detritus brought down by streams that 

drained the area to the east. The coarseness of much of the material in 

the lenses would indicate that it could not have been borne far. 

The terrane underlain by the shales weathers into smoothly rounded 

grassy slopes on .which good exposures are rare. In the southern part of 

the area the outcrop is broad. 1he slopes here have been greatly incised 
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by numerous subparal lel gullies that head near the Holz-Baker member con­

~act, and flow westward across the strike of the beds to Santiago cr♦ek. 

~his dissection results in an extremely rugged topography in this part of 

the area.. In the area north of Baker Canyon, the $hale outcrop is narrow, 

and is largely confined to the lower slopes of the steep valley walls that 

are capped by the resistant basal beds of the overlying Williams formation. 

From Balcer Canyon south, the shales are fairly fossiliferous. Indi-

vidual fossil beds generally cannot be traced more than a few yards however, 

the fossils occurring in lenticular sandy and conglomer~te beds and not 

usllally directly in the shale itself. Faun.ally the Holz shale mey be di­

vided into three rather vague zones. The lower zone includes perhaps the 

basal hundred feet of the shale, and bears a fauna that in general is very 

Jll\lOh like that of the Baker sandstone below, together With a few forms that 

seem prenuncial of the assemblages of higher horizons. The shales above 

this zone are barren for several hwidred feet. The second zone occurs in 

the upper half of the shale beds up to about one hundred feet from the top 

of the member, as developed in Williams Canyon. Fossil occurrences a.re 

scattered and few in this part of the section, but have yielded some good 

faunas. Characteristic species include Etea triangulata Packard, Tenea. 

inflata Gabb, 0Ris. of. tria.ngulata, Turritella ohicoensis, tY1Jical variety, 

and a few other forms that appear to be r~stricted to this part of the sec­

tion. Tulany other species that occur here are also common in the zones 

above. From the south side of Silvera.do Canyon to $bout one and one-half 

miles south of Harding Canyon. the top of the shale section is occupied by 

a series of sandy beds that attain a thickness of nearly one hundred feet 

in the Williams Canyon region. These beds contain an abundant but not par-

tioularly varied fauna especially characterized by the presence in great 
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numbers of giant specimens of Turritella ohicoensis and Crassatella loma.na.. 

A rather striking feature of the shale faunas in general is the scarcity 

of ammonites, in contrast to the rather abundant occurrence of these fos­

sils in the Baker member below and the Willia.ms formation above. 

3. The Williams l!,orma.tion 

This formation, named from characteristic exposures at the type lo­

cality about one-quarter mile above the mouth of Williams Canyon, forms 

the sumni t of the Upper Cretaceous section in the Santa. Ana Mountains. 

The fo rmation here is approximately five hundred feet thick. At its base 

is usually found a rather thin series of boulder conglomerates and coarse, 

light colored, highly feldspathic and mioaceous, soft, cross-bedded sand­

stones, the Schulz sand~tone and conglomerate member. At higher +evels 

in the section, the sandstones become finer grained and less feldspathio, 

and occasional limy beds begin to appear, often so calcareous as to form 

sandy limestones. Near the top of the section the prevailing matrix be­

comes very fine-grained, and might with almost equal correctness be desig­

na.ted a sandy siltstone or a fine-grained shaly sandstone. The color of 

the roalcs of the whole formation is prevailingly light. Pinkish shad.es 

induoed by extensive limonite stain are very characteristic. The outcrop 

is almost everywhere oovered with a stubborn growth of thick and resistant 

brush, which contrasts strikingly with the smooth grass-covered slopes of 

the shales below. 

The Sohulz Sandstone and Conglomerate Member 

The type locality of the Schulz member is approximately one-quarter 

mile above the mouth of Wi llia.~s Canyon near the west boundary of the Schulz 
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ranch. The member is composed of coarse light-colored soft cross-bedded 

arkosic sandstone with subordinate boulder beds. The boulders in the 

conglomerate are usually of rather small size, individual fragments as 

large as one foot in diameter being quite rare. The boulders are nearly 

all well-rounded and quite fresh. They vary in consistency from cherts 

and quartzites to volcanic and plutonic igneous rocks of a variety of types. 

Q,uartz pebbles are abundant. The coarse sandy mat rix in which these boul-

ders are embedded breaks dovm readily, and the conglomerates weather out 

into subdued rocky ridges quite different in appearance from the bold con-

glomerate cliffs of the Baker member at the base of the section. The ark-

osio sandstone beds that oharaoterize the upper part of the member usually 

form rather thick, cream-colored layers of soft rock that in Baker Canyon 

and north compose the striking bluffs that cap the soft and dark shale 

slopes. Where they outcrop over a considerable area, a s in the northern 

half of the Cretaceous exposure, these sandstones weather out into immense 

monolithic blocks that lie scattered about on the crests of the bluffs they 

cap l ike so many unfinished Stonehenges. 

The lithology of this member at its contact with the Holz shale varies 

greatly from place to place, but an abrupt change in character from the rock 

below is everywhere apparent. In the vicinity of Harding Canyon, compara-

tively little conglomerate is present in this member, the rock at the con­

tact being a soft pebbly sandstone; farther north in Williams Canyon coarse 

conglomerates occur immediately above the contact with the shal.e; at Silver­

ado Canyon on the south side the beds just above the shales are of soft 

silty sandstones succeeded immediately by bouldef beds; on the north side 

of Silverado Canyon the basal beds of the Sohulz member are again coarsely 

conglomeratio; along the west walls of Baker and Bl~ckstar Canyons the Schulz 



member just above the contact is usually a coarse sandstone, in places 

feldspathic and in places composed of nearly pure olive-colored quartz 

1:1and. Fragments of shale resembling the Holz ~1ale below are corrmon i n 

the lowennost few feet of the beds above the contact. 

The Schulz member thickens somewhat north of Baker Canyon. In this 

region it shows a general tendency to cavernous weathering, and a tendency 

to form joints perpendicular to the bedding-planes , a characteristic that 

gives a fluted or columnar appearance to the bluff faces that it forms. 

With the exception of one collection (locality no. 1066) no fossils 

have been found in this member. This one exception may represent re­

worked boulders in the base of the member. It is preswned however from 

the gradational contact between the Scllulz member and the qverlying Pleas­

a,nts fossiliferous beds that the Schulz represents the pasal conglomerate 

of the advancing sea in which the fossiliferous beds were later laid down. 

The Pleasants Sandstone Member 

This member ts named for its excellent development at the type lo­

cality in the neighborhood of the Pleasants ranch at the mouth of Williams 

Canyon. It consists in general of very fine-grained and thin-bedded fer-

ruginous micaceous shaly sandstone, with which are interbedded numerous 

thick layers of false-bedded calcareous sandstone or sandy limestone. These 

limy beds weather out on the surface into large conore~ion-like blocks that 

occasionally carry a good fossil fauna. The first appearance of the char­

acteristic limy blocks in ascending the section has been ta.ken as the base 

of the member in mapping. 
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The Pleasants member is rather discontinuous in its distribution, 

being cut out of the section in a number of localities by faulting or over­

lap. From the southern tip of the Cretaceous exposure north to about one 

and one-half miles south of Harding Canyon, the entire williams formation 

has been cut out by a fault that drops the Tertiary beds against the Holz 

shale. I n tl;i.e vicinity of the mouth of Harding Canyon, the basal Tertiary 

beds entirely overlap the Pleasants member, resting upon the Schulz con-

glomerate and sandstone. The Pleasants member is hidden here for a dis-

ta.nee of perhaps one-half mile. North of Silverado Canyon, the Pleasants 

member is again anti rely overlapped by the basal Tert iary beds for a dis­

tance of perhaps three-quarters of a mile. Perhaps one of the best ex­

amples of the overlap of the Tertiary upon the Cretaceous is shown on the 

north wall of the north fork of Sierra Canyon near its head. Along the 

Bedroclc Canyon-Sierra Canyon divide, the Martinez P,aleocene beds may be 

seen resting upon characteristic beds of the Pleasants member. As this 

contact is traced to the east, the Pleasants is overlapped and the Martin­

ez rests upon the Schulz conglomerates and sandstones. About one-quarter 

mile to the east at the head of Bedrock Canyon, the Schulz member also is 

overlapped, and the L~artinez beds rest directly on the Holz shale. 

The Pleasants member is represented only in discontinuous and isolated 

areas north of Blackstar Canyon. 

from the underlying Schulz member. 

In this region it was not differentiated 

Determination of' the thi ckness of the members of the Williams formation 

is difficult, owing to the overlaps and the faulting which have a ffected 

these members from end to end of the cre t aceous outcrop. The bes t oal cu-

l a t i on made based on meas urement of the sec tion in the nei ghborhood of 
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Williams Caeyon gives an approximate thickness of two hundred feet for the 

Schulz member, and about three hundred twenty feet for the thickness of 

the Pleasants sandstones. It is probable that farther north, the Sehulz 

member may exceed this thickness. 

The fauna of the Pleasants sandstone is striking and characteristic. 

It is marked by n~~erous specimens of Calva major, Cymbophora ashbumerii, 

.Q.. gabbiana, Margari tes ornat issimus, Meekia navis, and Metaplacent iceras 

pacifiCU!I!• The latter species is especially useful as an index fossil, 

for it not only is confined to this member in the Santa Ana Mountains re­

gion, but is easily recognized even in fragments, and has been found al­

most every,.vhere that the Pleasants member is er2osed. It has also been 

recognized throughout a wide geographic range in Cretaceous beds in Cali­

fornia and southern Oregon. As its stratigraphic range appears to be 

restrict ed, it may be regarded as a criterion for correlation of consider­

able value. 

On the whole, the fauna of the Pleasants member is widespread, but in 

only a few localities, is it either well-developed or well-preserved. One 

prolific locality on the west slope of the ridge just east of the Pankratz 

ranch house has furnished by far the largest and best-preserved collection 

from the member. Over fifty species have been obtained at this place. 

almost every other locality w'nere the Pleasants member is exposed, fossils 

are obtainable but are neither in comparable abundance nor in such a good 

state of preservation. 

At 



THE UPPER CRETACEOUS FAUNA OF THE SAlfl'A Al1TA MOUNTAINS 

Introduction 

One hundred and eight species a.nd varieties of mollusks are listed in 

the accompanying t able upon which the following di sollssion is based. This 

fauna includes sixty-seven species of Peleoypods, thirty species of Gastro­

pods, thirteen species of Cephalopods, and one species of scaphopods. Ap­

proximately ninety-five of these species have been either specifically 

determined, compared to closely related described species, or described as 

new species. I n addition to these one hundred and eleven species and va-

rieties, the fauna contains five or six Pelecypod species and perhaps forty 

Gastropod species that have not been even generically determined , and prob-

ably are all new species. Kea.rly all of this latter assemblage is repre-

sented by rare or solitary specimens. Two species of "worms" are present 

in the fauna, but have neither been described nor discussed. Foramini fera. , 

Bryozoa, and Crustacea are known to occur in this assemblage, but are repre-

sented by indeterminate forms in the main. I have not distinguished herein 

any specimens referable to the Echinoderma, Brachiopoda, or corals. 

The fauna of the Cretaceous of the Santa. Ana Mountains is divisible 

into two distinct assemblages that have very few species in common. The 

first assemblage is that found in the BaJrer sandstone member of the Ladd 

formation, and in three small lots of fossils obtained from beds at the very 

base of the Eolz shale overlying. It is this faunal grollp that Paolrard 

named the Actaeonella oviformis zone. The second faunai assemblage in­

cludes all of the fossils of the Holz shale member of the Ladd formation, 

excepting the three collections just mentioned (C. I. T. cat. nos. 92, 454, 

1064), and all of the fauna of the Pleasants member of the Williams formation 
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To simplify subsequent discussions, I shall call this second fau.nal group 

the zone of Glyoymeris veatchii, as this species occurs abundantly through­

out this stratigraphic range, and does not occur in the Baker sandstone. 

The faunal subdivisions as adopted in this thesis, together with tho 

corresponding subdivisions of Pac..~ard (1916 9 p. 144 ) , and their approxi­

mate stratigraphic position, are shown on the chart facing page 36. 

The Actaeonella oviformis Zone 

The fauna of the Baker sandstone, or 11 Actaeonella oviformis zone" is 

large. At least fifty of the species included i n the fossil list occur 

in this member, and of this number but few are found in the higher beds. 

The zone includes by far the majority of those forms that have been de-

scribed as new species from this region. :Many of these species have not 

been found elsewhere on the Pacific Coast, or at least have not been so 

reported in publications. Of the species found in this zone that are 

known elsewhere in the Pacific Coast Cretaceous, a considerable pro~ortion 

occurs i n Gabb's fauna from Cottonwood Creek, Shasta County, suggesting 

that Gabb ' s locality is probably correlative with the Baker sandstone. 

The more abundant and characteristic fossil species occurring in this 

zone include A:phrodina? arata {Gabb), Galva ragina n.s., Clisocolus £,QI­

rugatus n.s., Corbula traskii? Gabb, Crassatella gamna n.s., Cuoultaea 

sp. cf. Q.• gravida (Gabb), Flaventia~ n.s., Glyoymeris pacificus 

{Anderson) , Inonerna n.s., Isocardia delta n.s., Lima~ n.s., Liopistha 

anaa.na {Anderson), SynQvclonema operculiformis (Gabb), Tenea inflata (Gabb ) 

small variety, Aotaeonella oviformis Gabb, Ampullina. ,llSeudoalveata {Packard ), 

Mchura cf. falciformis? {Gabb), Pugnellus sp. cf. P. manubriatus Gabb, 



"Sinhonalia" dubius Packard, Turritella sp. of. T. seriatimgranulata Ga.bb 

!!Qn Roemer, "Wautilus'' sp., "Sohloenbaohia11 sp. of. "..§." knighteni (Ander­

son), ".S." sp. of. "Ji". phoenixense Anderson, ".§." sp. cf. 11S". siskiyouensis 

Anderson, and Baculites fairbanksi Anderson. All of' the forms above men-

tioned with the exception of . .i\nohura cf. falciformis ? (Gabb), appear to be 

restricted in thei r occurrence to the Baker sandstone. Anohura cf. faloi-

formis ranges up into the lower portions of the overlying Holz shale. Of 

the few other specie s found in the lowermost zone, but usually more char­

acteristically developed in the beds higher in the section may be mentioned 

Trigonia evansana, Opis triangulata, Acila demessa, Trinacria Q.Q!.• Parallel­

odon breweria.nus, and Oligoptyoha obligua. Of these, the Trigoniae in the 

beds above the Baker sandstone are very poorly preserved, and while they 

are very closely related to T. evansana there is reason to believe that 

they may be a separate species - probably x_. inezana Packard. Parallel­

odon brewerianus is a species t hat elsewhere is characteristic of' t he low-

er port ion of the West Coast Upper Cretaceous, and is even reported f rom 

the Horsetown group (Lower Cretaceous} (Diller and Stanton, 1894, PP• 439, 

443 ) • It is not surprising to find this species ranging through a con-

siderable thickness of beds in this section also. The other species men-

tioned are either comparatively long-ranging forms, or are forms tba.t are 

characteristic of the lower portion of the overlying shales, and are usually 

represented in the Baker sandstone by single individuals from one or two 

looa.li ties. 

The Glyoymeris veatchii Zone 

The faunas of the "Glycymeris veatchii zone" show a considerable ~­

mount of u.nifonni ty from top to bottom of the section, and show a great 
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change from the assemblage of the Baker sandstone. They mey be subdivided, 

however, into three fairly well marked subzones, all of which were recog­

nized by Packard, and were designated by him the 11 deeper-water phase of the 

1.rurritella 1)esoaderoensis zone", the"shallow-water pp.ase of the Turri tel la 

pescaderoensi s zone", and the111Tel lina o&ides zone'', from bottom to top 

(Packard, 1916, P• 145). The two lower subzones are found in the Holz 

shale. The uppermost subzone includes the fossiliferous portion of the 

Wi lliams format ion. For reasons that will appear subsequently, these 

subzones are designated in this paper, from below upwards (1) the subzone 

of Turritella chicoensis, ty-pioal variety; (2) the subzone of Turritella 
/1 

chicoensis, giant variety, and ( 3) the sub zone of Metanlacenticeras p$,cificum. 

/1 Dr. Charles r,;erria.rn of Cornell University who has monogr~phed the Tur­
ritellas of the Pacific Coast Cretaoeous and Cenozoic deposits, in-
forms me (personal note, Jan. 1934) that he regards Turri tella pesca­
deroensis Arnold, and the giant Turri tella from the Santa Ana Mountains 
as separate subspecies of typical.!• chiooensis Gabb, and will so de­
scribe them in his forthcoming monograph of this genus. Upon publi­
cation of these descriptions, the varietal name can be used to designate 
the middle subzone of the Glycymeris veatchii beds. 

1 . Subzone of Turritella chicoensis, Typical Variety 

It has been pointed out in the chapter on strat igraphy that the Holz 

shale in the region between Silverado and Harding Canyons consists of silty 

shales with occasional conglomerate and sandstone lenses interbedded, and 

with a highly fossiliferous sandy phase at the top. The maximum computed 

total thict::ness of t he shale section is in the neighborhood of one thousand 

five hundred feet. The subzone of Turritella chicoensis, typical variety, 

occurs in the upper half of this shale section below the sandy beds at the 

surrmit. The lower half of the shale is barren of fossils or nearly so. 

The fossils occur in limy, sandy, or conglomera.tic lenses interbedded with 

the shales, and seldom in the shale itself - an occurrence that suggests that 
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the character of the fauna is not solely a feature of facies control. The 

fossil occurrences are usually isolated and of small lateral extent. Few of 

the fossili ferou.s beds may be followed along the strike more than a few yards. 

These species seem most characteristic of this subzone in the shale: 

Turritella ohicoensis, typical variety; Parallelodon brewerianus; Tenea in­

flata ( large form), ~ of. t ria.pgulata, Ampullina packardi, ~ a.ngulata, 

and Volutoderma santana. A number of other forms are common in this subzone, 

but also are found abundantly in beds higher in the section. These include 

Glycymeris veatohii, Clisocolus cordatus, Crassatella lomana, :E'laventia lens, 

Eusnira shumardiana, 11 Fulg1u11 hilgardi, and Volutoderma. averillii. 

ites are very rare, and usually are poorly preserved. 

Ammon-

Very l ittle in the character of the fauna would suggest a deep-wa.ter 

condition of deposition of these shale beds. The occurrence in the seo-

tion of conglomerate lenses and sandstone beds suggests a fairly shallow sea. 

The concept of' a shallow sea with a mud bottom would accOl.mt for the char­

acteristics of this deposit satisfactorily. 

2. The Subzone of Turritella ohicoensis, Giant variety 

The sandy beds at the top of the Holz shale, and just below the basal 

conglomerate of the Williams forrr~tion include this subzone. The beds of 

the subzone probably reach their greatest t~ickness in the region between 

Williams and Harding Canyon, where they are about one hundred fifty feet 

thick. They are cut out of the section about a mile south of Harding Can­

:ron by faulting, and are overlapped by the basal beds of the Will iams for­

mation north of Silverado Canyona 

The fauna of this subzone is distinguished by the association of species 

rather tha~ by their restriction in range. A considerable number of the 
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abundant forms found in this subzone occur also in greater or less abun­

dance in the subzone below; and similarly a number of species that first 

appear at this horizon pass upward into the Metaplaoenticeras subzone 

above. Probably the mos t striking feature of the fauna is the robust 

appearance of many forms which in their earlier or later appearance are 

of more modest size. The giant variety of Turritella chicoensis is prob-

ably the best example of' this. This species occurs not only in great 

size in this subzone but also in great numbers, in many places maldng up 

a considerable portion of the bulk of the rock in which it occurs. Viera 

this evidence of optimum living conditions the only characteristic feature 

of these beds, it would not be sufficient basis for distinguishing a sepa-

rate faunal division. The combination of species is however distinct. 

Beside the giant forms of Turritella chicoensis, the following species 

are both abundant a~.d characteristic in this subdivision: Orassatella 

lomana, Clisooolus cordatus, Cucul laea youngi, C;ymbophora ashburnerii, m­
ventia ~' Glyc:ymeris veatchii, Trinacria ..QQX, Acila demessa, Euspira 

shumardiana, Lysis californiensis, and. Baculites chicoensis. 

3. The subzone of I,Ietaplacenticeras paoificum 

The basal member of the Williams formation, the Schulz conglomerate, 

has yielded but one fossil collection {C. I. T. locality no. 1066). The 

fauna of this collection shows no great difference from the faunas of the 

giant Turri tella beds, which here are overla.pped. With this exception, 

all of the fossils obtained from the Williams formation have been found in 

the limy and shaly sand.stones of the upper or Pleasants member. This mem­

ber has yi elded a fauna of more than fif~y species. By far the best pre­

served and most abundant collections of the subzone have been derived from 

a. small area south of Harding Canyon and northeast of the Pankratz ranch. 
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Elsewhere along the outcrop of t~e Pleasants member, fossils are sparsely 

distributed and poorly preserved. I t has usually been possible to ob­

tain sufficient fossils almost everywhere to identify the member, however. 

The most characteristic and useful fossil of this subzone is the am­

monite species lleta.placenticera.s pacif'icum (J. P. Smith). This form is 

distributed throughout the outcrop of the member, and though seldom abun­

dant is generally present in localities that furnish any fossils at all. 

I t is easily recognized, even when poorly preserved, and has so far not 

been found in &i.y horizon lower than the Pleasants sandstones. The species 

is found in both middle and northern California, and in southern Oregon, 

where it appears to have a restricted range. It thus represents a cri-

terion for correlation of unusual interest and importance. This ammonHe 

is suggested as the zone-fossil for this horizon, rather than the species 

11Tellina11 o~ides Gabb as suggested by Pa~rd, as the latter form is less 

abundant, harder to recognize, and probably of wider stratigraphic range. 

Hext to );ietapla.centioeras the most important and characteristic fossil 

of this subzone is Calva nitida var. ma..jor (Packard}. It occurs rarely 

in the subzone below, but is most abundant and best developed in the~­

placenticeras beds. Other f orms that occur abundantly at this horizon 

include Cymbophora ashburnerii ( Gabb), C. gabbiana. (Anderson}, the ubiq111-

tous .G].ycymeris veatchii, "Fulgur" hilgardi White, Gyrodes expansa Gapb, 

Marga.rites ornatissimus (Gabb) and Oligoptycha obligua (Gabb). As will 

readily be seen, the fauna of' this subzone and the subzone below differ 

little. and the conclusion is justified that the two subzones are not 

widely separated in time. An unconformity separates the beds in whioh 

the two subzones are developed, but it prob~Qly does not represent a very 

considerable break in deposition. 
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The general aspect of the fauna of the "zone of Glyoymeris veatohii'' 

is much like that found on the east side of the Upper Sacramento Valley 

at Chico Creek, Tuscan Springs, Penz's Ranch and Cow Creek. Hearl,y every 

species found in the upper zone at the Santa Ana Mountains is also repre­

sented in the fauna from Chico Creek, especially from the upper beds. 
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Compa~·ative breadth of the horiz ')ntal blaclc lines indicates approximate 
comparative abundance of specir,ens in each horiz ,n , 
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NOTES ON OTHER UPPER CRE'rACEOUS DEPOSITS IN SOUTHERN CALIFORNIA 

In the course of the past year, the Cali fornia Institute of Teoh­

nology acquired a number of fossil collections from Cretaceous beds in 

the Santa konica mountains, and in the Simi Hills of Los Angeles and ven-

t ura Counties. These faunas are listed here. Their stratigraphic 

oocLU'rences are briefly outlined and their relationships to the Cretaceous 

faunas of the Santa Ana Mountains are discussed. 

Upper Cretaceous of the Simi Hills 

Stratigrapey 

According to Kew (1924, pp. ll-12) t4e Cretaoeo,us sediments of the 

Simi Hills are divisible into two members: the lower member consists of a 

calcareous sandstone abou.t two hun,dred fifty feet t.hiQk below, and a gray, 

soft shale about equ.ally thick above; the uppe:r member aonsists of approxi­

mately f1 fty-fi ve hundred feet of massive b:rown sa.ndst one, with numerous 

thin shale sea.ms interbedded. All, or nearly all of the fossils obtained 

from the Cretaceous of this region a.re derived from the lowest beds exposed 

- the calcareous sandstone. 

Fauna. 

The localities from which the fossils are obtained a.r~ listed as fol­

lows with their California Institute of Technology Invert. Paleontology 

loce,lity numbers: 

1154. SE si de of the Si1ni Hills, spur between north and south branches 

of Dayton Canyon, north side of spur, two hundred feet above the canyon 

floor. From limy sandstone underlying massive sandstone. 
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1155. Limy sandstone beds in sandy shales, south side of south fork of 

Dayton Canyon, Simi Hills, Calabasas quadrangle, Ventura County, Calif. 

1156. Sandstone outcropping on crest of ridge, about three hundred feet 

southwest of sta. no. 1155. 

l.157. Southeast slope of the Simi Hills, north bank of Bell Canyon, in 

shale bluffs above stream channel about fifty feet below the base of the 

massive Cretaceous sandstone. One mile straight west of the Los Angeles-

Ventura County line on the boundary, (extended) between townships land 2 

north. Calabasas quadrangle. 

1158. Approxima.tely same horizon as locality no. 1157, but about one­

eighth mile west. 

1159. Prominent fossil bed on crest of spur between forks of Dayton Can-

yon, about four hundred feet east of the Los Angeles-Ventura County line, 

and six thousand feet N 23° W of the SE corner of sec. 33, T 2 N, R 17 w, 
Calabasas sheet. 



45. 

Species c. I. T. loc. no. 1154 1155 1156 • 1157 1158 1159 

Margaritas ornatissimus (Gabb) X 0 C a 
Euspira. shumardiana. (Gabb) r a r 
Gyrodes expansa Gabb X r 0 r 
Lysis oalifo~~iensi s Packard r C 
Turritalla chicoensis Gabb (giant) r r va r 
Turritella ossa n.s. a 
Perissitys brevirostris (Gabb ) r r a. 
Volutoderma averillii (Gabb) r r 
Oligoptycha obliqua (Gabb) a va 0 va Va. 
Acila demessa Finl~ r r C r r 
Glycymeris veatchii (Gabb) C C a 0 va va 
Cuoullaea youngi Waring r r r ? va 
Cuoullaea truncata? Gabb r 
Parallelodon breweria.nus (Gabb) r va va 
Trinacria cor n.s. C r r 
Trigonia evansana.? Meek r r 0 r a 
.A.nomia lineata Gabb r r r 
Inoceramus whi tneyi ? Gabb a 0 a, r 
Meekia na.vis Gabb 0 r r 
Crassatella lomana Cooper r va 
Crassatella n.s.? r 
Eriphyla ovoides (Packard} C 

Eriphyla lapidis (Packard ) r 
Clisocolus cordatus \'lhi teaves r r r a 
Calva nitida major (Packard) t C 0 ?va va 
Tenea inf1.ata. ? (Gabb) r r 0 

Flaventia lens (Gabb} C C r va 
Cymbophora ashburnerii (Gabb) 0 0 v~ r va a 
Cymbophora gabbiana (Anderson} r C a r r 
Baculites chicoensis ~rask 0 a 
Met aplacent i ceras cali f ornicu.111 a C a C 

(Anderson) 
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The stratigraphic relationships of these various localities to one 

another are as follows: localities 1154, 1155, and 1156 are nearly at the 

top of the calcareous sandstones, and probably represent essentially the 

same horizon. Locality no. 1159 is somewhat lower stratigraphioally than 

the three listed above. The exact stratigraphic interval separating the 

two horizons is not known, but probably does not exceed one hundred fifty 

feet, Localities no. 1157 and 1158 a.re separated from the !ou;- di~cussed 

above by a distance of more than a mile, In Kew's map of thi& reg;on, 

several considerable faults are shown cutting the area between the D~on 

Canyon and Bell Canyon localities; and evidence of faulting is strong ;n 

the irranediate vicinity from which the Bell Canyon fossil oollectiQns wer.e 

made. It is not possible to say at this time just what the stratigraphic 

relations of localities ll.57 and ll.58 l'.llQy be to the Dayton Canyon section. 

The fossils suggest a somewha~ greater~~. but the evidence is by no means 

conclusive. 

If the fossil lists from the sa.nt~ Ana. :Mountains pe eompared to those 

from the Simi Hills, these relationships become apparent: none of the 

char~oteristio fossils from the "Actaeonella ovi_formis zone" - the Baker 

sandstone - are found in the Simi Hills ass~mblag~. Beds of Baker age 

are probably entirely absent in the Simi Hills. Sqeh fossil species as 

Etea angulata, Opis tria.ngulata, and Tenea inflata, that are 8$p8Q~alty 

charaoteristic in the zone of Turritella ohieoensis (typiQ~l va,ri~~y) are 

also absent from the Simi Hills coUeotions. p eeems Pf<ib~l>le ~hat this 

horizon also is absent in the Simi Hills. The abun~~t forms frol'.ll the 

Simi Hills include such species as Metaplaoentioeras oaliferniown, Cuoul-
• • I • , 

laea youngi, Turritella chicoensis (giant variety:), O:zyi.bophora ashburnerii, 

Q.. gabbiana, and Cl isocolus cordatus. 
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characteristic of the uppermost beds of the Holz shale, and of the Williams 

formation in the Santa A.ma iviountains, and it seems very likely that the 

calcareous sandstones at the base of the exposed section in the Simi Hills 

are to be correlated in whole or in part with the two uppermost faun.al 

horizons of the Santa Arna Mount~ins. If this correlation be correct, the 

entire fifty-five hundred feet of massive sandstone at the top of the Cre­

taceous section in the Simi Hills is younger than any beds exposed in the 

Santa A.na. Mountains section studied. It has been thought that part of 

these sandstones might be Eocene in age. Kew (1924, P• 12) includes them 

with the Upper Cretaceous, however, on the basis of their conformable re­

lationships with the fossiliferous Cretaceous below, and their unconform-

able relationships with .Martinez (Paleocene) beds above. S inoe the time 

of Kew' s report Baculites has been report® from the top of the sandstone 

series directly beneath the :tiartinez con tao~, apparently confirming Kew' s 

oonclusions. 

One or two differences in faunal occurrence between the Simi Hills 

fossiliferous beds, and the fauna of the Williams formation may be men­

tioned. 1ietaplacentioera.s paoificum, the most ohara.oteristic fossil of 

the Williams formation is not pre~ent in the coll~c~ions from the Simi 

Hills; while ti . californioum is abundant in the collec~ions from D%7ton Can­

yon, but is very sparingly represented in the Santa Ana Mount~ina., whe:re it 

is associated with 11• pacifiCU!,!1• Elsewhere in California and Or~g~, these 

two species have almost always been found together. In the Sant~ Monica 

Mountains, about twenty miles south and southwest of the Simi Hills, M• ~­

cifioum also occurs, but does not appear to be associated with M. califor­

nioum. These dis crepancies suggest a sligh~ age difference between the 

'.'iilliams formation, and the Metaulacenticeras beds of the Santa Llonioa 
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J>.:Iountains on the one hand and the calcareous sandstone of Dayton Canyon 

on the other. The ranges in time of the two a.rmnonite species probably 

overlap somewhat. Their occurrence together in middle and northern Cali-

fornia is explainable in this way. Differences in facies or geographic 

range are hardly admissable as explanations for the facies are similar in 

all three localities, and the geographic differences are insignificant com­

pared to the lmown range of both species. 

Upper Cretaceous of the Santa llonica Mountains 

The latest comprehens ive report available on the geology of the Santa 

Monica i\iountains of Los Angeles County, is the work of H. w. Hoo~s (U. s. 

G. s. Prof. Paper 165-0). The stratigraphic data offered in t,he follow-

ing discussion are derived from Hoots' report. The remarks upon the fauna 

are partly made on the basis of collections by Dr. Hoots and Dr. w. P. 

Woodring and now in the California Institute of Technology, and partly up­

on collections that I made in the summer of 1935. 

stratigraphy 

Hoots has distingui shed t wo areas of Cretaceous rocks in the Santa 

I,ionica z.:ountains. The first area is found in the Reseda quadrangle, about 

two to three miles east of the upper par t of 1.ropanga Canyon . The Creta­

ceous rooks outcrop in a roLighly triangular strip that lies on both sides 

of t;ulhol land Drive, and measures approximately three miles in length Qy 

one mile or less in width¥ At the base of t hi s seotion, the Cretaceous 

rests with an apparently depositional contact on the Santa Monica slates. 

The basal member of the Cretaceous here is a thick, soft, red, incoherent, 

greatly decomposed boulder conglomerate, and conglomeratio sandstone. At 
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its greatest development, this member is about seven hundred fifty feet 

thick. Above this red conglomerate is a men.bar composed principally of 

hard massive fairly well indurated bro\vn conglomerate, With a subordinate 

amount of hard dar1~-gray shale and occasional thick beds of conglomeratic 

sandstone and of limestone. The total thickness of this member approxi­

mates t wenty-five hundred feet. A few fossils have been obtained from 

this upper member, but except that they show the rocks to be marine and 

Cretaceous in age, have little to offer indicative of the exact relation­

ships of the deposits of the region vii th the Cretaceous as found else-

where. Lithologically, the Cretaceous rocks of this area greatly re-

semble the red Trabuco conglomerate and the overlying Baker conglomerates 

and sandstones as developed in the Baker Canyon region of the Santa Ana 

Mount ains . The stratigraphic succession i s similar in the two areas, and 

the relationships to the basement rocks are also similar. I t is tempting 

to consider the t wo sections as probable correlatives, but at present very 

little di rect evidence is available to support this view. 

'l'he second Cre t aceous area of the Santa Monica 1Iountains is inclu.ded 

in the Topanga Canyon quadrangle. A large part of the lower reaches of 

Santa Ynez, Temescal, and Topanga Canyons is underlain by Cretaceous rocks. 

The relationships of' the Cretaceous and 1'.Iartinez (Paleocene ) in this region 

are so complicated, and the terrane so difficu.lt for detailed mapping, that 

they have been mapped together as "Chico-Martinez". I n general, the known 

Cretaceous rocks are dominantly hard massive coarse brovm conglomerates as-

sociated With dark-gray shales and dark-gray sandstone.s. The sandstones 

are often highly fossiliferous. In the area of Temescal Canyon, the Cre­

taceou.s rocks are mostly cobblestone conglomerates with well-rounded boulders, 

and a matrix of clean gray to greenish-gray sandstone. The total thickness 

of this conglomerate approaches eight thousand feet in Temescal Canyon. 
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Fauna 

:B'ossils obtained by Hoots and Woodring ( supra, p. 91) from the first 

area described above include Scaphites, Inooeramus, and Baculites, none 

of which appear specifically determinable. At one locality (C. r. T. loo. 

22), were found Glyoymeris veatohii, 'rrigonia. evansana, and C:ymbouhora gab-

biana. This assemblage, while meager, suggests a horizon above the "AQ.-

taeonella oviformis zone" of the Santa Ana I.lountains, and probably a ho-

rizon at least as high as the top of the Holz shale. ~his locality occurs 

very near the top of the Cretaceous section in this area. The fauna from 

the Cretaceous of the Temescal Canyon-Santa Ynez Canyon area is consider-

ably more abundant and diagnostic. owing to the fact that the Cretaceous 

and Tertiary of this area have not been cri tiaally separated, the exact 

stratigraphic relationships of these Cretaceous faunas are considerably in 

do1.ibt. The fossil list submitted, therefore, represents a composite of 

the collections mad.a in this area by Hoots, Woodring, and myself. I have 

altered the nomenclature in this list from that given in Hoots' report, to 

accord with the fossil names used elsewhere in this paper. 

list of species follmvs: 

Pelecypods: 
C uoullaea youngi Waring 
Parallelodon brewerianus (Gabb) 
Glycymeris veatohii (Gabb) 
I nooeramus sp. 
Trigonia. eva.nsana Meek 
Trigonia leana. Gabb 
Pholadomya sp. 
:.leekia navis Gabb 
Crassa.tella sp. A 
Crassatella sp. B 
Protocardia sp. 
Calva nitida major (Packard) 
Cymbophora ga.bbia.na. (Anderson) 
Corbula sp. 

The composite 
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Gastropods: 
Gyrodes ex-_pansa '? Gabb 
Llargarites ornatissimus (Gabb} 
Turritella chicoensis Gabb 
Conchothyra rotunda ? (Waring ) 
Volutcderma averi llii (Gabb) 
Oligoptyoha obliqua (Gabb ) 

Cephalopods: 
Eutrephoceras sp. 
Baculi tes sp. 
"Paohydisous" sp. A (giant species) 
"Pachydi sous" sp. B 
"Pachydiscus11 sp . C 
M.etaplacenticeras pa.cificum (Smith)* 
Meta.placenticeras californioum (Anderson) 

'.i:he ammoni te species listed by Woodring in Hoots ' report as :Meta­
ul acenticeras sanctaemonicae (Waring) is here referred to M. paoifioum 
(J.P. Smith). I have had the opportunity of comparing the speci-
mens from the Santa Ana and Santa. IIonica tiountains and here referred 
to Smith ' s speoies with the type of M. sanotaemonioae at st~ford Uni­
versi ty. I am inclined to believe that Waring's species upon careful 
comparison with a good suite of specimens of M. pacifioum, will prove 
to be a variant of this latter species. 

'.i:he speeifioal ly determi.ned fossils listed here all appear in the 

'i'/il liams form.at ion of the Santa Ana Iviounta.ins with the exception of Paral-

lelodon brewerianus, and Conchoth.yra rotunda. The species of Pach..ydisous 

listed are not certainly knovm to occur elsewhere, at least in those col-

lections available to me. The species of Metaplacenticeras however a.re 

both !3,bundant and characteristic in the Williams farmaHon of the Santa. 

Ana Liountains . '1:he 7/illiams formation then, is proba.bl,.y correlative of 

the 1Ietanlacentioeras beds in the Santa Monica :Mountains. 

The stratigraphic relationships of the Metaplaoenticeras beds of the 

Santa l~onica 1;.ountains to the remainder of the Cretaceous section of this 

region are not well knowA$ Hoots (supra, P• 93} states that beds carrying 

:uetaplacenticeras naoifioum occur near the top of the eight thousand foot 
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thick section of conglomerate i n th e Temescal Canyon region. The distr i -

bution of other localities eontaining this fauna, suggest s also t hat mo s t 

of the f ossils occur high in the exposed Cretaceous sect i on. Perhap s 

much of the Cretaceous stratigraph i c col umn. as represented by the Tr abuco 

and Ladd formations of t he Santa .Ana 11;;ounta.ins, is presen t i n these thi ck 

elastic beds below the i1Ieta.-olacenticeras beds of t he Santa. Monica Mou...'l'l-

tains~ 1'1uch more detailed work in this lat t er region is necessary how-

ever, before this relationship i s proved or disp roved. 

~ent~tive Correlation of t he Cret aceous Section 

of Sout hern California 

On the basis of the faunal ev i dence given above, the following ten t a­

tive cor1•elation is suggested for the Cretaceous deposi t s of the Santa Ana 

L!.ounta.insf the Simi Hills, 2.nd t he Santa Moni ca Mounta ins, 

The I\ieta-glacenticeras beds of t he Sant a Moni ca Mountains a re correlat ed 

with the ·:ti l liams forma t ion of the Santa Ana Mountains. The calcareo us 

sa~~stones at the base of the exposed Cretaceous section of the Simi Hill s 

are i n part equivalent to the subzone of Turri t el la chicoensis (giant fo nn) 

at the top of the Holz shale of the Santa Ana Mounta ins, and in part ( the 

Me t anlacenticeras caUfornicum beds ) may be equivalent to the Williams for-

mation. 1rhe mas sive sandstones at t he t op of t he s ection i n the Simi Hills 

are probably all or nea r l ;y a ll yonnger than any part of the Cretaceous sec-

t ion of the Santa Ana i.:ouutains . The equival ents of the lower subzone of 

t he Holz shale and of the Baker sandstone and Trabuco formation of the Santa 

Ana t:ounta ins are absent from the Simi Hil l s, but may be p r esent i n the Sant a. 

~vioni c.a Loun ta ins~ Direct evidence for this l a tter view i s very meager. 



It should be emphasized here that the correlations offered above are 

tentative, rather than the expression of a settled opinio~. They are rnade 

on the assumption that the ranges and distributions of species are similar 

in the three areas discussed. So far as available ~vidence goes, this 

assumption appears justified. It re1:1ains to test this assumption by cri-ti­

cal stratigraphic and paleontologic work in a number of areas in the Upper 

Cretaceous of southern California before it can be regarded as established. 



54. 

lJOTES ON THE UPPER CRETACEOUS DEPOSITS OF THE PACIFIC COAST 

Insofar as published information goes, the work done on the Upper 

Cretaceous of the Pacific Coast is still in the category of pioneer and 

reconnaissance work. During the last thirty-five years, when the search 

for petroleum has tremendously accelerated critical study of the Tertiary 

deposi ts of the Coast Ranges, the study of the Upper Cretaceous has lan-

guished. Only Within the last few years have geologists again turned 

their attention to these latter deposits as promising field for study; and 

the results of this tardily reawakened interest are but now beginning to 

appear in publications. Beoause of this state of knowledge, it is diffi-

cult to judge the relationships of the Upper Cretaceous deposits of the 

Pacific Coast to one another, and to the Upper Cretaceous elsevm.ere in the 

world. It is proposed in the next few pages to review some of the at-

tempts that have been ma.de in the last forty-five years to correlate the 

Pacific Coast section with the later Cretaceous rocks of other parts of 

t he world, and to refer it to a standard section. 

/1 
DILLER and STANTON in a discussion of the Cretaceous rocks of northern 

/1 Diller, J. s., and Stanton, T. w., The Shasta-Chico Series, G. s. A. 
Bull. no. 5, P• 460, 1894. 

California, remark: ''It is a significant fact that the most abunda.n1; a,m-

monites of the Chico belong to the genus Schloenbachia, (in the broad sense 

in which the name is used in iilurope). Ammonites chicoensis, Ammonites 

tehamaensis, and two undescribed species belong here, and t4ese ar~ all 

found in t he upper beds of the Chico. In other American Cre~aceous lo-

calities this genus does not pass above the top of the Colorado fonnation 

and its equivalents, and in Europe it seems not to occur above the "Emscher 

Hergel 11 or lowest Senonian. Armnoni tes turneri, which was found neat Mt. 
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Diablo associated with Anchur~ californica and other lower Chico species 

is an Acanthoceras closely related to European species that occur in the 

Cenomanian. The other ammonites known from these beds do not resemble 

tbose characteristic of the latest Cretaceous. The two abundant species 

of Trigonia, %• evansa.n~, and%• ~eana likewise have their nearest rela-

t ives in the lower part of the Upper Cretaceous of Europe." 

/2 
KOSSTuV.T in the course of a critical study of the ammonites from the Upper 

/2 Kossmat, Franz, Untarsuchungen \.iber die sU.dindische Kreideformation, 
Beitr%e zur Geolog. unt Paleontol., vol IX, PP• 97-203, 1894-95, 
vol. XI, PP• 89-148, 1897. 

Cretaceous rocks of south India, compares a number of Indian ammonite spe­

cies with those occurring in the 11Chico11 fo:+ma.tion of California, and with 

those found in the Ha.naimo group of Vancouver Island and the San Juan 

Islands. These comparisons are significant: Phylloceras ~ Forbes 

( senonian) with Ph. ramosum Meek ( considered identical) from the Na.naimo 

group of British Columbia; Lytoceras kayei Forbes (Upper Senonia.n) near 

1.• jukesii Wh:i,.teaves {Nanaimo group, Vancouver Island); Ha.mites rugatus 

Forbes (Upper senonian, Valudayur group ) near H. aff. cylindraceus Dep. 

from the Nanaimo group , Vancouver Island); Baculites vagina {typical){Upper 

Senonian ) near.&• occidentalis Meek (Nanaimo group ); A• vagina var. simplex: 

near A• chicoensis from 11Californien"; Acanthooeras turneri Whi te (Upper 

Cenoma.nia.n, Utatur group } identical with A• tu.rneri ( "Chi co" b,eds, Mt. 

Diablo, Calif.); Pachydisous otacodensis Stal., (Upper senon~~n,. Ariya4ur 

group} identical with P. otacodensis {Nanaimo group, Vancouver Island); 

Desmoceras dinhylloides Forbes (Upper senonia.n, Ariyalur group ) near D. sel-

yzynianum Whi teaves, (Nanaimo group, Vancouver I sland); Hanericeras gardeni 

Baily {Upper Senonian, Ariyalur group ) ident:i,.ca.+ wi t:n H. gardeni from the 

Hanaimo group, Vancouver Island. These comparisons indicate a close 
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relationship of the :Nanaimo group of British Columbia and suoia. Island 

with the Valud8¥Ur and Ariyalur groups of India - grollps that are consid­

ered well up in the Senonian by Kossmat, and hy other Europ~an students, 

/3 
SMITH in studying the development and phylogecy of Metaplacenticeras 

/3 Smith, J. P., The Development and Phylogeny of Plaoenticeras, cap.f. 
Acad. Sci . Proo., Ser. (3), vol. 1, no. 7, PP• 181-229, 1900. 

paoificum (Smith) and M. oalifornicum (Anderson), states in reg~rd to these 

species and the fauna associated with them {p. 204): "1 t is fair to as-

sume that P. ca.lifornicum is characteristic of the lower Chico , or Oenoma:n-

ia.11 portion of the formation", and on p. 210, says: "This fauna almost 

undoubtedly indicates the lower part of the Chico formation, Cenomania.n, 

Upper Cretaceous". 

/4 
ANDERSON in a survey of all of the Cretaceous deposits of the Pacific Coast, 

/4 Anderson, F, M,, Cretaceous Deposits of the Pacific Coast, Calif. Acad. 
Sci. Proo., Ser. (3), vol. 2, no. 1, pp. 1-152, 1902. 

divided the Upper Cretaceous or Chico group into Upper and Lower Chico. 

Representative localities with Lower Chico fatmas include those of Phoenix, 

Ore. , Henl.ey, Siskiyou. County, Calif., Silvera.do Canyon, Santa Ana. noun-

tains, Calif., and San Diego, Calif. Typical Upper Chico localities in-

elude the famous Gabb looa.llHes of T1:tsca.n Springs, Texas Flat, Chico Creek, 

and Penz's Ranah, all from the east side of the Upper Sacramento Valley, 

Calif. The "Lower Chico beds" are correlated with the Nanaimo Group of 

Vancouver Island s:.nd adjoining islands , with the uppermo.st Utatur beds of 

India, and the major part of the overlying Triohinopoly beds of India, and 

with the Turonian horizon of the standard section of Europe. The "Upper 

Chico" beds are considered the equivalent of the Senonia.n of Europe , the 

upper Trichinopoly beds and lower Ariyal,l.U' beds of India, and the Montana 
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group of the Great Plains region of North America. Metaplaoentioeras, 

in acoord with the earlier view of Smith, is believed a "Lower Chioor1 form, 

but probab ly either uppermost Cenomanian or lowermost Turonian in age. 

/.5 
DE LAPPA.RENT refers the Cal i fornia Cretaceous beds with Schloenbachia 

/§_ De Lapparent , A., Traite de Geologie, Paris, 1906, pp. 1408, 1466. 

ohicoensis and Acanthoceras of the rotomagense group ~o the c~~omanian. 

No Turonian beds from the Pacific Coast are recognized , nor are the lower 

divisions of the Senonian (Emscherian) mentioned. The Atu.r ia.n or Upper 

senonian is beli eved present at Vanco uver Island (Nanaimo gr oup), and in 

California by beds cont a ining Pachydisous newberryanus, Eaculites chioo~ 

ensis, Pµgnellus, Gyrodes, ~rigonia evansana., etc. It is evident from 

De Lapparent ' s lists t hat he has confused the f aunal character of the 

"Chico" as some of the forms quoted as illustrative of the Cenomania,n occur 

in the same beds with forms believed to represent the Aturian. , 

Ii 
STANTON in a general discussion of the Upper Cretaceous faunas of the 

/.§. Stanton, T. w., Later Mesozoic Inver t ebrate Faunas of North America, 
Jour. Geol. , vol. 17, 1909, PP• 418-419. 

United States remarked: "In time range the Chico formation apparent l y 

began somewhat earlier and continued sornevmat later than the Colorado fau­

na of the interior seas, but did not extend to the end of the Cretaceous, 

and latest Cretaceous time is probably not represented by marine deposits 

on the Pacific Coa.st. 11 The time range indicated extends from approxt-. 

mately late Cenomanian to middle senonian tn terms of the European stand­

ard scale. 

/1 
SMITH in discussing the Upper Cretaceous of California, remarks: "The 

/7 Smith, J.P ., The Geologic Formations of California, Calif. State 
I.~ining Bureau. Bull. no. 72, p. 34, 1916. 
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Upper Cretaceous of California includes only the Chico formation which is 

distributed along the West Coast from Puget Sound to Lower California, 

chiefly in the Coast Ranges and on the west side of the Great Valley, put 

overlaps on the western flank of the Si erra Nevada near Oroville, in Butte 

County . It may be divided paleontologically into: . lower Cbioo with 

So.hloenbachia oregonensis ; and upper Chico with Placenticeras. The lower 

Ohioo is probably upper Cenomanian and Tur onian in age, equivalen~ to the 

Colorado formation, while the upper Chico is probably Senonian, equivalent 

to the Montana for rm tion". This is the first published reference known 

to me recognizing the occurrence of "Placentioeras11 (Metaplacenticeras of 

this paper) in the npper part of the Upper Cretaceous section of California, 

and in beds younger than Cenomanian. 

/.8 
PACKARD in discussing the fauna of the Upper Cretaceous of the Santa Ana 

/.8 Packard, E. L., Faunal Studies in the Cretaceous of the Santa Ana 
Mountains of Southern California, Univ. of Calif. Pubs., Bull . Dept. 
Gaol. vol. 9, no. 12, p . 150, et. seq. 1916 . 

Moru1tains correlates the uppermost zone {Willia.ms formation of this paper ) 

with the "Type Chico'' of Chico Creek. The fauna of the "Type Chico" taken 

for comparison was collected by Studley (M. s. thesis , Univ . of Calif., 

19i4) from horizons rather high in the exposed section at Chico Creek, Butte 

County. Packard regards the fauna of the shales ( "Turri tella pescad_ero-

ansis zone" ) of the Santa Ana Mountains Cretaceous as being probably in pa,rt 

equivalent to the Chico Creek fauna, and considers that the fauna of t he 

l owest zone in the Santa Ana Mountains, or ~he lla,otaeonella oviformis zone" 

(Baker sandstone of this paper) is ol der than anything represented at Chico 

Creak, but probably not as old as the Hofsetown b~ds . 

made with the European section. 

No 001t1pari son is 



/2. 
H.AIJG apparently basing his conclusions upon the arUcle by F. M. Anderson 

/9 Haug, Emile, Traite de Geologie, vol. 2, part 2, PP• l290, 1346-47, 
1922. 

ci tad above, refers the "Lower Chico" 11 inoontest?.-°Qly" to the Ceno~a.n, 

and refers the "Upper Chicd1 together with the Nana:µno group o:f vimoou.ver 

Island with similar certitude to the l1Iaestricht ean. Haug suggests that 

strata of intervening age (T uronian and lower Senonian) are la~ing or at 

least have not been proven to be present in the California area. 

/.10 
ANDERSON described Fggesia californica, F. shastensis, and].. Siskiyou-

/.10 Anderson, F. M., The Genus Fagesia i n the Upper Creta.ceous of the 
Pacific Coast, Jour. of Pal., vol. 5, no. 2, PP• 121-126, June 1931. 

ensis :from Upper Cretaceous beds of northern California and southern Oregon. 

This genus he regards as Turonian in age, and refers the three species de­

scribed above respectively to middle, lower, and uppermost Turonian in age. 

The second species described, F. shastensis is stated to occur in associ­

ation with 11Schloenbaohia" lmighteni Anderson, which also occurs in the 

Baker sandstone of the Santa Ana Mountains. 

/11 
SPATH in reviewing the contribution by .Anderson above, disputes the as-

/11 Spath, L. F. , Palaeontologisches Zentralblatt, Band l, P• 54, no. 
182, 1932. 

signment of Fagesia to middle and upper Turonian, and restates his opi~ion 

that the genus is characteristic of basal. Salmuri~ ( lower!llost ( ?) Tllrontan) 

age. 

/12 
HANNA, TAFF, and CROSS in presenting a paper ~efore the Geological Society 

/.12 Hanna, G. D., Taff, J. A., and Cross, c. M. , Chico Cretaceous at the 
Type Locality, List of Papers with Abstracts, 34th Ann. Meeting, Gaol. 
Soc. Amer . , 1935 , P• 32 . 
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of America state that the two thousand feet of Upper Cretaceous strata 

exposed in the canyon of Chico Creek, Butte County, represent a format ion-

al and faunal unit. The predominating cephalopods are referred to the 

"Sahloenbachia group'' and are considered to indicate a Cenomanian age. 

1rhe Panoche and 1ioreno fornations of the Diablo Range of California a.re 

bel ieved younger than the type Chico. 

/13 
ANDERSON and HAl'ffiA describe the geology of Cretaceous deposits in Lower 

/13 Anderson, F'. M., and Hanna, G. D., Cretaceous Geology of Lower Cali­
fornia, Calif. Acad. Sci. Proc. (4 ), vol. XXIII, no. 1, pp. l-34, 
December 23, 1935. 

California, and describe or discuss in detail twenty-four species of in­

vertebrates including ParaHachydiscu.~ catarinae n.s., g_. ootaoodensis 

( Stoliozka), P. ,2eninsu.laris n.s., Nostoceras sternbergi n. s., "Ha.mi tes 11 

vancouverensis Gabb, and a number of gastropods and pelecypods. A ten-

tative correlation chart for the Upper Cretaceous of the Pacific Coast is 

included in the discuss i on. 

this correlation chart: ( 1) 

'.i'hese points may be no t ed in com1ection with 

The Catarina fonna.tion (Lower California) 

is correlated with the upper part of the Panache formation of the Diablo 

range , with the Cretaceous beds at Pt. Loma, San Diego County, with the up­

per part of the sec tion in the Santa Ana. t~ountains (Williams forrration ? ) , 

and with the Campanian, or uppermost Senonian of 3u.rope. The type Chico 

fauna is considered to range from approximately lower Cenomanian to middle 

or upper Turonian age. 

The review of opinions given above, beside indicating the confusion 

of ideas prevailing on the age relationships of the local Cretaceo~s sec-

tion shows some interesting developments . We may first note the accumu-

lation of opinion that deposits at least as young a.s Campa:nian (Upper 
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senonian) are present in the Pacific Coast Upper Cretaceous. Seoond may 

be noted the abandonment of the idea of "Upper Chioo" and "Lower Chico" 

as subdivisions of the local section. The original conception responsi-

ble for this subdivision apparently was not based t:q)on actual knowledge of the 

stratigraphic succession of the Cretaceous fauna, but was based upon a 

mistaken interpretation of faunal lists. As a result, forms as widely 

separated in time as Senonian and Oenomanian were combined in the 11 Lower 

Chico" fauna, and the actual succession of species was in some cases in-

verted. It is hardly to be woniered at that this composite fauna should 

be confusing in its aspect. Since it contained both Cenomanian and Se-

nonian elements, it was quite natural to raga.rd the "Lower Chico" as Tur­

onian. Such correlations and strat igraphio assignments as have been at­

tempted have been made almost entirely on the basis of comparison of local 

faunas with those in Asia or Europe, and less .attention has been pa.id to 

a careful determination of the local faunal succession. In practice, the 

testimony offered by the gastropod and peleoypod elements of the fauna has 

been largely ignored and only the anu.~onites have been relied upon for oor-

relation. .Ammonites a.re rare in the California Upper Cretaceous section, 

however, except in sporadic occurrences, and while they are of great value 

should be used in addition to other testimony rather than to exo\usion of it. 

These remarks may suggest profitable fields for research in the Upper 

Cretaceous of the Californian region. Perhaps most necessary of all is~ 

careful study of the stratigraphy of these deposits, with a dei~rmination 

of faunal succession. Next may be suggested a systematiQ study of the 

Cretaceous faunas, with careful discrimination of species. A necessary 

if prosaic part of the work consists of describing and figuring new species 

with attention to their relationships in Cret~ceous deposits elsewhere. 
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If suoh work should be prosecuted in "key" regions such as along both 

borders of the Sacramento Valley, in the Rogt1e River Valley of Oregon, 

and in the Diablo Range of middle California, considerable oiarification 

of knowledge of all phases of Upper Cretaceous geology should result. 



SYSTEMATIC CATALOG OF THE FAUNA 

Introduction 

In the following section is offered a catalog of the determined 

species of the Upper Cretaceous fauna of the Santa Ana Mounta~ns. Par­

tial synonymies are given for the spec i es discussed, listing those refer­

ences in which descriptions, figures , or oritioal discussions of the spe­

cies are given. Usually references giving only t he fossil :name in a 

faunal list have been omitted. AJJ.y pertinent observations on the rela-

tionships or occurrenoes of these species are included. In the case of 

new species, beside the formal description, types are nained and figured, 

type localities are designated, and full dimensions of the specimens are 

given. 

Especial attention has been paid in this 6tudy to determination of 

the systematic position and characters of many pelecypods whose exact ge-

neria and fa,mily relationships had been hitherto in doubt. While the 

attempt has been made to place every peleoypod species studied in its cor­

rect genus, no attempt has been made to adjust purely noman.olatorial ta.nglese 

It is regretted that it has not been possible in the time available to treat 

the gastropods a.nd cephalopods with similar completeness. This is perhaps 

less important however, for the cep~alopods are receiving attention from 

other workers, and the gastropods are considerably less well known and i;i.t 

present of not suoh importance in correlation, for that ~eason. It is 

hoped that it will be possible to prosecute a or.iticai ~eview ot the gas­

tropod faun.a. of this region in the near futun. 

/1 
The classifications used follow the sy~tem ot Dal+ in the peleoypods, 

/1 Dall , w. H., in Zittel-Eastman Textbook of Pal.eontology, 2nd ed., PP• 
422-507. 
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/1 
and Pelseneer in the gastropods. In most instances the generic allo-

/2 
cations of Stewart have been accepted, except where newly discovered 

fac t s have dictated otherwise. 

It was originally intended to quote occurrences of species outside of 

the Santa Ana :Mountains area. The present confused state of information 

in regard t o California Cretaceous stratigraphy however would make such 

citat ions essent i ally meaningless, however, and they are omitted. Full 

lists of occurrences of all species wit hin the Santa Ana. Mountains, with 

stratigraphic range are given. The symbols given in cozmect ion with the 

distribution-lists indicate the relative abundance of ea.oh species at ea.oh 

locality where it occurs; that is, ''r'' :"rare': or less than four speci mens 

in a oollection from one locality; 11 0 11 indicates "common", i.e. from four 

to twenty specimens, "a" or "abundant" indicates in excess of twenty speci­

mens from a single locality, and 11va11 or "vecy abundant" indicates a spe­

cies whose individuals compose a considerable proportion of the total num­

ber of speci mens present in one lot of fossils. 

Catal og of Species 

CLASS PELECYPODA 

Order Prionodesmacea 

Superfamily Nuoulacea 

Family Nuoulidae 

Genus Aoila Ada.ms 

Pelseneer~ Pao.l , Lanlrns ter' s Treatise on Zoology, part V, Mollusca. 

Stewa r t , Ralph ; Gabb's Calif' . Fossil Type Gastro:podst Aca • Nat. Sci. 
Phi l. Proc . vol~ LXXVIII, PP• 287-447. Gabb's Calif. Cret aceous and 
Tertiary Ty-_pe Lamellibranchs, Acad. Nat. Sci. Philu Spec. Pub. no 3. 
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Acila demessa Finlay 

1864 Nucula trunca.ta., n.s., Gabb, Paleontology of California, vol. 1, 
P• 198, pl. 26, fig. 184, 184a, b. 

1866 Nucula (Acila) truncata Gabb, Gabb, Am. Jour. Conch., vol• 2, PP• 
88, 92. 

1871 Nucula {Acila) truncata Gabb, Stoliczk:a, Pal. Indica. ser. VI, vol. 
iii, P• 327. 

1876-1903 
Nu.cu.la {Aoila) truncata Gabb, Whiteaves, Gaol. Sur. 0~da, Mes. 

Fos., vol. 1, pp. 162, 232, 289. 

1916 Acila truncata (Gabb), Packard, Univ. of Calif. Pubs., Bull. Dept. 
Gaol., vol. 9, no. 12, P• 146. 

1927 Acila demessa n.n., Finlay, Trans . and ? roe., N. z. Inst . vol. 57, 
P• 522. 

1930 Aoila demessa Finlay, Stewart, Acad. Nat. Sci. Phil., Special Pub. 
no. 3, P• 45, pl. 3, fig. 6. 

1934 Acila (Trunoaoila) demessa. Finlay, Schenk, Bull. du Mus. Hist. Nat. 
de Belgique, T. X, no. 20, P• 42. 

Distribution: 
no. 1164( r) . 

Ladd formation, Baker sandstone member; c. I. T. loo. 

Holz shale member; 94(r), 982(r), 983(c), 985(r), 1057(0), l059{r), 
1162(r). 

Williams formation; 974(0), 975(r), 976(0). 

Discussion: Acila demessa is one of the very few Cretaceous members 

of the genus. It is very abundant and widespr ead in the Upper Cretaceous 

of the Pacific Coast, and as nearly as may be judged has a lso a cons~d~f~ble 

stratigraphic range. It is represented in the Baker sa.ndstone of the sa~ta 

Ana r,Iount a.ins, as well as in the higher membQrs of tll,e seQt ion. It thus 

is one of' the very few species that appears in all me!llbe~s of the seotion. 

Family Nuoulanidae 

Genus Lembulus Risso 
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Lembulus striatula (Forbes} 

1846 Leda striatula n.sp., Forbes, Geol. Soc. London, Trans. ser. 2. , 
vol. 7, P• 148, pl. 17 , fig. 14. 

1871 Yoldia striatula (Forbes}, StolieZlca, Pal. Indica., ~er. VI, vol. 
3, P• 323, pl. IV, fig. 2, pl. XVII, fig. 6. 

1879 Yoldia striatula (Forbes), Whiteaves, Geol. Sur. Oan., Mes. Foss., 
vol. 1, P• 162, pl. 18, fig. 9. 

Distribution: Williams formation; C. I. T. l,oo. nos. 974( c), 975(r}. 

Discussion: This little shell is referred to :B'orbes ' speoies with 

some misgivings. I can find no grounds for separation however, in com­

paring the Santa Ana. Mountains specimens with Forbes ' and Whit eaves' de­

scriptions and figures. 

Stewart (supra, p. 53) refers to Lembulus those equila~eral nuculanids 

having wavy sculpture that trends slightly obl,ique to the shell borders. 

"Leda'' translueida Gabb and nyoldia" arata Whi teaves, both of the Pacific 

Coast Cretaceous are also referred to this genus by Stewart. The former 

species differs from1, . striatula in having a pointed rather than a trun-

eate posterior border, and in having no posterior umbonal angulation. 

Similarly 11Yolg,ia" a.rata is triangular in shape and pointed posteriorly. 

Superfamily Arcacea 

Family Parallelodontidae 

Genus Pa.ral l elodon Meek and Worthen 

Parallelodon brewerianus (Gabb) 

1864 Arca braweriana n.s., Gabb, Pal. Cali!., voi. +, PP• 193, 235, pl . 
25, fig. 181. 

1879 Nemodon vancouverensis (Meek) ?, White~ves, Geol. sure ean. Mes. 
Foss., vol. 1, PP• 163, 392, pl. l9, figs. l, la. 
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1917 Nemodon (~) breweria.na (Gabb), waring, Calif. Acad. Soi. Proc. 
(4}, vol. VII, no. 4, P• 57, pl. 7, figs. 5, 6. 

1930 Parallelodon brewerianus (Gabb), Stewart, Acad. Nat. Sci. Phil. 
Special Pub. no. 3, P• 69, pl. 3, fig. 1. 

Distribution: Ladd formation, Baker sandstone member; c. r. T. loc. 
nos . 79(r), 1062(c). 

Holz shale member; 453(0), 454(0), (489{r), 982(r), 1053(va) , 1054(r), 
1055(r), 1063(c), 1064(r), 1160(r), 1162(0), ll63{r), 1166(r), ll70{a), 
ll7l(c), ll72(r), 1173(a). 

Discussion: Parallelodon brewerianus appears to be a species with 

a long range in time and a wide distribution geographically. It is wide-

spread throughout the Upper Cretaceous of the Pacific Coast and has even 

been reported from the Iiorsetown beds. It is probably of subordinate 

value a s a.n index fossil9 I n the Santa Ana Mountains, it has not been 

reported from the Williams formation, but apparently occurs in beds in the 

Santa llonioa }1ounta.ins that are approximately of Williams age. 

Genus Cuoullaea Lamarck 

Cucullaea ~ngi Waring 

1917 Cucullaea. youngi n.sp., '.;'/a.ring, Calif. Acad. Sci. Proc. { 4), vol. 
VI I, noe 4, P• 59, pl. 8, fig. 12 . 

1922 ? Cuoullaea. ponderosa. Whi teaves, Packard, Univ. of Calif. Pubs., 
Bull. Dept. Geol._ Sci., vol. 13, no. 10, P• 416. 

1922 ? Cucullaea (?) cordiformis n.sp., Packard, op. cit., P• 417, pl, 
24, fig. 1. 

1916 ? Cuoul l aea truncata Gabb, Packard, Univ. of' Calif. Pubs., Bull. 
Dept. Gaol., vol. 9, no. 12, p. 146. 

Distribution: Ladd format i on, Holz shale member; 83(0), 93(r), 94(?r), 
95{a), 453(r) , 455(a), 982(r), 983(r), 985(r ), 1053(va), 1Q54(c), +055(r), 
1059(r), 1060(r), 1063(r), 1163(r), 1169(r), 1170(r), +173{r). 

Williams formation; 974(c), 1052(r), 1056(r), 1066(r). 



Discussion: Cuculla.ea youngi may prove to be conspecif'ic with Q_. 

n onderosa Whit eaves, from the Nanaimo Division of Vancouver Island, B. c. 

Speoimens of the latter species appear to be rare, and I have not seen ro:i:y. 

In hi s description of .Q_. nonderosa, Whiteaves remarks (1900, P• 294): 

"Anterior side shor t •. ••• .• posterior side broader, and a little longer than 

the anterior• and he give s as t he dimensions of a large specimen - "maximum 

length, 117 nm.; height, inclusive of ei ther u.'Tlbo 86 mm.". 1.rhi s character-

izo.tion sugges ts a decided di ffe rence from the features of .Q.. x,oungi, which 

in a number of good specimens measured shows height and length of the valves 

app roximate ly equal, and which also shows the posterior side of the shell 

t o be shorter than the ante rior side. 

lieved to be distinct from Q. uonde r osa. 

For these reasons, c. young i is be-

It seems probable that most of the references to occurrences of Cuoul­

laea trun.cata Gabbin the Sant a .Ana Mountains represent young specimens of 

Q. yonngi ·,7aring. A number of specimens of a large Cuculla ea in t he Cali-

fornia Institute of 1eohnology collections from Cottonwood Creek, just be­

low the mol:lth of Hulen Creel{, Shasta. Qou.nty, agree almost exactly with the 

shape, proportions, and sculpture of the specimen figured by Stewart ( 1930 , 

pl. 2, fig. 7) and a re believed to represent typical .Q_. tru.ncata. This 

species may readily be separated from .Q_. ;y:oungi by its longer hinge-line 

and :post erior dorsal margin , by its prominent radial sculpture, and by its 

lower beaks. I have not yet certainly distinguished Q. truncata in f!Outh-

ern Califo1'Tlia. 

Cucullaea sp. of . .Q_. gravida (Gabb) 

1916 ? Cucullaea. decurt a ta.. (Gabb), Pa.cir..ard, Univ. of Calif. Pubs., Bull. 
Dept. Gaol., vol. 9, no . 12, P• 146. 



69 . 

Dis t r ibut ion: Ladd formation, Baker sandstone member ; c. I. T. lo c. 
no s . 82(va ) , 30l (r), 1062 ( 0 ), 1164(va ) . 

Holz shal e membe r; 454(a ) , l064(va ). 

Di scuss ion: 'l'his species is a rather small plump shell with deli-

ca t e radial ribbing in which every third rib is slightly larger than the 

two succeeding ones . In appearance it r esembles Ga.bb' s fi gure of "Arca" 

gravj_d.§:, though according to t he figure and t o the dimensions of Cucullaea 

gravida by Stewar t ( 1930 , p . 77 ) t he shells from t he Santa Ana Mountains 

wi l l average l arg er than .Q_. &ravi~ and are proport ional l y s l ight ly higher 

and not qui t e so thick. Stewart sugges t s (supra.) t ha t c. decurtata is 

probably a synon;y1n of .Q_. _g_r avida; but the act ua l characters of .Q_. deour-

tat a appear to be in doubt . The t ype is evidently very poorly preserved. 

and in vi ew of thi s oondition, nany of the identifications of this species 

f rom Calif ornia and Oregon Cretaceous localities may be questioned. 

Cuoullaea lira. t a Packard 

1922 Cucullaea lirata n .sp., Packard, Univ. of Calif. Pubs., Bull. Dept. 
Geol. Sci . , vol . 13, no. 10, P• 417, pl . 24, f ig . 2, pl . 25 , 
fig . 3 . 

Distribution: Ladd format i on , Holz shale member, c. r. T. loo. nos. 
453 (r ), 455 (r ) . 

Discussion: 1his rather l ow elongat e f orm with antertorly placed 

umbones and sculpture of promi nent olose-set radial ribs iS! propaply to be 

re f erred to Packard ' s spec i es. I have found no reoo~d of t4e oocurrenoe 

of this f orm except in the santa A.na :Mountains. 

Family 11.rci da.e 

Genus 1rigonar ca Conrad 



1922 

1922 

1922 

Trigonarca ca.l i fornica Paolcard 

Trigonarca ca.lif'ornica n.sp., Packard, Univ. of' Calif. Pubs., Bull . 
Dept. Gaol . Sci., vol . 13, no. 10 , P• 418, pl. 26, figs . 2a, 2b. 

? Tr i gonaroa exoavata n . sp . , Packard , op . cit ., P• 418, Pl• 25, figs. 
la , lb. 

Tri gonarca ~ilis n . sp., Packard, op . cit. , P• 419, pl. 27, fi gs. 
l a, lb , l e . 

Di st ribution : L add format i on , Baker sandstone member; c.. 1. T. loo. 
nos . S0{va ), 84( c ), 87( a ), 456 (a ) , 97 8(r ), 979(0) , 98l(va}, 986(c), 1058(a) , 
1067(0 ) , 1068 (a ) , 1069 (a ), 1070( 0) , l07l {c). • 

Discussion: Packard (supra ) described three speci es of Trigonarca 

f rom t he Baker sandstone of the Santa Ana r,Iounta i ns . These three species 

d i f f ered i n shape and size, but apparent l y were s imilar in sculpture. I 

have examined more t han tv;o hund red s pecimens of Trigonarca from the Sant a 

Ana Mountains in the course of this study, and am unable to find any char­

act er or g r oup of characters in thi s assemblage by whi ch more than one spe-

cies may be discriminat ed . Forms corresponding to all of Packard' s t hree 

species ar e present in t hi s sui te of speci mens ; bu t these appear to be con-

nected wi th one ano t her by every degree of trans i t ion of form. Thi s sug-

gests that 1,. sectilis and T. exoavata shouid be considered as variants of 

of~- californica {the dominant form) rather than as separate species. 

The? are so t reated here. 

St ewart (1930, p. 77 ) has sugges t ed that Trigonarca oalifornica does 

not represent t rue 1rrigonaroa. I was able recently to compare severa l 

specimens of 'i'rigonarca calif'ornica f r o:n the Santa Ana. Moun~ains with a 

good specimen of T..• rnaconen~j..§. (genotype of Trigonarca) from the Upper Or e-

taceous of Georgi a . The following differences may be not ed: (a. ) 

maoonensis is strongly inequilater al with the beaks placed posterior to the 
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mid-length of the shell; ,1. calii'ornioa has the beaks slightly anterior to 

the mid-line of the shell in most individuals, but because of the va.riabil­

i ty- in shape mentioned above has the be~s strongly anterior in some indi­

viduals and nearly at the mid-length in ot4ers; (b) T. w.aconensis is ap­

parently opisthogyrate, though the beak is eroded somewhat, and its aotu~l 

orientation is uncertain; T. ca.lifo_rnica is essentially orthogyre; (o) the 

cardinal area of .t• maoonensis is about four-fifths 2-11terior to the beaks; 

the cardinal area of .:g_. oalifornioa is about equally divided by the beaks. 

The differences noted here seem scarcely sufficient to justify generic 

division of these two species. 

Trigonarca. cal ifornica is one of the most abundant and charaoteris tic 

fossils of the basal beds of the Cretaceous of the Santa Ana Mountains. 

The species is apparently restric~ed to the lower portion of these sand­

stones, and is not well represented in the beds just below the shale con­

tact , where its place appears to be taken by Qucullaea of. Q.. gravida. 

Packard ( supra} reports Trigonarca seotilis from the Upper CretaceO\.lS of 

Oregon, but I know of no other citation of the occurrence of the genus 

elsewhere on the Pacific Coast. 

Genus Glyoymeris da Costa 

Glyoymeris veatchii {Gabb} 

1864 A.xinaea veatchii n.s., Gabb, Pal. Calif., vol.~, P• 197 1 Pl• 25, 
figs. 163, 183a,. 

1900 Pectunoulus veatchii Gabb, White&~es, Geol• Sur, O~a, Mes. Foss., 
vol. l, P• 391, pl. 47. figs. 3, 4• 

1902 Peetunculus veatohii Gabb, Anderson, Calif. !cad. Sci. Proo. (3), 
vol. II, no. 1, P• 35. 

1917 Glyoymeris veatchii (Gabb), Waring, Calif. Acad. Scia Proc. (4}, 
vol. VII, no. 4, P• 61, pl. a, f~gs. 2, 7, 8. 
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Glycymeris veatchii (Gabb), Stewart , Acad. Nat . Sci. Phil., Spacial 
Pub., no. 3, P• 70 , text fig. 1, pl. 1, fig. 7. 

Distribution: Ladd f orrna.tion, Holz shale member; c. r. T. loo. nos. 
83(va), 93(o}, 94 (c), 95(0), 453(0 ), 455(r), 489(r), 982(va), 983{ va ), 985(c), 
1053 (a ), 1054(va}, 1059(a), l060(r), 106l(o), 1057(r), l063(r), ll60(r), 
ll62(r), 1163(r), ll66(r), 1168(a) , 1169(a), ll70(r), ll7l(r). 

Williams formation; 86(r}, 974(va), 975(c), 976(0), 1052(a.), l066 (r). 

Discussion: _4,nderson (1902, P• 35) suggests that at least two va-

rieties and perhaps one olosely rel a ted new species are to be distinguished 

among the forms that have been referred to Glyoymeris veatohii on the Pao-

ifi o Coast. Stewar t (1930, p. 71) suggest s that spec imens referred to 

this species from Tuscan Springs, the type locality, probably are specif­

ically different f rom specimens from Penz . 

The Santa Ana Mountains for ms compare well in all particulars with 

specimens in the Cali fornia Institute of Teclmology collections from Tuscan 

Springs , and are believed to represent the typical form. liJost of the speci­

mens f rom the Santa _4,na Mountains are smal 1, averaging perhaps fifteen to 

thirty millimeters in altitude. Occasional giant forms appear in the col-

leotions wi th alt i t udes of fi ft y to sixty millimeters . No basis has been 

found except that of' greater size, by whi ch the giant forms could "t?e sepa­

rated specifically from the normal ones; and they are believed to represent 

tru.e veatchii. The giant forms have no stra t igraphic individual ity, for 

they occur usually in t he same bed that yields many specimens of the smaller 

f orms . Examination of collections from the cretaceous from middle a.nd 

northern California shows tha t this species exhibits ~his peculiarity of 

growth elsewhere as wel 1 as in the Sant a An.a Mount ains. 
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Glycymeris paoificus {Anderson} 

1902 Peatuncultrn. pacificus sp. no., Anderson, Calif. Acad. Soi. Proc., 
vol. II, no. 1, P• 74, pl. VII, fig. 159. 

1916 Glyoymeris pacificus (Anderson), Univ. of Calif. Pubs., Bull. Dept. 
Geol., vol. 9, no. 12, P• 146. 

Distribution: Ladd formation, Baker member; o. I. T. loc. noij. 80(va), 
82(r), 87(c), 9Bl(r), 105B(r), 1065(r), 1068(0}, 1069(a), 1070(r}, 1J64{o). 

Holz shale member; 92(c), 1064(r). 

Discussion: This shell is to be distinguished from Glyeymeris veat-

ohii by the character of its sculpture, ,-.nioh consists of bundles of very 

fine radial striae. In shape, the shell is inflated, and nea.rly circular 

in outline. It apparently is confined to the lower fossiliferous zone in 

the Santa Ana Eountains. In northern California and southern Oregon, the 

species is found also at horizons near the base of the Upper Oretao.eous 

section. 

Family Limopsidae 

Genus Trinacria Mayer 

1.rrinacria .9.91: n.s. 

Plate 9, figs. l - 3. 

De script ion: Shell large and massive for the genus, high~ ~ort, 

angular. Beaks small, sharply incurved, opisthogyrous. Dorsal ~terior 

margin concave dii•ectly in front of' the beaks, merging thene~ i?lto the tumid 

anterior margin; -ventral margin slightly curved to ne~rly s~ra.i.gh,t; pos­

terior margin abruptly truncate back o f the beaks, separated from the lat­

eral portions of the shell by a sharp umbonal angulation, lateral and ven­

tral surfaces of t he shell meeting at nea,r],y a rig.ht angle; posterior margin 
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back of the angula.tion nearly flat. sculpture of' fine growth-lines with 

occasional deeper incised conoentric grooves marking resting stages of 

growth. Very fine, rather widely spaced radial lines appear on well-

preserved specimens. Area short, amphidetio, shallow, directly beneaith 

the beak. Dentition of about five minute chevron-shaped· teeth on each 

s ide of the beaks. Muscle scars and pa.llia.l line unknown. 

TYJ?e Locality: c. I. T. Invertebrate Paleontology loo. no. 974. 

Holotype: c. I. T. Invertebrate Paleongology ca~. no. 34+8, 

Dimensions 2f holot~~: 
ness, 6.4 mm. 

Height, 14.,0 mm., length, 16.0 ·n;im., .~hick-

DistribuUon: 
no. l058(r}. 

Ladd formation, Baker sandstone member; o. I. T. i9.c,. 

Holz shale member; 83(c)i 92(r) f 94(c), 982(c), 983(r), 985(c.), +06O(:r), 
l06l(o)t ll68{c). 

Willia.ms formation; 974(a)~ 975(r), 976 (c), l066(r). 

Discussion: '~:his species has also been found in the Upp~r CrEt~aoE)ous 

of the Simi Hills and of the Santa :i\lonica Mountains, and has been fQµnd, iµ 

the "type Chico" beds of Chico Creek, Bu.tte County. 

One other speoies of Trina.cria (1,* E.,alea.ta) has been r~Qr~~d f~m 

the Cretaceous (Holzzapfel, 1889, p. 213), but the genus find~ it.~ gr~~,e~t. 

development in the Eocene, where it is rather oomrnon in AlaQ~ ~~ - in the 

Paris Basin. It has been reported from the Oligocene of Wa,$iµgt.oll, b.y 

Clark, (1925, P• Bl) and from the Lliocene Alum Blu.ff group qf FlOt"id~ by 

Dall (1898, P• 604) and Gardner ( 1926, :P• 22), bUct Stewart ~~ questioned 

the reference of these species to Trina.ori~. If these references be in-

correct, the knovm range of the genus will be Upper Cretaceous and Eocene. 
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Trinaoria £Ql: differs from all other specimens or illustrations of 

members of the genus I have seen by its relatively large, massive shell, 

its high beaks, and by the very abruptly truncated posterior border. It 

is from two t o three times longer than any other member of the genus for 

Which I have found dimensions. 

Superfa,n,~ly Pteriacea 

Genus Pinna Linnaeus 

Pinna calamitoides Shumard 

1858 Pinna calamitoides n.sp., Shumard, A.cad. Soi. st. Le!;lil}1-"<T~~~h i ,• 
vol. 1, P• 124. 

1879 Pinna calamitoides Shumard, ·:lhiteaves, Geol. Sur. Cau, v M!:t~, -~*~!;l~,; 
vol. 1, P• 167, pl. 20, fi gs. l, la, lb. r 

1916 Pinna cf • .Q.. oalami to ides Shumard, Packard, Univ. o;f caiit,,.,P,~q1:i', , 
Bull. Dept. Gaol., vol. 9. no. 12, P• 147. 

1917 ? Pi~ calami toides Shumard, Waring, Calif. A.cad. aci~ ;l?~.~Q,, C4h 
vol. VII, no. 4, P• 64, pl. 9, fig. 4. 

1930 Pinna calamitoides Shumard, Stewart, Acad. Nat. Sci. P~q., Si~\~~ 
Pub .. , 110. 3, P• 134 .. 

Distribution: Ladd formation, Baker sa.ndstone membe:r; c, -:t .. .:T;-. :-.l~o. 
nos. 87(r), 456(r), 966(r}, 1062{r), 1069{r). 

Hol z shale member; 92(r}, 454(r). 

Discussion: This species is represented in the ma.ill \)y ·v,e,:r-y poo;ly 

preserved fragment s from the lower sandstone of t,he Sant~ ~la ~og;nt.~ins • 

One specimen :from looali ty number 92, however, is nea.r'.t,y oomple~e, showing 

the sculpture and shape well, and showing also the mu,sale scars where the 

shell has b een peeled a·way from the caf.t in two places. In form and orna-

mentation this specimen accords well with the specimen figured by Whiteaves 



(supra.), but differs f'rom the specimen figured by Stewart ( 1930, P• 133, 

tex t fig. 4) as Pinn~ breweri j_n having only one or two radial ribs pres­

ent on the ventral half of the shel 1, and in having the ventral diagonal 

u:ndulations much more closely spa.cad as is suggested in Whiteaves' figure. 

~his lends support to St8\vart's suggestion that Pinna breweri and P. 

cala.mitoide§. are distinct. 

1869 

1917 

1930 

Fa.mi ly Pernidae 

Genus Inoceramus Parkinson 

? 1JlQCeramt1.s whi tneyi Gabb 

Inooeramus whitneyi n.sp., Gabb, Pal. Calif., vol. 2, pp. 19~, 247, 
pl. 32, fige 91. 

Inooeramus wiitnex~. Gabb, \'Taring, Calif. Aca.d. Soi. Proo., (4), vol. 
VII, no. 4~ P• 62, pl. 8, fig. 9. 

Inoceramus ·whit11~..Yi Gabb, Stewart, Aoad. Hat. Sci. Phil., Special 
Pub~, no. 3, P• 105, pl. 2, fig. 1. 

Distribution: Ladd formation, Holz shale member; c. I. T. loc. no. 
982(r). 

Disoussio~: The identity of the lone specimen of Inocera.mtls in the 

California Institute of' ~echnology collections from the Santa. Ana. Moun-

tains with l,. wh.i~}leyJ is not certain .. It agrees well with better pre-

served material from the Simi Hill s , and these latter specimens in turn 

,9,gree well wi'Gh the tY1)e of' 1.• whi tne~i figured by Stewart (supra}. .!.• 

1Jemb_£!:'.i9lli. ':faring ( 1917 , p,. 61) may prove to be only an unus11al ly large 

repre sentative o:i:' this speoies~ 

superfamily ·1'rigoniacea 

Family Trigoniidae 

Genus Trigonia oruguiere 



'l'rigoni a evansana. Meek 

1658 :!.'rigonia evansana Leek, Trans . Albany Inst., vol. 4, P• 42 . 

1864 'l.'rigonia evansii I-.eek, Gabb, ?al. Calif., vol. 1, P• 189, pl. 25, 
fi g . 177. 

1917 Trigonia eva.nsa.na L•,ieek, :.'iaring, Cal. Aoad. Sci., Proc., (4), vol. 
VII, no. 4, P• 65, pl. 8, fig. 6. 

1921 ·l1rigoni a eva.nsana Tuieek, Packard, Univ. of Oregon Pub., vol. l, 
no . 9, P• 25 , pl. 9, figs. 5, 6. 

1930 Trigonia evansana 1.ieek, Stewart, Acad. Nat. Sci, Phil., Special 
Pub., no. 3, p . 93. 

Distribution: Ladd forrfi':'J.ti on, Baker sandstone member; 79(r), SO(r), 
82 (c}, 84 (r), 97 ( r ), 99{r), 30l(r), 302(r}, l062(r), 1068(va), l06~{a,), 
1070{va). 

Holz sha l e memb er; 83 (c), 93(r}, 453{r), 455(r), 489(r), 985(r), 
1053 (r), 1054(c ), 1055(r}, l057 ( r), l060(r), 1063(r), ll62(r), ll6~{r), 
1167(r), 1168( c) , ll69(r), 1170 (r), 1173(c). 

\Vi lliams formation; 66(c], 974(c), 975(r) , 976(r), l052{r), l066(r). 

Discuss ion: As shown by refere21ce to the distribution list a.bqve, 

the forms here referred to T. evansana range throughout the seotio1t in the 

Santa Ana. Mountains Cretaceous,. Well - preserved specimen~ ooour ~n ~ num­

ber of loca lities in the Baker sandstone, and appear to reprt't~ent true 

evansan.a. . 'l'he identity of t he Trigoniae of the Holz shale and Williams 

for rnat ion wi t :.1 those in the Balrnr sandstone is not beyond question hQw~ver. 

It has ~roved almost impossible to get well-preserved speQimens of this 

gem,s fror::: the upper portion of t he section. Most of the specimens col-

l ected at these levels are internal casts or badly decorticated individuals. 

9 
So far as r:iey be made out , the specimens collected from higher horizons 

than the Ba1ter sandst one appear to have slightly coarser sculpture than 

typical£• evansanu, and appear to be larger and more inflated in shape. 

'.i:hey may represent 1• inezana Packard, which Dr. Paclcard s tates has been 
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confused with X• evansana in many localities and many fossil lists ( supra, 

P• 25, 27). 

Tri~o!!i§: leana Gabb 

1664 1.1:rigonia gibboniana Lea '?, Gabb, Pal. Cali£., vol. l, P• i9o, pl. 
17, fig. 178, pl. 31, fig. 262. 

1876 Trigonia leana n.s~; Gabb, Acad. Nat. Soi. Phil. Proc., P• 3l2. 

1921 Trigonia leana Gabb, Packard, Univ. of Oregon Pub., vol. l, no. 9, 
P• 20, pl. 5, figs. 1, 2, 3, 5, 6, pl. 6, fig. i, pla 7, fig. l. 

1930 Trigonia leana Gabb, Stewart, Acad. Nat. Sci. Phil., Speci~1 P~b., 
no. 3, P• 92. 

Distrib11tion: Ladd formation, Holz shale member; c. ~• .m. ~io~. po. 
1169 ( r). 

Discussion: ~ single specimen of this species hasp,~~ ~~l~tQd 

in the course of this investigation. 

in the Santa :>-Ionica Llou:ntains Metaulaoentioeras beds. 

Superfamily Pectinacea 

i.i'amily Pectinidae 

Genus Syncyclonema Meek 

Sync;,rclq_™ ouercllliformis (Gabb) 

1864 Pecten o·oerculiformis n.s., Gabb, Pal. Calif., voi. l, P• 2-0+, Pl• 
26, fig. 188 • 

1930 S;yncyolone~~ o_perculiformis (Gabb}, Stewart, Aoa.d. Nat. Soi. Phil., 
Special Pub., no. 3, PP• 120, 121. 

Distribution: Ladd forrnation, Baker sandstone member; c. I. T. loo. 
nos. 79(rl, SO(r), 84(r), 99(r), 978(0), 98l(r), 1058(r), 1062(0), l065(r), 
1069(r), l070(r). 
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Discussion: This small pecten is restricted in the Santa Ana 1.~oun-

tains to the Baker sandstone. Elsemere it has been reported from lo-

calities in middle and northern California that seem to represent the lowe r 

parts of the Upper Cretaceous section. The actual range of this fossil, 

lilre that of most other ',!es t Coast Upper Cretaceous species is vecy uncer­

tain~ however. 

J!'ami ly Limidae 

Gem1s Lima Bruguiere 

Su.bgenus Lirnatula. Wood 

Lima 1Limatu.la) sp. cf. ll• suciensis Whiteaves 

Plate 9, fig. 4. 

Shell small, thin, slightly inequi,latera.l, sUghny 

higher than broadt ou.tline gibbot1s; anterior dorsal slope sliglltl.y concave 

fror:1 the umbo to about one h1lf the distance from the imi.bo to the ventral 

border; ears approximately equal, small; beaks low and pointed; sculpture 

on the posterior half of the shell of very fine radiating lines crossed by 

fine growth lines prodD.cing a minute cancellation; sculpture on the anterior 

port ion of the shell of low smooth sharp-crested ridges separated by inter­

spaces several times the width of the ridge; anterior dorsal slope unorna­

me:nted except for growth-lines$ 

Dimensions .Qf l! suecirnen: height, 18.0 nm., length, 17.2 mm., thiok-
ness of one valve appro:x:ima.tely 4.0 nm. 

Dis t:rib1.1tion: Ladd formation, Baker sandstone member; o. I. T. loo. 
nos~ 1068(r), 1069(r). 

Discussion: 1he subgenus Limatula to which this species is referred 

includes straight or slightly oblique forms with pronollllced sculpture on the 
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middle portion of the valves, and with the posterior and anterior slopes 

of the valves smooth or finoly sculptured. 

This species of hl..!llli is ~presented in the collections by two indi­

viduals1 both right vaJ.ve s, and both imperfect. The figured specimen is 

broken along the ventral border, but shows the sculpture and outline of 

the shell excellently. '.I'he other specimen has been distorted by pressure, 

but is nearly perfect insofar as the shell substance is conce rned. 

'rhis ~ima agrees fairly well i n outline a.nd in size With White.aves' 

figure of 1.• suciensis (\7hiteaves, 1903, po 399, pl. 51, fig. 2) and ma.y be 

cons_peoifi.c w-1 th it. ·:ihi teaves' description includes the following re-

mar2;;:s: 11 surface m3.rkLcgs consist of small narrow radiating ribs that are 

everywhere crossed by concentri c striae or lines of growth. From eleven 

to fonrt een of these ribs are a little l arger than the rest, and in tes-

ti ferous specimens the spaces between them when examined with a lens are 

seen to be occupied by from fo ur to six close-set minute radiating ridges". 

'l'hese features suggest the s;Jbgeneric characters of Limatula, but unfor­

tm.1.e.tely :/hiteaves ' figL1re of the species is not sufficiently good to de­

termine the characters com},letely. 

I find no reference to any other ~ from the Pacific Coast Cretaceous 

resembline this ::,anta Ana 1.Iountai ns spet~ie s., 

SLJ.bgenu s .'\cesta H. and A. Adams 

Lima (Acam;a) .R..~ n. s . 

Plate 9, fi.g., 5. 

Desc:r.tB,tion: Shell moderately large, thin, fragile, pyriform, slightly 

conv ex; beaks. low; anterior margin nearly straight, excavated dorsally; 
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anterior ear very slightly developed; posterior and ventral margins form­

ing a sweeping regular curve; posterior ear small , obliquely truncate; 

sculpture of narrow radiating ribs toothed on the crests and separated 

from one another by concave interspaoes three or four times wider than 

the ribs; interrib areas orna1nr;mted only b y fine growth-lines; resilium 

pit oblique toward the posterior side . 

HQlQ.!~: c. I. T. Invertebrate Paleontology oat. no. 3424. 

c. I~ T. Invertebrat e Paleontology loo. no. 1069. 

Dimension s of~: height, 35.3 mn., length, 27.3 mm., thiqio+ess 
of one valve, approximately 5 .. 0 mm9 

Distribut ion: Ladd formation, Baker sandstone memper.; c. J. T. loo. 
nos. BO( c), 82(a ) , 87 ( r ), 99 ( c) ~ 302 (c), 456(c), 98l(r), 10i8(a), l062(r), 
1065 (0)9 1068 (va), 1069 (a), 1070 (a), 1164( 0} . 

Holz shale member; 455 ( :r) • 

Discussion: '£he subgenus Ace st a to which this species is referred in-

ClQdes Limas with straight anterior margins , small to obsolete anterior ears, 

and '.'fith oblique ligarnent pits extending under the posterior ear. 

Of the other Jest Coast Cretaceous Limas, only 1,. miorotis Gabb baa.rs 

any resemblances to .1,. betae I n his diagnosis of 1.• miorotis, Gabb re-

marks: nQ rnamented by mrrnerous flat r adiating entire ribs, not dichotomous, 

the interspaces forming shallow grooves serrated on the sides ~d marked 

in the middle by a series of small pi ts or puncta.tion~''. In contrast to 

thi.s description, the ribs of Lima. ~ are sha:rp-orested and denticulate 

on top. :Jo sign of' :i:iunctations or serrations appears on the interspaoes. 

Family Spondylidae 

Gen1J.s Plioatula. Lamarck 



?l icatQla sp. cf. 1:,. variata Gabb 

1864 ? fli ca t ula _y_:,i.riata.:. n .. s . , Gabb, Pal . Calif. , vol. 1, P• 203 , p l . 
26 , f'ig. 90 . 

1916 ? .Pl i£?~~ . .1::!-13_: n .s.~ .ih•, Paclrn.rd 1 Un iv. of Calif. Pubs., Bull. Dept. 
Geol.~ vol . 9, noe 12, P• 147. 

1930 ? Plicat u_l a vari9.ta Ge.ho , Stewart , Acad. Hat. Sci. Phil., Special 
l)ub., no~ :3, Y> $ 114~ pl. 6, fig s . 3, 4, 5. 

Ili~tributi on: 1 9.dd format ion, Ba,ker sandstone member; c. r. T. loo. 
nos. 98l ( c ), 1067 ( :r.) . 

'.2h i s sp ecies resembl es the figures given by Gabb am 

::iteY1a:r.t (su1J1.·a ) for ?li~CJ.tul§. varia t a , and rre.y well prove to be identical 

Vii th it • Gabb ' s ma t erial came from "Co t tonwood Creek", a locality that 

has f urnished several others forms c lose to or identical with species found 

in the J 8Jrnr sa,ndstone of the Ladd forma tion . 

Genus Spondylt1.s Linnaeus 

Snq_ndyl1.1.s _subnodosus (Pa.clmrd) 

1922 1j.ma su.bnodQ§_,?-- n es .. J?aclrard~ Univ . of Calif. Pubs., Bull. Dept. Gaol., 
vol . 13, no . 10, P • 421, pl . 28 . 

192,2 JT)Q~j.~B.§. st r iat us n. s . , Packard , op. cit., P• 422 , pl. 29. 

Disttlb t;~~ ion : 
no . 95 ( c). 

Di. S_<JUSSi O:U: 

Eolz shale memb er of the Ladd formation; O. I. T. loc. 

s:1he o:nly specimens of th:l s interesting speoies in the 

Califo1•nia I nst5.tut9 of' 1ec.ru1ology c.olleotions are from a faulted block of 

c 1·etacGo:J.s on t c!'opping in .Jee Canyon, about five miles southwest of the 

Cretaceous outcrops in the Ha rding Canyon-Santiago Canyon areas. The stra-

t igraphy of this region is no t clear, and the relationships of the fossils 

cont a ined therein with those in the Cretaceocr s sequence to the northeast 
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arG yet uncertab1~ 'I'he remainder of the fauna from the Bee Canyon beds 

suegests that of the top of the Holz shale member, however. 

';:'v10 or three nearly perfect specimens of this species are in the Cali-

forni. a. Institctta of '.c'echnology col lections. Some of these have both valves 

together. 'I'he l eft valves of these Snondyli aooord almost exactly with 

J?ac1card' s figure a11d description of Lima subnodosa., and there can be li ttla 

doubt that 1°acirnrd' s specimen is identical specifically with them. It 

has been yossible to expose the hinge of the left valve of one of the Bee 

Canyon forms. The revealed don. tit ion is that of a typical Spondylus. 

The follow i ng notes will supplement Packard's original description of 

this form: right valve roughly oval in outline, very thiak a.nd heavy; 

valve sD.:r.faco concave d.ors:ctll;y 9 nearl;y :flat ventrally; hinge reg:j.on very 

heav;:, with a l arge t ri :::i,nguls .. :r area; sculpt 1.1re of broad low rounded ribs, 

each rib consisting o±' a bu:'l.dle of seven or eight flat-topped riblets; ven­

traJ. exterior of' shell overlain with crude discontinuous concentric undu-

lations or rQgosities. 

'.7i th the exception of another spec i es of Snondylus descril)ed by PaQkard 

from the santD- Jm~.1, :::.:onntains, and of a dnbious indeter.minate ~peoies listed 

b~r ·:thi t •3aves (1903, })e 4,00 ) from British Columbia, I find no other reoord 

of the appearance of this genus in the Upper Cretaceous rooks of the Pacific 

Spgivl'l.1Jl~-; calcaratus Fortes from the Triohinopoly group of India 

sugge~;t s 2 . sn1modosa i11 shap,3 and sculpture but is not so large. 

1922 Spond._y11J::2, J' Ll;SO§.\J2. n .s .. , Pa.clmrd; Univ. of Calif* Pubs-, Bull. Dept. 
GeoL Sci. ; vol.. 13, no. 10, P• 422, pl. 27, fig. 3, pl. 30, 
fig. 3, pl. 31, fig. 3. 



Distrlbution: 
nos. 79(r), 84(r)~ 

12.dd formation, Baker sandstone member; c. I~ T. loc. 

Diser.a:sior,;,: 

two in nu.mt er~ 

vie11. i::reserved.~ 

The speenmens dou.btfully referred to this species are 

'.l:h0 specimen from locality 84 has the left (upper) valve 

Tho gene:ra.1. f:hape of this specimen agrees fairly well 

vr1.·t:1:t the left v2.lve fin1rHd by Pacltara.' (o":"·• 01.·t pl 31 fig 3) tho11gh • - - ~ ., . ' . , 

I)ackard.' s ::.1>~wir:10n if, evidently considerably larger than the form I have 

stmUed. 'i'he scul1)tl.n·e of the S_pond;ij_us from looali ty 84 is well pre-

served 2.!ld consists of :nm,10rous fine cro·wded wavy irregular radiating ribs. 

'.::he hinge shows a :narroF resi1 i fer with sockets on either side and b:lunt 

uon,any c,::r ved teeth OL,t aide of tht~ soe.k:et s .. The right valve of this 

The 2pecirnA!11 from locaHt;y 79 is smaller than the one f~oµi ~ooality 

84. Both valves are preserved, though the sculpture is not well shown on 

either. The scL1lpture of the right vs,lve is composed mainly of, rather ir-

:regular growt.b.-lines, though there is a suggestion of radial lines where 

the su2•f8,ce shelly l a._ver hs.s been eroded. 

Superfc,mil;y Anomiacea 

G0:c1u£ Anemia Hiller 

? Anomi§ cf • .A• lineata Gabb 

DiAtl'ibntior.: Ladd formation, Holz shale member; 94{o), 489(r), 
1059(:r), 1060(:r), 1061(r)~ 

\'/iJ.Harns :formation; 975(r•), 1052(r), l066(r). 

'.Che specimens doubtfully referred to Anomie. a.re almost 

e.11 lacking th0 0 :.;;.ter- shelly layer, and are otherwise poorly preserved .. 



They compi;,re fairl;v wel 1 with specimens fro m Clover Creek, Sha sta County~ 

whicr. pr•esL,.mably :represent .4.e lil,1~, but judgment on the identi ty of the 

species will be wi th.held. until better material is available. 

SL1perfamily Eyt ilacea. 

:G'e.mi. l ;y· i':.lyt i l idae 

Gemrn Ino:perna Conrad 

InoDerna belhu'Llgosa n .s:p. 

Pla ta 9, f i gs. 6t 7 • 

.:..\he ll of moder at e size, elongate, compressed, gently 

concave on the vent ral and convex on the dorsal margin, margins diverging 

gently j,osterio1•l y; beaks low and srnall, markedly anterior b12t not terminal; 

anterior end smoothly rounded i nto the ventra l side; posterior end also 

smooth1. J'· :rounded with no me.r,.rnd posterior truncation; posterior umbonal an­

guls,tio:n low and t,roe.c1~ extending froc-1 the umbo to the ventrail posterior 

ma:r-g5.n ; sc;_,,1r, t 1;;.:re c onsis ting of narro,v concentric lamellae par~Ue1ing the 

borclor of' the shel l , and oi' strong m1dulations developed upon the dorsal 

postcn•ior bord,3r, paral leling the growth lines dorsally, bu.t dying out at 

the pos terior rn:nl1onal a:ngnlation; u.ndulations variable in their development 

o:n different inr.Uvidu2.1 s ; inter-.o.al characters of the shell unµi.own. 

c ~ L s.'. Invertebrate Paleontology o~t. no. 3420. 

c . I .. 1
r$ 1nve:r.tebn1.te Paleontology cat. no. 3421. 

c. 1. T~ I nvertebrate Paleontology loc. no. 1068. 

IJµ r:ansi on~ cf ty_jle: He i gpt, 18.7 mm., length* 42.3 mm., thiclrness, 
J. 3 .. 9 mm~ 
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Dis cu.ss i on: _Ino·oerna bellarugosa resembles Volsella. siskyog~5J.s 

(Go.bbl somewhat in t he charD.cter of' the sculpture, but may easily be dis­

tingui shed fro m thi s l a tter species by the character is tic dorsal posterior 

undul 0-tionsJ by its. more smoothly rou.nded posterior margins, and by the 

more gently taperj_r,g 0L1tline of the shell. Inonerna. bellarugosa probably 

represents tbo se forms from the Santa Ana. r:iountains that ha.ve been referred 

to V. ililcY0nensis. 

µwnern e. fl .s_gel.J,._ifers. (Forbes) from the Valud~r group of India (Stol­

i <1s1m~ 1871, :i.:i. 3'/9 ) ond. the Upper Greanse.nds of England (Woods, 1900, P• 

99j is longer and more slender thanl_. bellarugosa.. Inoperna. oarolinen­

.si s Conrad from the Ri!-]ley formation of Coon Creek, Tennessee, and the 

Bl ack Creel<: formation of' Horth Carolina apparently ha.s the dorsal und,ula-

t ions somevrh:tt srnal ler e.xi.d more numerous • 

.foods (supra , P• 99) states that ''i'.Iodiola11 flagellifera. belongs to a 

molluscan group cho.r acteris tically developed in the Jtll'assic rooks. 

Germs :drachidontes swain.son 

Br::1 9.tddontes bifnrcatus n.sp. 

~-'l a te 10~ fi g ~ 2 . 

,1hel1 snnD., thi:n, inflated; beaks low, incurved, mark­

edly anterior; anteri.or and na rrow, inflated, rounded; dorsal margin straight, 

two thi rds the leng t h of the ent ire shell; posterior margin gently convex, 

cblhuel;v trunca t e ; v entre..l mar gin very slightly emarginate; posterior um­

b cm'.11 r i.dg e shD.r-g l y ::11.gui :0.r nea r the beaks, becoming progressively lower 

aml. mo r e oro2,d l y rmmo.8d toward the posteroventral border; sculpture con-

sis t inc of nun~erous rad J. 2.l fl a t-topped ribs separated by interspaces as wide 
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as t he ribs, strong l ;y developed. on the posterodorsal slope of the shel 1 

and on t:r ... e wnbona.l ri dge, abruptly ceasing slightly anterior to the um­

bonal a11gul2.t ion; scQl p t ure on the anterior portion of the shell of growth­

lines only, or v;i th exceedingly fine radial striae in addition; radial 

ribs occasionally bif'urca.t ing along the umbonal ridgef internal shell bor­

der crenate; dentHion unknovm. 

m?.. : Co I. T. Invertebrate Paleontology oat. no. 3425. 

£!!2~ Loce.lit:v : C. I. 1.r. Invertebrate Paleontology loo. no. 974. 

Dimensions .9.J._ th_~ !Y..}~: 
of one valve, 2 .0 rnm . 

length, B.O mm., height, 5.0 nm., thickness 

Distr:ibL1tio11: ·;_:illia.ms forrra tion; C. I. T. loo. nos. 974{0), l056{r). 

l)iSOllSS:ion: This species is :placed in the genus Braohidontes on the 

ba sis of the shap e and soulptu.re of the shell, and the crena.te inner margin, 

whi ch is visible in broken specimens. If' the generic designation be cor-

rect , this is the first record of' the appearance of Braohidontes in the 

Cret aceous oi' the lJacinc Coast, nor do I find reference to the appearance 

of this genus elsewhere i n the Horth American Cretaoeolls. Woods (1900, 

p. 101 et seq.) :has recognized this genus in the Cretaoeou~ of Engiand. 

Order ,1.nom::i.lodesmacea 

Juperf'amily Ana.tinacea 

Family Pletlromyacidae 

G?nus ?leu.rornya Agassiz 

? Pleuromya uauyraoea Gabb 

1869 ? leuro1nya nauy:r.·acea n.s., Gabb, Pal. Calif., vol. 2, pp. 178, 235, 
pl. 29 ~ fig. 66. 
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1930 l?leuronwa. {?) 12..,%E'1l,_racea Gabb, Stewart, Aoad. Hat. Sci. Phi.ls, S:9e-
oial Pub., no. 3, p. 303, pl. 2, fig. 5. 

Distribu.tion: 
110. 978 ( r) o 

DiSCLlSS:i.on: 

Lacld :formation, Baker sandstone member; C. I. T. loo. 

0°l single fragmentary specimen from the Baker sandstone 

is d.oubtfu.lly· referred to Gabb 1 s species. The type of the species comes 

from "Cottonwood Creek", Shasta County, and the species has been reported 

from the :rorsetown beds. 

Sti:9e:damily Poromyacea. 

Famil;y :Poromyacidae 

Genus Liopistha Meek 

Section Psilomya i';1eek 

Lionistha (Psilom.ya) hardingensis {Pa9ka,~dl 

Plate 9, fig. 8, plate 10, fig. 16. 

1922 Eorr:.ill!JY.sl:. ~i-.qgensis n.sp., Packard, Univ. of Calif. Pub~., Bllll. 
Dept~ Geol* Soi., vol. 13, no. 10, P• 423, pl. 3~, figs. la, lb. 

Distribution: Ladd formation, Baker sandstone member; c. I. T. loc. 
no$. 79 (r), 87(r), 456(r). 

Dismrnsion: ·J:his large shell is a Liopistha of the grollp of k• .§.!:!-

_perba ( Stoliczka) and L. ,g_ig.,antea (Sowerby}. These notes supplement the 

original descri~)t ion of the species: sculpture of 1.• hardipgensis consists 

of' rather coarse concentric growth lines; of undllla.tory concentric ridges 

strongly 6.ev~loped at the beaks but becoming progressively weaker ventrally 

to a distance of three or four centimeters from the baa.ks where they van­

ish; ~,nd of radial lines 9 strongly developed at the beaks bllt appearing on 

the ventral part of the shell as rows of rather widely spaced raised granules. 
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'.7here the granules are broken off, their bases appear as shallow pits. 

Dentition not well shown but consists apparently of two lamellar teeth in 

the ri ght valve, the anterior tooth being smaller, and obli~ue; one rather 

small tooth in the left valve separates the sockets that receive the right 

cardinals; ligament external and rather short; a pronounced ridge extends 

from the beak to the anterior extremity delimiting a concave anterior dor­

sal area devoid of sculpture except for growth-lines; anterior end apparent­

ly close; posterior end narrowly gaping. 

As suggested above, Lionistha hardingensis is much like 1.• superba 

(Stoliczka) froCT the Trichinopoly group of India , and L. gigantea (Sowerby ) 

from the Upper Cretaceous beds of Blackdown, England. 1.• hardingensi s 

differs from both of these latter species in having a narrower and more 

pointed posterior extremity. I have found no other reference of the pres-

ence of the section Psilom.ya elsewhere in the Cretaceous of .America. 

Liopistha anaana (Anderson) 

? late 10, figs. 1, 3. 

1902 Phola.dom,.ya a.naana sp. nov., mderson, Calif. Acad. Sci. Proc., {3}, 
vol. II, no . 1, P• 73, pl. VII, fig. 151. 

1916 L_io_P,i stba _?,n.a.a.na {F. i•,i . Anderson), Packard, Univ. of Calif'. Pubs., 
3ull. Dept. Geol., vol. 9, no. 12, P• 146. 

Distribution: Ladd formation, Baker sandstone member; C • I• T. loc. 
no s . S0(al, 84(c), 978(a), 979(a), 98l{r), 1058(a), 1065{r), 1067(a). 

Discussion: The following notes may be added to the original de-

script ion: hinge of the left valve consisting of' two teeth; posterior 

tooth rather oblique, and strong; anterior left cardinal parallel to the 

hi11ge margin, smaller than the posterior cardinal; dentition of right valve 
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consisting of one rather blunt obliq_ue cardinal situated close up under 

the anterior hinge margin, and bounded above and below by sockets that 

receive the left cardinal teeth; right anterior cardinal broken; ligament 

external, narrov1; posterior dorsal slope unornamented except :for growth­

lines; strong radial ribs occur immediately anterior to the posterior dor­

sal slope continuing to the anterior region of the shell, where they become 

progressively finer and more close-set; valves apparently close in front, 

gaping behind; fine und.ulatory concentric ridges show on the umbonal re­

gions of' wel 1-preserved specimens. 

Liouistha anaan~ is probably to be referred to Liopistha ~.G., as out-

1 ined by Leek. certainly, the radial sculpture is the more prominent ale-

ment in the ornamentation of the shell. There is a suggeijt,ion of concen-

tric undulations in the umbonal region, but this is seldom discernible far 

down on the sides of' the va.l ves .. The radial sculpture is more prominent 

on the posterior part of' the valves, but sometimes as many as twelve or 

fifteen radial ribs growing weaJrnr anteriorly are discernible·. 

Dr. 1~ ·:,. Stephenson of the United sta.tes Geologioal S~rvey informs 

me (oral comnnication} that the specimens of Liopistha. s.s. that he has 

sto.died from Atlantic Coast a.na. \7este1•11 Interior Cretaceous lQcalities all 

sho'N f:lne denticulations on the :radial ribs. This feat~e is not sho,vn 

on any of the specimens I have seen from the Santa Ana. Mountains. Its ab-

sonoe f roL1 these may be dne to :?reservation. I am inclined to believe, 

however, that t:hesa denticuls.tions were never present. On the other hand, 

a few well-:prese:rved specimens from the Santa. Ana Mountains show what ap­

pear to be radial rows of broken-off' tubercles, suggestive of the sculpture 

of the section Ps:i_)om;'{~. mentioned in the discussion of L. hardingensis 

2.b ove . 
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no other species of 1,iopistha. known to me appears to be closely re­

lated to 1.• anaana. 

F,amily verticordiidae ? 

Genus Meekia Gabb 

Meekia navi s Ga.bb 

1864 Meekia navis n.s., Gabb, Pal. Calif., vol. 1, P• l 92, pl. KXY, fig. 
180. 

1916 ? Ivleekia sella Gabb, Packard, Univ. of Calif. Pubs., Bull. Dept. 
Geol~, vol. 9, no. 12, p. 146. 

1930 Meekia navis Gabb, Stewart, Acad. Nat. Sci. Phil., Speci~l Pub., 
no. 3, p. 307. 

Distribution: \'lill ia..'lls formation; C. I. T. loo. nos. ~74~ c), 975( r). 

Discussion: The family relationships of Meekia a.i-e yet consider-

ably in doubt. Gabb (op. cit.) considered the closest relationships of 

the genus to lie with Tancredia, a genus generally placed in the Lucinacea. 

l\'~eek, Fischer, Dall, Pelseneer, and some others agree with Gabb in consid-

ering Meekia and ~1ancredia. to be closely related. Stoliozka considered 

Meekia to be similar and related to Schizodus and Trigonia. of the Trigon-

iidae. Stewart (op. cit~} doubtfully places the genus in the Verticord-

iidae, a procedure that is followed here. 

Meekia has been recognized in many Cretaceous locali~ies throughQut 

the upper Cretaceous of the Paci fio Coast, a.nd has been found in the Cre­

taceous of Japan {Ya.be and Nagao, 1928, P• 86) • 

Order Teleodesmaoea 

su:perfamily Cypricardiaoea. 

Family Pleurophoridae 
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Genus Etea Oonrad 

~ a.ngulata (Packard) 

Plate 10, fig. 4. 

1922 Meretrix angulata n. sp., Packard, Univ. of Cali f . Pubs., Bull. 
Dept . Geol. Sci., vol. 13, no. 10, P• 425, pl . 33, fig. 5. 

Distribution: Ladd formation, Holz shale member; C. I. T. loo. nos. 
92(c), 453(a), 455{r), 982(r), 983(r), 1053(c), 1054(0), 1055(c), 1163(0), 
ll68(r), 1169(r), 1173(r). 

Discussion: The following notes supplement the original description 

of the shell: dentition of the right valve consists of two oardinal tee th 

and two lateral sockets; right anterior cardinal very thin, laminar, oblique, 

lying close up under the lunular border; right posterior cardinal long, ob­

liquely ventrally directed, bifid, the anterior element of the bifid tooth 

being short and splint-like; anterior socket deep, short, close to the an­

terior cardinal; posterior socket deep, narrow, long,situated midway be­

tween the umbo and the posterior end of the shell; dentition of the left 

valve consisting of t wo cardinal teeth, and two lateral teeth; anterior 

cardinal stout, triangular , weakly bifid, situated directly beneath the 

beak; posterior cardinal long, thin, laminar, close up under the n;ymph; an­

terior lateral close to the beaks, short, stout, prominent; posterier lat­

eral long and thin, dis t ant from t he beaks; ligament rather short, narrow, 

external; pallial line simple. 

Etea was erected by Conrad as a subgenus of veniella. It has usually 

been so cons idered, but Dr. L. w. St ephenson has informed me (oral connnuni­

cation) that in his forthcoming monograph on the Navarro fauna of Tex.as he 

wil l accord. ~tea generic rank. I t is so considered here. In comparison 

with Vaniella as typified by Veniella mo:rtoni Conrad, Etea has a much thinner 



shell and lighter hinge , is generally smooth instead of having a sculp­

ture of coarse concentric corrugations and costae, has the post~rior lat­

eral teeth farther removed from the baa.ks, and apparentl,y lacks the trans-

verse striations of the posterior l aterals. 

represent distinct genera. 

The two groups may well 

Etea has no t been reported elsewhere on the Pacific Coas~, and I ~ve 

found no reference to it elsewhere in the Cretaceous lit eratur e of the Indo-

Paci fie region. The genus is represented in a number of localities in the 

Upper Cretaceous of the Atlantic and Gulf Coastal Plain area, but none of 

the species I have seen are so robust as~• angulat a. 

~ angulata is characteristic of a zone in the Holz shale qomprising 

several hundred feet of beds near the middle of the section. At ~his ho-

rizon it is abundant and widespread. It has aiso appeared rarely in b~s 

both near the top and near the bottom of the Holz aha.le. 

Superf&nily Astar tacea 

Family Astartidae 

Genus Astarte Sowerby 

Astarte sulcata Packard 

Plate 10, figs. 5 - 8. 

1922 Asta.rte ? sulcata. n. sp., Paclrnrd, Unive of Calif. Pubs., Bu'H Dept. 
Geol. Sci ., vol. 13, no. 10, p. 424, Pl • 33, fig.&. 

Distribution: Ladd formation, Baker sandstone mem9~r; C. I. T. loo. 
nos. 84(r), 978(r), 981(a), 1067(va), l07l(a). 

Discussion: The following notes are added ~o the original descrip-

tion of this species: lunule and escutoheon both well- marked, rather 
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broad, long and devoid of sculpture; ligament small and short, inserted 

in a narrow trough; dentition of the right valve, one strong trigonal pos­

terior tooth innnadiately below the beaks, and one very small laminar an­

terior tooth directed obliquely towa.rd the ventral anterior border, and 

situated c lose up under the lunular margin; dentition of the left valve 

consisting of one strong central trigonal cardinal; dorsal anterio+ margin 

of right valve and dorsal posterior margin of left valve fit into long, nar­

row, and shallow grooves on the corresponding margins of the opposite valves; 

pallial line simple; internal ventral margins of valves smooth. 

The genus As tarte s.l. has been divided into many sections and sub-

genera of which the distinctions and the definitions are both confused and 

confusing. The subdivision t o which,A. sulcata should be referred is un­

certain. The species agrees fa i rly well with a species figured and dis-

cussed by Meek (1876, P• 124) as Eriuhyla gregari,e M. and H. ivieek que s-

tions the reference of this latter species to Eriph..yl~, and it seems impos-

sible that i t should belong to this genus. A. sulcata appears to agree 

rather wel l also with the .A,starte subcostata group as figured by Woods (1906, 

P• 109, et. seqe)a small Astartes of this general ty-pe appear rather 

widely distributed in the Upper Cretaceous of Europe. I find no very 

closely allied for ms in the A.merio{m Interior or East Coast Cretaceous beds, 

however. 

1864 

Genus E riphyh. Gabb 

EriPhyla ovoides (Paekard) 

Plate 10, figs. 9, 10. 

? Venus lenticularis n.s. Gabb, Pal. Cal i f., vol. 1, p. 162, pl. 30, 
fig .. 246 . 



1922 

1930 

Astarte ovoides n.sp., Packard, Univ. of Calif. Pubs., Bull. Depto 
Gaol. Soi., vol. 13, no. 10, p. 424, pl. 30, fig. 1. 

"Venus" lent icularis Gabb, Stewart, Acad. Nat. Sci. Phil., Special 
Pub., no. 3, P• 219, pl. 1, fig. 12. 

1888-89 not 
Eriph.yl,§!: lentioularis (Goldufss ), Holzapfel, Paleontographioa, Band 

35, P• 195, pl. 14, figs. 5, 5a, 6, 7. 

Distribution: 
94(r), 982{?)s 

Ladd fonnation, Holz shale member; c. r. T. loo. nos. 

Balter sandstone member; 302{c). 

Discussion: The following notes may be added to the original de-

soription; dentition consisting of two cardinal teeth in each valve, of a 

posterior lateral tooth in the right valve and a corresponding posterior 

lateral socket in the left valve; right posterior cardinal heavy, trigonal, 

oblique; right anterior cardinal narrow, thin, situated perpendicularly be­

neath the beak; right posterior lateral long, straight, rather heavy; left 

anterior cardinal rather heavy, situated nearly perpendicularly beneath the 

beak; right posterior cardinal long, curved, thin, set close up under the 

nymph; posterior lateral socket long, narrow, shallow; ligament external, 

rather long; lunule deeply impressed; edge of left lunular margin project­

ing, fitting into a narrow elongate socket just below the lunule of the 

right valve o 

Erinhyla has been regarded as a subgenus of Astarte by many writers, 

and as a genus of the .As tart idae, by as many others. Dall (Proc. u. s. 

Hat. rius ., vol. XXVI, P• 933) considers Eriph.yla more nearly related to the 

Crassatel lidae. I n the procedure followed here, Eriphyla is considered a 

genus, tentatively placed with the Astartidae. Stoliczka (1871, P• 156} 

referred the genus to the Veneridae, near Dosinia. :Meek (1876, P• 122) 

questioned the generic position of the species referred to ~tiph.yl§ by 
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stoliczka, largely on account of the presence in stoliczka's forms of a 

slightly sinuous pallial line. JY:. eek admitted that stoliczlca' s specimens 

otherwise agreed well with Gabb's definition of the genus. Since that 

time Woods ( 1906, pls. XVI, XVII) has figured specimens of Eriph.yla show-

ing a sinuous pallial line, as has Holzapfel (op. oit.). Specimens of 

EriT)h,y_la in the Californi a Institute of Teohnology collections from Upper 

Cretaceous beds of Clover Creek, Shasta County, also show the gently sim1-

ous pallial line plainly. 

Eriph.yla from Astarte. 

This feature should be sufficient to separate 

Erinh.yla lapidis (Packard) 

Plate 10, figs. 11, 12. 

1922 Astarte lapidis n.sp., Paokard, Univ. of Calif. Pubs., Bull. Dept. 
Geol. Soi., vol. 13, no. 10, p. 423, pl. 30, figs. 4a, 4b. 

Distribution: Ladd formation, Holz shale member; c. I. T. loc. nos. 
453(0), l053(a), 1162(a), 1163(r). 

Discussion: Hinges of both valves of this species have been re-

vealed, a.nd agree fully with Gabb's diagnosis of Eriph;rla. They also a-

gree fully with the dentition of Erinhyla ovoides (supra), and with hinges 

of specimens from Clover Creek, Shasta County now in the Institute col­

lections, believed to represent&• umbonata Gabb. 

Eriphyla lapidis bears considerable resemblance to E. umbonata in ge,n-

eral form and sculpture. Better material than that now a.v~ii,able may show 

the two to be conspeci fie. E. lapidi s seems to average iarger than E. ,B!!!­

bonata in size, and in shape is slightly more ovoid in outline, however. 

Genus Opis Defrance 

Opis sp. of. o. triangulata (Cooper) 
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1894 Corbula triangulata n. sp., Cooper, Calif. state Mining Bureau, 
Bull. no. 4, P• 49, pl. 2, fig. 42. 

1896 Opis triangulata (C ooper), Stanton, u. s. Geol. Sur., Bull. 133 , 
P• 59. 

1897 Opis triangulata (Ooo:per), Cooper, Calif. A.cad. Sci. Proo. (2), vol. 
6, P• 332, pl. XLVII, figs. 7, 8, 9. 

1916 Opis triangulata (Cooper}, Packard, Univ. of Calif. Pubs., Bull. 
Dept. Geol., vol. 9, no. 12, P• 147. 

Distribution: Ladd formation, Baker sandstone member; o. I. T. loo. 
nos. 302(r), l069(r}. 

Holz shale member; 453(0), l055(a), 1063(rlt ll70(a}, ll7l(c), ll72(r), 
1173(va). 

Discussion: ~ of. triapgtllata ranges through nearly the entire 

thickness of the Holz shale below the zone of the giant Turritella, i.e. 

up to within one hundred or one hundred fifty feet of the top. It has been 

found also sparingly represented in two localities in the Baker sandstone 

near the shale contaot. 

Whi teaves ( 1879, p. 158) describes Opis vancouverensi.s from the beds 

of the }Tana.imo group of Denman Island, straits of Georgia, British Columbia. 

The description and figure are based on a single imperfect specimen. Nei­

ther fixes the individuality of the species sufficiently to determine wheth-

er Q. of. triangulata is, or is not, the same as Q• vanoouverensis. In 

size and out line Whi teaves' species compares well with many of the specimens 

from the Santa Ana Mountains, and the J,ikelihood that the two forms may prove 

oonspecifio may be borne in mind. 

The specimens from the Santa .Ana Mountains compared with Q. triangu-

~ attain considerable size, some of the larger specimens reaching an al­

titude of from sixt;)' to seventy millimeters although the average is somewhat 

less. Considerable variability in proportions also exists, some of the 



fonns being high, and narrow at the ventral border, and others within the 

same suite of specimens are much broader proportionally at the base of the 

shell. The altitude given here for the forms from the Santa Ana Mountains 

exceeds the altitude of Cooper's Point Loma specimens (the types of Q• tri­

angulat a ) by more than four times, although the sculpture and outline of 

Cooper's forms agree well with the sculpture and outline of the umbonal 

portions of larger specimens from the Santa. Ana Ii1ounta.ins. The two prob-

ably represent the same species, the original description of the species 

probably being based upon immatur e or dwarfed individuals. 

Opis is a genus widespread in the Upper Cretaceous of Europe, and Asia. 

It does not seem to be well represented in the Cretaceous of North America 

except upon the Pacific Coast. 

Family crassatellidae 

Genus Crassatella Lamarck 

Subgenus Pachythaerus Conrad 

Crassatella lomana Cooper 

Plate 11, figs. 2, 3. 

1894 Cra.ssatella lomana n.sp., Cooper, J. G., Calif. s tate Mining Bureau, 
Bull. no. 4, P• 48, pl. 3, fig. 47. 

1916 Crassatella lomana Cooper, Pac1card, Univ. of Calif. Pubs., Bull. 
Dept. Geol., vol. 9, no. 12, P• 146. 

Distribution: Ladd formatton, Holz shale me!llb~r.; o. r. T~ . loc. µos. 
83(va.), 93(r), 94(0), 95(a), 489(r), 982(a), 983(va,), 985(a), 1953(a-), 
1054(c), 1055(c), l057(r), 1059(va), 1060(e), l06l(c), 106~(a}, 1166(r), 
1167(va) , 1168(c), 1169(a), 1170(a), 1171(0), ll73(v~). • 

1,'!illiams formation; 976(r), l066(a). 

Discussion: Crassatella lomana. is at on~e the most ·a.bunda.nt, the 

mos t characteristic, and the most widely distributed fossil of the upper 
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part of the Holz shal e. It is present in abundance in nearly every fos -

sil oollection from this part of the section, and occurs a t but few other 

horizons. 

Crassa tella lomana "Was originally described from the Cretaceous shales 

at Point Loma Peninsula, San Diego. Dr. Cooper, in his original descrip­

t ion, stated that t he fossi l lacked the concentric ridges of a. tuscana , 

be ing sculptured only by coarse lines of growth. In well-preserved speoi-

mens, these g rowth- lines show a considerable regularit y, and appear to dif­

fer from the mo re finely chisel,ed ornament at ion of c. tuscana more in degree 

than in kind. The only specimens of c. tuscana. now available to me are 

from sucia Island. These show a smaller shell than .Q_. lomana , with f'iner 

sculpture, somewhat more inflated shape, an,d shorter posterior end, with a 

broader dorsal slope. The two species are probably closely related but 

are undoubtedly distinct. 

Crassatella gamma n.sp. 

Plat e 10, figs . 13 - 15, plate 11, fig. 1. 

Description: Shell of modera te siz;e, rather high, short, compressed, 

angular in outline; beaks not very pr ominent, slightly anterior to the mid­

dle of the shell, p rosogyrate ; lunule depressed, long,narrow, about two­

thirds the length of the anteri or dorsal border; ant.erior dorsal border 

nearly straight; anterior portion of ventra l border rounded; posterior part 

of ventral border nearly stra ight;; posterior e:p.d abrupt l y truncate nearly 

at right angles to the ventra l border; posterior dorsal slope comparat ively 

broad, plane, bOLmded below by an abrupt umbonal angulation; escutcheon 

long, narrow; sculpture of fine concentric closely set rather irregular 

ridges, dentition of right valve; one strong trigonal posterior cardinal 
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tooth directly beneath the beak, bounded anteriorly by a narrow obli q_ue 

socket, and posteriorly by a rather deep triangular socket; anterior car­

dinal tooth nearly obsolete; liga.ment pit a triangular depression in dor­

sal half of hinge plate immediately behi~d the posterior cardinal tooth; 

anterior dorsal border bears a shallow lateral socket situated ventrally 

to the forward part of the lunule; posterior lateral tooth long, narrow, 

strai ght; dentition of the left valve; antertar o~dtnal ~ooth narrow and 

oblique; posterior cardinal tooth short ~d rather thick; bounded above by 

t he chondrophore ; ant erior lateral tooth s,hort and narrow, situated below 

the anterior end of the lLu1.ule; posterior lateral socket long, narrow, ex­

tending nearly the full length of the es9utoheon. 

Holotype: c. r. T. Invertebrate ~a+eontology oat. no. 3433. 

Para types: C. I. T. Inver~ebra.te. Paleon~ol~gy oat. no. 3434. 

~ Locality: o. I. T. invertebrate Paleontology loo. no. 1069. 

Dimensions· of ~: 
of both valves, 17.1 mm. 

Height, 26.0 nm., length, 30.5 mm., thickness 

Distribution: Ladd formation, Baker sandstone member; 79(c), 82{r), 
87(r), 99(0), 1062(a), 1068(va), 1069(a), 1070(r), 1164(r), 302(r). 

Holz shale member; S0(r), l064(r). 

Discussion: This Crass_atella is commqn tn, and ohiU°acteris~ic of, 

the very basal portion of the HQlz ah.ale, and Qt the uppe:t'fllost part of the 

Baker sands tone. It appears to have a ~µi~~ed s~rattgraphic ra.:p.ge,. It 

is somewhat similar to Cra.ssat ella tusoi:wa but appears to differ from that 

form in being higher, more compressed lat~ra.1iy, mo~e sha~ly tru,noate pos­

teriorly, with stra ighter ventral and dors~l mar~ins, ~ longer and narrower 
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lunule, and in general, greater angularity of form. I do not know of the 

occurrence of this species elsewhere than in the santa Ana. Mountains. 

Superfamily Oardiaoea 

Family Cardiidae 

Genus Protocardia Beyrioh 

Protooardia sp. cf. P. translucida (Gabb) 

Plate 11, figs. 4 - 6. 

Distribu.tion: Ladd formation, Holz ~ha\e m~!J)ber; o. r. T. loo. nos. 
92(va), 1053(c), 1064(a). 

Williams formation; ? 974(r}. 

Discussion: Two species of Protocardiawere des9ribed by Gabbin 

1664 from the California Cretaceous deposits - £• translucida and P. -olacer-

ensis. These have been refigured and discussed by Stewart, who suggests 

the probability that the two are conspecific. 

Judging from the figures both of Gabb and of st ewart, the species from 

the Santa Ana l,:ountains is probably dist inot, and represents a new species. 

The posterior end appears to be higher and more broadly truncate than in 

Gabb's species, and the ventral median region of the shell is smooth in the 

species from the Santa Ana lVIountains and apparently concen.trica~ly striate 

in the northern California forms. It is judged better to withqold descrip-

tion of the forms from the san~a Ana Mountains untii thEtse appa~~nt diff!:)r­

ences can be verified, however. 

superfamily I sooardt~cea 

Family Isooardiidae 

Genus Isooardi~ Lamarck 
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Isocardia delta n.sp. 

Plate 11, figs. 7, 8, 11. 

Descr i 1J tion: Shell of medium size, thin, fragile, inflated; beaks 

very hi gh , prominent, distant, spirally enrolled, prosogyrous; anterior dor­

sa l margin deeply concave below the beaks; anterior extremity obtuse and 

r ounded; ventral margin broadly curved; posterior extremity meeting the 

ventral margin at an abrupt angle, and merging with the dorsal posterior 

border in a sweep i ng curve; dorsal posterior slope and lateral face of 

shell mee ting along a rounded curving angle extending from the beaks to 

the ventral posterior border; ligament narrow, rather short, external; lun­

\J.le and escutcheon undefined. 

Dentition of the ri ght valve consisting of two curved laminar teeth 

arranged parallel to the hinge line , situa ted one above the other, sepa­

r ated by a groove that receives the v entral cardinal tooth of the left 

valve; left valve a lso v,ith two l aminar hori zontal cardina l t eeth, the pos­

terior and dorsal one extending from the hinge-line obliquely pos teroven­

trally ; a..">"J.terior and v antral cardina l parallel to the hin ge b ord.er diraotly 

belo-_v the beaks , s eparated frorn t he hinge border by a narrow groove; a.~te-

rlor tooth grooved on the ventral side; lat eral teeth apparently absent. 

Holot;roe: c. r. T . Invertebrat a Paleontology cat. no. 3436. 

ParatvI>es: C . I. T. Invertebrate Paleontology cat. nos. 3437, 3438. 

'ryi:ie 1oc:1l i ty: o. 1. T. Invertebrate Paleontology loo. no. 1164. 

Dimens ions .9.f type: 
both valves 34. 6 mm. 

He i ght, 39.6 mm., length 34.0 mm., thickness of 

Distribut ion: Ladd formation, Baker sandstone member; 82(r), 99(r), 
302(a), 979(r) , l 062(c), l067(r), 1068(a), 1069( a ), 1071( r), 1164(r). 
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Di scussion: Isocardia del ta occurs in a nar row zone essentially in-

e l ud i ng the uppermos t beds of tha Baker sandstone and the lowe s t beds of 

the ~1olz sh'.lle . 1.r:he speci es is very fragile, and few of the specL'Uens 

col l ected have escaped cr ushing a.nd distortion. Isocardia del t a is yrob-

ably a t l eas t subgener i cal l y distinct from rsocardia _g_QI, the genot ype, 

for t he Cretaceous spec ies laok:s the characteristic posterior l ateral 

teeth that are present i n t he genotype, and in all of the ,other 1.rertiary 

and Recent I socardias t hat I have seen. 

by Paclcard, bu.t was not described. 

Isogardia delta was recognized 

A f ew spec i es of Isooard.ia have been described from Upper Cretaceous 

deposit s both i n the Atlantic Coastal Plain and in Europe • The genus is 

not wel l r epresented in the Cretaceous, however. .i• delta appears to be 

the f irs t authentic record of the genus in the Cretaceous of the Pacific 

Coast, for I s ooardia chicoensis Waring apparently is a Clisoeolus, prob-

ably .Q. . cordatus Whiteaves. 

Genus Clisocolns Gabb 

Clisooolus cordatus Whiteaves 

1879 Clisooolus co:rdatus Meek a.nd Hayden, Whiteaves, Geol. Sur. Can., 
Ees . Foss., vol. l, P• 157, pl. 18, figs. 3, 3a, 3b. 

1903 Cli socol us co rdatus Whit eaves, Whi teaves, op. cit., p. 384. 

1916 Clisocolus dubius Gabb, (in pa.rt?}, Packard, Univ. of Calif. Pubs.t 
Bull . Dept . Gaol., vol. 9, no. 12, P• 146. 

191.7 Isocard.i a chi coensis n.s., waring, Calif. Acad. Sci. Proc., (4), vol. 
VII, no . 4, P• 62, pl. 8, fig. 3. 

1930 Clisocolus co rda.t us Whi teaves, Stewart, A.cad. Nat. Sci. Phil., Special 
Pub ., no . 3 , P• 157. 

Di s tr ibut ion: Ladd fo rmation, Holz shale member ; c. I . T. l oo. nos . 
83 (c ), 93(r), 94(r ), 95( c) , 453(r), 982(r), 983(r),? 1053(a), 1172 ( r} , 
1173( r ). 
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Willia.ms format i on; 974(0), 975(r), 976(r), 86(r). 

Discussion: The Santa. Ana :Mountains specimens here referred to Q.ll-

socolus cordatus have been compared directly with specimens of the latter 

species now i n the Inst i tute collections from sucia Island. There is no 

discerni ble dif fe rence in the forms. I have been unable to get good speoi-

mens of Clisocol11s dubius Gabb with which the Santa. Ana :Mountains forms 

may be compared. Judging from ava ilable descriptions and figures, the 

principal di fferences separating .Q.. dubius and C. oordat11s lie in the ;fact 

that the former species is a small form with fine concentric ribbing, while 

the latter species tends to be large, usually smooth, but with occasional 

deep ooncentrio sulcations developed on the ventral part of the shell due 

to resting stages in growth. The specimens from locality 1053 (above) 

are all or nearly all finely concentrically striate, a.nd may represent c. 

Some of th9 other smoother specimens from the Santa Ana Mountains 

show fine concentric lines upon the umbonal region of the shel 1, but become 

smooth ventrally. 1ioreover, the fine concentric umbonal sculpture is qui te 

variable in it s development upon different individuals, being absent in 

some and strongly developed in others. It may prove to be a varietal fea­

ture , and Clisocolus dubius and Q. cordatus may be only varietally dis-

tinct . Better material of undoubted .Q.. dubius mus t be available before 

s uch an opinion can be verified or disproved. 

Clisooolus oordatus appears to be limited in its r~ge to the upper 

port i ons of t he Holz shale and to the fossiliferous beds of the WilUams 

f ormation . Its position in the lower part of the section is taken by Cli-

socol us corrugatus n . sp ., described below. c. cordatus is also abundant 

i n t he limy sandst ones a t the base of the exposed Cretaceous section in 

the Simi Hills. 
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Clisocolus is usually referred to the Isocardiidae , but its actual 

systematie position is highly problematical, as Stewart (1930, P• 189) 

has suggested . 

Clisooolus oorrugat us n.sp. 

Plate ll, figs. 9, 10, 12. 

Descriution: Shell of mediµm size, highly inflated, gibbous in out-

line; shell substance rather thick; beaks high, prominent, prosogyrous, 

sharply incurved; outline of shell-margin below the beaks nearl y circular 

to slightly oval; lunule and escutcheon undefined; ligament external, 

lodged in a rather deep narrow furrow; hinge edentulous, but with a slight 

thickening o~ the hinge line below the beaks, a...~d with a shallow pit cen­

trally placed, and dors~l to the t hickened part; lateral teeth absent; 

sculpture consisting of rather coarse raised concentric corrugations, 

S!)aced at approximately 2.0 mm. i ntervals on the median portion of the ma­

ture shell; character of muscle scars and pallial line unkno\vn. 

Holotype: C. r. T. Invertebrate Paleontology cat . no . 3439. 

~ Locality: c. r. T. Invertebrate ?aleont ology loc. no. 302. 

Dimensions .Q.f. ~: 
one valve 14,4 mm. 

Height 31.5 nnn., length 31.5 mm., thickness of 

Dis tribution: Ladd formation, Baker sandstone member; c. I . T. loo. 
nos. 82{r), 302{c), 1062 (r) , 1068(r), 1069 (r), 1070( r). 

Discussion: Clisooolus oorrugatus is easily distinguished from.Q_. 

cordatus Whi teaves by the character of its coarse, widely spaced concentric 

sculpture . In gene ral, tne lat-ter species is larger, higher, and more gib-

bous in outline than g_. oorrugatus also. I do not know of the appearance 
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of any form similar to Q.. corrugatus anywhere outside of the Santa Ana 

Liotmtains. 

Desorintion: 

Superfamily Veneracea 

l<'amUy Veneridae 

Genus Cyprimeria Conrad 

CyPrimeria moor ei n.sp. 

Plate ll, fig. 13, plate 12, fi gs. l, 2. 

Shell rather small, thin, fragile, compressed, oval in 

outline, slightly longer than high; beaks low, slightly anterior; margin 

very slightly concave just in front of the beaks, elsewhere smoothly curved 

in a broad ellipse; ornamentation of fine regular growth-lines only; no lun­

ule or escutcheon; ligament external, deep-seated, long, and very narrow; 

pallial line with a very shallow sinus. 

Dentition of three cardinal teeth in each valve; left anterior car­

dinal long, yery thin, thickening slightly :anteriorly, strongly oblique to 

the shell-margin above and the ventral hinge-plate margin below, bounded 

above and below PY deep narrrr~ sockets; median left cardinal short, broad, 

trigonal, high behind, beveled in front, situated directly beneath the beak; 

posterior left cardinal rather long , thin, slightly curved, diverging at an 

aoute angle from the nymph, which it underlies; anterior and median right 

cardinals rather thin and long, extending obliquely forward from the beaks, 

subparallel, but diverging slightly anteriorly; posterior cardinal narrow, 

slightly curved, extending opliquely posteroventrally from the beaks, thick­

ening slightly toward the posterior end, deeply cleft along the crest; lat ­

eral teeth absent . 
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Cotypas: C. I. T. I nver tebrate Paleontology cat. nos. 3440. 

1m Locali ty: C. I. T. Invertebrate Paleontology loo. no. 92. 

Dimensions _Qi coty-pes: (right valve) length, 27,3 mm., height, 21.6 
mm. , thickness of one valve, approximat ely 4.2 mm., (left valve) length, 
24.4 mm , , height, 19 .6 mm. , t hi okness of one valve approximately 2.3 mm. 

Distr ibution: Ladd formation, Holz shale member; o. r. T, loo. nos. 
92 (a ), 454 ( r). 

Discussion: I am glad to name t his beautiful shell for Dr. B. N, 

lloore, of the Uni tad States Geological survey. Dr. 1':oore collected all 

of the material upon whi ch this species is based, and generously ma,de his 

col lections available for this s t udy . 

OYJ?rimeri a moorei is apparently the first species of C:yprimeria repor-

ted from the Upper Cret~aeous qf the Pacific Coas~, Whiteaves (1903, P• 

379 ) has referred to C:yprimeria several specimens which he a t fir st identi­

fied as "Meretrix" lens Gabb, a species since shown by Stewart to belong t o 

the genus Flaventia (1930, P• 247 ). I t has been possible to expose the 

hinges of several specimens of Flaventia lens from the Santa. Ana Mountains, 

northern California, and from ~he Sucia Islands. The hinge characters as 

there shown agree almost exactly wtth those i llustrated by Woods of Flaven­

tia ovalis (Sowerby), genotype of the genus Fl aventia {Mon. Cret. Lam. Eng., 

vol. II , p. 191, pl. 24, figs, 19 - 26). The dentition of tAese forms 

also agrees wall with the figure and hinge of "Cy;pr~meria.11 JJm§. as figured 

by Whi t eaves. A second spectes cited by Whi~eaves frQm ~he Upper Creta-

aeous of British Col umbia, Oy;primeria ? t~nuis Meek is neither described 

nor figured, and its actual relationships remain very dubious . 
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Genus Tenea Conrad 

Tenea i nflata (Gabb ) 

Plate 12, figs . 3 ~ 5. 

1864 Dosinia i nflata n.s., Gapb , Pal . Ca+i f. , VO+• 1, P• 168, pl . 23, 
fig. 149. 

1916 Dosinia inflata Gabb, Packard, Univ. of Ca l i f. Pub~. , Bull . Dept. 
Gaol., vol. 9, no. 12, P• 146~ 

1930 "Dosinia" inflata Gabb, Stewart, Acad. Iifat. Sci. Phil., Special Pub., 
no. 3, P• 231. 

Distribution: Small variety ; Baker sandstone member of t he Ladd for­
mation; c. r. T. loc. nos. 79 {c), 82(c), 99 (? ), 301(0), l062 (a), 1069 (0 ) , 
ll64(c ) . Giant variety; Ladd formation, Holz shale member; 93 (r), 95 (c ) , 
489(r), 982(c), 1055(r), 1057 (c), 1063 (r), 1084(r), 1160 (va ), ll70(c), 
117l (c), 1173( 0 ) . 

Willia.ms forrration; 1052{r ) . 

Discussion: The following notes may be given on the dentition of this 

species: right anterior cardinal very srrall, slender, short, diverging 

slightly from the hinge-margin directly anterior to the beak, extending only 

half-way across the hinge-plate ventrally; median right cardinal rather heavy, 

low, trigonal; right pos terior cardinal rather heavy, long, slightly curved, 

sit11ated close up under the nymph from which it i s separated by a narrow 

groove; a thin l amel l ar ridge rising from the floor of the socket separat-

ing the anterior and median right cardinals, extends about half-way f rom 

the vent ral edge of the hinge- plate t oward t he beak; l eft ant erior and medi­

an cardinal t eeth short, slender, j oined t o one ano the r dorsally, diverging 

ventrally a t a h i gh angle; posterior left oa.rdin~l long , laminar, oblique, 

situated j us t below the ~ h; lateral teeth apparently ~bsent ; pa.~liQl sinus 

longt narrow, pointed, as cending, directed towa.rd the beaks. 
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Tenea has not been reported hitherto from the Wes t Coast Cretaceous, 

but is known from several localities in the Atlantic and Gulf Coast e re-

taoeous of the eastern United States. The genotype is from the Oreta-

ceotrn of New Jersey (Conra.d, Amer . Jolll'. Conoh., vol. 6, PP• 72, 73). gz­

clina magna Wade from the Ripley formation of Coon Creek, Tennessee is prob­

ably to be referred to this genus (personal communication from t. w. Ste­

phenson) as may also be Cvclina parva Gardner of the Monmouth formation of 

Maryland. Holzapfel (Palaeontographica, volv 35, P• 168, pl. X!I, figs. 

9 - 12) fi gures a form identified as Cytherea. tumida Goldfuss, which is 

al most certainly to be referred to Tenea, and it is quite probable that 

many other Cret aceous specimens that have been described as ''Dosinia" will 

be found referable to this genus. 

The systematic position of Tenea has appeared doubtfo.l to many writers 

·who have discussed the su.b ject. Conrad originally suggested the relation-

ship of 'l'enea to Taras (piplodonta] and many other writers including Dall, 

Fischer, and Weller have doubtfnlly or confidently placed this genus in the 

ungulinidae. 'i'ihitfield on the other hand placed the genus in the Venerid-ae, 

comparing it to Dosinia. It is my belief that Tenea is a Venerid genus, 

and that it i s closely related to Dosinia and Cyolina , though it is quite 

distinct from either. The reasons for this decision rest in the typically 

Venerid characters of the hinge, especially of the right valve, and in the 

slender, pointed, ascending pallial sinus, so similar to the sinus aa de.­

veloped in Cyclina and Dosinia . 

~ inflata is represented by many excellent specimens from the mid­

dle and upper parts of the Holz shale and from the upper p~rt of the Baker 

sandstone. Those specimens found in the shqle member beoom~ usually quite 
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robust and large , some of the individuals a ttaining a height of thirty-five 

mi 1 limet ers. The forms in the Baker sandstone, conversely, are invari-

ably small, thin, and fragile. Few specimens from this part of the sec-

tion will attain an altitude of twenty millimeters. The individuals from 

the lower beds are so uniformly small and thin-shelled, and those from the 

upper beds are so uniformly large and thick-shelled that o~e is tempted to 

believe that two species are represented; and this view is strengthened by 

the fact that very few species appear to be common to bqth the Baker s~nd-

stone, and the higher horizons of the Holz shale. nevertheless, I have 

been unable to find an;y basis for separation of these two forms other than 

that of size, and this seems hardly sufficient criterion. 

Genus Flaventia Jukes-Brown 

Fla.vent ia lens ( Gabb) 

Plate 12, figs. 4. 

1864 Meretrix lens n.s., Gabb, Pal. Ca lif., vol. 1, P• 164, pl. 23, fig. 
143. 

1879 Cyprimeria .lrn (Gabb), Whiteaves, Gaol. su.r . Canada, L1es. Foss., 
vol. l, pt. 2, P• 152, pl. 17, figs. 15, 15a. .iQ.j&, P• 379, 
(1903). 

1930 Flaventia ? ~ (Gabb), Stewart, Acad. Nat. Sci. Phil., Special 
Pub., no. 3, P• 247, pl. 4, fig. 6. 

Distribution: 
no. ? 84{ r l. 

Ladd forma.~ ion, Baker sandstone member; a. I. T. loo. 

Holz shale member; 83(0), 93(r), 94(c), 95(r), 982(r), 983{a), l054(r), 
1060(0), 1061(r), 1166(c), 1168(c), 1169(a), lt70{r), it73(r). 

WillieJns formation; 974(r), 976{r), 1052(r), 1056(c), l066(r). 

Discussion: ·.-:hi teaves ( op. oi t.) was apparently the first to call,. 

attention to the hinge structure of Flaventia ~, or at least was the 
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first to publish his observation. He referred the species to Cyprimeria, 

but comparison of his figure of the hinge of the left valve with a hinge 

of Cyprimeria suggests an error. Stewart (op. ci~.) first called atten­

tion to the similarity of the hinge of F. lans with that of F. ovalis (geno­

type of Flaventia) and suggested the relationship. It has been possible 

in this study to expose several complete hinges of this species from the 

Santa Ana. Mountains, from northern California, and from the suci a. Islands. 

The following notes on the hinge structure a re offered: right anterior 

and median cardinals close together, diverging ventrally, directed oblique­

ly anteriorly; right posterior cardinal long, heavy, deeply bifid, the an­

terior element being the shorter; left anterior and. median cardinals short 

and strong, close together, diverging ventrally at a large angle; posterior 

cardinal long, thin, situated directly beneath the nymph; ligament external, 

moderately long, slightly submerged; lunule a.nd escutcheon undefined; pal­

lial sinus triangular and ascending; lateral teeth absent. 

Flaventia lens, as shown by the distrib~tion ta.ble, is most abundant 

in the upper part of the shale section of the Santa Ana Mountains, though 

a few forms appear in the Williams formation. The single individual doubt-

fully reported from the Baker sandstone may have been misplaced during prep­

aration of the collections. 

Fla.ventia ~ n.sp. 

Plate 12, figs. 9, 10~ ll. 

Description: Shell of medium size, strong, moderately inflated, elon­

gate-oval; beaks not very prominent, situated slightly in advance of the 

median line of the shell; anterior dorsal slope nearly straight from just 

before the beaks to the anterior end; ventral border smoothly curved between 
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the anterior and posterior ends of the shell, forming nearly the arc of a 

circle; posterior dorsal border slightly arched, meeting the ventral bor­

der with a blunt angulation; ligament external, about one-half the length 

of the posterior dorsal border; lunule undefined; escutcheon spindie-shaped, 

long, narrow; ornamentation of growth-lines only, ftne on the dorsal region 

of the shell, but more coarse toward the ventral border; pal}ial sinus short , 

broadly triangular, wide open at the base, ascending. 

Hinge of three cardinal teeth in each valve a.nd no laterals; right med­

ian and anterior cardinals short, slender, subparallel but diverging slight­

ly distal to the beaks, anteriorly obliquely directed from the beaks; right 

posterior cardinal strong, rather long, trigonal, strongly bifid, the an­

terior element of the tooth being the shorter a.:nd weaker one; very oblique, 

diverging at a small angle from the nymph; l eft anterior and median cardin­

als short and thin, approximately equal in size, diverging from one another 

at a moderate angle directly ventral to the beaks; posterior left cardinal 

long, narrow, sl ightly curved, underlying and slightly diverging from the 

nymph; hinge plate of' both valves sli ghtly excavated in front of the an­

terior tee th. 

Holotype: c. I. T. Invertebrate Paleontology cat. no. 3444. 

Paratypes: o. I. T. Invertebrate Paleontology cat. no. 344!). 

Type Looa.li t;y:: o. I. T. Invertebrate Paleontology loo! no. l068. 

Dimensions of~: 
both valves 18 .0 mm. 

Height, 33.2 mm. , leng~h, 44.7 mm., ~hickness of 

Distribution: Ladd formation, Ba.leer sandstone member; c. I. T. ioc. 
nos. SO(c), 99(c), 456{a ), 973(0), 979(c), l058(o), 1065(r), l068(a), l069(c), 
l070(r ), 1164(r). 
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Holz shale member ; 92(va), l053(a). 

Disou.ssion : Flaventia zeta is to be distinguished from¥.~ prin-

oipally by its more elongate outline and by its higher beaks. i.:ost of the 

mature specimens of F. ~ are nearly equidimensional in length and height , 

while :b'. zeta. is longer than high in the ratio of four to three. The 

sha.pes of the individuals of the two species are somewhat variable, and end 

members of the variable series approach one another in sha.pe . St rat igraph-

ically, the two speoies are complementary, :B'. zeta being common in t he Bak­

er sandstone and rare in the lower part of the shale; while 1!'. lens is com­

mon in the upper part of the shale a,nd rare in the sandstones of the Wil-

liams formation. The two species have not been found together. 

Flaventia ~ is not certainly knovm to occur elsewhere than in the 

Santa Ana Mount~ins. I t may reasonably be expected elsewhere in the low-

er beds of the Upper Cret aceous of the Pacific Coast, and ma.y be represented 

in the fossil lists by forms that have been identifi ed as F. lens. 

Genus Legumen Conrad 

Legumen ooides (Gabb) 

Plate 12, figs. 8, 12. 

1864 Tellina ooides n.sp., Gabb, Pal. Calif., vol . 1, p . 157, pl. 22, 
figs. 135, 135a. 

1909 Tellina ? ooides Ga.bb, Arnold, Pal eon. Coalinga Di st., U. s. G .. s. 
Bull. 396, P• 11, pl . l, fig. 3. 

1916 Tellina ooides Gabb, Packard, Univ. of Calif. Pubs., Bull . Dept. 
Geol. Soi ., vol. 9, no. 12, P• 147, 

1930 "Tellina" ooides Gabb, Stewart, Acad. Wat. Sci. Phil., Special Pub., 
no. 3, P • 202, pl. 3, fig. 3. 

Distribution: 
976(r). 

Williams formation; c. I. T. loo. nos. 974(c), 975 (r) , 
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Discussion: Packard (op. cit.) has ta.ken this spec ies as the zone 

fossil fer t he uppermost faunal zone of the Santa Ana Mounta.ins. Legumen 

ooides apparently is restricted to this zone (the Williams formation}, but 

I have no t found it abundant, and it does not seen widely di s tributed in 

this locality. I have suggested elsewhere the a.mmonite species :Met aplacen-

ticeras pacificum (Smith) as an abundant, widely distributed, and important 

zone fossil for the horizon of the fossiliferous beds of the Williams 

:format ion. 

Complete hinges of both valves of Legumen ooides have been worked out 

in this study. These features have been determined: cardinal teeth 

three in eaoh valve; lateral teeth absent; right anterior and median car­

dinals short, slender, prominent, subparallel, situated almost direotly 

beneath the beaks; right posterior ca.rdina.l long, moderately prominent, 

subparallel to the nymph which it underlies, bifid, the anterior element 

of the tooth being short and splint-like. Left anterior and median car­

di na ls also short, slender, and prominent, but diverging from one another 

vent rally at an angle of approximately sixty degrees; left posterior car­

dinal long and thin, joined to the ventral border of the nymph; hinge plate 

slightly excavated immediately in front of the anterior teeth; lunule unde­

fined; ligament submarginal, about one-half the length of the post erior 

dorsal margin of the shell; :pallial sinus rather short , broad, blunt, di­

rected towa rd the anterio r adductor scar. 

The characters of '~he dentition, ligament, lunule and pallis.l sinus 

of Legumen are very similar to those features in Flaventia. '.l:he principal 

differences are ( a ) the species of :B'lavent ia tend to have rather heavy 

shells, either equal in length and height, or not much longer than high; 

( b) the right posterior cardinal tooth of Flaven t i a is compar atively l a rger 



116. 

than t he same tooth i n Legumen, is more deepl y bifid, and the anterior ele-

ment of the bifid tooth is longer and stronger. '2hese differences may be 

of not more than subgeneric i mport ance. Fl aventia might then be considered 

a subgenus of Legumen. A critical review of the forms referred to these 

t wo groups i s advisable before such grouping is determined , however. 

Stephenson (1923, P• 319) suggests that Baroda Stoliczka is probably 

generically identical with Legumen. If this be so, Legurnen is represented 

by many species widely distributed in the Upper Cret aceous faunas of the 

wor l d. I have not seen the hinge of Baroda, s..nd those illustrat ions of 

t he hinge available do not show ,mether or not the right posterior tooth 

is bifid. J ukes-Brown (Mala.a. Soc. London, Proo. , vol. 8, 1908, P• 171) 

describes this tooth a.s 11 ent ire11
• Since the bifid right posterior car-

dinal appears to be a constant character in the American species of Legumen~ 

Baroda is probably at lea.st subgenerioally distinct . 

Genus Calva n . genus 

Genotype Species: Calva regina n.sp . 

GenosyntyPes: 
no . 3447. 

Calif. Inst. Technology Invertebrate Pal eontology cat. 

Generic Diagnos~s : Venerid pelecy,Jods of medium to large size, with 

heavy shells, characteristically ornament ed by fine concentric lines with 

occasional irregularly spaced deeper concentric gro oves ; shape usually 

moderately elongated; beaks prominent and high; lunule usually circumsoribed 

by an impressed line , s omewhat depressed ; hinge bearing three cardinal 

teeth in ea.ch valve, left anterior and posterior l ate ra l teeth, and corres­

ponding right posterior and anterior later a l sockets; left anterior l ateral 

tooth parallel to the fol.Ward border of the :nymph, smooth, rather long; 
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left posterior l at eral too th formed by a slightly salient projection of 

the hinge line; right posterior l a teral socket long, narrow, moderately 

deep, distant from the beaks; right posterior cardi nal tooth weakly bifid. 

Within this genlls will fall all, or nearly all, of the forms formerly 

referred to "Venus" varia.ns Gabb, 11rvreretrix11 n itida Gabb, and the varieties 

listed in connection with these names, and in addition mos t , if not all, of 

the Cretaceous species hitherto referred to the genus Dosiniopsis Oonrad. 

Dosi11io1)sis was erected in 1864 by Conrad (Acad. Nat. Sci. Phil., Proc. 

xvi, P• 213, text fig.) with Dosinio-osis meeki from Eocene de-.9osits near 

Washingt on, D. C., as genotype. 12• meeki was later declared to be simply 

a variant of D. lenticularis (Rogers ) by Clark and Martin (Md. Gaol. su.r., 

Eocene, P• 171). Meek {1876, P• 179) apparently first mentioned the pres­

ence of a posterior lateral tooth in this genus. Cossman (1886, Coq. Foss. 

del'Eoc. des Env. de Paris, P• 113) recognized Conrad's genus and placed 

therein three species previously described by Deshayes from the Eocene of 

the Paris Basin - D. fallax, 12• bellovacensis, and].. orbicularis (Edwards}. 

Oossman does not mention the presence of a posterior lateral tooth in these 

forms, but in the illustrations of these species given in the "Iconographie 

Coq_uilles Fossiles de Paris" of Cassman and Pissarro, all views showing the 

interior of the right valve show the posterior lateral plainly. Of Creta.-

ceous forms referred to Dosinionsis may be mentioned C;ytherea oaperata 

Sowerby, and Cyther~a su.brotu.nda Sowerby, referred to Dosiniopsis by Jukes­

Brown (Mal ao . Soc. London9 1908, P• 151) and figured and described later in 

the same year by Woods (Pal. Soc. Mon •• vol. 62, PP• 181- 2, pl. 28, figs. 1 -

10). Palmer (Pal. Amer., vol. 1, no. 5, P• 6) has referred Meretrix umzam­

biensis Woods of the Upper cret aceous of Pondoland to Dosinio-r>sis, and Meek 
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(1876, p. 184) described Dosiniopsis nebrascensis from the Fort Pierre 

and Fox Hills groups of the Dakota Upper Cretaceous. 

A review of the descriptions and figures of the above species, togeth­

er with the study of the Pacific Coast Cretaceous ''Venus" varia.ns - ~-

tri:x:" nitida group indicates that all of the Eocene species of Dosiniopsis, 

including the genotype have striated anterior lateral teeth a.+1d sockets, 

heavy, strongly bifid, right posterior cardinal teeth, and in general a 

lenticular form. The Cretaceous species referred to Dosiniousis uniformly 

seem to have smooth anterior lateral teeth and sockets, weakly bifid pos-

terior right cardinals and in general, elongate form. '.l:hese differences, 

correlated with the age difference, appear to be sufficient to distinguish 

a new genus. 

To the genus Calva then, are tentatively referred the following species : 

Venus varians Gabb 
Meretrix nitida Gabb 
Meretrix umzambiensi s Woods 
1'.ieretrix ni tida var. major Packard 
Cytherea subrotunda Sowerby 
Cytherea caperata Sowerby 
Callista pseudoplana Yabe and liagao 
Dosiniopsis nebrascensi s Meek 

Undoubtedly, other species will be found referable to this genus upon fur­

ther study. 

Calva major (Packard) 

1922 I:Ieretrix ni t i da Gabb, var. major Packard, Packard, Univ. of Calif. 

1930 

1935 

Pubs., Bull. Dept. Gaol. Sci., vol. 13, no. 10. P• 425, pl. 
31 , fi g . 2 . 

Aphrodina varians (Gabb), Woodring, in Hoot s , u. s. G. s . Prof. 
Paper 165-0, P• 91. 

Anhrodina maj or (Packard), Anderson and Hanna, Calif. Acad. Sci. 
Proc., (4), vol. xxiii, no. 1, p. 28. 
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Distribution: Ladd formation, Holz shale member; c. I. T. loc. nos. 
93 (c), 94(r ), 95(c). 

Willia.ms format ion; 86(c), 974(va.), 975 (a ), 976(va), 1052(c), 1056(r), 
1066(r). 

Discussion: Calva ma.j or differs from the northern Cali f'ornia for-ms 

usually referred to "Meretrixr1 nitida and "Venus11 varians by being consider­

ably larger and heavier, in general having a more elongate form, and in 

having a more deeply concave anterior dorsa l margin. 

'J:he actual rel at ionships between "Venus'' varia.ns and "Meretrix" ni tida 

are yet obscure. Stewart (1930, P• 251 ) suggests that the two are conspe-

ci fic , and I am much inclined to agree. Both of these species doubtless 

belong to the gem.ls Calva. A number of collections from northern Cali-

fo rnia in the California I nstitute of Pal eontology show considerable suites 

of this genus . In almost any one of' t hese assemblages, oonsiderably more 

variation i s to be noticed than Gabb permit t ed in the separation of these 

two species, and it scarcely seems pract icable to consider t hem as dist inct. 

Calva regin,a n.sp . 

Plate 12, figs. 6, 7, 13, 14. 

Descrintion: Shell of moderate size, nearly as high as long, in-

flated, rather heavy; beaks prominent, high, anterior to the middle line of 

the l ength of the shell, prosogyrous ; anterior dorsal border strongl y con­

cave; anterior end r ather sha~ply rounded; ventral border broadly arched; 

posterior end bluntly t r uncat e vertically; posterior dorsal border rather 

short, slightly arched ; posterior dorsal slope nearly flat, broad, marked 

off from the l ateral part of the shell by a l ow rounded angul a tion ext end­

ing from the beak to the pos t erior ventral border; escutcheon faintly de­

limited extending the length of the posterior dorsal border; lunule 



heart-shaped, sunken, circumscribed by a fine line~ length aoout one-hal f 

that of the anterior dorsal slope; ornament ation of even, moderately fine 

growth-lines only; ligament rather short, and sU11..°l{: below the shel 1 margin; 

character of the muscle scars and pallia l line unknown. 

Dentition: right anterior and median cardinals short, narrow, promi-

nm1t, close together, slightly divergent ventrally, situated directly be­

neath the beaks; right posterior cardinal tooth long, straight, shallowly 

bifid, subparallel to the nymph; anterior lateral socket long, narrow, 

moderately deep, smooth, parallel to the lum1lar border of' the shell; pos­

terior right lateral socket deep, posterior to the rear end of the ligament, 

bounded below by a projecting, rather l a rge tooth; left anterior cardinal 

prominent, very slende1', aligned almost vertically below the beak; left 

median cardinal rather more s t r ong t han the anterior, trigonal, directed 

obliquely backward; left posterior cardinal very oblique, continuous with 

the ventral side of the nymph, but little longer than the two other teeth, 

no t very heavy ; anterior lateral tooth quite long, s light ly wedge-shaped, 

parallel to the hinge border below the lunule, mnooth; posterior lateral 

tooth, a slight ly salient por t ion of the shell margin just to the rear of 

the posterior end of the nymph. 

Ootypes: c. I. T. Invertebrate Paleontology cat. no. 3447. 

~ Locali t;y: a. I. T. Inver t ebrate Paleontology l oo. no. 1164. 

Dimensions of~ cotype: Height, 34,4 mm. , length, 36.5 mm., thickness 
of one valve, approximately 6 . 5 mm. Dimensions of a second coty-pe: height, 
33.2 mm., length, 37.0 mm. (approximately), thickness of one valve approxi­
mately 10.8 mm. 

Distribution: Ladd formation, Balter sandstone member; Co I. T. loc. 
nos. 302(c), 98l (r), 1062(r), 1068 (r), 1069(r), 1070 (r), 1164(r). 
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Discussion: Calva regina is fairly wid espread but not abundant in 

the Baker sandstone. I t may be distinguished from Calva major (Packard ) 

by the abruptly truncated pos terior and the rather high, short posterior 

dorsal slope. I n general .Q_. regina is considerably sma ller than.Q_. major 

also. 

Specimens greatly resembling .Q_. regina occur near the base of the Upper 

Cretaceous section in t he Siskiyou Llountains and the Rogue River Valley of 

Oregon. The species may not be identical with .Q. . regina, but may well be 

only varietal ly removed from it. 

Genus Aphrodina Conrad 

Auhrodina? arat a (Gabb ) 

Plate 12, f igs. 15, 16. 

1864 1.leretrix arata n . s., Gabb, Pal. Calif~, vol. l, P• 166, pl. 30, fig. 
250. 

1916 11eretrix arat a Gabb, Packard, Univ. of Calif. Pubs ., Bull. Dept. Geol . 
vol. 9, no. 12, P• 146. 

1930 ? ivieretrix arata. Gabb, Stewart, Acad. Nat. Sci. Phil ., Special Pub . , 
no • 3 , p • 24 7 , p 1 • 1 , f'i g • 4 • 

Distribution: Ladd formation, Baker sandstone member; c. I. T. loc. 
nos . 79(r) , 80 (r), 84(r), 87 {r) , 99(c), 302 (r) , 456 (r), 979{r}, 981(0), 
1062{r), 1065 (0), 1068(va), 1069(va), 1070 (r), 1164 (c). 

Discussion: It is with s ome misgivings t ha.t this shell i s referred 

to Aphrodina. I t has not proved possUile to expose the hince of this spe-

oies without some breakage of the teeth. The best hinges so far exposed 

apparent l y a r e identical with the hinges of Anhrodina tippa.na Conrad (geno-

tY}}e of Anhrodina), except that the ant erior l ateral t ooth and soclrnt, which 

are rather l ong and are striated in_ A. tiupana are eomparatively shorter 
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and seem to be smooth in A.• arata. These differences seem scarcely i m-

portant enough to jus ti fy more than subgeneric separation of the two forms. 

Aphrodina ara t a is especially characteristic of' the 3aJ.rer sandstone. 

It apparently does not occur a t highe r hori zons, and wi t hin thi s horizon 

is t o be found in nearly every fossilife rous locality. I t is interest ing 

to no t e t hat t his species was originally descr ibed fro m materi al from 

"Cottonwood Cree1r", Shast a Co unty , a l ocal ity from which Gabb derived a 

number of other species t hat in t he Santa Ana Mo,mtains appear to be con­

fined t o the horizon of the Baker sandstone . 

Callista {Aphrodina ? ) tenuis Meelc and Hayden (Meek, 1876, P • 168 

appears to be a form similar to!.• arata, as does Cytherea minut ula Sto­

liczka from the Ariyalur group of south India. 

Superfamily Tellinacea 

Family Tellinidae 

Genus Tellina Linnaeus 

11Tell ina." sp • ..A. 

Distribution: Williams fo1'IUa tion; c. I. T. loc. no. 974 (r ). 

Di scussion: Two va lves of this species, one right and one left, each 

show two minu te div ergent teeth. The shells are long and low, somewhat in 

t he form of the recent genus Gari. The materi a l is too poor to describe 

or figure. I t has no t proved possible to discover enough diagnostic char-

acters to definitely determi ne the genus represented. 

11Tell ina" sp . cf. "T". parilis Gabb 

Distributton: \'/illiams formation; c. r. T, loc. no. 974(r) . 
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Discussion: This srnal l Tellinid is represented by two valves from 

a sing le loca lity. It is probably identical with a species represented 

in the Institrite collections by many specimens fro m loca. li ties on the 

east side of the Sacramento Valley. It is possibly to be identified with 

11 Tellina11 pari lis Gabb. I have been unable to make out sufficient :i:'ea-

tures oi' dentition or other internal characters to justify a definite de­

termination of t hi s species. 

Superfamily Mactracea 

Fe.mily IYiaotridae 

Genus Oymbophora Gabb 

Oymbophora ashburneri i (Gabb) 

Piate 13, fig. l. 

1864 Kaotra ashburnerii n.s., Gabb, Pal . Calif., vol. l, P• 153, pl. 22, 
fig. i21. 

1869 Cymbophoz:~ ashburnerii {Ga.bb), Gabb, Pal. Calif., vol. 2,pp. 181, 236, 
pi. 29, fig. 69. 

1903 Cymbophora ashbu.rnerii (Gabb), '.Vhiteaves, Can. Geol. Sur., Lies. Foss., 
P• 374. • , 

1909 I\lactra ashbu.rnerii Gabb, Arnold, u. s . Geol. sur., Bull. 396, P• 11, 
pl. 1, Hg~ 4, 

1916 s·oisula ashburnerii (Ga.bbl, Packard, Univ. of Ca lif. Pubs., Bull. 
Dept. Geol., vol. 9, no. 18, p. 298, pl. 26, figs. 4, 5, pl. 
27, fig. i. 

1930 Cymbophora ashbui·nerii { Ga.ob l , st ewart, A cad. Nat. Soi. Phil., Spe­
cial Pub., no. 3, P• 212, pl. 5, fig. 6a. 

Distribution: Ladd formationt Holz shale member; C. I. T. loc. nos. 
93(c), 94(r), 982 (c), 983(r), 985(r), l060(r). 

Williams formation; 86(0), 974(a), 975{r), 976(c), 1052(0), 1056(r), 
1066(r). 



Discussion: The hinge of Qymbophora ashburnerii was figured by Gabb 

(op. cit.) and this figure was reproduced by Packard (op. cit.). In nei-

ther figure however is the dentition fully represented. Stephenson (1923, 

pl.lxxxv, figs. 5, 6) has figured both valves of Cymbophora trigonalis. 

The dentition of this species appears to agree in every particular with 

the hinge of Q. a shburnerii as revealed in this study. The fol lowing 

notes are offered on the dentition of a left valve of this species: chon-

drophore rather na.rrovv cmd shallow, its floor almost flush with the inner 

faoe of the hinge plate; on the anterior border of the chondrophore is a 

very thin laminar tooth (aocessor:ir lamella ?) which is separated from the 

posterior limb of the bif'id cardinal tooth by a very narrow slit; anterior 

dorsal shell margin straight, and abruptly truncate at a point immediately 

opposite the beak, which is situated slightly to the left of the hinge­

margin; back of this truncation, the posterior dorsal margin of the shell 

extends slightly obli~uely to a point opposite the anterior end of the pos­

terior lateral; this leaves a slight gap between the valves directly bacli: 

of the bea.ks and above t he position of insertion of the ligament; the lat­

eral teeth are rather heavy for a rn:actrid, and are close to the beaks. 

Oymbophora gabbiana (A..'11.derson} 

Plate 13, fig. 2 . 

1864 1-iactra ashburnerii n .. s., (in part), Gabb, Pal. Calif., vol. 1, p. 153. 

1879 Cymbophora ashburnerii Gabb, ;:/hit eaves, Can. Gaol. Sur., Mes . Foss., 
P• 141, pl. 17, fig. 8; P• 373 (l9Q3 ) , not p. 374. 

1902 1lactra gabbiana. sp. nov., Anderson, Calif~ Acad. Sci. Proc., (3), 
vol. 2, no. 1, P• 74, pl. 7, fig. 156. 

1916 

1930 

Spisula gabbiana (Anderson), Packard, Univ. of Calif. Pubs., Bull. 
Dept. Gaol., vol. 9, no. 16, P• 299, pl* 27, fig., 2. 

"Mactra" gabbiana Anderson, Stewart, Acad. Wat. Soi. Phil., Special 
Pub., no. 3, p. 211. 
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Distribution: Ladd formation, Holz shale member; C. I. T. loo. nos. 
83(r), 93(c), 95(r), 1169(r). 

Wi lliams formation; 86(a), 974(va), 975(c), 976(va), l052(r). 

Disoussion: Cymbophora gabbiana is e~ecially well represented in the 

Williams format ion. Ii'ew oons:j..derable collections may be made f1•om this ho-

rizon without getting this species in abundance. Those localities in the 

Holz shale from which the species has been obtained are high in the section 

near the Holz-Williams oontaot. The fossil seems thus to be a good marker 

for the higher beds, a~ lea.st in this region. Its abundance in certain 

looali ties in the Upper Cretaceous of the Si mi Hills and of the santa 1Ion­

ioa l\lountains probably has considerable significance in correlation. 

The hinge ~f- ~hts speoies has neither been described nor figured here-

tofore. These nqie.s on the dentition may therefore be of interest: in 

the right val~e ar~ two cardinal teeth, joined at their dorsal extremities; 

anterior cardtl18;1 toq~h ve.ry oblique, close up under the dorsal anterior 

shell marg in; posterior c.ardinal aligned almost vertically beneath the beak; 

chondrophore shallow-, ra.ther narrow, bounded dorsally by a narrow, oblique 

posterior lamina which includes between it and the hinge line a deep narrow 

cavity; posterior and ~nterior lateral teeth heavy and rather short, close 

to the umbonal region ot the shell, separated from the dorsal border by a 

deep socket; lunule and eso~toheon undefined; lateral teeth very lightly 

in the left valve is one strongly bifid {inverted v-shaped) an­

terior cardinal t ooth, separated from a na rrow, prominen,t laminar posterior 

tooth (accessory l amella ?) by a narrow vertical slit; ohondrophore and 

s~burnbonal cartilage groove as in the right valve; anterior and posterior 

lateral teeth single and strong. 



125. 

The hinge of this species accords in all ways with that of Q.• ash-

burnerii. It is doubtless true Cymbophora, f or the difference in sculp-

ture ca.n hardly be of more th.a.n specific importance. ~."lhiteaves (supra, 

P• 142 ) and Stewart (supra, P• 211) have called attention to the similarity 

of Q. gabbiana. to 11a ctra tripartita. G. B. Sowerby of the Trichinopoly g roup 

of India. 

Superfami ly l.iyacea 

Family Corbulidae 

Genus Corbula Lamarck 

Corbuln tra skii? Gabb 

1864 Corbula traskii n.s., Gabb, Pal. Calif., vol. 1, p. 149, pl, 22, 
figs. 121, 121a. 

1879 Corbula tra.skii ? Gabb, Whi teaves, can. Geol. Sur ., I,~es. Foss., vol. 
1, pt. 2, P• 138, pl. 17, fig. 3. 

1930 Corbula traskii Gabb, ~tewart, A.cad. 1;at. Sci. Phil., Special Pub., 
no. 3, P• 269. 

Distribution: Ladd formation, Eaker sandstone member; c. r. T. loo. 
nos. 79(r), 82(r), 99(e), 456(r), 978(c), 1062(0) , l065(r}, 1069(r}, 1164(0). 

Discussion: This species is referred to Corbula traskii ~~th many 

misgivings. It may represent a new species. It is fairly oorrmon and 

widespread in the Baker eandstone, but has not been found above that horizon. 

Distribution: 
no. l067(r ) . 

Discussion: 

Corbula sp. A• 

Ladd formation, Baker sandstone member; c. r. T. loo. 

This species is represented by a single cast of one 

valve. The shell is markedly high-beaked and short, and has coarse 
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concentric sculpture. The specimen doub tless represents a new species, 

but is too imperfect to describe. 

Corbula sp. B. 

DistribL1tion: La.dd formation, Holz shale member; C. I. T. loc. nos. 
83{r), 454(r), l06l(r). 

Williams formation; 974(r), 1066(r). 

Discussion : This spec ies , represented by fragmentary and poor ma-

terial, is somewhat similar to the species above referred to Corbula tra-

It differs from this latter species in being stra.igh~ or nearly so , 

along the ventral border, instead of rounded as i s the ventral border of Q. 

traskii ?. The materi al at hand does not justify description or figuring. 

Family Saxicavidae 

Genus Panope l\lenard 

Panope californioa ? Packard 

1922 Panone ca.lifornica n.s., Packard, Univ. of Calif. Pubs. , Bull. Dept. 
Geol. sci., vol . 13, no. 10, P• 427, pl. 34, fig. 1. 

Distribution: 
no. 82( r). 

Ladd format ion, :aaker sandstone member; c. I. T. loc. 

Holz shal e member; 83{r), 95(r ) . 

Williams fonnat ion; 975{r). 

Discussion: All of the material listed above is scanty, poorly pre-

served and fragmental. From such features as can be made out, the speci-

mens appear referable to ?anope californica, but the identifications are 

far from certain. 
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Superfamily Adesmacea 

Family Pholadidae 

Genus 11iartesia Leach 

Martesia clausa Gabb 

1864 Martes ia clausa n.s., Gabb, Pal. Calif., vol. 1, P• 145, pl. 22, 
fi g. 115. 

1879 Martesia elausa Gabb, ·.-1hi teaves, Gaol. Sur. Ca.n., n:es. Foss., vol. 
l, pt . 2, P• 137 , pl. 17, figs. 2, 2a, 2b. 

1930 I\iar tesia clausa. Gabb, Stewart, AcEl,d. Nat. Sci. Phil., Special. Pub., 
no. 3, P• 295, pl. 4, fig. 2 . 

1922 

Distribution: Williams formation; o. I. 1.r. loo. nos. 9'?4(r), 975(r). 

CLASS QASTROPODA 

51JBCL.A.SS STF.EPTOli!EUP.A 

Order Pectinibranohi a 

Suborder Taenioglossa 

Family Pyramidellidae 

Genus Odostomia Fleming 

''Odostomia.11 santana. Packard 

Odostomia. santa.na n.sp ., Packard, Univ. of Calif. Pubs., Bull. Dept. 
Geol. Sci., vol. 13, no. 10 , p. 428, pl. 36, fig. 2 . 

Distribution: 1.7illiams forma tion; c. 1. T. loo . nos. 974(r}, 975(r). 

Discussion: This species is probably not Odostomia for polished lon-

g itudina l sections show no spira l welt on the aolumella. It may be Eulima. 

The species is also found in the Upper Cpetaceous beds near the top of the 

s ection a t Chico Creek, i3utte County. 
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Family Trochidae 

Genus Hargari tes Gray 

Subgenus Atira Stewart 

Margaritas (Atira) ornatissimus {Gabb) 

1864 Angar ia ornatissima n.s., Gabb, Pal. Calif., vol. 1, P• 121, pl. 
20, fig. 78. 

1879 l\'Iargarita omatissima (Gabb}, iVhiteaves, Geol. Sur. Can., Mes. Foss., 
vol. l, PP• 128, 368. 

1927 Marga.rites ornatissimus (Gabb}, Stewart, Acad. Hat . Sci. Phil., Proc., 
LXXVIII, P• 315, pl. XXIV, f'ig. 1. 

Di stribution: Williams formation; c. I. T . loo. nos . 974(c), 975(0), 
976(r), 1052(r), 1056(r). 

Discussion: This ~pecies does not appear below the horizon of the 

Williams formation in the Santa Ano. Mountains , but is found in the Creta­

ceous beds on the east side of the Sacramento Valley throughout a consider­

able r ange. 

Family Haticidae 

Genus Gyrodes Conrad 

Gyrodes axpansa Gabb 

1864 Gyrodes e:x:p ansa n.s., Gabb, Pal. Calif., vol. 1, P• 108, pl. 19, 
figs. 62a, 62b, 62c. 

1879 ? Gyrodes exca.vata Michelin, Whi teaves, Gaol. Sur. C-an,~, Mes. Foss., 
vol. l, pt. II, PP• 224, 365, pl. 16, figs. 2, 2a. 

1916 Gyrodes ex-oansa Gabb, Packard, Univ. of Calif. Pubs., Bull. Dept. 
Gaol., vol. 9, no. 12, P• 148. 

1917 Gyrodes oanadensis 'llhiteaves, Waring, Calif. Aoad. Sci. Proc., (4), 
vol. 7, no. 4, P• 66, pl. 9, fig. 7. 

1927 Gyrodes expansa Gabb, St ewart ~ A.cad. Nat. Sci. Phil., Proo., LXXVIII, 
P• 328, pl. XXII, fig. la, 3. 
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Distribution: 
no. 1053(r). 

Ladd formation, Baker sandstone member; c. I. T. loo. 

Williams formation; 974(a}, 975(r), 976(0}, 1052(r), 1056(r). 

Discussion: Dr. Packard has reported this species from the Baker 

sandstone, but it does not appear in the collections from this member at 

the California Insti tute of Teoh.~ology. ':/ i th the exception of the single 

occurrence at locality 1053, I have found no specimen of the genus lower 

tha.n the '.'/illia.'Ils formation. 

Whiteaves {supra, P• 165) refers specimens of Gyrodes from various lo-

calities in the Upper Cretaceous of Va.nco~ver Island to Q.. exoavata Michelin, 

and later describes these same fonns as the new species G. oa.nadensis (su-

pra, P• 365). In his later reference Whiteaves remarks: "Shell always 

much smaller than Natica excavata ax+d the typtoal G. conradia.na and differ­

ing from the latter also in having the upper edge or margin of the outer 

volution narrowly truncated and flattened dow-Award next to the suture a­

V/aring in 1917 referred to Whiteaves' species forms that he found 

in the Simi Hills of Ventura a.nd Los Angeles Co1mties. 

Abundant specimens of Gyrodes expa.nsa from northern California are in 

the Institute collections, as are additional numerous specimens of Gyrodes 

from Waring's Simi Hills locality, and from suoia Islands, straits of Geor­

gia. It is difficult to see in w.hat way the specimens f:i,om the two latter 

localities may be separated from G¥rodes expansa of the Sacramento Valley 

area. While I hav~ not seen Whiteaves' types, hit:J. tigtµ"~ cµld descrip-

tion of Q.. canadensis fit .Ci• expansa perfectly. G. expa.nsa also occurs 

at s ucia, a lt ho u.gh \7hi t eaves' does not i ist it from ther~. The fos~ils de-

scribed under the two names are almost surely conspecific, and Gabb's na.~e, 

being the earlier, has precedence. 
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Genus Euspira Agassiz 

Euspira shumardia.n~ (Gabb) 

Pl ate 13, fig. 3. 

1864 Lunatia shurnardiana n.s., Gabb, Pal. Calif., vol. l, pp. 106, 224, 
pl. 19, fig . 61. 

1917 Gyrodes comoressus n .s., Vi'aring, Calif. Acad. Sci . Proo., (4), vol. 
VII , no. 4, P• 67, pl. 9, fig. 6. 

1922 Gyrodes oalifornica n.s., Packard, Univ. of Calif. Pubs., Bull Dept. 
Geol. Sci., vol. 13, no. 10, P• 429, pl . 35, figs. 2, 2a. 

1927 Polinioes shumardianus (Gabb), Stewart, Acad. Hat. Soi. Phil., Proc., 
LXXVIII, P• 325, pl. XXI, fig. 11. 

Distribution: Ladd formation, Holz shale member; C. I. T. loo. nos. 
83 (a), 94(r) , 454(r), 455(r), 982(r), 983(c), 1054(r), 1055(r), 1057(r), 
1059(r) 9 1060(0), 106l(r), 1167 (r), 1169{r), 1173(r). 

Will iams formation; 974(c), 975(r). 

Discussion: Packard, in describing Gyrodes californica differenti-

ated it from G. compressus ·.varing on the basis of the presence of a com-

pressed zone below the suture in the latter species, and its absence in the 

former. I have been able in this study t o compare rather large collections 

of both species from the type localities of each. It is found that in any 

collection cont aining as many as half a dozen individuals that some forms 

will show thi s depressed subsutural zone and some will not. In other re-

spects no f eature upon which the specimens can be separated is discernible. 

The presence or absence of this depression is believed to be a feature of 

individua l variation, and of less than specific importancea 

G_,yrodes. to which this species has been refe:r1·ed, was established by 

Conrad in 1860 as a subgenus of Natica. Since tmt time , it has been treat-

ed as a distinct genus by nearly every worker who has had occasion to study 
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the group. In reviewing Gyrodes Meek rema rked (1876, p . 309): " 'l'his 

genus is readily distinguished by its thi n shell, wide open umbilicus, 

bounded by an angular more or less crena te margin and without a trace of 

callosity wit :hin, a s well a s by the trunca ted, slightly concave, and more 

or less wrinkled upper edge of its volutions - a combination of cha r acters 

unknown in any other type of the Haticidae". An exarnination of the speci-

mens here referred to Eusuira shumardiana shows tha t every characteristic 

mentioned by l.leek as characterizing Gyrodes is absent from&• shwnardiana,. 

It can in no w~y be considered to belong to Gyrodes. It may be referable 

to Polinices as Stewart has suggested. Its narrow, almost closed wnbili-

cus , and t he umbil ical callosity that is truncate below the umbil icus and 

broad above are so similar to t he characterist i cs of Eusnira t hat I have 

tentatively referred it to that genus. 

As shown by the distribution table,&• shumardiana. appears to be lim-

i ted in the Santa Ana Mountains to the higher portion of t he Holz shale and 

to the 1'/i lliams formation. The individua ls from the l atter horizon are 

much smaller than are those from the shale, but there s eems no other good 

criterion f or separating them. 

1922 

1927 

Genus A.mpullina Lamarck 

,1..rrroul lina pseudoal veat a (Packard) 

A.~aurousi s useudoalveata n .sp., Packard, Univ. of Calif. Pubs., 
Bull. Dept~ Geol ., vol. 13, no. 10, P• 429, pl. 35, figs. l a, 
lb, 3. 

_,µrrpullinu useudoalveata (Packard), Stewart , Acad. Nat . Sci . Phil., 
?roe ., LXXVIII, P• 334. 

Dist r ibu tion: Ladd format ion , Baker sandstone member ; c. I . To loo. 
nos . 79(r), 80 (r) , 302{r), 456(r), 979(r), 981(r), 1058{c), 1065 (c), 1067(0) 1 

l068(c) , 1069(r), 1164(r). 
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Holz sha le member; ? 92( a ), ? 454(r) , ? 1064{r). 

Discussion : Dr. Pacl,;:ard listed this species from all three of his 

zones. It is believed that three separate species are represented. 

pseudoalveata as described and fi gured by Packard is apparently restrict-

ed to the Baker sand.stone and to the basal beds of the shale. 

Ampullina packardi n.sp. 

Plate 13, figs. 4, 5. 

Descri-ot ion: Shell small to medium size, robust; spire rather short; 

bodywhorl very large, about seven-eights the height of the shell; suture 

linear, bordered by a narrow sloping shoulder; whorl just below the shoul­

der markedly impressed with a shallow encircling sulcus; remainder of body 

whorl nearly globular; anterior apertural margin only slightly produced; 

columella excavated anteriorly and covered with a smooth heavy callus that 

entirely conceals the umbilicus; anterior apertural margin rather broadly 

rounded, wi t h a conspicuous fascicle; aperture narrow posteriorly ; orna­

mentation of' fine growth-lines with occasional development of' fine, narrow, 

incised, regularly spaced axial lines. 

Holotype : c. I. T. Invertebrate Pa leontology cat. no. 3453. 

Type Locality: C. I. ~,. Invertebrate Paleontology loc. no. 1054. 

Dimensions of'~: Length, 24.l mm., dia.ineter of l ast whorl, 20.8 n:nn . 

Distribution: Ladd formation, Holz shale member; c. I. T. loc. nos. 
453(r), 455 (r ) , 983(r), 1054(0), 1055(r), 1057(r), 106l(r). 

Discussion: A.mnullina useudoalveata is to be distinguished f rom A• 

paokardi by these features: A,.pseudoalveata has a broad, flat or channeled, 
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shoulder to the whor l, i s nea rly fl ::i.t to slightly concave below the suture, 

ha s a rather produced and peaked anterior apertural margin, and averages 

at least half again a s l a rge as A.• ua ckardi. A.• packardi has a narrow 

r a ther sloping shoulder to the whorl, a pronounced spi ra l sulcation below 

the shoulder, and a r ather short and rounded anterior apertural marg in. 

In distribution, the l atte r species is confined to the middle and upper 

part of the Holz shale. A• :2seudoalveata on the other ha.lld is practical-

ly limited to the Baker sandstone, and the shale beds immediately overlying. 

There is little doubt that the two species are closely related. Some 

difficulty may be experienced in separating these forms especially when 

the s-pecimens a re badly weathered. A. uackardi may be a descendant of A· .-
pseudoalveata for its small and immature members resemble the larger and 

geologically older species considerably in outline. 

Family Fossari~dae 

Genus Lysis Gabb 

1=1l_sis californiensis Packard 

1922 Lysis calif'orniensis n.sp., Packard, Univ. of Calif. Pubs ., Bull. 
Dept. Geol. Sci., vol. 13, no. 10, P• 431, pl. 37, figs. 2, 3. 

Distribw.tion: Ladd forma tion, Hol z shale member; C. I. T. loc. nos. 
83(0), 94(c), 982(c), 983(c), 985(r}, 1059(r), 106l(r), 1163(r), 1167(r), 
1168 ( o J, 1169 ( o l . 

Williams format ion; 1066 ( r). 

Discussion: Four species of Lysis have been described from the Upper 

Cretaceous of the Pacific Coast, with the l)robability tha t a fifth form 

( s tomat ia intermedia Cooper) may belong to this genus. The described spe-

cies are: Lysis duplicosta Gabb, type of the genus, f r om Texas }'l a t ; 1,. 
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suciensis ·.7hiteaves, from t he 3ucia Islands; 1.• oppansus ·i/hite from Penz 

Ranch; and 1.• californiensis Packard from the Santa Ana liiountains. 

Packard ( supra ) in describing L. californiensis stated tha t the spe­

cies wa s unornamented except f or rather coarse lines of growth, tho11gh one 

cast showed spiral sculpture. Conversely, almost every one of the speci-

mens I have seen from the sa.nta AM Mountains exhibits a marked spiral 

sculpture, except in the case of those individuals that are obviously bad-

ly worn. 'l.'his soulptv.re varies considerably in detail . In t he majority 

of examples, it cons ists of n:oderately fine spiral raised lines alternating 

with groups of two or three much finer spirals; in one or two individuals 

the orna.rnento.tion becomes q_ui te coarse; and in one specimen that does not 

seem badly worn, the sculpture is practically obsolete, except that a few 

obscure spi ral s rna;y be made out with dif'.fic11lty. Except for this variable 

ornamentation, the shells show few differences tmt cou.ld be used for spe­

cific discrimination. 

It is significant that in t he descriptions of several othe r of the spe­

cies listed above, mention is made of the variability in sculpture shown 

within the snecies. It is 2.lso significant that a L:rsis, now in the Insti-

tute collections from Penz Ranch, olosoly res embles the more coarsely soulp-

tured s})ecimens from the Santa Ana Eou.ntains. Close oonT_f)ari son of topo-

tYJ;Je mate:rial may show several synonyms among the described species of the 

genus, imd demonstrate tho.t one or two species instead of five are present 

i n the Pacific Coast Upper Cretaceous deposits. 

Family TtJ.rri tel lidae 

Genus Turritella Lamarck 
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Turritella chicoensis Gabb 

Pl ate 13, figs. 7, 9, 10. 

1864 1rurritella chicoensis n.s., Gabb, w. 1:.1 ., Pal. Cal if., vol. 1, p. 
133, pl. 21, fi g . 91. 

1906 ? TLuritella pescaderoensis n.s., Arnold, Ralph, u. s. Nat. Tu~us. 
Proc., vol. xx.xiv, p . 358 , pl. xxxi, fig. 7. 

1916 Turritella uescaderoensis Arnold , Packard, Univ. of Calif. Pubs., 
Bull. Dept. Gaol., vol. 9, no. 12, PP• 142, 143, 145, 148. 

1927 Tllrritella ohicoensis Gabb, Stewart, Acad. Nat. Sci. Phil., Proo., 
LXXVIII, P• 348, pl. 21, fig. 1. 

Distribution: Typical dwarf form; Ladd formation, Holz sha le member; 
c. I. T. loc. nos. 94(r), 453(a), 455 (r), 469(r), 1053(va), 1054( a ), 1055 
(va), 1057{a), 1063(c), 1160(a), 1162(0), 1163(r), 1166{r), 1168{r), 1170 
(a ), 1171(c), 1172(r), ll73(a.). Giant for m, rolllld-whor led; Ladd formation, 
Holz shale member; 83(va ), 93(c), 95( a ), 982(r), 983{a.), 985{a), 1059(va), 
1060{c), 1061{r), 1167(0), ll69{a). Giant flat-whorled form; Williams for­
~ation; l052(va ), 1056(a). 

Discussion: Turritella chiooensis, one of the most persistent and 

abundant fossils of the upper portion of the Holz shale, was selected by 

Paclcar d as the zone fossil of this par t of the section. The species ap-

pears in three well-characterized horizons, each signalized by a distinct 

nm t at ion. The lowermost horizon is that of the more shaly members of the 

Holz shale, extending from about the middle half of the shale section to 

within two hundred feet of the top of the section; the second horizon in­

cludes the sandy beds at the top of the Holz shale in the region between 

Silverado and lia rding Canyons; the third horizon is t.hat of the uppermost 

beds of the Williams formation. 

The mutation of Turritella ohlcoensis characteristic of the horizon 

mentioned first above is the typical or dwarf form so abundantly found in 

the Canyon of Chico Creek, Butte Collllty. It is a medillID-sized shell with 

rounded whorls, rather depressed suture, four or five raised, rather widely 
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spaced spirals on each whorl, and a narrow unornamented zone on either side 

of the suture. The mutation of Turritella chicoensis found in the second 

zone at the top of the shale is a giant form occasionally attaining a length 

of one hundred millimeters, or ~vice the length of the largest specimens 

found in the zone below. Except for their robust size, these giants do 

not differ in char acter from the typical dwarf variety of the species. In 

the upper levels of the Williams formation occurs the third mutant - a giant 

variety that has developed a fl a t-sided whorl in many individuals, due to 

the formation of strong spirals close to the suture line on both sides. 

This change in sculpture and whorl shape of this species would justify its 

description as a new species were it not for the fact that fully on~-half 

of the giant forms from the highest horizon are exactly like the round-

whorled giants foLmd in the uppermost beds of the Holz shale. Again, some 

of the flat-whorled giants develop round whorls with sunken sutures on the 

last whorl or two of the shell, though the earlier formed whorls may have 

typically straight sides. 

Turritella cf. ,1. seriatirr~ranulata Gabb rn Roemer. 

Distribution: Ladd formation, Baker sandstone member; c. I. T. loo. 
nos. 79(r), 82(c), 981(0), l065(r), 1068(0), l069(c), 1164(va). 

Discussion: This Turri tel la is a form with straight-sided whorls, 

linear suture barely i mpress ed, sculpture of four or five rather strong, usu­

ally beaded spirals, with numerous fine spirals separating the principal ones. 

It strongly resembles ,1. seriatimgranulata Gabb, in shape and sculpture, 

though the forms from the Santa Ana Mountains are much larger than the spec­

imens of 'l: . seriatinigranul a ta figured by Gabb (1864, pl. 20, fig. 88) and 

St ewart (1927, pl. xx:i, fig. 2). This is probably the form that has been 

referred to '.t• seriatimgranulata from the Santa. .Ana :Mounta ins. 
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Dr. Charles Tuierriam of Cornell University has kindly examined the spec­

i mens of this speoies from the Santa Ana Mountains and compares them to a 

new species of Turritella to be described in his forthcoming monograph on 

the Turritellas of the Pacific Coast. 

this species will be left undescribed. 

Until this monograph is published, 

Turri tella iota. n.sp. 

Plate 13, fi g . 8. 

Descript i on: Shell of medium size, rather slender; whorls slightly 

concave along the posterior four-fifths of the whorl, the sides diverging 

to a definite keel or shoulder near the anterior suture, and sloping abrupt­

ly from the keel to the sut ure; sculpture of three or four strong beaded 

spirals separated by numerous fine spirals developed between the principals. 

I-Iolot yue: a. I. T. I nvertebrate Paleontology cat. no. 3457. 

Type Locality: c. r. T. Invertebrate Paleontology loo. no. 984. 

Dimen sions o~ ~: Length (incomplete), 37.6 mm., di ameter, 8.6 mm . 

Distribution: Ladd form.ation, Hol z shale member; c. I. T. loo. nos. 
92(r), 984(c),? l064(r). 

Discussion: '.i:his form resembl es somewhat 'rurri tel la sp. cf. ,t. sari-

atirr~ r anula t a di scussed above , but differ s from it in the pronounced keel 

present on the ant erior part of the whorls, and on the slightly ooncave 

outline of the whorls back of the keel. 

The holotype of this species is derived from a loose boulder near a 

fault in the Cretaceous section, which has c11t the Baker sandstone entirel y 011t 

of t he section, and has dropped the Holz shal e against the basement rocks. 
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The boulder in which the Turritella is found is associated with similar 

boulders bearing an entirely different assembb.ge of Cretaceous fossils. 

The Cretaceous age of the Turritella is unquestionable for in the boulder 

with it a.re found Trigonia., 0ligoptyoha obliqua, Tenea inflata, a small am-

moni te and ot he r ·fo rms that reoall a horizon well down in the Holz sha le. 

The speci mens rather doubtfully referred to this species from localities 

ninety and one thousand s ixty-four occur also low down in the shale sec-

The s t ratigraphic posit ion of this species is thus fairly well 

established. 

Turri tel la ossa n . sp. 

Plate 13, fig. 6. 

DescriDtion: Shell small, rather slender; apical angle about 10°; 

whorls gently convex anteriorly , concave posteriorly, slightly inflated 

just posterior to the suture, constricted at the suture; suture linear; 

side and base of' whorl meeting in a smoothly rounded curve; base oblique, 

gently convex, ornamented with a few very :!:'a.int spiral lines most promin­

ent at the juncture of side and base of the whorl; aperture quad.rate , 

slightly higher than ·wide; scu.lpture of growth-lines only, or of very 

faint spiral lines in addition to the 3rowth-lines ; growth-lines inolined 

away from the aperture on the posterior part of the whorl, toward the ap­

erture on the anterior part of the whorl, and crossing the base in almost a 

straight line. 

Holot:ype: c. I. T. Invertebrate Paleontology cat. no. 3458. 

Par a types: c. I. T. Inverteorate Paleontology cat. nos. 3459, 34-60. 

Dimensions of.§: holotype: 
9.4 mm . 

Length (incorrrplete), 20.0 mm., diameter, 
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Dimensions .Q.f .§!: parat;ype: Length, 26.0 mm., diameter, 9.4 nnn. 

Type Locality: c. 1. T. Invertebrate Paleontology loo. no. 984. 

Distribution: Ladd formation, Holz shale member; c. I. T. loo. nos. 
1054(va), 1060(r), 1066(va}, l168(c), 1169(va). 

DiSCLlSSion: This small Turritella may at once be distinguished from 

any other described California form by its very faint or obsolete sculpture, 

and the shape of its whorl. In its distribution, it is confined almost en-

tirely to the upper part of the Holz shale. '.'lhile it occurs in but few 

localities, it is usually abundant when found at all. 

I have found no record of the occurrence of this species outside of 

the Santa .Ana Mountains, and know of no other California Turritella that re­

sembles this ~peoies or is related to it. 

Family Struthiolariidae 

Genus Pugnellus Conrad 

Pugnellus sp. cf. J:• manubria.tus Gabb 

Distribution: Ladd formation, Baker sandstone member; c. I. T. loo. 
nos. 84(r), 97B(r), 979(r), 1062(c), ll64(r). 

Discussion: This species is closely related to Pugnellus manubriatus 

Gabb from the Upper Cretaceous of 1-Torthern California. The Santa. Ana Moun-

tains forms are so imperfect that comparison is difficult. Only two speci-

mens show the shell preserved satisfactorily, and these two do not show the 

anterior canal. Incipient development of axial wrinkles is apparent on 

the shoulders of the whorls, but these wrinkles appear coarser than on typi­

cal £• rnanubriatus. Better material than is at present available is neces-

sary to <lefini taly determine the species. 
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Family Aporrha.idae 

Genlls AnohL1ra Conrad 

Anchura. falciformis ? ( Gabb) 

1864 A-oorrhais falciformis n.s., Gabb, Pal. Ca.Hf., vol. 1, p. 127, pl. 
20, fig. 83. 

1868 Aporrhais faloiformis Ga.bb, Gabb, Amer. Jour. Conoh., vol. 4, P• 
145, pl. 14, fig. 14. 

1916 ,Uaria falciformis (Gabb), Packard, Univ. of Calif. Pubs., Bull. 
Dept. Geol. Sci., vol. 9, no. 12, PP• 148, 154. 

1927 Anohura falciformis (Ga.bbl, Stewart, Acad. Nat. Sci. Phil., Proc., 
LXXVIII, P• 360, pl. xxii, fig. 9. 

Distribution: Ladd formation, Baker sandstone merriber; c. r. T. loc. 
nos. 79(a), 82(c), 84(r), 30l(c), l062(r), 1069(r), ll64(c). 

Holz shale member; 453(r), 454(c), 1053(0), 1054(r), l057(r), 1060(r), 
1064(r). 

Discussion: The forms from the Santa Ana l,Iou.ntains referred to this 

species appear to differ somewhat from the typical representatives of the 

species from northern California. It may later be necessar-J to describe 

the southern California Anchura as a new species. In general, the Santa 

Ana Mountains specimens have slightly coarser axial sculpture extending 

from suture to suture, while the axial ribs of the norther~ California 

forms become faint or obsolete near the posterior side of the whorl. Usu-

ally also, the spiral sculpture of .A• falciformis consists of about ten fine 

low ridges, while the Santa. Ana. Llountains forms show four or five coarser 

spirals. These characteristics appear fairly constant. Anchura condoni-

~ Anderson resembles the southern form considerably as fa r as can be judged 

by the figure. I have as yet no comparative material of this latter spe-

cies available. 
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Genus Tessarolax Gabb 

Tessarolax distorta Gabb 

Tessarolax distorta n.s., Gabb, Pal. Calif., vol. 1, P• 126, pl. 20, 
figs. 82, 82a, 82b. 

Tessarola.x distorta Gabb, Gabb, Amer. Jour. Conch., vol. 4, p. 146, 
pl. 14, figs. 18, 19. 

Tessarolax distorta Gabb, Stewart, Acad. Nat. Soi. Phil., Proc., 
lxxviii, p. 363, pl. xxiii, figs. 4, 5. 

Distribution: Ladd formation, Holz shale member; c. I. T. loo. nos. 
1053(r), 1168(r). 

Discussion: A f'ev, fragmentary specimens from the above localities 

comprise the only reported occurrence of this species in souther~ California. 

Family Turbinellidae? 

Genus Perissitys Stewart 

Perissitys brevirostris (Gabb) 

1864 Perissolax brevirostris n.s., Gabb, Pal. Calif., vol. l, P• 91, pl. 
18, fig. 43. 

1903 Perissolax brevirostris Gabb, Whiteaves, Can. Geol. Sur., Mes. Foss., 
vol. 1, pt. 5, P• 356, pl. 43, fig. 3. 

1909 

1916 

1927 

Peri ssolax brevirostris Gabb, Artlold 9 u. s. Geol. Sur., Bull. 396, . 
P• 11, pl. 1, fig. 2. 

Perissolax brevirostris Gabb, Packard, Univ. of Calif. Pubs., Bull. 
Dept. Geol., vol. 9, no. 12, P• 148. 

Perissitys brevirostris (Gabb), Stewart, Acad. Hat. Sci. Phil., Proco, 
lxxviii, P• 426, pl. xx, fig. 4. 

Distribution: Ladd formation, Holz shale member; c. r. T. l oc. nos. 
94( r ), 983(r), 1057(r), l060(r), 1063(r). 

Willia.lJls formation; 974(c), 975(r). 
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Discussion: Perissitys brevirostris is one of the most ubi quitous 

species of the Upper Cretaceo us of the Pacific Coast, being f ound from 

southern California to 3ritish Columbia , and appearing in nearly every fos-

sil list given from t he east side of the Sacramento Valley. :Nevertheless, 

the species appears to have a rather restricted range stratigraphically. 

In the Sa.-rita Ana Mountains it is limited to the Williams formation and to 

the higher levels of the Holz shale; in northern California, it appears in 

localities in a position believed to be fairly high in the section. 

The systematic position of this fossil is a matter of considerable 

doubt, as Stewart (supra, P• 426) indicates. IG. ost observers have placed 

it near 'l:udi cla in the '.Vurbinel lidae, a proceeding that is followed tenta-

tively here. 

Family Neptuneidae 

Genus Siphonalia H. and A. Adams 

11 Si-ohonalia11 dubius Pacimrd 

1922 3iphonalia dubius n.sp., Packard, Univ. of Calif. Pubs., Bull. Dept. 
Geol. Sci ., vol. 13, no. 10 , P• 431, pl. 35, fig. 5. 

Distribution: Baker sandstone member of the Ladd formation; c. I. T. 
loc. nos. 30l(r), l062(r), 1069(r), ll64(r). 

Discussion: 'l1his form probably is not Siphonalia, though it may be 

related to that genus. 'I'he re are no s:pecimens in the collect ions showing 

a complete anterior canal. It appears to be nearly straight judging from 

the gr~wth-lines . There is little suggestion of a siphonal fasciole. 

inner lip is smooth. 

Genus "Fulgur'' Jiont fort 

11 Fulgur11 hilgardi Whi te 
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Fulgur hilgardi n.s., iVhite, C. A., Bull. 51, U. s . G. s., P• 22, 
pl. III, fi gs . 2, 3 . 

Fulgur hilgardi Vfoite, Anderson, 1". M., Calif. Acad. Soi. Proc., (2) , 
vol. II, no. 1, P• 29. 

Fulgur hilgardi White, Packard, Univ. of Calif. PtJ.bs., Bull. Dept. 
Geol., vol. 9, no. 12, P• 149. 

11 Fulgur11 hilgardi White, stew·a.rt, Acad. l'l"at. Soi. Phil., Proc., 
lxxviii, P• 426. 

Distribution: 
1059(r). 

Ladd formation, Holz shale member; 1054(0), 1057(r), 

Willia."lls forma tion; 97 4 (c), 9?5(c), 976(c), 1056(r). 

Discussion: •rhis species was orig inally described from Penz Ranch, 

and ·was reported l a ter from Phoenix , Oregon, and from 1'Silverado Canyon, 

Orange County" by Anderson. Pa ckard did not find the species in the Santa 

Ana I:lount ains. 

Pamily Volu tidae 

Genus Volutoderma Gabb 

Volutoderma averillii ( Gabb), ver. ma.gna Packard 

1922 Yolutoder ma magna., Packard , Univ. of Ca lif. Pubs., Bull. Dept. Geol. 
Soi. , vol. 13, no. 10, P• 432, pl. 57, fi g . 1. 

Distribution: Ladd formation, Holz shale membe r ; o. I. T. lee. nos. 
83 (c), 93(r), 302(?), 454(r), l054(r), 1057(r), 1169{r}. 

Williams formation; 86( c ) , 974(0), 975(r), 976(r), 1052(0). 

Discussion: I am inclined to 'believe that Packard's species y_. I!l.%&.ll.2!: 

represents a giant form of V. averillii {Gabb). In his discussion and fig-

ure of' this l atter species, Stewart (1927, p. 409} states that Gabb's holo-

type is an immature specimen. Small individua ls in the collection from 

the Santa Ana :r.:ountains are not to be distinguished from the f igured specimens 
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of y_. averillii, and their association with the giant Vol utoderms leaves 

little doubt that they represent youthful forms of the same species . 

The mature forms of Vo averillii var. magna show below the suture of 

the last whorl, a sloping shoulder that is nearly devoid of sculpture. At 

the angle of the shoulder, widely spaced, indistinctly nodose, low spiral 

ridges appear. Toward the anterior part of the body whorl, these ridges 

become lower, smoother and more oblique to the columella.. In the oldest 

and largest specimens, the shoulder of the last whorl becomes more pro­

noLmoed, and t he outer lip is expanded and flaring, as Packard described it. 

Volutoderma santana. Packard 

1922 Volutoderma santana n.s., Packard, Univ. of Calif. Pubs ., Bull. Dept. 
Geol. Sci., vol. 13, no. 10, P• 432, pl . 37, fig. 1. 

Distributions: Ladd formation~ Holz shale member; c. r. T. loo. nos. 
94(c), 95(r), 455(c), 983(r), 1053(c), 1054(c), 1055(r) , 1170(r), 1172(r), 
ll73( r}. 

Williams formation; ? 974(r). 

Discussion: Volutoderma santana is a robust form with a broader and 

more inflated shell than y_. averillii magna. The shoulder of the whorl 

especially on larger and older speeimens is rather narrow and square, and 

the ornament a t ion on the shoulder is of coarsely nodose spirals. The 

spiral sculpture on the :posterior part of the body whorl is of prominent 

nodes spirally arranged, t he interspaces separating the nodes being as 

broad as the nodes. The sculpture of the anterior portion of the body 

whorl is of rather low spiral raised cords. 

Except for the doubtful individual referred to this species from lo­

cality nine hundred seventy-four, Y..• santana is confined to the Holz shale, 
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and with ex cep tion of one locality is not r ep r esent ed i n the collection s 

in horizons h i gher than the sub zone of typica l Turrit ell a ohicoensis. I 

know of no rec ord of the species out side of the Sant a Ana Mounta ins. 

Subcla ss Eutbyneura 

Or der Op i s t h ob r anchi a 

Genus Act a eon Lon tf'ort 

? Act aeon normali s Cooper 

1894 Tornatella. normalis n . sp ., Cooper, Bull. no. 4, Cali f . St a te Mining 
Burea u, pt. V, P• 46, pl. III, f igs. 36, 37. 

Distribution; 1,'lilli ams forma tion; c. I. T. loc. no. 974(r). 

Discussion; So far a s may be judged from the orig ina l description and 

fi g ure , this sp ecies a ccords well with Dr. Cooper ' s ''Tornatella" norrnalis. 

I have not seen actual s pecimens of the l atter species. 

G-enus Act aeonella d ' Orbigny 

Act aeonella oviformis Gabb 

1869 Act ae onella oviformis n.sp., Gabb , Pal. Calif., vol. 2 , P• 173 , pl. 
28, fig. 58 . 

1916 .lcta e onell a. oviformi s Gabb, Pack a rd, Un iv. of Ca li f . Pubs., Bull. 
Dep t . Geo 1., v ol. 9 , no. 12 , pp . 144, 147. 

1922 A.ctaeonell a oviforrnis Gabb, Pa ckar d , Univ. of Ca li f . Pubs. , Bull. 
Dept. Geol. 3oi., vol. 13, no. 10, pl. 36, f i g . 4 . 

1927 Act aeonella oviformis Gabb, Stewart, Acad. Hat . 3o i. Phil., Proc., 
lxxviii, P• 432 , pl. xxi, fi g . 13. 

Di st rib ution : Ladd formation, J a.ker sands t one member; c. I . '.r. l oo. 
noc. 84(va ), 98l( a ), 986 (va ), l07l(a). 
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Discussion: This huge opist hobra.nch is res t ricted in the Santa c\.na 

Eount ains to a level slightly below t he t op of the Baker s andst one. It is 

very irregul ar in it s d i s trib ut ion, occurring in some limi t ed localities i n 

tremendous nmnbers . A short dis t ance al ong t he strike from a prolific l o-

cality, it may b e ent i rely absent. I t is mos t abundant i n the reg ion be-

tween ,/il li ams Canyon and Aliso Canyon. 

form of the Baker sa:nd stone . 

Here it i s doubtless the dominant 

Packard (1916, :!?• 144, et . seq. ) has designated this fossil as the rep­

resentat i ve species of t ho faunal zone of the Bal{e r sandstone. 

Famil y Ringicul idae 

Ganns Oligoptycha. :Meek 

Oligoptycha oblioua (Gabb ) 

1864 Cinul ia obl igua n .sp., Gabb, Pal. Cal if., vol. 1, P • 111, pl. 19, 
f i gs . 64, 64a, 64b, 64c. 

1917 Oinulia oblioua Gabb , 7aring, Calif. Aca.d . Sci., Proc., (4 ), vol. 7 , 
no. 4, P • 66, pl. 9, fig. 2. 

1927 Oligo~o t;v:cha. obligua (Gabb), Stewart, A.cad . Nat • . Sc i . Phil., Proc. , 
l:xxviii, P• 436 , pl . xxiv, fi g . 14. 

Distrib ution : Ladd forma tion, Holz shale member; C. I . T. loc. nos . 
83 ( c ), 454(r ), 983(r) , 1053(0 ) , 1057 ( r ), 1063 (r), 1160 ( r) , 1166 ( r ), 1167 ( r ), 
ll68(c), 1169(0 ) . 

·.'lilli::uns format ion; 974 (va) , 975 (c), 976 (a ), l052(a), 1056 {r). 

Di s cuss i on: 'rhis s:peci es is one of the most abundant , ubi quitous, and 

ch ~r a cteristi c fossils in the Upper Cretaceous of the Pacific Coast. I t 

ranges at l east from Lower California to British Columbia . Its strati-

graphi c r ange is no t well Jmo,im, but it appears to r ange through a consider­

abl e part of the section, and thns to be of lesser value as a horizon fo ssil. 
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In the Santa .Ana MoL1ntains it occurs from beds well down i n the shale sec­

tion, and is fol.J.lld f ror'.1 that level continuou sly up to the top beds of the 

Willia.ms forma tion. 

Gemrn 11Bullaria11 of authors 

11 B1.1.l lari a" tumida Packard 

1922 Bullaria tumida nosp., Paclrnrd, Univ . of Calif. Pubs., Bull. Dept. 
Geol. Sci., vol* 13, no. 10, p ~ 433j pl. 37, fig. 2~ 

Distribution: Ladd format ion, Ba.ker sandst one member; c. 1. T. loo. 
nos. 456(c), 986( r ), 1067(c). 

Hol z shale member; 92( r). 

:Discussion: Dr~ Paekard, in his original description of this spec ies, 

stated that its zonal position is uncertain. It apparently is restricted 

in range to the Baker sandstone and the very base of the Holz shalee 

Bullaria is said by Gr ant and Gale (1931~ P• 451) to be an exact syno-

n,ym for s ca.nha.nder. tt.l?_!J tumida certainly does not belong to thi s l atte1· 

genus. The proper generic designation for "].'! turnida is a s yet uncertaino 

I t may represent a new genus. 

Genus Cylichnina Ivlonterosato 

Cylichnina sp . cf. ncyli ch...'1.a costata.11 Gabb 

Dis trib ut ion: 
454(r), l053 (c) e 

Ladd fonnation, Holz shale member; c. I. T. loc. nos. 

Williams formation; 974 (c}, 976(c), 1052( r }. 

Discuss ion: This species is probably the same as the Cretaceous forms 

included by Gabb under Cylichna cost a ta, for it appears to be well represent ed 
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in the Upper Cretaceous collections from the east side of the Sacramento 

Valley. ls suggested by Stewart, (1927, p. 440) the forms appear to be-

long to Cyliohnina, for they have a perforated apex withou t cal lus, and the 

oolu.mella bears a. weak anterior fold. 

There are in tho collections from the Santa Ana Mountains, :9erhaps 

forty gastropod species that have not been treated here. They apparently 

are all new. :Ma.ny of the genera represented are new to the Pacific Coast 

Cretaceous, and a number of them may be new to Paleontology. Most of these 

forms are rare, being generally found a t only one or two localities, and in 

many instances are r epresented by solitary specimens. Effective treatment 

of these gastropods will involve a virtual overhaul of the rather scanty 

and unsatisfactory literature on Cretaceous Gastropoda, and possibly the 

erection of a nur.~ber of new genera. 

in the near future. 

I hope to take up the work some time 

CLASS SC APH0P0DA 

Genus Dentalium Linnaeus 

Dentaliwn whiteaves i Anderson and Hanna 

1864 Dentaliwncooper.~ n.s ., Gabb , Pal. Cali f. , voL l, P• 139 (in part) . 

1879 Entali s cooperi (Gabb), Whiteaves, Gaol. Sur,. Can., Mes. Foss., vol. 
1, pt~ 2, P• 133, pl. 16, figs. 10, lOa. 

1935 Dentalium whiteavesi n .sp. 9 Anderson and Hanna, Calif. Aoad. Sci., 
Proo., (4 ), vol. xxr.II, no. 1, p. 2.7, pl. 6, fig. 5. 

Distrib rttion: Ladd formation, Baker sandstone member; ? 79(r),? 84(r). 

Ho l z shale memb er; 83 (r), 92(r), 1061 (r). 

Williams forma tion; 974(a), 975 (0), 976 (r), 1052(r). 
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CLASS CEPHALOPODA 

Order .~nmonoidea 

Genus I.~etaplacenticeras Spath 

Metaplacenticer a s pacificum (J. P. Smith ) 

1900 Placent i cer a s paci ficum sp. nov. , Smith, J. P ., Calif . Acad. Sci . 9 
Proc., (3) , vol. 1 , no. 7, p. 207 et. seq., pl. xxiv, figs. 1-
21, pl . xxv, fi gs. 9-11 , pl. xxvi, pl. xxvii, fi g s. 1-13, pl~ 
xxvii i , f i gs. 1- 5. 

1902 Plaoent i ceras pac ificum J. P . Smith , Anderson, Calif. A.cad. Sci ., 
Proc. , (3 ), vol. 2, no. 1, P • 79, pl. viii, figs. 162-164, 171-
172, pl$ ix, fig. 1800 

1917 Pl acenticeras pa c ificum Smith, Waring, Ca li f • .A.cad . Sci., Proc., (4 ), 
vol. 7, no. 4, p . 70 , pl. 9, figs . 18, 19. 

1917 ? Pla canticeras sa.nctaemonicae new species, Waring, op. cit., p. 70, 
pl. 9, fi gs. 20, 21. 

1926 Metapl acenticeras pacificum (J. P. Smith), Spath, Geol. Mag., vol. 
LX.VI II, no. 740, P• 79. 

1927 Het a-pla centicera s pacificwn (Smith), Raeside , J. B. Jr., U. s. Geol. 
Sur., Prof. Paper 147 , PP• 1, 2, pl . 1, figs. 8- 12, pl. 2 , fi gs . 
6- 10. 

Distribution : -:Hll i ams formation; c. I. T. loc. nos. 86 ( r ),? 95(r), 
974{va), 974 (r), 976 (r) , 977 ( r), l093 (r) , 1094( r), ? 1095(r), l097(r). 

Discuss ion: Three species of Metapl a centi cer a s have be en described 

from the Upper Cretaceous beds o f the Pacif'i e Coast. These are : 

-olacenticeras pac ificum ( Smi th ) ; ,M. californicum (Anderson ) ; and ££1• sanct a e-

monicae (Waring ) . The type loca. li ty for t he firs t t wo species is Henley, 

Cali fornia . The third species was first described from material collect ed 

on the south s l ope of the Sant a Monica. Mountains, Los Angeles County. 

r_. nacificmn and b.• californioum hav e been reported from a number of 

localities in southern Oregon, and i n northern, middl e, and southern Cali-

for-.ai a . These two species have generally been found associated wi th one 
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another. They are probably good horizon markers, for they appear to have 

a rather narrow stratigraphic range and a re widely, though not abundantly, 

represented in the section. They may thus be considered to yield a ba sis 

for correlation of considerable importance. 

In the 3anta Ana. LloLmtains, Ee ta.pl acenticeras nacificum appears to be 

confined to the horizon of the ;:iilliarns forrmtion. It is present in nearly 

every collection of any size made from this formation. It is easily dis­

tinguished, even when worn and fragmentary, a.11.d thus forms one of the most 

useful fossils for stratigraphic pur:poses tha t the formation affords. 

Most of the individuals of this species so f ar found are small, usually 

measuring less than seventy millimeters in diameter, though two or three 

specimens have been collected that will exceed one hundred millimeters. The 

species is abundant in only one locality in the Santa Ana hlountains - number 

974, which has yielded more than thirty good individuals. 

Considerable vari a tion in for m and sculp tu.re is to be noted in the in-

dividua.ls of this latter assembl age. The majority of the specimens show a 

moderately coarse ribbing, the ribs varying somevJ'.na.t in number and spacing. 

In the latter characteristic considerable va riat ion rna.y be noted in the 

spaci11..g of the ribs shown on the whorl fl anks of a single individual. A 

similar vari a tion is to be seen i n the si ze and cr...a.racter of the nodes that 

form at t h e ends of the ribs, both upon the wnbilical and the ventra l bor-

ders. These di i'ferent sculp tural fea tures differ independently from one 

another. 'l'hv.s while the forms with the stronge st ribbing on the fla.nlrn of 

the whorl shov, a lso the strongest ventral and umbilica l nodes, some individ­

uals with strong ribbing and strong umbilical nodes will show only low ven-

trolateral keels. Others, with well-develop ed umbilica l nodes, have practi-

cal l y obsolete ventrol atera l keels and smooth whorl fla.nlrn. Severa l other 
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combinations o f these variable characters might be cited. The number of 

ribs in one whorl a lso varies considerably in shel ls of the same size. 

r.: ost of the specimens will show abo L, t t wenty coarse ribs in half a whorl ; 

some others show perhaps twenty-five in a half-revolution; while in others, 

a s has just been mentioned, the ribbing is obsolete. 

These observations show tha t M• pa cificum is a S".J?ecies with consider-

able individua l v a riation. For this reason, M. sanctaemonicae is included 

in the synonymy as a variant of N• pacif'icu.'71 . I have inspected the type 

of the former species. It seems to fall within the assemblage of char-

acters noted in the vari ants of M. pacificwn. It may also be no ted that a 

consi derable sui te of specimens of M. pacifi cu,'TI collect ed in the Santa Mon-

ica Mounta ins, 2.nd now in the California Institute of Technology collections, 

shows the s a1;1e va riable characters that have just been described from the 

S&ita Ana. :i:ii.ountains assemblage. 

Meta:)l acent iceras i)acificum is found in the Santa. Monica Eountains; in 

the Arroyo del Va lle, southea st of Livermore, Alameda County; i n the sand­

s tones above the Fagesi ia- 11 Schloenbachia11 beds west of Henl ey, Siskiyou Conn-

ty; and in southern Oregon. I t is probable that the horizon of the ·nlliams 

f ormat i on i s 9resent in each of these localities. Unfortunately, little is 

knovm about the position of this fossil in the local section of each of these 

general regions, and less has been published about the species associated 

with this ammoni te. l.I ore :;ireoi se knowledge of both the position and associ-

ation of this form will aid in correlating the beds in which it occurs. 

1Ietapl acenticeras californicum {Anderson) 

1900 }:lacenticeras calif'ornicum Anderson {MS), Smith, J . P . Calif. A.cad. 
Sci., Proc. , {3), vol. 1, no. 7, p. 203, et. se q_ ., pl. xxv, figs . 
1-8, pl. xxviii, fi g . 6. 



1902 

1917 

1927 
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Placen tic era s californicum sp. nov., Anderson, Calif'. >i. cad. Sci., 
Proc., ( 3 ), vol. 2, no. 1, p. 78, pl. viii, figs. 173-177. 

Pl acenticer3.s ca lifornicu.>n Anderson, 1)ar i ng , Caliv. Acad . Sci., Pr oc., 
(4), vol. 7, no. 4, pp. 57, 70, pl. 9, figs. 16, 17. 

Eetapl 9,oent icera s oalifornioum (Anderson), Ree side, 
Prod. Paper 147, PP• 1-2, pl. 2, figs. 14-16. 

TT C' 
lJ • U • Geol. Sur . , 

Distribution: Williams formation; c. I. T. loo. nos. 974(r),? 975(r). 

Discussion: 1n:e 11ietaplacenticeras p acificum, with which it is al-

most a lways a ssociated, this species i s found in the Santa Ana Mountains 

only in t h e ':/illia.ms formation. I have not found it in the Santa Monica 

Mountains, a lthough ·:.1aring (s u.pra ) r eports it from this region. In the 

Simi Hills a t a horizon p erhaps on e hundred feet stra tigr aphioally below 

the ba se of the massive Cret aceous sandstones, M. califor-.aicum oocu.rs in 

abu.ndance • Pecu.li arly, it does not seem to be associated with M. pac:i.fi-

.Q2J!1 in this region, although almost everywhere else tha t one of these spe-

cies has been found, the other occurs also. This may suggest tha t the two 

species have slightly different stratigraphic ranges, bu.t that the rang es 

overlap. The possibility of faoies control being responsible is apparently 

exclt1ded, for the two species occur in close geographic proximity in very 

s imi l a r s ediments. 

g. ca lifornicum differs from M• n acificw-n principally in its coarser 

r i bbing , its somewhat thicker whorl-section compared to its diameter, and 

in its tendency to dev elop a series of nodes on the falcate ribs a short di s-

t ance abov e th e ven tra l shoulder of the whorl. These lateral nodes develop 

r a ther ea rly i n the youth o f the animal and furnish an excellent criterion 

for separa ti ng you.ng g . californicwn from M.• paci f'icum. 

Genus J chloenbachia Ueuma.yr s. 1. 

"Schloenbach i a" sp . cf. s . lmi gh teni Anderson 
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Distribution: Ladd formation, Bake r sandstone member; C. 1. T. l oo . 
nos. 79 (c), 30l(r), 979 (r ), 1062(c), 1164(c). 

Discussion: 'rhis s:pecies a ccords well with :'i ... 11derson' s descrip t ion and 

fi gure of t
1_;1~1 kn ighteni, and may be identical with the l a tter fo !':!1. '.rhe 

t wo appea r a t any r a t e to be closely rela ted. Unfortunately , no good e x.am-

ples of .fl. • knighteni are available for direct comparison in this study. 

Little :published informa tion is available to shmv the dis tribution or 

r ange of this species. In the Santa Ana I.Iountains , it is restricted to 

the Baker sandstone. '.l:he onl~1 other occur1•ence cited is a t Phoenix, Ore-

gon, from where this fossil was f irst described by Anderson (1902, p. 28 ). 

''Schloenbaohiatt sp. cf. ".§."• siskiyouensis Anderson 

Distribution: Ladd formation, Baker sandstone member; C. r. T. loo. 
nos. 79(r), 84(r), 30l(r), 302(r), 1062(c), l067(r). 

Discussion: 

Baker sand st one. 

This species is also fairly common and widespread in the 

It is usually found associated with "d". of. knighteni 

described above. 

In its coa rsely tubercul a te ventra l keel, flat-sided whorls, and sim­

ple straight ribs, this species recalls the features of Prionotrouis, as 

defined by Eeek ( 1876, P• 455). This form differs from Iii.eek' s genotype in 

the character of the ribs. These, in ?rionotronis woolgari, the genotype, 

a re simp le, stra i ght, and continuous from umbilicus to ventral shoulder. 

In " Sohloenbaohia11 cf. siskiyouensis, only each third rib reaches the um-

b ilious. The two intervening taper to a point and disappear along the 

dorsal region of the whorl flank. If the California form does not belong 

to Prionotroois it is closely related to that genus. 
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Schloenbachia sp. cf. "§.". mul ticosta Anderson 

Distribution: 
no. 1067(c). 

Ladd formation, Baker sa ndstone member; C. I. T. loc. 

Discussion: This species resembles closely specimens in the Insti-

tute collections identifi ed as s . multicosta Anderson. This latter spe-

cies was originally described from beds of the Rogue River Valley in south-

em Oregon. The horizon is believed to be low in the Upper Cretaceous 

section of that a rea. I lmow of no other record of the occurrence of thi s 

species. 

In common wi t h all of the other Schloenbachia-like a.mmoni tes of the 

Santa Ana :r.r ounta ins, this species has been found only i n the Bake1• sandstone. 

A. few species of a mmonites, mostly represented by poorly preserved and 

i rnmatui-e individuals are listed briefly here, with the stra tigraphic posi-

tion in which they occur. I am indebted for these tentative identifi-

cat ions to Dr. Frank M. Anderson, of' Berlrnley, California. 

Williams formation: 

Desmo cera s sp . juvenile 

Par apachydiscus? sp. 

Ladd formation, Holz sha le member: 

Puzosia ? sp. 

Ladd f ormation, Baker sandstone member: 

Soanhit e s sp . 

Hamites? sp. 
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PLA.11E 9 

All fi g\J.res :i.'fatural Size Except as Otherwise St ated. 

Figs. 1 - 3. 

Fig . 4. 

Fig. 5. 

Fig . 6 - 7. 

Fig. 8. 

Trinacria .Q.Q!., new species. Cotype. 2x na tura l 
size. ( l) Exterior of left valve; ( 2 ) umb onal 
view of left va lve ; ( 3 ) hinge of le ft va lve. 

Lima sp. cf. 1=.• suciensis ,;1hiteaves. 2x natural 
size. =:xt erior view oi' right valve. 

Lima bet~, new species. 
right va lve. 

Eolotyp e. ji:xterior of 

InonerllD. bella rugosa , new species . ( 6) Exterior 
of left va lve (holotype); (7) fragment of right 
valve showing coarse undLJ.lat ions on dorsal pos­
terior border (paratyve). 

Lionistha (Psilomy~) hardingensis (Packard). 
of complete specimen from the left side. 

View 
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PLATE 10 

All Figctres :,Ta,tu.ral 3ize Unless Otherwise Stated 

Figs. 1, 3. 

fig. 2. 

Fig. 4. 

Figs. 5 - 8. 

Figs. 9, 10. 

Lionistha anaana (Anderson). l½x natural size. 
(1) Hinge of' left valve; (3) hinge of right valve. 

Brachidontes bifurcatus new species. 3x natural 
size. Exterior view of right valve (holotype). 

:Gtea a.ngulata (Packard). 2x natural size. Hinge 
of right valve of irfilnature specimen . 

lstarte sulcata Packard. 2x natural size. (5) 
Exterior of left valve; (6) hinge of left valve; 
(7) hinge of right valve; (8) umb_onal view of 
complete specimen. 

Erh1hyla ovoides (P acka rd). (9) Hinge o f left valve; 
( 10) hinge of right v a lve. 

Figs. 11, 12. Eriph.yla lapidis (Pacltard). (11) Hinge of right 

Figs. 13 - 15. 

Fig. 16. 

valve; ( 12) hinge of left valve. 

Crassatella gamma, new species. ( 13) Umbonal view 
of' complete specimen (holotype); (14) exterior of 
right va lve (holotY1..:>e); ( 15) hinge of left valve 
(paratype). 

Liopistha (Ps ilom,ya) ha.rdingensis (Packard). Um-
vonal view of complete specimen, showing concen­
tric sculp ture around the beaks. 
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PLATE 11 

.Al 1 Figures l'.at ural Size Unless Other wise stated 

Fig. 1. 

Figs. 2, 3. 

:Figs. 4 - 6. 

I,'igs. 7, 8, 11. 

Crassatella gamma, new species. 
of' right valve. 

Pa raty,,;,e. Hinge 

Crassatella lomana Ooorer. ( 2) Hinge of l eft va l ve; 
(3) hinge of right v alve. 

Protoco.rdi a sp. cf. P. t r ans l ucida (Gabb). (4 ) Ex-
terior of left valve; (5) hinge of right valve; 
(6) hinge of left v a lve. 

Isocard.ia delta, new species. (7) Anteri or view 
of complete specimen (holotyge); (8) exterior of 
left valve (holotype); (11) hinge of l e ft valve 
(para type l . 

Figs. 9, 10, 12. 

Fig. 13. 

Clisocolus corrugatus, new ~pecies. (9) Umbona l 
view of left valve (hol otype) ; ( 10) l ateral view 
of left valve (holotype); (12) hinge of left 
va lve (holotype) . 

Czgrimeria moorei, new species. Cotype. 2x natu-
r a l size. Hinge of right valve. 
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PLATE 12 

All Figures :tTatural Size Unless Otherwise Sta ted. 

Figs. 1, 2 . 

Figs. 3, 5. 

Fig. 4. 

Cypri meria moorei, new species. Cotypes. 2x natu­
ral size. (1) Exterior of ri ght valve; (2) hinge 
of left valve. 

Tenea inflata (Gabb). (3) Hinge of right valve; 
(5) h i nge of left valve . 

Flaventia lens (Gabb). Hi nge of ri ght valve of a 
specimen from Butte Creek, Butte County , Calif~ 

Figs. 6, 7 , 13, 14. 

Figs . 8 , 12. 

Calv~_regina, new genus and species. Genosyntype s~ 
(6) Hinge of right valve; ( 7 ) hinge of l eft valve; 
(13) exterior of right valve; (14) exterior of 
left valve. 

Legum~ ooides (Gabb). (8) Hinge of right valve; 
(12) hinge of left valve. 

Figs. 9, 10, 11. 
Flavent ia zeta , new s-.9ecies. ( 9) Exterior of right 

valve (holoty-9e); (10) hinge of l eft valve (para­
type ); {11) hinge of right valve (para.type). 

:Figs. 15, 16. Auhrodina ? arata ( Gabb). ( 15) Hinge of right 
va lve; (16) hinge of' l eft va lve. 2x nat ural 
size. 
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PLAr.rE 13 

All Figures Watura l Size Unless Otherwise Stated . 

Fig. 1. 

Fig. 3 . 

Figs . 4, 5. 

Fig . 7. 

Fig. 8 . 

:B'ig. 9 . 

Fig . 10. 

Cymbo·ohora ashburnerii {Gabb ). Hinge of le f t va lve. 
1f times natural size. 

Cymbophora gabbiana (Anderson) . Hinge of' ri ght va lve. 

~usnira shumard i ana (Gab·n). Apert ural vi ew. 

Ampullina pa ckardi, new species. Holotype. (4) 
Apertural view; (5) view of body whorl. 

Tarri tell a ~, new sp ecies. 
r al si ze. 

Eolotype. 3 q x na t u-

Turritella chicoensis Gabb. ·:rypioa l variety . 

Turritella iota, new s-pecies. Holotype. 

Turr ital l a. ohicoensi s Gabb. Giant round-whorled 
variety. 

Turritella ch icoensis Gabb . 
va riety . 

Giant flat-whorled 
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