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GEOLOGY
"OF
THE PETEI FIED FOREST NATIONAL MONUMENT

INTRODUCTION
Approximately two weeks was spent in the field gathering data which
is embodied in this report. Naturally in so brief a time if was im-
poéSible tb endeavor to make the most detailed investigation, 4An at-
tempt is therefore made to bring the essential facts to your attention
relative to this important monument. The writer has reviewed much of
the geological 1iteraturé available on thé general érea and hQS‘used
some of the material as deemed advisable, A summary of the references
available is appended herewith,
The purpose of‘the studyvas developed with Mr. Earl A. Trager,dur-
‘ing his recent visit, may be briefly summarigzed as follows:
1. To consider‘the water resources of the monument.
24 To inspect thé proposed Painted Desert addition and
review plans for the utilization of same with the
superintendent,

3¢ To make whét recommendations possible relative to
the development of the museum,

4, To ascertain possible future ECW projects to best
demonstrate the geological features, '

5, To have material available in order to write a com-
rrehensive report for the information of visitors.

6. To make observations pertaining to the source of the
trees now present in silicified form.




- LOCATION

- The Petrlfled Fbrest National Monument is situated in eastern
Arlzona, about twenty miles east of Holbrook extendlng in a north-
,south dlrection along the Navago—Apache County boundary line for a
distance of - apprOtlmately twenty-five miles., The monument is well
-provided with means of approach. U. S. Highway 66, the main roﬁte
acroés New Mexico and Afizona, extends through the Painted Desert‘
section, The southern éﬁrtidﬁ is crossed by U. S. Highway 260 which
extends northwest from Springerville, the connecting link with U. S.
Highway 60. This southerﬁ,approachiis'designated as the Grand Canyon-
Petrified Forest-Carlsbad Caverns highway.~ A north-south road through
the monument is maintained by the Park Service. This road, with numer-
‘ous side extensions to points of iﬁterest, connects the two main avenues
Qf aﬁproach méntioned and extends from the,Painted'DesertvInn to the
Adminis;ra.tion Building. (See Plate I following) The Atchison, Topeka,
and Santa Fe Railway crosses the cent:al'sectioh of the reserve, A
station ié maintained at Adamana, 6nly aAmile distant from the wgst |
boundary. |

| HISTORY

Thekfirst record of fossil wood in northern Arizona was recorded

5y C&pfain L. Siégreaves, in 1881, during an expedition down the Zuni
| and Colorado rivers. He obsérved petrified wood éix miles northwest of
thé moﬁth of the Zuni River near the southern boundary of the present

monument, ‘A. W. Whipple discovered the -so-called North Forest in a
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traversevof hortﬁern Arizoﬁe‘in 1853, He suggested the neme Lithodendron
Creek for the nofthefn triﬁutarj of the Rio Puerco oecause of the large
'quantities of silicified logs found'there.‘ JJ‘S; Newberry in his report
on the Colorado River, covering the Ives Exoediﬁioneof 1857-58, describes
the fossil wood observed at Ives‘Mesaeand atﬂﬁbrf‘ﬁefiance. The Powell

and Wheeler surveys a few years leter:established the fact that the pet-
| rified wood accﬁmulations were not locel inﬂcha;acter But were fairly
.extensively dietriﬁﬁted'throughout the plateau province. Interest in
the preservation of the scenic and scientific features of the area in o
the vicinity of'Adaﬁena, where large accumulations of silicified wood
occurred, 1eduto the'investigetions'oy Lester F. Ward; geologist‘of;the»‘
Uhifedetatee-Geologicel‘Survey; In 18§9 he submitted his repoft to the
ﬁepartment of‘ﬁhe interior with reeommendations ﬁhet the area be rasefved '
,,asda'netional ﬁonumenta Ehls recommendatlon was carried out in 1906 L
‘when Pres1dent Theodore Roosevelt 1ssued a proolamatlon establishing the
national monument, The present area contains 141,09 square m1les (90 302.37
acres) if the proposed extension of the Palnted Desert sectlon is 1ncluded.
| The.abundance of fossil wood in northeastern A;i;ona‘and southern:‘ .
Utahvﬁede a frofound impreesion oo the native trdbee iongebefore Cagta
Sltgreaves' dlscovery in 1851. According to Doctorﬁdregory thedNaiajos
fconsidered the f0531llzed 1ogs as "ye1tsobit31n“ the“bones of "yeitsoﬁ”
a monster who was destroyed by the sun and whose. blood was cOngealed in.
: lava flows. In the P1ube mythology the broken trunks are ‘the spent
'-weapons of Shlnaray, the great Wblf God; the accumulated massee marklng

the 31tes of battle ?1elds.-



: EHYSIOGRAPHY

The Petrified Forest is located in the south~central'p6rtion of
the Colorado Plateau. This large area, combined with the Goiumbia
Plateaun to the northwest and the Basin and Range Province to fhe west
and south, makes\up the great,Intermonfane.Plateau which separayes the
Rocky Mountéin System on the east and Pacific Mbﬁntain System ;n the
west. A sketch map is included (Plate II) which indicates the major
»divisions of the Golorado Plateau‘Province. It may be noted that the
monument is in the Navajo section consisting of young plateauns, of
smaller relief than the Canyon séction (c5 to the ﬁorth, into which it
grades, ‘

The Colorado Plateaun generally is a region of many plateaus,_broken
by fault scarps trending north and south, by erosion escarpments trend-
ing east and vest, and by canyons_whose,trénds‘are in’the maih north
‘and south with the exception of the Grand Canyon of the Colorado River,
The general surface haé an altitﬁde of about 5,500 feet above sea level,
above which the mountains rise‘and.beiow which the canyons are carved,
The.varyiﬁg character of the alternating sedimentary formations exert
a strong £0pographic control. The massive sandstones and limestone
members fbrm vertical cliffs or level mesa tops while the shéies produce
slopes and local areas of badlands. Most of the,Petrified Forest is
occupied by these badlands carved in the Chinle formaﬁion.

ThetColorado River is the master stream of the Piateau provinde.
Drainage in the vicinity of fhe monument is controlled.by the_Little

Colorado River and eventually reaches the Colorado proper{ It is
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estimated that‘surfaﬁe waters from‘Q,QOO square miles reaéh the latter
stream through the Little Colorado. Streams thicughout the:érea are
' classed'as’perennial.and intermittent, The Little colorado’River is
intermittent through a large part of its courée and receives no peren-
nial through-flowing stream from its rather large drainage basin, In
this section streams that flow in response to showers'are the prevailing
type.
| .CLIMATE

The climate of the Plateau countr& varies according to éltitﬁdeA
ffom'semitropical to temperate. The mean annual fainfall for Holbrook
(elevatién 5,069 feet) is approximately 9 inches, July and August are
normally‘the wet months. Temperatures of from -25° to 127°Vmaximum
have been recorded in this area. The prevailing winds are from the
soﬁthwest.

VEGETATION

Where the badlands are not in evidence sagebrush, greasewood, and
scattered clusters of juniper and pinon are present, Hardy grasses
occur throughout the area, Much of the lénds have been overgragzed and
it is for this reason that protective measures have been taken., Most
of the monument area has been closed to grazing and it is believed that
fhis will result in a rejuvenation ofxthe grass lands and in due course
decrease the necessity for erosion cohtrol measuresvon‘a bfoad scale.
vThe whole Colorado Platéau country is most suitable as a éattie and

sheep range,




POPULATION

The nearest town of any size to the Petri fled Foreef ls Holbrook,
.with a pogulat;on of l,llo. The principal 1n&usti& which sostains ﬁheftl
settlement is stook raising. In recent years tourist travel heslsupple~.
mented this industry. Thefe'is'elso considerable'trade with the Indians
of the Navajo and‘Hopi lndian Reservations a few miles to the northwest.
The local Park‘Service staff secure their sopolies‘at Holorook;'*As:
there are no accompdations at the monument for the v151t1ng park staff
most of . them secure quarters in town,

GEOLOG?

Generel. One of the most .complete geologlcal sectlons in the world
may be observed in northern Arlzona and southern Utah.‘ In the Grand
Canyon sectlon rocks ranging in age from the Archean to the Permlan are
present with the exceptlon of the 0rdov1c1an, Sllurlan, and Pennsylvan1an.
NOrthward from the Grand Canyon and above tne 4,000 feet of Paleozoic
sectlon exposed here there may e observed some 8, OOO feet additlonal
of Mesoz01c and Tertiary strata. Southeast toward the Petrifled Forest
» and vicinity, the formations are none the less 1nterest1ng, comprvslng‘

Mesoz01c sequence of Triassic Jurassic, and Cretaceous sedlments. A
geologic cross-section to illustrate the stratigraphy from the Grand
Canyon to the Petrified Forest is being drawn by the writer. There
follows on Plate III, page \9 a stratl raohlc column show1ng the rela~
tive positlon of the Petrified Forest in the sectlon as well as certain

other parks and monuments of the plateau province.
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Stratigraphy. A discussion of the stratigraphy of the'moﬁument; ,
begins some 200,000,000 Y¢ars ago at the close of the Permian (Kaibab)‘ "
of thevPaleozoic éra'which was foilowed ﬁy widespread emefgence of fhe:
lands, The strata of the Petrified Forest area belong to the Trigss;q
~ ‘period 6f the Mesozoic’éré,’forming a part of the huge region of con- ,

" tinental Triassib exteﬁding‘through the Rocky Mountain region from .".
Idaho to New Mexico. ThelTriassic, as now defined; includes three sub—“:
divisions: the( Moenkopi fpfﬁaé.t’ién, the ’Shinahmp conglomerate, and_vth‘é
Chinle formafion. vStrata'witﬁin'the boundaries of the monument afe‘all
incofporated in the Chinle formation,

The»Méénkopi beds cgﬁtain’f&ssils of deer‘Triassic age. After
the depos;tion of the Moenkopi thére was an'iﬁtervé; 6f erosion és
evidenced by the removalfof parts of this formatioh, béVeling of beds,
‘carving of cbannels:and thé‘chaﬁges in sedimentation that precedsdyand
| followed the erosion. Duevto the stratigraphic position Sf”thé Sh}narump
congiomerate, uhéonformably overlying the Lower Triassic Moenkopl and
below-£he Upper Triassic Chinle, its age is generally considéred as
Upéer Triaséic; Fossil coniferous wood of a species charaeteriétié of
. the Chinle is ébundaﬁtlin the Shinarump., There are mahy conglomerate
1ehées of thé Ghinle which.contain similaf pebbles of'thé Shinarump as -
well as fossiis of like character, There are breaks in the continuity
of the Shinarﬁmp especially in the southeaStérn pertion of its extent.

In view of this evidence the writer agrees with Camp that it would
probably be 5est to discard the«hame Shinarump and emphasize its true

character - a basal conglomerate of the Chinle, It is, so far as is

10




known, conformable with the latter formation, The U. S. Geological
. Survey considers the Shinarump as a separate'formation and it will be
S0 used‘in this report.

“Mpeﬁkobi Formatioh, As ‘stated above in post Permian time there

was a period of up~lift apd erosion prior to the deposition of the
Triassic sediments,. There is widespread evidence of unconformity at

the base of'the Mdenkoﬁi. This formation consists of chocolate or red-
dish-brown sandy shale and sandstoné with'fairly uniform be&ding élanes.
Many 6f the sandstbne layersrare ripplé-marked and considerable evidencé
of current écticn is present_in the - form of’crosssbédding; Gypsum occurs
in crystalsrand in scattéred irregular veins, Increasing.ﬁowards the
wést there grepprominenﬁ.gy?sum beds as well as marine fossil-bearing
1iméston§, The Moenkopi is from 400 to 500 feet in thickness in fhe
vicinity of the Petfifiéd'Forest;‘ Its thiclmess deCreasés éastward:and
increases;tdwardS‘the'west-to‘as mich as 2,000 féet in Névéda. It is
‘evidently»marine to the west and of lagoonal or deltaic origin to the
east.

A compleﬁé section of the MoankoPi a few miles south of Tamner!s
Crossing by Gregory Sh0wé 389 feet of section COnsisting of alternating
éhéles andvsandstonés, mostly Fed-browa to chocblate*colored, the sand-
stones in members 2‘to S'feEt_thick and the shéle members in bodies from

‘15 to 25 feet in thickness. Tﬁere.is a 40~foot shale member near the
middle, beiéw which are 52 feet of fine—grained_sandstone. Sdme'cross~
bedding is in evidence and there are a few conglomerate streaks, Gregory
states that there*are so many variations in the stratigfaphy that no
tﬁo Sectipns'arévcloseiy elike, |

: 11



Along the eécérpment north of the Little Colorado River, just east
of Holbrook, there are over 100 feet of Moenkopi exposed. Here the
formation contains alternating beds of chocolate brown sandstones and
shales in beds from a few feet in thickness up to 25 feet. There is
much variation ffom‘place to place and it is exceedingly difficult’to
trabe‘individual members over very long distances.

Fossils are quite rare in the MoenkoPi with the exception of aﬁfew
rather'poorly preserved plant remains., Vertebrate and invertebrate tracks '
have been found, The-latter were probably made’by'insects or worms. The
vertebréte tracks aie now referred to the Thecodonts, a group of primi-
tive reptiles from which the crocodiles aﬁd dinosaurs were probably
evolved.

Besides the traces of life the available evidence of the physical
conditions during Moenkopi time lend much to a fairly complete picture
"oftconditions. Varioué types of ripple-marked sandstones, casts of sun-
érécked mid surfaces, rain drop impressions, etc., indicate a vast low
'floodppléin, oséillating back and forth over a semi-desert area-through
which temporary streams meandered, carrying loads of fine sand‘and silts.
(SéevPlate IV following, illustrating land-sea conditions during much of
Triassic time.)

Folléwing the deposition of the Moenkopi formation there was a long
interval bf erosion that affectéd a largé part of the platéau éountry.

In northern Arizona erosion channels 50 to 100 yards wide and 20 to 100
' ~feet in depth, carved in the Moenkopi beds, are filled with thevmﬁséive

grit of the Shinarump, Middle Triassic formations are known to the west

12




Prleogrephic mrv emphersising the lend-see reletions in the Rocky Moun-
$ain region éuring much of the Triessio. (From Brensen »nd Mehl, Trirssic
Amvhidisne from the Roeky Mountein region). The seurce of the sediments
oomprising the Shinerumn ond Chinle formetions of morthesstern Arisoms ®»g
from the old 1end mess southwest of the werd Arizone om the aketeh, The
pebbles in the Shinarwmv eonclamer~te beecme imerersingly lerger in $his
direction towsrds the Morollem nlateru where huge deulders mey de odserved
in this formetion, Ksibed (Permien) foseils found in $She Shinerumv end »leo

in eomglomerstes of the Chinle in the vieinity of the Petrified Porest in-
@1icerte » source in this direction,

Missouri, Univ. Studies, vol. 4, no., 2, 1929,
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_ but are absent in this region. The amount of Lower Triassic deposits
which have been eroded prior to the deposition of. the Shinarump is not

' knoﬁn.

Shinafump Conglomerate. Unconformably qveflfing the MoenkoPi and
forming the lower member of the UpperfTriassic is a stream-laid depésit, ‘
consisting of gravels and grit, now cemented into hafd rock and khowg as
the Shinarump conglomeraté. Its thickness ‘r;nge's‘ from-"zo feet 261190 feet
‘or more, It is esﬁimAted that this deposit ias spreaé.over an areavbf,
not less than 75,QOO,square miles{' Petiified logs occur at some placeé.
~and the fragmenfs of petrified wood are véry CQmﬁon. This fossilvwood
is of a species characteristic of fhé‘chinié above. Due to its position
between two less resisﬁant formations.it formSVPfominent cliffs throughp
out the plateautprdvi;ce. » L ' | »

The Shinarump is almost wholly siliceous, usually grey to white,
with shades of bréwn exceptional. In the area immediately west of the
monument area there are some mottled yeliowish{beds containing lime, The -
‘pébbles ranging up to two inches or more in diameter are well roﬁnded.
‘Tﬁe size of theipebbleé inéreases to»huge boulders southward towards the
M§gollon plateau. They contain Kaibab (Permian) fossils simi;ar to those
in. the conglomerate‘ieﬁses of the Chinle above, The soﬁrce of much of
thg material making up the Shinarump,was‘probably from the south and
southwest, (See Piate IV) The principai characteristics of this forma~
tion are that it is 1enticﬁ1ar, crossébedded, moét variable in structure
and texture and that it almost invariably contains fragments~of fossil -

wood.
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Brénschzstates "There aré numerous feferencés in the.literafure.
%o the Shinérump_vertebrate fauﬁa, butbthey are misleading, as they

may designgte eitherbindeterﬁiﬁaﬁle'séraps of fossils in associated
‘Dbeds, In the wr%ter's experience rmch worn seraps of boneuaré comﬁdn 
in typical $hinarump, but no ‘specimens can be identified;‘ It is piobable
thaijmény finds réported from‘the Shinarump have come from conglomerate .
'lenses in the Chinle," Bfachippqu, crin§1d~9tems,'spongés,‘and bryozoa
were observed in the pebbiés‘making”up the Shiﬁérump. Théy'ﬁave,all

been identified as Pernian (Kaibab) in sge. B

A sketch geologic map follows as Plate‘v, page 16, showing the dig-

tribution of this Iormation in the immediate vieini ty of the Petrifled :
Forest, Time did not permlt detalled mapping but the writer 1s con-
vinced tnat there is no Shlnarump W1th1n the boundarips of the Petrlfled’
' Forest as shown on the State geologlcal map of Arlzona.‘ OnlyAthe Ghlnle
:!;s present. - | !‘ ] |
| Chinle»Férmation; Gbnfqrmably o#erlyiné.the Shinafump is the Chinle
'uformation which compr{ses the uppermcst member éf thé Upper-TriaSsicg‘
Probably the most vivid feature of the terrain of northern Arizona is
the display of coiors in this haés of'shales,‘sandstones,*and 1imest6he
>¢onglomefates. Mach of the "paint" of the Palnted Desert country comes
froﬁ‘fhesé»rocks. Reds, browns, blues, and greys are paramount though
almost any'shade or color may be found over the wide expanse of out- -
crops to appeal to 1ndiV1&ual fayor, " The beds are frequently carved

into badlahds and the successive bands 'of cclor form a striking displey
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N long to be remembered. The shales, especially in, the 1ower part of the
formatlon, 1nclude much volcanlc ash or henxonite. Color, textqre, and »l
'compOSItlon changes are 1ndeed most frequent. The following is’ from
HGregory and Moore's (15) report on the Kaiparowits Reglon' "In essentlals
the Ghmrle of the Kalparowlts Reglon is 1dent1ca1 w1th that of the NaVago

1 country, where thzs formation 1s thlcker and more widesnread and has

been studied in greeter detall. Al1 tybes of rocks and of foss1ls ere‘::‘”
o common to the two areas, end in a: broad sense the arrangement of strata e |

f1s the same. During Uober Tr1e331c time the condltions of - sedlmentetlon ,f't‘

' . appear to have been un1form over most, 1f not all, of the plateau prDV1nce;

sjAlthough as a yhole the beds that compose ‘the chlnle constitute & strat1-f'
,:graphlc unlt of unmlstakable indiv1dua11ty, a comparlson of ‘the 16 sec—'
tlons measured.in the Keiparoths region makes apnarent the w1de varletlon
Lnln the order of depositlon, comp031tlon, texture, color, and structure |
of the Cnlnle beds. Wlthin an aree of a few square mlles all sectlons
‘may show the same. range of color and 1nclude the same kinds of rock,
:ofbut the colors of 1ndividua1 beds are not oerslstent and one. klnd of
‘vfrock may be replace& by another kind w1th1n short dlstances along the :“
‘strike. The relatlve amounts of lzmestone, shale, and sandstone differ
with. each section as does also the posltion of these strata in the
-"LSerles. Moreover, the gradatlon in compos1tion of the strata and thezr
",1ncluded lenses and eccessor'r materlals is suoh that no two workers are '
‘llkely to descrlbe the ‘rock or to sub-divide the beds ‘in exectlv the; |



: Gregcr§ in hisdﬂérejd'peper has discinguishedffour subdirisions for
~the Chinle‘in'Arizcna. For the Petrified Forest area 1t is dlfflcult to
recognlze these subd1v131ons. In order for thls to be done 1n a satls~

factory manner it will Dbe necessary to measure numerous sections- from
,his type localities seuthnast to the monument area. The writer has con=
sidered two divisions of the Chinle as did Gamp,in*his paperé‘"n Study
of the Phytoéaurs". See Plate VI on pagejlg fcllowing for generalized‘
columnaresecticn.i Itvwill'be noﬁedvthat theiLower’phinle exceeds 400
 feet in thickness, is characterized by more varied'colors of grey and
biue‘ and contains much esh; mhe Upner Chinle exceeds 300 feet in
thlckness, is predomlnantly red in color and contalns llmestone layers -
" with chert which is ebsent in the Lower Chinle,
Tne thlckness of the Chinle in tne type 1ocac1ty, the Chinle valley
1o the norfh, ig 1,182 feet. In genera_ ‘the Chinle may be said to range‘
from 400 feet to about 1, OOO feet 1n thickness. It‘is ﬁhickest in,north;
i eastern.Arizona_and scuthwestern Utah, Thedformetion cbihs”tO'the west
. and northwest and as to how much of fhis‘thinning is{due to smaller:
original thickness and how much to erosion thax preceded the dep051t10n
of more recent sedlments remains to be determlned.

: When one cons;ders the llthologlcvcharacter of'the'Chinle, the s
‘local variaticns; bedding, ahd.fossdlecontent',it must be agreedfthat
it is a fresh‘water deposit. It was 1ndependent of the sea and was
spread by slugglsh streams over a broad bas*n of desert-Tike charactere.

Swamps and shallow lakes were presentrln the lowlands and,on the hlgher

18



LOWER CHINL E ., UPPER CHINLE

L)

MAInLY GREY, BLUE APREDOMINENTLY RED

BLUE PFOREST
PosnT oF BLUFF
RR/ZO QBuTr&
_CARRBIZO WASH

: JAVI TN OTONOD dHNWYNING

- 002 —

3 !

~ 009 —
-~ OOL —

=] 43%4

Cr——Ilgwwd§

pel—

6T

3y

I i
} Ihii?
|||I|

, .
.
o * .
. .
. * el
. .
B | |
. o

—_

||1
‘h

Je-

_-:.— 00/ 4’

I
IH,JI“

— —— — —

. ®
&

ni

. .

DENS

l] 1l
i

T O D te T4
o e
. N Y
pPe . . ., R
i ofe|
: . e J
Sl sHE T X .
ce . o, .
S| . o
L
o 4 ’
o * o

Y

pa—=—a 2 ° 2 & > 8 o

;—_—‘_—'—‘—‘-‘-
fntdradts

X 34Vd

OOy V/890 ~._-§;-:_." vele. e

I‘ Il IIIII'I | . Al ‘ " I ":'.'. Ul ' J. l}“ i:l '
Y >y 20 \ 3
q t w‘:g‘i ¢ st H
: I R 8
H a srt L2 3
h] £ g.‘:’ 2 I ? ?
s d ¢ ¢ " y¥sa §
X v ¥ R
~ g g ¥ Y3 1
: ° ¢ R
1 1 )
N i ~
H
Q

ps &
ASOTIOH LI | 3TIVIS] SNOI1LD3IS

JEOL CILITNIEL = MATI00 OIHAVUOLIVMIG GIXIITVMRND




egroﬁhdefSurrounding the basins were scattered stands of conifers, To
" %he west_explosive'volcanoesoshed ash far and wide, as evidenced"[’

especially in the Lowef Chinle, No mafine foseils have been reporfed'

_'but instead there is foand in abundance Slllleled wood and in places

fresh water shells and bones of land vertebrates. The more or less

gradational nature of the beds near the eontact with the Shlngrump coo#,

glomerate further indicates its continental origin. In nearly all ex-

posures at the base of the Wingate sandstone (Jufassic), Chinle forma~

tion contact,rthere is an abrupt change of materisl, suggesting uncon-

‘1‘formity;

Post Triassic; In northern Arizona some 8,000 or 10,000 feet of

S sedioentarv section has been meesured»above the Chinle formation to

include rocks of the Jura331c, Cretaceous, and Tertiary, Doubtless

several thousand feet of this material was once deposited over the

:area of the Petrlfled Forest coverlng the Ghlnle formation to a great

,_{depth., At the close of the Cretaceous there was a perlod of general

1upllft in thls region followed by erosion on a large scale prlor to the -

deposltlon of the Eocene above, After Eocene depositlon and uplift,
the present major lines of drainage were established, and er031on.cong;'

tinued. . Later uplifts made possible the final stripping of the Permian

“in,the Grand Canyon section. At or near the beginning of the Quaternary.

e ffhe”present canyon cycle'was ineugurated by great general uplift, _Thue

thrOugh long periods of'sﬁbmergence,_deposition,‘uplift, and'erosioo,

‘~Juiassic, Cretaceous, Tertiary, and Quaternary sediments heve,been

deposited and removed hy‘erosion.' No doubt 5,000 feet or more of . these - :
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sediments once cqyered the monument area and have since been rémoved,
exposing the present TriaSsié section.

- Igneous Rocks, The two major voleanie fields of the plateéu‘.-
province include Mount Trumbull and the San Francisco Mountains., Large
sections of Arizona are covered by volcanic rééks. It is éénerélly
assumed that the ﬁajdf §ortion»Qf the materials cameifrom eruptions
during Tertiary times.‘ Theré'ﬁas not been sufficient étudy to date to
make pfecise,correlations. It iskknowh‘thaﬁ,some are of Cretaceous
age while others ﬁelong to the‘Quaternary.\ On the.geblogical sketch
'map (Plate V)rseveral‘areas of voleanic f&éks are indicated in the im-
mediaﬁé area of the Petrified Foreét. The intrusive‘rocks consist of
necks, dikeé, and sheets, Extrusive forms consist of lavas and ash,
Lava'capping the‘Chinlevmay be observed in the Painted Desert section
near the Inn,

;Struéture; Generally.speaking the.Petrified Forest is located
“in the broad structural basin between the Mogollon plateau on the south-
west and the Defiance upliftv<n.the‘northeast.‘ Synclihes and anticiines
follow one another in this depression. There is little evidence of
faulting in this district and it has certainly not played an important
‘part as in the region £o the northwest, Régional dips are*northeaét-f
although along the crests of minof structu:es many variations may be
observed. The cross-section upon‘which the writer is working will
illustrate in graphic fof@ the structural féatures better théﬁ most

 any description.
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"PETRIFIED WOOD
vGeneralg The ?etrified Forest area was reserved by the National
‘Government in order to preserve‘the moét interesting feature of the
,Chinle formation - the fossilized wood, This reserve enables one to
~see one of the most unique exhibits of the national park chain and now
- added to the fossil wood and:the}numérous vertebraté fossil finds is the
scenic Painted Desert section all of which will no doubt eventually ﬁlaCé
the monument in the sphere of a national park,
Three forms of trees ha&e been'déécribed from’thé ares as follows:

Arsucarioxylon arizonicum, Woodworthia arizonica, and Schilderia adamanica.

It ig peculiar that the twé.latter‘species have been found only‘north ,
‘of the Rio Puerco, with the exception of a questionable specimen of

Schilderia taken from the Blue Forest. Accumulations of fossilized wood

o occur mainly in the lower 400 feet of the Chinlé with occasional concen-

trations in ﬁhe_Shinarump conglomerate below,

Tﬁe-source and‘ﬁanner of accumilation of large amounﬁs of pefrified
ﬁood'iﬁ,ghe Triassic sédimenté is not entirely clear. Thefe are those
‘who believé_that the ﬁrees grew on the spot where fossilization took
vplace and others who,cqnsidérbthat tnéy were transportedihundreds of
miles prior tp petrification, There is very little evidence_in;the
writer's opinion that th@ trees are actually in place, It is apfarent
thatvthey‘did not grow in the immediate area in'which:they are found
and that ﬁhey have been transported some distance at least. This is
especially’true~in'the area south of the>Rio Puerco. Here many of the

trees havé:worn enQS‘énd battered sides and are mainly without bark.
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Mahy sizesvafe bﬁncﬁed together in heaps with the bluht ends of one
- trunk inélined agaiqst the'sides;ofeits-neighbor. Although there is
an abundence of meterialyfor observation no roots ﬁere found extending
downward from‘the stumpe. It is poesible that discovefies may be made
to illustrate thie'feature ﬁut there should be many examplee consider—~
AJlng the amount of materlal to make it conv1nc1ng. |
In the Black Forest of the Painted Desert the wrlter.ls not so sure
vthat the petrlfled woqd’1s far removed fromfwhere ‘the trees grew, Smaller
parts of branehes'are morevin.evidence,and'there are many stuamps apperently‘
in an erect position, Exéaﬁétiep should be undertakenfﬁovasqertain the
nature of their roots. Some of the-iarger.stumpe have lengthy roots
etteched and it is hard to believe that trees of thisvsize could have
been transported long distances w1th roots. remainlng 1ntact. ‘
For most of the forests it may be safely sa1d however that the trees
have been transported‘upwarde to 50 or lOO*mlles.‘ During Chlnle ‘time as
sluggish streams meandered over brogd ba31ns, the higher lands with stands |
of conifers were flooded. The trees after falling were carrled down stream,'
aecﬁmulating in eddies-and-sand ban&s, much 11ke the drlftwood.now present
along tne Colorado and Little. Colorado rivers. Several illustretions ef
’the occurrence of petrlfled wood may be. found in the photos attached.
Reglacement. After the‘trees became lodged in sandbanks and were
cevered by sediments the'proceSS'of ¥e§lecemenﬁ beggn. ,Mggt.of the'
w004 hae epparently become eiliqifiediiﬁ its preseﬁt-lbeaéien; ‘Qhetng~

chemical ﬁpocess was favored byvthe rapid burial of the t;ees and the
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free ’circulation of ground w’atér in this type of sedimentary deposit.
Depositiohvof dissolved mineral matter does not alﬁays take place in
oﬁenings already present in the strata. Watér frequeﬁtiy‘makes room
for the substance depoéited by dissolving matter alfeadytpresent, leav-
ing behind'an equal volume of another substance, depdsiﬁedvffom solution,
Waters permeating the stratigraphic‘horizéns of the buried logs were
probably alkaline, containing soda and potash. Siiica is‘réadily soluble
in alkaiine‘éolutions. As théllogs’slowly decayed‘their organic matter
was replaced,‘molecuie by molecule, by silica mainly in the form of jasper
andréhalcedony. - Some of the logs maintain the grey color of the sands
in which they were buried,vbut ﬁost of them have been colored by iron
‘ gnd manganese, carried in solution by the underground watérs andvdeposited
at the time df the replacement of thé organic matter by the silica,ithéreé
by supplying the beautiful Variety:of éolérs. Many brilliant tones of -
>red; brown, yellow,and blue are present. Superoxidation of these minerals.
" since the tree trunks have béeﬁ expoéed to the atmosphere has added mﬁcﬁ
“to.the display of coloré. The>fragments are more likely to be colored
"throughout_whereaé on the larger trunks«the mosf briliianﬁ colors occur
néar the‘surface. The wood presents bea@tiful objectsvfor_Study and
when thin-sections are made and'placed'under a micrdseope they show the
original wood strﬁcture perfectly, all cells being distinct, though now
replaced_byisiligaaiu | o |
FOSSILS
The Triassic pefiod, to which the rocksof the Eetfified Foreét belong,

marks the begimning of the Mesozoic which was fittingly called by Louis
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Agassiz the "Age of Reptiles" for the seas, lands and air were dominated
by these monstrous creatures. Arid aﬁd semiarid climates were widespread
.although parts of the lands were well watered, much as pérts of the
‘present continents are humid.

Plant Localities. Besides the fossil trees just mentioned there

is‘considerable evidence of plant life in the Chinle of the Petrified
Forest. Within the Blue Forest fern leaves, cycad leaves, EguiSetum
Stems‘and lycopod stems are present, Plant stems are found in a sahdp
stone member near the ruins juét north éf the administration building.
Casts of Eguisetum stems also occur here. Approximately two miles south

‘ of Ortega's Ranch therefare plant stems in a sandstone lense, Three miles‘
west of the Blue Forest afe leaves and cone scales. A study of the trees |
and'plants of ﬁhe foréét has been made during the past fwo seasons by
Lyman H, Daugherty, of the University of California, for his thesis,
Specimens of séme 110 ferns, cycads, etc., were‘turned oveélto him for
study by the Park Service, it is assumed that his report will be forﬁh—
cbﬁing in the néar future and that much new information will be déveloped.
Mention should also be made of the huge casts of Egﬁisetum stems present
near Camp's gquarry northeast of St. Johns, Most of these stems are iﬁ '

an erect position apparently in place,

 Invertebrates. Unios (Pelecypods) were observed at several dif-

feféntvlocalities; The best collecting grounds are in the Flattops
locality, the ruins just north of headquarters, two and one-half miles

southeast of Ortega's Ranch and three miles north and slightly west of
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the Painted Desert Inn.7'Three species have been identified‘but, as there
is little variation in this feem until the Cretaceous, it is doubtfui if
they will be pseful for correlative ﬁurposes and wili prove»little except
the presence of fresh-water conditions.

| Snails (Gastropods) have been found in onl& one locality to date,
This is at the same location as £he‘g§gg locality mentioned above, three
miles north gnd slightly west ofvthe Painted Desert Inn., Mr. Walker,
Park Naﬁuralist, has loaned Dr. Junius Henderson, of the University of
Colorado, Boulder, Colorado, a set of clams>and snails for_sfudy and
»deterﬁihation.v‘His report‘shoald'facilitate preper:arrangement of’fhese
interestine'forms in the‘museum..

Pebbles from tne Shlnarum“ conglomergte and from conglomerate 1enses,

- of Chinle hawe yielded the follow1ng Permian (Kalbab) forms: B;yozoa,

(of Fenestella group); Productus (Dictyoclostus) 0301dentalis Newberry,h

Productus (Dictzoclostus) ivesi Newberry; Lovhonhvllum sP., sectlons of

cr1n01d stem5° AV1culoDecten occidentalis Newberry, Snlrlferlna kentuc cky-

'ﬁnsis (1) fragmentary, and sponge sections..

| Vertebrates, One of the most noted collecting grounds for Phytosaurus
(Belodou), the large crocodile-like reptile, and the'large amphibian

known as the Stegeceghali,.with the shevel-shaped skull, is in the vi-

‘ cinity of the Petrified Forest, 'Fragments of bonesof theee’aniﬁals are
“widely distributed but eemeeof the more important 1ocelities where more

' or less complete epecimeﬁs hawefﬁeen oﬁtained are_es foilows: 2%'miles

southeast of Ortega's Ranch, the Flattops, the Blue Forest, on the Carrizo
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in the Painted Desert, 3 miles noréh of ﬁhe‘Painted Desert Iﬁn,‘neaf 

tue Tepees of the Blue Forest many teeth are found with the bones,and |

~in and around Camp's quarry northeast of St. Johns. At the latter locallty
there was recently discovered the remalns of a Targe mammal—like reptlle'
called an Anomodont. It has heretofore been knewn only from the Triassic

'of,Scuth'Africa; This find is of much 1mportance because of.the ev1dence

of‘thevdistribution of the tyne"of.animalefrom whieh the mammals were

believed to have been derived. Speclmens of P ztosaurus and Steg_c ephal
aré exhibited in the museum, This type of information has an intense
public appeal and is of real scientific value. Too much emphasis cannot'

.be placed on the development of this 1mportant feature -- the collectlng

. and nreservatlon of these rare vertebrate fossils.

The main fossil IOCalities were visited by the writer. It was at
1f1rst cons1dered best to try and prepare some of these SPGCImenS in
'  placevfor:pmbllc v1ew. ;I; w1llknot be possible to do this_ln most cases
withcet a mﬁch larger ranger staff for theireprotecﬁion.' The most‘j:
satiefactori me#hpd will ﬁo doubt prove“to'be‘to show the‘meferialliny_
a miseuin, :Pl'_a.te VII following on page 28 indicates the most important
h fossil leealifiee‘of all kinds, Location of the fossil wood accurula~
~ tions may be found on Platebl; page 3.
| ARCEEOLOGY
* Numereus_ruins and pictog raDhs of a pottery—maklng peoule are
~present in the Pettifiee Forest, The first of these are supposed‘te:
be of southern origin (Adamena)a These were followed by another 5p7 |

- parently from the same direction who met and seem to have mergedtteva L
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éertaln degree wlth still another group from the north who made white
‘or grey ware (Wbodruff—Llno). Later the area was furtner subjected to .
influences derlved from the north east and south and finally appears
: ta have been abandoned during the Homolovi stage, This type of study
is 1ntensely interestlng to a great many people and aS'the area was
'apparently on‘ths border line of peopleSfof aifferentorigin it becomés
all,thebmoréf@séinating; These aspeéts may ﬁell be devélopedeiﬂ the
m@seumraﬁd.sﬁpPleménted bY‘certain exhibits on‘the'trails;  I£’éhau1d .
bévrémembered however‘that this,monument ié pfimérily é geologigal“exhibit
and the archéeolégical features shouid‘not be pefmiftéd to interféré |
with this di?ision;v‘Exhibits-éhowing the archaéology of northern Ariédna
and New Mexico.ére.well dispiayed at the Museum of NQrthérﬁ“Arizdha at
Flagsfaff and also at Santa Fe;‘New Méxi@og while.the geologicél features
of the Petriﬁed'j'orést ca.m;bfi; be ’duglicated ¢lsewhere, |
o | NATER RESOURCES . |

The ngtnré of the Chiﬁie fqrmation; mainly a fine-grainéd‘comﬁacﬁf
shale, préclades it as an im@bftant source’of g:ound water. Locaily‘.
‘éome of the chamnel §andst6neS'énd conglomerates ﬁay prove‘productive;
The Shlnarump conglomerate 1s a good water bearer in some localltles
bat due to its varlable thlckness and compositlon it should not be “
considered”as an_important“sourqe‘of-watgr for the Petrified Forest,
;_The\MoenkOinSandstOnes,and shales form a good reservoir and largé
qﬁantities,éfﬂwater.ére_obtained from this formation. However, due to

its extreme saline content it is rarely potable. The Kaibab formation
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below if)presentvwould serve only as a cap rock’between the MeenkOPi'
'end'the,Gchhino sendsﬁone; The best.water producing horizee thus far
dlscovered in the region is the Coconlno sandstone of the Permlan. It
'1s a w1ndrblown deposit of flne~gra1ned sandstone, often firmly cemented,
but cqntaining‘several more péruus beds.which produce:abundant,quantities
of potable wate?.-’v | |

V Plans w§re made in 1932 to drill a water well at the,adhinistration
4 headquarfers te,produce from the Coconino sandstone. Estimates were‘made
that t@e Coconino sandstone would 56 reached at a depth of 645 feet

below the'surface. According to the samples. obtained the anproxlmate

“_correlatlon is as follows'

Headquartere §ell Loz — Petrified Forest
Elevation Approx, 5,475¢

Chinle Formation.i........ 0 = 300 ......... 300 feet
Shinarump Conglomerate.. 300 - 355 .4.v0esee 55 M

Moenkopi Formation...... 355 = 755 .......ss 400
Kaibab Limestone..e.e... 755 = 795 ... .vcc.s 40
Coconino Sandstone .sse. 795--1023 ..ee.0... 228

L

Numerous,drilling difficulties-were encountered in this test; The cas~
ing was set af'745 feet.~ The‘oaeing is ffozen end efforts to puli it

have falled. There is 238 feet of oPen hole 1n this well Whlch ;ncludes

a sectlon of the Moenkoni formatlon, a prolific saline water producer.

The test at‘the‘Admlnlstratlon Headquarters is therefore not a_falr )
criterion as te wheﬁvthe Coconino will do. The well wes.futyqn the pump
and produced abdut 1 500 gallonsvper hour<but was not of noteble‘quality.‘“

Several artesian wells have been drllled 1nto the Goconlno sandr

~ stone in the,Petrlfled Forest‘area. ‘The belief is current that satlsfactory
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sup?lies cannot be obtained from this formation north of ﬁhe Little
Colorado River. The entire grea>is iﬁra iarge structurél basin and ho
‘evidence of fauiting was observed which might account for this condition,
Briefly it is belieVed that the Coconino has not received a fair test“
and that regardless of local shallow water supplies developed itrwill
be necessary eventually to drill to this formation with a satisfactory
casirg shutoff at the top of same; Logs of_surfounding}wells have been
colleptéd by»Mr;‘Wélker and the writér but it is not deemed necessary
to inclﬁde them in this repdrt. They can well be summariééd,in a sPeciai
water report when needed.‘ Ih this connection Mr, Walker has written'é’v
detailed water report on the area. |

At thé’present time the potable water is hauled from the Rio Puerco,
s distance of 16 miles, to the Administration Heaaquarteés and stored in
a 1,500 gallbn reservoir., This supply ié obtained from shallow wells
and is certainlyvsurface seepage into a channel df the Rio Pueréo. Sur-
prisingly no aﬁalysis has been made of this water although‘iﬁ is used by
the CCC éamp and the park personnel., There are numerous Washes where
‘supplies of fhis type may be developed. Efforts should be made to give
the Coconiﬁo sandstone a thorough test before GEpenﬁing on surface sup-
plies of'fhis soft. As to the lécation of such a test it will'probably
be besﬁ'to éwaitfthe‘completion of the master plans‘for tﬁe monurent
which would'ipglude the Paintéd Desert section, |

| MAPS
The topographic maps available for this region are of the editions:

1886 to 1892 with contour interval of 200 feet on a scale of 1:250,000,
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; There is one sheet covering a limited area with a contour‘interﬁal of

- 100 feet., The topographic relief in this sectién is so low that many
of the most important features are not,iﬁéicated, It is host difficult
to locate’accuraxely'points on thgse;maps. A satiéfactory topographic
map should‘ﬁecompleted of the Petrified Forest and_surrounding area

in order toffacilitate detailedvgeologic mapping, fhe location of
important fossil localities, and the construction of roads or tréilé

or in fact mosﬁ any type oflconstruction witﬁin the monument.,

Elans‘for miseum construction have not been completed as yetidue
to the pending land situation at,the Petrified Foreét. Woen the ad—;
ditional acreage is oStaiﬁed (thé Lore property), which is the‘key’to
‘the;development of this se¢tion, it is consiaéred that ﬁhé main museum_
should be located in-the vicinity of the Painted Desért Inn, A museum
at this point could’be modelled somewhat after the observation statibn
’at Graﬁd.Canyon. Petrified wood should of course be'featured ﬁithvthe 2
scenic view of the Paihted Desert empha#iﬁedfas-well as the:fossil
vertebrates found in the vicinity, Some space could be»given to arche=
clogy but it is thought that a small museum onvthe Rio Puerco could
best»portray this aspect, The preéenf museum could be used étrictiy as
a‘géological exhibit and poésiblj a éhecking station éombined.‘ It will
~be necessary to have a checking station on highwayfss, ﬁreferablyﬁat
rthé entrance to the southern section, in order tp contact the vast .
number of tourists along this maiﬁ ;oad.

~ The above museum setup is in liﬁe with Mr. Walker's ideas as td
proper devgloPment. At the present time he»is=wprking.overithé exhibits
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~in the museum at the south entrance._ No revision of the material has

been made‘since the museum was inetalled and‘considerable work will be
necessary to bring‘the situation in line nith preeent ideas which are

generally~acce§£ed." | |

- PAINTED DESERT SECTION

Detailed»plans forvthe utilization'of this area have not been made
‘because of the land 81tuat10n. This part will form a valuable addition
to the monument and the necessary acreage should be acquiredt Two of
i northern Arlzona's princlpal natural attractions would thus be comblned
:under one monument -~ the Petrlfied Forest and the Painted Desert. It
| appears‘that_for this area which conta;ns the interesting Black Forest
"very little in the way>of trail construction or:roads will'be.reéuirec.
A traii down fron*the Inn may.be maintained ﬁutiwhen'the fiaﬁs are'ap—,v
' 5proached it is agreed that no constructlon should be undertaken and
'vthax v131tors should be permltted to travel by foot or horseback for
an»rnspectlon. Only a few d;rectlonal signs will be required, The
natural beauty will thus be preserved ‘intact.

' ECW SEVENTH PERIOD PROJECTS

Tﬁe.program for,thie period which involves geological feafuree
was discuesed'in detail with Superintendent Smith. He has outlined a
proposedowork SChecule and it is eseumed that you have received copies
>by this time. I wculd consider thB following as noteworthy prc;ects
to be undertaken durlng this period.

1, Due'tovthe varied.opinlon'ee to whether the trees have been

transpcrted or;gréiion the spot where they are now'found; all possible



- eV1denoe pro and con should be assembled. Stumps in the Black Forest
; should be excavated to show the nature of the root structure, and to -
aseertaln if possible as to whether they are in place, Similar work
’ ””should be done in the area south of the Blo Puerco where trees and :
‘stumps are stated to be 1n place. | _ ‘ ‘
Mr. M. V. WElker, the Park Naturallst, is a tralned vertebrate -
paleontologlst.f As has been previously stated thls area is a most
important collectlng ground for gztosaurus and Stegooephali. The bones
. are weather;ng oqt'ofithe,Cnlnle at several,looellties and if ohey are
.ﬁot coll'eci'ed the sPec:imens will deteriorate end be lost. Mr. Falker
should ‘be glven time: to collect and prepare these spe01mens forfthe
usevn whlle he is statloned at this point. @he Phytosaur now on dis-°
' play inmthe mugeun wh1ch has been loaned by Camp is aoout 95%‘reproduo-
' lt1on and is not at all impressive. .Themwriter feels thaf this specimen
should be returned to the Uhiverslty of Gallfornia and one of the more
' conplete specimens which Mr. Félker now has or that he may collect be
substitote@. , 7 ; , .

3. A neturai open eirlfheatre tovsear epproximately Godwpeopie
,Zis‘probosed'forrﬁhisoperiod; ‘This is a desirable proje¢£ and/coﬁld.be.i
used as a.éointvto eon&uctvlectures onbthe:monnment duringfthe suhmer |
"months when the trafflc is heawy.r o ‘ |

-_4;u It is- proposed to bulld a 100,000 gallon reserv01r near the
'present headquarters maanly for f1re protection. This could well await
the c1051ng of the 1and deal 1n the Palnted Desert sectlon and the dramw

1ng up of the master plens for the whole monument. It is likely that
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at this time a permanent water supply will be gonsidered to drill a
weil to the Coconino séndstone. o

5. TFencing as proposed Painted Desert section (south poftion) will
be necessary to protect the Black Forest from souvenir hunters and cattle,.

6. Portals along highway 66 should be‘constructed to show the
gedlagical seétion.‘ | 7

'7. The lookout tower for the rim near the Inn could be combined
with the museum and observation station,

| 8. Informational signs should be added at strategic‘points. It is

,understood:thgy;thefe;is some objgction to having them placed along the
mein roads. 'Smail parking areas hight be established at these points,
, ;More interést might be had if contacts, erosional feétures and such-were
poinfed out on the‘grqﬁnd. Such things are usually missed as the limited
vpersonnel doés not permit guidedvtoufs.’ | |

The heavy stone curbing now being installed along the méin roads
and. ét_the parking areas is a rather dfab sandstoné and not very soothr
>ing to the eye in,lookingaover_the landscape. The curbing is‘probably‘
necessary though it‘might have been better to securg a more pleasing
"~ type of Stone'even if more expense were involved.

- The masonry steps near the administration “building (see photo No. 8)

forming a section of the loop trail through the Rainbow.Fdrést are un- |
natural and prabably not neceésary. This type of conStrubtion detracts

from the natural beauty of the monument,
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Ho, 324  Gasbropods
locality in the Pad
near §§§§&§%ﬁ§§§&, ¢ northeast towards Pllot Butte
in the distance, of ecourse is Chinle snd many

gnatropods may b8 oo ??ma ﬁé &@?@ in & shordt time fyom & local

lense in this formstion. Large size molluses alse oceur in
this bed,

18) bave been found at only one
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