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of about 65 miles are reasonably documented, greater 
displacements of older rocks are presently speculative 
and require more precise substantiation. 

The late Eocene-to-Oligocene depositional histories 
of the southern San Joaquin Valley, east of the fault, 
and the Santa Cruz Mountain region, west of the 
fault, are symptomatic of a genetic relation. The 
upper Tejon, San Emigdio, Pleito, and lower Temblor 
Formations of the San Joaquin Valley are believed to 
be homologous with the San Lorenzo, Vaqueros, and 
lower Hester Formations of the Santa Cruz Moun­
tains. No comparable sequence of rocks is known 
from intervening areas adjacent to the San Andreas 
fault; therefore post-Oligocene movement? of about 
225 miles are confirmed. 

The late Eocene-to-Oligocene foraminiferal lineage 
of Uvigerina jacksonensis <-> U. tiimeyensis -̂> "Sipho-
generina" nodifera <-> "S." transversa occurs in both 
regions and corroborates the age relations of the for 
mations. 

LAPORTE, LEO F., Department of Geology, Brown 
University, Providence, R.L 

RECOGNITION OF TEANSGRESSIVE CARBONATE SKOUENCE 

WITHIN EPEIRIC SEA: HELDERBEEG GKorp (LOWER 
DEVONIAN) OF N E W YORK STATE 
The regional Late Silurian-Early Devonian marine 

transgression of the central Appalachians is repre­
sented in New York State by a shallow-water carbon­
ate rock sequence (Helderberg Group) Vfhich locally 
transgressed north and west. The resultant stratigra-
phic section comprises several hundred feet of fossilif-
erous limestone which has several distinctive sedimen­
tary facies. 

Early workers interpreted each of the major facies 
as a separate time-stratigraphic lithologic unit or for­
mation. However, from detailed field examination 
Rickard (1962) demonstrated that these formations 
are in fact time-transgressive toward the west and 
interfinger laterally with each other. Paleoecological 
study of the Helderberg Group supports this interpre­
tation and shows that each of the formations repre­
sents a local sub-environment within the transgressive 
interval as a whole. These formations (faciesi are: 

(1) Manlius Formation (25-50 feet), a complex of 
rock types interpreted to represent supratidal. interti-
dal, and shallow subtidal environments within a broad 
shelf lagoon (Laporte, 1964; 1967). 

(2) Coeymans Formation (20-100 feet), crinoidal-
brachiopod skeletal calcarenite and carbonate siltstone 
which are commonly burrow-mottled toward the Isase 
of the unit but which show increasingly greater evi­
dence of current reworking toward the top (high-and 
low-angle cross-stratification and sheet deposits). The 
Coeymans is interpreted to have been deposited in a 
wide belt of shallow, submerged crinoid mounds and 
banks which served as an effective, though discontinu­
ous, barrier to circulation separating the more open-
marine environment on the east from the jestricted 
shelf lagoon of the Manlius on the west (.Anderson, 
1965). 

(3) Kalkberg Formation (50-100 feet), highly 
burrow-mottled carbonate mudstone with a very 
abundant, diverse, and well-preserved biota. The 
Kalkberg is interpreted to be a shallow-water, o[)en-
marine deposit which developed on an extensive shelf 
seaward from the Coeymans crinoid banks and mead­
ows. 

(4) New Scotland Formation (50-150 feet), highly 
argillaceous and siliceous carbonate mudstone with a 

somewhat less diver.-̂ c and abundant biota than the 
Kalkberg. The New S<olIand is interpreted as having 
developed on a broad shelf like the Kalkberg (and 
marginal to it), but with significantly greater influx of 
terrigenous detritus v\ hich probably came from a dis­
tant easterly source. 

Lateral and \erti<al \arialions in constituent car­
bonate-grain types, mudstone-sparite ratios, fossil 
abundance and diversity, and presence of primary 
sedimentary structures provide criteria for recognizing 
the transgressive natuie of the major sedimentary fa­
cies of the Helderberc Grou]j, The inferred deposition­
al framework, moreover, is very similar to that postu­
lated by Shaw (10(i4) and Irwin (196,T) for "clear 
water" sedimentation within an epeiric sea and 
demonstrates the predictive i-alidity of their general 
ized sedimentary model. 

LEDING1LA.M, Gl . lN W ;see Frank! and C\)rdry] 

LOWENSTAM. H, .\.. California Institute of Tecli-
nology, Pasadena, Calif. 

ECOLOGIC CRITERIA FHU RiaocNrnoN OF DEJ'OSITIOKAI. 

ENVIROXMENIS IN ('ARiiiiM.vrE ROCKS 
Carbonate skeletons nf njany Recent and fossil spe­

cies show morphologic characters which can be related 
to specific factors in llieir environments. Similarly, the 
mineralogy and cheniislry ,ji the carbonate from the 
skeletons are known u, reileet a variety of ecologic 
factors. 

Few attempts have been made to utilize the ecolog­
ic information from the (ihysical and chemical proper 
ties of skeletal carbonates in tlie analyses of deposi 
tional environments of carbonate rocks. 

Data are presented lo ilhistrate their usefulness in 
recognizing certain ecoinnic: factors in the depositional 
environment of carbutiaic ii>cks. In this presentation, 
particular emphasis is |ilaced on comparative func 
tional morphologj' of carbonate skeletons. Ecologic 
factors to be i onsidered ,iro habitat, derivation of 
constituent grains, rales of sedimentation, turbidity, 
micro-hydrograpfiy. iiinsi~tenc> of the sediments, 
temperature, and (le|ill 'I (lie accumulating .sedi­
ments, 

MARTIN, PALL S., tk-oclinmology Laboratories, Uni­
versity of Arizona, Tucson. Ariz. 

POLLEN STRATicR.wfiv OK I'I.WA LAKES 

Since the discover\ I "̂  years ago by Sears and Clis-
by that the dry lakes ijilaya, lakes) of western North 
America contain a rich fossil pollen record, Pleistocene 
specialists have hoped that a definitive chronology 
would he forthcoming from this largely unglaciated 
region. Such a chronology ^l.oiild indicate the number 
of pluvial episodes and tl i magnitude of each. The 
deepest driU cores should leveal whether the Pleisto­
cene began with a "bang" fiv a whimper." 

Though hopes for a rnntinuiiiis Pleistocene chronol­
ogy go Uirgely unrealized, the (lollen record of the last 
glacio-pluvial maximum, tl r Wisconsin, is increasingly 
well known It indiiati'^ a inaior shift in vegetation 
zones not once bill -e\iial limes during the C-
14-datable part of iW leiurcl. Among the areas 
studied to date are the San .Au,!.»u3tin Plains, the Will-
cox Playa, Great Salt Lake Desert, and the Texas 
High Plains. Some rcmtiol on the fossil pollen record 
can be gained from lliC nicpdeni pollen rain of "natu­
ral" plant communities in I he southwest. Despite for­
midable problems of lon.^-ili>tance transport of certain 
pollen types it appear^ ||;a1 the major vegetation 
zones have thc'ir O\MI iliM M(1]\e local pollen pool, 
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making it possible to interpret Pleistocene vegetation 
history, at least in rough terms. The results are best 
illustrated in a Pleistocene full-glacial vegetation map. 

MATTHEWS, WILLIAM H., I l l , Department of 
Geology, Lamar State College of Technology, Beau­
mont, Tex. 

ROLE OF PETROLEITM GEOLOGIST IN PUBLIC EDUCATION 
Public education is geology's best public-relations 

tool, and the need for increased public awareness of 
geology has never been more acute than it is today. 
The American Geological Institute, the National Asso­
ciation of Geology Teachers, and The American Asso­
ciation of Petroleum Geologists are doing much to 
place geology in the public eye, but individual geolo­
gists can play an active part in disseminating geologic 
information at the local level. 

Petroleum geologists, because of their background 
and experience, could and should assume an active 
role in public education. Lay teaching in the commu­
nity might include work with (1) Boy Scouts, (2) 
college "career days," (3) civic clubs, (4) television 
programs, (5) museum classes and field trips, (6) 
non-technical writing, (7) public and school libraries, 
(8) rock and mineral clubs, (9) public-school science 
teachers, (10) public-school science classes, and (11) 
science fairs. 

Activities of this sort not only will help to attract 
brighter high school graduates into the geological 
sciences, but also will strengthen the public image of 
the petroleum geologist. 

McCAMMON, RICHARD B., Gulf Research and De­
velopment Company, Pittsburgh, Penn. 

MULTIPLE COMPONENT ANALYSIS AND ITS APPLICATION 
IN CLASSIFICATION OF ENVIRONMENTS 
Multiple component analysis has been used to clas­

sify samples drawn from multivariate populations 
where the underlying populations were unknown and 
were to be determined. This type of analysis is effec­
tive in environmental studies where the variables of 
interest exhibit separate, but systematic patterns of 
variation through the total environment. .\ multiple 
component is defined as a sub-set of variables Iiaving 
maximum intercorrelation. The number of such com­
ponents is determined by cluster analysis. Distinct 
sample groups are identified by the bimodal character 
of the distribution of factor scores calculated for eacli 
sample for each component. Using this approach, the 
number of samples that can be classified i, unlimited. 

The method was compared with a regular Q-mode-
type analysis in a study of Recent carbonate sedi­
ments (Imbrie and Purdy, 1962) which involved 216 
samples and 12 variables. In the original study, five 
facies were recognized: (1) coralgal, (2) oiiliie, (3) 
grapestone, (4) mudstone, and (5) pellet mudstone. 
Assuming that the mudstone and pellet mudstone fa­
cies are indistinguishable, the two methods are in 90 
per cent agreement in their classification of the 216 
samples. When all five groups are considered, there is 
an 83 per cent agreement. The anomalous samples are 
the result of the transitional nature of the facies 
boundaries where sediment mixing occurs. In either 
case, the facies patterns are similar. 

Two other methods were compared: (1) principal 
components and (2) hierarchical grouping. Of the 
four methods, multiple components yielded the clas­
sification with the smallest partition variance. This 
was true whether four or five facies groups were as­
sumed to be present. 

McDANIEL, PAUL N., and LLOYD C. PRAY, 
Marathon Oil Company, Littleton, Colo. 

BANK TO BASIN TRANSITION IN PERMIAN (LEONARD-
IAN) CARBONATES, GUADALUPE MOUNTAINS, TEXAS 
Light-colored, parallel-stratified, non-reef marine 

limestone and dolomite (Victorio Peak Formation) 
grade southeastward abruptly into dark cherty lime­
stone (Bone Spring) along the northwestern margin 
of the Delaware basin (King, 1948). Study of the 
well-exposed transition zone in the Guadalupe Moun­
tains suggests the presence of three major contempo­
raneous environments along a gentle basinward slope: 
bank, and bank margin (0.5-1 mile wide), both Vic­
torio Peak; and euxinic basin, Bone Spring. Basin-
ward regression of transition facies was 2 3 miles 
during accumulation of 1,500 feet of section. Middle 
Permian erosion truncated the transition strata cre­
ating basin-sloping unconformities on which lime­
stone, megabreccia, and sandstone (Cutoff and Brushy 
Canyon Formations) were deposited. 

Principal lithologic facies of the transition zone are 
successively: carbonate grainstone and dolomite pack-
stone (bank); dolomite wackestone and mudstone 
(bank margin); and carbonate mudstone (basin). 
Paucity of desiccation or solution features, algal lami­
nates, oolites, and coated or composite grains suggests 
prevalence of sub-tidal bank environments. Allochtho-
nous channel fills and sheet deposits of skeletal pack-
stone and wackestone occur in bank-margin and 
basin-edge facies. Sand-size skeletal grains and carbon­
ate silt are dominant constituents in bank and bank-
margin rocks. (Carbonate silt predominates in basin 
facies. Characteristics of bank relative to basin strata 
are lighter color, dominance of grain-supported rocks, 
coarser grain size, normal-marine fauna, more dolom-
itization, less chert (but larger, more rounded nod­
ule?), and thicker, more massive beds. Undulatory 
bedding and disturbed laminations characterize many 
basin strata adjacent to the bank margin. 

Two major controls on sedimentation and subse­
quent diagenesii were diminished turbulence with 
depth, and an abrupt change along the depositional 
slope from normal-marine to euxinic water at inferred 
depths of a few hundred feet. Bank proximity and 
finer particle size favored dolomitization. Low per-
meabi'ity of organic-rich basin facies apparently in­
hibited downdip dolomitizalion. Cementation obliter­
ated most de])ositional porosity. 

MEADE, ROBERT F., Department of Geology, Cali­
fornia State College at Los Angeles, Los Angeles, 
Calif. 

PALEOECOLOGY OF SANTA BARB.̂ RA ZONE, PLIOCENE OF 
SOUTHERN CALIFORNIA 

The Santa Barbara fauna is used to define a wide­
spread zone in the Plio-Pleistocene rocks of the Ven­
tura basin. This fauna i-i characterized by extinct, 
northern extra-limited, and submergent species of 
Mollusea. The characteristic species are accompanied 
by some locally extant species. 

A section of the Fernando Formation exposed in 
Balcom Canyon in the central Ventura basin is com­
posed of rocks deposited in water depths greater than 
100 fathoms. Turbidite sandstones contain fossil Mol­
lusea derived from all depth zones, from the depth of 
deposition on up to the intertidal. These mixed faunas 
were separated into depth associations on the basis of 
the depth ranges of living members of the faunas and 
on apparent associations in the faunas. The character-


