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GEOLOGY 
OF 

THE PETm FlED FOREST lUTIONAL MONUMENT .' 

INTRODUCTION 

Approximately two weeks was spent in the field gathering data which 

is embodied in this report. Naturally in ' so brief a time it was im-

possible to endeavor to make the most detailed investigation. An at-

tempt is therefore made to bring the essential fe,ets to your attention 

relative to this important monument. The writer has .reviewed much of 

the geological literature available on the general area~dhasused 

some of the material as deemed advisable. A summary of the references 

available is appended herew! the 

The purpose of the study as developed with Mr. EarlA. Trager, dur-

ing his recent Visit, may be briefly summarized as follows: 

1. To consider the water resources of the monument. 

2. To inspect the proposed Painted Desert addition and 
review plans for the utilization of same with the 
superintendent. 

3. To make what recommendations possible relative to 
the development of the museum. 

4. To ascertain possib:J.e future EOW projects to best 
demonstrate the geological features. 

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

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

.... 



LOCATIOU 

The Petrified Forest National Monument is situated in eastern 

Arizona, about twenty miles east of Holbrook, extending in a north-

south direction along the Navajo-Apache County bOlmdary line for a 

distance of'approximatelY twenty-five miles. The monument is well 

provided with means of approach. U. S. Highway 66, the main route 

across New Mexico and Arizona, extends through the Painted Desert 

section. The southern portion is crossed by" U. S. Highway 260 which 

extends northwest from Sprinserville, the connecting link with U. S. 

Highway 60. This southern approach is designated as the Grand Canyon-

Petrified Forest-Carlsbad Caverns highway. A ~orth-southroad through 

the monument is maintained by the Park Service. This road, with numer-

ous "f3ide extensions to pOints of interest, connects the. two main aven'Q.8S 

of approach mentioned and extends from the Painted Desert Inn to the 

Administra.tion Building., (See Plate I following) The Atchison, Topeka, 

and santa Fe Railwav crosses the central secti·on of the reserve. A .. ' . . , 

station is maintained at Adamana, only a mile distant from the west 

boundary. 

HISTORY 

The 'first record of fossil wood in northern Arizona was recorded 

by Captain L. Sitgreaves, in. 1851, during an expedition down the Zuni 

and Colora.do rivers. He observed petrified wood six miles northwest ' of 

the mouth 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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traverse of northern Arizona in 1853. He suggested the name Li tho dendron 

Creek for the northern tributary of the Rio Puerco because of the large 

quantities of silicified logs found there. J~S. Newberry in his report 

on the Colorado River, covering the Ives Expedition of 1857-58. describes 

the fossil wood observed at Ives Mesa and at Fort Defiance. The Powell 

and Wheeler surveys a few years later ,established the fact that the yet-

rified wood accumulations were not local in character but were fairly 

extensively distributed throughout the plateau province. Interest in 

the preservation of the scenic and sCientific features of the are,ain 

the , vicini ty of Adamana, where large 8.Ceumu.lations of silicified wood 

occurred, led to the in:vest1g~tionsbY-Lester F. Ward. geologist of ' the , 

United States Geological Survey.I~ 1899 he submitted his report to the 

Department of the Interio];" with recommendations that the area be reserved 

as a national monument. Irliis recommenclation was carried out in 1906 

when. President Theodore 'Roosevelt issued a pro~lamation establishlngthe 

national monument~ The present area. contains ·'141.09 square miles (90,302.37 

acres) if the proposed extens:ion of the Painted ,Desert section is inclu,ded. 

The 'abundance of fossil wood in northeastern Arizona, and southern 

Utah ,made a prafoundimpressiol';lon the n.ative tribes iongbefore capt., 
S'itgreaves' discovery in 1851. According to Doctor ~regory the Na,V:8.j~s , 

' con~iq.ered thefossill.zedlogs 8.13 "yei tsabitsin" ,' the bones of Ry-ei,tao" , 
a monster who was destroyed by the sun and whose. blood was congeal~din ' 

lava flQ';'s.In the Piute mythology- the broken trunks are thespen~ 

weapons of Shinarav,the great Wolf God; the accuintllated masses marking 

the sites of battle fields; 

ii, 



PHYSIOG~1iY 

The Petrified Forest is lQcated in the south-central portion of 

the Colorado Plateau. This large area. combined with the Columbia 

Plateau to the northwest and the ' Basin and Range Province to the west 

and south, makes up the great Intermontane Plateau which separa.tes the 

Rocky Mountain System on the east and Pacific Mountain System on the 

west. A sketch map is included (Plate II ) which indicates the major 

d.ivisions of the Colorado Plateaupro~ince. It may be noted that the 

monument is in the Navajo section consisting of young plateaus, of 

smaller relief t:r.an the Canyon section (c) to the north, into which it 

grades. 

The Colorado Plateau generallY is a region of many plateaus, broken 

by fault · scarps trending northan.d south, by erosion escarpments trend­

ing east and west, and by canyons whose trends are in the main north 

and south wi th thee:xception of the Grand Canyon of the Colorado River. 

The general surface has an altitude of about 5,500 feet above sea level, 

above which the mountains rise and below which the canyons are carved. 

The varying character of the alternating sedimentary formations exert 

a strong topographic control. The massive sandstones and lirtlestone 

members form vertica!cliffs or level mesa tops while the shales produce 

slopes and local areas of badlands. Most of the Petrified Forest is 

occupied by these badlands carved in the Chinle formation. 

The Colorado River is the master stream of the Pla.teau province .• 

Drainage in the vicinity of the monument is controlled by the Little 

Colorado River anet eventually reaches the Colorado proper. It is 
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estimated that surface waters from 9,900 square miles reach the latter 

stream through the Little Colorado. Streruns throughout the area are 

glassed as perennial and intermittent. The Little Colorado River is 

intermittent through a large part of its course 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 prevailihg 

type. 

CLIMATE 

The climate of the Plateau country-varies according toal titude 

from semitropical to temperate. The mean annual rainfall for Holbrook 

(elevation 5,069 feet) is approximately 9 inches. July and August are 

normally the wet months. Temperatures of from -250 to 1270 ma.."tiTJlU!n 

have been recor(led in thi s area. The prevailing winds are from the 

southwest. 

VEGETATIOn 

Where the badlands are not in evidence sagebrush, greasewood, a..l1d 

scattered clusters of juniper and pinon are present. Hardy grasses 

occur throughout the area. Much of the lands have been overgrazed and 

it is for this reason that protective meaS'llres have been taken. Most 

of the monument area has been closed to grazing and it is believed that 

this will result in a rejuvenation of the grass lands and in due course 

decrease the necessity for erosioncontroJ, measures on a broad scale. 

The whole Colorado Plateau country is most suitable as a cattle and 

sheep range. 

, 



POPULATION 

T'~e nearest town of any size to the Petrified Forest is Holbrook, 

.with a population of 1,115. The principal industry: which sus.tains the 

settlement is stock raising~ In recent years tourist travel has su.pple .. 

m~nte(l" this industry. There lsalso considerable trade with ,tlle Indians 

of the Navajo and Ropi Indian Reservations a few miles to the no:t-thwest. 

The local Park Service staff secure their supplies at Holbroo.k. ,As. 

there are no accOIDDdations at the . monument for the Visiting park stllif 

most of . them secure quarters in town. 

GEOLOGY 

GeneraJ.. One of the most ~complete geological sections ;in the .world 

m~ be observed in northern Arizona and southern Utah. In the Grand 

Canyon section rOCkS ranging in age from the Archean to the Permian are 

pre$ent with the exception of the OrdoVician, Silurian, and Pennsylvanian. 

Northward from the Grand Canyon and above the. 4,00'0 feet of Paleozoic 

section exposed here there may be observed some 8,000 feet additional 
. . 

of Meso~oicand Tertiary strata. Southeast to~ardthePetrified Forest 

a,.1'ldvicini"ty, the formations are non.e the less interesting, comprising 

a Mesozoic sequence of Triassic ,JurassiC ,and . Cretaceous sediments. A 

geologiccross,-section to illustrate thestratigrapby from the Grand , 
.. ' -

Canyon to the Petrified Forest is being drawn by. the W!'i,ter. There 

follows on Plate III, page \9. a stratigraphiccol'U.lIli1 showing the rela.­

, tive positi~nof the Pet~ified . Fbrest in the section as we.ll ascertain 

other parks ~d tnonurnents of the plateaupz:ovince. 

... 



Undiff erentiated a..d 
c ....... , f ... ..,..cio" 

Gte., c .. ",.Of> group 
(Jura •• ic?) 

Mesozoic and Cenozoic section from Internat. Gaol. Cong. 
Guidebook 18, p. 13, 1932; 

Proterozoic and Paleozoic section after Noble, L. F., 
U. S. Gaol. Survey. 
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Stratigraphy. A discussion of the stratigraphy of themonumen1;, 

begins some 200,000,000 years ago at the close of the Permian (Kaibab) 

of the Paleozoic era which was followed by widespread emergence of the ' 

lands. The strata of the .Petri.fied Forest area belong to the Triassic 

period of the Mesozoic era, forming . a part of the huge region of con­

tinental Tria.ssic extending through the Rocky Mountain region from 

Idaho to New Mexico. TheT:dassic, as now defined, includes three sub-. 

divisions: the Moenkopi formation, the Shinarump 'conglomerate, and the 

Ohinle formco"tion. Strata within the boundaries of the monument are all 

incorporated ilit.he Ohinle formation. 

The Moenkopi beds contain fossils of Lower Triassic age. After 

the deposition of the Moenkopi there was an interva.l of .erosion as 

evidenced by the removal of parts of this formation, beveling of beds, 

carvfng of channels andth~ changes in sedimente.tionthat pr.ecededand 

followed the erosion. Due to the stratigraphic position of .the Shinarump 

conglomerate, unconformably overlying the Lower Triassic Moenkopi and 

belOW the Upper Triassic Ohinle, its age is generally considered as 

Upper Triassic. Fossil coniferous wood of a species characteristie of 

the Ohinle is ab1.md.ant in the Shinarump. There are many conglomerate 

lenses of the Ohinle which contain similar pebbles of the Shinarump as 

well as fossils of like character. There are breaks in the continuity 

of tlle Shinarump espeeially ·in the southeastern portion of its extent. 

In view of this evidencetne writer agrees withCarnp that it would 

probably be. best to discard the name Shinarump and emphaSize its true 

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



known, conformable with the latter formation. TheU. S. Geological 

Survey considers . the Shinarump as a separate formation and it will be 

so used. in this reJ?ort. ·· . 

MoenkopiFormation.A~stated above in post Permian time there 

was a period ofup-oliftanderosion prior to the deposition of t4e 

Triassic sediments. There is widespread evidence of unconformity at 

the base of the Moe*opi. This formation consists of chocolate or red.-

dish"'brown sandy shale and san.dstone with fairly uniform bed.ding planes .. 

Many of the sandstone layers are ripple-marked and considerable evidence 

of current action is present in the form • of cross-bedqing. Gypsum occurs 

in crystals and in scattered irregular veins. Increasing towards the 

west there are 'prominent gypsum beds as well as marine fossil-bearin~ 

limestone. The Moenkopi is from 400 to 50Dfeet in .thickness in the 

vicinity of the · Petrified Forest. Its thickness decreases eastward. and 

increases towards the west to as nm.ch as. '2,000 feet in Nevada. It is 

. evidently marine to the west and of lagoonal or deltaic origin to the 

. east. 

A complete section of the Moenkopi a few mile s south of Tanner's 
'. 

Crossfng'byGregory shows 389 feet of section consisting of alternating 

shales and sandstones, mostly red .. brown to chocolate·colored. the sand ... 

stones in members 2 to 5 feet thick and the shale members in bodies from 

15 to 25 feet in thickness. '!'here is a 4O-foot shale merribernear the 

middle, below which are 52 feet of fine-grained sandstone. Some cross­

bedding is in evidence aIld there are a few conglomerate streaks. Gregory 

states that there are so · many variations in the stratlgra.pIw tha.t no 

two sections 'are closely eJ.ike. 

11 



Alo:r:l.g the escarpment north of · the Little Colorado River, just ea.st 

of Holbrook. there are over lOO 'feet of Moenkopi exposed. Here the 

formation contains aJ.ternating beds of chocolate brown sandstones and 

shales in beds from a few feet in thickness up to 25 feet. There is 

much variation from place to place and it is exceed.ingly di ffi cuI t to 

trace individuaJ.members over very long distances. 

Fos$ilsare quite rare in the Moenkopi with the exception of a few 

rather poorly preserved plant remains. Vertebrate and invertebrate tracks 

have been found. The latter were probably made by insects or worms. ~he 

vertebrate tracks are now referred to the Thecodonts, a group of primi ... 

tive reptiles from which the crocodiles and dinosaurs were probably 

evolved. 

Besides the traces of life the available evidence of the physicaJ. 

conditions during Moenkopi time lend muchtoa fairly complete picture 

of. conditions. Various types of ripple-marked sandstones, casts of sun­

cra.cked mud surfaces, rain drop inipressions, . etc •• indicate a vast low 

flood-plain, oscillating back and forth over a semi-desert area ·through 

which temporary streams meandered. crar.ry.i.ng loads of fine sand and. silts. 

(See Plate IV following, illustra,ting land-sea condi tionsduring much of 

Triassic time.) 

Following the deposition of the Moenkopi formation there was a long 

interval of erosion that affected a large part of the plateaU. country. 

In northern Arizona erosion channels 50 to 100 yards wide and 20 to 100 

feet in d.epth, carved in the Moenkopi beds, are filled .wi th the massive 

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

12 
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but are, abs.ent in this region. The amount of Lower Triassic deposits 

whichba:ve been eroded prior to the deposition of· the Shinarump is not 

kriown. 

Shinarump Conglomerate. Un~onformablY' overlying the Moenkopi and 

forming the lower member of the Upper Triassic is a stream-laid deposit~ 

cOnsisting of gravels and gri t t nowcemente'd into ha.rd .rock and known as 

the Shinarwnp conglomerate. Its thickn'ess ranges from30 .i"eetto.}lOO 2feet 

. or more. It .is estimated that this ·depo.~i twas spread over an area o{ 

not less .than 75,000, square miles. ' Petrified logs occur at some places 

and the fragments of petrified wood are very common. This fossil wood 

i~· of a E!pecie~characteristic of the Chinle above. Dl,e to its position 

between two- less resistant form~tions it forms :prominent cliffs through-

out the pb,teaU·province. 

TheShinarurnp h almost wholly~iliceoils, usually grey to . white, 

with shades of brown exceptional. In the area i::nmecliately west of the 

monu.rnent area there .are some mottled yellowish beds containing lime. The· . 

pebbles ranging up to two inches or more .1n diameter are well rounded. 

The size of the pebbles increases to huge boulders sQuthward towards the 

MQgollonplateau. They contain Kaibab (Permian) fossils similar to those 

in .. the conglomerate lenses of the Chinle above. The source of much of 

the material making up the Shi1ll:l.ruInp was prObably from the south and 

southwest. (See Plate IV) The princ.1pal characteristics of this forma,. 

tion are that it is lenticular,cross-bedded, most variable in structu.re 

and textu.re and that it almost invariably contains fragments of fossil 

wood. 

14 



Branson states "There are numerousref'erences in the l:iterat1lre 

to the Shinarump .vertebrate f'au.:a"a,but they are misleading, as they 

may designate either ind.eterminable scraps of' fossi,ls ill associated 

beds. In the wri ter I s experience l!!Uch worn scraps of bone 'te\.re COIDl'110n , 

in typical Shinarump, but , no 'speCimens can be identified. It is probable 

that many finds reported from the Shinarump have come from conglomerate 

lenses in the Chinle." :Brachiopods, crinoid stems,' spong~s. and bryozoa 

were Observed in the pebbles ,making 'up the Shinarump. They have alI 

been identified as Permian (Kaibab) in age. 

A sket,ch geologic map follows as Plate V, page 1'6, showing the dis­

tributionofthis formatiOn in the imniediate vicinity of the Petrified 

FOrest,.. Time did not permi t detailed mapping "&u.t the lVr1:~er , is ,con­

vinced tbat there is no Shinarump within the bouna.aries' of the Petrified 

Forest assliown on the State geological ~p 'of Ariz.ona. Only , the Chinle 

is present .. 
, , 

C,hinleFormation. Conformably overlying the Shinarump is the Chinle 

formation which comprises the uppermost m¢1l1ber of the Upper ,Triassic. 

Probably the most vivid feature of the terrain of northern Arizona is 

the display of colors in this mass of shales, sandstones, and limeston.e ' 

conglomerates. Much of , the "paillt" ,ofthe Painted Dese'rt country comes 

fronl these rockse Reds, brown?;, .,blues. and greys, are pat-amount though 

almost any , shade or color may be found over t ,lle widee~anse 9f out­

crops to appeal to individual fav0x-e The beds are frequently carved 

into badlands andthe~ucc'essiveba.ndsofcolor form a striking disp;lay 
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lo~tobe remexnbered~" 'The, sl)ales. eBl'ecia.llY 'i~ , the :1.oweF part , of the 

formation, . incl1J.d.emuehvolcanicash orben-tonite. Color, tex:t~et an,d 

COlnp?sitionChang~s lt~eindeedIIidst frequ~rit~ ,Tnefollowing ,isfroni 

Gregory ~d.Mporel $ ' h5J r~Pbrt ontlleXa1;parow1ts Region: 'lIn essentials 

theChinteo,ftl,1eKaiParoWit~jlegion isi dent icalwi ~h that of t49 't'avajO;\" 

country,wheI.'!3 this , £o'rrriati()ni~, thicker an~' rnOreWid.eSP!'ead. aJld . has" 
. .,.,.. '. \ ,. . 

been ,studied in graa.tet deta.il. All types of' i"ocks and, of. foss1.1s ;.:ai-e 

common ' to the ,tl'(O area~t., and, ,ill a ,broad. sens,a thearrB.Il'gement of\ strata " 

is the same. ,Durillgtrpper'l'riassictimethe 'conditions of' sedimenta,tion 

appea,.rto' have, been un~f~rmover"most, if rio~ a11: , of the plateau province~ 

Altho'q.gh as '.~Whole 'the beds that compose the Chinle constitute a strati,... 

, ,graphicuni t ofurunistaltabl~ individuality, a coIil:i?ari son of 'the 16 sec;" 

t10n.smeasured intheJta.!parowits region mW:es~:pi>arent ,the wide va,ria.tion 
J'- " . , ., 

, . . '.' 

in, the, order 6f ,depositloi'h composition, texture, color, and structure , ' 
., . , 

Wi~hinari area of 'a few square miles , all sections 

IDtW show ~he same r.an~eof color and include the same kinds of rock. 

bu.tthe, colors 'of individu8.l.beds are not 'persistent, and one kindo! 

:r;'~k m~ b.e . replace<lbt' ~other ,kind within "llor1; .:distances aJ.ongthe . 
. , 

strik~. , The relative amounts of lim,estoIle, shale, 'and sandstone dlf:ter 
. . ' . 

with eaCh sectiot)., a.~dOesalso tne",positionof' these strata. in the 
"'." ", 

. ,' s~rie:$. ', Mo!'~Ove,~,'t 'the gradation in compqsition 'of ' the strata and their 
" i 

1ncluded.lenses~(1 acc,essor.,r rnaterialsisSuchthat no two w9rker s ,are 

1ilte1y to' :des¢rib~ the .rock or to sub-diV'idethe beds in e:x;act~y the " 

.... same "manner. If. 



, . . 

Gregory in his Navajo pl'tper has distingui'shedfour subdivisions .for 

the Chinle in Arizona. Foz:the Petrified Forest area it is difficult to 

recognize these subdivisions. In order for this to be d.onei~ a satis'" 

fa,ctory manneri twill ' be necessary to measure riU!Ilerous sections ,from 

, hi s type .locali ties southeast to the monument area. The writer has con- , 

sid,ered twodivi~ions of the Chinle as o.idCampih 'his paper ; ".4. Stuar 

of the Phytosaurs". See .Plate ,VI on page 19 following for generalized 

columrrarsection. It will be noted that the . Lower ' Chinle exceeds 400 

feet in thic~ness" is characterized by morevariied colors 9f grey and 

blue, and contains much /?sh. The Upper ChiDle exceeds 300 feet in 

thickness. is predominantly red in color and contains limestone layers 

wi th chert whi eh is absent in the Lower Chinle. 

The thickness of the Chinle in the typ.e locality. the Chinle valley 

to the north, is 1,182 feet. In general the Chinle mE\Y' be said to range 

from 40,0 feet to about 1,000 feet in thiclr..ness. It is thickest ' in north­

eastern Arizona, and southwestern Utah. The forriiation thins "to the west 

and northwest B.:clld as to how much of this thinningisdu~to smaller, 

original thickness and how much to erosion that preceded the deposition 

of more recent sediments remains tobe .determined. 

When one considers the lithologic character of theC}1ihle, the 

local variations, bedding, and fqssil content, .it must be agreed that 

it is a freshwater deposit. It was independent of 'the sea and was 

sPl'ead by sluggish streams over a broad basj.n of desert-like character. 

Swamps and 'Shallow lakes were present in th~ lowlands' and on the higher 
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groll.I:l,ds ·surrounding the .basins were scattered stands of conifez.s. To 

. the west explosirVe ' volcanoesshedash far and wide, as evidenced 

es:pe~:lally in the Lower Chinle. No marinEr1'ossils have bee!l reported: 

'but instead. there , is found inabUhdance silicified wood and in places 

'. 1're·sh .water shells and bones of land vertebrates. Tne more or less 

gradational nature of the beds near the contact with the. Shi~p con,;;; _ 
. . 

glomerate furthe·r indicates its continental. origin. In llearly all ex-

posures at the base of the' Wingate sandstone (Jurassic), Chinle forma-

tion contact,there is an abru,pt change of material, suggesting uncon-

fomity. 

post Triassic. In northern. J,ri2!o:t;la SOme 8,000 or 10,000 feet of 

sedimentary section has b~en measured -above the Chinle formation to 

inolude rocks of the. Jurassic, Cretaceous, and Tertiary. Doubtless 

several thousand feet of this ma.terial . was oncede~qsi.tedover ·the 

/area of theP~trified Forest covering the Chinle format,ion toa great . 

depth. At' the close of . the , C:t-etaceous there was a period of general 

uplift in this region followed by erosion on a large sc~epribrtothe 

deposi'tion 01' the Eocene above. .After Eocene deposition and uplift, 
. . 

the '})re~ent major lines of drainage were established, and erosion. con~ 

tinued • . Later uplifts made possible the f:i,nal stripping of tlle, Permian 

in the Grand Canyon sect:i,on. .A,tor near the begiI1Jling ' ofthe~tern.aXy 

the present canyoncycl~ •. 'was ina.ugu.ra~edby gre~t general Uplift. . Thus 

through long periods of ' slibmergence,deposi tion,uplift', _ and erosion, 

J-u.:rassic, cretaceous, Tertiary't. ·and ~aternary sediments have been 

deposi ted and removed by erosion. No doubt 5,000 feet or more. of · the~e 
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sediments once covered the monument area and have since been reinoved, 

exposing the present Triassic section. 

Igneous Rocks. The two major volcanic fields of the platea:u. 

province include Mount Trumbull and the San Francisco Mountains. Large 

sections of Arizona are covered by volcanic rocks. It is generally 

assumed that the major portion of the materials came from eruptions 

during Tertiary times. There has not been sufficient study to date to 

make precise .correlations. It is knoWn that some are of Cretaceous 

age while others belong to the Quaternary • . On the geologi9al sketch 

map (Plate V) several areas of volcanic rocks are indicated in the im­

mediate area of the Petrified Forest. The intrusive rocks consist of 

necks~ dikes. and sheets. Extrusive forms consist of lavas and ash. 

Lava cap~ing the Chinle . may be observed in the Painted Desert section 

near the Inn. 

Structure. (}enerally speaking the Petrified Forest is located 

in the broad structural basin between the Mogollon plateau on the south­

west and the Defiance uplift <Il the northeast. Synclines and anticlines 

follow one another in this depression. There is little evidence of 

faulting in this district .and it has certainly not played aD. important 

. part as in the region to the northwest. Regional dips are northeast 

al though along the crests of minor structures many variations may be 

observed. The cross-section upon which the writer is working will 

illustrate in graphic form the structural features better than mst 

any description, 
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PETRIFIED WOOD 

General, The Petrified Forest area was reserved by the ITational 

Government in order to preserve the most interesting feature of the 

Chinle formation - the fossilized wood. Thi.s reserve enables one to 

see one of the most unique exhibits of the national park chain and now 

added to the fassil waad and the numerous vertebrate fossil finds is the 

$cenic Painted Desert . section all of wb,ich will no doubt eventually place 

the monument in the sphere of a national park. 

Three forms of trees have been described from the area, as follows: 

Araucarioxylon arizonic1lm. Woodwartllia arizonica,and Schilderia adamanica. 

It is peculi~r that the two latter species have been found only north 

of the Rio Puerco, with the exception of a questi.onable specimen of 

Schilderia taken from the :Blue F.orest. Accumulations of fossiliz.ed wood 

occur :na1nly in the lower 400 feet of the Chinle with occasional cencen­

trations in the Shinarump conglomerate below. 

The ' source and manner of accumulation of large am.ounts of petrified 

weod in the Triassic sediments is not entirely clear. There are those 

whe believe that the trees grew en the spot where fossilizatio.n took 

place and others .wh.o. censider that they were transported hundreds .of 

.miles prior to petrification. There is very 11 ttle evidence in. the 

writer's .opinion that t~ trees are actually in place. It is apparent 

that they did not grow in the immediate area in which they are found 

and that they have been transported sottl'e distance at least. This is 

especially ' trueirt tbe area sauth of the Rio Puerca. Here many of the 

trees have worn end.s 'and battered sides and are mainly wi tllautbark. 
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Many sizes are bunched together in heaps with the blunt ends of one 

trunk inclined against the sides of its neighbor~ Although there is 

8~ abundance of material for observation no roots were found extending 

downward from the s·tumps. It 1:3 possible that discoveries maybe made 

to illustrate this feature but there should be many exa.mples consid.er-

ing the amount of material to make it convincing. 

In the Black Forest of tbe Painted Desert the writer is not so sure 

that the petrifie~ wood is far removed from where the trees grew. Smaller 

parts of branches are moreinev;idlmce and there are many stumps apParently 

in an erect position. Excavation should be undertaken to ascertain the 

nature of their roots. Some of the · larger stumps have lengtbyroots 

attached and it is hard to. believe that trees ~f .this size could have 

been transported long distances withtopts·remaining intact. 

For :most of the forests it lIl8\Y' be safely said however that the trees 

have -b een transported upwards to 50 or lOOmi1e~.Duril,lg Chinle time as 

sluggishstreal'1smeandered over bro§d basins, the higher lands with stands 

of conifers were flooded. .The trees after falling were carried down stream, 

aCCUlIIUlating in eddie,sandsan(lbanks, much like the driftwood now present 

along the Colohido and Li ttle Colorado rivers. Several iUustrations of 

the occurrence of petrified wood may l;>e found in the photos att?-ched. 

Replacement. After the trees .became lodged in sandbanks and were 

covered by $ediments the process of replacement began. Most of the 

.. oodhas apparently become silicified .iIi its prese~t location. The 

chemical p!"ocess was favored by ,the rapid burial of the trees and the 
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freectrculation of ground 1'Iater in this type of se<Umeritarydeposi t. 

Deposition of dissolved mineral matter does not a.lways take place in 

openings already present in the strata. Water frequently makes room ' 

for the substance deposited by dissolving matter already '!,resent, leav­

ing behind an equ~ volUme of another substance. deposited from solution. 

Waters permeating the stratigraphie horizons of the buried logs were 

probably alkaline, containing soda and potash. Silica is readily soluble 

in alkaline solutions. As the lo!~s slowly decayed their orga:nic matter 

was replaced, molecule by molecule, by silica mainly in the form of jasper 

and chalcedony. Some of the logs maintain the grey color of the sands 

in which they were buried, bu't most of them have been colored by iron 

and manganese, carried in solution by the und~rground waters and deposited 
~ 

at the time of the replacement of the organic matter by the silica, there­

by supplying thebeau.tiful vexietyof colors, MaW brilliant tones of 

red, brown, yellOW, and blue ,are preient.Superoxidati()n of these minerals 

since the tree trun..l{s have been exposed to the atmosphere has added much 

, to the display-of colors. ' The fragments are more likelytQ be colored 

throughout whereas on the larger trunks the most brilliant colors occur 

near the surface. The wood presents beautiful objects for study and 

when thin-sections are made and placed under a microscope they show the 

original woodstru.cture perfectly,al)., cells being distinct, though now 

replaced bysllica. 

FOSSILS 

The Triassic period, to which the rocksof the Jletrified Forest belong, 

marks the beginning of the Mesozoic which was fittingly called by Louis 
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Agassiz the "Age of Reptiles" for the seas, lands and air we.re dominated 

by these monstrous creatures. Arid and semiarid climates were widespread 

although parts of the lands were well watered, much as parts of the 

present continents are humid. 

Plant Locali ties. Besides the fossil trees just mentioned t'here 

is considerable evidence of plant life in the Chinle of the Petrified 

Forest. Wi thin the Blue Forest fern leaves, cycad leaves, Iguisetum 

stems and lycopod stems are present. Plant stems are found in a sand­

stone member near the ruins just north of the administration building. 

Casts of Eguisetll.'U stems also occur here. Approximately two. miles south 

ofOrtega's Ranch there' are plant stems in a sandstone lense. Three miles 

west of the Blue Forest are leaves and cone scales. A study of the trees 

and plants of the forest haw been made during the pas.t two seasons by 

LymanH. Daugherty, of the University of California, for his thesis. 

SpeCimens of some 110 ferns, cycads, etc., were turned over to him for 

study-by the Park Service. It is assumed that his report will be forth­

coming in the near future and that much new information will be dl1veloped. 

Mention should also beroade of the h~ecasts of Equisetum stems present 

near Camp's quarry northeast of St. Johns. Most of these stems are in 

an erect position apparently in place. 

Invertebrates. Unios (Pelecypods) were observed at several dif­

ferent locali ties. 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 ~dthree miles north and slightly west of 
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the Painted Desert Inn. ThreE:) species have been identified but, as there 

is little variation in this form until the Cretaceous, it. is dO'llbtful ,if 

they will be useful for correlative purposes and will prove little except 

the presence of fresh-water conditions. 

Snails (Gastropods) have been "found in only one locality to date. 

This is at the same 10cationaf1l the, Unio locality mentioned abova,three 

miles north and slightl y west of the Painted Desert Inn. Mr. Walker, 

Park Naturalist, has loaned Dr. Junius Henderson, of the University of 

Colo;rado, :Boulder, Colorado, a ,set of clams and snails for study' an.d 

determination. His report should facHi tate proper arrangement of the:se 

int,eresting forms in the museum. 

Pebbles from the Shinarump conglomerli}te and from conglomerate lenses 

of Chi!llehave yielded the following Permian (Kaibab) forms: ' :Bnrozoa, , " 

(of Fenestella group) ;Productus (Dictyoclostus)occidentalis Neweerry; 

Productus (Dictyoclostus)ivesiNewberry; Lo-phophyllum sp.; sections af 

crinOid stems; Aviculonecten occidentalis Newberry; Suiriferina,kentucky-

ensis (1) fragmentary; and sponge sections. 

Vertebrates. One of the most noted collecting grounds fo;r Phytosaurus 

(Belo,dou), the large crocodile-like reptile, and the large amphibian 

known astne Stegocephali " with the shovel-shaped skull~ is in the vi­

cini ty of the Petrified Forest. Fragments of bones of these animals are 

widely distributed but some of the more important localities where more 

' or ,less complete specimens have been obtained are as follows: ~' miles 

southeast of Ortega's Ranch, the Flattops, the :Blue Forest, on the Carrizo 
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in the Painted Desert, 3 miles north of the Painted Desert Inn. near 

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

in and e.round Camp's quarry northeast of St. Johns. At the latter locality .. -, ., 

there "as , racentlydlscovered the rema-ips of a large 'mammal.;olike . reptile 

called an · .A;nomodont. It has heretofore been known only from the Triassic 

of South Africa~ This find is of much importance because oftheevidenca 

of ' the distribution of the type -of animal from which the mammals were 

believed to have been derived. Specimens of Phytosaul'Usand Stegocephali 

are. exhibited in the museum. This type of information has an intense 

public appeal and is of real scientific value. Too much empnasiscannot 

.' be placed on the development of this important feature -- the 'collecting 

and preservation of these rarevertebratefossi·ls,. 

The ' main fOSSil 10calit1eswere visited by the writer. It was at 
- . 

first considered best to try and prepare some ·of these specimens in' 

place for .publie View. It will no.t be possible to do this in most cases 

without a much larger ranger staff for their protection. The most 

satisf?,ctory me-thod will no doubt prove '. to be to show the material in 

a museum. Plate_VII followingo~ page 28 indicates the most importailt 

fOssil localities of all kinds. Locl;I.tion of the fossil wood accmmula-

tions may be found on Plate I. page 3. 

ARCHEOLOGY 

Nu!nerous ruins and pictographs of a pottery-making people are 

present in the Petrified Forest. The first of these are sUP:9ose~ ,to 

be of southern origin (Adamana). The~e were followed by another ap-

-parently from the same direction who met and seem to have merged t6 , B. 
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certain degree with still ' a.noth~r group from the north who made white 

or grey ware (Woodru:ff;"Lino). Later the area ,was further subjected to 

influences derived from the north, east,a,ndsouth and finally appears 

tQhave beenallandoned durj,ng "the Homolovistage. This. type of stuOl . ' " . 

is intensely interesting to a great many people and as the area.as 

apparEmtly on the border line of peoples of different origin it becomes 

all ,the more f,ascin~ting. These aspectsinay well be developed, iri the 

museum and supplemented. byeert{ij.n exhi bi hon the trails. It should 

be remembered however that this monument is primarily a geological,: exhibit 

and the archaeological features should not be perini tted to interfere 

with this division. EXhibi.ts shO\7ing the archaeology of northern Arizona 

and New Mexico are , well di splayed at tlle Museum o~ Northern Ari,zona at 

Flagstaff and also at, Santa Fe, New Me:ti~O~ while the geoJ"ogical features 

of the Petrified Forest cannot be dupliCated elsewhere. 

lATER RESOURCES 

T1l8 nature of the . Chi:nle f ,ormat1on, '. mainly a fine-grained compact 

shale,preclud,es 1 t as an important source of ground water. LocalJ"y ' 

some of the channel sandstones and c()nglomerates may prove productive. 

," The Shinarump conglomerate is a good water bear~r in some localities ' 

bUt due toi tsvaria1)lethic!tne$sand composition it should not 1>e 

considered 'as animport~t sourc.eofwa.ter for the Petrified Forest. 

The Moenkopi sandstones and. shales form a good reservoir and large 

quantities of' water are ,obtained from this format,ion. However, due to 

its extreme saline content it is rarely potable. The Kaibab formation 
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'Qelow if, present would serve only as a cap rock between the Moenkopi 

and: , t.heCoconino sandstone. The best water producing horizon thus far 

CI.iscovered in the region is the Coconino sandstone of thePsrIIlian. It 

is a wind-blown deposit of fine-grained sandstone, often firmly cemented, ' 

00.1; containing several more po rOlls beds .which produqe abun,dAntquanti ties 

of .. p·otable water. 

Plans .weremade in ,1932 to drill a water well at the administration 

. headqua~ters to , produce from the Coconino sandstone. Estimates were made 

that the Coconino sa.ndstone would be reached at a depth of 645 feet 
. ·r 

below the surface. According to the samplesobta.inedthe approximate 

.correlation is as follows: 

Headquarters Well Log - Petrified Forest 

EleVation Approx.5,475' 

Chinle Formation ••.••.•••• 0 -300 
Shinarump Conglomerate •• 300 - 355 
Mo!mkopi Formation....... 355 ... 755 
Kaibab Limestone .••••••• 755 - 795 
Coean'ino Sandstone ...... 79'5-;"1023 

· ..... ' ... 
• •• e ' •• • 0 •• 

'eo ....... "' . ,. · ........ . 

300 feet 
55 .. 

400 It 

40 II 

228 II 

Numerous drilling difficulti,es were encountered: in this test. The cas-

ing waS ,set at7~5feet. The casing is frozen and efforts to pull it 

fla,vefailed. There is 238 feet of open hole in this well which inclu,des 

a~ect~6nof the 'Mo€lnkopi , formation, a prolific saline water producer. 

!Be, test at the Administration Headquarters is therefore not a fair 

criterion as to what the Coconino w111 do. The well was put on tl1e pump 

and produced abo1;Lt 1,500 gallons per hour but was not. of potable quality. 

,Severa.l artesiariwells h8.ve been drilled into the Coconino sand-

stone in. the Petrified Forest area. The belief is Ctlirrent thatsatisf'actory 
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supplies cannot be obtained from this formation north of tb.e Li ttle 

Colorado River. The en.tire area is ina 18,rge structural basin and no 

evidence of faulting was observed which might account for this condition .. 

Briefly it is believed that the Coconi:nohas not received a i'airtest , 

and that regareUess of local shallow water supplies developed it will 

be necessary eventually to drill to this formation with a satisfactory 

c~sing · shutoff at the top of same. Logs of surrounding we].ls have been 

collected by Mr. Walker and the writer but it is not deemed necessary 

to include them in this report. They can wel~ be SUIl'lmarized . in a spe¢ial 

water report when needed. In this connection Mr. Walker bas written a 

detailect water report On the area. 

At the present time the ' potable water is hauled from the Rio Puerco, 

a distance of 16 miles, to the Adrilinistration Headquarters and stored in 

a 1,500 gallon reservoir. This supply is obtained from shall~:rw wells 

and is certainly surface seepage into a channel of the Rio ·Puerco. Sur­

pri singly no analysis has been made of thi s water although it is used by 

the cce camp anlithe park personnel. There are numerous washes where 

. supplies of this type may be developed. Efforts should be lnadeto give 

the Coconino sandstone a thorough test before depending on surface sup­

plies of this sort. As to the location of such a test it will probably 

be best to await the completion o.f the master plans for the monument 

which would include the Pail1tedDesert 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 interval of 

100 feet .. The topographic relief in this section is so low that many 

of the most important features are not indicated. It is most difficult 

to locate accurately pOints on these :.ps. A. satisfactory topographic 

map shouldbecompleted of the Petrified Forest and. surrounding area 

in order to facilitate detailed geologic mapping, the location of 

important 'fossil local.ities, and the const:ruction of roads or trail.S 

or in fact most Sny type of construction within the monument. 

Plans for museum cons.truction have not been completed as yet ' due 

to the pending land situation at the Petrified Forest. When the ad­

ditional acreage is obtained (the Lore property), which is the key to 

t~e -development of this section, it is consio_ered that the main museum 

should be located in the vicinity of the Painted Desert Inn. A museum 

at thi s point could be modelled somewhat · after the observation stati~>n 

at Grand Canyon. Petrified wood should of course be featured with the .;, 

scenic view of the Painted Desert emphasized as well as the fossil 

vertebrates found in the vicinity. Some space could be given to arche ... 

elogy but it is thought that a small museum on the Rio Puerco . could 

best portrB\1 this asp~ct. The present museum could be used strictly as 

a geologic$,l eJdlibit .and possibly a checking station combined. It will 

be necessary to have a checking station On highwBiV ' 66, preferablya.t 

the entrance to the southern section, in order 'to contact the vast 

number of touri ste along thi s main road. 

~he above museum setup is in line with Mr.'lJalker's ideas as to 

proper development. At the present time he is ' Y1orkingover the exhibits 
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in the InU$eumat the south entrance.: No revision of the material has 

been made since the museum w~s inst$J.ledand. considerable work will be 

necessary to bring the si tuatio,n in line wi th present ideas · which are 

generally · accept.ed;. 

PUNnD DESERT SECTlON 

Detailed plans for the utilization of this area have not been made 

because of the land s1 tuation. Thi s part will form a valUable addi tion 

to the moml,.'llent and thenecessa17 acre~eshouldbe~cquired. " Two of 

northern Arizona' sprincipalnatural attractionswciuld thus be combIned 

1mder onemoni.unent -- the Petrified Forest and the Painted Desert. It . 

aP:r:>earsthat for tbis ar~awhich contains the interesting Black, Forest 

very little in thewat of trail construction or roads will 'be required. 
. . 

.A. tra.il do.wnfromi the Inn ~be maintained bUt when' the flats are ap-

proached i ti s agreed that no const.ruction' should be undertaken and 

that visitors should be permitted fotravel .l>f' foot or horseback f()r . 

an, inspection . .:' Only a: few direc~ional signs will be required. The 

naturalbeallty will thus be preserved intact. 

:mow SEVENTH PERIOD PROJECTS,' 

Thaprqgram . f()r thi 'g period which involves ge.ological features 

was ' discussed in detail with Superintendent Smi th.He has outlined a 

proposed work schedule and it is assumed t~t you have received copies 

by this time. I would consider th6 following as noteworthy' projects 
.. -: . 

to be undeJ'taken dur1rigthi spefiO'd. 

1. Due to the varied opinion as to whether the trees have bee~ 

transporteQ.orgrew· on the $potwhere they are now found, all possible 
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.evidence .pro 'kd con !:Ilio:ttld be assembled.. $tumps inth~ Bladk 'Forest 
:., 

should be excavated to show the nature 9£ the root structpre,$ndto 
" , 

ascertain if possible as to whet.her they ' are in place. Similar work 

should 'b,e done in tb,e area south of the .Rio Puerco where trees and 

stumpsarestat¢d to be in plac,~ • . 

2. Mr.M~ V.Walker, theParkN~turalist, is a trained vertebrate 

., pale~nto16gist. ", As has been previously stated, this ar~a isa most 

important collecting ground for Phytosallrus aria StegQcephali. The bones 

areweathelfing outo! the Chinle at several localities and if they are 

not collected. the specimens will deteriorate and be lost. Mr. Walker 
";-( 

. . l . 

should ,be given timed:'o collect and prepare these speciniens t:?r ~ the 

!ZlU.S9Ulll while he is statibned at this point. 'Dhe 'Phytosaur now 'oll .dis- ' 
".', .~::] 

,', 

pla;r in "the rrJUSe\iniwhich has been. loan~dbyCampis about 95%repr~duc-

'tt6nandi'e not at all impressive. Thelfriter . ;f'eels that this specimen 
. , . . .. ' , 

~houldJ>e returned to the University ofCal.ifornia and one of the more 
, , 

compl,etesp~cimens which Mr.;' Walker now has or that he may collect be 
" , ' : . . 

substituted. 

3. Anatur.a.l 6p~n air theatre ~o seatappreximately 6Qo"people 

. is proposed for· this period. Tht.s is a desirable project and. could be 

used as a point to conduct lecture,s on the .monUlllent dUring the summer 

monthi ,":he~ the . traffic is heavy. 
'. , "J ' 

, 4. ' l 't is !proposed1;obuiHl a ' IOO,OOO gal~on reservoir near . the 

pre~entheadqua.rters mainly for tire protection. This epuld 'Well awai t 

the clo,sing of the land d,eal~~" the Painted Desert ' section and the . draw­

ing up .of the master plans for the whole monu.ment. It is likely that 
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at this time a permanent water supply will be considered to drill a 

well to the Coconino sandstone •. 

5. Fencing as proposed Painted Desert section (south portion) will 

be necessary to protect the :Black Forest from souvenir hunters and cattle •• 

6. Portals along highway 66 should be constructed to show the 

geologicq.l section. 

' 7. The lookout tower for the rim near the Inn could be combined 

wi th the museum and observation station. 

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

understood that there is some objection to having them nlaced along the 
. ~ . ' . - ~ 

main roads • . Sinall parking areas might be established at these paints. 

,More interest might be had if contacts, erosionalfea.~ures. and such' were 

pOillted out on the ground. Such things are usually missed as the limited 

personnel does not permit guided tours. 

The heavy stone curbing now being tnstalled along the main roads 

anCl. at . the parking a.reas is a rather drab sandstone andnot very sooth-

ing to the eye in looking ' over the landscape. The curbing is probably 

necessary though it might have been better to secure a more pleaSing 

type of stone even if more expense were involved. 

The masonrY's~el?snear theadministration :tbuilding (see photo No. a) 

forming a section of the loop trail through the Rainbow Forest are un-

natural and probably not necessary.. This type of construction detracts 

from the natural beauty of the monument. 
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