
CALIFORNIA STATE UNIVERSITY, NORTHRIDGE 

DEPOSITIONAL ENVIRONMENTS OF THE EOCENE 

MANIOBRA FORMATION 

NORTHEASTERN OROCOPIA MOUNTAINS, RIVERSIDE COUNTY, SOUTHERN CALIFORNIA 

A thesis submitted in partial satisfaction of the 
requirements for the degree of Master of Science in 

Geology 

by 

David Michael Advocate 

January, 1983 



The Thesis of David Michael Advocate is approved: 

Dr. Martin H. Link 

California State University, Northridge 

ii 



DEDICATION 

This thesis is dedicated to my father, Harry Advocate, whom above 

all others, encouraged me to pursue greater levels of education. 

iii 



ACKNOWLEDGEMENTS 

I am grateful to my friend and thesis chairman, Richard L. Squires, 

for his patient help and enthusiastic encouragement throughout this 

study. I am further grateful to Richard L. Squires and Peter Raftery 

for introducing me to the Maniobra Formation. Many of the helpful dis

cussions with Martin H. Link led to the ultimate interpretations of 

depositional environments presented within this thesis. Peter Weigand 

and A. Eugene Fritsche reviewed this manuscript and contributed many 

helpful suggestions. I am appreciative of all the help that Janet 

Burke, Curt Clyne, and Tim Garvey lent in the field. Janet Burke 

helped with the graphics and Curt Clyne assisted with the photography. 

I am indebted to David Liggett, Mark Oborne, Juli Oborne, and Robert 

Griffis for their help in various. stages of this project. Thanks to 

John C. Crowell for reviewing the geologic map of the t~aniobra Valley 

region, Plate 1, and for discussions concerning the source area and 

origin of the Maniobra Formation. The author is particularly indebted 

to Alvin A. Almgren, Mark V. Filewicz, Hal L. Heitman, Joan Winterer, 

and Union Oil Company of California for kindly analyzing 29 microfossil 

samples. Expenses incurred in the field and with duplicating of this 

thesis were in part financed by the Getty Oil Company Grant-in-Aid 

Award; California State University, Northridge, Robert H. Schiffman 

Memorial Scholarship Award; and Exxon Company U.S.A. Thanks to my 

family and friends for the many years of encouragement and support that 

enabled me to pursue the study of geology. 

iv 



CONTENTS 

Page 

DEDICATION i i 

ACKNOWLEDGEMENTS iv 

ABSTRACT X 

INTRODUCTION 1 

PREVIOUS vJORK 4 

REGIONAL GEOLOGY 6 

STRATIGRAPHY 6 

STRUCTURAL GEOLOGY 12 

r~ETHODS 15 

MEASURED SECTIONS 18 

PALEONTOLOGY, AGE, AND PALEOBATHYMETRY 28 

t~EGAFOSSILS 28 

MICROFOSSILS 31 

TRACE FOSSILS 34 

SEDif~ENTOLOGY 36 

SHORELINE ASSOCIATION 36 

SLOPE ASSOCIATION 42 

SUBMARINE CANYON ASSOCIATION 47 

MIDDLE-SUBMARINE FAN ASSOCIATION 64 

PALEOCURRENTS 73 

PETROGRAPHY 76 

CONGLOMERATE 76 

CARBONATE 79 

SANDSTONE 81 

PROVENANCE 89 

' <I 

v 



Page 

CO~lPOSITION 89 

RELIEF 91 

CLIMATE 91 

CONCLUSIONS 93 

REFERENCES 99 

APPENDIX 108 

vi 



LIST OF ILLUSTRATIONS 

Figure page 

1. Index map of southern California showing major faults 1 
and distribution of Eocene exposures 

2. Simplified geologic map of the Orocopia Mountains region 2 
showing outcrops of the Maniobra Formation 

3. Geologic cross section A-A' through the Orocopia Mountains 7 

4. Generalized stratigraphy of the Orocopia-Hayfield Mountais 9 
area. 

5. Areal distribution of the Maniobra Formation and location 18 
of measured sections 

6. Standard explanation for measured sections 19 

7. t·1easured sections A, B, C through the basal exposures of 20 
the Maniobra Formation 

8. Measured sections D and E through the basal portion of 21 
the Maniobra Formation 

9. Measured section F 22 

10. Measured section G 23 

11. Measured section H 24 

12. Measured sections I and J 25 

13. Measured section K through the easternmost study area 26 

14. Measured section L J7 
15. Geologic map of the Maniobra region showing megafossil and 29 

microfossil localities 

16. Unidentified trace fossil in mudstone, 300m south of 35 
fossil locality 670 

17. Areal distribution of facies in the Maniobra Formation 38 

18. A) Typical contact bet\1/een shallow-marine facies and 40 
granitic basement, B) Shallow-marine sandstone beds 
draping over irregularities in granitic basement 

19. Gravel deposit along section D in shallow-marine facies 41 

20. Example of conglomerate-sandstone couplet in the canyon 50 
channel facies 

vii 



Figure Page 

21. Sketch of north-facing exposure near base of section 51 
K in canyon channel facies 

22. Sketch of conglomerate-filled channel with concave-up 52 
base 

23. Sketch of conglomerate channel viewed parallel to the 53 
channel axis 

24. Boulder conglomerate bed with mudstone matrix at top 55 
of section C 

25. Interchannel deposits, 600 m west of section K at the 60 
115 m level 

26. Interchannel deposits, 200 m east of section G at the 61 
80 m level 

27. Paleocurrent and paleoslope trends in the Maniobra 74 
Formation 

28. Location of conglomerate clast counts 77 

29. Ternary diagram showing relative abundance of plutonic 80 
rock fragments (P), metamorphic rock fragments (M), and 
sedimentary rock fragments (S) with regard to facies 
associations. 

30. Location of samples used for thin section analysis 83 

31. Ternary diagrams showing composition of sandstone with 84 
regard to facies associations 

32. Photomicrographs of typical sandstone from the Maniobra 86 
Formation 

33. Interpretive stratigraphic section of the Maniobra 94 
Formation showing distribution of facies associations 

34. Depositional model of the Eocene Maniobra Formation 98 

Table 

1. Check list of megafossils at CSUN localities 662 through 30 
678 

2. Check list of microfossils identified in this study 32 

3. Percent composition, clast size, and clast/matrix ratio 78 
from conglomerate channelized deposits within the 
Maniobra Formation 

viii 



Table 

4. Percent composition and texture of sandstone in the 
Maniobra Formation 

Plate 

1. Geologic map of the Maniobra Valley region, northeast 
Orocopia Mountains, Riverside County, California 

ix 

Page 

82 

In 
pocket 



ABSTRACT 

DEPOSITIONAL ENVIRONMENTS OF THE EOCENE MANIOBRA FORMATION 

NORTHEASTERN OROCOPIA MOUNTAINS, RIVERSIDE COUNTY, SOUTHERN CALIFORNIA 

by 

David Michael Advocate 

Master of Science in Geology 

Late-early and middle Eocene beds of the Maniobra Formation in 

the northeastern Orocopia Mountains, southern California are 1,460 m 

thick and consist predominantly of cobble-boulder conglomerate, mud

stone, and sandstone. These beds lie unconformably above Cretaceous 

granite and quartz monzonite and unconformably below nonmarine beds of 

the Miocene Diligencia Formation. Four facies associations are recog

nized within the Maniobra Formation: 1) Shoreline, 2) Slope, 3) sub

marine canyon, and 4) middle-submarine fan. 

Beds comprising the shoreline association consist of nonmarine 

gruss and shallow-marine facies that lie unconformably above granitic 

basement. Gruss is poorly indurated, massive, coarse-grained weath-
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ered granite detritus. The shallow-marine facies includes thinly bed

ded, fine-grained sandstone and gravel deposits which are laminated, 

cross bedded, and contain marine burrows. 

Slope deposits consist predominantly of mudstone (facies G of 

Mutti and Ricci Lucchi, 1972) with conglomerate and sandstone channels 

(facies A). Many of the channel deposits show Bouma T~ and Tab inter

vals. Also present are chaotic beds (facies F) that include slumped 

beds, detached beds, pebbly mudstone beds, glide-blocks, and granitic 

rock-fall deposits. Arenaceous foraminifers present in these deposits 

indicate deposition at bathyal depth. 

Submarine canyon facies are chiefly stacked channel complexes of 

cobble-boulder conglomerate (facies A) that incise into granitic 

basement and slope deposits. Channels have broadly concave-up bases, 

contain granitic clasts up to 5 m in diameter, and displaced shallow

marine fossils. These conglomerate channels grade vertically upsect

ion into sandstone beds with repeated T~ and T~ Bouma sequences and 

mudstone interchannel deposits. These thinning- and fining-upward 

sequences are up to 25m thick. Interchannel facies consist either of 

thin-bedded turbidites with mostly Tbce intervals (facies D) or 

sandstone levee deposits. Levee deposits consist of laterally dis

continuous sandstone beds, some with dune shaped tops, that interfin

ger abruptly with mudstone beds and conglomerate channels. Ophiomor

~ and Thalassinoides burrows are common in interchannel deposits. 

Interchannel deposits also contain foraminifers indicative of bathyal 

depth. 

Middle-submarine fan channel deposits are laterally discontin

uous, thick-bedded, amalgamated, channelized, coarse-grained sandstone 
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and conglomerate beds (facies A and B). Many beds have erosional 

bases, rip-up clasts, and displaced shallow-marine fossils. Most 

sandstone beds are massive, though numerous beds with repeated T~ and 

Tab sequences do occur. These beds are arranged in thinning- and 

fining-upward sequences, averaging 5 m thick. Repeated thinning- and 

fining-upward sequences comprise sandstone packages that are up to 

105 m thick. Most of the middle-fan deposits consist of interchannel 

hemipelagic deposits with crevasse-splay channels locally. These 

mudstone beds yield foraminifers characteristic of middle bathyal 

or deeper water depths. 

Conglomerate analyses indicate that granite and quartz monzonite 

from the underlying basement were the chief source of sediment for the 

Maniobra Formation. A nearby metamorphic terrane also supplied a 

moderate amount of sediment. Submature arkose of the Maniobra Forma

tion averages Q34 F65 L1 and Q34 P28 K38 , indicates a nearby granitic 

and metamorphic source terrane of high relief. Paleocurrent measure

ments, petrographic analyses, and facies distribution indicate south

west sediment transport from nearby granitic and metamorphic source 

terranes to the north and east. 
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INTRODUCTION 

The Maniobra Formation crops out in ~1aniobra Valley, north

eastern Orocopia Mountains, Riverside County, California (Fig. 1). 

Located in a desert mountain range, 24 km northeast of the Salton Sea, 

Maniobra Valley is flanked by the Hayfield and Orocopia Mountains to 

the north and south, respectively (Fig. 2). Maniobra Valley is 

readily accessible via the Chiriaco Summit exit of Interstate Highway 

10. 

The study area is of historical interest, as well as geological, 

to the extent that General George S. Patton trained his armored troops 

in Maniobra Valley during World War II. The name "Maniobra'' means 

maneuver in Spanish (Crowell and Susuki, 1959). Remnants of these 

World War II maneuvers are still evident across the area and include 

tank tracks, bullets, shell casings, and rusted tank parts. 
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Figure 1. Index map of southern California showing major faults 
and distribution of Eocene exposures (modified from Nilsen and 
Clark, 1975). 
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Figure 2. Simplified geologic map of the Orocopia Mountains 
region shmvi ng outcrops of the ~1ani obra Formation (modified from 
Crowell, 1975b). 

Considerable geologic study has been focused on the area because 

the Maniobra beds are the only known Eocene strata exposed east of the 

San Andreas fault in southern California (Fig. 1). In addition, the 

unique petrographic and cross cutting character of the nearby basement 

terrane have made this area of paramount importance in reconstructing 
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the Cenozoic tectonic history of California. Crowell (1960, 1962, 

1975a), Crowell and Walker (1962), Howell (1975a, 1975b), and Nilsen 

and Clarke (1975) have matched similar rock terranes of the Orocopia 

Mountains with terranes in the Transverse Ranges, and maintain that 

about 300 km of right slip occurred along the San Andreas fault. 

Woodford (1960), Woodburne and Golz (1972), Baird, Baird, and Welday 

(1972), and Baird, Morton, and others (1974) postulate no to minor 

displacement along the San Andreas fault. Although this study does 

not resolve this controversy regarding the magnitude of slip along 

the San Andreas fault, it does provide additional data that may lead 

to its ultimate resolution. 

Early investigations of the Maniobra Formation by Crowell and 

Susuki (1959) and Howell (1975a, 1975b) did not divide these Eocene 

beds into all their component facies, nor incorporate many of the 

modern tools of basin analysis, such as paleocurrent and vertical 

sequence analyses. The purpose of this investigation is to divide 

the t·1aniobra Formation into its facies, interpret their depositional 

environments, and distribution. Recognition of each facies is based 

on their sedimentologic, lithologic, and paleontologic characteristics. 

Synthesis of this new data will more precisely define the shape of the 

basin and age of the Maniobra Formation. 
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PREVIOUS WORK 

Early geologic studies in the Orocopia Mountains region include 

a water-supply paper by Brown (1923), and regional reconnaissance 

geologic mapping of the Palm Springs-Blyth strip and the Imperial 

Valley region by Miller (1944) and Dibblee (1954), respectively. 

Dibblee (1954), recognizing sandstone clasts with Eocene mollusk 

fossils in the Pliocene Mecca Formation, hinted that an Eocene 

formation was present in the Orocopia Mountains. Subsequently, 

Crowell, accompanied by a group of graduate students from the Univer

sity of California, Los Angeles, discovered these Eocene beds in 1955 

(Crowell and Susuki, 1959)~ Masters theses by Williams (1956) and 

Gillies (1958) were undertaken to map these exposures. Williams 

(1956) mapped the eastern exposures of the Eocene beds at a scale of 

1:24,000, whereas Gillies (1958) mapped the western exposures at 

1:20,000. Kirkpatrick•s (1958) thesis compared middle Eocene expos

ures in southern California with the Maniobra Formation. Crowell and 

Susuki (1958, 1959) described the stratigraphy, paleontology, and 

structure of these Eocene deposits, and designated the type section 

of the Maniobra Formation (Fig. 2). Foraminiferal assemblages were 

studied in the lower portion of the Maniobra Formation by Johnston 

(1961). 

Because the Maniobra Formation is the only known Eocene exposure 

east of the San Andreas fault in southern California, comparisons 

with Eocene formations west of the fault have been made by Kirkpatrick 

(1958), Crowell (1960, 1962), Howell (1975a, 1975b), and Nilsen and 

Clarke (1975) in attempts to reconstruct the middle Eocene paleogeog

raphy of southern California. These workers maintain that the middle 
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Eocene Maniobra Formation represents the easternmost exposures of an 

east-west marine embayment, and that the western part of this same 

embayment has been offset about 300 km to the north along the San 

Andreas fault. Similar lithology, paleontology, and shoreline trends 

between the Maniobra Formation and the Eocene exposures in the Pine 

Mountain-Mount Pinos-Piru Creek areas of the Transverse Ranges are 

used to match these terranes (Fig. 1). 
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REGIONAL GEOLOGY 

A broad structural depression characterizes the Orocopia

Hayfield Mountains area (Fig. 3). In this depression there are 

nearly 3000 m of Tertiary sedimentary rocks which comprise the 

Maniobra and Diligencia Formations, that unconformably overlie an 

older crystalline basement complex (Crowell and Susuki, 1959; 

Crowell, 1975b). A northwest-trending structural grain predominates 

throughout the area and is parallel to the San Andreas fault system 

that flanks the Orocopia Mountains to the southwest (Fig. 2). 

Evidence of r·1esozoic and Tertiary deformation is found in the 

Orocopia Mountains, and active deformation is presently occurring 

along several strands of the San Andreas fault (Crowell, 1975a; 

Crowell and Sylvester, 1979). Precambrian gneiss and related rocks 

thrust over Mesozoic schist comprise the Orocopia thrust fault, the 

major structural element in the Orocopia Mountains (Ehlig. 1968; 

Crowell, 1975b; Haxel and Dillon, 1978). Two kilometers southwest 

of the Orocopia thrust fault is a major anticline that forms the main 

ridge of the Orocopia Mountains (Fig. 2). These major structural 

elements and associated rock types indicate multiple deformational 

events in this area. 

STRATIGRAPHY 

Basement Complex 

Basement rocks in the Orocopia Mountains are important because 

their distinct petrographic character. age, and sequence of intrusion 

matchs the basement complex in the San Gabriel Mountains, to the north 

(Crowell, 1960, 1962; Ehlig, 1968; Sylvester and Bronkowski, 1979). 
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On the basis of this correlation Crowell (1960, 1962) suggests about 

300 km of right-slip along the San Andreas fault. 

The basement complex in the Orocopia Mountains consists of 

intrusive igneous crystalline rocks and metamorphic gneiss and schist 

(Figs. 2, 4). Precambrian gneiss and migmatite yielding zircon ages 

of 1,670 ~ 15 m.y. and 1,425 m.y. are the oldest rocks in the area 

and occur between the Clemens Well fault and the Orocopia thrust 

(Silver, 197l)(Figs. 2, 4). Younger elements of the crystalline 

basement complex include a Precambrian (1,220 m.y.) anorthosite

syenite intrusive suite, Early Triassic (220 ~ 10 m.y.) Mount Lowe

type granodiorite, and a Late Cretaceous (71 and 88 m.y.) granite

quartz monzonite of the Hayfield Mountains (Silver, 1971; Armstrong 

and Suppe, 1973). These rock types comprise the allochthonous 

plate of the Orocopia thrust fault (Fig. 2). 

The Orocopia Schist, the most abundant basement rock in the 

Orocopia Mountains, is a metamorphosed sedimentary unit of unknown 

thickness, consisting predominantly of metagraywacke with subordinate 

metapelite, metabasite, ferromanganiferous metachert, marble, and 

meta-ultramafic rock: all these rocks have been metamorphosed to 

the greenschist-facies grade (Haxel and Dillon, 1978; Sylvester and 

Bronkowski, 1979). A Mesozoic age is inferred for the protolith 

even though no palenotologic or isotopic evidence is known (Haxel 

and Dillon, 1978; Crowell, 1979; Crowell, 1981). Late Cretaceous 

intrusives do not cross-cut the schist, however, they are present in 

the al)ochthonous plate of the thrust and are truncated as a result 

of Late Cretaceous-Paleocene thrusting (Ehlig, 1968; Haxel and 

Dillon, 1978; Crowell, 1981). A controversy regarding the ensimatic 

8 



AGE 

Pleistocene 

late 
0 I i gocene 

to 

ear I y 
Miocene 

eorly to 

mi dd I e 

Eocene 

Late 

Cretaceous 

c 
(\) 

L 
...c 
c:: 
~ 
u 
(].) 
L 

Q_ 

Mesozoic 

Figure 4. Generalized 
Mountains area. 

FOR:-1ATIOtL, AGE, BASU,1E~H DESCRIPTIONS 

Ocoti I lo Conglomerate 

Di I igencia Formation [1500 m thick] 

* Volcanics: 
22.4 + 2.9 m.y. (Crowell, 1973) 
20. I + 8.9 m.y. (Crowell, 1973) 
18.6 + 1.9 m.y. (Splitter, 1974) 

Maniobra Formation [1460 m thick] 

Granite and quartz monzonite of the 
Hayfield Mountains; K-Ar age: 71 and 
88 m.y. (Armstrong and Suppe, 1973) 

Lowe-type granodiorite; 220 + IJ 
Early Triassic (Silver, 1971) 

Anorthosite-syenite intrusives; 1220 
m.y. (Silver, 1971) 

quartz gneiss and gray gneiss, 
m.y. (Silver, 1971) 

Augen gneiss and migmatites; Zircon age: 
16 70 :!:_ 15 m. y. ( S i I ver, I 97 I ) 

OROCOPIA THRUST FAULT 

Orocopia Schist 

* K-Ar ages recalculated using new 
constants of Steiger and Jajer (1977) 
yield 20.6 + 9.1; 22.9 + 2.9 m.y.; 
19.1::. 1.9 m.y. -

stratigraphy of the Orocopia-Hayfield 
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origin of the Orocopia Schist and its tectonic setting is presently 

unresolved, therefore the reader is referred to Haxel and Dillon (1978) 

and Crowell (1981) for review. 

Maniobra Formation 

The lower and middle Eocene Maniobra Formation is the oldest 

known unmetamorphosed sedimentary rock unit in the Orocopia Mountains 

(Crowell, 1975b)(Figs. 2, 4). These strata are 1,460 m thick and 

consist predominantly of marine sandstone, breccia, conglomerate, 

siltstone, and minor limestone (Crowell and Susuki, 1959). To the 

north these rocks lie unconformably buttressed above Upper Cretaceous 

granite and quartz monzonite of the Hayfield Mountains, and to the 

south they lie unconformably below nonmarine beds of the lower Miocene 

Diligencia Formation (Crowell and Susuki, 1959; Crov-Jell, 1975b)(Fig. 

3). Crowell and Susuki (1959) and Howell (1975a, 1975b) suggest that 

these rocks were deposited along the shoaling steep margin of a marine 

embayment that deepened toward the south and west. Crowell (1981) 

interprets the Maniobra Formation as the eastern margin of a forearc 

basin. 

According to Crowell and Susuki (1959) fossils present in the 

Maniobra Formation indicate an early to middle Eocene age. Nearly 

all the fossiliferous Maniobra beds contain distinctive middle Eocene 

taxa, representative of the 11 0omengine Stage 11 of Clark and Vokes (1936) 

and Weaver and others (1944) and the Ulatisian Stage of Mallory (1959). 

Crowell and Susuki (1959) tentatively assigned the poorly defined 

11 lower 11 beds of the Maniobra Formation to the 11 Capay Stage'' based on 

the occurrence of Galeodea cf. G. sutterensis Dickerson, Clavilithes 
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cf. f. tabulatus (Dickerson), and Chedevilla cf. ~- stewarti Clark, 

which they regarded as restricted to lower Eocene beds throughout the 

west coast of North America. Johnston (1961) maintains that the 

benthic foraminifers in the lower beds of the Maniobra Formation 

indicate lower through middle Eocene ages. The age of the Maniobra 

Formation is further discussed in the section on paleontology. 

Diligencia Formation 

In the central Orocopia Mountains there are 1,500 m of nonmarine 

conglomerate, sandstone, mudstone, tuff, evaporites, and interfingering 

volcanic flows which comprise the Diligencia Formation (Crowell, 1975b). 

(Figs. 2, 3, 4). Conglomeratic alluvial fan facies lie unconformably 

above the Maniobra Formation to the north and Precambrian augen gneiss 

and migmatite to the south (Crowell, 1975b; Bohannon, 1976; Spittler 

and Authur, 1973, 1982; Squires and Advocate, 1982) (Figs. 2, 4). 

The volcanic flows have yielded early Miocene radiometric ages of 

22.4 ~ 2.9 m.y., 20.1 ~ 8.9 m.y. (Crowell, 1973) and 18.6 ~ 1.9 m.y. 

(Spittler, 1974). Recalculation of these K-Ar ages using the new 

constants of Steiger and Jajer (1977) and the conversion technique of 

Dalrymple (1979) yields ages of 20.6 ~ 9.1 m.y., 22.9 ~ 2.9 rn.y., and 

19.1 ~ 1.9 rn.y .. Few fossils occur in the Diligencia Formation. An 

early Miocene oreodont lower jawbone fragment has been recovered from 

the middle part of the formation (Woodburne and Whistler, 1973). 

Other fossils present in the Diligencia are not age diagnostic and 

include a camelid jawbone, ostracodes, and fish remains (Squires and 

Advocate, 1982). The environments of deposition for the Diligencia 

Formation are alluvial fan/braided fluvial, lacustrine shoreline with 
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interfingering basalt flows, fluvial deltaic, and lacustrine (Spittler 

and Authur, 1982; Squires and Advocate, 1982). 

Ocotillo Conglomerate 

Quaternary terrace deposits comprise the Ocotillo Conglomerate 

and lie unconformably above the Maniobra and Diligencia Formations in 

the Maniobra Valley region (Figs. 2, 4). In the Mecca Hills, about 

24 km west and southwest of the study area, the nonmarine Ocotillo 

Conglomerate is 375m thick and thickens to 760 m thick west of the 

San Andreas fault (Dibblee, 1954). The Ocotillo Conglomerate is of 

unknown thickness in the Maniobra Valley region. No fossils are 

reported from the Ocotillo Conglomerate and these beds are interpreted 

to be alluvial fan deposits that extended into playas (Crowell, 1975b). 

STRUCTURAL GEOLOGY 

Major structural elements in the Orocopia Mountains region include 

the Late Cretaceous-early Paleocene Orocopia thrust and numerous 

Cenozoic faults and folds that, in some cases, are related to the San 

Andreas fault system (Crowell, 1975b; Haxel and Dillon, 1978; Crowell 

and Ramirez, 1979) (Fig. 2). 

The northwest-striking Orocopia thrust is the oldest recognizable 

structural element in the Orocopia Mountains and separates Orocopia 

Schist to the south from Precambrian gneiss and related basement rocks 

to the north (Fig. 2). Ehlig (1968) and Haxel and Dillon (1978) 

suggest that metamorphism of the Orocopia Schist resulted as a consequ

ence of thrusting. Minor structures near the fault indicate that 

tectonic movement was to the north-northeast with an associated south-
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dipping fault (Haxel and Dillon, 1978; Crowell, 1981). A Late 

Cretaceous-early Paleocene age is assigned to the thrusting event 

(Ehlig, 1968; Haxel and Dillon, 1978). 

Most Cenozoic faults in the Orocopia Mountains have resulted from 

simple shear associated with the San Andreas system (Crowell and 

Ramirez, 1979). A few Cenozoic faults are clearly older than the 

San Andreas fault system and unrelated, in the area. According to 

Crowell and Ramirez (1979) the east-west-striking Salton Creek fault 

(Figs. 2, 3) is of Oligocene-early Miocene age and is truncated by 

the San Andreas fault that originated about 12 to 8 m.y. ago. Other 

east-west-striking faults, such as the Chiriaco fault (Fig. 2) may be 

related to the San Andreas fault system (Dibblee, 1968; Crowell and 

Ramirez, 1979). Similar striking faults dissect Maniobra Valley 

(Fig. 2) and may be related to the Chiriaco fault. Crowell and 

Ramirez (1979) state that east- and northeast-striking faults with 

less than a few kilometers of displacement are conjugate faults that 

originated synchronously with the San Andreas fault. Movement on 

these faults is very young. For example, the Clemens Well fault (Figs. 

2, 3) cut Quaternary gravel, and several strands of the San Andreas 

fault are active (Crowell, 1975b). Within Maniobra Valley, Pleisto

cene terrace deposits are cut by a northerly striking fault, just 

east of the lower portion of section G (Plate 1). 

Folds in the area have a general west-northwest and east-north

east trend. At least two folding events are recognizable by 

examining the geologic map and cross section (Figs. 2, 3). The first 

event was pre-Diligencia folding, where Eocene stata were tilted to 

the south and subsequently truncated unconformably by the Diligencia 

13 



Formation. The second event was post-Diligencia folding, where early 

Miocene beds were folded and in turn truncated by a set of younger 

north-striking faults. 
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METHODS 

Measurement of stratigrapic sections and geologic mapping, in 

addition to paleocurrent, fossil, and petrographic analyses were 

undertaken, in order to determine the depositional environments of the 

Maniobra Formation. Twelve stratigraphic sections were measured 

with particularly close attention focused on thinning- and fining

upward cycles, shapes of beds, sedimentary structures, paleocurrent 

indicators, and fossils (see section on measured sections). Recog

nizable units were mapped on an enlarged copy of the United States 

Geological Survey Canyon Spring NW and SW quadrangles at a scale of 

1:12,000. Geology on this map was transferred to a planimetric base 

at the same scale (Plate 1). Units mapped include a basal resistant 

sandstone (Embs), a cobble conglomerate with predominantly well 

rounded clasts (Erne), a boulder bed conglomerate (Emb), a predominant

ly mudstone sequence (Emm), and a sandstone sequence (Ems)(Plate 1). 

Color descriptions of fresh lithologic samples were standardized by 

using the rock-color chart of Goddard (1970). 

Conglomerate and breccia 'are abundant throughout the Maniobra 

Formation. Measured parameters include clast-to-matrix ratio and 

clast composition, angularity, shape, and orientation. Composition 

of clast types was described at 24 stations by counting 25 clasts. 

The classifications of Streckeisen (1973) and Folk (1980) were 

applied for identification of igneous and sedimentary rock types, 

respectively. To prevent a bias in choosing clasts for description, 

a Jacob staff was placed on the exposure approximately parallel to 

the strike direction and those clasts in line with the staff were 

examined. Some clast types present did not touch the staff. They 
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were recorded and assigned an arbitrary abundance of one percent. 

These observations were restricted to a 5 m wide strip as suggested 

by Clifton (1973) and Surlyk (1978). 

Orientation measurements of disk-shaped clasts were made in the 

field. Only disk-shaped clasts where the a-axis and b-axis were 

about the same size and at least twice the length of the c-axis were 

measured. The strike and dip of these clasts were recorded. 

Normally, 10 clast-orientation measurements were recorded per station 

from clasts of about the same size. If this procedure was not 

possible due to poor accessibility, an average trend was recorded. 

The procedure employed are those suggested by Surlyk (1978) and Link 

and Howell (1979). 

In addition to oriented clasts, other paleocurrent indicators 

were recorded: namely, flute marks, groove marks, and channel axes. 

Through the aid of stereonet analysis, beds containing paleocurrent 

indicators were rotated to horizontal and subsequently rose 

diagrams indicative of sediment transport directions were constructed 

(see section on paleocurrents). Rose diagrams of oriented pebbles 

showing more than 180° scatter were eliminated from the data set. 

Nineteen samples of pebble conglomerate, sandstone, and limestone 

were thin-sectioned, in order to determine the composition, texture, 

and diagenetic history of these rocks. The classification and methods 

of Folk (1980) were used for this procedure. Seventeen standard 

thin sections were stained for potassium feldspar. Three of these 

thin sections were additionally stained for plagioclase. Fifteen 

sandstone samples were point counted to determine bulk rock and 

mineral composition. No fewer than 100 points per thin section were 
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counted using an evenly spaced grid method. At least three twinned 

plagioclase grains per thin section were analysed for composition 

using the Michel-Levy method (Kerr, 1977). 

Megafossils, microfossils, and trace fossils were described and 

sampled whenever possible. Megafossil assemblages from 17 localities 

were sampled and examined for relative percent of taxa present, 

abrasion, and orientation. These parameters, in addition to 

associated lithology were later used to determine if the fossils were 

transported, by using the criteria established by Craig and Hallam 

(1963), and Fagerstrom (1964). Megafossils were identified by R. L. 

Squires. Microfossils were identified by Hal L. Heitman and Mark 

V. Filewicz at Union Oil Company of California (Appendix). from 29 

sample localities. 
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MEASURED SECTIONS 

The primary function of this section is to present graphic rep

resentations of the Maniobra strata. Twelve stratigraphic sections 

(A through L) measured in the Maniobra Formation show, 1) vertical 

and lateral lithologic changes, 2) sedimentary structures, 3) 

thinning- and fining-upward sequences, and 4) stratigraphic position 

of fossil occurrences. Figure 5 shows the location of each measured 

section and the location of known Maniobra Formation outcrops. Plate 

1 shows the traverses of these sections in detail. All of the 

sections were measured in the easterly portion of the outcrop belt 

because these exposures are incised by steep canyons which reveal 

excellent and nearly complete sequences of exposure (Fig. 5). Sect-

ions range in thickness from 7.2 to 1,035 m. 

Figure 6 shows the graphic symbols used on the stratigraphic 

columns to illustrate the types of lithology, sedimentary structures, 

bed forms, and biota. The width of the stratigraphic column increases 

proportionally to an increase in grain size (Fig. 6), as adapted from 

Selley (1978). All bed contacts depicted in the sections are abrupt 

and either erosional (wavey line) or flat (straight line). Thin-

r -10 

~ . . . _,, .. 

I\\ 

MTNS. 

t. 
0 

r:J Moniobro Fm. 

/Measured Section ,..,A AREA MAPPED 

3KM PLATE I 

Figure 5. Areal distribution of the Maniobra Formation and 
the location of measured sections. 
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bedded sandstone is depicted by horizontal lines crossing the entire, 

or nearly entire width of the stratigraphic column (Fig. 6). However, 

thin-bedded sequences are generally laminated as well. Also, horizon

tal lines that partially cross the column, represent laminae (Fig. 6). 

CSUN megafossil locality numbers and field microfossil locality numbers 

are only assigned to localities where collections were made. 
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PALEONTOLOGY, AGE, AND PALEOBATHYMETRY 

The chief aims of this section are to consider, 1) the taxonomic 

composition of the Maniobra Formation, including megafossils, micro

fossils, and trace fossils, 2) the age of the Maniobra Formation, and 

3) what significance these fossils bear in terms of water temperature, 

salinity, and depth. 

MEGAFOSSILS 

Collections from 17 megafossil localities within the Maniobra 

Formation yielded 10 major taxonomic groups consisting of Anthozoa, 

Brachiopoda, Annelida, Scaphopoda, Gastropoda, Bivalvia, Brachyura, 

Echinoidea, Vertebrata, and Plantae (Fig. 15, Table 1). These groups 

include 45 taxa, which adds to the 30 molluscan species, subspecies, 

and varieties cited by Crowell and Susuki (1959). In addition to the 

fossils cited in Table 1, Lithothamnium (coralline red algae), Teredo, 

and Teredo-bored wood were recovered from the Maniobra Formation. 

Because of calcite replacement, weathering, and strong lithification 

of fossil-bearing sediments, many of the collected specimens could 

not be speciated. The speciated taxa listed in Table 1, indicate 

a late-early to middle Eocene age. Givens• (1974) Eocene molluscan 

biostratigraphy of the Pine Mountain area, Ventura County, California, 

and Squires• (manuscript in preparation) Eocene molluscan biostratig

raphy of the Simi Valley area, Ventura County, California, cite 

provincial ranges of many of the taxa present in the Maniobra Format

ion. According to these provincial ranges, Campanilopa dilloni, and 

Odontogryphaea? haleyi are restricted to the early Eocene 11 Capay 

Stage, .. whereas, Paraseraphs erraticus, Turritella andersoni lawsoni, 
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TABLE 1. 
CHECK LIST OF MEGAFOSSILS AT CSUN LOCALITIES 662 THROUGH 678. 
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I· buwaldana, and Glyptoactis domenginica are restricted to the middle 

Eocene "Domengine Stage." Because these taxa occur together in the 

lowermost beds of the f~aniobra Formation, comprising localities 662, 

665, 668, and 669 a late-early to middle Eocene age is assigned 

(Table 1). Upper beds comprising localities 672, 673, 675, 676, and 

678 contain fossils indicative of middle Eocene time (Fig. 15). 

These conclusions are in keeping with Crowell and Susuki 's (1959) 

results indicating an early Eocene age for the "lower" beds and a 

middle Eocene age for the "upper" beds. 

Of the megafossils present (Table 1), Bittium, Corbula, Dental

ium, Lyria, Spondylus, and Turritella are the only extant genera. 

These genera occur today in shelf waters between 20 and 100 m deep 

and most abundant in subtropical to tropical temperatures (Abbott, 

1974; Keen and Coan, 1974). Turritella, the most abundant extant 

genus present in the Maniobra Formation, reaches maximum diversity in 

tropical seas of normal salinity (r~erriam, 1941). Colonial coral also 

indicates marine environments of about normal salinity (30 to 40 parts 

per thousand of dissolved salts) (Heckel, 1972). 

MICROFOSSILS 

Nineteen microfossil localities within the ~1aniobra Formation 

yielded 45 taxonomic categories of foraminifers, calcareous nanno

fossils, and radiolaria (Fig. 15, Table 2). Johnston (1961) 

identified 132 species and varieties of foraminifera, collected in 

the "lower" beds equivalent to the strata along section B (Fig. 7, 

this study). Based on Johnston's (1961) and Union Oil Company's 

(1982, Appendix) analyses, preservation of the microfossils is very 
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TABLE 2. 
CHECK LIST OF MICROFOSSILS IDENTIFIED IN THIS STUDY 

Ul 

I I I 
! 

w -
f- _..... I I I "0 -_J z '-O"<t l!\ 0'\0'\ 

<C - ;::) "" "<:tll!\1'-0'r-- a) 0'\ -"<t l!\ a) 0'\ Otr\ "<t o-
0 l!\ N Ul l!\ l!\ll!\ l!\il!\ l!\ l!\ '-()'-() '-()'-() 0'\ NN 

0 <C'-00 <C c:e c:e c:e lc:e <C <C <C·<C <t::<t:: <C <C<C <C <C<C 
_J• 0'-0'-' 0 0000 0 0 00 00 0 00 0 00 

' i 
FORAMINIFERS 

Arenaceous spp. 
•i (m i see I I aneous) • ;e •• • • • • • ! 

Acarinina spp. • Acarinina nitida ,. 
Alabamina wilcoxensis :e· 
AllJIOC)discus sp. I .I • Bathysiphon sp. • • • •• Chilostomelloides sp. ••• 
Cibicides sp. ,. 

I 

Globobulimina I I I I 

(pyritized) ! I 
Haplaphragmoides sp. ! • Haplophragrrvides (?) sp. • I 

Karreriella sp. I. • • Lenticulina spp. e: I I 

Psammosphaera sp. [ • • Pseudophragmina clarki * • ! I 

Rhabdammina sp. I • Spiroplectamndna eocenica • Spiroplectamndna sp. i I • •• Subbotina sp. • ! 

Trochammina sp. • Trochamminoides sp. • • ••• 
NANNOFOSSILS 

Coccolithus pelagicus • Discoaster cf.germanicus .i 
Eiffellithus trabeculatus 1.! 
Toweius sp. ,eT 
Transversopontis Pulcher :ei 
Tribrachiatus orthostylus !e, 

! 

RADIOLARIA 
I 

Radiolaria 
Spherical radio I aria • (pyritized) 
Radio I aria 

.j i• <pyritlzed) 

*This sample was taken at CSUN locality 662 in hand sample. The 
identification of this taxon is that of Johnston (1961). 
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poor, with 80 to 90 percent of the fauna dissolved. 

Of the nineteen localities, only DA-55, in the lowermost portion 

of the Maniobra Formation, yielded an age diagnostic foraminiferal

nannofossil assemblage (Fig. 15, Table 2). Both the foraminifers and 

calcareous nannofossils indicate an early Eocene age for this 

locality, equivalent to the Discoaster diastypus to Discoaster 

lodoensis Zones of Bukry (1975) (Filewicz, 1982, Appendix). ~·1ark V. 

Filewicz reports also the occurrence of Eiffellithus trabeculatus, 

a reworked late-Early to Late Cretaceous calcareous nannofossil. 

The microfossils in the Maniobra Formation indicate warm open

ocean water of normal salinity, with depths ranging to middle bathyal 

or deeper. Radiolaria and planktonic foraminifera (Subbotina) 

present in the Maniobra Formation indicate open-ocean conditions of 

normal salinity (Campbell, 1964; Bilal and Boersma, 1978). Johnston 

(1961) interprets the foraminifers as representative of warm, 

probably tropical surface-water conditions. Orbitoid foraminifers, 

such as, Pseudophragmina clarki commonly populate shallow tropical 

seas (Ross, 1979). Heitman (1982, Appendix) interprets the micro

fossil assemblages to be representative of outer neritic to middle 

bathyal and deeper depths. He bases this interpretation on the 

occurrence of Bathysiphon, Spiroplectammina, Trochamminoides, and 

Haplaphragmoides. Sliter (1972) and Sliter and Baker (1972) have 

demonstrated that these genera, in addition to other genera present 

in the Maniobra Formation, are indicative of bathyal slope conditions 

in ancient marine environments. Poag (1981) shows that some species 

of these genera are present at bathyal depth in modern environments. 
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TRACE FOSSILS 

Ophiomorpha, Thalassinoides, and an unidentified ichnogenus are 

common trace fossils in the Maniobra Formation. Ophiomorpha occurs as 

pellet-lined burrows, circular in cross section, up to 2 em india

meter, and up to 20 em in length. They are common in medium- to 

fine-grained sandstone beds. Ophiomorpha occurs locally as vertical 

or oblique to bedding, but is most abundant as horizontal burrows in 

fine-grained sandstone beds. They are preserved as epichnial 

grooves and ridges. Thalassinoides is present as large, nonpellet

lined, branching burrows which have similar occurrence and preser

vation as Ophiomorpha. Thalassinoides is circular in cross section, 

and generally larger than Ophiomorpha, ranging up to 5 em in cross 

section and 45 em in length. Ophiomorpha has a stratigraphic range of 

Permian to Pleistocene (Hantzschel, 1975), whereas Thalassinoides 

ranges from Pennsylvanian(?) through Holocene (Chamberlain, 1978). 

Both Ophiomorpha and Thalassinoides are believed to be feeding or 

dwelling structures of a thalassinidean shrimp (Bromely and Frey, 

1974; Kern and Warme, 1974; Frey, Howard, and Pryor, 1978). For many 

years, it was thought that Ophiomorpha and Thalassinoides were 

indicative of shallow-marine conditions only, however recent studies 

show that they are also common in a variety of deep-water clastic 

facies (Kern and Warme, 1974; Crimes, 1977; Link and Nilsen, 1980; 

Bottjer, 1981; Hill, 1981). 

An unidentified, large, horizontal to oblique, but mostly 

vertical, sand- to pebble-filled trace fossil is abundant locally. It 

is preserved as exichnia in mudstone beds, beneath thick-bedded 

sandstone and conglomerate channels. The lower end generally is 
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Figure 16. Unidentified trace fossil in mudstone, 300 m south 
of fossil locality 670. 

bulbous and filled with pebbly fine-grained sandstone (Fig. 16). 

Pebbles are up to 6 mm. The burrows taper, have a slightly ellip-

soidal cross section, average 1.5 em in diameter, are filled with 

fine-grained sandstone, and generally terminate into a thick rudite 

bed above. They are composed of stacked disks about 1 em thick (Fig. 

16). In one case a burrow was noted to reach the overlying bed 

and change direction (Fig. 16). These burrows occur in local colonies 

with up to 15 vertical individuals spaced about 4 to 5 em apart. 

In summary, the fossils present within the r·,1ani obra Formation 

indicate that the lower beds which comprise section B (Figs. 5, 7) 

are late-early Eocene, "Capay Stage 11
, whereas the remaining beds are 

middle Eocene, "Domengine Stage. 11 The fossils further indicate a 

warm, subtropical to tropical, open-ocean marine environment with 

normal salinity, and water depth ranging up to middle bathyal or 

deeper. 
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SEDIMENTOLOGY 

The Maniobra Formation is divisible into four facies associations: 

shoreline, slope, submarine canyon, and middle-submarine fan. 

Shoreline refers to shallow-marine strata and nonmarine conglomerate 

and gruss, which together comprise an Eocene shoreline deposit. A 

thick mudstone sequence characterizes the slope association with 

slumped beds, pebbly mudstone, channelized conglomerate, isolated 

boulders, and turbidite sandstone beds. The submarine canyon associat

ion consists predominantly of channelized marine conglomerate and 

interchannel mudstone with interbedded turbidite sandstone. Middle

submarine fan deposits are thick channelized turbidite sandstone 

packages with repeated thinning- and fining-upward sequences, in 

addition to interchannel mudstone. In the following discussion, each 

association is described in terms of areal distribution, vertical 

sequence of beds, lithology, paleontology, and sedimentary structures. 

Numerous beds within the submarine canyon, slope and middle-fan 

associations contain Bouma (1962) sequences and thinning- and fining

upvo~ard cycles. Many similar examples of these features in the litera

ture have been inferred to result from sediment gravity flows as 

defined by Middleton and Hampton (1973, 1976) and are commonly called 

turbidites. The following discussion incorporates Mutti and Ricci 

Lucchi•s (1972) model of facies A through G (reviewed by Nilsen, 1977) 

for classifying sedimentary associations. 

SHORELINE ASSOCIATION 

The shoreline association consists predominantly of sandstone 

with isolated boulders and minor conglomerate. This association is 
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divided into, 1) nonmarine facies, and 2) shallow-marine facies. These 

deposits lie unconformably on granitic basement along the northern 

margin of the study area (Fig. 17) and are mapped as Embs on Plate 1. 

Nonmarine Facies 

The nonmarine facies consists of nonresistant moderate red (5 R 

4/6) to white (N9) very coarse-grained, poorly sorted lithic arkose 

with rounded isolated granitic boulders up to 9 m in diameter. The 

sandstone and granular grains are very angular to angular. Grain size 

of the sandstone mimics the coarse crystalline nature of the granitic 

basement below. These deposits are massive and occur as a veneer 

above granite, from 1 to 20m thick, averaging 10m thick (Figs. 7A, 

0-20 m; 7B, 0-9 m; 7C, 0-2 m). Joint fractures within the granite 

are up to 0.5 m deep and filled with sandstone grains. Some of the 

large boulders are only slightly detached from the granitic basement, 

whereas other boulders are still attached. No fossils were observed in 

the nonmarine facies. 

Interpretation 

The nature of the large boulders directly above granitic bedrock 

indicates little or no transportation. In addition, the mimicing 

nature of the sandstone grains to the coarse crystalline character 

of the underlying granitic basement indicates ~ situ disintegration 

of the crystalline basement and the development of gruss. The boulders 

have undergone spheroidal weathering upon exposure. 

Shallow-marine Facies 
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Beds of this facies lie either unconformably on granitic basement 

or conformably upon gruss (Figs. 7A, 20-46 m; 7C, 2-6m). Slope 

deposits overlie beds of the shallow-marine facies. Shallow-marine 

facies consists predominantly of resistant, moderate red (5 R 4/6) and 

white (N9}, medium-grained, moderately to well sorted, well indurated 

arkose (Fig. 18). Beds average 5 em thick and range from 2 to 20 em. 

These thin-bedded sequences are best exposed along section A, where 

beds are strongly laminated and show low angle cross bedding (Fig. 7). 

This thin-bedded sequence is above a 20m thick section of gruss. 

Usually, however, the shallow-marine beds are on granitic basement 

(Fig. 18). The contact is sharp and beds may drape over irregularities 

in the basement surface (Fig. 18b). Angular granitic clasts, siltstone 

rip-up clasts, and wood fragments occur isolated within the sandstone. 

In addition to rare wood fragments, Ophiomorpha and Thalassinoides 

occur in some beds. 

Along section 0 the shallow-marine facies consists of 50 percent 

medium-grained, well sorted sandstone and 50 percent well to moderately 

sorted cobble conglomerate, that lie above granite (Figs. 80, 19). 

These beds average 30 em thick, range up to 3 m thick and have erosion

al bases (Fig. 80). The conglomerate layers may be one clast thick 

and laterally continuous up to 45 m. These conglomerate beds range up 

to 2m thick, and consist of well stratified, clast-supported deposits 

containing well rounded clasts. Most of the clasts are equant, alth

ough many are disk-shaped. They consist of granitic varieties, aplite, 

and quartzite (Table 3, petrography section). Sandstone beds assoc

iated with these conglomerate layers are generally massive, yet 

laminae and cross laminae are present locally (Fig. 19). No fossils 
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Figure 18. A) Typical contact between shallow-marine facies and 
granitic basement. Photograph taken along north-central boundary of 
study area. B) Shallow-marine sandstone bed draping over irregular
ities in granitic basement. Photograph taken 100m north of fossil 
locality DA-58. 
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Figure 19. Gravel deposit along section D in shallow-marine 
facies . Note parallel and cross laminae (arrow) . 
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were recovered from this locality. 

Interpretation 

A shallow-marine environment is interpreted, based on the presence 

of thin beds that are laminated, cross bedded, and contain Ophiomorpha 

and Thalassinoides. Ophiomorpha and Thalassinoides are indicative of 

marine environments (Hantzschel, 1975). Thin beds with laminae and 

cross bedding are common in shallow-marine environments (Reineck and 

Singh; 1975). Because these beds lie between nonmarine and slope 

facies, with no intervening unconformity, a transitional environment 

is postulated: namely, shallow-marine. 

The conglomerate locality along section D is interpreted as a 

shoreline-gravel deposit. This inference is based the occurrence of 

well stratified, sorted, and rounded clasts, in thin horizons that are 

continuous up to 45 m. These features, in addition to clast populat

ions rich in disk-shaped clasts can be used to differentiate 

shoreline form fluvial-gravel deposits (Clifton, 1973; Pettijohn, 1975; 

Kelling and Holroyd, 1978). 

SLOPE ASSOCIATION 

The slope association consists predominantly of nonresistant 

dusky yellow (5 Y 6/4) mudstone with subordinate amounts of pale-olive 

(10 Y 6/2) limestone and grayish-orange (10 Y 7/4) sandstone and 

conglomerate. Sandstone, conglomerate, and limestone beds are resist

ant to weathering. Figure 17 shows the areal distribution of the 

slope association and includes some of the beds mapped as Ernm on Plate 

1. These beds lie gradationally above shoreline deposits and interfin-
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ger with middle-fan and submarine-canyon channel deposits (Fig. 17). 

An arbitrary boundary is assigned between the slope and middle-fan 

mudstone beds because they are lithologically indentical and gradation

al with each other (Fig. 17). Slope deposits were measured along 

sections B (Fig. 78, 10-150 m), C (Fig. 7C, 7-21 m), F (Fig. 9, 105-

140 m), G (Fig. 10, 150-300 m), J (Fig. 12J, 0-34 m), K (Fig. 13, 350-

710 m), and L (Fig. 14, 0-50 m). The thickest and best exposed slope 

deposits are in the vicinity of section K, where these deposits are 

360m thick (Fig. 13, 350-710 m). 

t~udstone beds consist of clayey siltstone, siltstone, and a few 

thin beds of very fine-grained sandstone. Small fragments of carbon

ized wood are common in the mudstone beds. Some beds contain abundant 

wood fragments and have a medium-gray (N5) to very light gray (N8) 

color on fresh surfaces. Numerous layers about 2 mm thick are concen

trated with carbonized wood in a zone about 2 m thick (Fig. 13, at 

490 m). These layers are associated with some medium-grained, very 

poorly sorted, irregular bedded sandstone and pebbly mudstone. 

Bedform and sedimentary structures within the mudstone beds are 

poorly exposed. Locally, the mudstone beds are thinly bedded, average 

1 em thick, are laminated, and rarely show micro-cross laminae. 

Typically, fine-grained arkosic sandstone and sandy biomicrite lenses 

are associated with these mudstone beds (Figs. 78, 7C). 

Many sandstone and mudstone beds are slump folded and detached 

near section K. A single 50 em thick detached bed was observed which 

consisted of slumped and brecciated mudstone, and fine-grained 

sandstone, sandwiched between undisturbed 20 em thick graded sandstone 

beds. Glide-plane faults are present, where beds are slump folded 

43 



with a distinctive angular discordance across the fault plane. Other 

disturbed beds include some 1 em thick, fine-grained sandstone beds 

that are crenulated with an amplitude of 3 em and wavelength of 13 em. 

The crests of these crenulated beds trend N40°W. Isolated angular 

granitic boulders up to 4 m in diameter are present in the mudstone, 

and in places have slumped and brecciated beds abutted. 

Several 1 m thick, disorganized, pebbly mudstone beds occur and 

can be laterally traced up to 50 m. These matrix-supported beds 

have a clast:matrix ratio of 1:5, with clasts averaging 1.5 em, though 

granules and small cobbles are present. These beds are found in the 

vicinity of section K (Fig. 13, at 490 m), stratigraphically below 

fossil locality 672. 

A few boulder-filled conglomerate channels occur in the mudstone. 

These channel-fill deposits will be described in the submarine canyon 

association. Pebble conglomerate and sandstone beds are present, show 

erosional bases, rip-up clasts, grading, and laminated intervals 

(T~ and Tab). f1any of these channelized beds are laterally discon

tinuous, but some are continuous up to 100m. Numerous beds of this 

type have transported shallow-water mollusks. The medium-grained 

sandstone beds average 20 em thick, but may range from 1 to 60 em. 

Locally the sandstone is amalgamated up to 2 m thick. Amalgamated 

beds are generally coarser grained and gravelly. These beds bear a 

strong affinity to those of the middle-fan channel facies, described 

below. 

Ophiomorpha and Thalassinoides are common within the sandstone 

beds. Transported molluscan assemblages are in channelized beds, 

particularly gravel beds where unabraded Turritella are abundant 
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(Table 1, localities 671, 672, 676). Fossils comprise up to 16 

percent of the clasts locally. Fine-grained sandstone and mudstone 

beds along section B and C, at fossil localities 662 and 665 contain 

articulated small brachiopods and juvenile bivalves, in addition to 

numerous complete unabraded specimens of other taxa (Table 1, Fig. 15). 

None of the taxa was recovered in life position. Specimens from a 

single bed range in size greatly; for example, at locality 662, adult 

volutid gastropods up to 7 em in length and adult Turritella bulwal

dana up to 3 em in length occur in the same bed. ~'licrofossil samples 

from slope mudstone beds yield assemblages of arenaceous foraminifers, 

pyritized radiolaria, and calcareous nannofossils (Table 2, localities 

DA-52, DA-53, DA-54, DA-55, DA-56, DA-57, DA-58, DA-59, DA-61, DA-219d, 

DA-219g, CSUN 662). 

Interpretation 

The association of facies G, F, and A of Mutti and Ricci Lucchi 

(1972) in the Maniobra Formation in addition to the microfossil 

assemblages indicate deposition in the slope environment. Mutti and 

Ricci Lucchi (1972) describe slope deposits as consisting predominantly 

of hemipelagic mudstone (facies G), disturbed beds (facies F), and 

graded conglomerate and sandstone channelized deposits (facies A). 

These features are consistent with beds of the Maniobra Formation slope 

association. The disturbed beds within the Maniobra Formation consist 

of slumped, detached, and crenulated beds. Associated with these beds 

are glide-plane faults, pebbly mudstone, and isolated boulders. 

Isolated boulders within slope mudstone deposits are described as rock

fall deposits by Stanley and Unrug (1972). Disturbed beds have result-
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ed from overloading of sediment on an inclined depositional surface. 

The sediment eventually moves downslope under the influence of gravity 

(Stanley and Unrug, 1972; Reineck and Singh, 1975). Crowell (1957) 

explains that pebbly mudstone deposits result when graded turbidite 

gravel deposits sink into water-saturated mud, become unstable, and 

then slump downslope under the influence of gravity. Pebbly mudstone 

deposits occur in various modern and ancient deep-water clastic 

environments, including slope (Stanley and Unrug, 1972; Reineck and 

Singh, 1975). Lohmar and others (1979) report pebbly mudstone beds 

within slope deposits of the Eocene Ardath Shale, San Diego, Californ

ia. Isolated boulders, encased in mudstone, were probably derived 

from exposed basement rock within the submarine canyon and slope. 

These boulders plowed-up and brecciated the sediment below when they 

skidded into place. They are believed to result from rock-falls and 

are reported to occur in slope deposits (Stanley and Unrug, 1972; 

Reineck and Singh, 1975). 

Conglomerate channels and sandstone beds that have erosional bases 

with rip-up clasts and Ta and Tab Bouma sequences were deposited by 

turbidity currents (Middleton and Hampton, 1973, 1976). These beds 

are common in the Maniobra Formation and represent facies A. 

Megafossils within the turbidite conglomerate and sandstone 

channels are predominantly transported shallow-marine mollusks. Many 

of the specimens are broken and abraded. Turritella, however, show 

little abrasion, with delicate spiral ribbing preserved. This indicat

es that they were not transported far, or transported in a medium in 

which abrasion was minimal. The nonchannelized megafossil assemblages 

at localities 662 and 665 were transported similarly. Turritella live 
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at neritic depths, yet the microfossil assemblages associated with 

these megafossils indicate bathyal depth (Heitman, 1982, Appendix). 

This is strong evidence that the molluscan assemblages were transpor

ted. The foraminifer genera present in the slope deposits that are 

indicative of bathyal depth include Bathysiphon, Haplaphragmoides, 

and Spiroplectammina ( Sliter, 1972; Sliter and Baker, 1972; Poag, 

1981; Heitman, 1982, Appendix). The microfossil assemblage at DA-55 

(lower beds of the ~·laniobra Formation along section B, Fig. 7) 

indicate outer neritic to bathyal depths. The microfossil assemblage 

as a whole is indicative of a slope environment (Johnston, 1961; 

Heitman, 1982, Appendix). 

SUBMARINE CANYON ASSOCIATION 

The submarine canyon association consists predominantly of 

channelized boulder-cobble conglomerate and breccia with subordinate 

amounts of sandstone and mudstone. Two facies comprise the submarine 

canyon association: namely, 1) canyon channel, and 2) interchannel. 

Figure 17 shows the areal distribution of the submarine canyon assoc

iation within the mapped area (see Plate 1). The submarine canyon 

association thickens to the east where it is about 250 m thick (Fig. 

12, 0-250 m), whereas to the west, exposures are about 135m thick 

(Fig. 9, 0-135 m). 

Channelized strata of the submarine canyon association incise 

slope deposits and granitic basement. These strata also lap-on the 

granite to the east (Plate 1). Incision of the submarine canyon is 

most evident along the eastern outcrop, where the irregular conglomer

ate-basement contact trends roughly north-south (Fig. 17). This 
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contact is poorly exposed and it is steeply dipping at places. Where 

the submarine canyon association-granite contact trends roughly east

west, it dips approximately 20 degrees to the south (Fig. 17, Plate 1). 

The right angle change in trend of the contact represents the incised 

head of the submarine canyon into the basement below (Fig. 17). 

Exposures showing scouring and relief on the granitic basement 

were not noted anywhere along the submarine canyon association lower 

contact. Incising and scouring of the contact can be inferred, how

ever, by the presence of angular granitic joint blocks and intrabasinal 

sedimentary rip-up clasts within the conglomerate. The irregular 

nature of the granite contact may have resulted from erosion caused 

by deposition of conglomerate. The submarine canyon association 

incised deposits in the northeast, where conglomerate-filled channels 

clearly cut into mudstone deposits. 

Modern-day submarine canyons result from multiple causes and are 

described in various types of continental margins (Shepard and Dill, 

1966; Shepard, 1981). They consist of steep canyons that cut into 

continental slopes and act as a conduit for coarse sediments to enter 

a depositional basin (Shepard and Dill, 1966; Stanley and Unrug, 1972). 

Numerous examples of ancient submarine canyons are described in the 

literature and reviewed by Whitaker (1974). Whitaker (1974) cites the 

following six lines of evidence for recognizing an ancient submarine 

canyon: 1) size comparable to modern canyons; 2) comparable geometry; 

3) similar locations, between shelf and basin, cutting into slope 

deposits; 4) comparable lithology and primary structures; 5) similar 

processes, which include fast cutting and filling, and have channels 

with concave-up bases; and 6) presence of both indigenous and displaced 

48 



fossils. Nilsen (1977) asserts that a strong argument can be made for 

a submarine canyon, rather than an inner-fan channel, when the channel

fill is distinctly younger than adjacent lithified sedimentary rock or 

igneous rock. 

There are few modern and ancient examples of submarine canyons, 

comparable in size to that in the t~1aniobra Formation and incise 

granitic rocks. Two examples are present along the Pacific coast of 

western North America. A modern example is described by Shepard and 

Dill (1966) near the tip of Baja California, Mexico, where at Cabo San 

Lucas a steep canyon incises into crystalline basement and heads in 

near the shoreline. Clifton (1981) describes a Paleocene submarine 

canyon, incising into granitic rocks at Point Lobos, northern Califor

nia. 

A channel and interchannel facies have been recognized in the 

submarine canyon association within the Maniobra Formation. The 

following discussion describes each facies in detail and subsequently 

gives an interpretation as to its origin and depositional mechanisms. 

Canyon Channel Facies 

The canyon channel facies consists of laterally discontinuous 

thick beds of boulder and cobble conglomerate with fewer sandstone 

beds. Limonite stained conglomerate and sandstone beds of this facies 

are resistant to weathering, and average light gray (N7) and white 

(N9) on fresh surfaces. Where beds are strongly cemented with calcite, 

desert varnish stains the rock dusky brown (5 YR 2/2). 

Cross sections on Plate 1 show that the channel facies thickens 

to the east. Measured sections G and K yielded thicknesses of 40 m 
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and 250m, respectively (Figs. 10, 95-135 m; 13, 0-250 m). West of 

section F, the channel facies measured 40 m thick (Fig. 9, 0-40 m). 

Beds within the canyon channel facies are arranged in thinning-

and fining-upward sequences that average 6 m thick and range from 2 to 

25.5 m thick. At the base of section K (Fig. 13), a 16.5 thick 

thinning- and fining-upward cycle consists of a 1 m thick boulder con

glomerate bed at the base, ascending into the following sequence of 

beds: 30 em thick coarse-grained sandstone beds; 15 em thick medium-

grained sandstone beds; 5 em thick fine-grained sandstone beds; and 

lastly very thin-bedded fine-grained sandstone and mudstone. In most 

cases, the upper mudstone portion of the sequence was either eroded 

away by the channelized base of the following sequence or never depos

ited, resulting in a conglomerate-sandstone couplet (Figs. 20, 21). 

Figure 20. Example of conglomerate-sandstone couplet in the 
canyon channel facies, west of section K at about the 100m level. 
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Figure 22. Sketch of conglomerate-filled channel with concave
up base. (600 m west of section K, at the 230 m level.) 

Locally, conglomerate-sandstone couplets are stacked upon each other 

(Fig. 21). At many places both the mudstone and sandstone beds are 

absent, where channelized conglomerate beds are amalgamated. Along 

section K conglomerate beds are amalgamated up to 36 m thick (Fig. 13, 

114-150 m). 

The conglomerate channels average 2 m thick, 30m wide, and have 

broadly concave-up bases when viewed perpendicular to the channel 

axis (Fig. 22). Channels may thicken to 7.5 m. When the conglomerate 

channels are viewed parallel to t~e channel axis, the beds have flat 

bases and tops, and shm>~ greater lateral cvntinuity (Fig. 23). The 

channel bases scour underlying beds, showing relief up to 1 m at 

places (Fig. 21, lower beds). 

Conglomerate fabric is generally disorganized, but clasts may be 

locally stratified or imbricated. Large block-like bculcler clasts 

lie long-axis parallel or subparallel to the bedding plane (Figs. 20, 

22, 23). No normal or reverse grading was seen within the conglomer-

ate channels. Conglomerate beds are clast supported with an average 
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Figure 23. Sketch of conglomerate channel viewed parallel to 
the channel axis. (800 m east of section K, at the 350m level.) 

clast:matrix ratio of ~:1. Conglomeratic sandstone is present as 

matrix and irregular lenses within conglomerate packages. 

Clasts are very poorly sorted in most beds and range in size 

from 2 mm to 5 m. Average clast size is different for each bed, rang

ing from 6 to 20 em (see Table 3, petrography section). In terms of 

relative abundance of clast types, granitic clasts are by far most 

abundant (see Table 3, petrography section). Clast size, shape, and 

angularity is closely related to clast composition. For example, 

granitic clasts are consistently the largest and most angular of the 

clast suite, and tend to have block-like shapes (Figs. 20, 22, 23). 

At places, the large block-like clasts have fractures filled with 

coarse-grained sandstone. Gneiss clasts also tend to have block-like 

shapes that are tabular with the long a- and b-axes parallel to the 

plane of foliation. Gneiss clasts are generally cobble size, although 

a few are boulders up to 30 c~. Clasts of vein quartz, andesite 

intrusive, and quartzite are generally well rounded, pebble and 

cobble size, and show moderate to good sphericity. Sedimentary clasts 

53 



' " 

include mudstone, limy siltstone, and sandy limestone. Mudstone rip

up clasts are usually block-like, angular, and up to 50 em in diameter. 

Limy siltstone clasts are consistently disk-shaped, moderately rounded, 

and cobble- to pebble-size. One limy siltstone clast contained the 

gastropod Ectinocilus? sp. (along section K, at the 50 m level). 

Boulder-size sandy limestone concretionary clasts up to 1 m in diameter 

are generally spherical and well rounded. The largest of these clasts 

are disk-shaped. They usually contain fossils, which include orbitoid 

foraminifers, Turritella sp., Teredo, Teredo-bored wood, and ostreid 

fragments. Robust types of gastropods occur sparingly as conglomerate 

clasts. Fossils are generally broken, but is some cases, may be nearly 

complete and show relatively little abrasion (see Table 1, localities 

666-670). No trace fossils were observed in conglomerate beds. 

Two different conglomerate units are depicted on Plate 1. Unit 

Erne at the base of the conglomerate section consists predominantly of 

well rounded and well sorted clasts of cobble size, with the exception 

of a few isolated 5 m granitic block-like casts (Plate 1). In unit 

Emb, angular clasts are elongate block shapes of various dimensions. 

These clasts are abundant and poorly sorted. Clast shapes include 

bladed, tabular, equant, triangular, and irregular. 

Conglomerate matrix consists of poorly to moderately sorted, very 

coarse-grained arkosic sandstone. Locally, the matrix is granular 

or pebbly sandstone. Thin-section analysis of matrix sample DA-218f 

showed that intergranular porosity was filled with coarse crystalline 

calcite. Sandstone grains are mostly equant and subangular, ranging 

from 0.1 to 2 mm, averaging 1 mm. This sample showed a quartz (Q): 

feldspar (F): lithic (L) ratio of Q53 F42 L5, placing it well into 

54 



' !l 

3 

en 
a:: 
IJJ 
1-
w 
~ 0...,.. ___ ..... 

0 METERS 3 

TOP OF EXPOSURE 

MATRIX 

MICRITE CONCRETIONS 

BASE OF EXPOSURE 

Figure 24. Boulder conglomerate bed with mudstone matrix, at the 
top of section C. 

the arkose field of Folk (1980). The conglomerate matrix may consist 

also of mudstone (Figs. 7C at 22m, 22, 24). The conglomerate is 

commonly clast supported with a mudstone matrix composed of brecciated 

and slumped mudstone (Fig. 24). 

Sandstone beds within the channel complexes of this facies have, 

1) wavy bedform, 2) laterally discontinuous bedding, and 3) decreasing 

grain size as beds thin (Fig. 21, lower beds). These beds are 

generally coarse- to medium-grained sandstone and locally contain 

granules, pebbles, and cobbles. Some beds are laterally continuous 

up to 45 m. Where beds pinch out, grain size decreases and sorting 

improves. A single bed can be traced laterally from a poorly sorted 

conglomeratic sandstone, to a well sorted very fine-grained sandstone 

(Fig. 21, lower beds). These sandstone beds average 50 em thick and 
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may be amalgamated up to 2 m thick. Discontinuous mudstone partings 

occur between these sandstone beds in many cases. 

The wavy sandstone beds have erosional bases as evidenced by 

flute and groove casts on the soles of beds, and abundant rip-up 

clasts. Many of the sandstone beds are massive; others are graded and 

contain oriented disk-shaped rip-up clasts, as well as, stratified 

shell debris and parallel laminae (Figs. 20, 21). Some of the beds 

show repeated graded intervals (Taa), in addition to Tab, and Tb Bouma 

sequences (Fig. 13, at 61.5 m). 

Compositionally and texturally, these sandstone beds are similar 

to the arkosic sandstone that make up the matrix of the conglomerate 

channels. Fossils include extremely broken and abraded bivalve debris, 

comprising up to 10 percent of the sandstone locally (Fig. 8E, at 6-

7.2 m). Both horizontal and vertical burrows occur in these sandstone 

beds and are locally abundant. These trace fossils include Ophiomorpha 

and Thalassinoides. 

Interpretation 

This facies of the Maniobra Formation is interpreted to be 

equivalent to the arenaceous-conglomerate facies A of Mutti and Ricci 

Lucchi (1972) and mostly facies Al of Walker and Mutti (1973), which 

are characteristic of submarine canyon and inner-fan valley channel 

deposits (Mutti and Ricci Lucchi, 1972; Nilsen, 1977). Conglomerate 

and breccia of the channel facies in the Maniobra Formation are 

inferred to have been deposited in deep \'later as indicated by their 

association with slope deposits and mixed faunal elements. In 

addition, associated sandstone beds show graded beds with sole marks, 
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parallel laminae, and rare cross laminae, characteristic of Bouma 

intervals Tabc. Deep-water clastic sedimentation with these charac

teristics are inferred to result from a variety of sediment gravity 

flows (Middleton and Hampton, 1973, 1976). 

Many of the conglomerate-breccia beds show classic channel 

geometry, consisting of a sharp concave-up basal contact, normal to 

channel axis, and a sharp, flat basal contact, parallel to the channel 

axis. The channels deposits show greater lateral continuity parallel 

to the channel axis. Upper contacts are generally flat. These channel 

deposits were formed by erosional processes, indicated by truncation of 

beds, scour-and-fill structures, mudstone rip-up clasts, and amalgamat

ion of stacked channel complexes. Direct evidence of the channel 

facies incising granite, such as scour and relief on the granite, was 

never observed, due to poor exposures of the granite contact. Three 

lines of evidence, however, suggest that the granite was incised and 

include, 1) block-like angular boulders encased in cobble conglomerate, 

2) numerous angular conglomerate clasts, and 3) onlap of channel dep

osits on the steep granite contact. The block-like boulders and angu

lar clasts may represent joint blocks, plucked from the canyon walls 

and floor as a result of erosional processes. Such features are 

reported in the Cabo San Lucas submarine canyon, Baja California, 

Mexico (Shepard and Dill, 1966). Onlapping of canyon-fill onto the 

steep granitic contact indicates that the canyon itself had 

considerable relief. It is difficult to determine, however, to what 

extent the channel facies eroded this contact. 

Conglomerate-sandstone couplets characteristic of the channel 

facies have been interpreted by Nilsen and Abbott (1981) as inner-fan 
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conglomerate channels in the Cretaceous Cabrillo Formation, San Diego, 

California. Kelling and Holroyd (1978) describe these couplets as 

11 bipartite, 11 and have interpreted these structures in the Silurian 

flysch troughs of southern Scotland and central Wales to result from 
I 

gradational processes, from debris to turbidite flow for the conglom-

erate and sandstone, respectively. Most of the couplets in the 

Maniobra Formation, can be attributed to separate depositional events. 

The sharp conglomerate-sandstone contact and erosional base of the 

sandstone beds indicate that the depositional event was not gradation

al, but separate. 

Middleton and Hampton (1973) cite four sediment gravity flow end 

members; namely, 1) debris flow, 2) grain flow, 3) fluidized flow, 

and 4) turbidite flow. Theoretically, a spectrum of intermediate 

processes can occur (Dott, 1963; Hampton, 1972). Intermediate mass 

flow processes were probably responsible for the deposition of the 

disorganized conglomerate, pebbly sandstone lenses, and muddy boulder 

conglomerate. t~ost sediment in submarine canyons are deposited by 

mass flow processes (Stanley and Unrug, 1972; Stanley, Palmer, and 

Dill, 1979). Tractive mechanisms produced imbricated and stratified 

conglomerate clasts. These features have been described in submarine 

channels of the Upper Cretaceous Cerro Taro Formation, Chile, and 

the Paleocene Carmela Formation, California (Winn and Dott, 1977; 

Clifton, 1981). 

Sandstone beds with sole marks and T~, Tab, and Tabc sequences 

have resulted from turbidite flow processes. Their lateral discontin

uity may be attributed to either erosion by conglomerate channels or 

to breaching of channel levees. The resultant sandstone beds have 
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wavy bedforms. This interpretation is supported by interbedded mud

stone, rapid thinning and fining of beds laterally away from channels, 

and contorted mudstone (Nelson and Kulm, 1973; Nilsen, 1977) (Fig. 21). 

Interchannel Facies 

The interchannel facies in the submarine canyon association is 

characterized by dusky-yellow (5 Y 6/4) mudstone, interbedded with 

grayish-orange {10 YR 7/4), laterally discontinuous, thin-bedded 

sandstone, and light-gray (N7), medium-bedded conglomerate channels. 

Mudstone beds are nonresistant, whereas the sandstone and conglomerate 

beds are resistant to weathering, and form ledges and steep canyon 

walls. Conglomerate channels interfinger with interchannel deposits 

(Fig. 17). Examples of interchannel deposits were measured along 

section G (Fig. 10, 0-95 m) and K (Fig. 13, mudstone beds present from 

0-250 m). 

The interchannel deposits consist predominantly of mudstone and 

have a sandstone:mudstone ratio of approximately 1:1 or unity. These 

deposits form the tops of thinning- and fining-upward sequences, and 

range up to 3 m thick. The sandstone beds are medium to fine grained, 

ranging in thickness from 1 to 30 em, averaging 7 em thick {Fig. 25). 

These beds are laterally discontinuous and interfinger with mudstone 

beds. Graded intervals (T~), rip-up clasts, and erosional features, 

such as scour-and-fill and groove casts characterize the thicker beds 

(Fig. 25). Thinner beds show parallel and cross laminae (Tbc) (Fig. 

25). These sedimentary structures comprise incomplete Bouma intervals 

that include, T~, Tab, Tabc, T~, and Tbc. Some of the sandstone beds 
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Figure 26. Interchannel deposits, 200m east of section G at 
about the 80 m level. 

are structureless and massive. 

Interchannel deposits consisting predominantly of sandstone, have 

a sandstone:mudstone ratio of about 5:1. These sandstone beds are 

similar to those shown in Figure 25, however, cross-laminated 

intervals (T~) are absent. Most of the beds are massive, although 

some of the beds have graded intervals with rip-up clasts, and 

parallel laminated intervals (Fig. 26). Massive sandstone beds 

become thin-bedded where mudstone partings are introduced (Fig. 26). 

These thin-bedded sandstone have parallel laminae (Fig. 26). Some 

of these beds have channelized concave-up bases, other beds have flat 

or irregular bases. Tops of beds are flat, irregular, or dune shaped 

(Fig. 26). These sandstone beds interfinger with conglomerate 
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channels. These conglomerate channels average 15 m wide and 30 em 

deep, have concave-up bases, and truncate underlying beds in some 

cases (Fig. 26). 

The sandstone is submature arkose with calcite cement, and similar 

to sandstone in the channel facies. The mudstone beds consist of 

clayey siltstone. Carbonized wood fragments are locally present with

in these mudstone beds. Because these mudstone beds weather deeply, 

it is difficult to note any bedding characteristics. Where mudstone 

beds are exposed, they average less than 1 em thick. 

Microfossil samples taken within the interchannel facies were 

barren, except DA-106. Sample DA-106 contained arenaceous foraminifers 

that include Spiroplectammina and Trochamminoides (Table 2). No mega

fossils were recovered from the interchannel facies. Large horizontal 

and vertical burrows are abundant within this facies. These trace 

fossils are Ophiomorpha, Thalassinoides, plus an unidentified 

ichnogenus. 

Interpretation 

An interchannel facies interpretation is based on the vertical 

and lateral relationships of these thin-bedded deposits with conglom

erate channels, and similarities with other reported interchannel 

deposits (Mutti, 1977; Nilsen, 1977). 

Interchannel deposits within the Maniobra Formation consist of 

two types: 1) rhythmic sequences of laterally discontinuous sandstone 

and mudstone, with a mean sandstone:mudstone ratio of 1:1, and 

typically show Tbc Bouma sequences; 2) thin- to medium-bedded, 

laterally discontinuous sandstone beds, some having dune-shaped tops 
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and a mean sandstone:mudstone ratio of 5:1. These two types of depos

its are transitional into each other and form the tops of thinning

and fining-upward sequences. Rhythmic bedding, incomplete Bouma 

sequences (mostly Tbce) and gradational proximity above the channel 

facies are features indicative of the interchannel facies (Nilsen, 

1977). Mutti (1977) has described interchannel facies for inner-fan 

deposits of the Eocene Heche Group, south-central Pyrenees, Spain. 

Mutti shows that although sandstone beds look laterally continuous, 

they are lenticular in detail, interfinger with mudstone, may form 

shallow and broad channels with scoured bases, and generally show 

TQ-~ sequences. These features are very similar to those seen within 

the interchannel facies of the Maniobra Formation. 

"Sand-rich" interchannel deposits have beds with dune-shaped 

tops, small scour channels, rip-up clasts, and laterally interfinger 

with conglomerate channels, with an approximate width:depth ratio of 

20:1. These beds bear strong resemblance to levee deposits and 

crevasse-splay channels (r1utti, 1977; Nilsen, 1977). 

The two types of interchannel deposits are laterally equivalent, 

illustrating that the sandstone beds become thinner, and interfinger 

with mudstone away from what was probably the active thalweg channel. 

This relationship has been shown to occur in modern interchannel 

deposits described by Nelson and Kulm (1973). Interchannel deposits 

showing incomplete Bouma sequences are thought to form from over

banking of channel levees by dilute turbidity currents (Middleton and 

Hampton, 1973; ~1utti, 1977). The presence of Spiroplectammina and 

Trocharnminoides indicates that the interchannel facies was deposited 

in middle bathyal or deeper depths (Sliter, 1972; Sliter and Baker, 
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1972; Poag, 1981; Heitman, 1982, Appendix). The abundant occurrence 

of Ophiomorpha and Thalassinoides in the interchannel facies is consis

tent with the occurrence of trace fossils in similar depositional 

systems (Hill, 1981). 

MIDDLE-SUBMARINE FAN ASSOCIATION 

The middle-submarine fan association consists of: 1) medium

bedded channel facies (type 1); 2) thick-bedded channel facies (type 

2); and 3) interchannel facies. These beds occur in the central and 

southern portion of the Maniobra region (Fig. 17). Both types of 

channel facies will be described separately in order to compare and 

contrast their depositional style. 

Channel Facies (Type 1) 

This type of channel facies is characterized by medium-bedded, 

grayish-orange (10 YR 7/4), very coarse- to medium-grained sandstone 

beds, that can be traced laterally up to 100m. These resistant beds 

are coated with a grayish-black (N2) desert varnish and crop out in 

dip-slopes throughout the central Maniobra region (Fig. 17). Exposures 

of the channel facies (type 1) were measured along sections F (Fig. 9, 

40-105 m), G (Fig. 10, 135-150 m), and K (Fig. 13, 250-350 m). These 

beds lie depositionally above the canyon channel facies and interfinger 

with slope deposits (Fig. 17, Plate 1). 

Type 1 channel deposits consist of 70 percent sandstone, 20 per

cent mudstone, and 10 percent conglomerate. Beds of this facies 

become thinner and finer grained upsection, where the sandstone:mud

stone ratio decreases and the channel deposits interfinger with slope 
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mudstone. At the base of the section, the sandstone:mudstone ratio is 

10:1, whereas it is 1:10 at the top of the sequence (Fig. 13, 250-

350 m). Thinning- and fining-upward sequences average 13.5 m thick 

at the base of the sequence, whereas they average 2 m thick at the top 

of the sequence (Fig. 13). 

The base of the channel facies (type 1) consists of very coarse

to medium-grained sandstone beds, that average 20 em thick, and 

range from 1 to 50 em thick. Some beds are amalgamated to 1 m thick. 

These beds contain rip-up clasts and have irregular bases and flat 

tops. Many beds are laterally continuous for at least 100m, 

pinching and swelling along strike. Pebbly conglomerate channels 

present, average about 30m wide and 50 em deep. Distributional 

grading (Middleton and Hampton, 1973) occurs in nearly all the beds. 

These graded beds may be stacked above one another and form repeated 

Ta Bouma intervals. Many of these beds have an upper parallel lamin

ated interval and form a Tab Bouma sequence. In the upper portion of 

the channel facies (type 1), graded beds only occur at the base of 

thinning- and fining-upward sequences. These thinning- and fining

upward sequences consist mostly of parallel laminated sandstone beds 

(T.Q). 

Conglomerate clasts average 0.5 em in diameter, range from 4 mm 

to 5.5 em, and consist predominantly of well rounded clasts of vein 

quartz (see Table 3, locality 219a, petrography section). Granitic 

clasts are common in these conglomerate beds and generally are not as 

well rounded. The conglomerate is clast supported, poorly sorted, and 

has an unorganized fabric. A thin-section analysis showed the conglom

erate to be a calcite cemented, granular-pebbly sandy-gravel, and 
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consists of 70 percent clasts, 20 percent matrix, and 10 percent 

cement. Lithic matrix fragments include 4 percent quartzite, 3 percent 

silty limestone, 2 percent granite, 2 percent gneiss, and 1 percent 

coralline algae. Cement consists predominantly of coarse-crystalline 

calcite with minor limonite. 

Thin-section analyses of three medium-grained sandstone samples 

show an arkose composition (see Table 4, samples taken from locality 

219, petrography section). Sandstone grains are mostly subrounded to 

subangular, moderately to well sorted, and comprise 80 percent of the 

sandstone. The remaining 20 percent is cement that consists of 

calcite and limonite. Fossils comprise 1 percent of the sandstone 

samples and include calcareous foraminifers, bivalves, and wood frag

ments. Lithic fragments include siltstone and micrite. 

Fossils present within beds of the channel facies (type 1) include 

calcareous and arenaceous foraminifers, bivalve fragments, wood frag

ments, and coralline algae. Foraminifers recovered from localities 

DA-64 and DA-65 include miscellaneous arenaceous species and 

Trochamminoides (Fig. 15, Table 2). 

Channel Facies (Type 2) 

The second type of channel facies differs from the first type by 

being thicker-bedded, coarser-grained, cross-bedded, and beds show 

less lateral continuity. The sandstone beds are greenish gray (5 G 

6/1) on fresh surfaces and limonite stained on weathered surfaces. 

Type 2 channel deposits occur in the southern portion of the study 

area (Fig. 17). Outcrops of this facies are in sections F (Fig. 9, 

140-184.5 m), G (Fig. 10, 300-757.5 m), H (Fig. 11, 0-430.5 m), I (Fig. 
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12, 0-187.5 m), and K (Fig. 13, 710-1035 m). These channels are 

associated with interchannel mudstone, slope, and channel facies 

(type 1) (Fig. 17). 

Channel facies (type 2) is 96 percent sandstone, 3 percent con

glomerate, and 1 percent mudstone. Conglomerate and sandstone beds 

of this facies average 50 em thick, but range from single sandstone 

beds, 20 em thick, to stacked sandstone sequences, 105m thick (Fig. 

10, 300-757.5 m). These stacked sandstone beds are arranged in 

repeated thinning- and fining-upward sequences that range form 1.5 

to 20 m thick, and average 5 m thick. In one case, thinning- and 

fining-upward sequences become thicker upsection (Fig. 11, 215-260 m). 

Sandstone:mudstone ratio of these beds is greater than 10:1. The 

base of thinning- and fining-upward sequences is characterized by 

very coarse- to medium-grained, massive sandstone which is commonly 

amalgamated up to 3 m thick. Fossiliferous pebble, or rarely cobble 

conglomerate beds occur at the bases of these thinning- and fining

upward sequences. These beds can be traced laterally for 100m. 

Most beds, however, show considerably less lateral continuity, and 

average less than 100 m. Bed thickness within the channel facies 

(type 2) average 60 em, and range from 1.5 em to 1 m thick, with 

amalgamated beds up to 3 m in thickness. Beds at the top of thinning

and fining-upward sequences consist of fine-grained sandstone and 

mudstone, averaging 1.5 em thick. Solitary sandstone channels occur 

locally and are incased within mudstone. They average 20 em thick and 

are laterally continuous for about 35 m. Channel form is recognized 

where bases of beds turn-up and adjacent beds are truncated. Also, 

discontinuous mudstone partings occur along the bases of these beds. 
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Most of the beds are massive sandstone and pebbly sandstone. 

Graded beds with siltstone rip-up clasts do occur and show repeated 

graded intervals (Taa). Parallel laminae also occur (Tab sequences). 

High-angle and low-angle cross bedding, dish structures, in addition 

to flute, groove, and load casts, and flame structures occur locally. 

Aligned disk-shaped rip-up clasts and Turritella are present in many 

of the cobble and pebble conglomerate beds. 

Examination of clast-supported conglomerate beds within the 

channel facies (type 2) show that they consist predominantly of well 

rounded plutonic cobbles and pebbles with lesser amounts of sedimen

tary rip-up clasts and metamorphic clasts (see Table 3, petrography 

section). Fossils are abundant in some beds. Many conglomerate beds 

are organized and show aligned disk-shaped clasts and Turritella. 

Compositionally and texturally the sandstone is similar to the 

sandstone described earlier (channel facies, type 1). 

Molluscan fossils are present in many of the conglomerate beds 

(see Table 1, localities 673, 674, 675, 678). Most of the specimens 

are broken and abraded, and include oyster fragments and other 

unidentified molluscan fragments. Turritella, however, are unabraded, 

with delicate spiral ribbing preserved. Trace fossils are in many 

beds, and include Ophiomorpha and Thalassinoides. Arenaceous 

foraminifers were recovered from interchannel deposits related to the 

channel facies (type 2) and are listed in Table 2 (see localities 

DA-68, DA-99, DA-134, DA-145). 

Interpretation 

The sandstone and conglomerate deposits represent channel facies 
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in a deep bathyal environment, similar to middle-submarine fan 

deposits described by Nilsen (1977). Middle-fan channel features are 

commonly submarine fan deposits, and classic examples are those 

documented by Mutti and Ricci Lucchi (1972) in the northern Appennin

es, Italy; Nelson and Nilsen (1974) in the Butane Sandstone; Link and 

Nilsen (1980) in the Rocks Sandstone. 

Laterally discontinuous, medium- to thick-bedded sandstone and 

conglomerate of the channel facies (type 1 and 2) have erosional bases 

with rip-up clasts, and Bouma T~, Taa, Tab, and TQ sequences. Beds 

with these characteristics correspond to facies A and B of Mutti and 

Ricci Lucchi (1972), Walker and Mutti (1973), as described by Nilsen 

(1977). Laterally discontinuous, channelized beds arranged in 

repeated thinning- and fining-upward sequences are characteristic 

of channelized middle-submarine fan deposits (Nilsen, 1977). Foram

inifers within the channel deposits and related interchannel deposits 

include Bathysiphon, Haplaphragmoides, Spiroplectammina, and 

Trochamminoides. These genera are extant and are interpreted to 

represent middle bathyal or deeper depths in ancient and modern marine 

environments (Sliter, 1972; Sliter and Baker, 1972; Poag, 1981; 

Heitman, 1982, Appendix). Because most of the molluscan fossils are 

broken, abraded, aligned, and in conglomerate-filled channels, they 

are interpreted as transported shallow-marine assemblages. 

Type 1 and 2 beds are submarine channel deposits and are similar 

to channels in inner- to middle-submarine fan settings. The differ

ence in channel geometries is related to their proximity to 

submarine canyon and major inner-fan distributaries, and their hydro

dynamic mechanisms of deposition. Other parameters that may have 
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influenced channel type include slope of the depositional surface, 

changes in sealevel, and sediment type and supply (Haner, 1971; 

Normark, 1978; Walker, 1978). 

Type 1 beds of the channel facies show greater lateral continuity 

and less bed thickness than type 2 beds, which indicates that type 1 

channels were broader and shallower. Type 1 channel beds showing 

T~ and Tab Bouma intervals were deposited by turbidity currents 

(Middleton and Hampton, 1973, 1976). The common occurrence of 

medium- to fine-grained, medium- to thin-bedded, laminated sandstone 

sequences indicate that traction currents were prevalent (Middleton 

and Hampton, 1973, 1976). Boulder horizons in type 1 channel deposits 

and their close stratigraphic proximity to canyon channel and slope 

facies indicate that these rocks were deposited at the submarine 

canyon mouth, where sediment was debouched. 

Type 2 channels contain thicker beds of massive and pebbly sand

stone that are commonly amalgamated and show less lateral continuity 

than type 1 channels. These features are inferred to result from 

erosional and rapid deposition from high density turbidity flows 

(Stanley, Palmer, and Dill, 1978; Walker, 1978; Lowe, 1982). Repeated 

thinning- and fining-upward sequences of channel deposits (type 2) 

are inferred to result from progressive channel abandonment in the 

Maniobra Formation. Type 2 deposits are characteristic of the 

braided supra-fan setting of Walker (1978), which is further away from 

the submarine canyon mouth and major inner-fan distributaries than 

type 1 channel deposits in the ~1aniobra Formation. 

Interchannel Facies 
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Interchannel deposits of the middle-fan association consist of 

thin-bedded, light-olive (10 Y 5/4), nonresistant mudstone with 

channelized sandstone beds locally. Many of the beds are limonite 

stained. Middle-fan interchannel deposits crop out in the southern 

Maniobra Valley region (Fig. 17). They are thick mudstone sequences 

between sandstone packages and thin beds at tops of thinning- and 

fining-upward sequences, within channel facies. Interchannel deposits 

are the mudstone sequences measured along the upper portions of 

sections F (Fig. 9), G (Fig. 10), H (Fig. 11), I (Fig. 12), and K 

(Fig. 13). These mudstone deposits are well developed between channel 

facies along section G (fig. 10), where they are up to 90 m thick. 

They comprise about 30 percent of the Maniobra Formation. 

r-1udstone beds weather deeply and form extensive soi 1 horizons. 

Because of extensive weathering, only a few good exposures of the 

interchannel facies occur in the t-1aniobra Formation. Where mudstone 

beds are well exposed, they average 1.5 em thick and consist predom

inantly of clayey, medium-grained siltstone. Numerous, well devel

oped, thin beds of coarser-grained siltstone and very fine-grained 

sandstone with parallel laminae are generally present just below 

channel deposits. Sandstone beds occur as laterally discontinuous, 

isolated channels with Tab Bouma intervals (Fig. 13, at about 900 m). 

Interchannel deposits have a sandstone:mudstone ratio less than 1:10. 

No trace fossils or molluscan fossils were observed within the 

mudstone beds. Arenaceous foraminifers were recovered from localities 

DA-68, DA-99, DA-134, and DA-145 (Table 2). 

Interpretation 

71 



These beds are interpreted as interchannel deposits because of 

their stratigraphic association with channel facies and their 

similarity with interchannel deposits described in modern and 

ancient environments (Nelson and Kulm, 1973; Nilsen, 1977). Inter

channel mudstone deposits with isolated channel deposits are facies 

G and A of Mutti and Ricci Lucchi (1972). Mudstone beds, equivalent 

to the Bouma T~ interval, were deposited by hemipelagic processes 

consisting of pelagic and low-density turbidite sedimentation 

(Middleton and Hampton, 1973, 1976). 

Isolated channelized sandstone lenses are typical of crevasse

splay channels within interchannel deposits (Mutti, 1977; Nilsen, 

1977). The graded and parallel laminated intervals (Tab) within these 

channel sandstone beds indicate that they resulted from turbidite 

sedimentation (Middleton and Hampton, 1973, 1976). Interchannel 

deposits with low sandstone:mudstone ratios are indicative of hemi

pelagic sedimentation some distance from the channels, whereas 

higher sandstone:mudstone ratios are suggestive of interchannel 

deposits near channels (Nelson and Kulm, 1973; Nilsen, 1977). The 

low sandstone:mudstone ratio of the Maniobra Formation interchannel 

deposits, indicates deposition away from the channels. 

Foraminifers recovered from the interchannel deposits include 

Bathysiphon, Haplaphragmoides, Spiroplectammina, and Trochamminoides 

and indicate deposition at middle bathyal or deeper depths (Sliter, 

1972; Sliter and Baker, 1972; Poag, 1981; Heitman, 1982, Appendix). 
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PALEOCURRENTS 

Paleocurrent and paleoslope indicators are rare within the 

Maniobra Formation and are considered separately for each facies. 

Within the channel facies of the submarine canyon and middle-fan 

associations, 40 imbricate conglomerate clasts were measured at four 

localities (Fig. 27). In addition to imbricated clasts, two 

bidirectional channel axes, five bidirectional groove casts and 

three unidirectional flute casts were measured within the channel 

facies (Fig. 27). Measurements of imbricated clasts and channel axes 

show a noteable degree of inconsistence and scatter with vector mean 

directions ranging from N2°E to S66°W. Measurements of flute and 

groove casts show a good degree of consistency and are the most 

reliable paleocurrent indicator (Link, 1982). Modern deep-marine 

fan environments have channels that braid, meander, and radiate out 

from a central channel complex, and any paleocurrent indicators give 

only a relative sediment transport direction (Haner, 1971; Normark, 

1978). However, general sediment transport trends can be inferred. 

Paleocurrent data from the channel facies show a S47°W sediment 

transport direction (Fig. 27). No paleocurrent measurements were 

made in the interchannel facies. 

Within the slope facies, the b-axis of a slump-folded bed was 

measured. Crowell and others (1966) have interpreted the b-axis of 

slump-folded beds to be parallel to the slope trend and of uncertain 

reliability. Based on this interpretation, the slump-folded bed 

indicates a northwest trending paleoslope for the eastern slope 

exposures of the Maniobra Formation (Fig. 27). 

The steepness of the slope can be inferred, using the amount of 
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slumped beds, channel geometry, and facies changes (Link, 1982). The 

eastern slope facies of the Maniobra Formation represents a steep 

(>3°) paleoslope, based on the common occurrence of slumped beds, 

detached beds, pebbly mudstone, deeply incised (>1 m) conglomerate 

channels, and rock-fall deposits. The rare occurrence of these 

features in the westerly exposures of the slope facies indicates that 

the paleoslope was relatively gentle (<1°). 
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PETROGRAPHY 

The chief aims of this section are to, 1) describe the composi

tion and relative abundance of conglomerate clasts, and 2) discuss the 

composition and texture of carbonate and sandstone rocks. 

CONGLOMERATE 

Conglomerate comprises about 30 percent of the Maniobra Formation 

exposures, and occurs wit~in all the facies associations. At 24 

localities, conglomerate beds were examined for clast composition, 

largest clast size, average size, and clast/matrix ratio (Fig. 28, 

Table 3). Other textural characteristics of the conglomerate beds 

are discussed within the sedimentology section. 

Granitic rocks (GRF) are generally the largest and most abundant 

clast type, consisting mostly of coarse-crystalline quartz monzonite, 

granite, granodiorite, with rare monzonite and quartzolite (Table 3). 

Other plutonic clast types (GRF) include, milky vein quartz, 

porphyritic and aphanitic hypabyssal andesite intrusive, and aplite 

(Table 3). Vein quartz and hypabyssal andesite are generally pebble 

size and well rounded, ranging up to 20 em in diameter (Table 3). 

They comprise a large percentage of the clasts within the middle-fan 

and slope associations (Table 3). 

Metamorphic clasts (MRF) rank second in abundance with conglom

erate beds of the Maniobra Formation, and at locality 178 comprise 

60 percent of the clasts (Fig. 28, Table 3). These clasts are 

generally well rounded cobbles and boulders, consisting of banded 

quartzo-feldspathic gneiss, mica gneiss, and white and green quartz

ite. A few quartzite clasts were noted to be altered, showing a 
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TABLE 3. PERCENT COMPOSITION, CLAST SIZE, AND CLAST/MATRIX RATIO FROM CONGLOMERATE 
CHANNELIZED DEPOSITS WITHIN THE MANIOBRA FORMATION. 

"" a:: 
(!) 

~ [ ::;: 

-"
a:: 
</) 

>-
1- [shoreline 

~I' ~ "' 

ub. :> .............. ..._.._lJ<; .... CILII':/UII 

""' 01 -, "' "' <!" "' 
., ..... o:) o:) o:) "' 0 N N N N N - N "' "' -

CLAST TYPE --' "' N N N "' <!" 

Granitic* 88 80 76 68 68 58 77 80 52 68 60 78 

Vein - 4 s - 8 4 I 4 4 12 8 -
quartz 

Andesite - - 8 4 4 II 6 4 4 I I -
intrusive 

Aplite 8 4 - - 4 - - - - - - -
Gneiss - 8 8 12 12 20 15 5 20 I 4 4 

Quartzite 4 - - 4 - 4 - - - 4 8 -
Sandstone - - - 4 3 I - I - - - -
Siltstone - - - 8 I 2 I 6 4 14 18 16 

Limestone - - - - - - - - 4 - - -
Sandy I imestone - 4 - - - - - - 12 - I -
concretion 

Foss i Is - - - - - - T T T - - 2 

p 96 88 92 72 84 73 84 88 60 Bl 69 80 

M 4 8 B 16 12 24 15 5 20 5 12 16 

s 0 4 0 12 4 3 I 7 20 14 19 4 

Largest c l11sts 6Lr 1 os· 2oo· 2s· toO" as• zoo· zoo· 1 a· to+ ts• 
(em) 25• 3o• - 3o• 2s• zo• 10° 

30" 

Average size (em) 10 25 15 8 20 'i 15 20 - - - 'i 

Clast/Matrix 85/ 4/1 9/1 9/1 85/ 9/1 9/1 - 9/1 9/1 - 7/3 
ratio 15 15 

-- --- ------- ------------ -

middle-fan 
u a. " l 

"' .c "0 "0 ., 
"' ~ o:) "' ..... "" ~· N N - 0 ..... N ..., ..., ..., ..., <!" "' r: - N "" N N ,,, N N "' N 

28 32 44 72 64 16 32 68 28 40 44 

4 56 12 I 8 I 28 16 28 4 48 

- 4 16 3 I II 20 8 12 I 4 

- - - - - - - - - - -
56 - 16 4 4 4 4 4 8 17 4 

4 7 4 - - - - - 8 - -
- - 4 - - 12 - - - 3 -
8 - 4 20 19 56 16 4 - 23 -
- I - - - - - - - - -
- - - - 4 - - - - - -

- - - - - - - - 16 12 -
32 92 72 76 73 28 80 92 80 50 96 

60 7 20 4 4 4 4 4 10 19 4 

8 I 8 20 23 68 16 4 10 31 0 

1o· s. s· 1. s· 60" 60" 15" r r 100 lr 
60• 15" 30" -
zo• 10" 

20 0.5 1.5- 20 9 - I 0.6 7 I 

95/ - - - 6/4 - - 4/6 - 7/3 -
5 

----- --- ------- ------- -- ---

• Includes granite, granodiorite, quartz monzonite, monzonite and quartzol ite; - not observed; P=plutonic; 
M=metamorphic; S=sedimentary (P+M+S=IOO); Largest clasts: • granitic; • metamorphic; o siltstone; 

+ hydrothermal quartz; T= trace 
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green tint and mica development. 

Intraformational sedimentary (SRF) rip-up clasts occur in most 

conglomerate beds and locally comprise up to 68 percent of the clasts 

(Table 3). They chiefly consist of disk-shaped, limonite stained 

cobbles and pebbles of limy siltstone. At places, these clasts range 

up to boulder size (Table 3). Other sedimentary clasts include 

sandstone, limestone (micrite), and sandy limestone concretions (Table 

3). Teredo, Teredo-bored wood, Turritella, and orbitoid foraminifers 

are within some of these concretionary clasts that are consitently 

large cobble and boulder size. 

Megafossils are in numerous pebble conglomerate beds and locally 

comprise 16 percent of the clasts (Table 3). Turritella andersoni 

lawsoni, the most abundant fossil clast, is generally larger than 

pebble clasts. 

No compositional trends of clast types with regard to facies 

association are recognized in the Maniobra Formation (Fig. 29). The 

average clast composition clusters near the plutonic pole, with the 

exception of localities 178 and 232dc which are metamorphic- and 

sedimentary- rich, respectively (Figs. 28, 29; Table 3). 

CARBONATE 

Limestone beds comprise about 1 percent of the Maniobra Formation 

and are present within the slope association. Two thin sections were 

analysed from beds near fossil locality DA-57 (Fig. 15). These 

samples average 60 percent microcrystalline calcite (micrite), 25 

percent terrigenous admixture, and 15 percent allochems. They are 

sandy biomicrite according to Folk•s (1980) classification. 
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Figure 29. Ternary diagram showing relative abundance of 

plutonic rock fragments (P), metamorphic rock fragments (M), and sed
imentary rock fragments (S) with regard to facies associations. 

The terrigenous fraction, floating or supported in micrite, 

consists of about 30 percent quartz, 30 percent plagioclase, 38 

percent potassium feldspar, 1 percent limonite, and 1 percent ilmenite. 

These detrital grains range in size from less than 0.05 to 0~25 mm, 

and average 0.1 mm. They are mostly subangular although some grains 

are angular or subrounded. No detrital or authigenic clay was observed 

within these samples. 

Allochemical constituents include 80 percent foraminifers, 10 

percent bivalve or brachiopd fragments, and 10 percent wood fragments. 

Allochems range in size from 0.05 to 3.0 mm, and average 0.25 mm. 

Bivalve and brachiopod allochems are generally broken, although some 

are articulated, with micrite inside the valves. Foraminifers are 
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generally articulated, with their chambers infilled with micrite or 

limonite. Limonite preferentially replaces wood fragments. 

Micrite in the studied thin sections looks grainy and is the 

result of terrigenous silt size grains and limonite that are incorpor

ated into the microcrystalline calcite. Numerous sand grains and 

allochems are at intermediate stages of this corrosive process, that 

ranges from etched and embayed grain boundaries to nearly complete 

replacement. Some allochems are partially replaced by quartz. 

Texturally, sandy biomicrite beds within the Maniobra Formation 

show no porosity or preferred orientation of grains. Microstylolites 

are very rare, but where present are about 0.04 mm across and filled 

with medium crystalline sparite. 

SANDSTONE 

Sandstone comprises about 20 percent of the Maniobra Formation. 

Thin section analyses of 15 samples show a mean composition of 

034 F65 L1 and range of Q23 _44 F53 _77 Lo-3 (Table 4; Figs. 30, 31). 

Ternary plots of these values show arkose composition (Fig. 31). 

Mean quartz to feldspar ratio is Q34 P28 K3g, and range from 

Q23-45 P15-37 K29-43 (Table 4, Fig. 31). Kirkpatrick's (1958) 

analysis of 15 thin sections from westerly exposures of the Maniobra 

Formation show a mean composition of Q70 F30 Lo and 07o P1 K2g (Figs. 

30, 31). Both monocrystalline and polycrystalline quartz grains are 

plotted at the quartz (Q) pole in Figure 31. Feldspar grains include 

plagioclase (twinned and untwinned) and potassium feldspar (orthoclase, 

microcline, and perthite). Plutonic, metamorphic, and sedimentary 

rock fragments, including chert are plotted at the lithic (L) pole of 
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Foot notes: 1) Twinned plagioclase; 2) Untwinned plagioclase; 3) Q+F+L= 100; 4) Q+P+K= 100; 
5) vw=very well, m=moderate, p=poor, vp=very poor; 6) a=angular, sa=suban9ular, sr=subrounded; 
7) m=micrite, ms=medium spar, cs=coarse spar, lm=luster-mottled, !=isotropic; 8) clay+quartz+feldspar. 
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Figure 30. Location of samples used for thin section analysis (see Table 4). Note the location of 
Kirkpatrick's (1958) measured section from where he analysed 15 thin sections (shown in Figure 31). 
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Figure 31. Ternary diagrams showing composition of sandstone with regard to facies associations. 
Mean composition from Kirkpatrick's (1958) analysis is also plotted on these diagrams. 
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Figure 31. Accessory minerals present within sandstone samples 

analysed are allochems (wood fragments, metafossils, and microfossils), 

muscovite, biotite, opaques (ilmenite and limonite), and zircon. 

Mineral Composition 

Quartz 

Quartz grains rank second in abundance of all the terrigenous 

grains, average 34 percent, and range from 23 to 44 percent. Nearly 

all the quartz grains are monocrystalline with straight to slightly 

undulose extinction (Fig. 32). About 1 percent of the grains are 

polycrystalline with undulose to slightly undulose extinction. A few 

polycrystalline grains show sutured contacts and strong undulose 

extinction. Semicomposite quartz grains with slightly undulose 

extinction are rare. Zircon inclusions and opaque microliths rarely 

·occur within quartz grains. Sample 219i contains a few quartz grains 

with orthoclase intergrowths, indicative of granophyric texture. 

Quartz grains are predominantly clear, with minor vacuoles and 

fractures. Vacuoles occur randomly within grains, although a few 

vacuole trains were observed. 

Feldspars 

Feldspars are the most abundant sandstone grains, averaging 65 

percent, and ranging from 53 to 77 percent. Potassium and plagio

clase feldspars occur in about equal amounts, with orthoclase and 

untwinned plagioclase most common (Table 4, Fig. 31). Plagioclase 

composition ranges from albite to andesine (An0 to An39 ), and averages 

oligoclase (An12 ). Alteration of feldspar to sericite and clay is 
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Figure 32. Photomicrographs of typi ca 1 sands tone from the ~~ani a
bra Formation. Key: Q = rnonocrystalline quartz; Qp = polycrystalline 
quartz; 0 = orthoclase; M = microcline; Pt= twinned plagioclase; Pu = 
untwinned plagioclase with seric~te; Pc = p·lagioclase replaced by 
calcite; F = foraminifer. 
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minimal, with plagioclase showing the most alteration (Fig. 32). 

Lithic Fragments 

Lithic rock fragments average 1 percent of the sandstone grains, 

and range from 0 to 3 percent (Table 4, Fig. 31). The percent of 

lithic grains in the Maniobra Formation is low for such a coarse-grain

ed depositional system. Because the granitic basement source is very 

coarse grained, lithic rock fragments are generally larger than 4 mm, 

and therefore rare in medium- and fine-grained sandstone thin sections. 

Sedimentary lithic fragments consist of siltstone, microcrystalline 

limestone, and chert. Plutonic rock fragments consist of more than 

two interlocking grains of quartz, feldspar, and mica. 

Texture 

Fabric 

Sandstone fabric consists of a closed framework of moderately 

compacted grains, averaging 81 percent grains, 19 percent medium-

to coarse-crystalline calcite cement, and rare matrix. Samples 10, 

20, and 42 from the shoreline facies are very tightly compacted, 

consisting of nearly 100 percent grains. Most of the samples examined 

in thin section show mostly point contacts of grains with fewer long 

and concavo-convex contacts (Fig. 32). Mica flakes in point contact 

with more rigid grains are seldom broken or bent. Porosity is absent 

because of extensive cementation (Table 4). Analyses of several 

laminated sandstone samples showed preferred orientation of elongated 

grains. 
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Grain Size, Sorting, and Shape 

Grain size in the Maniobra Formation sandstone beds ranges from 

very coarse to very fine grained. Average grain size and sorting of 

sandstone beds varies for each facies, and in general, fine-grained 

sandstone is moderately to very well sorted, whereas, coarse-grained 

sandstone is poorly to very poorly sorted. Grain shape varies for 

each type of mineral. Quartz and feldspar grains are generally equant 

with many Plagioclase and potassium feldspars showing subhedral mineral 

shapes. Siltstone and limestone lithic grains generally have elongate 

shapes. Most grains are subangular to angular, with subrounded, and 

rare rounded grains present (Fig. 32). 

Cements 

Nedium and coarse crystalline calcite is the most abundant cement 

within sandstone of the Maniobra Formation (Table 4, Fig. 32). Some 

of the calcite crystals are larger than 2 mm, surrounding more than 

one detrital grain (luster-mottled), and show twinning at places. 

The calcite is unclear and contains fine silt grains, authigenic and 

detrital clay, and minor sericite (Fig. 32). Other minor cements in 

decreasing abundance include, limonite, microcrystalline quartz, 

dolomite, hematite, and clay. Cementation of sandstone has nearly 

in-filled all primary and secondary porosity (Table 4). 
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PROVENANCE 

The purpose of this section is to discuss the composition, relief, 

and climate of source areas for the Maniobra Formation. This 

provenance interpretation includes the use and integration of conglom

erate composition, sandstone composition and texture, fossils, and 

paleocurrent data. 

COMPOSITION 

The source terranes are inferred to be to the north and east. 

Paleocurrent data and facies distribution indicate that sediments 

were transported within the Eocene marine embayment to the southwest, 

with a northwest-southeast trending slope. These data further suggest 

that the basin deepened to the south and west. Because the Eocene 

nonmarine fluvial equivalent to the Maniobra Formation is not preserv

ed, the detailed location of source areas must be inferred using 

basinal paleocurrent patterns and facies distribution, in addition to 

compositional and textural characteristics of Maniobra Formation 

sedimentary rocks. 

Composition of t~aniobra Formation conglomerate and sandstone beds 

indicate that source areas consisted of acid plutonic, high-rank 

metamorphic, and Cretaceous sedimentary rocks. Granitic clasts, 

consisting chiefly of coarse crystalline granite and quartz monzonite, 

are the most abundant clast types and average 76 percent. The boulder 

size and angular block-like shape of these clasts indicate that they 

were not transported far. They are similar in composition to the 

underlying crystalline basement, suggesting the Hayfield Mountains was 

the primary source area. Other granitic clasts, including vein quartz 
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and hypabyssal andesite intrusive are generally smaller and well 

rounded. These clasts may· have been derived from plutonic terranes 

in the nearby Eagle, Coxcomb, and Chuckawalla Mountains, to the north 

and east. Plutonic rocks in these mountains include quartz monzonite, 

granodiorite, and dike rocks of propylitic andesite, rhyolite, and 

quartz latite (Hope, 1966). Rounding of these clasts would have 

resulted from fluvial transport or, perhaps, reworking within the 

1 ittora 1 zone. 

Prevalence of subangular and angular sandstone grains indicate 

little transport. An acid plutonic source is further indicated by the 

prevalence of potassium feldspar, plagioclase, and monocrystalline 

quartz, with straight to slightly undulose extinction (Folk, 1980). 

A nearby metamorphic source terrane is indicated by, 1) abundance 

of gneiss and quartzite boulders and cobbles, 2) polycrystalline 

quartz sandstone grains with sutured contacts and strongly undulose 

extinction, and 3) angular sandstone grains of untwinned plagioclase 

(Folk, 1980). Gneiss and quartzite are present in the nearby Eagle 

and Chuckawalla r~ountains basement complex and roof pendants, respec

tively. In the southern Eagle and Chuckawalla Mountains is Precambrian 

gneiss of the Chuckawalla complex, rich in quartz, feldspar, and 

biotite, metamorphosed to the almandine-amphibolite facies grade 

(Miller, 1944; Hope, 1966). Up to 900 m of metasedimentary quartzite 

is in the Eagle Mountains (Hope, 1966). 

The ~1aniobra Formation sedimentary rock fragment source is from 

resedimented intraformational rip-up clasts which average 12 percent 

of the conglomerate clasts. The presence of the nannofossil 

Eiffellithus trabeculatus at locality DA-55 indicates late-Early to 
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Late Cretaceous reworking of a marine sedimentary source. Rounded 

detrital chert in a few sandstone samples further indicates reworking 

of a sedimentary or metamorphic source area (Folk, 1980). Geologic 

maps of southeastern California show that marine sedimentary formations 

of Cretaceous age are not present in the region. Either a distant 

Cretaceous marine sedimentary source terrane of unknown location 

contributed some detritus to the Maniobra Formation, or the Cretaceous 

source has been eroded away. 

RELIEF 

The elevation and relief of the source area and depositional 

basin are interpreted here by analysis of facies distribution and 

petrography. The presence of a shoreline association indicates that 

elevation was near sea level. Without the aid of palynology and 

identifiable fossil flora, the actual elevation remains unknown. A 

nearby source area of high relief is suggested by the abundance of 

fresh and angular feldspar sandstone grains and angular conglomerate 

clasts (Folk, 1980}. The abundance of boulder conglomerate indicates 

a nearby source area of high relief. Evidence of a steep basin margin 

includes rock-fall deposits, various types of soft-sediment deforma

tion, and the abrupt stratigraphic transition from nonmarine beds to 

marine beds with bathyal foraminifers. 

CLIMATE 

~1arine fossils are the best indicator of climate within the 

Maniobra Formation. The abundance and diversity of Turritella species 

is typical of tropical and subtropical climate (Marriam, 1941). The 
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abundance of fresh and weathered fel~spars and development of gruss 

in the Maniobra Formation, indicate an arid climate, high relief, 

and rapid deposition. 
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CONCLUSIONS 

The purpose of this concluding section is to 1) summarize the 

data and interpretations presented herein, and 2) develop a deposit

ional model by integrating the above data and interpretations. 

The Maniobra Formation is 1,460 m thick at its type section, where 

it lies unconformably above Late Cretaceous granitic basement and 

unconformably below the nonmarine early Miocene Diligencia Formation. 

Fossils indicate that the Maniobra strata are late-early Eocene to 

middle Eocene in age. Maniobra beds consist of about 50 percent 

mudstone, 30 percent cobble-boulder conglomerate, and 20 percent 

arkosic sandstone. The Maniobra Formation is divided into four facies 

associations: shoreline association, slope association, submarine 

canyon association, and middle-submarine fan association. 

Shoreline association consists of nonmarine gruss and shallow

marine, thin-bedded sandstone, and medium- to thick-bedded shoreline 

gravel deposits. These deposits lie unconformably above the granitic 

basement of the Hayfield Mountains (Fig. 33). Shoreline association 

deposits are overlain and grade laterally into slope deposits. 

Slope deposits consist chiefly of mudstone with sandstone and 

sandy limestone lenses. Mudstone beds yield arenaceous foraminifers 

indicative of bathyal depth. Slope deposits in the easterly Maniobra 

region have slumped beds, detached beds, glide-plane faults, pebbly 

mudstone beds, and granitic rock-fall deposits, whereas westerly slope 

deposits rarely show these features. Channels filled with graded 

conglomerate and sandstone incise slope deposits and are up to 3 m 

deep. These channels associated with abundant soft sediment deformat

ion features indi,cate that the depositional surface was steep at 
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places. 

Incised into the slope deposits and granitic basement are channel

ized cobble and boulder conglomerate beds of the submarine canyon 

association (Fig. 33). These thick-bedded conglomerate channels 

consist mostly of amalgamated and stacked conglomerate-sandstone 

couplets. Bases of the channels are concave-up and average 30m wide. 

These channels show greater lateral continuance and flat bases 

parallel to the channel axes. Clasts within these channels are up to 

5 m in diameter. Beds of the submarine canyon association are arranged 

into thinning- and fining-upward sequences up to 25 m thick. Tops of 

these sequences represent interchannel deposits with hemipelagic mud-

stone and thin-bedded overbank turbidite deposits. These thin-bedded 

turbidites show Tbc and Tabc Bouma sequences. Levee deposits are 

laterally discontinuous sandstone beds that interfinger with mudstone 

beds and conglomerate channels. Some of these beds have dune-shaped 

tops and show Tab and Tb Bouma intervals. 

Submarine canyon deposits thin and interfinger with middle-fan 
/ 

deposits to the west. Transported shallow-marine mollusks within the 

conglomerate beds indicate deposition in a marine environment. Foram-

inifers recovered from interchannel mudstone deposits indicate that 

the submarine canyon association was deposited in a marine environment 

at bathyal depth. 

Channelized sandstone middle-fan deposits arranged in repeated 

thinning- and fining-upward sequences lie above conglomerate beds of 

the submarine canyon association and mudstone beds of the slope assoc

iation (Fig. 33). Thinning- and fining-upward sequences range up to 

20 m thick and comprise stacked sandstone channel complexes up to 105 m 
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thick. Single sandstone beds amalgamated up to 3 m thick are 

generally massive and have erosional bases. Many beds, however, show 

repeated T~ and Tab Bouma sequences. Displaced shallow-marine mollusks 

occur in numerous beds. Sandstone channels are laterally discontin

uous and rarely can be traced for more than 100 m. 

Most of the middle-fan association consists of interchannel mud

stone deposits (Fig. 33). Common within the interchannel facies are 

isolated, laterally discontinuous, thin sandstone beds with T~ and 

Tab Bouma sequences. These beds are interpreted to represent crevasse

splay channels. Foraminifers present within these mudstone inter

channel deposits indicate deposition at middle bathyal depth. 

Paleocurrent and petrographic evidence suggest that sediments were 

transported southwestward within the basin from a plutonic and 

metamorphic source terrane of high relief. The principal source 

terrane for the Maniobra Formation was the Cretaceous granite and 

quartz monzonite of the underlying basement complex. Gneiss and 

quartzite were derived probably from a nearby metamorphic and meta

sedimentary source terrane in the Eagle, Coxcomb, and Chuckawalla 

Mountains, to the north and east. A distant or eroded Cretaceous sed

imentary source contributed minor detritus to the Maniobra Formation. 

Arkosic sandstone composition with abundant potassium and plagioclase 

feldspars further substantiates an acid plutonic source area. 

The abundance and diversity of Turritella and other associated 

mollusks within the Maniobra Formation indicates that subtropical to 

tropical climatic conditions persisted during the time of deposition. 

The Maniobra Formation depositional model consists of a west- to 

northwest-trending shoreline with a plutonic source terrane of high 
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relief forming the boundary of the marine embayment to the north and 

east (Fig. 34). Plutonic, metamorphic, and minor reworked sedimentary 

detritus were delivered to the depositional basin by fluvial processes. 

These sediments eventually entered the basin through a submarine 

canyon that incised the underlying granitic basement and slope deposits 

(Fig. 34). Most of the cobble and boulder conglomerate was deposited 

within the submarine canyon and major distributary channels within the 

basin. Finer-grained sandstone and mudstone bypassed the submarine 

canyon and steep slope, entering the basin. Pebble conglomerate 

and sandstone with displaced shallow-marine mollusks, were transported 

through the basin in channel complexes by sediment gravity flows. 

These channel deposits together with hemipelagic interchannel mudstone 

filled the basin with at least 500 m of middle-fan sediment. 

97 



98 

~ 
: ~ 

' ~ \a),.). 
Ct) 

\ ~ ~ 
~ 

~ 

~ 
\),) 

\ ~ 

ttl 0..,) 
~ \),) ~ 

~ 
"%. -

i 
_.) 

~ : 0 
':t- . 

c ' \~ 0 
•r-
+..) 

rtl 
E \ s.. 
0 

LJ.... 

rtl 
s.. 
..0 
0 

•r-
c 
rtl 

:::E 

Q) 
c 
Q) 
u 
0 

L.l.l 

Q) ~ 
..s::: ~ +..) Q:: 
t+-
0 ~ 

...-
Q) 

CQ 

"'0 
~ 

0 
Ct) 

E 
...-
rtl 
c 
0 

•r-
+..) 
•r-
Vl 
0 
c. 
Q) 

Cl 

. 
o:::t 
M 

I 
I I ~ Q) 

s.. ,, ..... ,,_, 
:::s 
C'l ',t/'r- .,.. 

LJ.... 



REFERENCES 

Abbott, R. T., 1974, American seashells: New York, Van Nostrand 
Reinhold Company, 663 p. 

Armstrong, R. L., and Suppe, J., 1973, Potassium-argon geochronometry 
of Mesozoic igneous rocks in Nevada, Utah, and southern Californ
ia: Geological Society of America Bulletin, v. 84, p. 1375-1392. 

Baird, A. K., Baird, K. W., and Welday, E. E., 1974, Chemical trends 
across Cretaceous batholithic rocks of southern California: 
Geology, v. 2, p. 493-495. 

Baird, A. K., Morton, D. M., Woodford, A. 0., and Baird, K. W., 1974, 
Transverse Ranges Province: A unique structural petrochemical 
belt across the San Andreas fault system: Geological Society of 
America Bulletin, v. 85, p. 163-174. 

Bilal, U. H., and Boersma, A., 1978, Introduction to marine micro
paleontology: New York, Elsevier, 376 p. 

Bohannon, R. G., 1976, Mid-Tertiary nonmarine rocks along the San 
Andreas fault in southern California: California University, 
Santa Barbara, Ph.D. dissertation, 311 p. 

Bottjer, D. J., 1981, Trace fossils from an Upper Cretaceous deep-sea 
fan, Simi Hills, California, in Link, M. H., Squires, R. L., and 
Colburn, I. P., eds., Simi HilTs Cretaceous turbidites, southern 
California: Society of Economic Paleontologists and Mineralogists, 
Pacific Section, Volume and Guidebook, p. 59-62. 

Bouma, A. H., 1962, Sedimentology of some flysch deposits: Amsterdam, 
Elsevier, 168 p. 

Bromley, R. G., and Frey, R. W., 1974, Redescription of the trace 
fossil Gyrolithes and taxonomic evaluation of Thalassinoides, 
Ophiomorpha, and Spongeliomorph; Geological Society of Denmark 
Bulletin, v. 23, p. 311-335. 

Brown, J. S., 1923, The Salton Sea region, California: U.S. Geological 
Survey Water-Supply Paper 497, 292 p. 

Bukry, D., 1975, Coccolith and silicoflagellate stratigraphy, north
western Pacific Ocean, Deep-Sea Drilling Project Leg 32, ~ 
Larson, R. L., Moberly, R., and others, eds., Initial reports 
of the Deep-Sea Drilling Project, v. 32: Washington, D. C., U.S. 
Government Printing Office, p. 677-701. 

Campbell, A. S., 1964, Radiolaria, in Moore, R. C., ed., Treatise on 
invertebrate paleontology, parr-D: New York and Lawrence Kansas, 
Geological Society of America and University of Kansas Press, p. 
D11-D159. 

99 



Chamberlain, C. K., 1978, Recognition of trace fossils in cores, in 
Basan, P. B., ed., Trace fossil concepts: Society of Economic 
Paleontologists and Mineralogists Short Course No. 5, p. 125-174. 

Clark, B. L., and Vokes, H. E., 1936, Summary of marine Eocene 
sequences of western North America: Geological Society of America 
Bulletin, v. 47, p. 851-878. 

Clifton, H. E., 1973, Pebble segregation and bed lenticularity in 
wave-reworked versus alluvial gravel: Sedimentology, v. 20, p. 
173-'188. 

, 1981, Submarine canyon deposits, Point Lobos, California, in 
---~Frizzell, V., ed., Upper Cretaceous and Paleocene turbidites-,

central California coast: Society of Economic Paleontologists and 
Mineralogists, Pacific Section, Field Trip Guidebook No. 6, 
p. 79-92. 

Craig, G. Y., and Hallam, A., 1963, Size-frequency and gro\1-Jth ring 
analyses of t1ytilus edulis and Cardium edule, and their paleo
ecological significance: Paleontology, v. 6, p. 731-750. 

Crimes, T. P., 1977, Trace fossils of an Eocene deep-sea sand fan, in 
Crimes, T. P., and Harper, J. C., eds., Trace Fossils 2: Live~ 
pool, Seel House Press, p. 71-90. 

Crowell, J. C., 1957, Origin of pebbly mudstones: Geological Society of 
America Bulletin, v. 68, p. 993-1010. 

------, 1960, The San Andreas fault in southern California: 21st 
International Geological Congress Report, Copenhagen, pt. 18, 
p. 45-52. 

------.' 1962, Displacement along the San Andreas fault, California: 
Geological Society of America Special Paper 71, 61 p. 

______ , 1973, Problems concerning the San Andreas fault system in 
southern California: Stanford University Publications in Geolo
gical Sciences, v. 13, p. 125-135. 

______ , 1975a, The San Andreas fault in southern California, in Crowell, 
J. C., ed., San Andreas fault in southern California: California 
Division of r-1ines and Geology Special Report 118, p. 7-27. 

------.' 1975b, Geologic sketch of the Orocopia Mountains, southeastern 
California, in Crowell, J. C., ed., San Andreas fault in southern 
California: !California Division of Mines and Geology Special 
Report 118, p. 99-110. 

-------,' 1979, The San Andreas fault system through time: Journal of 
Geological Society of London, v. 136, p. 293-302. 

______ , 1981, An outline of the tectonic history of southeastern Calif-

100 



• d 

ornia, in Ernst, W. G., ed., The geotectonic development of 
California (Rubey Volume 1): New Jersey, Prentice-Hall, Chapter 
18, p. 583-600. 

Crowell, J. C., and Susuki, T., 1958, Maniobra Formation: Society of 
Economic Paleontologists and Mineralogists - American Association 
of Petroleum Geologists, Imperial Valley Field Trip Guide, Spring, 
p. 1-4. 

______ , 1959, Eocene stratigraphy and paleontology, Orocopia Mountains, 
southern California: Geological Society of America Bulletin, 
v. 70, p. 581-592. 

Crowell, J. C., and Walker, J. W. R., 1962, Anorthosite and related 
rocks along the San Andreas fault, southern California, University 
of California publications in Geological Sciences, v. 40, p. 219-
287. 

Crowell, J. C., Hope, R. A., Kahle, J. E., Ovenshine, A. T., and Sams, 
R. A., 1966, Deep-water sedimentary structures, Pliocene Pico 
Formation, Santa Paula Creek, Ventura Basin, California: Califor
nia Division of Mines and Geology Special Report 89, 40 p. 

Crowell, J. C., and Ramirez, V. R., 1979, Late Cenozoic faults in 
southeastern California, in Crowell, J. C., and Sylvester, A. G., 
edso, Tectonics of the juncture between the San Andreas fault 
system and the Salton Trough, southeastern California: Santa 
Barbara, University of California, p. 27-39. 

Crowell, J. C., and Sylvester, A. G., 1979, Introduction to the San 
Andreas- Salton Trough juncture, in Crowell, J. C., and Sylvester, 
A. G., eds., Tectonics of the juncture between the San Andreas 
fault system and Salton Trough, southeastern California: Santa 
Barbara, University of California, p. 1-14. 

Dalrymple, G. B., 1979, Critical tables for conversion of K-Ar ages 
from old to new constants: Geology, v. 7, p. 558-560. 

Dibblee, T. W., Jr., 1954, Geology of the Imperial Valley region, 
California: California Division of Mines and Geology Bulletin 170, 
Chapter 2, p. 21-28. 

--, 1968, Displacements on the San Andreas fault system in the San 
Gabriel, San Bernardino, and San Jacinto Mountains, southern 
California: Stanford University Publications in Geological 
Sciences, v. 11, p. 260-278. 

Dott, R. H., Jr., 1963, Dynamics of subaqueous gravity depositional 
processes: American Association of Petroleum Geologists Bulletin, 
v. 47, p. 104-128. 

Ehlig, P. L., 1968, Causes of distribution of Pelona, Rand, and Orocop
ia Schists along the San Andreas and Garlock faults: Stanford 

101 



University Publications in Geological Sciences, v. 11, p. 294-306. 

Fagerstrom, A., 1964, Fossil communities in paleoecology: their 
recognition and significance: Geological Society of America 
Bulletin, v. 75, p. 1197-1216. 

Folk, R. L., 1980, Petrology of sedimentary rocks: Austin, Texas, 
Hemphill Publishing Company, 184 p. 

Frey, R. W., Howard, J.D., and Pryor, W. A., 1978, Ophiomorpha: its 
morphologic, taxonomic, and environmental significance: Palaeo
geography, Palaeoclimatology, and Palaeoecology, v. 23, p. 199-
299. 

Gillies, W., 1958, Geology of a portion of Cottonwood Springs quad
rangle, Riverside County, California: California University, 
Los Angeles, Masters thesis: 70 p. 

Givens, C. R., 1974, Eocene molluscan biostratigraphy of the Pine 
Mountain area, Ventura County, California: University of Califor
nia Publications in Geological Sciences, v. 109, 107 p. 

Goddard, E. N., chairman, 1970, Rockcolor chart: Boulder, Colorado, 
Geological Society of America. 

Hampton, M.A., 1972, The role of subaqueous debris flow in generating 
turbidity currents: Journal of Sedimentary Petrology, v. 42, 
p. 775-793. 

Haner, B. E., 1971, Morphology and sediments of Redondo submarine fan, 
southern California: Geological Society of America Bulletin, 
v. 82, p. 2413-2432. 

Hantzschel, W., 1975, Trace fossils and problematica, in Teichert, C., 
ed., Treatise on invertebrate paleontology, part~ Miscellanea 
supplement 1: New York and Lawrence, Kansas, Geological Society 
of America and University of Kansas Press, 269 p. 

Haxel, G., and Dillon, J., 1978~ The Pelona-Orocopia Schist and Vin
cent-Chocolate Mountain thrust system, southern California, in 
Howell, D. G., and fvlcDougall, K. A., eds., Mesozoic paleogeogra
phy of western United States, Pacific Coast paleogeographic sympo
sium 2: Society of Economic Paleontologists and Mineralogists, 
Pacific Section, p. 453-470. 

Heckel, P. H., 1972, Recognition of ancient shallow-marine environ
ments, in Rigby, K. J., and Hamblin, W. K., eds., Recognition 
of ancient sedimentary environments: Society of Economic 
Paleontologis~and Mineralogists Special Publication No. 16, 
p. 226-286. 

Hill, G. W., 1981, Ichnocoenoses of a Paleocene submarine-canyon floor, 
Point Lobes, California, j!!_ Frizzell, V., ed., Upper Cretaceous 

102 



and Paleocene turbidites, central California coast: Society of 
Economic Paleontologists and Mineralogists, Pacific Section, 
Field Trip Guidebook No. 6, p. 93-104. 

Hope, R. A., 1966, Geology and structural setting of the eastern 
Transverse Ranges, southern California: California University, 
Los Angeles, Ph.D. dissertation, 158 p. 

Howell, D. G., 1975a, Early and middle Eocene shoreline offset by the 
San Andreas fault, southern California, in Crowell, J. C., ed., 
San Andreas fault in southern California:- California Division of 
Mines and Geology Special Report 118, p. 69-74. 

__ , 1975b, ~1iddle Eocene paleogeography of southern California: 
California University, Santa Barbara, Ph.D. dissertation, 228 p. 

Johnston, I. M., 1961, Eocene Foraminifera from the lower Maniobra 
Formation, Orocopia Mountains, Riverside County, California: 
California University, Berkeley, M. A. thesis, 93 p. 

Keen, A. ~1., and Coan, E., 1974, Marine molluscan genera of western 
North America, An illustrated key: Stanford, California, Stan
ford University Press, 208 p. 

Kelling, G., and Holroyd, J., 1978, Clast size, shape, and composition 
in some ancient and modern fan gravels, in Stanley, D. J., and 
Kelling, G., eds., Sedimentation in submarine canyons, fans, and 
trenches: Stroudsburg, Pennsylvania, Dowden, Hutchinson, and 
Ross, Inc., p. 138-159. 

Kern, J. P., and Warme, J. E., 1974, Trace fossils and bathymetry of 
the Upper Cretaceous Point Lorna Formation, San Diego, California: 
Geological Society of America Bulletin, v. 85, p. 893-900. 

Kerr, P. F., 1977, Optical mineralogy: New York, McGraw-Hill, 492 p. 

Kirkpatrick, J. C., 1958, A study of some marine middle Eocene for
mations in southern California: California University, Los 
Angeles, M. A. thesis, 75 p. 

Link, M. H., 1982, Provenance, paleocurrents, and paleogeography of 
Ridge Basin, southern California, in Crowell, J. C., and Link, 
M. H., eds., Geologic history of Ridge Basin, southern California: 
Society of Economic Paleontologists and Mineralogists, Pacific 
Section, Volume and Guidebook, p. 265-275. 

Link, M. H., and Howell, D. G., 1979, Sedimentologic aspects of the 
Eocene Poway-type conglomerates, in Abbott, P. L., ed., Eocene 
depositional systems, San Diego, California: Society of Economic 
Paleontologists and Mineralogists, Pacific Section, Volume and 
Guidebook, p. 103-109. 

Link, M. H., and Nilsen, T. H., 1980, The Rocks Sandstone, an Eocene 

103 



sand-rich deep-sea fan deposit, northern Santa Lucia Range, 
California: Journal of Sedimentary Petrology, v. 50, p. 583-602. 

Lohmar, J. M., and others, 1979, Shelf edge deposits of the San Diego 
embayment, in Abbott, P. L., ed., Eocene depositional systems: 
Society of Economic Paleontologists and Mineralogists, Pacific 
Section, Volume and Guidebook, p. 15-27. 

Lowe, D. R., 1982, Sediment gravity flows: 2, Depositional models with 
special reference to the deposits of high-density turbidity 
currents: Journal of Sedimentary Petrology, v. 52, p. 279-297. 

Mallory, V. S., 1959, Lower Tertiary biostratigraphy of California 
Coast Ranges: Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 416 p. 

Merriam, C. W., 1941, Fossil Turritella from the Pacific coast of 
North America: University of California Publications in Geological 
Sciences, v. 26, p. 1-214. 

Middleton, G. V., and Hampton, M.A., 1973, Mechanics of flow and 
deposition, in Middleton, G. V., and Bouma, A. H., co-chairmen, 
Turbidites and deep-water sedimentation: Society of Economic 
Paleontologists and Mineralogists, Pacific Section, Lecture notes 
for a short course, Anaheim, California, p. 1-38. 

__ , 1976, Subaqueous sediment transport and deposi'tion by sediment 
gravity flows, in Stanley, D. J., and Swift, D. J. P., eds., 
Marine sediment~ransport and environmental management: New York, 
Wiley, p. 197-218. 

Miller, W. J., 1944, Geology of Palm Springs-Blyth strip, Riverside 
County, California: California Journal of Mines and Geology, 
v. 40, p. 11-72. 

Mutti, E., 1977, Distinctive thin-bedded turbidite facies and related 
depositional environments in the Eocene Heche Group (south
central Pyrenees, Spain): Sedimentology, v. 24, p. 107-131. 

Mutti, E., and Ricci Lucchi, F., 1972, Le torbiditi dell' Apennino 
settentrionale: introduzione all' analise de facies: Memorie 
della Societ'a Geologica Italiana, p. 161-199. 

Nelson, C. H., and Kulm, L. D., 1973, Submarine fans and deep-sea 
channels, in Middleton, G. V., and Bouma, A. H., co-chairmen, 
Turbidites-and deep-water sedimentation: Society of Economic 
Paleontologists and Mineralogists, Pacific Section, Lecture 
notes for a short course, Anaheim, California, p. 39-78. 

Nelson, C. H., and Nilsen, T. H., 1974, Depositional trends of modern 
and ancient deep-sea fans, in Dott, R. H., Jr., and Shaver, R. H., 
eds., Modern and ancient geosynclinal sedimentation: Society of 
Economic Paleontologists and Mineralogists Special Publication 

104 



No. 19, p. 69-91. 

Nilsen, T. H., 1977, Turbidite facies and sedimentation patterns, in 
Nilsen, T. H., ed., Late Mesozoic and Cenozoic sedimentation and 
tectonics in California: San Joaquin Geological Society, short 
course, Bakersfield, p. 39-52. 

Nilsen, T. H., and Clarke, S. H., Jr., 1975, Sedimentation and tecton
ics in the Early Tertiary continental borderland of central 
California: U. S. Geological Survey Professional Paper 925, 64 p. 

Nilsen, T. H., and Abbott, P. L., 1981, Paleogeography and sedimen
tology of Upper Cretaceous turbidites, San Diego, California: 
American Association of Petroleum Geologists Bulletin, v. 65, 
p. 1256-1284. 

Normark, W. R., 1978, Fan valleys, channels, and depositional lobes on 
modern submarine fans: Characteristics for recognition of sandy 
turbidite environments: American Association of Petroleum 
Geologists Bulletin, v. 62, p. 912-930. 

Pettijohn, F. P., 1975, Sedimentary rocks: New York, Harper and Row, 
628 p. 

Poag, C. W., 1981, Ecologic atlas of benthonic foraminifera of the 
Gulf of Mexico: Woods Hole, Massachusetts, Marine Science 
International, 174 p. 

Reineck, H. E., and Singh, I. B., 1975, Depositional sedimentary envir
onments: New York, Springer-Verlag, 439 p. 

Ross, C. A., 1979, Ecology of large, shallow-water, tropical foramin
ifera, in Lipps, J. H., Berger, W. H., Buzas, M.A., Douglas, 
R. G., and Ross, C. A., contributers, Foraminiferal ecology and 
Paleoecology: Society of Economic Paleontologists and Mineralog
ists, Short Course No. 6, Texas, p. 54-61. 

Selley, R. D., 1978, Ancient sedimentary environments: Ithaca, New 
York, Cornell University Press, 287 p. 

Shepard, F. P., 1981, Submarine canyons: multiple causes and long-time 
persistence: American Association of Petroleum Geologists 
Bulletin, v. 65., p. 1062-1077. 

Shepard, F. P., and Dill, R. F., 1966, Submarine canyons and other sea 
valleys: Chicago, Rand McNally and Company, 381 p. 

Silver, L. T., 1971, Problems of crystalline rocks of the Transverse 
Ranges: Geological Society of America, Abstracts with Programs, 
v~ 3, p. 193-194. 

Sliter, W. V., 1972, Cretaceous foraminifers, depth habitats and their 
origin: Nature, v. 239, p. 514-515. 

105 



Sliter, W. V., and Baker, R., 1972, Cretaceous bathymetric distribution 
of benthonic foraminifers: Journal of Foraminiferal Research, v. 
2, p. 167-183. 

Spittler, T. E., 1974, Tertiary basaltic volcanism of the Orocopia 
Mountains, California: Geological Society of America, Abstracts 
with Programs, v. 6, p. 260. 

Spittler, T. E., and Arthur, M. A., 1973, Post early Miocene displace
ment along the San Andreas fault in southern California, in 
Kovack, R. L., and Nur, A., eds., Proceedings of the conference 
on tectonic problems of the San Andreas fault system: Stanford 
University Publications in Geological Sciences, v. 13, p. 374-
382. 

__ , 1982, The Diligencia Formation: Its stratigraphy, petrology, 
sedimentology, and structure, in Ingersoll, R. V., and Woodburne, 
~·1. 0., eds., Cenozoic nonmarinedeposits of California and 
Arizona: Society of Economic Paleontologists and Mineralogists, 
Pacific Section, p. 83-99. 

Squires, R. L., and Advocate, D. A., 1982, Sedimentary facies of the 
nonmarine lower Diligencia Formation, Canyon Spring area, Orocopia 
Mountains, southern California, in Ingersoll, R. V., and Wood
burne, M. 0., eds., Cenozoic nonmarine deposits of California 
and Arizona: Society of Economic Paleontologists and fv1ineralo
gists, Pacific Section, p. 101-106. 

Stanley, D. J., Palmer, H. D., and Dill, R. F., 1978, Coarse sediment 
transport by mass flow and turbidity current processes and 
downslope transformations in Annat Sandstone canyon-fan valley 
systems, in Stanley, D. J., and Kelling, G., eds., Sedimentation 
in submarine canyons, fans, and trenches: Stroudsburg, Pennsyl
vania, Dowden, Hutchinson, and Ross, Inc., p. 85-115. 

Stanley, D. J., and Unrug, R., 1972, Submarine channel deposits, 
fluxoturbidites and other indicators of slope and base-of-slope 
environments in modern and ancient marine basins: Society of 
Economic Paleontologists and Mineralogists Special Publication No. 
16, p. 287-340. 

Steiger, R. H., and Jager, E., 1977, Subcommission on geochronology: 
convention on the use of decay constants in geo- and cosmochron
ology: Earth and Planetary Science Letters, v. 36, p. 359-362. 

Streckeisen, A. L., 1973, Plutonic rocks, classification and nomen
clature recommended by the IUGS subcommission on the systematics 
of igneous rocks: Geotimes, v. 18, no. 10, p. 26-30. 

Surlyk, F., 1978, Submarine fan sedimentation along fault scarps on 
tilted fault blocks (Jurassic - Cretaceous boundary, East 
Greenland): Gronlands Geologiske Undrsogelse Bulletin No! 10, 
108 p. 

106 



Sylvester, A. G., and Bronkowski, M., 1979, Basement rocks of the 
Salton Trough region, in Crowell, J. C., and Sylvester, A. G., 
eds., Tectonics of the-runcture between the San Andreas fault 
system and the Salton Trough, southeastern California: Santa 
Barbara, University of California, p. 65-75. 

Walker, R. G., 1978, Deep-water sandstone facies and ancient submarine 
fans: models for exploration for stratigraphic traps: American 
Association of Petroleum Geologists Bulletin, v. 62, p. 932-966. 

Walker, R. G., and Mutti, E., 1973, Turbidite facies and facies 
associations, in Middleton, G. V., and Bouma, A. H., co-chairmen, 
Turbidites and~eep-water sedimentation: Society of Economic 
Paleontologists and Mineralogists, Pacific Section, Lecture notes 
for a short course, Anaheim, p. 119-158. 

Weaver, C. E., and others, 1944, Correlation of marine Cenozoic 
formations of western North America: Geological Society of 
America Bulletin, v. 55, p. 569-598. 

Welton, J. E., and Link, M. H., 1982, Diagenesis of sandstone from 
Miocene-Pliocene Ridge Basin, southern California, in Crowell, 
J. C., and Link, M. H., eds., Geologic history of Ridge Basin, 
southern California: Society of Economic Paleontologists and 
Mineralogists, Pacific Section, Volume and Guidebook, p. 181-190. 

Whitaker, J. H. McD., 1974, Ancient submarine canyons and fan valleys, 
in Dott, R. H., Jr., and Shaver, R. H., eds., Modern and ancient 
geosynclinal sedimentation: Society of Economic Paleontologists 
and Mineralogists Special Publication No. 19, p. 106-125. 

Williams, J. J., 1956, Geology of part of the Orocopia Mountains, 
Riverside County, California: California University, Los Angeles, 
M. A. thesis, 44 p. 

Winn, R. D., and Dott, R. H., Jr., 1977, Large-scale traction
produced structures in deep-water fan-channel conglomerates in 
southern Chile: Geology, v. 5, p. 41-44. 

Woodburne, M. 0., and Golz, D. J., 1972, Stratigraphy of the Punchbowl 
Formation, Cajon Valley, California: University of California 
Publications in Geological Sciences, v. 92, 57 p. 

Woodburne, M. 0., and Whistler, D. P., 1973, An early Miocene Oreodont 
(Merychyinae, Mammalia) from the Orocopia Mountains, southern 
California: Journal of Paleontology, v. 74, p. 908-912. 

Woodford, A. 0., 1960, Bedrock patterns and strike-slip faulting in 
southern California: American Journal of Science, v. 258A, 
p. 400-417. 

107 



Hello Dave, 

APPENDIX 

Unoon Oil and Gas Divos.on: Western Regoon 

Unoon Ooi Company of Californoa 
2323 Knoll Dnve. P. 0 Box 61 i6. Ventura. Californoa 930C6 
Telephone i505J 656- i600 

un1en 
June 3, 1982 

Dave Advocate 
9038 Nagle Ave. 
Arleta, California 91331 

PALEO RESULTS 
OA-82 SURFACE SECTION 
MANIOBRA FORMATION 
OROCOPIA MOUNTAINS 
RIVERSIDE COUNTY, CA 

. 
I put aside some time to compile the results of my work on your surface 
section, since I have to write a letter to Joan Winterer anyway, you're 
getting a 1 ittle more than just the "rough notes" you had requested over 
the phone last week. 

First, I have to qualify the list that appears below with these comments: 
Overall, with the exception of one sample, sample quality in terms of faunal 
recovery, was rather lousy. In fact, all evidence points to the fact that 
dissolution was rather prevalent in most of the samples. How do I know 
this? In about 5 or 6 of the samples the only fauna present is a combination 
of any of these three elements: pyritized radiolaria, pyritized Chilo
stomelloides, and pyritized Globobulimina. These are what I call classic 
remnant fauna. These things get pyritized (and therefore preserved) almost 
immediately after they die. I have seen incipient pyrite infilling of 
these bugs in recent basinal sediments only 4 em from the surface! I believe 
that this preservation is specific to the two genera listed above due 
to either their similar gross morphology or their similar wall structures, 
or both. 

The presence of the remnant fauna leads me to conclude that the rest of 
the samples (except one) have also undergone severe dissolution. On the 
one hand the residue is the remnant fauna, on the other it is the arenaceous 
fauna. How much is severe? Well, based on what I've seen in other Eocene 
sections further west, and on comparison to the recent species distributions, 
we seem to have lost somewhere between 80 and 90% of our fauna. What does 
this do to paleo determinations? It almost devastates any age-dating we can 
make, and it plays havoc with a true academic-style paleobathymetric analysis. 
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But all is not lost, Dave, for we have found that there are some general 
bathymetric preferences for some arenaceous fauna - this however, runs 
contrary to published work (I have to warn you). Gradstein and Berggren 
(1981) would not agree with my paleobath calls at all. This is very common, 
however, for paleontologists working in different parts of the country to 
have different opintions - there is a very pr~ninent east/west divergence in 
thought, so don't let those damned easterners throw you. 

The following is a list of fauna observed, arranged by sample number. When 
possible, paleobathymetric determinations are given for the sample down to 
the smallest degree that I can be comfortable with. Age-dating is also 
given for the one good-quality sample. 

DA-51-82 

DA-52-82 

DA-53-82 

DA-54-82 

DA-55-82 

DA-56-82 

DA-57-82 

DA-58-82 

Bathysiphon sp., HapZophraqmoides (?) sp., 
miscellaneous arenaceous foram pieces. 

PALEOBATHYMETRY: Bathyl. 

Barren. Crystalline limestone. 

Ka:r'!'erie Z Za sp. 

PALEOBATHYMETRY: Probably bathyl. 

Pyritized spherical radiolaria. 

Pyritized radiolaria, LentiauZina spp. (common), 
Cibic:ides s p. , A Zabamina wi Zooxensis (common) , 
miscellaneous arenaceous spp., Subbotina sp., Aoarinina 
nitida, Ao~nina spp. 

PALEOBATHYMETRY: Outer neritic to upper bathyl, 
probably on the slope. 

AGE: Early Eocene. Somewhere in the ?. 7 to P. 9 
area, based on the total range of Aoarinina nitida. 

ChiwstomeZZoides sp. (pyritized cast), spherical 
pyritized radiolaria. 

ChiZos~omeZZoides sp., miscellaneous arenaceous spp., 
Pyritized radiolaria. 

Rhabdcumrina sp., Almlodisc-..uJ sp., KarrerieZZa. sp. (common), 
miscellaneous arenaceous spp. 

PALEOBATHYMETRY: Bathyl. 
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DA-59-82 

DA-61-82 

OA-64-82 

DA-65-82 

DA-68-82 

DA-99-82 

DA-106-82 

DA-134-82 

DA-145-82 

DA-209-82 

DA-219d-82 

DA-219g-82 

Miscellaneous arenaceous spp. 

Karreriel.Za sp. 

PALEOBATHYMETRY: Probably bathyl. 

Troahamminoides sp., miscellaneous arenaceous spp. 

PALEOBATHYMETRY: Middle bathyl or deeper. 

One arenaceous specimen 

Bathysiphon sp. (fragment) 

Psammosphaera sp. 

SpiropZ-eatamr.ina sp., Troaht::r!mr;noides sp., Mi see 11 aneous 
arenaceous spp. 

PALEOBATHYMETRY: Middle bathyl or deeper. 

SpiropZ.eatamr.ina sp., Troahcumrinoides sp., Spiro-oZeat=ina 
eoaeniaa, Bathysiphon sp., Psammosphaera sp., Miscellaneous 
arenaceous spp. 

PALEOBATHYMETRY: Middle bathyl or deeper. 

Troaharmrinoides sp. , Bath~ siphon sp. , Troaha:m:i,.,.a sp. , 
Baplophragmoides sp., SpiropZ.eatcumr:na sp., Arm!odisaus sp. 

PALEOBATHYMETRY: Middle bathyl or deeper. 

Bathysiphon sp., Miscellaneous arenaceous spp. 

PALEOBATHYMETRY: Bathyl 

P.habdamrrina s p. 

Radiolaria, pyritized Globobulimina. 

Of the twenty-nine samples examined, ten were considered to be barren of 
foraminifera. These include: 
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DA-52-82 
DA-60-82 
DA-66-82 
DA-77-82 
DA-85-82 

DA-93-82 
DA-131-82 
DA-183-82 
DA-2i8c-82 
DA-219j-82 

As we discussed last week, these are some rather interesting results which 
will alter a lot of thinking on Eocene paleogeography. What you have to do, 
though, is become convinced that the arenaceous fauna do convey a bathyl 
environmental interpretation. Key genera that you should keep in mind 
when arguing for a bathyl environment are: Bathysiphon, Spi~pZectammina, 
Trochamminoides, BapZophragmoides, and there is something in there that 
looks like Cribrostomoides but Al Almgren doesn't think it is (but this 
would give a bathyl call as well). 

Your twenty-nine surface grab samples were also examined for calcareous 
nannofossils. All samples are barren of nannos except one (DA-82-55) which 
contained a poorly preserved assemblage most indicative of the early Eocene. 

For your convenience, I've also included a copy of Okada and Bukry (1980) 
which provides general age constraints for Bukry's tertiary zonational 
scheme. 

Detailed results are as follows: 

SAMPLE 

DA-82: 51, 52, 53, 54, 56 
57, 58, 59, 60, 61, 
64, 65, 66, 68, 77, 
85, 93, 99, 106, 131, 
145, 183, 209, 218c, 
219d, 219g, 219j 

DA-82-55 

DESCRIPTION 

Barren of calcareous nannofossils. 

AGE: Indeterminate. 

AGE: Early Eocene. 
Zone: The species present are most 

indicative of the rr;scoaster 
diastypus to D-~scoas~r :Cdoensis 
zones of Bukry (1975). 
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The species observed include 
CoaaoZithue peZagiaus, Discoaster 
cf. germaniaus, T.ribrachiqtus 
orthostyZus, Transversopontis 
puZaher, and Toweius sp. 
A single specimen of EiffeZZithus 
trabeau~tus was also observed 
which suggests late-early to late 
Cretaceous reworking. 

Well, that's about all I can do for you at the moment. If you have any 
questions, don't hesitate to call. Good luck! 
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