4 '
h e &

B ) rm‘”—‘ﬁ
CANOZOC | 3 5mmms Lo nocoe || | The Penguin Dictionary of
: PALASOORE 4 MOCBNE
== GEOLOGY
135
MESOZOIC JURASSIC D. G. A. WHITTEN
o) ' with
J. R. V. BROOKS

© Ty=Tertiary 4
Qy =Quaterary _ ) PENGUIN BOOKS

The geological time-scale in millions (10°) of years.




Prismatic body

Protozoa

—_

of a rock developed at the time of its formation. (Ct. © Secoad%;
Prismatic body. © Sedimentary structures (1. 1‘15;
Pro- (prefix). Before. :%
Prod marks. & Sedimentary structures (3). 05,
Proglacial lake. A lake formed directly adjacent to the “snout’ of
a glacier. ® Varves are commonly found in such an environment.
Projection, crystallographic. A term used for any representation ofa
crystal. Purely ‘pictorial’ projections, such as the perspective or
clinographic drawings which are commonly made, are of Jitfle
use to a crystallographer, as he is unable to use them for measure
ments or calculations. The ‘plan-and-elevation’ projections ar
little better for these purposes. Since the crystallographet &
mainly concerned with the angular relationships of the crystal
faces, it is possible to dispense with a pictorial representation and
use a purely geometrical projection. All such projections in comr
mon use involve the projection of normals to the crystal faces e
to a sphere. This spherical projection can be reduced to a two>
dimensional representation by the use of the same methods asar
used in map projections for reducing the Earth’s sphere to afds
map. The two main projections used are the stereographic an?ﬂ'
gnomonic, which yield an ‘angle-true’ ‘map’ of the faces.
A. C. Bishop, An Outline of Crystal Morphology, 1967. 2
Propylitisation. The hydrothermal alteration of a fine-gn
igneous rock (especially & andesite) to a mass of ¢ se
minerals such as ¢ chlorite, ® epidote, quartz, carbonates,
sub-0 micas such as ‘sericite’. (Cf. & Saussuritisation; & Urali®
rion.) _-_’:ﬁ';‘

Prospecting. © Geophysical prospecting. -
Proterozoic. © Precambrian. cil

Proto- (prefix). First. e
Protoclastic. A term used to describe the structure disp P'!
an igneous rock in which the early-formed crystals have ™
broken or deformed owing to movement of the still 'H
portion, either during intrusion or in a lava flow. The ter®
also been used to describe certain types of gneissose
in which fragmentation of crystals was presumed to be due ¥
flow of liquid material. It seems possible that some a
which this adjective has been applied are in fact showins
mylonitisation, and not the effects of liquid injection. (FOf
structure, © Gneiss, &b Mylonite.) X
Protoconch. © Mollusca (Gastropoda) and Figs. 100 and 109
Protore. Material containing & ore minerals in too low‘i\r :
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but which nﬁy be a
: workable ¢
[ ent, especially ¢ Supergene oxida-

Protozoa. A unicel!ular animal, which may or ma
or skeletc'm., ranging in size from 0-1 mm.
zoa are divided into a number of groups,

Y not secrete a test
to 8 cm. Modern proto-
but only two of these are

A

120. Protozoa.
(sectioned); (c)

(A) Various types Of‘Fo -
. L raminfera; .-
A radiolarian. (All greatly n 'ﬁ(nl))A nummulitid

! .forms. in which there is considerable -
1on-charmbe v:nauon, the forms ranging from a nlz]:;:
fiewy gb o red flask-shaped animal to the complex, chambered,
fvideg Fot ¢ discoidal nummulites. The Foraminifera are sub:
Bt ofo three groups, based on the character of the test, which
ous with porcellaneocus ‘mlc-ite. hyaline (clear) calcite, or arena-
Rrforates a cement which is partly calcite. The test is usually
xterm) » allowing translocation of food particles from the
P cytoplasm to the cytoplasm inside the test. The Foramini
o nge from ¢ Ordovician to Recent, although some Cambria, )
the Tc?:iay occur. They are important as zone fossils especiall i::
bery 1o b:l')'. \.whcre they may be locally present in sufficient 4
major rock-building constituents. o mam
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MICROPOSSILS

Microfossils are nmot oommonly collected but their abundance in
marine sedimentary rocks merits some comment. Extremely small
pannofossils (,002 millemeters in dismeter) are the up-snd-coming
stratigraphic markers for marine sediments, Nannofossil species have
varied greatly through geologic time and are an important tool for

oil geologists. The trained geologist can quickly smear a fine veil
of subterranean mud on a glass elide and picroscopically examine it,

identify the species present and determine the age of the sediment
being drilled.

The microfossils most widely used by paleontologist are the
one-celled marine animals called foraminifera or "foram" for short.
Forams are considerably larger than nannofossils and can be detected

by a sharp eye as pin-head size vhite globes. These calcareous

chambered shells vary in shape from species to species and from cold to

varm wvater., Thus they have been useful to geologists who wish to

date a geologic formation and determine the ancient environment of the
formation. The author found a good Miocene collection of these
picrofossils floating in puddles of water at a construction site near
El Toro where grading equipment had ground up the Miocene sedimentary
rocks, freeing the tiny fossils. You will need a magnifying glass or
preferably a microscope to study the variety of forams you can collect.

The most intriquing microfossils are the plants and animals that
have the ability to extract dissolved gilica from sea water and form
glasgy protective shells. These shells contribute the greatest

thickness (over 3,000 feet) of any fossil remains in the county. The
glassy one-celled animals are called Radiolaria and their spherical
spinose shells could be crystal decorations for a microscopic Christmas
tree, The largest of these delicate fossils is .015 millemeters in
diameter and barely visible if you have good eyes and a good imagination
to match, The one-celled plants that secrete a siliceous supportive [
test or structure for their protoplasmic mass are called diatoms.

0i1 18 formed by diatoms and other plankton, and some of the great

18
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California oil fields produce fn). Miocene diatomites, 'Diatoms snd
Radiolaria are commonly preserved in sediments deposited in desp-sess

vhereas the calcareous shells of forsme are preserved in shallower
sea-amds,

There are Inmdreds of fossil pollen and spore species in comnty
Tocks. The laboratory techniques required to see their structures
are 80 involved that the casual collector leaves these microfossils
%o palynologists (scientists who study pollen and spores). These
Professionals rely upon these fossils,.like forams, to identify the
age and paleoenvironment of sedimentary rocks.

19

Photographs Plate I # 6 and Plate II # 7 are reversed.




LIFE THROUGH TIME
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other angiosperms have evolved for seed
dispersal.

Angiosperm pollen grains extracted
from Jurassic rocks provide the earliest
evidence for the existence of flowering
plants. By Cretaceous time, angiosperms
were conspicuously present. Forested
arcas included stands of magnolia, pop-
lar, sassafras, birch, and willow (fig. 6.2).
By the end of the Mesozoic Era, angio-
sperms clearly surpassed the nonflower-
ing plants. Their diversity and range of
adaptation has been truly incredible. An-
giosperm trees, shrubs, vines, herbs, and
grasses gave 2 modern aspect to the land-
scape and, either directly or indirectly,
affected the evolution of insects, birds,
and mammals,

SEA PLANTS

Life in the oceans, as on land, is de-
pendent on plants. The record of marine
plants extends far back into the Precam-
brian Era. As discussed earlier, those an-
cient plants included bacteria, blue-green
algae, and green algae. Red and green al-
gae capable of causing the precipitation
of calcium carbonate have been noted in

Magnolia

Life Through Time

rocks as old as Ordovician. Brown algae,
of which the living kelp is an example,
have left uncertain imprints in Devon-
ian rocks and may have existed much
earlier.

Two phyla of marine plants are well
known as fossils, and also of exceptional
importance in food production in the sea.
These are the Pyrrophyta, or dinoflagel-
lates, and the Chrysophyta. The latter
Phylum includes diatoms and coccolitho-
phorids. Species of these two phyla are
components of the great phytoplankton
Pastures of the seas. On these and asso-
ciated plants depend the oceans’ 200-
plankton, from which in turn extend
food chains to fish, whales, seabirds, and
ultimately man, dining elegantly on lob-
ster at Delmonico’s, The phytoplankton
began a rapid expansion during the Cre-
taceous. Earliest fossj] coccolithophorids
and diatoms are found jn rocks of Juras-
sic age. Dinoflagellate evolution may
have begun in Silurian time with a group
of possible pyrrophytes called hystricho-
spherids.

Preservation of the outer coverings of
coccolithophorids and diatoms is im-
proved because of their mineral composi-

FIG.6.2 Leaves of anglosperms found fossilized In Cretaceous sed/ments.

The World of Plants
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Lite Through Time

rocks as old as Ordovician. Brown algae,
of which the living kelp is an example,
have left uncertain imprints in Devon-
1an rocks and may have existed much
carlier.

Two phyla of marine plants are well
known as fossils, and also of exceptional
importance in food production in the sea.
These are the Pyrrophyta, or dinoflagel-
lates, and the Chrysophyta. The latter
phylum includes diatoms and coccolitho-
phorids. Species of these two phyla are
components of the great phytoplankton
pastures of the seas. On these and asso-
ciated plants depend the oceans’ zoo-
plankton, from which in tum extend
food chains to fish, whales, seabirds, and
ultimately man, dining elegantly on lob-
ster at Delmonico’s. The phytoplankton
began a rapid expansion during the Cre-
taceous. Earliest fossil coccolithophorids
and diatoms are found in rocks of Juras-
sic age. Dinoflagellate evolution may
have begun in Silurian time with a group
of possible pyrrophytes called hystricho-
spherids.

Preservation of the outer coverings of
coccolithophorids and diatoms is im-
proved because of their mineral composi-

found fossilized In Cretaceous sediments.

The World of Plants

tion. Coccolithophorids build spherical
coverings (coccospheres) of calcium car-
bonate plates (fig. 6.3). The plates are usu-
ally circular, elliptical, or pentagonal and
are themselves composed of still smaller
crystallites arranged in a uniform man-
ner. Diatoms (fg. 6.4) secrete siliceous
coverings which are formed like medi-
cine capsules with two slightly overlap-

ping halves. The calcareous and siliceous
oozes that blanket extensive areas of the
ocean floors are composed largely of the
remains of these two groups of phyto-
plankton. (The protozoan radiolaria and
foraminifera also contribute to the for-

mation of these organic 00zes | Coccr”
nt of the rock

BIoups of micro-
B and correlating
€ course of

liths are a major constitye
called chalk. All of these
fossils are used in datin
marine strata penetrated in y,
drilling for oil.

Plants, whether they co
of microscopic phytop]
oceans or vast fields of

ering a coccosphere.
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FIG.6.3 A coccolith, one of
many platelike structures cov-

tinents, sustain us all. Our reliance on )

plants is not confined to those presently

li}ring, for p]_lants of bygone eras have pro-
vided us with coal and oil to fuel our
factories and warm our homes. The very

\

air we breathe contains its vital gift OfJ
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FIG.6.4 Diatoms.
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the surface of the open oceans as plank-
ton. Their tests, upon death of the organ-
1sm or when abandoned at times of repro-
duction, rain down onto the seafloor like

FIG.7.3 Foraminifers.

ontinuous snowfall. Among the plank-
onic foraminifers, a common form is
-lobigerina (fig. 7.4). The extensive,
iumey, deep sea sediments known as glo-
'igerina ooze contain in great abundance
he tests of Globigerina and related
orms. The remains of Globigerina, along
/ith calcium carbonate remains of other
lanktonic organisms, form a common
ariety of limestone known as chalk.

3.74 Testof a species of Globigerina (center).

LG ittt oo

The oldest foraminifers are simple
forms found in rocks of the Early Paleo-
zoic. The order did not become particu-
larly varied or abundant until Late Paleo-
zoic when families evolved which were
about the size and shape of wheat grains.
These were the numerous, diverse, and
internally complex foraminifers loosely
termed fusulinids. In some limestones,
fusulinids comprise the entire bulk of the
rock. Even when less abundant, they are
useful index fossils for correlation of
strata,

Foraminifers having a more modern
appearance became abundant during the
Mesozoic. It was in the Cretaceous Pe-
riod that planktonic forms appeared and
expanded rapidly. Like their Paleozoic an-
cestors, their remains provide excellent
index fossils and are extensively used in
petroleum exploration. Because they are
sensitive indicators of water temperature
and salinity, they have provided data use-
ful in the study of ancient marine en-

vironments all over the world. Certain
species obtained from cores of deep sea
sediment are providing interesting mea-
sures of areal and temporal fluctuations
of glacial climates during the Pleistocene
Ice Age. In these studies, the temperature
requirements of the foraminifers found
in successive layers of the cores can be
determined by direct comparison with
living species. One can also study the iso-
topic composition of the calcium carbon-
ate secreted by the once living animal.
The ratio of isotopes varies according to
the temperature of the water at the time
the animal lived. It has been discovered
that the ratio between the isotopes oxy-
gen-18 and oxygen-16 in the tests de-
creases 0.02 percent for every 1°C, de-
crease in water temperature. Oceanic
temperatures that prevailed many hun-

ands of years agg
reds of thous:
gscertained using these methods.

: ially directed pseudopodia
th}r):ﬁl;lﬁui::f 1{::0:; beautifully filigreed,
w

latticelike opali
etons (fig.

an \'59
Radiolarians are  sarcodinids  wiry,

ne or proteinaceous skel-
7.5). In some regions of the sea,

FIG.7.5 Radiolaria.

radiolarian tests accumulate in deposits
called radiolarian ooze. These 00zes occu;
frequently in deeper or cplder parts o
the oceans. Because of the mcreas?d con-
centration of carbon dioxide in the
colder waters, calcium carbonate tests of
foraminifera often dissolve as they settle
to the seafloor, or the initial secretion of
a calcite test is inhibited. However, the
siliceous radiolarians are unaffected and
tend to accumulate. Radiolarians have
been reported in rocks as old as Prec_am-
brian, but occur with greater certainty
from the Devonian to the present.

Porifera

Porifera are sponges. Sponges appear to
have evolved from colonial flagellate pro-

Cestors. (o W

ﬂlcting hm \:h
lonial thegpe, —*.
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cal counterpart 1n !
Among theinver
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tive evolutionary s
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Fossil sponges like
Silurian, the Devo
noceras, and the p
Girtyocoelia are ¢
|fig. 7.6). All but on
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oceans from shalloy
abyss. The walls ar
sponges are suppol
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spicules of varyin
composition, or fit
matter termed spo
important in the
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Tidende 1966, No. 3, pp. 4760

Faunal Succession of Extinct North Pacific
Marine Mammals

by EDWARD MITCHELL

(with restorations by Bonnie Dalzell)
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:ia‘-‘“ 4. The color pattern on this restoration of an Early Miocene squalodont approximates the pattern on another rapacious
Ut unrelated species, the living Killer Whale. The skull of Lhis species was about three feet long and armed with many

sharp teeth,

Primitive sperm whale Aulophyseter, nine or more
Species of porpoises and dolphins (mostly
delphinids), three kinds of cetotheres, the desmo-
stylian Desmostylus, and two or more sea lions
(Allodesmus and another kind). As far as the
evidence goes, this type of assemblage seems to be
quite typical of the Californian Middle Miocene, for
at other localities Allodesmus, a smaller pinniped?,
cetotheres, delphinoids, and desmostylians are
commonly associated. But it is by no means certain
that the Sharktooth Hill fauna is a strictly typical
Middle Miocene assemblage because some evidence
suggests that it might be an imbalanced or skewed
sample, perhaps containing animals that were
transported to the area after their death. Neverthe-
less it remains the best single control for this time
period in the eastern North Pacific Ocean.

Cetotheres were primitive baleen whales of small
to medium size, and were among the most common
members of the Middle Miocene fauna in California.
They can be likened to the California Gray Whale,
which is their closest living relative and is probably
descended from them. Some were large, some were
small, but all had relatively short baleen. Perhaps
some of them migrated latitudinally like their
modern counterpart. They were abundant and
slow-moving whales s0 were probably excellent
targets for the many large predators of the Miocene
seas.

The sperm whale Aulophyseter was a medium-
sized whale with upper teeth not well rooted in
sockets. In this and other characters it foreshadows
features characteristic of the modern Sperm Whale.
Aulophyseter has not yet been found at localities
other than Sharkbtooth Hill, but here it occurs in
profusion. Evidently what is now the south end
of the San Joaquin Valley was a calving place or
haunt for this species in the Miocene, for numerous
remains of both adults and juveniles have been
found there.

Desmostylians are a group of mammals which
have no common name. No man has ever seen one
of these beasts alive, since the last one died more
than ten million years ago. Known in the fossil
record since 1888 or earlier from many occurrences
of their peculiar teeth, different species of
desmostylians are only of late being recognized
with some understanding of their anatomy. Almost
all knowledge of these amphibious marine mammals
is based on less than ten skulls and three good
skeletons, few of which have been scientifically
described.

The ancestry of the earliest of desmostylians,
Cornwallius sookensis from Late Oligocene rocks
on Vancouver Island, is quite unknown. Many
paleontologists have assumed that desmostylians
are related to sirenians (sea cows) and to probos-
cidians (elephants), because like manatees and
elephants their tooth replacement mechanism



Figure 5. This restoration of the Middle Miocene cetothere Cophocetus from Oregon suggests that it was the prey of the
giant shark Carcharodon. Cophocetus had a skull about four feet in length, with a very blunt snout. Small cetotheres like
this were very sabundant through the Middle Miocene in the eastern North Pacific, such that they might be termed the
«catile of the sea.»
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Ugh other Species

Perhapg involved
in the ancestry
ii;:ktoom Hill in southerp California. Its
€. Like most fossi] whales, thig 01-1e w

di
hg fers from almost all other mammals. Rather than

ving teeth which erupt in place, the j

hadle onkeln L 2 jaws of these
anima 4 germinal capsule at the back
end where new teeth are formed. The newly-formed
teeth erupt and take their place at the back end
of the tooth row, while older, worn teeth literally
drop off the front end of the jaw. Since at least
Some desmostylians are thought to have had a
Similar tooth replacement ‘mechanism, this seems
like a good unifying feature. But the best proof of
phyletic relationship is a graded morphologic series
of fossils in the correct geologic sequence, and when
considering this aspect, the dental mechanism is
seen to be a secondary feature. For it has been
demonstrated that the earliest sea cows did not
have this special mechanism, nor did the earliest
proboscidians, but each group developed it inde-
pendently. And earlier desmostylians will probably
be found to have had a normal type of tooth
replacement also, Hence it is obvious that only
a parallelism of evolutionary development is in-
volved here.

So much for the desmostylians. Suffice it to say
that they were a group of large quadrupedal mam-
mals that frequented near-shore marine waters

of fossil sperm whales are known from the North Pacific, the kind pictured here was
of the living sperm whale. Aulophyseter evidently calved in the area of what is now called
squid-eating habit is based less on evidence than on analogy with the modern sperm

as smaller than its living relative.

around the shores of the North Pacific from Japan
to Baja California. They evidently lived a walrus-
like or hippopotamus-like mode of life, but scientists
have not yet decided whether they were carnivorous
and ate clams, or were herbivorous and ate marine
plants. Hence it is a little uncertain just what our
resurrected desmostylid is engulfing in that cloud

of mud.
Although very little information is published on

the subject, some comments are offered here on the
differences between Early and Middle Miocene
faunas in the eastern North Pacific. There is
suggestive evidence for a wider dispersal and
greater numbers of desmostylians, both greater
numbers of individuals and possibly of species, in
the Middle Miocene. At this time, if not before,
some desmostylians had attained lengths of up to
ten or more feet and weights of many thousands of
pounds, By the Middle Miocene sea lions had diver-
sified in the North Pacific region and some types
were quite common. Two of the best known kinds
are Desmatophoca and Allodesmus. Desmatophoca
was evidently a long-headed, slimly-built sea lion,
in many ways like some modern species, but only
a few bones of this animal have been discovered in



;rh ¢ Middle Miocene sep lion Allodesmus was a sea lion by ancestry only for it evolved in a direction away from typical

orms angd resembled Some modern Antarctic earless seals like the Elephant Seal and the Leopard Seal. The proboscis, for
€xample, is not commonly developed in living sea lions. Here two bulls engage in combat (Figure 9, above) and feed on large
Halfbeaks (Figure 10, below), Allodesmus perhaps grew to lengths as great as any living pinniped. Some inferentia} evidence
Suggests that thjs large beast was covered not with fur like cea lions, but with blubber like Elephant Seals.
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Modern types of delphinid (Figure 11, above) and phocoenid (Figure 12, below) porpoises with short smouts were abundant
by the Middle and Late Miocene, and today most porpoises and dolphins are of this more advanced type. The coloration
of the delphinid is of a generalized nature, such that the patterns of many living species could be derived from it. That

extinct phocoenids fed upon cuttlefish, as in this representation, is unknown.
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Figure 17. Ancestors of the modern Fur Seals were known in the Late
Miocene or Early Pliocene. Here, a female Pithanotaria suns on a waveswept
promontory in the area of what is now Santa Barbara, California. This ani-
mal may have been smaller than living Fur Seals, but differed only slightly

Figure 18. This radius or fore-arm .bone beatilully illustrated the California coastline, This Pliocene walrus was much like
by Miss Mary Butler, was found in the sea cliffs at Santa Cruz  the modern species but had proportionately shorter limbs.
and is one of the few indications that walruses once inhabited



Figure 19. Only a few {fossils of
an animal like the living Dugon
sirenian probably frequented i

the Pliocene, but not much is known of them. Sea
lions, dolphins and Porpoises, whales, seals, and
other species were essentially modern types. The
living sea otter appears in the latest Pliocene or
earliest Pleistocene. Indeed, had one been able to
cruise along the reefs and shingles of the California
Coast in a boat a few million years ago, the marine
mammal fauna would have appeared different only
to a specialist in such matters. A dugong or two
might spoil the illusion of modernity, but only
until one remembered that the Steller Sea Cow can
be considered a part of the modern fauna because
it was hunted to extinction by man in the Bering
Sea as late as 1768.

Marine mammals have been but little affected by
the Pleistocene extinction which wrought such
havoc with larger land mammals. Most of the living

this sirenian, Halienassa, are known from California, but the available evidence suggests
€ but with different proportions as shown in this restoration. A true marine herbivore, this
nshore waters in association with sea lions and small cetaceans.

species of whales and seals are known or can be
expected from the Pleistocene. But climatic fluc-
tuations associated with the various ice ages prob-
ably helped shape new marine mammal species by
forcing separation of some populations during
climatic extremes.

In brief, it appears that desmostylians, cetotheres,
squalodonts, long-beaked porpoises, otter-like car-
nivores and sea-lion-like pinnipeds occupied the
eastern North Pacific in the Early Miocene. These
marine mammals all carry through into Middle
Miocene assemblages, with the addition of many
short-beaked porpoises and dolphins, abundant
sperm whales and diversified cetotheres. But by
Late Miocene times there was wholesale extinction
or emigration of desmostylians, cetotheres, squalo-
donts, long-beaked porpoises and some archaic sea
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Chapter 3

Fig. 3.1 A foram, Globigerina,
with extended pseudopodia.
From Brady 1884.

Some Single-celled Forms S,
Protozoa spread )
After 1!
The phylum Protozoa encompasses a variety of microscopic animals. deposits
unifying characteristic of the Protozoa is their unicellular nature. All pro compose
zoans consist of a single cell or are parts of loose aggregates of cells. Protozod subscqu
are structurally quite complex, and some biologists prefer to think of then Th
very small acellular animals rather than unicellular ones. This phyld tonic. T!
includes the familiar freshwater Amoeba and Paramecium, some parasi> often as»
and many marine forms. of silica
Marine protozoans are abundant in the plankton and also on the bottof M.
Asexual reproduction by cell division is common. Sexual reproduction, wh group of
it occurs, is often quite complex. g cilia). T!
The order Foraminiferida is mostly marine. Its members are comm cementc
in the plankton, but most are benthic or live attached to plants and oth onc end

animals. Most “forams” are microscopic, although individuals of a few sp

are composed of calcite (CaCO,) or cemented sand grains. Penetrating ..
shell, or test, are numerous strands of cytoplasm called pseudopodia (fig. 3.1)
The pseudopodia are used for locomotion and for collecting food. :
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ECOLOG

Record set
straight on
source of oil

henenﬁmzmndeili
s the question re o
“B comes from, don't think
big, &s in dinosaurs. Think tiny,
as in diatoms. ;

“ It seems natural to think of
tmge, lumbering dinosaurs leav-
ingusthnsedeposilsqroil.and
one oil company implied that
was the case in a commercial
dired several years ago.

- But dinosaurs had nothing to
bmu.mm,suguz;
geologist spec in Or:

s past. In fact, dinosaurs
never even lived in what is now
©range County, where rich res-
ervoirs of oil have been tapped
gver the years.

- The real source of all that oil
is a microscopic, single-celled
creature called a diatom.

* Living in both fresh and salt
water, diatoms are tiny water
plants that have the ability to

pull silica out of the water and
form a glassy cell wall. Diatoms
s Covacs, St i

's oxygen, Stadum said.
+ Diatoms occur in many
shapes and sizes, and because
diatom species easily are identi-
fiable from their sturdy glass
shells, they are invaluable to
Shels,
been pinpointed for different

ﬁmegrlodn,auciem
sediment can be dated by the
types of diatoms in them.

* Conditions in early "Orange
* — which millions of
years ago was n war™. shallow

— apr’ . ¢
for b’

’l’gg

Plenty of underwater volcanic
activity and silt from river run-
off ensured a big supply of silica
in the water from which diatoms
could draw, enabling them to
bloom periodically to massive
numbers before dying and fall-
ing to the ocean floor. A single
diatom can bloom into a billion
within a month, she said.

0Oil production — a long, com-
plex process of compression and
heat over millions of years —
requires stagnant conditions in
which the water isn't circulated
and oxygenated.

Dinosaurs have left spectacu-
lar fossils, but died under cir-
cumstances that made oil pro-
duction very unlikely, Stadum
said,
“Vertebrates don't die under
stagnant conditions,” she said.

Dinosaurs were never resi-
dents of Orange County, she
said, because the huge reptiles
of the central United States were
separated from the West by an
inland sea.

Besides the oil deposits that

3

John
The chalky white clifts on Newport Beach's Back Bay are the remnants
of diatoms, the tiny creatures from which Orange County got its oil.

made boom towns out of Brea
and Huntington Beach early in
this century, other vestiges of
ancient diatoms remain. The
most obvious are the chalky
white cliffs, about 15 million
years old, that hover over New-
port Beach’s Back Bay area,

0il would have developed
from the softer, organic remains
of the diatoms and not their
shells, and later migrated into
porous sandstone before man ar-
rived to tap it. But the chalky
material, called diatomite, has
other uses. The diatomite found
along parts of the coast from
Monterey to Orange County, and
called the Monterey Formation,
has b?i.itn mined for use m-
rette filters, swimming x
ters and polishing powders.

But don't expect Newport's
white cliffs to be mined anytime
S00M.

“It could be," Stadum said.
“But the land is just too valu-
able to be used that way."

— John Westcott'The Register



Continued from Page 4

hin.
species of prehistoric dolp

Barnes said. Jot more
.*“We should be "&Tﬁﬁd Valley:

bt we don't have people follo
he tractors at every ossils are
i Now, he said, most

4B2: pp said the decision to ot

hy ane
such sites came about
‘zm as a result

at three

uced ugniﬁcant fossi
P e discoveries— whale
~ and other fossils—were
| aF 2 200-acre it being developed
for 262 homes by J. M. Peters. The
most recent discoveries were un-

} Enterprises and Anaheim Hills De-
velopment Corp.
+Grading began last week at &

been made there.

Investments Corp. was approved
before the paleontology policy was
adopted.

Verde area as a result of the policy.
: Lumpp said he thinks it is impor-
tant to protect such resources de-
-spite the extra cost to developers.

i Paleontologist Rodney Raschke,
& partner with Morgan and Weir in
Mission Viejo-based RMW Paleo
.Associates, declined to say how
much his firm has been paid for the
work done on the two San Dimas
Projects

-But the president of another
- company, Scientific Resource Sur-

vey Inc., said her firm charges $100
£o0 $200 a day for such work.

{ “It depends on the qualifications

of t.!'le paleontologist and the proj-
hm said Nancy Whitney-Desay.-

earthed at a 234-acre, 271-home .
| project being graded by Boulevard ' .

FOSSILS: DERg the g

housing o
projects, and two of the three have

third site, a 140-acre, 189-home | package
development by Standard Pacific
Corp., but no fossil discoveries have |

by La Linda Homes and Shuwa

 City Manager Bob Poff said San '
. Dimas officials are encouraged that
fossila have been found in the Via |
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‘Grading at two sites developed | arow
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in San
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.
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TS SR LOU MACK / Los Angales Times -
= P”'de Pliﬂﬂﬂ-eovored jawbone of whale recovered at San Dimas building site. -
in only a ey e.?:nghm] ) o —
of lmmmum“mthe s
hourSaweey o fOr only a few
¢ said some dev
real(‘l ?:t discovery of foggily might
gt m"“d.tl'f Y Construction delaya
are
He sad it took 1wy pnleor;?olo- *
days remove and |
'| - & ‘t e p——
* | “They are completely different ,_ Portions of Walnut, south of San
. |disciplines,” Raschke said. “Arche-  Dimas, lie in the the same geologi-
.mmnthwem cal formation that produced the

Although the state Environmen-

- tal Quality Act requires cities and
tounties to study the effects of
‘proposed construction on the envi-
ronment, it does ‘ot require a

+ paleontologist to be on site during
grading. i1 39t .

Some ity officlals .nld they n&

on archeological studies to deter- | f

mine if an area might contain

fossils, But Raschke said that un- -

less archeologists have training in
paleontology, they may not cor-
rectly identify fossil-rich sites.

3

Y humans. Paleontology looks

- ‘“‘f“_"fur subsurface resources left by

-nature.”
Raschke said that some city
officials are not aware of the

difference. “They hear ‘paleontolo-

© 8Y, ‘archeology’ and ‘geology’ and

it all runs together after a while,”
“hesaid. ’ Mano®

r* In West Covina, Assistant Plan-

« 1."that about 500 acres of

ning Director Kenneth Hunter said
will probably be developed over

the next five years. Hunter said
- that an archeologist examined the

site and determined that fossils
ound there would be of little
‘scientific value,

As for the possibility of finding
fossils in West Covina, Hunter said,
“I dont think it has been a great
concern to this department.”

hilly terrain *

whale fossils in San Dimas,
Raschk

e said. s
However, a paleontologist was
‘not on site at the time when 800
-acres of hilly Walnut terrain were
graded in 1980 and 1981 for a*
2,000-lot housing subdivision, said
‘Planning Director George Schindo.
He said the decision not 1o use an
on-site paleontologist there was
based on an archeclogical study
"that indicated that no significant
_-fossils would be found. AR
“The bottom line is monitoring,”
‘Raschke said. “The hills have pro-
duced tantalizing little tidbits, but
concrete. ;
no%?gora:lnly we're pot able to
collect them before the building is
bullt,” he said. “The faster they .
build, the more fossils they de-
stroy.” : 3
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