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Abstract

New ev i dence ac quired from an on go ing ex ca va -
tion pro ject at Rancho La Brea has led to a ma jor
re-eval u a tion of how the fos sils were de pos ited.
The tra di tional idea that an i mals were trapped in
con tin u ously ac tive, open pools of tar has been dis -
carded, and new the o ries of en trap ment and de po -
si tion emerged. Al though more re al is tic in some

ways than the old the ory, the al ter na tives suf fer
from the same in abil ity to pro vide a de fend able,
gradualistic ex pla na tion. This cri tique rep re sents a
pre pa ra tory stage in the de vel op ment of a the ory
that dis cards the prin ci ple of an i mal en trap ments
and ad vances the con cept of a diluvial process in
the formation of the tar pit fossil beds. 

Introduction 

Dr. John C. Merriam, a ver te brate pa le on tol o gist at the
Uni ver sity of Berke ley, first heard of the fos sils of Rancho
La Brea in 1905 from Un ion Oil ge ol o gist Wil liam W.
Orcutt. Af ter view ing the fos sils and vis it ing the source
beds, Merriam wrote an ar ti cle in 1906 about a pool of tar
that de ceived, trapped, and swal lowed up its vic tims. Two
years later, he wrote an ex panded treat -
ment of the sub ject for a pop u lar mag a -
zine. The ed i tor’s in tro duc tion to the
article had the following words:

This sticky pool of wa ter and
tar has been a Death Trap of the
Ages. Here, for cen tu ries, ev i -
dently, the enor mous ground-
sloth and other clum sily mov ing
crea tures of his kind came for wa -
ter, only to be held re lent lessly;
herds of bi son and horses were en -
tombed, ex tinct forms with whose 
bones min gle those of the mam -
moth and the camel. To this help -
less prey, snared for them in this
bird-lime bed, came the lords of
the era, the huge sa bre-tooth ti ger
and mon ster wolf, the larg est of
the dog fam ily. Trapped in their
turn, they, too, fed the black maw
of the as phalt pool and the death trap baited it self
anew (Merriam, 1908).

Al though the above de scrip tion paints a vivid pic ture of
the strug gle for sur vival among the tar pits, it is un for tu -

nately marred by the use of mis lead ing ev i dence. The
“death trap” pic tured in the ar ti cle was ac tu ally a wa ter-
filled quarry dug out by a de funct as phalt min ing en ter -
prise (Figure 1).

About two hun dred yards north west of the quarry was a
real tar pit ex ca vated in 1906 by the Uni ver sity of Cal i for -

nia. Six years later, three more pits were ex ca vated in the
same vi cin ity (Stoner, 1913). In 1913, the County of Los
An geles be gan a two-year, trial-and-er ror search for more
fos sil pits. They dug 96 test holes, of which more than half
turned out to be un pro duc tive. (The test holes were called
“pits,” which makes dis cus sion of the sub ject con fus ing. A
“pit” in the sense of a test hole may, or may not, be syn on y -
mous with an ac tual fos sil pit.) Only 16 test holes turned

160 Creation Research Society Quarterly

Fig ure 1. As phalt quarry now filled in with wa ter. It was mis iden ti fied as the
“death trap of the ages” (Merriam, 1908).
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up pits with large quan ti ties of bones. With the ex cep tion
of Pit 91, these pits were emp tied of their con tents, packed
in wooden crates, and trans ported to the Mu seum of His -
tory, Sci ence, and Art. The main part of the bone mass of
Pit 91 was left in tact as a showcase for future public
display.

The Re-opening of Pit 91

Af ter a fifty-four year hi a tus, ex ca va tion work at Pit 91 was
re-ac ti vated on June 13, 1969. It con tin ues on a sea sonal
ba sis to the pres ent day. More me thod i cal than the early
ex ca va tions of 1906 through 1915, the re newed ex ca va tion 
is a pains tak ing cen ti me ter-by-cen ti me ter search for fos sils
of all kinds, from large bones to mi cro scopic-sized or gan -
isms such as pol len and di a toms. Iden ti fi ca tion, po si tion,
and ori en ta tion of all items found are me tic u lously noted
and illustrated with diagrams and sketches. 

The wealth of in for ma tion thus ac quired was by no
means a con fir ma tion of old ideas. On the con trary, some
dis cov er ies did not fit within the ru bric of con tin u ously ac -
tive, deep tar pools. At a lit tle over six feet be low the sur face 
of the ground, ex ca va tors found an an cient streambed that
ran from an east-to-west di rec tion, curv ing to wards the
south wall. They also found lev els of sed i men ta tion, which 
pointed to ward the fluid dy nam ics of wa ter as a formative
factor in Pit 91. 

The fos sil re mains were fre quently ad mixed with
gravel lenses, cob bles, and peb ble clasts of fluviatile
or i gin. Fresh wa ter lime stone lenses, mol lusks, and
hard ened asphaltum de pos its were interbedded with
bone-bear ing sed i ment in sev eral of the pits. . . . Both 
the mol lus can fau nas and the lime stone strata in di -
cate in ter vals dur ing which sep a rate tar seeps were
sub merged, pos si bly by ephem eral lakes or ponds, or
me an der ing stream chan nels (Woodard and Mar -
cus, 1973, p. 56).

The geo log i cal his tory of the fos sil de pos its, as re vealed
by the re newed ex ca va tion, ap peared to be more com plex
than pre vi ously imag ined, and the tar pool en trap ment
the ory was clearly in trou ble. Weak nesses that had pre vi -
ously been over looked were now com ing un der close scru -
tiny. One flaw in par tic u lar was the small size of some of
the pits. Woodard and Marcus (1973, p. 63) ac knowl edged 
that “many bone pock ets, al though con tain ing nu mer ous
disarticulated skel e tal re mains, were too small to have
served as asphaltic traps.”

Pit 36, for ex am ple, was four feet long by two feet wide
by eleven feet deep. Con sid er ing the pre pon der ance of
car ni vores in Rancho La Brea cen suses, Pit 36 un ques tion -
ably lacked the space for en trap ment ep i sodes re quir ing as
many as six car ni vores pounc ing on a sin gle her bi vore. An -
other un der size hole was Pit 16. Only four feet wide, this

pit was a near cir cu lar hole that went down 24 feet be fore it 
con tracted three more feet into a small tar vent. Com pare
these pit sizes to a typ i cal vic tim such as the sa ber-tooth cat
with a head and body length of five and a half feet, or the
mast odon, which had a length of twelve feet. Pit 37 was
merely a “nar row chim ney” only eight feet deep. In side
were the bones of badger, deer, coy ote, and a large num ber 
of birds, over 90% of which were the pre da cious types such 
as vul tures, hawks, and owls (Howard, 1962). While the av -
er age size of a tar pit was 15 feet in di am e ter at the sur face
(the larg est one hav ing a semi-com mo di ous mea sure ment
of 25 x 15 feet at the sur face), the smaller pits with di am e -
ters of five feet or less pres ent a serious challenge to animal
entrapment scenario writers. 

By the early 1970’s, pa le on tol o gists had reached a con -
sen sus that the an i mal en trap ment the ory had to be ei ther
mod i fied or dis carded. Con se quently, two al ter na tive the -
o ries were for mu lated. One was the tar pud dle en trap ment 
the ory, and the other was the fluvial transport theory. 

The Tar Puddle Entrapment Theory

The fos sil pits of Rancho La Brea are lo cated at Han cock
Park. Within the park, vis i tors can see tar seeps form ing
pud dles about two to four feet in di am e ter. If on a slope,
the seep can spread far ther, per haps as much as 15 feet or
more. When tar seeps reach an ad vanced stage of de vel op -
ment, they look like vol ca noes about three to four inches
high with a cir cum fer ence equiv a lent to an au to mo tive
tire (Fig ures 2 and 3). Bub bling from the cen ter of these
mounds are flows of tar that move at a slug gish, al most im -
per cep ti ble rate. These larger seeps are called tar springs,
and some of them can be fairly ex ten sive in the pud dles
they gen er ate. One ge ol o gist ob served a pud dle with a
diameter of 30 feet (Merriam, 1911).

For small crea tures such as birds, rab bits, snakes, and
in sects, tar pud dles are dan ger ous traps (Fig ure 4). Even
large an i mals, such as cows and horses, have re port edly
been stuck in pud dles only two or three inches deep.
These mod ern ep i sodes have led some sci en tists to for mu -
late the tar pud dle en trap ment the ory. Ac cord ing to
Akersten, Shaw, and Jefferson (1983), 

. . . very shal low pud dles of as phalt, more nearly anal -
o gous to fly pa per than to quick sand, were of ten con -
cealed by float ing leaves and dust. Oc ca sion ally, an
in cau tious her bi vore be came en trapped and, in
turn, lured a num ber of car ni vores to their fates. The
car casses de cayed; in di vid ual bones rot ted free, be -
came sat u rated with as phalt, and set tled at least part -
way into the mire. 

Dur ing the warmer months of the year, tar seeped up
through the per me able sands of dry streambeds, cre at ing
pud dles that were highly vis cous and haz ard ous to un wary
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crea tures. With the on set of win ter, the tar seeps be came
dor mant and the pud dles started to so lid ify. Dur ing rain -
storms, wa ter filled the streambeds and spread a thin layer
of sand over the in ac tive seeps. With the re turn of warm
weather, the streams dried up and the tar seeps once again
be gan to flow, cre at ing new traps. The fact that bones were
found in pit-like for ma tions is due to the tar vents sat u rat -
ing and pre serv ing the bones within their reach, while the
re main ing bones be yond the mar gin dis ap peared through
the attritional ef fects of weather and de cay. Over time the
an nual buildup of tar seeps and bone ma te rial grew si mul -
ta neously higher along with the sur round ing level of the
al lu vial ter rain. A good sum mary of the key ideas of this
the ory is provided by Harris and Jefferson (1985, p. 10):

An i mals and plants were cap tured in shal low sur -
face sheets of vis cous as phalt rather than in large
pools or “pits,” but over time such as phalt lay ers built 
up into large con i cal bod ies through con tin ued de -
po si tion. The pres er va tion of the bones and plant

ma te ri als was aided by their sub se quent burial in sed -
i ments of the alluvial plain.

Al though gen er ally ac cepted by the sci en tific es tab lish -
ment, there are no ob ser va tional or ex per i men tal data that
show that tar pud dles have the vis cos ity to cap ture large an -
i mals, in clud ing such megafauna as el e phants and bi son.
Even lo cal an ec dotes about horses and cows stand ing
trapped in tar pud dles, whether true or not, can not prop -
erly be called sci en tific proof if they lack such rou tine
items of in for ma tion as time, place, and names of wit -
nesses. Con sid er ing the lack of solid ev i dence, the tar pud -
dle theory does not merit further discussion. 

The Fluvial Transport Theory

The flu vial trans port the ory is a mod i fi ca tion of the deep
tar pool en trap ment con cept. As for mu lated by Woodard
and Marcus (1973, p. 63), the flu vial trans port the ory pos -
tu lates “lo cal ized fluviatile con cen tra tions of bones in
stream channels or ponds.” 

Some of the larger fos sil con cen tra tions prob a bly
rep re sent ac tual sites of an i mal en trap ment and
burial. Many bone de pos its ap pear to rep re sent con -
cen tra tion un der fluviatile con di tions af ter the bones 
had lain on the sur face for some time. This is sup -
ported from the char ac ter of the en clos ing sed i -
ments, size of the fos sil pock ets, and the abraded and
weath ered na ture of the bones (Woodard and Mar -
cus, 1973, p. 68). 

To sup port their the ory, the two au thors drew upon the
core sam ple data col lected dur ing a search for un dis cov -
ered fos sil pits in 1945. A to tal of 87 test holes were drilled
all around Han cock Park. The test holes re vealed four dis -
tinct sed i men tary lay ers. The up per most layer con sisted of
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Fig ure 3. Close up of same tar spring near as phalt
quarry. Dark cav ity in the cen ter of spring shows where a
bub ble had burst. Pho to graph taken by the au thor in
May 2002.

Fig ure 2. Tar spring seep ing into as phalt quarry now
filled with wa ter. Pho to graph taken by the au thor in
May 2002.

Fig ure 4. A tar pud dle in which two birds had been
caught. The smaller bird to the right is a meadowlark.
The bird in the cen ter is un iden ti fied (Merriam, 1911).



6.5 to greater than 17 feet of flood-plain de pos its of sand,
clay, gravel, and as phalt. Rounded gravel and cob ble sized
clasts were an in di ca tion of “fluvatile dis in te gra tion”
(Woodard and Marcus, 1973, p. 60) of granitic rocks. 

The sec ond layer con sisted of as phal tic sand vary ing in
thick ness from less than 3.5 and up to 7.6 feet. The au thors 
be lieved that the sec ond layer rep re sented a pe riod when
bones were pos si bly be ing de pos ited by an i mal entrap -
ments. 

The third layer was 4.3 to 8 feet of clay that was fre -
quently sandy to wards the base. Like the first layer, the
third layer was the re sult of “fluvatile de po si tion, prob a bly
in a flood-plain en vi ron ment.” ‘

The fourth layer con sisted of bi tu mi nous sand that went 
down to a depth of 66 feet. Un like the sec ond layer of tar
and sand men tioned above, the fourth layer does not rep re -
sent a pe riod of an i mal en trap ping ac tiv ity. Ac cord ing to
main stream sci en tific think ing, the fourth layer is a tran si -
tional phase in the ge ol ogy of South ern Cal i for nia. Ocean
wa ter re ceded from the con ti nent, and the ba sin of Los An -
geles be came a dry land en vi ron ment with bod ies of fresh -
wa ter. It was to wards the end of this pe riod that land
animals began migrating into the area.

Ac cord ing to Woodard and Marcus, the four sed i men -
tary lev els de scribed above were ob served in side the tar pits 
as well. To prove their point, they re fer to the field notes for 
the ex ca va tions of Pits 3, 4, 13, and 81. Since their strati -
graphi cal anal y ses of these four pits are ba si cally sim i lar,
we shall fo cus on Pit 3 to il lus trate their argument. 

The Excavation of Pit 3

Pit 3 be gan on July 16, 1913 as an ex plor atory trench from
the bank of a man-made pond. The ex ca va tors pro ceeded
to ward a spot where a fresh pud dle of tar was spread ing
from a tar vent. When they had reached the pud dle, they
broke away six inches of as phalt out crop ping and found a
quan tity of mainly coy ote bones as well as many from birds 
and ro dents. Most of these bones were so de cayed that they 
had to be thrown away. The ex ca va tors wid ened the hole
and saw that the fos sil pit had a di am e ter of about 15 feet.
They found an abun dance of wolf and sa ber-tooth cat
skulls, as well as a small num ber of her bi vore skulls such as
sloth and bi son. The dis pro por tion ate num ber of car ni -
vores was typ i cal through out the pit. As they pro ceeded
down ward, they found that the pit had a con i cal shape.
The above com ments ap ply to the pit as a whole. The fol -
low ing is a summary of what was found at various levels.

At a depth of four-and-a-half feet be low the sur face of
the ground, ex ca va tors found the trunk of a cy press tree
about ten inches in di am e ter. The wood was so fresh, that
it ap peared that the tree had been bur ied alive. The top of
the trunk was miss ing, ei ther hav ing been burned or rot ted

off. As they dug down, they found that the trunk had a large 
branch that pro jected hor i zon tally across the pit (Fig ure
5). Around the branch and trunk was a mass of bones so
tightly packed and in ter locked that it was dif fi cult to
squeeze fin gers into the nar row cav i ties to remove them. 

At the seven-and-a-half-foot level, the ma trix of tar and
sand was de scribed as “the very best pre ser va tive sort, as
many of the bones com ing out now are in a high state of
pres er va tion.” 

At the nine-foot level, the ma trix was de scribed as
“mostly of a rather coarse sand well tar-soaked, in places
with some small gravel and twigs, ap par ently drift ma te -
rial.” Sa ber-tooth cat bones were far ex ceed ing the wolf
bones. There were oc ca sional her bi vores such as sloths
and mast odons. Along the south wall was a de posit of tarry
sand that was vir tu ally bar ren of bones. The sur face con -
tact be tween the bar ren sand and the mix ture of sand and
fos sils was sharply defined. 

At the ten-foot level, ex ca va tors were find ing more
small gravel, twigs, and leaves. Again these were rec og -
nized as “drift ma te rial,” which meant that floods had
trans ported them from some where else and bur ied them
in the pit. The leaves and twigs were sat u rated with wa ter.
It was soon dis cov ered that wa ter-soaked plant ma te rial
had a spoil ing ef fect on the qual ity of fos sil pres er va tion.
Any bones close to wood were mushy, crum bly, and badly
decayed. 

At the twelve-foot level, the ma trix changed from bi tu -
mi nous sand to a mix ture of clay and a sub stance that
looked like as phalt with a red dish-brown color. Here ex ca -
va tors found the cy press tree rooted in stiff clay. Many of
the larger roots pen e trated al most hor i zon tally into the
wall of clay. It ap peared that the tree had ei ther grown on
the bank of a bur ied gully, or the edge of the bone de posit
had been com pletely cov ered by a heavy de posit of clay.
The to tal height of the tree trunk was about eight feet. It
had two large branches, one eight feet long and the other
eleven feet long. These branches had been bro ken off at
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Fig ure 5. Cy press tree taken from Pit 3. When found, it
was heavily sat u rated with wa ter and tar (Wyman, 1926). 



the ends. [Some of these de tails were not in the field notes
but were pro vided by (Davidson, 1914)]. In or der to re -
move the trunk, ex ca va tors had to cut off nu mer ous roots.
Lift ing the tree out of the pit was a dif fi cult op er a tion re -
quir ing a team of twelve men, for it was heavily saturated
with water and tar (Figure 5). 

At the thir teen-foot level, the slant ing-in of the west wall 
was de creas ing the amount of avail able space for the dig -
ging crew to work in. This was the be gin ning of the con -
trac tion of the pit, which at deeper lev els would taper
down to a small hole. 

At the fif teen-foot level, the ma trix changed more into
clay with nu mer ous pock ets of tarry sand. Ex ca va tors
found a log four feet long stand ing up right upon the crotch 
of an in verted tree stump. Un der neath the tree trunk, ex ca -
va tors found great quan ti ties of bones. The ma trix here was 
gravel im preg nated with tar. 

At the eigh teen-foot level, the ma trix be came as phalt
with fewer bones than in the softer tar-soaked sand. 

At the twenty-foot level, the whole pit was clogged with
ar eas of as phalt, which made dig ging very hard. 

At the twenty-one-foot level, fewer bones were found.
The whole floor of the pit was con tract ing at an ever-in -
creas ing rate as the ex ca va tors dug deeper. More than half
the floor was ox i dized asphaltum, or semi-hard ened tar,
which was very hard to dig through. 

At the twenty-three-foot level, the floor of the pit was
only four feet across. Bones at this depth were still be ing re -
moved. 

At the twenty-five-foot level, a sloth pel vis com pletely
filled the small hole. Un der neath the pel vis was a bi son
skull – the last bone to be re moved from the pit.

At the twenty-seven-foot level, the pit had ta pered down
to a nar row chim ney sev eral inches wide and con tin ued
down ward to a pe tro leum de posit one to three thou sand
feet be low the sur face of the earth. At this level, the ex ca va -
tion for Pit 3 was ter mi nated on Au gust 18, 1913. 

Stratigraphical Analysis of Pit 3 

Woodard and Marcus (1973, p. 64) iden ti fied six phases in
Pit 3. These phases are listed be low in the or der in which
they ap pear stratigraphically from the up per most layer to
the low er most:
• Phase VI: This phase is the last and most re cent of the

lay ers to have been de pos ited. It con sists of “sed i ments of
prob a ble flood-plain or i gin” from the sur face level of the
ground to a depth of 2.4 me ters (8 feet).

• Phase V: At the 2.4-me ter level, ex ca va tors en coun tered
“richly fossiliferous as phal tic sand.”

• Phase IV: At the 3.6-me ter level (12 feet), the strata
changed to stiff clay. Sep a rat ing the sec ond layer from
the third layer was a bound ary layer con sist ing of hard

asphaltum, ox i dized a dark red dish-brown color. Ac cord -
ing to the au thors, this layer rep re sents a pe riod when tar
vents were inactive.

• Phase III: At the 4.5-me ter level (15 feet), ex ca va tors en -
coun tered an other bound ary of hard ened red dish-brown 
asphaltum, be low which was a layer of grey clay en clos -
ing pock ets of fos sils in bi tu mi nous sand.

• Phase II: At the 5.4-me ter level (18 feet), a layer of as phal -
tic grey clay with pock ets of gravel and lime stone was
found. At this in ter val the fos sil-bear ing bi tu mi nous sand 
was be ing re placed by barren clay.

• Phase I: This phase is the ear li est of the lay ers to be de -
pos ited at the site of Pit 3. It con sisted of “as phal tic sand”
that be gan at the 6.3-me ter level (21 feet). This sed i ment
con tin ued un changed to the point where the ex ca va tion
ended at 8.1 me ters (27 feet).
These strati graphi cal phases can be re lated to the four-

level core sam ple data of 1945, if one com bines Phases II,
III, and IV into a sin gle level. As de scribed by Woodard
and Marcus, these phases ap pear to in di cate that the de po -
si tion of the con tents of Pit 3 cor re sponded to the de po si -
tion of equiv a lent sed i men tary lay ers of the surrounding
terrain. 

To fix the time spans for both an i mal en trap ment and
flu vial de po si tion, the au thors rely on car bon-14 dat ing of
var i ous bone spec i mens. Ta ble I shows the re sults for sam -
ples from Pit 3. As sum ing that the car bon-14 dates are ac -
cu rate, the re cent pe riod of fluviatile de po si tion is al most
13,000 years long; the pe riod of an i mal en trap ments was
less than 2,000 years long; and the older pe riod of fluvatile
de po si tion was 7,000 years long. (Woodard and Marcus ex -
plain the anom a lous spec i men at twenty-six feet as be ing
the re sult of ei ther con tam i na tion of the sample or the
shifting of bones inside the pit.)

To sup port their ar gu ment that at least two lay ers in Pit
3 were de pos ited by fluviatile con di tions, the au thors re fer
to a sig nif i cant dis cov ery from the re newed ex ca va tion of
Pit 91. What ex ca va tors were amazed to find was that the
on set of tar seeps came af ter the bones were de pos ited. A
sat u ra tion zone em a nat ing from a tar vent per me ated into
the bone mass. The sat u ra tion grad u ally de creased the fur -
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Spec i men Sam ple Car bon-14 De po si tion
Depth (ft.) Num ber Age Ac tiv ity

7 UCLA-1292B 12,700 BP* Fluvatile
11 UCLA-1292E 14,400 BP En trap ping
12 UCLA-1292C 14,500 BP En trap ping
22 UCLA-1292J 20,500 BP Fluvatile
22 UCLA-1292A 21,400 BP Fluvatile
26 UCLA-1292K 19,300 BP Fluvatile

Ta ble I. Sam ple results from Pit 3.

*BP = be fore the pres ent



ther it spread, so that bones at the pe riph ery of the zone
were only par tially, if at all, permeated by the tar. 

This in for ma tion is strong ev i dence for a the ory that
com bines an i mal en trap ments and flu vial con di tions in
the mak ing of the fos sil beds. Yet as the reader of my ar ti cle 
will soon see, this same in for ma tion can also be used for a
the ory that elim i nates an i mal entrapments altogether.

Water-Saturated Wood

An other de tail sup port ing the flu vial trans port the ory is the 
wa ter-sat u rated wood de bris found in side Pit 3. The up -
right cy press tree trunk (Fig ure 5) was so heavy with wa ter
that re mov ing it was a dif fi cult op er a tion. Twigs and leaves 
were also drenched. These de tails do not rep re sent a mi -
nor anom aly. Stumps, branches, twigs, and leaves within
other pits were sim i larly soaked with wa ter. In the field
notes, this woody ma te rial was de scribed as the re sult of
“drift” or be ing “washed in.” The abraded sur faces of the
wood in di cated wa ter-driven movement over rough ter -
rain. 

Yet if the flu vial trans port the ory were true, we should
ex pect to find pieces of tim ber ly ing more or less hor i zon -
tally within the sed i ments that brought them into the pits.
Some wood spec i mens were in hor i zon tal po si tions and
oth ers were po si tioned ver ti cally, cross ing sed i men tary
bound aries. The afore men tioned cy press tree trunk
crossed two lay ers rep re sent ing flu vial trans port and an i -
mal en trap ments. If thou sands of years of de po si tion are
rep re sented in these two lay ers, it is doubt ful the tree
would have main tained the fresh ness and in teg rity its
wood dis played. In ad di tion to these polystrate pieces of
tim ber, the tan gled and in ter locked min gling of bones and 
wood de bris seem to point to ward a sin gle vi o lent event
rather than a grad ual lay er ing of sed i ments over an in def i -
nite pe riod of time. The strange jux ta po si tion of the four-
foot log stand ing up right upon the crotch of an in verted
tree stump bears wit ness to a flood ing ep i sode sev eral
 orders of mag ni tude more pow er ful than the winter over -
flows of streambed channels called for by the fluvial trans -
port theory.

Bone Concentrations in
Flood-Plain Environments

Af ter nearly thirty years, the ar ti cle pro duced by Woodard
and Marcus still stands as a land mark in the lit er a ture of
the La Brea Tar Pits. Yet much of their ma te rial has lost its
value in the light of re cent stud ies of mod ern flood-plain
en vi ron ments.

One such study was con ducted at a dry lake ba sin
within the Amboseli Na tional Park in south ern Kenya. A

lim ited num ber of spring-fed chan nels pe ri od i cally flood
the ba sin, mov ing and bury ing the scat tered re mains of de -
ceased an i mals. The study fo cused on a sta ble pop u la tion
of 1000 wil de beests. Ev ery year this herd con trib utes 250
car casses to the ba sin floor with about a 100 of these be ing
in fants or ju ve niles. The smaller car casses are nor mally de -
voured by pred a tors and scav en gers, which leaves about
150 car casses re main ing. About two-thirds of these car -
casses are de stroyed by weath er ing be fore they can be
trans ported by flood ing to suit able places for burial. Fi -
nally, for each car cass, only eight out of the orig i nal 152
skel e tal parts are ac tu ally bur ied. While these num bers
can not be ex pected to ap ply to all sit u a tions, they do pro -
vide a case study for il lus tra tive pur poses. The pre dicted
yearly in put of bur ied bones from ten of the ma jor her bi -
vores at Amboseli, av er aged over the whole ba sin area of
600 km2, would be 0.01 bone per 1000 m2. Since a
fossiliferous de posit is as sumed in these stud ies to be one
bone per 1000 m2, it will take one hun dred years for the
dry lakebed to be come incrementally more fossiliferous,
even if all the bur ied bones are pre served over time. These
fig ures are com pat i ble with stud ies made in other flood-
plain en vi ron ments around the world. As sumed ac cu mu -
la tion to tals can not be much higher, without pushing
animal mortality rates into the catastrophic range
(Behrensmeyer, 1982). 

Now let us com pare the above fig ures with the con di -
tions of the La Brea Tar Pits. Pit 3 had nearly 50,000 skel e -
tal parts and frag ments. Since the pit had a rough con i cal
shape of about 15 feet at the sur face and a depth of about
27 feet, that works out to be ap prox i mately 1600 cu bic feet, 
or 850 bones per cu bic yard. This nu mer i cal den sity is
com pa ra ble to bone con cen tra tions in other pits. For ex -
am ple, a large quan tity of bones, in clud ing 17 com plete
skulls of the sa ber-tooth cat and 40 com plete skulls of the
dire wolf, were con tained in two cu bic yards of bone ma te -
rial at UC Lo cal ity 2050 (Merriam, 1908). If the first
fluviatile phase was 13,000 years and the sec ond fluviatile
phase was 7,000 years, the num ber of bones in each pit is
too high when com pared to bone as sem blage sur veys in
mod ern flood-plain en vi ron ments. Uniformitarian rates of
flu vial de po si tion are there fore unworkable when applied
to the La Brea Tar Pits.

Pits and Sedimentary Layers

The flu vial trans port the ory com bines two pro cesses of na -
ture that are es sen tially con tra dic tory.
1. The pro cess of bone de po si tion in con cen trated masses

re quires the ex is tence of holes or ground sur face de pres -
sions that are sta ble and con tin u ously open. 

2. The pro cess of sed i men ta tion does not cre ate holes; in -
stead it fills them.
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If the anal y sis of Woodard and Marcus is cor rect, then
both these pro cesses had si mul ta neously oc curred in the
pits. It is worth not ing here that this the ory re places an old
idea that was con ceived by Lu ther E. Wyman, the su per vi -
sor of the county ex ca va tions of 1913 through 1915. Here
is what he said about the or i gin of the tar pits in 1926. 

Dur ing the two years’ work of the Mu seum, how -
ever, many phe nom ena were en coun tered which
seem ex plain able only on the the ory that pits were
formed by heavy “blow-outs” of gas from the oil de -
posit be low, form ing sur face crat ers, most of which
were roughly fun nel-shaped, and fol lowed by an in -
flow of oil which with sand filled the crat ers to the
sur round ing level. The gas pres sure re lieved, the
crat ers would be come qui es cent, pos si bly crust ing
over, . . . (Wyman, 1926, p. 9)

There are fea tures about Pit 3 as well as other pits that
con firm Wyman’s con clu sion. These fea tures in clude the
fun nel shape of the pits and the sharply de fined con tour
against the sur round ing ter rain. On the other hand, we
can not eas ily dis miss the the ory of Woodard and Marcus,
for they have used the lat est stud ies of the strata of Han -
cock Park and sur round ing ar eas. They also rely on the
data of Pit 91, which is far more thor ough and me tic u lous
in the re cov ery and anal y sis of fos sil ma te rial than the old
excavations ever were. 

It should be pointed out here that the sed i men ta tion
out side the pits is not un der dis pute. The core sam ple stud -
ies of 1945 are com pat i ble with both views. The is sue in
ques tion is the per ceived strat i fi ca tion within the pits.
Wyman re lied on his ob ser va tions of phe nom ena in the vi -
cin ity of the tar pits to for mu late the gas blow out the ory.
Woodard and Marcus re lied on the field notes of 1913
through 1915 and the re cent ob ser va tions and field notes
of Pit 91 to for mu late the fluvial transport theory.

It is rel e vant to point out that the au thor of the early
field notes was Wyman him self. Al though he was a trained
and ob ser vant sci en tist, care fully not ing sig nif i cant de tails, 
he was not al ways clear about what he was ac tu ally see ing.
For ex am ple, the first time that Wyman makes a com ment
about the ma trix of Pit 3 was on Au gust 12, when ex ca va -
tors were down to the seven-and-a-half-foot level. He said,
“Ma trix is ap par ently of the very best pre ser va tive sort,”
mean ing it was a mix ture of tar and sand. When he made
this com ment, he said noth ing about the thick ness of this
ma trix. Did he mean that this type of ma trix was first en -
coun tered at the seven-and-a-half-foot level, or was he ap -
ply ing his com ment to the whole pit as dug out to that
point? Even Woodard and Marcus ad mit that the field
notes are not de tailed geo log i cal re cords and can only be
used to pro vide gen eral in for ma tion. Thus to as cribe dis -
tinct and pre cisely mea sured strata within the pits based on 
ran dom com ments within Wyman’s field notes may be
placing too fine an interpretation on them. 

In my own sur vey of the field notes, I found a great
many ref er ences to “tarry sand” or “good ma trix of tar-
soaked sand” and cor re spond ingly very few ref er ences to
“tarry clay.” In fact wher ever the word “clay” was joined
with an ad jec tive, it was most of ten the word “bar ren,”
mean ing ab so lutely no bone ma te rial was found in it.
These de tails lead me to be lieve that the pre dom i nant ma -
trix was a mix ture of tar and sand and that it was gen er ally
well dis trib uted through out the pits from top to bottom.

Let us now turn to the ev i dence of Pit 91. It is true, of
course, that this on go ing ex ca va tion has been un cov er ing
strat i fi ca tion lev els within the bone mass. Yet this ev i dence 
can not be re garded as wholly trust wor thy. It is an un for tu -
nate fact that Pit 91 is not an un dis turbed pit. Dur ing the
late 1800’s, the ground had been turned over by work men
seek ing com mer cial grade as phalt. Ac cord ing to Wyman’s
field notes of June 13, 1915, “about 2 ft. of earth that had
been moved at some time (prob a bly in the search for
asphaltum long ago).” On June 28, Wyman wrote, “Soft
veg e ta tion that ap pears like hay show in spots down to 8-ft., 
ev i dently mark ing the bot tom of old as phalt dig gings. As
traced on the wall of the pit, the floor of these old dig gings
was ex tremely ir reg u lar. This mixed earth and asphaltum
moved so long ago is almost as hard as any original earth.”

Af ter the ex ca va tion of Pit 91 ended in Au gust 1915, the
hole was filled in over the course of the next sev eral de -
cades. This pro vided an other com pli cat ing fac tor, as the
fol low ing ex tract from the field notes of the re newed ex ca -
va tion shows:

Sept 3, 1969: To day sev eral ge ol o gists came to
study the ex ca va tion try ing to de ter mine which sed i -
ments were re worked & which un dis turbed. 
[List of names of four ge ol o gists pro vided here] 

The con sen sus of the above group and my self
[George J. Miller] was that Unit 1 was def i nitely fill,
that Unit 2 was prob a bly fill, (I feel that this ma te rial
could have been the re sult of work done in the 1800’s 
to re cover asphaltum) and that Unit 3 (in clud ing
darker as phal tic sandy ma te ri als) was un dis turbed.
The area in which the bone show ing a tool mark (not 
made in pres ent ex ca va tion) was dif fi cult to in ter -
pret. We all felt it could pos si bly rep re sent re worked
ma te rial, but might just as well be in place. It seems
pos si ble to me that the mark could have been made
in the late 1800’s work; when bone was struck, the
work ers moved to an other area be cause of the hin -
drance. The pres ence of much bone was probably a
nuisance to them.

Al though the re newed ex ca va tion of Pit 91 has pro vided 
much valu able data, the vac il la tions ap par ent in the field
notes stand as a warn ing not to ac cept Pit 91 data with out
due caution. 

Since the com pet ing ideas of the gas blow out the ory
and the flu vial trans port the ory both have merit, a work -
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able so lu tion might be to meld both ideas into a uni fied
the ory and to dis card the an i mal en trap ment idea en tirely.
The fol low ing is a sug gested sequence of events.
1. Through the force of mov ing wa ter, al ter nat ing sed i -

ments of sand and clay were spread over the ba sin of Los 
An geles.

2. As a re sult of earth trem ors, cracks in the ground de vel -
oped, al low ing gas to es cape up ward and cre ate fun nel-
shaped blow outs through the sed i ments of sand and clay.

3. The bones of un counted an i mals which died dur ing
this pe riod as well as nu mer ous up rooted trees and
branches were swept up by the force of wa ter. Some of
these trans ported bones and veg e ta tion were con cen -
trated into the fun nel-shaped holes that had pre vi ously
re leased nat u ral gas. Other bones came to rest upon the
sur face of the ground sur round ing the holes.

4. Pe tro leum fol lowed the gas, fill ing the boniferous holes
and spill ing over the bone-strewn ground. A large as -
phalt lake spread ap prox i mately over a square mile.
This lake even tu ally dried into a hard crust that capped
and pre served the con tents in side the pits.
In my next ar ti cle, I will dis cuss the dy nam ics of the wa -

ter it self in the de struc tion of an i mal life in South ern Cal i -
for nia and in the con cen tra tion of the bone ma te rial into
the La Brea Tar Pits. 
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Moral Darwinism: How We Became Hedonists by Benjamin Wiker
InterVarsity Press, Downers Grove, IL. 2002, 327 pages, $20

Dr. Benjamin Wiker is a Lec turer in the phi los o phy and
his tory of sci ence at Fran cis can Uni ver sity, a Se nior Fel -
low of the Dis cov ery In sti tute, and a free-lance writer.
Most peo ple think that Dar win ism be gan with Charles
Dar win in the mid-19th cen tury. In Moral Dar win ism,
how ever, Wiker traces its roots to a much ear lier gen e sis –
the Greek philosopher Epicurus.

Epicurus’ phi los o phy was that the great est plea sure
is the ab sence of pain. We of ten think of Epicurus as a he -
do nist (one de voted to phys i cal plea sure), but in fact he
was an as cetic. His sim ple life style was, for him, the best
way to avoid pain ful experiences.

The sci ence of Epicurus was ma te ri al is tic in na -
ture. He be lieved in “the sim ple, eter nal atom” (p. 40) as

the base of the phys i cal world. Epicurus thought the uni -
verse was in fi nite and had no be gin ning. To him “the gods
were a part of na ture, made of at oms just like ev ery thing
else in the uni verse” (p. 43). Epicurus’ the ol ogy was based
on “the sub or di na tion of the gods to na ture so that they
could not in ter fere with hu man af fairs” (p. 45). Epicurus’
the ol ogy led to a ma te ri al is tic mo ral ity; he be lieved that no 
moral actions were intrinsically evil.

Epicureanism was ef fec tively dead by about 400
A.D., hav ing been sup planted by Chris tian ity. The
Christianization of Eu rope as sured that the in tel li gent de -
sign view of the uni verse would pre vail in West ern thought 
for the next thou sand years.




