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Saws arrests of prow Prestriiriaa palm 

is soothers Arians 

by Asthma F. Shrida 

Abstrast 

Ithe y. sr Fitermaketas troths of soothers Atlases swap sat fatly 

is the southsesters quarter of the state. they are widely aspersed sad 

rotatively tittle deformed is asethers Gila Casty sad the southwesters 

somber of Illevaje Oseaty, areas that aro strusturally a pert of the 

Wawa*, Plateau. farther Huth. whore Basis sad Bans senator* 

*vomits, osterops awe less ONIAMOLVII sad are scattered; sad -• lasysly 

as a esesequwase .1 Leta Ifesoosia sad 0111111101. defewsattes — the w 
with 

structural re/seism et youssor feemetioas are oesperativaly ebserre. 

Ileverthetessi is the southern part of the rests+ of outerep, these 

Preswakelaa reeks are sail illfesed fee study is the Avast's, Wes, 

illsoaal, sad liclooplas Sprigs Moustaissi sear Iteesevalt Rea sad where 

Avowal** Oreek breathes the west flask of the 'allure Mesas. 

A priasipal purpose of this paper is te report the strustural later-

re/otiose et the yosaato Pressabelaa foruatiasiso as r base for a bettor 

overall laterprietatlaa el the sweetmeat geology of southeast Artemis. 
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the poem Prommicism roils se asothers Arians hiss *Who 

group et 1fammtlassi this svastylig Taw qiNtenits. amd longs 

diabase Wisp Intrusive ism and essiessiva wish is asidinalary 

lonsatems. The Apasha gimp* LIMO to 18440 foot shish, la hereto 

redslimod eilmalmilso ssassamilms sedan Oa Pima= isle, is Moping 

Spring qmactaits, the Nose s& liessons amd as ummiumnd Sormatiom oe 

basalt Elms. deeigns eine isms eanglenersesso lornerty dosigmisd 

as sepses= formstioss, ars nessidierad surety bass/ songlemersees it tie 

flans= shale Amid Dripping Swim mss, respostivolys Miro. 

=hoses esestleuts a part se tho Pismo= finuntAmso throughout Ohm 

miss teem's= sittoesmas sari emess mumps= Ohs bib at the 

tomselas. Ihil Dripplas Swims Iparrealto is divisible Woo sN distisstive 

assure: • Wan rootvii•orepplago linty imilumend mho= usiori and 

as tipper highly esidopathis, this end irregularly bedded, Mill pontos 

umbec. As umoismeormity is mow bans is =parses tie lictipping Spring 

sod Hassel lernstioms# art monossarily Om houmairy bows= thew !smash oms 

is redeetmed. the bassi lie sesso le sonprisad se dims washarsi a 

Lower this- to issillturbeddad mist it oharty delawita sr mosaiscpmiss 

llmosessal a uddidle moist se life auposition, bet rendered somspiounao 

by tee moolvessreppimg serowatettels Masers= thee everywhere =has 

up the tower smapholl sr were se Os aeries; and as upper maim it 

thisly-lasimatod =sillies, whisk am mope out say is the northers hall 

of dila County. La orestomol unsomformity and, very tosaliya smsll 

reamsmits se basalt elms aspen= tha middle amd tipper wombs= se ike 

Iniesal. Like basalt flows umeemeormily overkietims Moos/ throughout tho 

vedimi gemorally the basalt formstina is this, but is sews ars= a 

sequin= se fins almost 400 lest mists is.- a Oilskin= =eh greater 

them previously resegmlasd. 



 

 

his 7 quartette is met aesureeely er simply deserthad as a mess* 

bedded pebbly quanalte fesesties. as gessrlily seessived. Mather it to 

eseprised of three ltithelegieeily dtattastive members. The lowest mothers 

of ebb* remeeste allot emly le ate hats SUaOgueeyi As a sedlegr 

.shag mil•serted mime seepplasemely, ohereaterised by 'wry Verge.. 

mega agesesetratiftestlee. lee anise it Ohedtehl samdeseas sasiber s 

'dila le the basal ember three* most of the rte, le lausity a very 

psisly serted, tighembeelered, pebbly serteitle is feldepsehle samisesee. 

la the serums pert el the regime a large part it the ember le maselvem. 

gropplas sod le eheresterteed by prei-seeestlietten sleep otrugeuresi Lr 

the souther* pert the swim is Aerie rest sly bedded, but Ia typified 

by irregular bsddI sad by this layers seed lessee of esegLemerets. 

Woolly the Ghedlehl meelber to s quartette, arid resegmitdes of its distleetive 

bedding features and pose sorties is required is dlifereetlate is trim the 
)9

upper querteles member. The latter is as eves/7 bedded, velloverted slew 

opertaits, virtuelly free of feldspar sod pebbles. Rime the three 

members are seas fully raiment, the Troy it at lamest 4200 teat thigh, or 

almost three times the thiamin's. usually sited fir the fermettem. 

The thigmbedied shelyvertiag feestlifeesue semdstemee ass quartettes 

fermi at some please le emotes eentlemeue sequemes wish stir Troy 

formaties, end previously bald is sheresteriee the upper part of the 

fermatlee are strata eqpivalest s the bass quartette Caddie Cembries) 

amd a Northers elaette holes of the Otto thesetwo Mile and Roper 

Cambrian). lbws goofiness's sad quartettes are enmity separated tree 

the Trey quartette by as unessformity that reprogram a hiatus it about 

MO million years, as the Trey, must mew be egmeldered Preeembrias rather 

thee diabetes is age. 
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Yormottems et cur *peels group IWO iopasatai as suskior gimmi* 

sees, sad are products of at least three mad possibly as espy as live separate 

episodes of merles imagism. The arkosis sedlmomts available to the first 

Apache see wore overshadowed by volgeinowe esstrlbutlems of fims.gralmed 

felsie ash, widely distributed from a emirs umboomm to form the bulk of 

the Pioneer shale. luring a second tramsgression of the see, morbid only 

subtly as am *resift seams but *need strongly by a basal eseglemerste 

(Bermes asmglseerste) typical of tramegrassios, a 300-foot oequemme of 

fairly well sorted echoes' was first deposited. Them finer fetdepathia 

muds ***gestated rapidly, probably om escomeive tidal flats. After 

lithifiestiom end saw noshes of these strata, the earbomste members of 

the Naseal movestatod is a very shallow as is whisk eirolUMWmi wee some-

what poor, as ladlested by the deposition of evaporites send prtmery or 

each shorty dolomites. The smirommwst of the see floor meet hove 

boom remarkably gaiter's 40Lthroggbegc a brood area, biomes a gaLform seewsess 

of deposits gas formed everywhere is the region' of presort ouCereps. Ths 

rosier was uplifted, slather *levities b to develop is the shorty 

dolomites, sad matimued to fora Mille basalt flows poured ea* over their 

eroded lappet serf has amd were La tuna eroded. Thom very fles.gralmeg 

sillsoeus muds wore deposited in a quiet body of water end addltiemal 

basalt flogs aocumulated as these. 
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Buries this peried of imetability the *pasha group see breed*, awl 

differestiallyserped. And before the first Trey eee emereeehed 11011041 

the regime dors lomo • Lees period of armies, is shish Beret topography 

awl bust Wesel. gemmed is areas where the dolomites sere wooed, sod 

one euterepe sere partially to almost ally eilielgied. gene 

osseedery shertifieetiee see &Meted everywhere Is the regime. Is a 1 

bun sweep lateritie debris, probably gemmed desempeeities of the 

beeelte, aeormelated as silliness hematite deposits. Seserally the 

lemmatises below the Illeemal mere set attested by this eresise4 but is a 

few stew a oessiderable pert oi the Apeehe egotism use eroded sway. 

lbe dome members of the trey quertaite are produets of three distieetly 

Miami eavireasomto. The seUdgerted wheels meteria/ of the lamest 

member probably deposited rapidly as format beds of a delta, but aesumulated 

slaty is the deepest parts of the Troy basis. The Chedieki member probably 

repreeemee greet volumes of maims seed rapidly redistributed La a 

tresesresotes see 'blab use at eempetest, although a site of vielest 

allitatimat as Molt WWI sorties. Material et probably similar seeress 

at available dories the third phase el troy eedimeataties, but it we sell 

sorted end laid dews is relatively this bode of elms quarts seeds are 

oemested as a %marmite. Still additiemel Preembrdes aerate, wt um 

resent in samthoweAriessai meet have bees deposited La sossidereble 

thiehmseees es the Tray quertalee. 
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After lithifleattes of the trey, at least is the eerthera past of the 

regise)the late Prosaicism seenease was faulted and folded aloes marrow 

sertherly treedies belts. Between these belts, 'Ali are widely *posed, the 

strata 'goateed virtually heriesetal. Thereafter, peesibly with the marrow 

structure/ belts as primeipal seems of &ogees for the magma, the Maio 

formations and Trey quartette were eatemeively inflated sod displesed by 

diabase istrweiems. 

The greatest volume of diabase was emplaced as sale, whisk are from a 

few inches to were thu 1,000 feet think sad is seas areas eistitete as 

mach as half of the thickness of "onager Prosaicism formatteee. The 

sills are largely osseerdento but diffgrest parts of a gives sill were 

ietroded sloes different stratisprephie berinoss. The oeseerdent Forties* 

of the tatrosteme at different herisens are seenested by tabular discordant 

messes, whisk variously transect the beet reeks at low to hies melee and 

eommealy have step-like bemnderies. The tabular mamas joists. sills 

are semmosly thick, bet dikes that do set soonest sills are marrow mad 

relatively few. is sun areas meltiple sill imerweicas aloes a gives 

!arises are ehereeteristie; in ether Gress neltiple injeetions are rare. 

Meet of the many pre-Paleseeic faults that offset Apeehe and Trey strata 

aro direct effects of di base toilettes. 

Alamo& the sills are eeemtemolve with all the yellow Preeambrian 

strata, they aro particularly voluminous in the least oempetest etratigraphic 

snits and are largely iciest is the nest sompeteet waits. A, a agesequoace 

of this habit the ',tarty dolomites of the Mescal were so widely metamorphosed 

to silicate-bearing ltmeetemee that calcitis strata ars ordinarily considered 

repress otetive of the formation. Adjacest to the intrusiome, the other 

fermatiome were metamorphosed in lesser dowse. 
12 



Gravity stratifieatiem of the eltviue-beartas diabsees is subtly 

developed im some of the dasher sills, but is met estewerthy La meet 

introit's's. The intrusions Leulude a variety of highly foldepathie 

differentiates; diabase pegmatite, grasephyres art a variety of aplitic 

rocks are the meet eennos. The differentiates comprise only a very email 

part of the diabase aed are La greatest emsuat is certaia sills. The 

largest messes occur aloes or seer the hoagies wells of discordant pertiome 

of thick sills. Quartsese differeatiates apparently termed in values rely 

where Xeeeliths of feldspathic hest reeks reacted with the diabase 

magma. Otherwise assimilation was virtually a mesesistamt process. 

Ome particularly extensive graatteid mess has furaished streaks 

suitable far dating studies. The lead isotope ratios determieed for these 

streams *infirm ratios derived is /936 from galena sod urasiaite voialets, 

which establish the minimal" age of the diabase as 1.1 billion years. 

The later Precambrian torsos' was uplifted amddseply eroded before 

the txanegressise of Cambrtaa sees, which probably had shorelines met far 

north of centrist Gila Cousty, or at the nest accumulated °sly this deposits 

of elastic sediments in the northers part of the restore. Is the southermmost 

part of Aria's* the Cambrian sectiem comprises a basal quartette formation 

(lac quartette) overlain by the AWL") fevastions which is predominantly of 

aarbemate strata. Farther aorta the Abrige fanatics is dominated by 

elastics in part mach like those of the Melee quartette. la gross aspects 

these elastics mod thole of the Selma resemble the quartettes of the Troy 

formation sad La please have bees identified with the Trey. Adequate 

criteria for separatimg these formations have mow beem recognised. 

13 



After mother toms episode of many.depeeitiee mud erosion, 'Allah 

resulted in Cambrian deposits of the northern part at the miss bolas 

stripped away, the Martin limeeteme of Devesiaa age was deposited. The 

Martin to mostly of dolomite, limestone sad shale, but in the northern 

part of the region chiantis is the pre-Martin surf*** were sites of local 

accumulations of seadstome, in pLacee at least 250 fest thick. These 

sands tones also have been mistakenly included with the Troy; ageta, 

these rocks are readily distinguished. 

Through this long history, spanning at least three-quarters of a 

billion years after the Troy was deposited, and apparently snail the 

Laraulde orogen:, of Late Cretaseous or early Tertiary time the younger 

Precambrian lormatioos remained virtually horisostal. During the 

Tertiary the region was uplifted; the southern part vas subjested to 

intensive faulting and the faulted moues ware tilted. Is the part of 

the region north of the Apache Mountains the younger Precambrian 

formations were little deformed, but they were widely stripped of 

your formatives; additieually, to the southern part of the restos 

great parts of the Apache strata were stripped away sod lesser resoluta 

were buried beneath continental deposits of the Commie. 

The Apache group, the Troy quartzite, and the extensive diabase 

intrusions are important hosts of metal deposits in seat-somas' Ariseaa. 

It is therefore worthwhile that the effects of Late Precambrian 

diastrophism versus those of Cenozoic time be distiaguished. 

14 



Formations of the southers Arinose eerie* cassot yet becorrstated 

with those of the Grand Canyon series. But comparable lithologic features 

is the younger Precambrian rocks of both areas suggest that correlations 

of the Troy and Apache formations with the Dakar group of northern 

Arizona, and perhaps ultimately with the Pahrump series of the southern 

Death Valley region, may be feasible when more information is available 

for these sequences. 
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Introdestise 

Oiegraphie sett*. od the euterepe ed yeuegpr Preeeserien reeks 

!maw tweemiktiam fornatiees erep out to mule regions La *isms. 

Is earths= Arleen. empower ed the 'reed Campos Aortae, totaling less 

then 00 mare Idles is area, ere restricted to *stereos is the depths 

ed the Speed dupes. a. Trey quartette died the Ararat, group ed 

stretifted tereattess ash large esemnsesive tntrueions ed dieheoc4 the 

*objects of this report, wisp est mush wore widely is the seethessters 

part et the state, pcineipelly Le a bait 10 to 00 miles wide that emtsede 

tree the feet ed the Meselles It., at the earth, southward 170 silos ahem is 

the latitude .1 Wow* (see fig. 1). AdditieseUg smattered outereps of 

Fiore 1...-Otetributtee of outgrows of younger Pweeembrion reels La 

Artemis is releales to the three priselpal phpologrephis regions: 

(1) plateau restos; (2) 'sestets relies; are (S) desert restos 

(Physlographie regime after lasseee, lflf, p. 27; 1923, fig. 2.). 

these formations allot is as arse 50 to OS miles earth of Planets. 

Although the sway deseriptiess et tae Oreed Cony es 0421411 balsa part .1 

the classing Maeda literature ed Arians asd this aeries is the are 

widely publieised, the geology of the Trey qmertaits asd the Apulia peep 

to mush better usiderstoed„ owing the eenemate Lutenist is the area of 

their outerep. 
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istorspe of the yummier Presembrias strata of southern Artemis 

are distributed as shows an figure 2; the ementeesive letrusioes of 

figure showing outarepe of ]"emsger PileddlifLOD strata acid 

ceenteasive diabase latrusiese is southeestern Ar issue 

Preeembriee dislodge are also shown is as mush detail as the smile of the 

amp viii permit. Obey intrusiess of diabeee that esters, as narrow beads 

are wt shown 'separately tree the stratified termatiems. the quedraegles 

in which studies of the younger Prenelbrisa weeks have been mode or ere La 

progress are also indemed ea this esp. Figure 3, which emeempesses 

Figure 2.-4Ieden asp showing positions el sons pelesesegrophis gestural 

et the 'sum's: Preeembrise Carnations. 

the ideatical area shove se figure 2,sa preseeted as as Medan of the 

eseerephio positions referred to is the taut sod the polities* of some of 

the priesipal palesesegrephic features of the yaw se Preeembrise sad 

Cambria. terrace, aro iediaated La se mush detail as present hest/ledge 

will allow. The seals of figure 2 is inadequate to shoo a few *deer 

geographic features referred to, but a general location of thaw features 

is stated in the tent, and all matted features nay be towed es the 

topographic qesdreegla asps published by the Geologioal Survey. 
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TO provide a terrine settles for hia (mislaid deeeriptiees of the 

Apeahe ferestioess Seeseme (1903, p. 1.4-16; 1lld, p. 133•135) divided the 

state of Artemis Leto three priaelpal physiesraphic restate, the plateau 

restos to the aortheest, tae desert restos to the southwest, and the 

mountain reside betimes (see fig. 1). Phyetogrephers erdloarily divide 

the state late twe provieoest throogh the central part of the stets 

the houadery 'pewees the Basis sod Rio province on the south amen the 

Colorado Plates. proviso' oa the north by general usage eoincides with 

the Moselle. Rim (resmenumpip 1931, p. 3411-343). la later deeertptien 

Reagens (19238 p. 1) salaamed the bounderies of the meustala belt, cad 

simile that time it has hese ineluded with the desert cosies or sessidored 

a part of the Melees lishleed Amities et the Basin sod Rawl provisos 

(Butler and Mono 1934, p. 9 mad pl. 1). ler the area of leteceet here 

this relegatiem of the moustain resist entirely to the Melo end Range 

province is umfortusete, Meese the struetural aspects of the manhunters 

halt- of Gila Comity are ehareeterietie of the Plateau provisos mad 

quite difiereet from those of the Beale mod Ramie provisos. 
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Primeipal diet features of the Plateau peevimee are the 

opprenimate herisestal diapositive et the Layered reeks sal their Lateral 

eestiosity, with .sly relatively miser struustural die mitoses. Bet is the 

adjaeent Arians portion of the Semis and Ranee provisos faulting aid the 

resulting Leek t esstimmity hove been impertest festers in the divelepment 

of topegraphie fermis. lbe reeve amd tmeermeneens Wales ewe their relative 

differemee in relief primarily to isultime. Burin Osesseis time yevegir 

Preeembries, Paleesets, amd Nessesie reeks were eroded from Large parts ed 

the basis arose amd the Maims were fined milk gravel, olbss nevi/stile 

eedimeste mud Lacestrime deposits. Veleenis materials were Amterealeind 

with the basis tills amd emtemeively severed any of the elder formatiess 

empeeed dartmg Gemsesie time. Faulting may be et mensiderable eempLemity. 

Xs some pleases as is the Nappies Soria% Mometaime amd is the Glebe-

Miami mdmecel distrist, the reehe modernise seesidereble arose are braise 

tutee smell Meeks by faults of several weeds, so that individms/ esterep 

belts eau be visualised as a huge meals of tilted fault bleak* Clemeemell 

p. 74149), whisk are severed is pert by armload debris that 

eoeumeleted during amd sloes the elemeties of the tows. 

Seise these striatum' eberecteriaties sod roasted features as criteria 

ter distingmishing between Plates* amours amd lasts and lanes sues., 

a fairly daisies lime sea be drams the Silo Como separative the am 

streets's' provisoes. lesimmiss worth of 'Roosevelt Lake is the basis 

oesupied by Testis thrash, this beumdery ems be trimmed along the southern 

foot of the sierra Ameba, themes eest.beemtheest aloes the north flesh el 

the Apache liommtaise through a point about IS miles earth of Glebe, amd 

then southeast aloes the feet of the soothers eseerpmemt of the litemes 

Plateau (see fig. 3). 
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Frew this boadery beemes etresteral provisoes IMO te the 

liegelles It. the maws Proesehriee fornitions ere widely *posed Owe 

fig, 1). 1. this Plateau parties ell the inostais regime 4lifferestial 

amiss el resistant sedimentary mit to that altereate with ten 

reelatest bar imestally diepoted layered feemetises dues resulted is mess• 

owes tueogirephy statlart Se Ispegraphis fens of die erred Cheepos/ 

Mat es a sealler *eels. Oviag largely to she Toilet of this roe .6-, 

eemissily 2/1100 to 4/S00 feet Ire* •• aid to the essitLewity of ripostes*/ 

eliaervstion of the stratigrephie detail* el the Apeehe greopt the 

pearologia details of the 41141104011 and the relation se the Preorkeisa 

isematiese to Polessois famistiess are esheseed. Ihrtheesere, straeterst 

features that predate sr are a sonelerrs el dish se latirweles ere be 

distiageished readily tram features sesalties Sr.. lieramide or later 

orageales. Oeselssions draws teen this ores ese be sees fully sebstestieted 

then those draws hen observation aterhere is the restos of yoreser 

Preeseibries oneseps. Vicki* the Pleases provisso onterpe of the 

ranger Presombriss rods are sermsested to the worth aed seat (aertheest 

el the Sierra Aeolis mad one of Camps area, said use a CIL Iliglmay 00 

Death of the Isle liver) by a shish ewer of Menet* Me yeoman 

terentiese• llortherset amid west of the Sierra Ameba the *paha fermatiess 

aril entirely sissies swiss to prii•Palaseele sad Cesesois amiss. 
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Me Basis amd asses portiem of Arises* that inalidee outgrip" of 

yommger Presambriam formations (figs. 2 amd 3) gas be visualised as misty 

of small mountain raves, ridges, mad hills isolated from ome smother by 

marrow to broad, generally linear basims that are mainly floored es elder 

Presambrian roehs. These basins, for large parts of the restos, are 

filled milk sentimsntal deposits of Cesoesio age* to depths of as such as 

a is. thalami& of feet. Thus eutereps of youngest Presambries mocha, 

mainly emposed in the mommtain areas, may be widely separated ad their 

structurel relations to plumper sad older formations are ordinarily 

obscured by Lanai& and later deformities. North of the Oils liver the 

latermastase basis& are marrows( oak the yellow Press star reeks atop 

out mere abumdontly sad gentimuously them elsewhere within the Salim 

mad 'Wage provisos. Owing to emposure La and soar the great eopper-miniag 

districts of Ray, Globe-Miami mad Superior'the far matioms sif the Apmehe 

grasp more &limed in this part of the region ask to the protest time the 

meet eemplete descriptions of the reeks are frogs this area. Semtheast 

of Vimkelmen as tar as Arisen' newsy Si youmger Procembries reeks 

undoubtedly egoist is somewhat greater onset than suggested es figure 28 

but west of the eaurreneas postulated is the Callum Neustaime mad 

eemaigssue reggae east ed the Sam Pedro liver are beneath a thiek sever, 

chiefly of Cesseete voleamie for mationo. If oemplemly deformed ereelemel 

remeeets of the Apesis group is the earth slopes of the Seaga Catalina 

Mammtaime are ameepted, west it the Is. Pedro River eel, sparse outerepe 

of the younger Preeembriem resits, empoeed Le smell memetele meows 

widely *operated by breed alluvial pliable, emist. Mist stratimrephie 

*settees it these empeemree are imeseplete. Omeept Ls the Dresses 

quedrangle, mad Le the liummotla awed Jon Peek quadrangle* where seelegie 
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studios are eirreetly im progrosso Milo stigmata bms beat afforded to 

details of y Prosembrism $.si. is seems south of the latitude 

of W 



Solve of the report 

The writer was first teeredussi to geologic problems of the Arabs 

growp while investisatiag as tries deposit sear the heed of Canvas Creek 

dories a period of 4 1/2 maths is the wisest of 1041.42. Prom midiesteber 

1042 through May 1344, aud again is July sari August 1044, wry priscipal 

&satsuma was the enewasattse of asbestos deposits that oesur is the 

Mescal limestone of the Apulia sweep sad slimiest to diabase latruelese. 

This work was eseseatrated mould &lees the cosies of the Salt River 

(withia the Slue buss quedraalle) and la sad northeast of the Sierra 

Lochs, but ',Deluded investisetleas of smell areas ma far eolith as the 

Mescal Neuntales. Mertes these studies observances were restristed Largely 

to the upper formatiess of the Aposhe swoop. Isaidental to ether assisameats 

in the period 1950-1934, I had the oppertusity .1 maims observattese 

throushout the earth-south range of outcrops of the Apache forustiess. 

Ia 1933 the Meraddeu teak ad Slue Neese Nountela quohnu404 were &soloed 

for detailed geolosic mopping, but little week was done mail July 1934. 

Semmes July 19% mod Is.. 1934 parts of the Meradden Peek quadrangle wore 

mapped. is Necoho April and May 1937, the writer tad C. T. Wombs mopped 

by recomaissames methods a strip aloes U. S. Sissy 40 as a seatributies 

to the sew geologic asp of Arises, curreatly (1941) beteg emptied. This 

mapping included a belt 10 to 23 idles wide, enteeding frem earth of the 

Salt River south almost to Globe, sad added considerably to our auderstesdift 

of feeturea seen La detailed mopping of other areas. Swiss 10 days in 

Julie 1960, is preference for this report, I took the oppertuaity of seetag 

sons of the Apache reeks that settle the areas of meet abuedaat oetersp. 

Is this recomaissames outcrops as far west as the ?shot Nauseates is 

southwesters neat Comety sari as far east as Me. Turnbull is Graben Como 

were easelasd. At least pesetas observation ties bees made of some 
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empoeuses ea SW VOOMOW VAS MONO sa most WOO& SS MOOD 

oeterep. The see large ores a seterepis whisk. setartaeotely, almost 

so field seedy Me bees gives lies vest of /Mk meridian sed monk 

of Roosevelt Labe. 
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MerLy is my emperiemea it boons quite apparent that details of 

stratigraphy eed lithelogy of the Trey goartaite sed Apache fermatises 

were little heroes graeraliaatiesso derived from observations in small 

assess were set wholly apple able thronshoot the resioa; sad pre-Paieseoic 

struetural sweats as they afoot she preset-dry disposition sad distributioa 

of the younger forseambrina fernetises have bees almost totally umreeesaised. 

These leeks is der haerledge have affected, at least Initially, the 

ieterprotatiee of features seseeLoted with eimeral deposits to er sear 

the yammer Presembrian reehs. files of nisiaterpretatise peestst to 

the present. 

23 



Some lastamses from my own amortises seemples for which the 

reiaterprotatises are yet met geeerally appreciated amens these iaterested 

in the mineral deposits -- are illustrative. limmatitic item ores occur 

locally La the Mead limesteme of ths Apache gramp. The gross form 

mad distributioa the first such ore body studied -- the tersest 

body discovered to date -- sugeested that particular coneeetratieme of the 

ores were Isealised aloes fault seems, and that the ores sight have hod 

a seams is 'meatier from a diabase ietrusiom (Borchert, 1931, p. 59-60). 

Under such seemingly reasemable premises my eolleague, A. P. Butler, Jr., 

and I first labored in deviates ampler/aim prows= cad attemptimg to 

estimate ore reserves. Ouly later did we appreciate that the diabase 

intrusiams post-date these ores, and that meey of the faults, which sight 

NI visualised as localisieg damsels, past late s the diabases. Only 

free observatioes made after studies of the from ores terminated was it 

fully appromiated, as will be detailed later, that the ores are mot is 

amyway hydrothermal or metamorphic phomemene, bat are genetically associated 

with the devolopemet of the outlaw of ameoaformity that separates the 

*.seal 'tomatoes and the everlyiag Trey quartaite in some areas. rue another 

w imple, the etratigraphic card lithologic antral, for emplaosmeat of 

the asbestos deposits were partly misieterpreted and the regime' distributisa 

of the deposits must waderetood, wail it was appreciated that the chart 

0011114at at the lieseal 'imamss was variable tram plats to place, that the 

formalise hues bees pervasively dedelemitised se a regional scale as a 

esasegusees of diabase *swamies, ad that easy faults of the resist' are 

geeetirmally aeseeisted with the &abase Latrusious sad, with the diabase, 

predate the relesmato formatioes. Other, sod perhaps more sigeificaat 
seemplee eee'd be desertbed. Buries the verieos observatioes of the youager 
Freeembriaa mobs, the used far better sederstanding of such problems bas bees 
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this report might laelnie 04* if the date mere available ..... emmerees 

detailed deserlptiene of Oa Apashe formalises is the may areas of esters,* 

sad the fairly eopplate paleogeogrephis synthesis of p Preseihnies 

geology that seek desoriptive data meals! allow. Fee the leek of adequate 

information, hosever& the report most ho esesidersibly lees ambitious la 

scope& end is urines to presents (1) sulk general iatermstatiems of the 

regional geology of the maser Preeembrina reeks as are awe possible, sad 

(I) to provide saffisisat beekgroesd data that these Laterprotations saa 

be applied in desiphertes the geologic eettiage of several edmeral*bearias 

districts is seatbeesteratirleasa. 

is order to provide uniformity *ad prostates, met previously 

available is meet descriptions of the maser ?reser/shrift feemetioss& 

in this report descriptive term, awe stradarised by use et the "tom-Color 

Chartlgoddard mad ethers, l%$) and the ireatmerth greiaosisa mole. 

Is describing stratified reeks the terms proposed by *Mae sad Veit 

(1t33) ars used. for the sake of generalisaties& &militias, from these 

staadarde of ternieelegy are oesseismally mode; these (Sovietism' will be 

appareat from the sonteat of the individual statemosts. 
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Askaardedsessato 

buries mew diasuseleme slams 1961, both is the Mid sad is the offies, 

i. O. Mesas geologist of the MUMS lionse eg Mass, Mss provided 

lefermetten from his emseptlemal hoer/edge of the restemal geology of 

Arises'. As a seesequeeee of hie elope assealattea with M. O. Serum la 

the early 19200s, Or. Mega vas able to direst as to 8411~11 et the 

seemtagly oritleal lioalttles meted by "metes; to oddities be voided me 

to areas in northern Gila Cousty where re1atieme at the base of the 

Apache suttee ere partieularly wil imposed, sad to three leeatities Le 

the Mosel Onuntates where Cambrian fossil+, hod boom eel/meted. Suring 

the 1960s, S. S. Sutler of the Veiversity of Artemis offered sub helpful 

esommt. X. P. PiStersons defies the emcee of his studies for the 

Geologies" Survey steles 1963 of the GlebeAllemi miners' belt, hes advised 

me of meay aspens of the geology of time arse. Dories 1954341 S. C. Greaser 

*ad R. B. Ram studied erasion deposits in the 'cirri*. Syria* quartette 

and free this week, which is bolas prepared for publieation by the Survey, 

furaisked much detail oa the stratigrephy of the formattem. To than goes 

the credit for eelleettag ureatalte and galena specimens frau 'Atoll age 

determdastions mere first derived. C. T. Itrueke, mho aided la detailed 

Nappies of the Waddea Peak qmodreagle is 193546 mad is the reseenatesance 

mapping aloes 11. S. OlsOney GO also did sessiderable petrographic ememleation 

of diabeeee eolleeted during these studies and that of Greaseread Ramp. 

Per his aerobia observstieme sad stimelatiag diseussioas I am very grateful. 
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Fres attempts to umderstaed the Apologia events recorded La the youmger 

Preoambrise rocks of sorthern Gila County, the principal cenelusions of this 

report (possessing the seta Liars of the Trey quartette emd the greet latrusioee 

of Precambrian diabase to the overlying Peleseeic for metioes were evolved 

as working hypotheses (=b=ites, 1958). Dipt my postulatices consenting 

relatiome to the Cembriaa formations would met have been substeetiated by 

temgible evidemes without the gemerous sooperstioe of Ceologic4urvey 

colleagues, who currently are oc reessay have mspped areas in southece 

Gila County sod farther south. Is end vest of the Little Breves 

peueteins, sal early as 1947, Ili R. Cooper observed &else quartette realties 

useenfermsbly on diabase sills that inflate the Dripping Swims formstiom. 

In 195i S. C. Crease,' orally provided interesties on Colorise sendetemes 

sere) quartzites sad se the ltthslogy and threes of the lower fermstioes 

of the Apache group for several totalities from the Mescal Mbuntales south 

to lieseeth. These descriptions suggeeted duet the reliable, meted by 

Cooper might be found la the areas north of Mammoth. Is May 1958 MI. IL Krieger 

guided we to two localities seat of Iiiskelmea,there feesiliferees sections 

of Cambrian quartettes emit semdetsees rest umeonformebly es diebeee silts, 

whisk inflate the Dripping Spring formaties. Later Mrs. Krieger, in the 

soaves of msppies the Roly Joe Peek iskadraagle southeast of iliakelamas 

wag the newt to recognise critical single outcrops is which the SoLea 

questsite can be densastrated to vaeoadereably overlie both Trey quertaite 

and largo diabase intrusion', Late the Trey quartette. In May MO she 

directed me to these fosterers. Ia Peweaber 1960 a field seaters with 

these add other interested geologists in attowietwwi yea held to review 

acne of the problem of issibriorpowager Preeembriaa serstigreploy. is 

additlem so observiag areas is northers WWI County and sash of 041a 
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Carty, latorformetismal rarities' sere viewed is the Christmas 

quadrants, eoutheast eg Glebe with the widows of C. R. Wild ear is 

the Superior quedreeste seder the saideaseit S. W. Peterson's dad is the 

laspiratisageoWWeagle loader the direetios of S. P. Peterees. Series this 

seascapes A. R. Palmer assisted erectly is the iaterpretaties st Ca ebriaa 

formatioes by moulding esumeel owipaleesteLosie aspects. 
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flue, for the interebsege of feetual iniermatica es the mature of 

the pia-ftemanbries boundary end for *titles/ dissuasions of my 

interpretetiess se the features 0 this bewadery, I en indebted to 

now ledividuele. Nish remiss to be lammed about the geolegy of the 

rouge( Preeembrins eed the Oelbriso formations; though ethers hew 

eostributed imformaties, they should mot be held responsible few the 

sigeifiesnee that I attribute to ~tees features. Pros work mew is 

Progress, usdeubtedlymmidificatiose of the geseraliestiees bowels 

precasted viii be forthecoime. 
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Previous Nomemelature and earreletions el the 

younger Preeembrten reeks 

The Apaehe group was originally &liaised by Samisens (1903, p. 24149) 

as the result of field week does La the vicinity of Glebe dories parts of 

1901 mad 1902. The sweep was asmed from empseures in the Awoke leuetaies 

earth of Glebe (fig. 3), but was deseribed as meet oompletely mad 

repreeemeatively imposed No Barnes Peak 7 wiles northwest animal cad 

there divisible, is .striding order, into the Seselse seeglemerate, 

nastier shale, Suess conglomerate, mad *Hippies Sprig's quartette. Is 

the intrteately faulted terrame of the Glebe-Miami miesral belt the 

*meal formatioa that intervemes beams. the Seipp...is Spring quartette 

sad the Troy quartette is unusually thin, highly and Luceespieueus 

is outcrop, or when of mere typical limestome lithelogy the Missal is 

romeent as widely separated small outcrops in which the relations to both 

quartettes are not readily apparent. As a seasequeece the Troy cad 

Dripping Spring quartettes were first grouped together under the name 

"Oct/plug Spring quartette, and Ransoms supposed the Mescal to be a part 

of a sequence of Deveetaa and Carboeifereue 1410, which he termed the "glebe 

limestone." is 1910 and 1,11 while mapptes the Lay quadraegle, which 

easampasses a large part of the Nippily' Spriag Saw mud the Northwest 

part of the Neseal Nountaims, Raeseme (1911, p. 747) recognised that a 

shorty dolomtte formatioe sapped by basalt separates the two thick quartaitic 

formatteme. Is restricted, therefore, the name "DtladmeSpries" to the 

lower wheats quartette and declared the same "Globe limestone" obsolete. 

Still later Otaaseme, 1913, p. 310-3411) the istarvostag carboaste 

lemmatise was ammo/ the Nescal limestems, and the upper quartaite-seedetesse 
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formstiom yes des isested the troy quer *site sod the uppermost formetiem 

of the Apache group. 
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Resegaisug the used ter imiermataam about the Apogee tempt dome on 

• regime' seals. in till Reasons weds reconeaissease traverses northwest 

of Glebe to Roosevelt I and aloft the west side of the Sierra Ameba, 

sad visited outcrops of the Apache group that had been resegaised by 

C. Y. Tolman La the lasts Catalime Mismetains worth of /*seem. While 

studyiag the admiral deposits of the Bisbee district in the southeastmest 

part of the state is 002, Ressome (1904, p. 24-35) had defined the Salsa, 

Abets', load Mania formations, some ksowtedge of which is serums. to the 

preseat discussiem. Sim data on these formations were supplemeated by 

observations is the Tembeteme district prier to 19/2. frees this breed 

backgroued descriptive data were summarised cad formations of the several 

localities provisionally aerreleted by teases (1916) is U. S. Geological 

Survey Proiessiomal Paper f0-R. In large part that report deals with the 
r 

stratigraphy of the Apache group* sad the Treyigiartaitoised4ramoias to the 

present time -- 43 years later -- the upset compreheasive summary of the 

geology of the younger Precambrian rocks in soothers Arises*. 

Seamen 019 sad 1122, as a part of the swollen rolemmaisseace 

myopias that culminated is the first geologic mop of Arises., V. R. Bartok 

outliaed the distribution of Apache outcrops virtually as Mows today. 

And scattered throughout his nipplemeatary %isms' of Arisoac geology. 

(Dartea, 1,25) are bits of descriptive detail that aid is iaterpretiag 

youager Preeembriaa geology sad is salsotiag eritioal localities for more 

detailed obeervatiem. For areas worth end east of the Sierra Ameba sad 

for the Mescal sad Reyes NeuateLas southeast of Glebe, is particular, Sarum 

ode brief motes gross lithelegte features or of interformatioaal relatioas 

that have not *chemise bees described. 
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Basses* the Apache group appeared to be in eestermable sequemos with 

the everlyias fessiliferous Paleosoic formatiems sad seemingly exhibited so 

greater degree of metamorphism than thee* Palosseie rooks is the relatively 

*mall areas that Ransoms studied in detail, he (1919„ p. 4940, pl. 13) 

provisionally regarded the group as Galleries sad possibly Ordovieian avid 

Silurian is age. Barton as early as 1910, however, bed regarded the 

Apache group as approximately equivalent to the Greed Calves series of 

nordista Arise's*, and of Algookien age -- a designatiem a.. rep laced in 

provincial usage by "younger Precambrian." And later, Settee (1923, p. 32-47) 

was the first to describe the erosional uncoeforitity that exists between the 

Troy quartzite sad the underlyiag formetioSs. From his may notes it is 

obvious that in 'beriberi' Gila Comity, where impostors@ di the Apache rocks 

are most extensive, Darts* observed the uscoaformity to be a rather subtle 

feature, ordinarily recognisable as represeating en erosional hiatus only 

because the basal conglomerate of the Troy commomly includes pebbles of 

chart sad basalt; the abort was obviously derived from the Mescal sad the 

basalt from the flows that intervals between the Trey sad Miecel formations 

in many places. But Barton (1923, p. 32-34, fig. 76) also *bogeyed La the 

eastern part of the Misecel MOuntaine that watts presumed to be the Troy 

quartsite rest in epaulet umcosformity oa the Mescal and 'ripples $prlag 

formatices, and stated that in Cho southeasternmost part of the range the 

Troy ultimately extends across • surface our pre-Apache granite. The 

uncoeformities of the differeat areas were supposed, with same missivings 

(Dorton, oral communication, 1940, to represemt *se hiatus; this 

supposition will be refuted in • later section of this report. Furthermore, 

Dorton (1923, p. 32-36, 41140) fouled primitive brachiopods, which were 

thou regarded as Upper Cambrian forms, in samdstomes overlyiag the quartaitic 

part of the Troy. No also recognised ma unceaformity, mot observed by 
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Ransoms, at the top of these semdstemes mad baler the overlylas Martin 

linesman of Deventas age. Series testatively and rightly, a* is sem 

known -- correlated the fessilifereue samdeteees with the gpper and Middle 

Cambrian Abrige limestone, whisk anises farther seeth is Arizona. Set 

Steyenew (1930; 1936, p. 474-470, iron similar observation mods slightly 

later, correlated this sandstone plus the umderlyieg quartzites that comprise 

most of the TM/ With the Seise gosertaite, whisk mmderlies the likbriso 

formation in the southeasters past of Arinese. Dart's (1932) agreed that 

this correlatiee was plausible, mad Ragman. (1932, p. 6) .....dad that 

the form atiome underlying the Trey should proves really be earrelated With 

the Orated Coves series. During the past three decodes, as a cossequeece, 

the Trey Ms bees regarded as Middle Cambriam is age sad mot r part of the 

Apache group; the formations below the Trey are miser eessidered rimier 

Precambrian. Reonstly Loehmenudialk (1956, p. S.M.S44), titer viewing the 

Troy-Sortie relattoes in the Salt River Camyom with me end comparing the 

published descriptions of the Soles amid Abrigo, has meted that the Trey 

should be cossidered 'megabytes is age. To the present writing'is which 

concepts somewhat different then those of Lochsen-Balk are promoted, 

the correlatios of the Troy qumrtsite of catrsl and southeaster* Arisen 

with the Solna quartzite of southeastern Arians. has bees accepted 

generally (as. Gilluly, 19568 p. 24-25). 
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to the Tortilla mad Drippiag Spriag Moustaias, south sad southeast of 

Ray, respectively, Reasons (1919, p. 33, 36) famed small bodies or dikes 

of diabase that intrude sedimeatery reeks as yams as Peeesylveaiaa is age. 

Me therefore regarded the largo diabase sills of these armies, the Glebe-Miami 

district, Roosevelt Dam, sad the Sierra Ameba to be post4esayslveelae, sad 

as probably /missed dairies the Miesesoic era. Berton (1102S, p. 234-237) took 

eacepties to Reassee's correlaties, and suggested that the small diabase 

dikes were feeders for some of the Tertiary or Quatersery basalt flews 

of the regime. Sotto. meted sateesive sills iatrusive late the lower port 

of the Trey is some areas, aed also that the Hestia linsetame of Devosiaa 

age is lemony is sedimeatary oestest with such sills. in be else 

noted (*arum, 1923, p. 36) that "the Trey lies uecamierusbly es the 

Octopi's Spriag quartzite mad the Mescal limestone, 4,41 well as as the 

great sills of diabase which Lavoie these two formatioes", amid with sees 

iadocisiee designated the diabase Precambrian(?) as the geolegis map of 

Arizoes (Dorm aid others, 024). This desigastios has beam gives little 

heed, though to the Little Drawee Mountsias„ east of Twee% Camper 

(1930, p. 21 and fig. 13) hes fm ad the Solos quartzite of Middle 

age is aoseeeformsble as diabase sills. M. M. Short sod his associates 

(1943, p. 34-29) after observies, ia the vicinity of Superior, diabase 

ietrusive into the Tray quartette but sot late the Mattis 'tomatoes regarded 

the diabase as post4liddle Combriaa rad pre-Vpper Sevesies. Still ethers, 

is couversaties, hove suggested that the estimative diabase latrusises may 

be of two or mars ages. Most eammealy the sills have has regarded as 

me early phase of the widespread timeless activity that aeoaspealed the 

Laramide erammey dories Late Cretaceous or early Tertiary time (see 

Potatoes, 1934; Pewees sad ethers, 1951, p. 3S-26). 
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La oeseriptiess as maid mess, pubisabee ass umpublishee, mow otos, 

workers have eeetributed isformatios that would be used in a missal 

umderstanding of the younger Fresambriaa geology, but few have attempted 

to so integrate their Some of the more sigeificaat obeervatioms, 

which have proved helpful is the present study, cos be enumerated here. 

Vases (1922, p. 307; disc sins amplified 1939, p. 1151-1153) was the 

first to note lapout rolatioas of the Apache group in its mortheramost 

area of outcrop. NWeh later Gaeta (19501 indicate that the tioseer shale 

,f Ciotti, R. G., 1933, "the geology of the eastern ball of the Diamond 

Butte quadrangle, Gila Comety„ Ariseme: Univ. Calif. (Berkeley) doctoral 

thesis (unpublished), includes the fuller deseriptiage of the overlap 

relations. 

and part of the Brippieg Spriest quartette Lepout is the aorthwest pert of 

the Sierra Ameba, and meted for the first time that mucked the so-called 

shale of the nosier formalise is actually a talisman sedimeetary rock. 

Be correctly postulated that the ash-bearing beds would prove to be of 

considerable lateral outset. Somewhat earlier, Peters., (Maraca and 

others, 1931, p. 13-13) in local use had substituted the term *Pioneer 

formative" for Inemeer shale because such of the formatios, and especially 

the lower part, is as arkosie sendeteme. Wilson (1928, p. 30) lees also 

the first to suggest that the stromatolitio limestone in the Nesse' have 
r 

value as a stratigraphic market. Although Ransoms amd Dart's had observed 

the white sesdateme herein desigmated the "'middle member" of the ?toy 

quartette, Surehard (1031, p. 54-57) usa the first to indicate that it is 

•samdetene lithologically quite different from say other in the 
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stretigraphic sequemee. from empoeuree sloes the mortherm reeehes of 

Campos creek, Surcherd desigmsted this emit the "Chedishi white sandstose 

member" of the Troy quartette, sad regarded it as the basal womber of the 

formation. As teamed southward across the Salt River, the ewe 

conspicuoue definitive features of the seedsteme disappear, and farther 

south in the areas afforded geologic studies because of mimesis Lamest 

this part of the Troy has not bees separately distingslished. Therefore 

the name "Chediski scads taws" hes mot hem used eneept in the restricted 

area 'Aare originally (Wised. Although is this and meet other locelities 

the Thediski saedstonew is the basal member of the Trey, it is not suck 

everywhere, as will be shown. 
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Principal conolusions of this report 

As a oonolusion of this study, redefinition of the Apache group and 

the Troy quartzite is deemed worthwhile; furthermore, it should be more 

generally understood that the lithologio terms of the formation names, 

which are widely aeaepted as deserintive, do not accurately indicate the 

Ethology of most of the units. The present lithologic terms do provide. 

however. some descriptive flavor, which might otherwise be lost, and there-

fore should be retained. The redefinitions presented in this paper are 

summarized on tele 1. 

Table I.—Pre-Devonian formations of southeastern Arizona. 
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The principal modifications of Apache nomenclature are as follows. 

The Scanlan and Barnes conglomerates, because they are everywhere too 

thin to be separately mapped and because of their genetic relations to 

the overlying elastic sediments, are here considered merely as basal 

conglomeratic unite (not members) of the Pioneer shale and the DriTTing 

Spring quartzite, respectively. This is in contrast to the formational 

status previously accorded the conglome rates. Two lithological/y dis-

tinctive members are characteristic of the Dripping .ipring quartzite. 

The bound- ry between the Mescal and 'ripping Snring formations is now 

r-vormized as 'in unconfarmity, and is placed a few feet strati,ftphically 

below the horison ordinarily chosen in the past as the contact. And the 

Mescal limestone is divided into three members; the uppermost member has 

not been recognised previously as a part of the r)rmation. Althou'h 

befor., this investigation an unnmmed basalt unit was considered the 

uppermost formation of the Apache group, two basalt units are now known; 

one is within the Yescal formation in a fat ar,vas, and one overuse the 

Mescal in many areas. The problem of nomenclature imposed by a basalt 

unit and an uneontormity within the Mescal formation is recornised. 

But practical considerations, discussed on pages ,:v"1 7,7suAgost the usage 

presented in W.'s 1. The Trey quartzite is now known to be locally 

almost three times thicker than in sections previous/7 accepted as typical. 

In areas of such development the formation is divisible into three distinc-

tive members; the top two members have been noted previously, but no heed 

has been taken of them as definitive units. From consideration of regional 

stretigrnphic relations to the Solsa cuartzite of Cambrian age, the Troy 

quartsite is herein deeimated as younger Precambrian in age, 
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3e quartaite.-sandstone unite that v#iy locally overlie the Troy 

quartzite and in past doscri7tions have been included w'ttt the Troy, are 

herein restricted from the formation and considered equivalents of the 

Balsa and Abrigo Pormations. Correlations of the past, in w, ioh quartzites 

of the Mescal Mountuine and areas farther south were designat.d "Troy", 

must now be reconsidered. Actually su©h redefinition will affect to only 

a slight degree, however, the designations on large scale maps that have 

been published. Possibly the Rgy quadrangle is the only published mar 

on whioh the geology depicted will be seriously modified as a result of 

this revision in nomenclature. 

Where basal sandstones of the Partin limestone et Devonian age 

locally attain appreciable thickness, generally they have been erroneously 

insluded with the Troy quartzite. Recognition of the Devonian sandstones 

as separate entities is significant in reconstructing the evolution of 

geologic features of the region but, again, no great cartographic errors 

have been made in outlining geologic units on the geologle maps that 

have been published. 

Better appreciation of the structural disposition of tl-e widespread 

diabase intrusions and r-oognition of the relations of UN., basal Paleozoic 

formations to the Apache formations now allow reconciliation of the various 

views as to the age of the diabase. The evidence aeaumulated during this 

study indicates overwhelmingly that all the diabase intrusions of any 

significant bulk are younger Precambrian in age. Small basic dikes, which 

have been corrIlated erroneously with the larger intrusions, probably do 

post-date Pennsylvanian strata; such dike6 are extremely ram. 
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Regional strntigraphio data now permit moms reconstructions of the 

structural evolution 'If the younger Freaanbrian formations. It should 

be more generally recognised that: (1) deformation preceded diabase in-

trusions, but deformation which acoompanied the intrusion of diabase 

sills was more widespread; Knd (2) the resulting structures were truncated 

and the youngtr Precambrian rocks were deeply eroded prior to the earliest 

Paleosoic sedimentation of record in any given area. Such recognition 

could aid greatly in unraveling the structural history of severul base 

motll districts of southeastern Arizona. 

43 



Rook types of the older Preaambrian basement 

Reek types of the older Preeambrian ter/fans that underlie, the Ape to 

group are of special interest as *caroms fbr the elastic sedftments of the 

Apache and Tray sections. Feldspar and quarts are principal constituents 

of some of the Apache and Troy units; others are largely quartscee. The 

pebbles of the younger Precambrian conglomerates gefterilly are largely of 

metamorphosed quartsite derived from some older terrane; even the built of 

the granules. peN-les. hnd cobbles in the oonglomerates of th. CaMbrian 

formations and the rare basal eonglomerates of the Devonian sections may 

include much re-Apache quartsito. 

The Pinal sehiste dominantly a qmsrts-ausoovite or marts museovite-

chlorite rook (Peterson. 1954; Gilluiy. 19564 r. 10-11), underlies the 

Apaohe group in many areas south of the Apache mountAns. Detailed studies 

(Ransoms. 1919. p. 35-37; Gilluly, 1956, p. 11) indicate that the Pinal 

consists mainly of metamorphosed sedimentary rocks, but it does include 

minor intercalations of volcanic rocks. Basaltic units are now represented 

by amphibolites, and intrusive and extrusive rhyolitic units have been 

noted (see Andersen. 1951. p. 1334-1335). 



Slightly schistose and nonfollated sedimentary and volcanie rocks, 

at least ln itrt probably equivalent to the Pinal sdhist, underlie the 

Apache group fr)rth and west of the McFadden Peak quadrangle Nilsen, 

1939; Gastil, 1950) and crop out widely in the Mazatsal Mountains farther 

west. The sedimentary rooks are mainly shales (now shales, slates, and 

phylittes), thin- to thiok-bedded quartzites, and fine-grained to 

conglomeratic sedimentary units comprised largely of voloanie debris, 

which ranges from basalt to rhyolite in oomposition. The volcanic rocks 

are dominated by rhyolite in tl,e form of flows, tuffaseous deposits, and 

agglomer,tic aecummlations„ but basalt flows and basaltic agglomerates 

are oommon. The southernmost remnant of such rocks, within the area of 

Apache outcrop, is continuously exposed in a belt, 1 to 4 miles wide and 

about 10 Idles long, that extends along the south !side of the Salt River 

northeast from the mouth of Cherry Creek (see fig. 4). Much farther 

northwest, in the vicinity of Jerome, Presoott and Bagdad the Yavapai 

series, litholopically similar except that tu-.rtzites and conglomerates 

are missing from the sections, crops out through considerable areas 

(see Anderson, 1951; Anderson, and others, 1955, p. 7.12, Anderson and 

Creaser, 195e, p. 845, for deecrirtions). Relatively small bodies of 

pyrommite, gabbro, diorite, and eryolite were intruded into all those 

rooks rrior to widespread invasion by granitic magmas. 
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In the areas of Amami oitcrap, allftheae rocks were Arongly 

deformed, then invaded by granitic masses of batholithic dimensions and 

deeply eroded prior to deposition of the Apache group. The granitoid 

masses range from diorite to granite In composition, but the more resent 

studies suggest that they are dominantly of cuarta monsonite or granodiorite. 

The principal examples that have been studied in some petrographic detail 

aril the Oracle granite, wt,ich Is widely exposed on the north flank of the 

Santa Catalina Mountains and northward to a latitude at least 10 miles 

beyond Mammoth, and the Rnin granite and Madera diorite of the Globe-

Miami mineral belt and vicinity. The Oracle granite, at least in part 

(see Peterson, 193e, p. 8-9), is a cuarts aonsonite, as is the Ruin 

granite (Peterson, 1954). Peterson (1954) describe. the Madera diorite 

of the Globe quadrangle and of the tyre area in the Final Mount.lins as 

a granodiorite; another examnle is the Johnny ,on granodiorite of the 

Dragoon Quadrangle (Coarser and Silver, report in preparation). 
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Mu* of the quarts monsonite is a rather distinctive coarse-grained 

rook. Where I have had reason to partisularly note the rock in northern 

Gila County, an abundance of large grayieh-orangs pink to pinkish-gra, 

microsline Phenoorystel Which enclose numerous small grains of plagioclase 

and biotite, make the texture seem coarser on casual observation than is 

astu.Ally the ease. These polkilitis subbedral phenoorysts, ordinarily 

1/2 to 1 inch in length but oossionly as mmah as 2 inches, ars oonspicuously 

ssattered through a &parse (1.4 am) hypidomorphic groomdmase of pinkish 

potash feldspar, almost clear quarts, pals greenish-yellow or yallowish... 

gray chalky plagioclase, and black biotite. The interior two-thirds of 

the plagioolass grains generally are so altered to asrisite as to make 

satisfactory identifisation impossible. The ester one-third of these 

grains is mined; in the specimens that I have examined atioroecopisally 

the coned rims are within the sompositional rang, of albite. The 

plagioclase of like egramitex from localities north of Jaai has been 

deseribed as °limo's** (Ransoms, 1903, p. 74). Mush of the biotite, 

which is the fore of thick books, has been altered to chlorite. Sparse 

crystals of brownish-blaek spheres can be noted megesoepioally in many 

specimens. Apatite and minute grains of hematite(?) are aoosseories 

observed under the microscope. Variant facies of the quarts monsonite 

exist -- apparently in relatively small volume but have not boss 

studied by me; an orangish-pink split* dike facies seems to be the most 

eomoon4 fuarts monsonite of this general description is the dominant 

basement rock as far mr)th a* the Hayes Moujimins;end from RA, southward 

the length of the Tortilla range a similar rook is said to prevail 

(Ransoms; 1919, p. 37). 



Outerope of the elder Presanbrian formations, differentiated only 

as to rook types separately significant in furnishing detritun new 

recognised in the Troy and Apache formations, are shown en figure 4. 

Figure 40.8ketch map showing o*srsp of the o34er Pro terrane, 

eubdivided as to rosk types that would contribute different detrital 

astarials for late Presanbrimn sedineetation. Napa same area as 

figures 2 and 3. 

The proportions of refit typo seen in °damp are very libs1y representa-

tive of the terrine exposed just before Apaehe sedimentation began. From 

the map the denincoes of granitic, rooks and the sparsity of quartuitee in 

the pre...0'0h* timpani' is readily appreciated. For adjacent regions, 

which must have furnished the bulk of materials incorporated 113 the Apache 

group and the Troy quartsiteip the proportion of granitic rooks to other 

reek types must have been of like order. 

Omani° detritus is abundantly represented in the Pioneer, Dripping 

Spring, and Troy formations, Some of the coarser mictrooline fragments 

seen in all these formations pane poikilitic inclusions of chalky 

plagioclase and otherwise are textural), identical to the Ruin and 

Oracle granites* Without doubt the granitold masses furnished arkosic 

detritus throuec a leng period of time. 
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If the high]; quarts/as* units are excepted. seemingly the Pisa 

sehist and lithologically ecuivalent ibrmations depicted as am, 

resistant rocks on figure 4 Nrniehed little of the detritus that 

was incorporated in the younger ireeanbrian formations, Dubiously, sow 

of the argillie materials of the siltstene units in the Arm** group 

could have been derived five ouch sours**, Some of the denser *Tellies 

and the rare thin visite of jasper in the older Preeambrian formatiams 

sem be recognised in the oonglomerates of the younger Precambrian, These 

astarialy however;are Imre' detrital*, The resistant rIvolitee that 

have been recognised as detrital,. for the la* of separate decdetion en 

the available sourest amps. have b insluded with the nonresistant rooks 

on figure 4. Seek rhyolites OXiOt Only in the north's/eaten' part (north 

of Salt River) of the area shown on Ileum 4. 
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Many of the cuartaites that antedate the granites were thoroughly 

sheared er sheeted thee firmly meted, and are fine•grained, highly 

vitreous, and are of brown, red, or purple hues distinstive from those 

of the later martsitese, The bulk of the quartzite gravels in the 

songlameratio omits of the Apaehe group and the Trey formation are 

readily identified as detrital* petregraphisally like the ouartsites 

n exposed in the elder terrine. Reddish..brewn jasper Tobias* found 

in the coarser frastions of the older quartsitee are also conspicuous 

though ninor,oenstituents in the Apache group and Tray quartzite. For 
dciaded 

leek ofAinforaation only the Lagar known oscurrenses of the older 

Precambrian quartsites are shown on figure 4; additional thin units 

are fairly mown in some of the pre-granite formations ...- especially 

in those that lie north , ),f the salt River. Outside of the region shown 

en figure 4 the outcrops of Final- or Tevapei.,type rooks that have been 

studied are largely devoid of quartzite, and probably few that have not 

been studied itolude quartaite. As will be detailed later, during the 

accumelation of mast of the younger Precambrian sediments the older 

Preennbrian quartzites within the area of figure 4 were buried by the 

basal units of the Apaohe group, and could not hays been noun's@ of 

um& of the quartzite debris fband in the several fereNtions. A lithologis 

terrains similar to that shown la noire 4, mot have been exposed somewhere 

outside of the region of the preetent Am** outereps. 
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ProolApashe snsenrermitiy 

As a1ren4 Limited. a profound ensonforsiby separates the olds, Pre* 

eambriaa rooks from the overlyisg sedimentary tarmatica of the Apache grsupi 

Intense deformation of the Pinal and related formations., followed br IMAM. 

intresions of batholithia proportions signify a sonsiderablo orogen,. that 

marked the end of oldor Precambrian rock sscumulation in oontral and south-

eastern Arisona. The mountains formod during this °roomy wen, lovelod to 

a plain during the long period of erosion that presided Apache sedimenta-

time 

"rtes basal formations of the Apache grew) were deposited on a surfaos 

of romackably little relief. Isi degree of smoothness and sharaoteristies 

of the underlying regolith this surf*** is wholly eommarable to the equiva-

lent surface exposed in the Grand Canyon, which classisolly has been 

referred to as a peneplain. In a definitive stun of the Grand Carves 

examples. Sharp (1940) concluded that the similar surface is a product 

of subeerial erosion only slightly modifidod by marine erosion. 

For soot of the region the pre«Apache surface exhibits losal relief 

of only a few feet at Rost; reoognisable instances of even this slight 

relief are rare. Erma thu Sierra Aneha southward variations in the 

thickness of the Pioneer shale -- the basal formation of the Apache 

group — on that the monotony of the planar surface may have been 

relieved slightly by broad low hills rising above the mongrel plain or 

by broad 'basins out below it, If so, the lapping out of basal beds of 

the Vioneer is too subtle to be noticed in tracing continuous outcrops 

distanoos of one to five miles, 3uch lapout is obvious, however. north 
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and northeast of the Sierra Mem, Who the Pioneer Shale (as indicated 

on fig. )) and at least the lower half of the Dripping Wing quartette 

plash out lapping against a high in the basement eyeless' where the 

Pioneer is very thin south of the Storrs Aloha Olds al. 3 for lsealities), 

a more subtle lapping relation 404 be noted if outereps wire oontinuous 

enough so that lateral thinning of the monotonous secremse of mudstones 

weld be seen. 

It seems more than coincident that the 'spout north of the :Sierra 

And* emirs where the basement fermatas, of a large area are almost 

wholly of se rant and volsanis rooks (Gastils 195S) rather than 

terrame prevatling/y of less rosistemt granite. Is the sequins* of this 

area steepoitipptng ribs of quartette and other relatively resistant rocks, 

in bodies too small to be shown on figure 4, are seamen. The struetural 

grain of these rooks is northeast. The line of lapout trends northeast 

(see fig. 3) and crudely parallels the southeastern boundary of a bolt 

of older Freceabrian rocks that was unusually resistant to erosion 

(see fig. 3). Present-day its of the Olashe formations surmount 

some of the higher narts of this belt of metamorphic rocks, but no rem-

nants exist on the northwest side of the belt, though undoubtedly Apache 

formations once existed mob farther in that direction than the present 

outcrops. Whether the belt of lapout repreaents a large elongate xonsdnook 

rising above the general pre-Apaohe surfaeoll or a broad high of regional 

octant is not known. This is the only area in uhich a prominent deviation 

from the general planar serial:4 can now be dememmitrated6 In other areas 

the schistose rocks generally are not fortified tor ribs of resistant rock. 
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The gremAtio rook@ Immediately beneath the pre-ipadhe uneenternitr were 

disintegrated prior to deposition of the Apalhe group, As now remnant, 

this sone of disintegration ramie from a few lashes to a few tae of feet 

in tideless's. In plowed the gramitio debris, seneralAr reddened br iron-

ed& minerals, dhows ill-developed beddimg strueturea indieative of 

traneportatien4 but in mot plasee it repreeemte residnalmmAierial iw 

virtuair original position. The srispels rsicaith series isvokittessU7 

de and with the ender4ing unweathered massive molts, Isom areas --

even Whir,' the basement reek@ ari- net itold this tutees and 

Mastitis silt dominate the MilitAlt of the overNrimg Seethe eenglenerato* 

Where the uneenfemmitr trumpets" the Pima schist or related meta.. 

eedimeitary or metavolemale rocks the fellation or other layered "trusters@ 

ear be somewhat obscured ineedietelr adjaeent to the erosion serfames but 

ne other afoot, of nre-Apeehe dielintegratien are partieulimftsc4able is 

the Mold. In places a thin rabble Penes ordinarlAr only a for Joshes 

thick, Intervnnee between the basal esoglemorats of the Apsdi. group and 

solid reek of the elder Presembrimis where guilt rebble use derived frus 

oehiet and eihhits crud~ beddingg, it mar loan& abeodent angular to 

subreunded fro is of white vein quarts in a matrix of mill sehlet 

fragments. This quarto undrableer was derived free veins that loes].b 

art. abut in the oehlet and in adjament gramitle rodeo. Ors art 

such marts and Whist fragments are s1 abendantAr inoorperated In the 

conglomerate that overlies the regolith tone; Wieldy nor* often than 

net, all small detritus is inelmded in the eenglonerate whieh then rests 

an a eleawinsect ~flee of athletes' rook. 
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Younger Precambrian rooks 

Sections of individual formations of the Apache group and the Troy' 

quartette are soot extenxively remnant in the Sierra Ansha. Farther 

south, owing to enoonformities within the mums* and unoonformities 

that separate the younger Preoambrian strata and included diabase in-

trustees from the ever/ ring Paleosole formations, seotiome general4 are 

less sentacte* Within the part of the region that now lies between the 

Oils and Salt Ilvers, the Troy quartette was greatly thinned and locally 

the Meecal limestone and even the wow part of the Dripping Spring 

quartsite removed by pre-Palooeoic erosion, bet generally though this 

area the Apache section remained virtually ecmplete at the thee the 

Paleozoic tornadoes were deposited* South of the Oils River the upper 

part of the Dripping Spring quartette and all of the overlying formations 

sod iasludsd diabase intrusions were removed tics large areas prior to 

Cambrian sedimentatiens eves in this southern area, however, most of the 

Neeeal formatten end sooderatelr thick sections of the Tref quartzite 

were preserved loftily in Meeks down.famited prior to pest-Troy erosion. 

Still other aspects of distribution that oantribute to the inomempleteness 

of stratigraphis meet ars deseribed in the dissuasions of the individual 

forekationes 

The thicknesses of the formations of the Aped** group shown en Table le 

and as discussed throughout the report umlees otherwise specifically stated, 

are the thicknesses typisally remnant below the Tro severs and not those 

thinned post-Troy erosion* The thickmess of the ?yc formation in air 

given area is in large part dependent ()tithe degree of pre.Paleosoic erosion 

in that area. Therefore the cited thicknesses of Troy are those remnant 

beneath a sever of Paleozoic rooks* 
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Thin to thieit Maltose sills are opentemeive with the Apaehe formations 

mad landed the group la almost .vuy lesalltr where as appreelable part of 

the section sem he viewed; many Apostle mistime are displayed sills at 

word loortrose• Oensequentin in away areas eemplete sootiness of even 

ome formation must be pissed tegother from two *ram partial plates of 

the format ioa emsompseeed between sills. Actual*. I mg aware of only a 

few plass. Where the entire Apache **sties san be viewed from bottom to 

tops and nese of these seetimne ere unimterrupted INIP diabase sills. 

Oenerallrs to arrive at as overall thiehmess for the kpaiihe groups me 

mot Plisse together partial seething from several legalities within a 

restristed aroma 

South of the Plateau portion of the asentotri belts ms deseribed 

earlier, the Troll, quartsite and the Apache Animations were nosh faulted 

during T.rtiai7 tine and commonlr ars partir obscured 144r a cover of &models 

rooks, In whet is mow the Swim cad Ammo portion of the area of sulsrep 

pre.Palsomele erosion aloe sewed greater end mere varied thinning of the 

section than to the aortic' within this part of the regimms therefgres 

estimation of the thiebnees of the Apish* group to me lore difficult. 
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In the vieinilly of the highest parts of the Sierra Ameba* where the 

Troy quartzite is at least 4200 feet thick, the total thiekness of the 

Fenger Prociebrian mimes san be eatrapolated as between 2,650 and 

2,000 feet. BleeWhere remnants of the Troy are generalW lees than 600 

feet thick, so other statements of total thicknesses that inande the 

Troy bare little osening. In the Platoon portion of the rem whore 

entire esetions have been pissed together with sonsiderable °enflames 

at several Issalities, the Apish* group mos from 42,0 to 1,600 feet 

in thickness. Berth of the Sierra MOM. of +pours., these thicknesses must 

be toe groat bf reltallar a faster of two, bemuse 161414 the Pioneer Shale 

and at least the lower umber of the Dripping 3, ring quartzite ere Lapped 

out. In the Basin and Range area the 4600.foot mealnum logy be applicable 

to some rootless as far south as the Apo*. group °rope out, but other 

section not effected pro-Paleoseis tliosion appear to be as little As 

4100 feet in aggregate thickness of the prow-Troy formation, Some osetIons, 

bees use of pre4roy erosions are even thinner. The thinner sections are 

these in which the overall thickness was radioed largelV (1) thioniag 

of the basal Pioneer fornatien, (2) erosion of the Mescal limestone and 

the ove4ying basalt prior to deposition of the Troy quartzite, or (3) 

a eashination of these f4store. In soz areas, if the intrusive diabase 

sills are included. the aggregate thioknessee of younger irecombriaa layered 

rooks are roughly tole* those noted above (1..., 2o000.5000 feet). 
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Stratigraphis units, whether Embers of fOrmatioms er even looser 

units, of the younger Precambrian volition are remarkably sensistenb in 

lithology and other feRtures throughout the breed region of outcrop. 

Some features are unusual in their uniformit, of distribution. Parther-

more same major variations, *ugh as variations in thieknesses of the 

formations, that de exist are largely the effects of superimposed geologis 

pmeeeses rather than original. Because of the oenmen aspect of uniformity 

and because of the interrelatioes of features, interprets'-ions of the 

origins of the formations are deferred until all are described* Only 

some of the minor features are inter rated as to origin in the following 

deseripttre swotting. Similarly, bemuse the age and correlation of the 

younger Fresembrian formations eon be considered in better Perspective 

after their geometric relations to the intrusive diabase, and the Palmosolo 

formations are described, mash dissuasion is also held 'Dr a later shepter. 

57 



Algae group 

Plower shale 

The Pioneer shale was a &cored formation Mgr inflation by diabase, 

and the Pioneer with insluded sills is exposed in steep to gentle slopes, 

elemeenly thesis elopes are heavily mantled br the resistant rook debris 

frla overlying formations, so the boundaries between the two rook types 

are diffioult is distinguish* Thus somplete smitten* of the Pioneer are 

rarely exposed. POr the dmeriptions I have relied mob on 

observation, of emelleat 'spews* et the mouth end of the Sierra kasha 

and is the eagle* of Cherry Crooky where the formation ramose trim stout 

290 feet to slightly mere thee 000 fist Is thiamin* 



Suit thiokneesse are greater then those that have generally been 

considered *Weal of the formation. The thisknesses wide* sesepted 

as *nisei are those stated by Ransoms (1916. p. 136 and pl. 25). 11. 

estimated the average thiskness of the Pioneer in the Rey quadrangle) 

as about 150 feet. bat also noted a regional range of 100 ts 290 fist. 

The gases *here the Pioneer Shale la known is lap out or is sensidtently 

thin are shows oa figure 3. As provieus/y noted. north of the Sierra 

Ansha the Pioneer laps out completel . la the vicinity of Coolidge Don 

(the dmm that ponds San Carlos Lam--see )) the fOrmation is thin 

or Kissing. and where observed at several places aloft the San Pedro 

Valley downstream boa Meamoth is general* less than 30 feet thick. 

As far as is known the Pioneer *halo has not been observed am,Mhere 

east of the line that depiets this belt of thinning en figure 3. 
Althoveh as little as 150 feet of the ?longer formation exists thou, 

areas south of the Salt River..-gas along the south sessrpment of the 

blati.tnee rlateen and for sevimralsdlee farther south, and at places 

(aceording to RaDa0Me1 1916, p. 136) in the Dripping Spring and Tortilla 

Mountains -- other than as noted above, no particular pattern of thinning 

has yet been discern d. Indeed, as far south as the Apadhe group orops 

out the Pioneer exhibits senimua thicknesses of 300 to PO fort. As 

examples, Cooper and Silver (report in preparation) measured a 306.ofeot 

section in the northwes'ern part of the D', goon quadrangle, S. C. Creasey 

(written coemmnication4 April 1961) has measured thicknesses of 450 to 

500 feet in the southwest part of the Mammoth cfsedrengle, and Carpenter./ 

estimated a thickness of 400 feet in the Yokel MountaineIG 

ibarpenter, R. 14. 1%7, The geology and ore deposits of the Velma 
Mountains, Final Count", Arizona: Stanford Univ. doctoral thesis (unpublished). 
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The Semi= esnammerate, at the base of the Fiesser shale, typically 

is represented by 1 to I feet of stb•angalar to wellpmeunded pebbles for 

gabbles in a matrix that reflects the eempesition of the underlying reeks. 

In smst areas the pebbles and eebbass are mainly of light to dark grq sad 

greyiehmired quartette and are olosebr Punk** in rinse' too searne-Srnined 

*Almelo debris derived largely Ina the older Presambrian granite. White 

quarts pebbles are °ammo% and in plums eompose the bulk of the granuloma 

Sparse granules and small pebbles of reddish-brown jasper *an be seen in 

mew outcrops. P•bb3se of voleanic rocks or of sehistess rooks, like 

those of the older Preeambrian terraria of northwesters Oila Ocumoty, are 

few bet can be noted on somata inspection of many empoeures. Where the 

eenglomerate overlie* the Mama schist it womanly insludso fissile 

fragsents of the sehiet in shamans's, and the matrix may in large part 

be comprised of derbieolored Study debris from the sophist; even in 

this setting, however, abundant angular grains of feldspar and quarts 

from the granite ordinarily are eneorporsted in the matrix. In nearly 

all exposures of the oenglonerate ttoe fines :motion of the matrix is 

hiohly buatitis material similar to the as dstones or sandstones of the 

overlying motion. In plume pebble-free lenses of grNrLsh-redumdstone 

or sandstone are inaluded in the songlomerate. Ordinarily the contact 

between the eenglomerste and overlying beds is Char% but there are marl 

examples of transitional conglomeratic intervals of * few inches or, 

Is.. oommomay, of a few feet At the top of the conglomerate. And rarely 

thin lenses of eonglomerate or of sandstone that includes smattered 

pebbles east as mmoh as 40 feet above the basal eenglomerate. 
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in thickness and in pebble charactPrimtiest the basal songlomerate 

varies locally. In maw places it is represented by only a few inches 

of granitic debris in which granules or small pebbles of quartsite or 

white quarts are sparselr distributed. In other plaoesi as at Roosevelt 

Demo the senglommrate le an neoh as 30 test thick and is mainly of aloe,-

peeked cobbles. In a given exposure the oonglomersts mgy include boulders 

as much as 1 foot in diameter and be largely surprised of oobblos 4. to 6 

inches in maximum diameter; within one-half silo along the outcrop oobblms 

may be feet and the conglomerate is largely of pebbles 1 to 2 lashes in 

disaster. Similarly along such a length of outcrop the thickness of the 

conglomerate osenonly ranges from a few inches to 8 feetii-org, in =trim 

manass, to 20 feet; and in one locality the conglomerate is oomprised 

mostly of well-rounded *Wiest but in an edjacent area includes an 

appreciable content of subangular gravels. In many load/ties the 

pebbles and cobbles are disc-shapedo and in ems are disposed in imbrioate 

relations. No consistent direotion of inbrieation, which would indicate, 

a general direction of currents during deposition, has been noted. Thus 

regional variations in pebble sise, sompositione and dispositisft or is 

songlamerste thlokneseas. whisk might soggiest distance or direction from 

mares*e seen to be no grater than the variations noted in a relative), 

small area. A prominent exeeption to this generalisation is described at 

the end of this section. 
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The senglanerste erdiaarilr steps out as narrow ledges or. Aare 

thick. as small sling. On* in very rare eircuentenees are outcrops 

broad enough to be mapped without excessive eartographia exaggeration. 

and rarely has the senglomerata been 'shown on nape. swept Wf a 

diagrommatis mymhol. As the Scanlan genetiea14 is merely the mime-

textured basal unit of the Pioneer shale, it is here proposed that the 

conglomerate be so rei;ardeds and that it not be afforded formation or 

even member designation. Although thing the unit is widely distributed* 

Turthermor* the tera R3eanlan conglomerate." because it brings to mind 

a well knowns naturally distinctive units will eontinue in popular use 

by those concerned with the Apache rooks. Therefore, the name "So Len 

songlomerate" should be retained to informally designate the bed or beds 

that mark the base of the Pioneer shale. 
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The Pioneer lithelogy that catches the casual observer's eye, 

beeause it is strikingly different from that of ether formations of the 

Apache group, is a grayish-red siltatone or a silty mudstone that eommonly 

inaludes abundant grains of fine sand size. These rocks are minutely 

laminated or arose-laninated (see fig. 5) in beds 6 inches to 3 feet thick. 

figure 5,0.-Delicate armies..lamination in tuffaosous siltstene of the 

Pioneer shale. Mask speaks in canter of reduction spots are 

limonite peeudomorphs after pyrite. Note enlargement. 

Small assymetrical riprlemarks are sparsely seen in some sections. The 

rook in firmly indurated but generally is closely jointed, both normal 

to and parallel to bedding, so that it erodes to receding slopes. 

Characteristically small disk-shaped flakes, 1/4 to 1 1/2 inches in 

maximum dimension and with one or more rounded surfaces and angular 

edges, spell loose from the outcrops and abundantly litter the slopes. 

Typical of th, me silt6tones and is udetones are abundant, yellowish-gray 

to light brown reduction spots, as much as 1 inch in diameter but generally 

0.1 to 0.2 inch across (fig. 5). Minute cubic grains of limonite, obviously 

derived from *rite, can be seen in the centers some of the smaller 

bleached epOts. In some localities, bluntly terminated lenticular sons 

of similar bleaohing, which may be as much as 0inch thick and several 

inches in diameter, parallel the bedding, or less sommonly„ the high-

angle jointing. The.se larger bleaohed spots mew charaaterise certain 

beds of a section, and seemingly are most prevalent in the tore fAlartzose 

beds. The mudstones and siltatones and like-colored sandstone beds, only 
slightly coarser in grain size, comprise the most of the Pioneer in WY 
areas. These rocks, because of their strong tendency toward a fissile 
habit of splitting, are the sow-called "shales" of the Pioneer. 
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FIGURE 5. DELICATE CROSS -LAMINATION IN TUFFACEOUS SILTS CONE 
OF THE PIONEER SHALE. 

Black specks in centers of reduction spots are limonite 
psuedomorphs after pyrite. Note enlargement. 
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Under the mionoseope these "shales" are noted to he comprised of 

angular grains of feldspar and quarts of silt and fine sand site, set 

in a highly hematitic matrix of small, irregularly lenticular devitrified 

glass shards and clay-size materika (fig. 6). From a study of I-7'7T 

Figure 6.--Photomicrograph of tuffaceous siltntonc of the Pioneer 

shale. vispy grains are relicts after ;]ass shards; more or 

less ecuidimensional cle;tr .grains are cuartz; like clouded grains 

are feldspar; dark areas &re heavily' dusted 4th hematite. Plain 

transmitted light. From specimen ')f fimure 5. 

powder patterns, Gastil (1954), who was the fif-at to recognize the tuff-

aseous natur.: )f the haly-enlitti g units, suggested that the devitrified 

shards are now largely of finely divided muscovite and very fine-grained 

chalcedony. The fine-grAned matrix materials exhibit some optical 

similarities to the individually distinct shards, and probably much of 

the matrix the!. is not microscopisally resolvable in of like mineralogist 

composition. Hobert L. Smith, who has studied tuffseeons rooks extensively 

in the course of his duties with the Geological urges"-, has muted (oral 

communication, Au gust 1956) that the rod-like and bifurcated cross sections 

of the shard pseudo morphs and their other features surgest ash derived from 

acid eruptions--or from eruptions that were at most no more asfic than 

andesites. "e thus upholds nastily. designation of the pumioeous materials 

as rhyolitic in type. In the typical nulistone the silt-eize mineral grains, 

other than pecudomorrhs of glass fragments, are of veld spar and quarts; 

which comprise roughly one-quarter of the rock. in some of the thin sections 
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FIGURE 6. PHOTOMICROGRAPH OF TUFFACEOUS SILTS TONE OF THE 
PIONEER SHALE. 

Wispy grains are relicts after glass shards; more or 
less equidimensional grains are quartz; like clouded 
grains are feldspar; dark areas are heavily dusted 
with hemaffte. From specimen of figure 5. 



viewed this oearser treaties is largely of feldspar. and a large part of 

the feldspar Is plagiesIass. No narticular attempt has been made Woe 

to determine the proportions of potash and soda feldspars. Minute flakes 

of samseavite abumdently spangle freshly fraotured hand speoimene of seas 

mite. 1%in sections from specimens in which mien is not particularly 

notieesble to the umaided eye show sparse to fairly abundant shreds of 

muaeovita, All Plat, IFIdAnk.museevite plates. the shard millets. and 

tsbular cleavage fragments of feldspar—tend to be alined parallel to 

the delleate WAWA. Put the bedding is more obviously marked by the 

hemetites Whieh is thiokiy dusted throuAhout the rook but particularly 

opaques the finest grained parts of the matrix* 
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In saw losalities hard beds, which appear in outcrop to be very 

fine-grained impure quartzite, are interlayered with the usual tuffaseous 

nudetones. These beds generally re dusky red purple or blackish red...-

or, in other words, somewhat darker and more purplish than the ordinary 

mudstones. In the-e beds and the adjacent muds one beds, minute flakes 

of mica are particularly apparent. In thin sections the detrital grains 

are notfd to be slightly larger than those AP the nudetcnes....but still 

of very fine sand mdse. nuarts makes up a large portion of such grains, 

the matrix is generally less abundant, and devitrified glass shards ere 

fewer, but otherwise the rock is not greatly different from the mudetones 

described above* In all such specimens viewed under the nicroscore, 

planar lamination but no croes-lamination has ben observed* In some 

specimens shards are sparse, but without exception they have been found 

when searched for. This quartaitic variety of the mudetons has been 

noted throughout the repjon, but is seemingly much more prevalent south 

of the latitude of the Apache Mountsins than north of that latitude. 

It seems particularly abundant in most southerly occurrences of the 

Pioneer. 
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Although the above-desoribed rock types are commonly considered 

reprosentative of the formation, where the 'ioneer is more than 150 

feet thick ordinarily they wmpriso, by themselves, owy the upper one-

half to two-thirds of the formation. The lower part of the :lamer le 

generally of fine- to very ooaree-gruined units -f arkose or feldspethie 

sandstone intercalated with mudstones like those hiAer in the formation. 

These char .r units, which are thin- to thick-bedded and are 

cross-bedded, may constitute most or only a small part of the lower 

half of the tioneer. In a few places in the rc:-adden Feak quadrengle 

fine- to medium.trained arkoes composes as much as 50 feet of the upper-

most pert of the formation. Fasept for hematitic fines that impart a 

prevalent . reddish cast, !tome of these unndstonon are not readily dis-

tinguished from similar beds in the lower mtImber of the Dripping Spring 

Dprmetion. J. 14 Cooper (oral communication, 1958) has noted similar 

sandstones immediately below the Barnes oonglomerate in the Dragoon 

cuadrangle. %cause this sandstone unit, generally 25 feat or less in 

thickness but locally as much as 50 feet thick, so strikingly resembled 

the arkoses above the 'lames conglomerate Cooper preferred to include it 

with the Drir pin!, prang < uartsite on his map. 

Coarse- and very coarna-grained ellipses nre usually confined to the 

basal 25 to 40 test of sections 250 test or more in thickness. Rarely 

thin beds of cu:rts sandstone or even of oonglomerate of quarts granules 

that are light gray in color may be included in such units; otherwise 

these coarser elastic beds are generally the grayish-red of the tuffammus 

sediments in the ur.er part of the section. 
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Fixotaptionally the obvious interbads of fine...grained ondistones are 

lacking and the basal arkoses are thick-bedded and massive...croppingo Th"c 

constitute 40 to 90 feet of the basal part of the formation, and even in 

thin section are not notably different frc the flesh.isolored medium-

grained arkoass of the lower member of the Dripping Spring. Individual 

beds nay be well-eorted, Ilat as a unit such basal arkoses )f the Ammer 

are probably not sorted as well as a similar thiakness of the lower member 

of the Dripring Srring. Lacking other distinguishing characteristics, 

the basal arkases of te -ioneer can be differentiated from those of the 

Dripping 3prisR by thin seam of brownish-black or blackish-red siltatons 

that separate a feu beds. These seams of dense exceedingly tough silt-

stone, are 1/10 inch to 0 inches thiek in their thickest parts and are dis-

continuous. Without exception known #.111 me they separate a foto of the 

Aekoee beds. In the few thin sections that have been cut from these 

silt stones Pumice framents are oonspicuous. Such hard dark-colored 

layers of siltstons have beer seen even in ::,'elnlan conglomerate that 

is overlain by 60 feet of Relative arkosess indicating that az', falls 

wen, occurring during that earliest staiTem of Tioneer deposition. In 

a few localities very ooarse-Arained and partially pebbly apses, 

viously derived from tJ'e underlying granitoid rock of the inmediate 

vicinity oonstitute0 the basal few tens of feet of the }tanner. A 

notable !teeth= is exposed on the north flank of iioneer iiountaint in 

the Ray c,uadrangle near the type locality. There the basal 45 to 50 

feet of the rioneer is oonstitutsd of very coarse, ill-sorted pinkish-

grey arkosic debris from the underlying Madera diorite. Such arkooes 

have no counterpart in the Dripping 5. rinp. cuartaite. Some of the 
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 lightest colored basal sandstones of the newer are highly quartsoses 

and are more like the sandstones of the middle somber of the Tray than 

of any unit in the Apaoho group. Snob sandstones are probably rare; I 

have sem only three small outcrops of such lithology. 
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Lateral variations have been noted on], is the northwestern part 

of the region. As the 'spout area of northwestern Gila County is 

proaohed Woody the Pioneer formation warmse and particularly in 

its basal part varies greatly in lateral di .antes of a mile or twe. 

In the northwest corner of the Waddsm Peak quadrangle and the *Guth-

met corner of the Diamond Butte quadrangle, Oor example. the basal 

60 to 90 feet of the Pioneer is a very soarom-grained. crees-beddod 

feldspathic sandstone. This unit includes beds of granule cong3sreeratet 

and many Lenses of pebble ossoammerste. The remainder of the section 
)cla 

is medium- to coarse-grained grey &rime =sort for dusky rod weathering
A 

surfases and a tandem, to be more friable in partials, is very like over 

units of the Dripping Spring. The seaman conglomerate in some 

places is represented a few inehes to 3 feet of granitic debris with 

generally only scattered small pebt,les of quartzite; occasionally this 

debris includes a quartzite ttnalder matini than 1 foot in diameter. In 

nearby areas 3 to 8 feet of typieal cobble conglomerate may mark the 

base. Short distances to the imet and south normnl sections of the 

Pioneer, =e described in nrIcading paragraphs, exist. 
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These abe-r-ant si=rs,''acies of the 'lancer that lack the siltetone 

beds apparently mei( areas in which the pre.rioneer surface was hiets 

and in nearby areas the !ioneer ray be thin or pissing. Aere the forte 

Lion is thinned or the prippinr Spring is actually the basal formation 

of the Apache group,, the basal conglomerate may be unusually thlok and 

comprised of closely packed, well-wounded cobbles or boulders. Such a 

variation ie seen in tracing the basal units of the Apache north 6 Niles 

from the northwest corner of the McFadden 'eak quadrangle to Potato Butte, 

which is 4 *flee west of Young. At the south end of this interval the 

rioneer is atYnat 200 feet thick, but it laps aut about 3 mil.e to the 

north. From about the place where te lioneer thins completely out the 

basal conglomerate begins to thicken avreelably and become coarser, so 

that at potato Putte-...where possibly as much as 100 feet of the Dripping 

Spring quartalte Le missing by lapont--.the basal oonglomerate is 05 to 

110 feet thick. At Potato Bette the conglomvrate is comprised largely 

of well-rounded cobbles 3 to 6 inches in diameter, but the basal 50 feet 

includes abundant cobbles 6 to $ inches in diameter and occasional boulders 

up to 1 1'2 feet in diameter. This unusually to conglorerate, which 

1,ere is the lateral equivalent of the Zegnlan conglomerate plus the Barnes 

conglomerate, mantles an irregular surface cut on granite; local relief 

of as much as 35 feet can he observed along an outcrop length of 200 feet. 

In this particular area the gmnite has been swept clean of the &Aegis 

debris usually seen below the pre-Apache inoonforaity. Apparently such 

thick accumulations of basal oonglomerate are confined to localities where 

notable impel relief is characteristic of the pre-Apache surface. Sher 

west, where hills of the rim...Apache surface project up through think sections 

71 



of Pioncsr and into the Dripping Spring the basal two...thirds of the 

Pioneer is unusually coarse, includes mum- conglomeratic lenses, bedqing 

is discontinuous'and medium.scals crossootratifIcation is conspicuous. 

The silt4ones are seen on17, in the upper part of the Pioneer. North 

and east of Youngs where the Pioneer is thin or missing and the pre-Apache 

surface is virtually planar the songlomerate is commonly o-ly 6 to P feet 

thick, and in places is almost nomaximtent. 
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Still another aspect, of the Seanlen-Barnes eonglemorate is worth 

note because the coarse oonntituents are not wen-rounded or sorted. The 

moat adeessible exposure is 9 1/2 miles due north of Young along the north 

wall of the canyon of Paigler Creek.. / At this locality the older 

-/Speeigically, this example is at and immediately west of the hair-

pin turn of the Chamberlain Trail road, where that road turns northward 

to follow the crest of the ridge that lies east of Gordon Canyon. The 

outerep can be found tar traversing the Chmmberlain Trail 3.2 miles north-

ward from its crossing of Raig/er Creek. According to the U. rarest 

Service nap of the Tonto Forest (1950 edition), the outcrops are in the 

W1/2 ent.40 T. 10 N., R. 14 E. 

Precambrian quartsites dip 55°40! 1,14, and the upper somber of the 

Dripping Spring cmartsito that here overlaps these quartzites dips about 

15° easterly. Where the pre-Apache unoonformity ie exposed in the road 

out that traverses the *Koran wall it is an irregular surface with relief 

of several feet. Above the uneonformitr is a breccia, X3 rest thick, of 

angulai- blocks of the older Precambrian quartzite in a matrix of medium,-

to coarse-grained sandstone. Some of these blocks, which are an much as 

2 feet in diameter, have traveled only a few feet from their sourest and 

*an be mashed beak into the irregularities on the surface of the older 

luartaite from which they were plucked. A few hundred feet to the west, 

along the outcrop, the breccia Ames limy to a eonglomerate of poorly 

rounded boulders, some of which are 2 1/2 to 3 feet in diameter. vest 

of the brawls exposure about 600 feet the oonglomerate is 40 feet thick. 

The matrix of this oonglomnrate is an arkose mmeh like that which comprises 
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moot of the lower amber of the Dripping Spring; this arkesei whidh is 

quite unlike the upper assiber in texture and bedding, also oemprises 

several feet of the section above the eonglomerate. Swish !solos of the 

conglomerate are rare, and to the boot of my information all are confined 

to the area of lapout north of the Sierra Aneha• Wilson (1939, p. 1151.-

1152) has deeeribed other acmiare in the vicinity, of that noted above. 
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If other lateral variations than those attributable to metamorphism 

exist in the Pioneer elsewhere ouch variations are very difficult of 

recognition. with the excention or sections in the area of lapeut in 

northwest Gila County, medium to coarse sandstones of the 'ionser forma-

tion **pear largely at the base of loyally thick sections. These basal 

sections can probably be interpreted mi local acoumulations on the topo-

graphically low portions of the pre-Apeehe surfaoe. And the di -ferences 

in lithology noted in earlier paragraphs are probably local variations 

in sedimentation. 

Where the Pioneer formation is thin in the several exposures along 

the Sun Pedro v llqy, the lithology is quit« in contrast .401 that of 

the northwestern area of thinninga in that no coarsening of the basal 

part of the section is seen. Commonly the rloneer of these loealities is 

mostly the hhrd dark-eolored particularly quartsose siltstones The Scanlan 

conglomerate bed is generelly very thin or represented only by scattered 

pebbles in the basal few Inchon of the formation. nossibly smah sections 

represent deTosits on a surface that wee relatively high bet of very 

slight local relief. Alternatively, the-e could be ordinary sections 

in ladch the urner nart was eroded awry prior to deposition of the 

Dripping Spring quartzite. 

The contact, described in the next section, between the Pioneer and 

the overlying Dripping Spring quartzite is everrwhere Sharp and readily 

distinguished. 
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Dripping Spring quartzite 

cikttrt2i to 
The Dripping Spring permablen, except where thinned along 

the lapout area north of the Sierra dacha or where trunsated 

by later uneonfermitiess is 550 to TOO feet thick and everyWhere 

is sharasterized by two distinetive members of roughly equal 

thickness. The lower member, whisk ineludes at its base the 

Barnes eonglomerate unit, is largely of thin- to thick-bedded, 

massive flesh-colored ukase with subordinate units of 

light-eolored feldspathic quartzites In wariest, the upper 

"BAs used in this report, a quartsese sandstone that includes 

10-25 percent feldspar is termed feldspathic; ome that contains 

more than 25 pereent feldspar is deseribed as an altos*. 

member is dominated by thin .bedded and thin-parting darkmeolored, 

dense arkesie *Metonym, interealated with minor units of thin* 

bedded fine-grained feldspathic quartsits and arkose. The forma-

tion is so firmly sec ented throughout that the rook fraetures 

aeross the 'opponent grainss Thus, in the past the eomposition 

and textures of the various units of the Dripping Spring have 

been given little heed, and the entire formation has been 

charasterized inexaetly as cluartzites 
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Prom the latitude of I south as far as the lila Rivera 

the Dripping Spring is generally sompletely represented. 1 

section described in table s, measured 2i miles west of Cherry 

Table 2...Representative seetion of Dripping Spring quartsites 

Creek and near the south boundary of the Wadden Peak omdramile, 

(see fig. 2) is probably representative of the Dripping Spring 

throughout this part of the region. Only in a few mattered 

localities botulism t) Silo and Salt Rivers was the upper part 

of the formation stripped away during the intervals of erosion 

that preceded deposition of the Troy quarts/tea the Selma quarts.. 

Ito or the Martin limestone. But south of the lila Rivers to 

the area presently eneompassed by the San Pedro River drainage, 

small to large parts of the Dripping Spring emotion were eroded 

prior to deposition of the Dols& quartzite. Consequently eemplete 

seetions of the formation are rarely remnant south of latitude 
0 

33 11. Fairly thick and presumably complete sections do exist, 

however, In the Yokel Mountains and adjasent ranges 50 to 60 

miles south of Phoenix(L. A. Mitindla oral ommunleatieno 1959). 

As already noted, the Dripping Spring thins by ',spout north of 

the Sierra Ameba so that in at least a few localities the per 
tne 
somber rests direetly en the older PresaMbriaa terrine, In 

texture and composition the several stratigraphie units of the 

formation seem not to be grossly variant *mope in the immediate 

vicinity of this northers area of lapout. 
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Lower member 

lbe basal esuglomerate of the formation, the Moues bed, 

consists of well-rounded granules, pebbles, and cobbles seder• 

atoly well to very well semented in a matrix generally of arises, 

but in please of feldspathic sandstone. Pebbles and cobbles 

of light to dark greys and grayishmerange to grayish-red vitreous 

quartsite are dominant; pebbles of quarts and reddish-brown 

Jasper are commons and pebbles of voloanie reek (largely rhyolite) 

sae be noted in some outcrops. The gravel eonstituents are 

largely spheroidal or ellipsoidal in shape, but in some leeall-

ties a large portion are diseeldal. The discoid gravels ordinarily 

are not inbrioatelyalimeds and where imbrioation does exist ne 

particular direction of imbrication has yet been noted: The 

matrix ranges from very fine-grained to very coarse-grained, 

and is ill-sorted and generally mush coarser-grained but other-

wise is quite like the arks's' of the overlying basal three-

quarters of the lower member. Womanly lenses of pebble-free 

arises, exist within the eenglomerate. 

The Barnes songlemcrate varies eonsiderably in ohmmeter 

in abort distances along the outcrop. In please the eemglemerate 

is represented only by seattered granules and small pebbles in 

the basal few inehes of the Dripping Spring arkese; at the other 

extreme the conglomerate may consist of closely packed cobbles 

and be as much as 40 feet thick. Along one-half mile of outcrop 

a range of thiekneosee from 2 to 15 feet is not unoommon. SOW* 

*rally, the Marne' conglomerate is 5 to 30 foot thick, and seem-

ingly is a mere persistent mit than the somewhat similar Scanlan 
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conglomerate. In a given vertical WipOSUIe the gravels of 

the MMxmes ordinarily are dominated by a particular sise range, 

but this size does not necessarily persist far laterally; one 

outcrop may be mostly of large cobbles and an outcrop one-half 

mile away mostly of small pebbles. In some localities where 

the conglomerate is thin (1 to 5 feet) white quarts pebbles com-

prise most of the gravels; such occurrences have no great lateral 

continuity and do not appear to characterise any particular 

area. In short, the variations in composition, else, shape, 

rounding, sorting, and thickness of the gravels appear to be no 

greater regionally than the variations that can be observed in a 

small area. 

In the area of 'spout north of the Sierra Aneha, as pre-

viously noted, the basal conglomerate of the Apache group where 

it directly underlies the Dripping Spring may locally be more 

than 100 feet thick and largely of cobble and boulder gravels. 

Close to the area of lapout, where the Barnes is still under-

lain by at least thin sections of Pioneer, however, the gravels 

are not notably coarser nor the conglomerate thicker than else-

where. This lack of a notable variation close to the area of 

lapout is well illustrated by an exposure along the 'anion of 

Bryant Creek, fi miles southwest of Young (see Diemomd Butte 

Quadrangle). There the Pioneer and most of the lower member 

of the Dripping Spring locally lap against a small hill of older 

Precambrian quartzite and volcanic vatic, A sone of oemented 

rubble, 4 to 12 feet thick, of angular qvartsite blocks mantles 
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this particular fossil hill; thin layers of angular blocks 

extend along a few bedding planes in the Dripping Spring for 

distances of a few tens to a few hundreds of feet away from 

the hill, and oemasiomal lone erraties are seen oven farther 

away. In proximity to the hill, however, the Downes conglom-

erate 'omelets of ene and in places two 6. to 10-inch layers of 

pebbles; where there aro two layers they are separated by about 

a foot of whose. in a few games no eenglomerate was seen 

along the contact between the Pioneer and Dripping Spring for-

mations. In these exposures the gravels are lousily dominated 

by white quarts pebbles, which are unusual in that they are 

largely angular to sUbrounded; however, quartsite and rhyolite 

pebbles are well rounded and overall the eenglomerate is not 

greatly different from many examples seen in areas farther south. 

The transition from the Barnes eonglomerate to the overlying 

nos pebbly ashes is generally only a few lashes thick, but 

transition zones of pebbly arkaso several feet thick have been 

seen in several leealities. A few feet or even a tow teas of 

feet of the arhose that immediately overlies the eonglomerate 

is ordinarily, however, slightly eoarser‘grained than the rest 

of the lower member', 
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lhe asmtaet betimes the Dames bed and the Plower is 

evsoruhere sharp, bull is many plugs Is slightly wadulaterY, 

A tow seattered lasts of s1i disserdenee between 

the larmes amd the Pioneer, amd et Ohommels I to I test deep in 

the top of the Plower hove been sees* ihfertumately, t leper 

part at the Pioneer is almost ever,where a mommtemous segmemos 

of siltstemes, oommonly poorly messed, amd Iii km digitise* 

tiro moster wits; it a regionally angodar woosatermity did nark 

the top et the Pioneer. it would mot be rowillY yesseilimed• 

a fee plases the mpper 6 imehes to 3 toot ot the Plumber, nor* 

molly grayish to blaskish red, is tleaaked greemish gray or 

alms* White* as tragmemis et the Plemeer have been ebeerved 

is the armee or is the basal wholes. enly im the merthernmest 

Imams of out doss Us wheels loner w sr at the Drippimg 

effelas have a purplish ems% that might be attributed to fines 

derived tram the Pioneer* In the two formations seem 

sodlerweble, 

in view of lts obvious lithelegiessi Otis affinity to 

time arloppins Spring qmertsite„ and bemuse it ls generally thim 

and legally even absent, the Barnes eenglemerate should be re-

garded simply as the basal bed of the fir''mppimg Spring quartlite* 

As a stratlgrephie unit the Wee' should be esmsidered a sem-

%aloft marker bed where present, but it should met be affloaded 

termational or member status, 
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Thwer nember or the Dripping Spring gnartsito is et 

resistants nassivieworoppiago hard manse and reldspathie quirts-

nes The lower two.thirds to three.prourths e the nenber. 

exeluding the isrnes--is or pale brims to pale reddish-brom 

or roddishosrange, generally fine." to medise•graineds 

laminated to thlah*bedded. Minty cemented whose, which weathers 

grayishmersage pink to moilostoto brown. MOW the mow lose-

smarter to eme-third Um member is of light gray to pale red 

feldspathic quartsitei Is many places small pebbles 0 light 

gray short and white quarts are sparsely mattered through this 

Oltrtalte. Although the "Moles are net seen in emery outm41041 

and where seniors net in every bedding units scattered pebbles 

sea be esnsidered ehemeeteristie et the quartsite, Outer*, or 

the quartsite tend to be epook-marhed", owing to the weathering 

fry of less firmly emmented aggregates or .mars. In to 

and bedding the quartsite is quite lies the underlying arhsse* 

North or the Sierra kasha, in the area where the fernatim 

thins by lipont, at least s outline of the lower member are 

largely of medium. to 40111490.421111101 ukase, rather thus the 
a a fka 

fine to medium taxi:noodles= In meet :menses, Elsewhere me 

notable lateral differenees in texture have been soon. Threwgh-

out the area or distributions an individual unit of whose is 

fairly well sorted. That is, at a given locality a partite 

unit of several beds nay be mostly e medium.grained sandetene;
be 

that above or below mayAnireall7 tine-gralswids mad littis 

vertical gradation of sand sines sea be seen within a malt. 
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2he entire lower member is eamprised et tabular beds 

Whisk individually exhibit eressestratifleatlea. any of the 

bids are only 4 to 6 lashes thieks but these that eemprIse the 

bulk of the member szossd 4 feet, and in seme axons several 

beds axe 12 to 20 fist la thiehmess, Ihe is 

generally ial) type (seegenerally of the straight or emseave 

Wee and Weir, 1953), and largely it low to mildorsto 00110 

and small to moderate seals. The bedding is ally pima, etched 

into relief by meethiring. and for met outcrops the internal 
16 

erosseatratifleatios so ineenipleueue that the type and seal'
A 

ere di ffleult to determine. Iler is the thine to thishobedding 

sonsplemsus, la most areas 3 to 3 partings at eensistemt strati. 

Viphle position stints stroll" In ovorY smposure id the 

nembool the rest of the bedding porting, are soon only es slime 

emeinatioa, Only rarely are the thinnest bedding snits deftsed 

by partings. The salmi impression of the usual emissive it the 

loser wastimir is of very thick-bedded tabular is with little 

is, - internal structures 
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In the rare areas that the lower neriber has boon deeply 

dampened bedding paring.; between the tabular units and the 

eress*bodding within these its *taboo out in striking relief. 

soveral suck ass is the northers" part of the region 

and in rare examplos elsewhere orems-bedding or medium to large 

scales (5 to 40 feet between planes of trunsatioa) is seen in 

wedgoosheped sets of strata, that eenpriso the thicker beddiag 

units. The dip et these orosobeda in sone areas ormeeds 20 

degrees, but in other plasm it is 10 degrees or loos. Perhaps 

such weligo-obsped sots of ar•sakedse partionlarly those or low 

dip and largo sodas are more provaleat regionally than is new 

sppreaistodi but the bedding restuiss or the nemlber are gerastany 

so As that sash a allossactorlsation cannot at pros** be 

made with oentidonoe. 

Rare shsemels. a tow inehes to a foot or two In depth sad 

as few toot wide. exist between bedding units. Ind if the nest 

prodmint, bedding planes as. orposod In plan view* wallioreseried 

ripplosmarks nay be abradent in the thin &Inatome or silty 

sandstose some that osoasionally nark sulk later-bed surfaces. 

lisposures are rarely adequate* however. for okservation of snek 

teaturos. 

In goneral the upper one Agar or the lomanb member *reps as 

a atilt. and the lower halt as a stoop slope Of WOG. Is 

areas et extreme relief the entire nember.441noluding the beer 
eenglonerato. may torn one atilt. The boundary between the maw. 

sive lessar amber sad the thin-parting %piper umber is emus 

sharp; oemmenly the Vita bedded basal siltatsass and SAMOS it 
fistgibize ritdr=u7 usving a banakt a rawtramsrz.n. M~OIa 

between the nesiters. 84 



Ibpor member 
wirt te 

The upper member of the Dripping Spring temmallima is 

strikingly different from the lower member In that it is of 

thinly stratified units, whisk fern thinly and sonspieususly 

parted outerops. The Ismer tweathirds of the member is dpi. 

namtlye of darkg.eolored siltation's, and the upper one-third 

dominantly of highly teldspathie fine-grained beds that super-

fielally resemble quartzites. Quartsitowlihe beds are singly 

or in sets interbedded with the portions or the member that 

are neatly -siltstonei similarly thin beds and seams or the dark-

eolored siltstene are Numerous in the portions mostly of quartette-

like rock. Thus, the alltstenes same the entire member to be 

relatively dark in color and to contract strongly with the 

flesh-colored strata of the lower members The upper member 

crops out as a slops broken internittently along the eenteur 

by ragged ledges or small cliff*. Thus in topographio expres-

sion, also, it contrasts greatly with the massive-oropping lower 

war. 



la saw arms. as along the sum st the Salt River, 

nest autorosa et the upper assiber are lig/AU esatod or eves 

IregaSad With raddish•orasse to davit reddisholsesis ISavaite. 

!'mss a diatom the rustruseleved sad Wady parted estorsps 

are reatily distinguished fres these st ney other arilber or 

finatisa in Us yeneger t 20.111411110. As a sites 

at alight difforosess in porosity, taxtuesip ossessitioa. and 

oassevire these evatings tilt a sortisial older Wadies. IMO 

bsadissa whisk parallels is his beidlag foatures but net 

aesossartly the Warr features aid way he posasuasedo has tress 

dimiarlbsd (kalsells. 1914 p. 1$) as typioal et the lever try 

and is severally aoseptod as olesseteristio et the satire rene. 

ties. ?he beading is iimly typioal et tive sipper sember and is net 

sea la evevy mitt if this rarer SA all arias. gay sosasioa. 

ally is a sonsideis auspariabls WA osier striping soma ou out. 

imps of the leer asuber• 

so 



 

 

 

 

The strata that enter* aad fresture like irartsites ars 

largely very fine-grained and subordinately fine-grainede 

they. rare beds of *adios or weft worse gprais do exist • 

Oa fresh frasture these sanistease ars grigishossenge Oak to 

dark yellowish brow. Iayr spealneas that appear aegasespioally 

to be largely very tlas. or fine-grained pews lowlier the mime-

soaps to include silt old elm sloe astorial that sesprises 

30 pereent or were of the reek. *ay for the esarow-grained 

reeks. with slaw eassats of tine Estrin., sum the feldspar 

eentest of these ear oars be estinated, Nest sash speeid• 

mars aso &aeon with a sus of 30 to 5$ permit of Otis 

feldspar grains; relatively tow beds aro feldspathie wartsitesi 

with feldspar esateat approaelhing that (25 per of an whose. 

Thereftere these strata will he referred to oellostively as 

wheses• 

Nash et the enliste es. whether fresh or weathered. is vary 

dark in molar. Zs raw &MS• hewevore the siltatese weathers 

deeply to light solorsempellswieh war to woderate besseomend 

with the interbedded firaegralaed Mosso somns a osarsaly 

pereelaaeows texture 4S freshly braes sad natumal surftesse 

as that the two reek typos sum* be readily diatinssished• 

Sem nedifieatioado eiwoolallyet solar, W losathering persists 

to depths ramming from a few foot to a few teas at feet belies 

the outerep. Adjameat frosteres, joints or ether partings 

the leashed siltsteneo esomealy are strongly lapregrated with 

t ctsh-red 5 titala. llarztions or alas 
a vesia st the risi oad and asi tadis that 

west af the leached stoats wad prate to be Si dark 
gitay if they *sold to eloearred below the sem of weatherlog. 
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The siltstimss are highly feldspathie aid slightly to 

moderately miesseous, As noted by Granger and Pomp (1959, 

p. *25. 439), the potassium content of the siltatemes is ab-

normally high for a elastic sedimentary rot*. The K20 analyses 

of specimens from six widely separated outcrops, of the prin-

sipal siltstcns unit in the lover one-third of the member, ranged 

from 10.7 to 14,5 percent X20, and the average of the six speei-

mane vas 12.3 percent, Pine-grained write is abundantly die-

seminated throughout the siltstenes, is the main same of their 

dark color, and is the mineral that alters abumdantly to limonite', 

'mall amounts of earbenseesus material also contribute to the 

wisp, and in some plisses thin seams of rinefgralasd graphite 

have been meted (see framger amd gaup, 1959, p, 442.443). 
Pyrite also odours In musk lesser amounts in the arheses, prin-

oips sling Joints, fraetures, and stilelitm6 

The siltstemes ape uraniferems„ and loftily include suf. 

fielent uraninite and seeendary uranium minerals so that during 

1950055 the upper member was intensively prospected for uranium 

ergs, especially in northern Oils Coumty, Although the entire 

member is a, ally radies etive. an appreelable part of the 

radieastivity is attributable to the high potassium contest sr 

the strata, asserding to imager and Pomp (1959, 111,6 438-439). 
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Seeause of the variations in surfleial aspects depending 

on expesure--tor instance, the difficulty in distinguishing 

siltsteme from similar appearing fine-grained 

arkeses--the tope and bottoms or stratigraphic submits of the 

upper member are difficult to consistently define and precisely 

eorrelate from one locality to another. PUrthermere, the upper 

member or the Dripping Spring is one of the units of the Apache 

group pervasively displaced by diabase intrusions, so subunits 

most be traced laterally and their original lithology may be 

obscured by metamorphic +afoot*. Subunits of the member seem-

ingly vary in thickness and are somewhat differently positioned 

in the vertleal 'equines as viewed in different localities. Ob-

vious gross lithologie features and bedding structures, however, 

do eharasterise certain groups of beds. Perhaps future detailed 

stratigraphie studies will indicate a widespread consistency in 

the subunits of the member. At present only generalisations 

can be made, The *cotton described in table 2 is probably 

representative of at least those sections north or the Gila liver. 

Pive gross units are readily recognised in most sections 

or the upper member. The three most eonspicuous are an upper-

most unit dominated by arkose, which comprises the upper one-

quarter to one-third of the member, and two relatively thick 

units of siltstone„ which comprise much of the lower two-thirds 

of the member. The two siltstone units are separated by, and 

the lower siltstone underlain by units dominated by beds of 

arkose. Both principal siltstone units also include thin tabular 

or sub-tabular beds of aria).* or thin sets of such beds. 
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Tie lowest arkose unit wives the basal 20 to 50 feet 

of most sestlems. These &Asses are generally very fine-grained 

and are notably misaeseus in handspeelmen, whisk is not neees 

eerily true of the higher arkoses, and they have a tendeney to 

weather more to reddish hues than do the higher arkoses. In-

dividual strata are thin to very thin, eommonly are separated 

by thin seams of slightly finer grain, and are thinly parted on 

the outage,. The basal several feet of the unit oommonly in-

cludes as mach siltstene as ukase. Conselquently the wiper 

part, with fewer siltatone seams* ereps as a ragged or hacly 

fractured ledge or small cliff that over or tops the lower 

part, which forms a steep slope that reoodes back from the bench 

that marks the contact between the upper and lower members. 

Somewhere in the interval 70 to 140 feet above the base of 

the upper member, or about one-third of the way up in the member, 

the two prominent siltstene units are separated by a unit, 10 

to 35 feet thick, that is mostly of very fine-grained to medium-

grained *rime and feldspathic quartzite. The basal 20 to 40 

feet of the upper 'Inatome unit eommonly includes many thin 

interbods of similar arkose mad the top of this arkose unit can 

be particularly diffieult to define. These interbedded silt-

stomas and arkoses and the arkose unit osemonly form a cliff 

exposure in the 'anyone. Away from the canyons the arkose unit 

may form the only ledge exposed in the middle part of the member. 
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Commonly aggregates of sand selectively weather free of 

the outcrops of the coarser-grained beds of this unit, leaving 

abundant pits ordinarily less than one inch in diameter but in 

some examples as muoh as four inches across. Such Ppook-marks" 

are also found in other sandstones of the upper member, but seem 

to typify this arkose more regularly than any other. 

In many areas the two prominent siltatone units are thickly 

littered with flaggy and slabby rubble, but in much of northern 

Gila County both siltstone units crop out as steep smooth dark-

oolored slopes, slightly convex upward, that are virtually free 

of rock debris and vegetation. Apparently, where considerable 

sulfate is being released by weathering of the highly pyritic 

'Mistakes, vegetation *afloat flourish. And much of the silt-

stone exfoliates in small ships that, with the coarse debris 

from the uppermost quartaitic *rime unit, readily travel down. 

stops and off the steep *Miaow outcrops. such barren slopes 

seem to be particularly prevalent where a thick diabase sill is 

in proximity to the upper member of the Dripping Spring. In 

as places in northern Gila County, the observer can readily 

visualise the relative positions of the various units of the 

upper member from distanses of 1 to 3 miles, owing to the eon-

kplausus parallel reek sears that mark the two principal silt-

stone units. in areas farther south, partieularly at lower 

elevations where the vegetation seems to be more tolerant and 

all outcrops tend to support loss vegetation, the siltstone ex. 

poSures are not so oonspicuous. Mut they eommonly are still 

crudely marked by a relative lack of cover. 
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This-bedded fine. to medium-grained arkose ordinarily 

dominates the upper 100 to 130 feet, or roughly the upper sue. 

third of the member. In some plaees, if the strata have been 

aecurately differentiated in the field, as little as flo feet 

of the upper part of the member is arkose. Freshly broken sur. 

false of this rook range from grayish-orange pink to light 

brownish gray or pale yellowish brown, and the rook weathers to 

rusty yellowish brown eelers rather than the dusky red hues of 

the lowest mime unite Thus in hand specimen or from a die-

tanee this upper unit is lighter la color than the other emboss 

units of the member. amorally the lower 50 feet of the unit 

ineludes beds or slightly eilarser grain, *anteing fewer siltstene 

layers, and is thielmer bedded and less foldspathie than the re. 

malodor of the unit. In many legalities the upper 5 to 30 feet 

of the %mit ineludes =Nereus siltetome layers or is mostly of 

siltsteme. The tamp eme.half of the unit eemmenly is a slim 

former or craps as a very steep slope of ledges; the upper half 

grope as thin ledges en a moderate to very steep slope. Mere 

this whose is exposed in the bottom St a ammo ordinarily the 

entire .it is a eliff.former. 
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The *Mater a. amd *whose* are stratified and oreseft 

stratified in thin tabular bed* sod irmmplarUrpimahimg and 

swelling beds, whit* range tram • frostiest of an i_k te 3 feet 

is thiehness, This Immimse are ehasseteristie (fig. 7). 

nem laminatiois and irringular bedding in mpper 

Wirer of Dripping wiq%artsite. linsteme et molt 8,aripp 

table 2. 1Pbetegraph by C. Wruebe. 

VIINIOIMPOIMmieftm 

The schemes are somewhat thieher bedded them the &Mitoses, sod 

these beds that amiss the lower 50 feet at this OPPsr &Wm, 

wait are generally the thiehest.hedded of all. ladsveske *54 

'Apple marks may be observed sparsely is ome leeality but 

abumiently in the same stratigraphie tootles nearby. nese 

tisatures and stylelites are partietlarlymammdiat in but are not 

~misted to the sinstomes. Ihe stylelites eammemly have an 

amplitude of um' than 1/4 Inaba but amplitudes emeeeding I ingh 
have been meted. Many seen Si mnleaehed *Metes*, are filled 

with pyrite and some inelude earhomasssue material. Ibis* in 

the leashed reek invariably are loot for aboulant limonite. 

Large gels, uhleh gut thromgh the *Inatome* and any ineluded 

sasses and are filled with similarly interbedded sinsteme* 

and gmartsites, love teen noted in a feu legalities north of 

the Salt River, tut are rare. These soon by the writer, in the 

lower &Materna welt and in the saese melt that separates the 

twe *Mates* units, range tram 20 to 30 feet in OA* and 200
U.no tall in width. Onager and "Wive (M.,. WM) haw mop
a ehommel Meat 50 feet deep amd 700 rues wise at the esters,
whisk apparently outs into the lower member. 
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FIGURE 7. TYPICAL LAMINATION AND IRREGULAR BEDDING IN UPPER 
MEMBER OF DRIPPING SPRING QUARTZITE. 

Siltstone of unit 8, table 2. Photograph by C. T. Wrucke. 



 

Additionally the lower &Mateo* unit exhibits small assured 

Ohonnels, diish are filled with silty to fine.grained =obese. 

These se -fill strueturess dsssribsd bristly by Oranger 

and Damp (19,9, p. 437.438 and fig. 55). are partieularly strik-

ing where exposed in arose **ottani (fig. 8). Bush filled 

• 

Figure strustures sad sompaetion features in 

siltstomes of the upper member of the Dripping Spring 

quartsite. Canyon of Cherry Creek in XS* sec. 10,T. 7111., 

R. 141. (unsurveyed). 

11110111011. 

mss seemingly are rare in one seetion but very abundant 

is • stratigraphioally equivalent seetion net fir distant. 

Dreams* the seouripand-fill phenomena are unusual in their trends 

and distributions:And therefere their possible genetic; implies. 

tains, they warrant partioular note. 

Cress seetions of the 'kennel fills range twos about 1 Sash 

to as nueb as 8 feet la width; meet range free 6 lashes to 

21 feet in width. The depth of many of the smaller Mammals 

is roughly the ease as the width, but the depths or the larger 

Manned. are eommenly one-third to throe-garters of the width, 

and some of the wider tills are even lentieular or plate.lihe 

in erose.seetion rather than evudely elliptioals Figure 8 il-

lustrates a variety of the asp-eeetional fermi displayed by 

the fills. and a typleal range or sises in a given oaten,. 
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FIGURE 8. SCOUR-AND-FILL STRUCTURES AND °IMPACTION FEATURES 
IN SILTSTONIS OF THE UPPER MENDER OF THE DRIPPING 
SPRING QUARTZITE. 

Canyon of Cherry Creek in NE} sec. 10, T. TN., R. 14E. 
(unsurveyed). 



 

Ihe eseur-amd-fIll features ordinarily are met well ex-

posed is longitudinal *mitten la the same outcrop that exposer 

ores. eeetione. tere the ratio of lemethe to diameters 

of the fills, vkiek awe widely eigerwikopedo is not well demo. 

moisd. Prom two different leoalitieeo ter several 'stores 

rangimg tree 6 inahss to 2j test in diameter the lemithe 4,11 the 

tills were determined as 20 to 30 timer their widtheo 

A unique feature of the e3gar4lhe tills is 1sistem4 

neeruparallel alignments areally amd stratigrephieally. The 

fills of a given outer* eommonly show a variation in axial 

trend, sr only le to lye, and througheat a large area they 

exhibit a range of tremolo only slightlY Orobster. ftrisamigis 

in the Meradden Peak quadrangles an area of about 250 square 

Eliseo the axial trends tall within the range I. et. - I. 25° I. 

At the latitude of glebe the axes measured were of 1111. 3". to 

I. le 1. trend; wherever sees throughout the region all were 

of northerly direetion. 
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'he lower surfaiss 0 the fills are neatly resided and 

Wswshe•lihe La cress esetleal the upper ~Amu arch gently 

spwaid erase almost flat. Ths MUM, eve Imarlably ltikler 

oilseed and slightly searser-gmaimed than the siltation* La 

Shish the seems were eroded. !he dimes emboss that tills the 

assume mey not show pereeptible bedding, h it seen the *Ostia, 

tiostioa of these sores is List bed, herlsental and finely 

laminated. The siltation enrisumdiag the ewes skew sorbed 

sompaitioa phenomena. Ike hest strata s1 the lower slice 

of a fill are truniatedi additionally they sommeals warp 

abruptly deenward where they terminate against the sere imiterial 

(fiS4 8). In many ememples the thinly laminated hest siltstemes 

are se intrioately Mad where they impinge against the *ores 

that details 0 the ndents folds are di:float to tines. eh* 
siltsteee strata arch gently ever the we. amd are mit true-

sated against then. The offsets of simpastlaw einimenly persist, 

through the Imitated sr thinly bedded siltatimes, for diatoms* 

of several iodises or even a few toot above and below the fills. 

Seeendary Maly partings, developed abundantly in weathered 

empesures et the entities., emphasise the dreping *Mete of 

sompaition. 

in the traction et an inek et siltsteme that is arched 

innediately over maw et the saadstene sores shrinkage smoke 

eeneenly exist an abungisase• nese moderask•like features are 

somewhat irregular in outline, but grossly all are widely 

alined normal to the ands of the eeres. Possibly these shriek. 

age speaks also are partially or wholly *Mots of esipastion. 
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insonspismous, as is shown in as. 9. In fast. unless outerops 

YlOws 9.-.Seour.and.fill &trusty:roe of Dripping 'prim, quartz-

ite viewed in longitudinal emotion. Seth ends of pick 

are against amour fills. 3 legality as fig. 8. 

are examined gamely and the sores identified and trased later. 

ally, those features eommonly will be overlooked. As a promi-

nent Joint set' in the upper member ordinarily paranoia the 

"eigarsm, longitudinal sestions are moresommonly exposed by 

erosion than cross emotions. Thorefero, the seour-and.fill 

features *ribaldly 's, net noted in the abundanee that they 

exist. Namy examples of apparsat modules% bedding, snob as 

that depleted in figure 7* are actually exposures of automat 

along a vortioal fie* that is neither normal nor parallel to 

the trend et the seour.and-fill struoturos. All irregular 

bedding eannot be ascribed, however, to stub features. 

lho seour.and-fill strusturos oommonly exist through 

stratigraphie Intervals of 20 to 300 toot, and may oharaoterise 

the attire loner' siltation unit. They hams mot Immotimptimi In 

the upper siltstons emit. They have boon = as far south as 

the latitude of Superior. I have not given partleular hood to 

this part of the softiet farther south, and other geologists 

have net reported them. Tory likely the seouraandwfill strue. 

tures do exist mush farther south, but whether they exist 

throughout the region of outer", of the Dripping Spring remains 
to be dWassemined. 
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FIGURE 9. SCOUR-AND-FILL STRUCTURES OF DRIPPING SPRING QUARTZITE 
VIEWED IN LONGITUDINAL SECTION. 

Both ends of pick are against scour fills. Same locality 
as figura 8. 
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Neecal limestose 

The Mescal limestone. se herein redefined and deeeribed. 

includes several features and verist lows that have net 

previously been eessidered tategral amts of the formation. 

Me asecal was deeeribed by Manseme (lila. p. 42-48). who 

donned the tormatien. as seemposed of this beds that have 

a varied range of ogler but are persisteatly shorty. The 

silieseus segregratiens as a rule form irregular layer', 

parallel with the bedding plume, sad en esethered annum, 

thee* layers stand out is relief sand give the linesteae 

the rough. gnarled baadtag that is its meet shaseeterietie 

feature.° ige further deeertbed the fermaties as ineluding 

limeetones and dolonitie limeetemee with or without short. 

Derton (MX) indisated the, the formatlea isslades °a large 

amens* of algal material," sod Wilson (Me, p. II) meted 

that °the upper puttee of meet seetioas0000estaLas a massive. 

algal membereoPthat le as imports.* hefts's writer.° la 

meet deeeriptiene. however. the formation has bees typified 

so a hard. than-looddedi shorty, dolomitic limeeteasto para-

phrasing Nansomess early doeeriptions. 
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Tks Unseal 'Sweetest) is divisible Late three readily 

distinguished mores a this- so thisb-bedded lower ear.. 

boasts member (1.0-2,0 feet thieh)g a stromatelite-beartes, 

is part eassive-mooppias Middle member (410-ii0 feet thiok)1 

*Mew member as asok as 100 feetaad a alltaama 

tissue Is easy areas smith of the Gila liver, the ibeeal 
limesrz-ne 
losese*se is eatirely missies swift too destrustion during 

ebbe or more et the mrosiomal. episode. that resulted is the 

oneoafeweities that bowed everOtai foraatioaa of Praaaatortaa 

es losiemseie age* The saddle as lower ors persist 

'however the abeeal is reemasei thostb a Part of tits aidlika 

member is seembely sissies twine to Prommlfter orsaloa. Tlts 

upper member is apps wily oboes* everywhere south of the 

latitude of alseeeveit 2006 
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The earbomate members et the boost are somprised, la 

dattompat areas, et three distieetly ditterent Ilthelegies, 

toket ebileh realest neditylas geotegae prooseeee after the 

easheaste reeks gore lithatled, The eraiSall deftesat* 

salts were shorty dotematee, gale* are aloe very eshordlnate 

is esaataty in most areas. Mont, as a eenseemewee *t deep 

leashing before sad during the time et depositiem et the 

Troy sandstones, the doloaltie members were eemptetely 

ollieltled la some areas and at least in slight degree 

remdered more shiseous throughout the maws et 10,11000.11 

outerops. Tho larger limey* areas la *ash the eherty dote* 

mate. were eenverted eenptetely or slasat eompletely to 

terraganous abort are outlined ea figure $4 laot4-4. 

emeepting emptietal weathering phememewa et lots Cameaele 

tlue—g.sad tonal i7 nest pervasive modAtteatiem -is the 

motemorphio *fleet missed by emematieme tram diabase silts, 

'bleb Wasted the Mbseal *tweet everYwhows• 10110 110,16 

morphia*, the last Promeambrima goes* vasorded is the rooks. 

soused the seetions ot shorty dolomite and dolomitie sew* 

Lions only partially silleitiod to too apayeeted to aaatioao 

obolly or islaisat *holly oft oillsate*baaria, ealaito limeatema• 

Madding ebarestaristleo wog, is part obaarrad by tie aortae. 

morpbiomp Therefore the metamorphosed earbeeete egotism* 

are of dittereat aspect thee the uametsmeephosed sonless, 

sa ere deeeribed eoperately Ls the tell/Aims pages. 
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Yew satemelve outerepo of eheetp dolomites aro Mews. 

Iftmetemerphosed Masan osiers through as ores of shout SO 

square miles that smtemde sort% and wet from Sombroro lit** 

also the oast side) dot Clump Croft Case Wadden Pleb 

quadrangle for Lesation)• Ina smelter asses of shaft dele• 

mite enlist in the vistaitp et bill Campos at the south mod 

of-tho Stesive Melo (hNedden smadoemsto). immodistolp Mss 

of MIShoddea /Noah in the *astral port air las Stem Ameba. 

elb tao upper meshes of llsigl MR's* 10 m4ies mega of 

Usage is the wisimity of laisowelt 0004 sod in a narrow 

bolt that emissida shout lf ails. Matt loss V. B. ity 

it sues the earth rim of the Nhismee Plateau. The following 

deeerottens ars draws largely tram those smaaP100. Amither 

south only a few very small areas of ummetsmorphoesd eherty 

de/omits have bees r000guised. lime Mews to the writer are 

on the southeast Slam id the Apsehe Mbuntsims, as widely 

000htorod looalitioe La the *seal Inumtalme, sad aloft the 

oast flask of the Velma Muntsiass lesesse's d000riptioss 

sad map of The &Knits. Spring somas suggeet that a 

tow osattoped outorops nap owlet La that raw. Met other 

omposures •i the ihesal are pertly or eatirolp essammorphia 

iissellomosuoirdlaarily the Letter', 
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Stratigraphy of ummetamerpheeed *mottoes 

The ',queues of unite shown is table IS to quits 

Table I. Beetle* of unmetamorphoesd sisal limeoteae. 

repreeemtative of the **queues as seen regionally. The lever 

member of this partieular *males is possibly the thiekeets 

korner, of any smitten seen to date. The middle member 

of table is somewhat thieker than In the *versa* settee, 

but thinker /mittens exist. The seetioa Is further **Weal, 

as will be deeerthed later, in that it was measured in oae 

of the three mall areas where • basalt flow separates the 

middle and upper membere •t the eel. 



Lower member 

The lower member ore the Ilmeeele where net metamerphosed, 

is eompeeed of dolomites meet. but not all, beds of this 

member Leolnde spare, to abandon* eller* se thin, iswegslaro 

diseentiameee beads that parallel bedding, The dolomite is 

dome* to fiewbgrataed and ranges tree pellowish broom through 

pale rod to grapieb wads brownish hues donimele nest seetioaa, 

but some are mostly of 'medial delemite• The *best ranges 

from lamp so *leek is **Legs that meet Obemioat ter sight 

to medium gimps Is gemessi the dark hues of obey* are to 

the loser hail of the webers upward la the lower mod middle 

members the short gemerally is light is *bier sad mere 

massive. sad mep oilier is relatively think. irregular heeds. 

modules or lestieelar aggregatee elf modeles that only gresely 

mask beddiag• The darbioeolered Ober, that formed ems. 

tomperemeowely or meerip eentemperemeemelp with She depot 

ties of dolomites mm eh et the lightfteeleved short le that 

formed eentemperanesselp with the developmest of haslet 

topography and ether features of lesehlas• The cher% 'tame 

sat of the dolomite as weathering remitting. as ethers have 

noted previesely, In a verp rough ihrwegniar beadles et 

onterope• Throughest the regiee individual mails of the 

lever member are distimetive in distribution Sad habit of 

iaeluded short and is bedding teatereei se that the atesta.6 

serphie peeitles of a gives eeterep *ea he Moues amed 'atlas 

narrow limits. 
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Aceordiag to sens (MO. p. 11118) in *ha sir Park 

of %ha Orippiss Spry quartette *tbo beds Immo thia. name 

sad pasty. with a tendesay to grad* into the Ilsoeal limeatones* 

Gesorailys the boundary be/mesa the fornstioaa has bees 

seeepted as goadetiosalo and ease indeelsios has masted 

as to the stratigraphio Morisco that should be used as 

eartographie boundary between that fornations, Astually the 

tee tospections are separated. for 811 praetioai pa sea 

overywhero, by a distiastivo sandstone uait. Turthornores 

the bass 44 this oandstose unit sorbs as usseatorsity. sad 
I.1 met.ra%e 

this sesdstose is gesetieally a part of the Neses1 Somnottimb 
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This basal sandotene probably overseas $ to d feat is 

tblehaessi is a few please it lo only $ tem limbo, thiek 

or does stet masts is *biers it is as musk as 1$ foot bilk. 

The sandstone is 111-~teds it is gemerilly modimn-gralnedo 

but **arse to vary soars*, melliorounded grains of steer 

vitreous quarts sad smoky opaleseent abort are abarnoteristio 

as sbundaat individual grata. sad irregular aggregatos. Buell 

grains are also spars* to abuadaat la the basal Law foot to 

tow tons of goat of tbe *implying empboaato aeation, In 

planes tae sandstone is thinly eress-.bedded, la ether pisees 

slump. structures are someone and is still otbir areas the 

resit is massive sad esseatially struetureleas. The comp*-, 

onion varies. Ordinarily the unit is a moderately well 

eseented ethos*, but is plasm' it is a bard quartsito vir-

tually frees of feldspar. Tim sandston* is slightly dolomitio.--

or oaleitleo if metamorpbosed adjacent to disbar*. Reddish.. 

brown limoalto abundantly mottle* and veins the outcrops of 

arkos*. 
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Tho oasts is boluses this sandstone and the overlying 

sad underlying units are both sharp. Is many plass*, but 

only along short lateral intervals, tbo sandstone ovorlios 

a bale, 0 to SO limbos tide*, of angular skips of 'lit-

otes* sr quartnitio *Eliseo, obviously derived ties tbe 
_

uppermost beds et the Dripplog Spring Siii666on after it 

was lithiflod. This broosis bas a estila of dolomitic* 

sandstone. hardly angular fragments from tit Dripping 

Spring aro found in the saadstoso ovorlying tho *regional 

saeontormity or *von in the dolomite that overlios the seed-

stem*. 

108 



The large dist/native grains of querts and short, the 

eerbeigate seatmit sad poor sorting souse the separating 

sandstone to be quit* different fres any unit is the 

Dripping Spring. Those features, the brassie that loaslly 

marks its base, and the feldspathic saterial that represents--

at least in part-i-eveded sad redeposited material Iron the 

Dripping Spring Indio*** that the sandstone unit should be 

considered the genetics equivelest of a basal eoagloserete 

of the ISseal limestone. Wherever, north of the iii la River. 

the cutest betwees the formals*. has been eritioally 

examlaed the above features have bees' noted. In pls.*s the 

this-bedded siltstose or silty *rhos* that ordinarily is 

found at the top of the uppermost ark*** unit of the 

Dripping Spring appeers to be thin or sissies. Perhaps, 

therefore, sigalfieent erosion did **cur after the Dripping 

Spring vas lithitied and before the Missal was deposited* 

Is some eritleal areas where the upper part of the Dripping 

Spring seems to be thinned, however. the outereps are poor 

and subjeet to more than oneidentifieaties. Furthermore, 

sone apparent lateral varieties. observed in the upper 

member say be attributable to vartatisas in sedinestativa* 

Our understandias of gush variations is wasting. Noodles 

a bettor uaderstanding of the stratigrephy of the upper 

member of the Dripping Spring. the ueeestermity between the 

formations probably should not be visualised as represeatiag 

a profound hiatus-...nor should the possibility be ignored. 
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Almost everywhere the poorly serted saadstono malt 

crops out as a absolve, wouaded ledge, whit* eenspieueusly 

separates the Dripping Syria' sad,Waseal lass044pease Where, 

the seadstoae is this, as aloes mush of the easy,* ef Belt 

River east of Csayon Creek, the malt slay sot be readily 

reeognised due to a sever at debris shed is overlying 

watts. Beam's* the unit is everywhere thin and 'Drops as 

a ledges as a prastioal matters no appreeiable eartographic 

error is asda St the base of the overlying earboaste 

unit is mapped as the soatast between torastioas. 
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abeve. bat al sands/on, 0; /ke, Mao; ccd 
Le s bine.** at dolomite. WIWI is Fatly" 15 to 40 feet 

Shish but mar be Weser or mmeh thieher4 T710106117 Ibis 

salt is tromprised of mossy dolomite bleshs, raagiag is 

dimeseieme tree small ships to siabe t by 10 by SO fee,, 

la a streets's/hese marts et paie red or grerishayred to 

grayieb-oraage silty dolortim. bleehe as greeely 

similar to the *hefty dolomite. of the meet higher salt. 

/laic is *MOOG where the broods unit is *bleb, annals slabs 

mss be eepreleted—oby peealiarities of the individual short 

heeds, or the eequesee of Media' .r bedding fostureswevith 

flat*Iring beds that /overlie s thin unit of the breeeis in 

&dimwit areas, La feet'is pleeee Wang the upper margins 

of the breads some sighs, surreuaded br typieel matins 

material,, are separated only a few. imehes tree their magi-. 

sal bedding positioe. The bleebs, la Oltieh the beadles say 

be approximately hertseatal or is diverse orieatatleas up 

to vertleal, may be sparsely distributed to the matrix or 

ably spewed with eomparatively little matrix. Small 

fragmeets are most abundant La the basal part of the bresela, 

and the matrix materiel may oompriee • 14111110 pert of this 

art tom .1 the bromic' Very largo blocks may ho timed 

earwhere Ls the breeela, but goaerally are most numerous 

near the top. N. voids exist is the Moodie. The matrix 

at the basal (as feet of the unit oommealy iesludeo abuedeat 

oesree grains et quarts and abort like these that shares-

torts* the basal saadsteees sad is easy plows swab grates 

are sparsely distributed through the matrix of the greeter 

part of the browns. 
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Tow breeela ordinarily weathers to a smooth relatively 

jeans slopes the fragments wad blocks of dolomite do not 

etch into relief and are distinguished from the matrix only 

on careful observation. Furthermore the slopes *collect mush 

debris. Degauss of poor exposures and imposes* weathering 

toads to obscure rather than define the breocia„ but does 

emphasise the silty and sandy nature of the natrix, in 

most exposures the breasts would he identified as a dolo-

little outline**. For this reason the fine-grained elastic 

rocks of the Dripping Spring have been visualised as grada-

tional into the Missal. On metamorphism the sedimentary 

structures in the breccia blocks were partially obliterated, 

and the quarts grains and cohort were partly or eonplet•ly 

converted to silicate minerals. Unless excelleat exposures 

exist, thin material also would be identified in the field 

as a metamorphosed mudstone. Everywhere, good exposures 

en cliffs or is fresh outs through the unit, whether it 

is metamorphosed or sot, belie this identification and 

reveal the breed's charaeteristies. The origin of this 

broad is will be considered after some features of the seat 

two distinctive stretigraphie salts are deseribed. 
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la the *won of the Solt River, in the mouth of 

Casyos Creek sad U. 8. Iii 00. tie Smoot. to this *r 

siostag, sad is the *se basal cost for sees by the writer 

to tie Yokel Ilbsataisa there is so breeets. fterywhere 

else, if this part *1 tie aseties bee bees sfterded *eyeful 

attention. the bressis is. bees reeogaised. In sad sear 

the Sierra Ameba it lo about 100 feet thigh is s tow place.. 

The overlying shorty dolomite sett it rotatively this where 

the breeels le Shish. sad vise verse. Dots eellested se 

tie preeest. however. ere inadequate to geserelise that tie 

thishaossee *1 Si. two malts are strietly to Lavern pre* 

poptiess. Is the Odes Posh emmixesigle these Sr. salt* 

eompriao rov*ly the &ewer ose*fourth of the lower member. 

The breasts le treseitiesal upward, by lees breeeistion 

sad lees diversity is oriestaties of Si. bleak*, tats fist-

bedded, mseaive*ereppiss. this* to Utak-bedded (144 feet) 

pale brows. or pale rod to grOyiehared dolomite that ieeludee 

&headset short, *Wok sassily is derhfteolored. Very trvegulsr 

layers of browsiah*grey to flask short are 1/10 Sash to 

4 lashes tusk sod appear. is the presimeatly *tithed sate 

erepe. to eompriee 20 to 00 pereest of wish bed. Is meat 

Obese tile very shorty dolomite *repo out as a elope; is 

steep-wslled esmyese Si. wait oommesly forme cliff,. 
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The nest overlying salt is •f this to thick (1.4 feet) 

beds of dolomite that alters.** with 'Mods of shorty diatomite 

of oompsrable thiskaesses. Sea* beds duds appreelabie 

abort *sly through the upper moo-third t• o*.-bslf of their 

thicksessee. The *hearty beds are much like these lower 

is tbe *mottos., In unmetamorphose4 mastless that have bees 

studied this 20.. to 20-.toot think group of beds is a striking 

marker du* to the eltormation of eherty and short.-tree beds. 

The abuadanee and digt,/buttes of silleate minerals is some 

metamorphosed rootless suggest that 'easily most of the 

bets tasludod abort, and that such an altermaties et beds 

may not be typical of all sections. This unit ordinarily 

armours within that interval 110411 feet above the base of 

the *meal. 
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A few short-free beds of this malt eahibit peowliar 

srkiags, not yet ld•atitied. As viewed •a bedding planes 

tees• markings look like *austere of reeds or blades, whisk 

lie parallel to th♦ beddiag surto** and radiate out from 

a minter. Where as individual *cluster* is completely 

exposed the reed-like impress ions do met radiate through 

260 of arc but subtend two opposite ad to 9d ores of a 

circle, like a sheaf of straw gathered tightly at the middle. 

The boa( dimension of the abaati-like markings ordiaarily 

ranges from 2 to d inches, but form as mush se 2 feet 

across have been mma. TM markings everywhere are so 

•bundant that the °sheaves" lap one on top of another. In 

any given bed of a gi►en arcs► the individual 'beeves are 

fairly uniform in sine--tor exanple, 2 to 3 inches. But 

in a different bed in the same arm' the markings may be 

uniformly of a different 1se--say, d to 7 inches. 

The markings ordinarily are mot conspicuous in the 

outcrop of unmetemorphosed dolomites, but where the en-

closing beds have, been converted to calcitic limestones 

the markings weather out very conspisuously. The metamorphic 

limestones tend to part readily, or eves be *holy; and it 

such host beds are pulled apart on the splitting planes, 

every plane of easy separation is marked by ties. imprints. 
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la a eroseubseetioael view of the best beds the features 

ordinarily are defined *sly by diseoatinueus and elightly 

irregular films .1 silt arranged subperellel to the priasipal 

adjaseat beddiag planes. Is room ritoropo bedding edges 

shwas anastemesing patters of otiosely *pawed silt films, 

parte of whisk diverge as mash as 00 from the immoral plane 

of bedding. In .resew-seetieuel view one Nshoefg.libe 4i/tasters 

is difficult to distiaguish from aaether. 

Moos markings exist throughout beds or sets of beds, 

smaglimg tree 1 to 0 feet hill, that are separated by thole-

mite or shorty dolomite beds of eemparable thiehaesses but 

tree of the features. Leeally, ssymmetrie ripplemarke are 

abundantly preserved is the Matervealag delimited, beds' 

rtpplemarks have bees 'toted is other intervals of the lower 

member but aro ooaperatively rare. The beds that Smiled* 

the eheat-lihe marhiage ordinarily are is the lower 10 to 

L0 feet of the wait, but they hove bees sees throughout 

the unit. Is unit 4 of the *sett** deseribed la table 3. 

as ea enemples the markings shareeteriso 0 beds that are 

inter epereed throughout She 20-.feet unit. Whorever this 

stretigraphie interval has bee* earefully amimed north 

of Globe the earkiags have bees found. Farther south as 

seareb has bees made for them. 
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Idestiftestion of thoso peouliar martiage has bees 

sought, without suceoss. At first the foaturos wet, noted 

only on weathempod outcrops of silleated limestone beds, 

and it could b• spooulatod that they wore the remnant in. 

prossions of clustors of some oiliest* mist/oral now wootherod 

away. Rocoguition of the &uproarious on !vitality exposed 

parting pianos, as well as in coaplatsly unaltorad doloait• 

bads mad* this spoculation uatsasbl•. Sono considoration 

has boon given to tho possibilitios that they ropresont 

imprints of ephomeral ice crystals, which night have tormod 

on oxposod nud -flats, or imprints of inorganic crystals 

such as ovaporito salts, whisk are now loaehod sway. No 

crystal forms quite like those. 'markings have sou* to my 

attontion. Ths, "sheaf -boariag" hods apparently *slot as 

stratigrephie ostittos throughout an area of at limit 2,$00 

square silos. Porhaps the uniformity is sin* of the "shoavos" 

in a given bed of a partioular arose and their different 

but uniform siso is a diffsrost bed or different locality, 

night bo enplainod as impressions of organic refrains--

probably plant remains. Such organisms might kayo boon 

particularly sonsitivo to onvironuental factors, such as 

water salinity% or touperaturo,so that at a given plass 

and tie* they devoloped only in cortata vises. Tim stromate.. 

lilies of the middle aombor, whisk undoubtodly aro of organic 

origin, onhibit analogous obarseteristios that Rust reflect 

osiaraament. Paloontologiste have not advisod no of organic 

imprints of thou, sheaf-like forms. Tho origin of the 

markings routine en maim'. 
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The unit last deeeribed and the shorty dolomite snit 

that laterwenes betimes it sad the dolemite brevet. legally 

exhibit slump features OT slight breceiaties. Bedding 

laniese say be slightly distorted or &ritually disrupted. 

and bedding data are "blurred" or vague. as though 

slumping oecurred before the earbonate mud was eempletely 

lithigied. Is other outcrops ',rowels tregmeats have sharp 

outlines but. unlike the basal breasts. are in a matrix 

of dolomite indistinguishable fres that of the fragmeate. 

Ose of the comeliest namiiestatioas of seek disruption is 

seen in the dark short bands, which appear to be pulled 

apart as aagular bleak. and the narrow spa*** betimes the 

bleeks filled with dolomite. The resulting band of short 

is actually a train of small angular bleeks that parallels 

the bedding. In many instaaeas the blocks are oaly slightly 

or not perceptibly reoriented. 
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Comsealy tie slum and nine, brawls features are 

confined le see bed sad *PO met nessesetily tosad is the 

beds immediately above .r below, though at a Las slity met 

far swap the edjeeeat beds may insluge elellar teaturee* 

Flpthermers, in a few are.. where the malt of altermatimg 

WiwortY dmolositoo sad eherteifree dolomites eghiblts annerous 

*magpies of slopping mad breesistiem, the Sep of seal dia' 

rioted bed to nerted 'ovally by as la4rafeigatienal eemilenevate, 

•few lashes thick, ei eubanguier gramuiee or small Viler 

of elbows similar to that in underlying bade. The sharp 

*dies el these short gravel* generally are emir *lightly 

remade& by ebrasloe• Pebbles of delegate, obleh aye revel, 

seen, ordinarily are well.peumded bat *1 peer epherieSty. 

Is some ememples is whisk the skert fiagneats show no abr. -

•L it sea be recognised that they were derived from the 

bed oe whisk they lie, ladleating that the ahem* beads 

*misted in the underlying bed before the nest bed of Oberty 

eerboaste wee deposited. Furthermore, Ike eneellemt preser-

vette* of delleste beddiag details is the beds aad la the 

reworked dolomite *sad setrin of the eoeglogerates suggests 

that the beds initially, or sliest Sultially, were ~prised 

of eelemite. It the beds bad bass Laid dews as limestones, 

abteb were delogitised and reerystallised at a still later 

time, the details of original bedding probably would haw* 

boo* obsoured. 
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The leases of Latratormational coagloserate have been 

aoted only is a few lecalities la aorthera Oils County, 

but where they are eeaspieuous the beds of the interval 

30-00 feet below exhibit 'tumorous—though perhaps widely 

spaced—enamplea of leeal slumplag or breselatioa. nue 

there Le sone suggestion that the shorty dolomite beds 

described to thin point, immediately atter lithifiestlea 

or perhaps in part during lithitleatioa, slumped is 'aryls. 

tummies. But, beeauee the sea floor on which the earboaate 

nude were below deposited was above ourrent or wave base, 

any Irregularities produced by thin mottling were smoothed 

out by truaeatien of.the last deposited bed or beds, said 

the eroded materials were redeposited as leases of *Wort 

gravels in a casette dolenite matrix. 

Because certain peculiar features of some of the dark-

colored eherts provide additional iniesmatioa on the eaviren-
bc-cagse

neat of sedimentation, sad beeeese they suggest an interpreta-

tion of the above described slump features sad the odd basal 

breecia of the asseal, I digress here to oonsider the 

signifloaaeo of these features. 
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Haas of the layers of dark gray to bleak short. in 

the stretlgraphie units deeeribed to this potato laslude 

lanumerable gelds and *taste that ass he reseeaably fates 

preted as pseudonorphe of halite (eemmea salt) crystals. 

In most of the shorts the *olds are equidiasasional pits, 

1 to 8 nillineters across. so rounded is outline that the 

cubic forms of halite crystals eannet readily be distiaguishod. 

Or the cubic out are dietorted and could be visualised 

as almost 'koalas. Such pits, ordiaarily tilled with brows 

dolomite, are sparse is sone cohort layers and constitute 

nor* this halt the volune of other layers. Oa weathered 

outcrops. is which the fillings have boon leached out, the 

highly pitted *bort bands are suggestive of vesicular basalt. 

lush distinctive short layers eharesterise the lower one-

third of the lower somber everywhere. Although most of the 

pits do sot show outlines diagnostic of an original halite 

filling, Oa careful search cubic outlines sea be found la 

cost short layers, sad is some areas some et the shorts 

copiously exhibit cubic melds. More diagnostic, however, 

are larger sharply outlined melds mad oasts, whisk typify 

fewer abort layers but con be sees is almost ovary viol--

exposed emotlea. Those acids and easts, which rings from 

8 millimeters t• 00 aillimeters In dianoter, have the hopper -

shaped skeletal forma typisel of halite instals in may 

salt deposits (see, for descriptions, Shrook, 1048, p. 

148-14111 Dellwig, 1888, p. 89.4081 Brooks, 1988). 
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Beely-tormed dolomite is eommealy eseeeisted with eveporite 

ttepoeitee therefore the rssogatt&* et molt evretals rota-

Mimeos the piremine that the dolomites ere esseatialty primiums 
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In all features CND bossi dolomite bases id of the 

Misses' engrafts the soilapso of meaeolidatod and almost 

eonsolidated shorty delemito bode lute a uad or sash-like 

material that oboe sadorisy them. Or viauslisod another 

way, owing to a lash of support Ives below a saturel etoplag 

motion oveurrods as this stoping progressed upward, slabs 

sad bleak* of relatively eempotiont strata were dropped into 

• astrim so inoompeteat that it flowed readily to fill all 

voids. A soft and-liko base, mostiy of dolomite, that 

would persist in unconsolidated tors while highor dolomite 

strata wore lithitiod, then losdod by still higher strata 

to cause collars*, is difficult to someolve. ihreover, 

the intraformatioaal conglomerates not far elbow* the breasts 

indloate that the brocelation took plans while earbonate 

muds were still depositing sad Wore a groat thickness 

had soeumulated. And the distribution of the looser local 

slump sad brossistion features is relation to the intro-

formationsl oenglemerattos of that part of tho section 

indiesto that like eollapeo eoeurrod bed by hod se the strata 

accunuistod. By like tokoas, the breasts did not fore alter 

the *stirs delonite 'motion was depeeitod„ lithified, up-

Intim', and then omposod to the looehing pr000se that will 

b• described on Motor palms. The variable thloknoss of 

the basal brassie and tb. Mosso, dogroos of reorleatstion 

and novosiont of the slabs and blocks is the highost ports 
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of tbo br000le aegatos the possibility that tbe bresola 

is of **alimentary ',Lila. Tbo broosia is * stratigrephio 

tbrousbout ea area of at least 4,000 square milos• 

As 'mob it I. sot likely a tootonie br000la, booms, no 

trusses of related tostoats struoturos are sopa in beds 

higher aad lover in this As. soquonse. 
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The osaurreaso of balite sad its stratigraphie distxi-

iutton auggasts as **planation for the bropeola sad the 

slump features. The peoudemorphs of halite are particularly 

abundaat is tie shorts of the Meeks sad slabs is the breasts 

sad in the shorty dolomite that overlie* the breimia is 

most 'Lamm. rower of th* short layers in the unit of 

altoraatiag beds of delimit* and shorty dolomitic iaoludo 

*acts and moire, sad *alp an *sessional short layer La 

still highov bode shows thaws peoudemesphs. The hrsssta 

sad *lump strusturea aro olliatributed la a emmewhat 

similar *attar*. Stun. loaturos, lika thee* sated highor 

la the seetlea, are somas to the larger bleak* of the bowel 

breasts, sad whim, the brassie slit is this are eves mars 

',Striking is aeatortod strata that are lateral equivalents 

of the brawls. Fifty to ea* haadred feet up is the emotion 

soaterted strata are not as abundaat, and healed greeter** 

are the ner* ammo. miser stivetural features. The basal 

br***ia, is typieal 111-. to 40-feat thielmeasos, is natal, 

oonfined to the interval La whieh halite was espeoiolly 

aboadaat• Is its thiabost Improssio. of abut LSO feet, 

the brodoia iaeludee bleak* from the suit of altermatiag 

deleaite sad shorty dolomite, 'bleb was probably depimitiod 

La a leas maim* savirommoat thaa the uaterlyiag units. 

It is here postulated that the basal tee teas of feet of 

the oarboaato oestioa omega iaoluded a meek greater sessatia-

aad perhaps variety—of ovaporite salts this is sew apparent, 
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Vita' the frashealag et tha soa 'stare as higher strata 

ware depasited, *home melts were largalr 1004604 aws7, 

leaving a earboaatie mash into whioh the higher strata 

eollapsod. is most pious only a MDT teas .f teat of the 

overlying strata were brakes. but is soma plaeos at least 

100 Moat of tho sootiest was broesiated. Tha almeor slump 

features mated is the highast malts described to this poiat 

more formed at diffareat times, Immense slumping that at-

folitad owe bad did sot meolassarily attest tho seat bed 

highar, which also may emhibit slump features. As those 

strata seaumulatad the sea waters were probably altaraate 

ly highly saline sad less maim,. 'Wither the maim broseia 

was forumd as a coasaquaaos of roeurrepot lamehiag is sat 

ham. In say sets*, the malt to be dmearibed meat was 

sot affeesied by slumpiag„ sad it is likaly that the basal 

breads had formal by tho time the de/position of the lower 

part of this seat high*, wait was eampleta. 
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The fourth dietimatiwo stratiggsPhid unit Cr401,0 as 

a cliff, topographisaily the most promises% outcrop of 

the low*w momberui*Ohore it is sot matamerphosed-...am4 eon" 

prises most of the middle one-third of the mcmhore Tho 

beim' 12-. to td-foot port of this cliff former is of 4ome, 

'virtually atrusturoleiso, Clayey dolomite, chiCh may crop 

as lodges but as • rule is eovorod by debris from the 

cliff. Ilasept for detrital gruel*s amd small pebbles, 

this dolomito is tree of abort. The cliff portion goomrally 

is oomprioed of thin boils, but isoludos bode as such as 

feet thick. Those bode are alternately of very *herty 

dolomite (short as much as $0 poritout) and of modoratoly 

shorty dolomite (short 10 to 23 porsest), Os weathortag 

the cher% is partioularly emphasised, and most of it etches 

out as wispy or ocaloasiag„ irregular sod highly porous 

'maids, soul of which are less thou 1/4 Isiah thick. A surface 

coating of black outdo* is ohareetoristio of thoso weathered 

ohorts. 
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Although tits osrly-formed short, whieb is mostly dark-

**loved, doom' exist in highor °umbellate units of tam Missal, 

this is gonerolly the highest unit in which it is the prows-

lent short. This silo is the highest unit in whisk pseudo-

morphs of Malt* crystals Miro boon seen. The short of 

still higher units is generally light gray to brownish 

gray sad mists is emundorably differest amounts in 

difforeet amnions, so that tho dolonitos of tho ups's? 

one-third of tho somber are difficult to typify es to abort 

~stoat. A. will be shown, this lighter solorod short is 

largely of mmendary origin. Exempt whorls tho +entire 11....1 

amnion his boon subjeetsd to later silitioation mesh short 

Is sot oonmon in the lowor two-thirds of tho saber. 
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Next above the cliff-forming shorty doloalte* is a 

unit conposed of 1- to 5-foot hods of delimit* with 

occasional uoterbeds that include short. This unit. 50 to 

70 feet in thickness, stops as prominent lodges on a slope. 

It differs from the lower two-thirds of the member in that 

the dolomite tend* to be in light hues of brown. rather 

than dark shades of brown or red, and the short Is mostly 

light gray and weathers whitish. Ezeoptions to these 

**novelization* are known. Chert genermlly le in relatively 

small amounts in the lower ono•Pthird or one-half of the 

unit, but in sone loealities is very abundant in the upper 

part. Typically, short makes up the tops of the beds. 

Laterally the chart Goatee% varies greatly. In pine.' 

only the uppermost few lashes of a tow beds are 'liberty; 

in other places all had. of at least the upper halt of the 

unit include chart, and two or three thin layers of chart 

nay coalesce laterally to one zone of short as swab as 

10 feet thick. Such lateral variation may. in entree* 

examples, occur la a diatom** of a few hundred teat. Cher* 

nodules. ranging trim a traction of as inch to s toot in 

longest dimension, are abundant in some of the meat chatty 

sections. 
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Loam* of saadetoms, whisk perailol or awe diseordaat 

to bedding, are raps la the Maaal sootiest but moist la 

greitior abuadsmoo la this unit Shea is say other. Memo 

1***00+ their origin sad spatial rolatioas to oomeeatration* 

of abort are oonsidorod further la a later emotion of this 

report. 

Tho uppermost group at beds, a malt *0 to SO foot Shia*, 

Is very like the group just desoribed apt that it is 

thlgo'bodded sad scabby 'soilage are promineat in tks slope*, 

formiag outsrops. Tha light..00lored abort lamp* ramps 

g,.s P*Plorm41111* lemiaam to Layer* 0 thiek. Compared 

with other waits of tho lower member, short ordinarily 

dromprleao little of tk. volume of this salt. 

Altai**. IA* bed* .t upper two salts of the somber 

aro laterally variable la llthology, largely as a result 

of late siliollisatlem, tho segues** of beds is remarkably 

tubiform from tb. Vohol Munising to the Mgollon Rim. 

Tb. °patois% botwoom the middle sad low*, nombers„ omeept 
whore both membors sr* romans% as karat breasts's, is every-

wboro oharp and easily dot•aalasd. The doloaltoe below 

the **utast sea fiat-boddod and are this beds with a slabby 

porting; time', immedistoly abovo inoludo reliots of alga* 

goioalos and foes mosalvo outgrow,. 
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Algal member 

T. middle or algal member, is most areas 10 to 100 

feet Utah, Immolate of two mites a lower, thish-'bolded, 

elitts.formiag unit ehametoriaed by fossil forme (stromatolitos) 

roliet of the gross outliner of eolonies of algae, sad as 

upper, elope..torming, Chia-bedded wait largely devoid of 

algalold structures. The algal stroeturoe grad* out upward 

in the basal 10 toot of the upper group of bode. The sisal 

coloaloa are not is mounded or time ~Rik. messes (biohorme), 

but aro is a regularily-bottded blaskot-liko deposit knows 

as a biostrome (Dmaitagas 10801 LAW'. MO). /1/4," of the 

letitudo of Glob. the bioatrome is fairly uniformly SO to 

00 foot think, sod Essays'', emsprtoes taw lower oso-hsle 

to two-thirds of tho somber, Farther south like thiebaossea 

probably waist, but in many pisacs the blostromo is only 

30 to 3 foot thick. Throughout the region tha upper unit 

is locally only a few foot thick or is *lasing, owing to 

one of the *pilled's of erosion that pr000ded the dopoeition 

of the Troy quartsito. 
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Where not motaeorpheeed the middle member is *Deposed 

of gireyishs.red to rellowisto.brewa dolomites; the brown 

dolomites weather brownish to yellowish gisy. Light gray 

to grey short, in maay pieces tinted by stouts fleets of 

red hematite. Dolours —generally spersely--throughout the 

member. In *ash ualt the abort eeatent inereases upwards 

In the massive biostrene small. irregular lenses of short. 

a !sweetie* of as lath to a few lashes is thieheese, ere 

typieal. Toward the top of the upper unit closely mitred 

filbert nodules may 'molly sompriee noses 1 to 4 feet is 

thiekasee, and is most lowilitiee the top !so istboo to 

few feet of the member is almost eonpletely silleitied. 

The sontoet with overlying reek units is everywhere sharps 
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In mush of the asse betimes the awes of the Salt 

River sad the abeadeaed mialag village of Chsysotile 

(fig. 2) t1 uppermost bed of the member Is almost entirely 

of *hers end displays) eonspisuous strustures similar to 

these referred to as row-imoiseme struetures (Pettii.ba, 

1040, p. 100-140). A lib* bed displopias eome-.10-emse 

strueSusee, rafting from to $0 imehes in thlekoses, has 

boon moos eleeftere but not neeessarily at the most top 

of the member. Appareat4 ~Lae milisitionimi a Plurtismi* 

law bed was espesially seetoptible to the formation et those 

struetures. Aard in the Salt River.Chrysotile area this 

resistost bed .as a hese for the erosion that preesded 

later sedimentetioa• Whore the upper unit to thin the 

bed with *true/tures, to sissies; mhere the salt Is Web this 

distinetive bed Is as mush as 10 feet below the top of the 

member. 

Tree the Solt River south as tar so Globe !Madams plasma 

within the massive lower unit are rarely lees than 0 feet 

apart• Is ether area*, bedding planes are tress imams 

to # test whit, sad *ppleatly isse at intervals of sheet 

4 foot. The beds ere thieneet toward the top of the alai 

snit. 

https://Pettii.ba


Fossil forms 'mob as them, charasteristle of the lower 

port of the member preferably should be termed "strematelites," 

rather than "fossil elgswo." As well-stated by Meek (1981, 

p. 120), "fossil algae preserve resegnisable artiste store-

struetures that ensble the exemiaer to determine their true 

biologic relationships"; although it is reeognised that 

strematelites "have some irate existence through the work 

of eertaia lowly terms of algae," all that ordinarily resales 

of these algae are "large beadlike masses" or the gross 

forms (strematolitee) of the original solonies. Johnson 

(1848, p. 1089, 1098) has suggested that a given form genera 

and species of strematelite, which is typified by (mortals 

megasceplo features et form, may have resulted from the life 

processes of several bielegie avast*• or eves of several 

goners and species of alges that lived in sonatas% asseelatios. 
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Stromatelites are preeeet throughout IM basal malt 

of tbo middle member of the Wesel, end efilet laterally 

wherever this pert et the *motion are sot eroded prier to 

deposition' of remise, rook salts* Is plan the *truster** 

appear as flattemed hemisphere* or inverted esseerollke 

disks outlimed by eeneeetris lemialle* The Nieueere" ere 

* to $0 Lashes la diameter* Figure /OA sheers a (pylon 

risers 10,ft•Strueturee Syrian of the stremmtelite beds 

of the middle member of the Memel limestone* 

Strematelites idestified as gialisillajUrammis Ireleett* 
Free eliff above Segal miss, Slue Nouse Mlauatain 

quadesagio* A4 Vies of upper ~Samos Be Cress* 

wastioael view* 

groupies, la plea, of the Ladividual eelealee* This pillars 

represemts • assess empreestee of the Larger eelealee, for 

'bleb enfelleted *stereos are eemmee. Plea wievela Whit* 

the ooseemtrie rifts on imposed are more typteal of eeleales 

of smaller diameter, espeolally these empeeed is Interwove 

outcrops. Is *roe* empties the laminae, marked by short 

or silt, stop out prominently so weetherias as fiattesed 

*slue wave." (fig* 101). Tk amplitude of tbe "waves', 

Teases from 1/4 leek to 8 Meshes. Ordinarily the struetures 

are 0 to 10 lashes ix disaster end 1 to 1 1/2 lashes is 

smpiltude, sad Is say Oven outcrop are fairly uniform la 

dimensloas. Riehard Ream* (oral eommualeatioa, April 10, 1001) 
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A. VIEW OF UPPER SURFACE B. CROSS-SE...:TIONAL VIEW 

FIGURE 10. STRUCTURES TYPICAL '?.F THE STROMATOLITE P EDS OF THE MIDDLE 
MEMBER OF THE MESCAL LIMESTONE. 

Stromatolites identified as Collenia frequens Walcott. 
From cliff above Regal Mine, Blue House Mountain quadrangle. 



of the Geological Survey has idostiflod those topes es 

coAlosie_ freeum Walcott, sad has **tint Moak, 1067, 

it. 133, 136-.140) that they are oommos stroustolitas iA tho 

young*, Preeembrlan Dolt sort** of porthvostows Watauga. 
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The basal bed, 4 to 6 feet this*, of the lever salt 

exhibits a different stronatelite fors. In areas seetiea 

the gross struetures are crudely outset is term, with 

the apioes of the eeaes downward. The sues of the ogees 

ordiaarily are inellaed at eagles of 40 degrees to $0 degrees 

to the bedding surfeits.. The /anise* with eaeh soave-fort 

are soaves' upward, sad Ladiwidual imam* imorease is area 

upward. The widest part of the conies' cross-seetleas in 

ordinarily 2 1/2 to 4 lashes. N. ideatitleatioa has been 

sought for this stronatelite tore. 
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In recent years the stromatolite reef or biostrome of the 

middle member of the Mescal has been widely recognised a a dis-

tinctive unit by those who prospect for and mine asbestos, and it 

popularly is termed the "algal limestone." But the existence of 

the flat-bedded upper unit has not been appreciated generally be-

causes its outorops ordinarily re not conspicuous, or in places 

much of the upper unit was eroded away before deposition of higher 

strata►, or the two unit of the member are separated by a 4kiabase 

sill. Regardless of preferred terminology and the lack of troma-

tolite forms in the upper unit, because the biostrome by being promi-

newt seemingly dominates the middle member and is commonly called 

the "algal limestone," to more distinctively designate the whole 

of the middle member it will be referred to as the "algal member" 

in this report. 
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Upper member 

Through much of northern Gila County as upper member, comprised 

meetly of argillite mad subordinately of fime-gol'imed =douse, 

unsenformsbly overlies the middle member of the Mensal. South of the 

latitude of Roosevelt Des this member apparently is everywhere missing 

owing to erosion prier to deposition of the Trey quartette (see fig. 3 

for area of outcrop). Farther mirth to about the 34th Parallel, though 

locally missing fee the same season, the member ordinarily ranges from 

25 to 100 feet in thichness; a Wares of 30 to 80 feet is typical 

for large arose. Is three small areas comments of basalt flews, libe 

those that dimwits the Mescal, imterveme betweea the middle mad upper 

members of the Mescatiommathmrs Throughout most of the area north 

of the 34th Parallel the Trey quartzite rests directly is the middle 

for lame members of the Mescal. 
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Ihe ammo rodieeetivit7 of the sesittitee, as deasoained by airborne 

adafgilliontor in and neer the Siam Mahe. is higher to that of ail 

*am imiasettbei she group oinapt. the mar sodor ad the liripplas 

$pda quartette* Walshit rawgidy owls Is radiensoivity eibileby and 

Mott p. 9). This charostoriatia led to osseiderable proopeetieg 

of the noes, airing 19,34-1S, bst the preepostios apperomtly roesited in the 

diasocury of 'sly a gew ineignifioent showings of eranirwhoorins asterial. 

Oste typical specinen of comporatiosiy tittlescooryobalised orsitlite, 

admitted gm anotysio by aosigunotitative spectrographic methods, 

contaised peeSOSION in ancesa of IL* person absorbers and WSW MO, 

p. MG). Judging oily from the coo orople, the argillites nay have as 

abs rural high potassium cantsat conparable to that of t upper number 

of the Dripping Spring. As this ~sat, in large it, voy aceorsit far 

the abasroal radioactivity. 
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am*i Obi Sisk Siva to bassi wit a do upper amber is 

ompasad Awl aid typlos/ly la • I Mose to 10 fast is tbishassa. 

UM mit is sass pusses is a landassail ve thisly bedded abort' caves 

oaassly it is s brootia it ass&I ~las abort fragssota is a mauls 

of abort, ant la still other plasma it £ a sasslimmiata it vollarausied 

ohms pobblos is a satals it silty abort. Is a fat moll mom the 

oosolamostaa aro as arch as 40 foot tbiak• Tbla obese wait ovicatos IS 

areslas swathsto es the middle rot. aeon 61110efaiarkisamslammastss 

pier two Mr Wad by the lossables op aid saraeldos it this bailed 

Oast* and arcs ast usisly of datritoo from do asobat, 

britriero malt 111110111166 Si *bort from do mobarlyiss warabar 

aims lessrparstail Is the bassi flat Amass of dose tasks. Is um aims. 

Us skirt rat craps as a prailasst larks sad is a signifies ssairar eivagatlis 

tie MSC awl slibilo smbiara. Ilia bawl fawn volt is Mesa is may 

$ foal plasma math of the Salt liver* bat olaosliato #s ostasaly aboost. 

libeto it la sisals& tba cesticat botross the an:LW* hods of era upper 

amber and the sash osaliamaso bode at dos top of the Mello 

r la still gavials& 
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la a for Owes Ls the Sierra Aida sue sr tee limestone melts, 6 

lashes to S feet thick, ass osolosed within the ersillite. The best 

exposures boson to the writer are la the vicinity of Asbestos Palk at 

the south area ad the mess (see Wad** Peak quadrangle for leeation); 

this limwstees, 2 to 6 feet *ilk, le about 31) feet shoos the base of 

in fiber. At we ether leselities is the mare' part of the Wm 

bubo (mow Westima Creek Falls sia as dorsi *LW mall of Wataddma 

iwrr MIsuetsla, lislPedidea Posh emadreeele), 11611110 the swim is about 610 

fest thigh, this beds of limpet/ft mist is the top bye test at the member. 

nose limseteees appareatly are lisatioular, breams they hews bola seas is 

may a for sestinas, liewhere hoes there sarbeesto bads bees sees is 

a settles tree of the unammanielaw totem by the diabase latruelems• 

'Daisies free the germs awl dieeributioaeltiasladed aureate* of oiliest* 

voilasralso the lieseteas bode ft the lemetemorphosed state was silty 

oaf moderately *hero dole Tars. 
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last if the teeetude of Comm Creek sad south el the Salt River the 

upper member is out everywhere present, old almost everywhere it is 

inflated sled displaced by diabase sills. Therefore details of the 

stratigrephie suttee in this arse ere met as well Mews as farther west. 

The lowest 20 to 30 feet of the member toads to be of 'hely ow erumbly, 

ereeetsb..grey to dark gray mmistemei whisk mops poorly and lamest 

please is (weaseled by debris from wardyimg sinuous mellitus These 

mellitus, whisk are like thou deseribed above, eomprise the.reet of the 

member. Calcareous ar sinuses seametle ms, se mob as 3 lashes in 

diameter, oesur at least loselly la the MOWOOlitillt friable eudeteess 

The basal short bed of the member mists only tautly sad is Was 

But the uppermost I tir 4 feet ad the waikartylas algal member are almost 

everywhere esepleeldy silicified ash reddmmmiloP abundant hematite, 

mid Wet be edstahms for this resistant bust bed. 
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Late-tomed sheet is the Wesel 

la at least tan aitessive auras* outtleed appradintely ea figure 3, 

mad is soma& mall area* the dolomite ammeers ot t Ilassal vase 

completely sr shiest umpletely cammertod to short /a 'muskets& time. 

Awl la aneral areas of a wore mile ow lose all the atikils moor 

aid the wow part et the lam anew Iwo silicified. Aloe, ague 

Ladivideal deleate beds throughout tie mama wise at least partially 

ailisitled. This shortifiestioa vas part of a peeves of loachies and 

solution of the delomites that resulted is the tametlam et keret topography 

is sexton areas and is gemstioally Meted massive seam breccia* 

is other mess. The deposition rid dletribetiam et Gilles and assostated 

somosstsattome of hematite ana be best deeerlbed aid mulerstoad it the 

sections that imam& the limes amonts et sesesdary stiles are 

cesstdaxed first. 
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Sees leatesee el the bale absrtitiestion ass beet deraribei in 

relaides SW enefiseal werwsikaidty beams she offer end middle 

nesinee id She liessel, snot WOO She wpm mem eseningly is 

eassordset with limer rsoesbenste beds, gni she only ludiestion 

vranelbsortily is She siliolitisetion el she oppress* stzete el the 

sleet swaier. osanustessione d sheet alms saminete besieen 

lesustions hese lems bees nespieed ammo MO es sugasosive 

as uneenisralty• Is s dew iseelitise, psibblee est amestor irogesots, 

*visa* dolma iron do Upset silisined beds el do dig ardreror 

bat am Siseerpeessed in the beset Meta el she sesilties testa of 

subessustisse as stesional biases. Ikuesetien se she beds od the sled 

ofefiss by she tartly sea be seesesieed in a km saw, ti dr 

seasset is ebserved ekes oeseiderable k.Ile tbinsists enseed by 

this nesbeelsel oreeiss and the eitieSitioatime imedisitely bolos tile 

esstiot ems immtabdo subordinate sisnalimmeip boners esepered wish 

the "elation Weida& osed eilleitimatise that elineted s areas et 

dolomitic reek, 
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widely seporrate leselities• meal bedplithe bodies ad seadeteas or 

ipertalto ere apoireely mettesed therm. the carbonate sestleas Rost are 

is the weir see•thlard of the lam varabor. Fee a semelderable tins these 

"beds" rare ass amly is Ilasetam teeiremet ears relation are alms 

miss to neterelphls offsets. emdetemes este pmelles beseme they 

mist 'sly Is miriade MOW, de eel mom everywhere at the sem ettatliprephic 

heatese, met are devoid setlrety et feetares that is be asestrimed as 

settlanstsry etreetures, aed all mere apparently lerstlealas. Paesetly 

them "bus" and Mated endetem %Mee have bean ebomerved la well 

aupseed antes pe of delimits, in firm sraiUyreeesalsed as filled solution 

aseritiee• Ilepseielly is the seitral port of the lisraddse Peek quedramsles 

rubblesfilled slokhelee sad aeletles aelarameete of joints has ear base 

akfurved is the al1maber, aid is thla aeon sem oddities apealese 41111i 

andeteee fallese hem Wee tamed dermerd meet to the bottom of 

the lam* ember. Ad4easet to the efaddieless solutiAs earltlee alms 

baddles plane are ehmdeet phaemem• 
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The solution features pre-dated, at least in pert, the deposition 

of the argillits member, as is indicated by the geometric relations of 

some cavities to the erosional wasenformity. Some chart imeorporated 

in the basal beds of the upper member is similar to chart spatially 

coseentrated in the vicinity of the sinkholes. The *Allays* breccia of 

a fee sinkholes is in as umbresciated matrix et argillite lila that of 

the upper member. Also, solution voids &leas bedding planes are commonly 

roasted prominent by a Chia fillies of reddish -orange argillite (see 

deseriptiens of units 7 sad 11, table 3). Lesally the bedding of the 

basal part of the argillite member isundulatery and crudely approximates 

in cross section the sonfigwration Of underlying dolomite bode that subsided 

locally as a result of partial leashing. Such undulations were apparently 

foamed white the argillites ye still plastic; they have net beau food 

away from sinkhole areas. 
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Collapse sad probably addlitianal solotiosoostiosed for the 

extrusion of the basalt flues that aver/te the upper mien sertaioly 

sash *fleets essursed durtmg the deposit/Am ad the Wiwi parts si the 

Trey foomstise. Angular blahs of argalits, Web* after lithitlastisa, 

arerneted insole stehheles. lase epiphyses, of built that astaeol diaamerd 

trim evestylig Aro cad pertly fill Wharf voids Le the softest, sorbs 

Ow* boos sue, thrpreveleet Sillies* however, ie sf samdeters Sidemtleal 

with that of the *WI* oreber et thefts,. le a few aoariplasw• 

theme best eopesed are I to 2 miles southwest at Ocsaight Mutts is the 

earthseemtial part it the Moradds leak tuadraegls•iwthe reefs of siehhelas self. 

lapsed, alas** plurehopopiemoses it the loser dad oiddle osibers of di. 

Troy to drip sod till the Measles. Wight' these sores Nest vestiges 

of bedding were destroyed, but brosoistios As stet apparent is the seeds sees 

of the silddle amber. Therefore the sollepse oust have semi bile these 

seedstemse were umassotidatod. Cooperatively few beddiesiplame cavities 

are filleduitherkese lids that it the lower osaber et the Troy. The 

querteltie fillings are seedeteees Walters larbooMmododjaceet be diabase imp 

trustees. 

The short ceetamt is mak higher is beds that auldbit abutideetly the 

above descriaisd effects of solution t'u to strati...01041y eguivalest 

sestimes that ohm little lei. 
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Charts at tme gemeretime occur in the dolomites et the lloscal. 

As already deseribed„ the eider thertsaAbest represented by the derhpeomod, 

this layers ar the irregelarli, wispy layered dense shorts perticular*y 

sheresteristis of the lower -thirds at the lower member...mere termed 

yemesestesperaosinely midi the dolomites, Chart of the later gemeraties 

is meetly light la ogler, mash il it is dashed with hematite, ass it 

ordinerilye.sbut not neeeeserilywimmoeurs3s thisher aid more Irmegskme 

MOW thee the older sod dewier chart, asses the later short eseurs is 

greatest quantities is dolomites brat inhibit solution Phomemems, amd 

bemuse in detail particular esmeemtretleos herder and extend outward from 

solution eowities, this short Sewed after the loser mod mdddle members 

mere eampletely lithitied, im aesthete assay ed dolomite the maw 

Wort is lergely semilmed to the aiddie amikar and the upper ems-third 

of the lower member, 
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Where the War *Wirt is portieularly emeattreaed is emsh sestisms, 

leasPetisped aggreastes et ellipseddel modules of short la a netsia of chart 

aid morbiaste legally tabs the plass el ewe sr rare 'arbor** beds. Oa 

eutereps tbm carbonate el the matrix and the relict sareplased carbonate 

within the nedules ors may, se the sodules appear to he "praaWl aid 

in a vv matrix. lase bode war mere suseeptible to leasbing aid 

silicificatioa t' otbrer. sir include little seasafary short; ether 

beds embibit nonuirens discrete modules of ash abort. The short modulo@ 

or aggregates of nahtles ere ardisarily momentrated Is the upper pertioss 

a individual beds. Them esdular abort awes are these diet very 

cassidsrably is thishmesso at a segnme of beds that inaludes mesh short may also 

show striking lateral verlatieNor la thiebness. Typical vatiatleas night 

be as feilews. Lr am ordinary section a 10.4est sequesse el sparsely 

silicified beds say be sipped are aiderlain by West some et modular 

If nosed a mile sr direction the saieler eases of smaidery fagot virtually 

plash out asi the equivalsat segmese any be 2244 feet Welt. lbws overall 

there is ally a modest variation Is diabase and la chart matoat. ibst in 

tbe amain* dimities the shirt ant salaam tbinsimg of tae iseervoidas 

delatilLses war ineseare Se a maildomble degree* as that is a distress el a 

Nilo doe ow shirt smog may sealesse and tbm impaivolostosmatigiaphis intarval 

is say to to 10 feet thick. 1n oxiatirtfisant iastonses, as meted *sells', ellik 

a show of *heft eammat and thishoses ma be ems is a lateral distance et 

a ter baridred list. la mob Same same breetiatiest eased by sloop ea 

selmtien the dolomite. me ummally be ebeerved Leindivideat beds. Veils la 

the eirmalkity short saws way ar way met be filled WA Traptype sendesens. 

Osiris to saintim end senile's the eambonate mumbars, are espoilally the 

upper one•thixd el the lams ambers) this einsidaraly is ear arms. 
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issommis et sociy shock imsompursced assonessy same. ems his 

reemedmod mg Plocoos sod' womounitiem is weds diffieult beams* am 

l000kielanmeh of the elder elan um blemished to $ light *eller mod wondered 

somewhat perms* Wei bawds el the early chart mem eampletely blembed, 

old the herders of With heeds es Walk frailness were bleashed. Without 

doubt as coosiderable pert of the velum of the games el secondary chart 

represents relicts et the early*feemed Worts meamedWollOmmummetrated, by 

the removal of the dolomites Weed, femme ememples eat eampletely silicified 

eectiame imdiwideel beds, es *lees impectles, are seem to be emplaned ei 

modeler fragments of the early sheet is AS matrix of the late chest, la s 

meltable eseurreme alms the south Ile* of Shell Illoutsis, $ miles met of 

Umme, the emotes of ebb* and this beds is the upper half of the tomer 

member as the basal 30 test el the sisal member is se perfectly preserved 

that detailed s. is eerrelatime are reedily made. Ibis autumn amd 

is amoral the individual beds, however, awe only about ems. third the 

Ltlhiehomeoma of the equilndomt imterveleis meerby Litt** silicified mistimes 

Where the eastemate esetiom is netamrphend, sedissrily as distimstisms 

was be mods between the early ached the late shorts Silicate agareintee 

that peuedemerph the alms of eleeely..pethed meeelor shorty characteristic 

el the late short, are readily rase hard by their gross cubism, 
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All gradations Ems delemite sections that include little secondary 

short to these that are almost entirely of chart exist. Is a for places 

the algal member was completely silicified &rims the developmeat of solution 

cavities. The resulting it is a messins..ereppimi silicameememted abort 

Foible iaa uhiek wagmler blocks of silicified stromatelites sea be resegaised. 

Oeseeiemal blears oaf umaltorod dolomite eili 04111111thila be famed is this breccia. 

The beet ememplas is relations to the rmimrrarmademairesste terwsme 

can be elloswevei have been s is the comexel mad earthmen ports et the 

IIs?add Peek quedianglas These a of rubble, eistainissweeeedsable 

relicts of the entire middle "mbar* maybe as little ao SO feet thish4 but arms* 

half mile away a little leeched equivalent dolomite esaties mey be as meth 

as 100 feet thigh* In oseli siessetaillailleatieseamsely the uppermost 

20 to 30 feet of the lever member is similarly silisifieds amd the oillseens 

breccia of the middle member merges a#tlm that of the lower mimeeart abecurtms 

the usual sharp sanest batman bra. Cavity fillies, of samdsteme 

or quartette occupy the place of a few of the uppermost beds of the 

relatively little Leeched dolomite section immediately below sulk nibble 

awes. sandstone fillies* are probably more abooden is sash settles' 

that in army other. 
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Ales, empbehely silisiatlMsestisas at both daismite asabers is 

Aids the eatit7 si ladi,heal beds is peroseved wads lotesolly Seto 

oesprieed enthroly eta hateraplassuely aselsaggeted collapse 

bressta. loister seimsaly is $ *sane beseste very Ms that saga 

siallbelos, sad it was felmety termeinnwith less saatiosed 

legatatrer•by the sealosesams it slabs deralapad is She delamits Us ms. 

la segos faint to this la 'dash karat ft.earophy vas bats. !!stead 

bads vire leaded less astively„ lost were isradnally Maned sad ettisittod 

to sash a degree brat laryngeals Molest it his says* La *tab 

stabbolse ablandlp is Imps piestblo. This, legally vithia heist 

asses that alogrally ass dimple" ably wobbly cagents el the osal„ 

the stratlyaphie awes it whipla gaits is still preserved as at 

Shell Itmestete. 

Ms mess matessivo asses si ehectifteattea, sad these is which 

stlisittgatten it the delemite agabors is wigitiasily camplote, ore these 

letkialk the wpm aumber et the Noses& and the basalt that ENSWIlas it 

von careged by pradarsy 411101114114 Addittaasily, they are ems mime 

this audits umber et tie bey, get the lam miser, casts diasetly 

is the middle - tam madmars it the Hearst. rirs essoures, that the smasher 

costs ,litsplaytes mash celestas* to tie Troy aro maws mad thareashly 

sillsitted, beeswax, is act tares. 
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The largest boom area Iambic& the dolomite members a/ the Mescal 

mere perweeiwely sillaitted is essampassedbythat portienofthe &allow 

basin of Canyon Creek osrdi el the 34th Parallel (see fig. 3). This belt 

at siliciftwftionsoteeds nerthoset ao far as the beedweiers of Miaow 

Creek and I. please westward along Islam Creek coesfAerable thichnesses 

of the Ileseal ars silicified. la this belt the Mamma mos Mused by erodes 

prior to amities of the Treys se is f the middle member of the Trey 

rests an the lower member of the liessal. Dolomite eamprises a large pert 

of some amposures to this belt, but alai sst ismariably each emotions 

exhibit much collapse bread* like that firmed is the siahheles. 1a may 

places the only pert at the males that was mot subjected to bresciatiom 

as a comegmoome of late solutioa phenomena, was the elder missive brassie 

that is the basal dolomite molt of the Mead fammation. This breccia 

lashed the bedding planes that fevered chammelways for aviation, and 

apparently vas therefore somewhat lass affected. 

Aesthete ler. heft of silicified Mescal, exposed for a width of 1 to 

3 sidles, extends trim V. S. lighway SO southeast about 13 miles along 

the eitatbassomrsta at the 'stenos Pletesu (fig. 3). 1m this area the 

Mescal was sameLderably thinned by pre-Trey erosion, and locally the middle 

member of the Troy even rests ea the Dripplag Swims gvertsixe. 
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lansdiately east ad amd just within the northeast career of the 

Glebe evadramele, three* as area possibly net enceeding 6 severe 

idles, only 60 to 120 feet of therseehly ail l c tf i d Mescal intervenes 

hotness the Dripping Swift mod Tray quertaltes. Althea* there ace ether 

areas of lilts eatemt, this ems enhibits pirtieslarly ogee natal. 

feetures, The thiamine of the earbonste ambers is this area appears to 

be largely a so/sties phenensas. Little large-iscele jusblies of breccia 

blinks, as accurred ie the beret areas, is soess and etretierephic waits 

representative of all of the leper member and pert of the aiddle nudist 

sari be resessimed• lea contrast, Swear of the dolomite asshoss 1 to 

1 stiles to the east ere little silicified sod the sections there esseed 

300 feet aid possibly splits's* 400 feet la thickness. Ithis silicified 

belt includes samparatively little benstits, whereas abandeat hemstite 

is sherecteristie of large ports of the toe chatty belts meted above. 

air is the basal pert of the everlyias Trey facastlas ablodastly reddened 

by detritiel hematite as is comes is the asrecnerthere areas. /a 

several ether asses all or sensiderable ports of the Mesa/ sorties 

mere died; thew silicified section' inhibit Egress lihe sr 

teternediste to these enhibited is the three areas described above. 



Where the earbemate members are thommq.klyteseelated sad silicified 

the breast*, particularly in its upper part, includes mush sand in its 

matrix. Also the martin, foment of WAWA* and Ike beds of the 

basal 10 to 30 feet of the Troy commonly are highly hematitic. The basal 

one-half to two...thirds of the silielfied Vessel formation may or may 

not be darkened by ferruginous material. 

Because sand la the breccia matrix inereases upward, bessuse the 

basal conglomerate of the Troy may be largely of locally derived angular 

breccia fragments, and the abundant hematite tends to obscure internal 

structures- of both formation in a for places the contact between the 

Troy and the silicified Mescal is someWhat difficult to determine. The 

angular pebble conglomerate at the base of the Troy, however, generally includes 

some coll.-receded pebbles of foreign derivation end shows stwatifisation 

indicative of lateral transport. Thus in meet areas it is readily 

distinguished from the angular sollapee breasts of the umderlOng Nesse*. 

157 



Sate the ~eel Wave ed she delealtee Mrs roe-iairplad is 

the ellieltled lamest, die bridles ad the limpsemet 18 se PS tiM el 

the toratlar may be mike may la tireariomems rasa la owes reatlarm-

of little reorlormed in/ski Haim el dart, sspented by as aboadrat 

Ilionalla ai biseadtle slitseeva or eardstess but lam, le bashes layers 

tat maim* the eripleat buddies* eats detella• a!1 1 Wilms 

ors mommody yeesonod la the ladirldael birds by aft Wipe of Sift 

err by pima lodges la Wash slant* aggiresidee Id awlar hematite 

asto absimiert. i# the blahs ore wallets el the strometeitte.beerlas 

omit el es riddle waabor, the arislas1 sorestere de etroestelibee 

as t is egress sestisu sormastiy vas emieritairted ea eitleillaatima. la 

sae sells* beds the bloats sapereted berlematatly by Mtge mortal 

la War bob lolividiat bloom are esporeted by 2 to 4 Sashes el 

smarta reimariaL Commerly, ettoraste beds ore ebordeterised by Nods 

dillimearit septets of slaw* saPeret6114 at rearlossieldste She lamlividasi 

dart firempasille las Sa torte Iltilidated IlEdiamrily ben slue et 

maddisi•brosa solar. limy Ueda bleb la Sea breasies are Malawi reddish 

brews te gmeitylsh sot throshost, are/ seal/ be tweed jester yeah* them short, 

Soar the bottom tlr 1. to Wiest laeorrele tin Wombs are redsly dsalar. 

ships. wad soy be awe OM th Suit is arainum dimuselome. Vprard iaa the 

opetiome Wits gissailess dieresset do swim edges may be roadsdo and alvisitally 

the Moshe are more ridgy separated la do astrimre. Right up to due 

masa vith alms eserlylas Tray, hasimwst the relies bilddlas may be wail 

preserved. Wm the revaillai el the lambs sad thole slaw separatlea ant 

be a ralatlea phamomsam sad set a soissopassom at alareeleaaaei lateral 

trasepatt for sorreat or owe *sties* 
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kon sal to the pausest am) do 1alsgegg lowan 

is ogseed os teaast awl west walls ad Caere Creek mar its joastias 

with Imp Greeks odour trtbstary 6 atlas sew* si the 'loggias likuJ 

I best Na

I -googly indebted to 1.• II* *Wm, towigaia oominiestion) 

!Mr the allemssiotel data siameriesal le these new as dds 

Zu a•pseito the amsaigrade matertal is iak a sums 1111 741 ling Shirk 

la old" the Won a 1 komattile ihninmseleing with imad godetissiel 

late loess al Was hartitils orgilliteeth sulasheres 

anireheins MM Usliessslared to dodgy sod don. This ease amigo out 

Massa essidossvely fit a snwthressia hog& ad WASS last aloes the 

oast mall oil the . is alleaohiniamely owned as the want vials 

owl is km. ism drill*. so amothiss esselinemil helm stem lova for 

et boa IAD host, Ile nhillie pert at EMS* grassolty I as 5 toot sada, 

eentalie the Idaho* osallent al lava oat soeghly al da saws 

whinowee ougseedis has in isms oar osat at NM than SO pirosag. lie hilghari-

pada ringlille at do !mss itsmentlimm* loatieeles beillass ihuttnialkod 

leases nlell as twee soatast aim dos yorient sow Mit to aim* S teat 

It tidelsoes la the eirimmures et do amp Creek almiseig• 1406-kma Maw 

et the nans seeds, disimaral late lamed Awe loseele idneitleal dot 

alusesibeil la the wasidams sosaios• Illbutor dart Weis 41. lapse of little 

roariented don fratposte slat to these essetibealip amp* tetthe lames 

at tragesate ors la a aside al silty at mad, imatiteidna tiriitiwity to 

shosissal, throughout the nisonsionnotheri. *lee house aro 

!,swot ha the hishipeals middle pert ad the sass. Ildn laws oil kiddy 

honstitio sandstones thswonghly hripsosproed with *Aliens amsaratt easstianto 

a eanstalmseble portion at do it port al t eats. 
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UMW 1101111111104611111%. MO. tie MIMI and atm so esasaStese 

potential on, wow loedly in oillailiod ilsosal strata bake do nein 

2.• to 71Most ors sees. The basal few feet ii the overlytes 

(Chediski easestons) lowber od tee Troy sad thin * ep In the ember 

legally inalude sersestraitians olf kesatite, whisk appronsh are wade is tho 

vicinity of the Swamp Creek deposit. 

Smut okay iron its, petrologioally similar to that at Sump 

Crook, exist la this /ergs area of sillaiflod Missal that setereps ads 

the upper gnashes 1 Caaysa Crash, Oratereps Ietre ei these are as widely 

distributed, ow even airs widely 4latribeted„ bet s se the setsrepe--
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the cut between the algal and argillite menhersi as II seasegmemes 

the areas in ASA* thellimmeal eon be found ilk a totally mamotormrpheeed state 

are few amp small. Areas imishish the entire sathemate sestina or a large 

port of it were completely sitisifted are also relatively tel and restricted. 

It seems well is this disseasiem of strattirephy of the Ilsesal, thoraces, 

to describe R.,- at least in gametal towns the metamerphis limestemes that 

comprise the Usual el most areas. aria use has already Manmade 

to same EstamerPits allenew of the wryer (arilhite) member, amd in this 

sortie& me additismal mete 0 that member is rags. she highly silloosms 

and hematitla medifisatieme it the lever we mombers were rarely Intruded 

by dial se, owl metamsrphla atengeDwere miner. so smly the metamorphic 

modiflcatioms of the shorty dolomites are et semeera here. 

The WOW end middris members of metamorphosed sections ars mostly of 

calcitic limiters; most of the chortle** altered to silicate minerals. 

In this lithelegy and la details of color, splints., and tapogrephic 

expression the silleated limestsme strata of the metamorphosed seetleee are 

in striking sourest to the steep slepe4comiag sr sliff‘formies„ yellawish4reea 

to dusky reds chatty dolomite strata of the weltered seething. As viewed 

from a diatom the metamorphosed lows unit of the algal member is gray anti 

remains a cliff-former; but strata of the upper wait of the middle member 

and most of the loser member characteristically present a chalky white 

appearanee, seemingly are mostly thlsohedded swims Maly, wed are 

mostly slopeidermers. 
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AidsMk there ase oitipahe hates Sow *Waft doe oraillits 

as di latootioa. St mon pasa$eabla amiagme* doe matt me t first 

mew olltMr ifaseal lineetomelmos I dmcripiaisago lbs palmamy 

eandideeatAioot I* ebb memessima awes the mit As obeaseteriatioolly 

mope ambelp ii elities as * eiritesemblo mat Woo omen be dep/at swept 

*a napes oil elneet oersolaty It WU eat be saes and 

IIIISMS8817 detbea meapt *Ma ea one of AIM ea alum 

morthose tComitp* Met *1 die aria of mom ea Mom 3 

the -pew le aorkply bided yesteir fi west 411 OA 

lositudt 110101.8114 War Whams ousecope of doe arsillite umber 

wry yet be xeselorionds toe somonse of the Apmehe grow rodot* *Mb mai 

south at do mom of worm et do mare imam as IS limas 3, eirmerestiams 

ban almenly imeiraftei tart 1onbeasps ese valibety* lbw doe araillito 

mit is beet samitionril a re ,y IUf memoma••ea the lisesel lines r. 

IMmap bosom the Weed inelnise or main*** units is plows Is a 

short foristlas, awl rittainelly woo mainly of dolomite etsote, w.r alga 

peeler to appal a dttforemt lithelogle tem is redialsiss tie feenottom* Uneaten* 

Ow*sfnetempirla Mbar tau eodireatary origin as previesely a aria. 
up the bulk at *11 empower,* Odom lithelalle testes ate et little eissitiesere 

volureimiee. illimredere the deetaietioe 'imemeel llimeeteme way mall be rim. 
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fieselt flats 

lhoeushoot es* sill the nem of ipeahe eisomope Sow ipairFolte‘ 

j+s sparst 111411 the mai Of 1116140 seine Missal see 41. 

awe Mos of beesits illoserally this basalt females raw* from 40 to 

16 feel is dkiehrosec Kahle meow is WA the floss MO 

a pert el the aettiea basalt say loselly be siseies; est is a few 

eutemeive mem, es air* .1 to 34th Maw the lilt River 

Gasps east ea Games Omsk die basalt le lonely shiest sides se ppeoirepi 

'systolic Dm is a few areas, as alms the uoistela beet I too 3 miles 

seed" sf Supstier, the basalt 11111141411 IN brat is thiehosiol is ems passe 

10 silos aaataganabaa basalt estiposse 373 feet Obit ems aseetwed. 

lhousioriss beam. isiividuel nese are set eversidowe sestilly dietiesuieheils 

but wham day have bees positively► riosodsed isdivigiail time are 36 te 12$ 

fart abash. la the spial moths oily ass flew is sue, but shoos the basalt 

feseseisi is shish elm nom have begs illattiouishedi with leee earteisty 

a fifth Alm soy be poloist la a fa sestiemic 
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Is the Siena basks eel net t Cowes Creek the Meat rests as the 

upper mambee of the lienel lineteest is press* is thiamine* vas 

fees SO s WO fest, swi gensmally is est lees thee 1 fest Mak, As 

ally seen die besalt is geserally illiaddlle is the $slt Urn Caere% 

bet 5 silos soak is ths visisity el Cheyeetilo amo egad. 

pormanst. Ikea ese•hell adIssee* of Casys*Llio is a esistams, slightly 

IMO 01111 NO fist tick, thee is seassel is fist en ilea WO separated 

by 10 to 12 fon of silty Ileseteme, Only is ewe ether noes bonen 

Cherry mod easgtos Crashes hos a sedbiestary it bees sated benne 

flews there ak ifrpms Imoiseteil legally segserates topsf 
firms Seratiraist tree Choryostile sing the listsass Plates* di, Meat is 

reasally mossissip het is sees 141 to 20 miles to the seethent ewe flat 

is legally temmest is thiamine el at least 110 fleets Somodonall is 

the leis lieestaissrbre basalt is siselag, bet a1 the los Asia d hills 

thee steeds 12 alias seethoset few the Apashe Menteiss the basalt is 

snosay sem does 250 feet this*. Forttar en*, ohne *owlets mostiess 

et tors =ma* swim of the lesseel mist, tin basalt eatiaerily is aloe 

moriaA err! essmeds 50 feet is thiamine is soot seetiess diet have sew 

to iv atteatiaa, 
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boostes possolly grollabeiroil to blosidab•codl besuolab• 

black es both limb sad voodiarod ovailoiss. tt tie colt is asittiod 

by wartboriaS polo bras to dirk yollactsitabrimma Mos pososti. 

lamstlito hr inassmiestod dam. the tusk la emery losslity• 

so that a blackish-rod colas dosilsotos soot cospsovsso. Ack totorsestat 

or Istsigrocalos bosturs. dogimoil by MOM se plaglsolaso 0.1 to 0.3 milliostege 

issetb. la obvious is mot bscillsposimeno. lbo no hes boo Atom' to ova* 

a &sae toot microssopie lidestillsotics se the calkslast ploslosiass 

less set boss possiblo. Veins Os olarsossgo tbo sagged isissrslo pews 

to Is sitorad surcestss ad allAtfa, 41.111410. soupsstiar, "tarts, sod 

Wades; is sem oposlimas cossottes• opidistos sad as imgelbolo(tomblaNdet) 

aye mss. scrotals se wilt. aro abloodest assns of tiro 

bonolt. 
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fartismicaly striking' hamar antereps are gorse to abualtst 

tabular pheeseryste et pleghesless• These crystals, Asa siostisses se 

typleal tattems as grain sloe, aro plates that taw qtly AMR LA to 

I millimeters 1* thickness and bats 3 to SO imillinsearat is dimmeesi• 

Crystal* as mush as 41 moillimmtare Osbert 1 1f1 imams) egress hove born 

observed, sad rarely the phseseryste apprise as inmeh as 41 persona 

of the reeks The basalt of elms entireps is net perphpritis, that of 

ethers is aely putty perphyritia* partiemiArly hematitia ememples 

the pheaserysts are commealymedsrase to dishy red and met sonspisreus• 

The writ bas perttees of aims flees include the greatest abwadeat'of 

phooey:nets. 

The basalt is sherecterletheally amygialsidel, ammieles are especially 

abumdeat is the tops and bottoms of flaws, /Partly filled elem.** vertical 

vesieules (Ape veshaules) are abeerved Ia the bottoms of flows* 

?tar brambles, be comepleuess at the tops area bottoms of floss, end is 

observed at a how plates within floss. Rarely the basal far feet of a flap 

is a breed* that iscludes fragesets derived from the upper (argillits0 

membor of thellescal, Verielitis basalt, a tee Joshes to a for feet thick, 

readar comprises the basal part of the Brest flay. fteheules amid voids 

la the Ureseles are filled by, calcite, quarts, specular hematite, mad as 

unidentified grayish*groma to grayishaelivs„ soft mlesral. Is may smitereps 

the quarts aeygdales hove a this sued of as voldam tified pals gross to 

grayie'hdipress material. lea ism localities bluo.grese aside copper minerals 

coat 'weathered jeans led frectore lases. 

181 



All streseiret lost rear Ike lteseile iodieeks that Okay demed as 

selesciel awes se gostures dirt sikowies illam• Is ems mesa tier 

l3rr lesocim dist 41m tip a ekes vews eseded any, aid a pliers 

elrgests se slessiss los faraail 1106111* astsusies a dis soft am. desk 

pionsties die toe isolated esesples eedkrestary strata betriese 

nom sileigst irmistiss se Os miss br mews belirose eveperriago el 

last. ark Ogee Won mod est hew bees swim vetess• 

liessit dist espereaes Ike upper mod middle mien el Ilsoial 

bee boss diserved oily is three leselidess (1) alms firs seediore Swat 

el Ike $1 Via, tbsorisk ea ease el est lees demi else eroe MUNI 

al gee* and east el die josstiosd A- Creek aid diem Smirk (arrt 

IlrVaidse Peek qpridrausla), oar se area re skeet see swam ails; rad (3) 

is die vialaity Iteeesvelt iss• Meek diners is eo argon free 

tlwMa dsessiked Awe, resept that ti111 psrpkyritie wrist, Ma. set Use 

sksecived is times esearreeses. lir lime basalt of the ads Sierra 

mod* sod ad the loseevalt 5- losalitiee is as as* as 50 feet fir, 

sag tkat eves adi Creek Is as Rusk as 130 ten ddek• 
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'fir Apeehe beeelt described in the geolosie literature is sal d to 

separate the limestems portion of the Minel teem the Ulm moth of 

the Latitude of Chryeetits meet of the beeelt is is this seleties to the 

two termetleme• Thum the basalt at this position la the Apache imp is 

the visimity of Glebe, Superior, sled My, in the Menai - Srippims 

Syria' Xemstelae, amd wean ter seuehmest as the Valet Mentinlie, 

nomad slats with the Lamer basalt of the Sierra Ameba. At preseet, 

hoover, this comeleefea uwt ha made with s sonmeeno Obviously 

the upper Meek overlies the areillite .whet of the Vassal aloes its 

soothers mod thimmer emiremitise, sod could *in be the Miele unit 

that overlie* the middle member farther south, 

ilipiselly the upper Moen crepe out se premien* Mesh** ledges or 

cuffs, per ghlis ressom4 amid mime to their position jest helm the limy 

quertsite, thee* enema are reedilly resegnieed es the Meals termatiem6 

is sems ereme, aid oopealelly whore Maine no intruded ion the he it 

or aloes a etratigmephis Maims mows the flame, the basalt is seedily 

litidatooremodw meatharime• lathers Meteors*, or Lt tales eemer As 

aeon sampans, Meat am be flail to diatieseieb gnu didososs 
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The followiss field criteria for differemtlatiag the Apeehe basalt 

from the diabase have proved useful. (1) ml tabular plagioclase phosecrysta 

of the basalt hove no counterParts in the diabase. Some coorse tastes of 

the diabase imclude plagioclase crystals even Larger than the phenserysts 

of the basalt, but the plagioclase of the diabase is Lath-shaped and 

interaremuritk Largo grains of other minerals; in contrast, the trysts ill the, 

basalt are invariably tabular crystals in a finsegreined groundmess. (2) 

Ibe amyedules of gmemaishodmerals is the basalt might be ...callused with 

certain aggregates of greenish minerals in some diabases, but the quarts, 

quarts-bematite, or hematite amggiulas are characteristic of the basalt 

and very resistant to weathertag. (3) In many plasma the above criteria 

are sot of use bosoms the basalt is met appresisbly porpbritie or ammdeleidalg 

in these isetesees weetbering produsts tan be useful. lbe basalt decomposes 

to a fine, powdery, dark reddishipbrowa soil; bossily the diabase doss form 

a similar soils but the typteal soil derived from diabase is granular amd 

fragments of Plagioclase Lathe are abwedamt in a yellowish-brown clayey 

matrix. The typical diabase soil omen usually be found is a brief search. 

!acmes certain of the amygdules of the basalt are resistant, they tend 

to someemsrate in basaltic soils, Wen where not obvious in adjacent 

outcrops, and these relicts can similarly typify the basalt soils. (4) The 

finer-grained diabase—that most likely to be costumed with basalt—commonly 

breaks deem Into a pebbly rubble (fig. 13). 2be abundant ellipsoidal pebbles 

of this soil repreeent the hest crystals of pyromens in the ophitie-temtured 
diabase. Ihe small plagioclase laths onalesed in these pebbles tend to 
weather chalky white. Is contrast, a soil derived from basalt includes only 
seattered pebbles and fragments of irregular for, rather then rounded outline, 
sad the feldspar laths in these pebbles, if diatininiabible, ate almost
temmaidoly ish.horsage to yellowish-brown. ml basalt pebbles
wben braker de net, 1110114,~,sham the flashing cleavage faces of pyromene
sharacteristis of the diabase pebbles. the writer is ampere of a number of
misidentificatleas of the basalt as diabase; some have been perpetuated in
the geologic liberature. Distimetion between the reek types will seldom 
be in doubt if the above field tests are sopped. 
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MEN quartette 

Per reasons that will become Merlon in the Aseuesien of strati-

graphic relation of basal Peleant. feenatione to the Troy quartatte, the 

Trey is herein redefined as Precesirtaa in age, rather then Cambrian. 

Only in e few aeon arose him Cadorion strata, herein restricted ties 

the feenstion, been nipped with the Trey osertsite as defined and mopped 

original', 10, Rama= WI% p. 344•3111g 1111i p. 4E1.401 19034 or 40 

described is poster detail teas his later observations Otemen% 1916, 

p. 1316141,154. Therein% this redefinition dens wet nedify or only 

to a slight degree nedifies the cartographic depletion of the Trey on 

nest published geologic mope of erase that baled* the formation. The 

few erns that should be modified are meetly south of the Mal Mountain% 

within the halt where the Trey is averlein by Cambrian strata (see fig. 3). 

la nay refereases or brie strotigraphie descriptions, applieeble to the 

pert of the regime nab of the latitude of Gleive, the Seise ignortelte 

of Cambrian age has been correlated with the Troy or—nastimee along with 

still younger Calories strata—has been described as Trey quarteits4. Then 

deeeriptiene, in future reference should he reeeneidered la light of the 

redefinition. In many details, the troy formettei is pito different 

teat pessly similar Polemics strata with shish it has be correlated. 

Se thet the differences can be annented at a later plate (table 5) 

the Troy is deeeribed in sew detail is the following pope. 
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The Apache grew see differentially warped em a breed male and eroded 

to different depths in vestiges parts of the region before deposittem of 

the Trey questaite. In gametal the presTrey ensonfmunity wee planer, but 

in at least a fey/Oases local erosional relief is this surface emceeded 

100 lost. Additionally in the northwest pert of Gila Comity the eastern 

part of a structural bests allow hundred fast lens, this the gement serface 

saw be redeemably interpreted so emistent at the start of Troy deposition* 

Althsegh variations to elevetion of the surface of deposition effected the 

thiehmesses of Trey socamelation es ohm es Mere 11, postmdepositional 

Figure 11* lesemetrestion of nerthoiseeth geolegie mottos otter the Trey 

*ottani, ses deposited* mite parties/ally pro-Apish* serfage, sod pre-Troy 

surtsee* destine extends fry present Megellen Rim south to Oregeonaleentsins• 

events ware nosh more effestive in determining the thickmesses of the for 

new available for view (ampere figs. 11 and t6)* The Trey quartette 

wee differentially wafted, largely owing to infletten by diabase sills, 

and veriewsky eroded prier to deposition of Cambrian strata, and in the 

northern part of the region the Troy wee again 'Imposed to erosion before 

Dewesian strata mare deposited* Asa sonseqmenee the fewnstion is missing 

below/ the basal Mosaic strata in ogee areas and is at least 1,200 feet 

thisk is ethers, Thisknosees are of a someiderehLo songs is awes relatively 

smell areas; these of spesifie parts of the region are oensidered in the 

come of description* 
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Details of stratipaphy and lithelsay of the Troy waertsits ore some-

shot differ** in different parts of the region of outerep. lataral 

variations are well ewe. understeed to be certain thet all are variant 

aspects of one formsties• Smith of Globe less infeenstien en the lithologis 

domes hes been secomulated thee in the urea to the north. In the Slone 

Maio the Trey can be readily divided into throe asmberes the lowest moist 

is a reddish ukase, the middle weber a Alto sandstese. sod the uppermost 

• grayish quertaito. 

The sostion deaoribod on tibli 4 is one of the meet somplete yet 

Table 40-41oction of Troy quartzite typical of the Storrs Ms. 

found in uhish the usual features of the three meibers ere readily soma 

J (s of toe awed sestions of the Troy described by Ransom 

(1916, p. 154) use asseurod on Sabo Mountain. 21} miles southeast of 

that described here. The Center llountain section if table 4 sad that 

of Reiter Mountain are very sienna, but the Baker Mountain section is net 

as well messed. and the wpm 200 feet ar mare of the section uposed 

on Center Mountain is missia, from Isnesse's locality adios to pre-Sevealan 

erosion* ketuelly• with sane misgivings apparently. Ransom (1116, p. 151) 

recorded a third measured motion at hessevolt D. net softies is only 

l feet Umiak and is probebly partly or ntielly of Devonian sewistane• 

As indieetod in the tames. *ash stroher is of distinctive lithelogy and 

each includes sodirentart stratum that are oheractoristio• The 



di thrones betimes siseers are met sonepteuees is the part of the sellen 

earth sf the Salt Mimi therefore the stretigrephy of that uss is sio 

*Wend first la describing each of the three alsobere. 
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Arkess member 

The lowest member of the Trey is a fine to medium-gmolaed, firmly 

cemented arkeee. Mast beddlmg molts ere thick or very thick, fimorgreined 

and of remarkably uniform sorting. Meet of the whew is pale red to 

grWired on both troth and weathered surfases, but light to pole bream 

colors, as reported in table 44 are rem eau else. Ia handeposinam this 

rock is somewhat like the aflame* of the lower member of the Dripping 

qpring formation. Mut the letter whose is ordinarily of an scamp-

pink sr reddiehPorangs hue, is semeuhat less - uniform in texture, and is se • 

firmly cemented that it breaks with a quartaitle fracture—ogress rather 

than around Indfwidwl greims. In outcrop the two erkeses are strikingly 

different. The lower member of the Trey in areas of low relief erodes to 

gentle slopes, and in areas of high relief to stoop slopes studded with 

rounded to angular ledges or eves to vertical cliffs. Regardless of the 

form of outcrop, large- or very lerge-scale, low to highp-amgle noes-

stratification is very conspicuous through mush of the member, suing to 

erosional etching or premiment parting along the inslimed planes. Sets of 

cress-strata range from a few tone tar severel hundreds of feat in length 

between hotting of truncation. In eamtrest. the cresesstretlfisetion of the 

is member of the Dripping Spring is mostly of smell timidly' scale; 

individual sets are generally lees then lb foot in length* and owing to firm 

cementation, weathering rarely etches out the cross-stratification for easy 

observation. 
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Cutaways of the often member of the Trey new exist through an area 

if only s few hundred square Wee at mest, and abundant outerepe-40614 

within the Wadden Peek qmsdrengles-exist through an at of lees this 

150 even albs. Is the highest ports of the Sian Amass within 2 ts 4 

miles of the section shown as table 4, the aria: is 400 to AO feet thisk. 

To the smith, east, and south it thins rapidly W lapping spinet suneses. 

ively higher parts of the pre•Trey surfeits. Within a radius of l2 to 15 

miles in these dinettes free Antes Peak the middle weer banns the 

bassi member ef the Trey. The eskers member can be trend into areas in 

*ilk it is less than 100 feet thick. 24, owing to Tertiary or assent 

sissies, the Trey is largely, missing along the line of complete layout. 

Therefore the limit of the mein. as sheen on figure 3 is an extrapolated 

limes to the seat of the line Isolated remnants of the oda* member 

rest directly en *ashes *trete, to the west outgrips of the lower meeker 

are known. Mirth of the Salt River end west of the 1110 Meriden erosional 

remnants of the Tray ismebisor en also few, and are widely nattered. 

Unfortunately sone of these exposures hen been examined. Judging from 

the pattern of thickening, the lesser names 'debt be as thick or even 

thicker than the thiskest seetlens in the high parts of the Sierra And o. 

West of Tinto Creek, of averse, all younger Precambrian terratiess are 

missing. Se generalisations eenserning the peleogesgrapide sigsifiesnee 

of the mime moMbor must he derived largely trio outcrops within the 

*Fadden Peak quadrangle. 
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Where thickest, the arkose member generally rests on the upper basalt 

of the Apache group, and the basal part of the member is net conglomeratic 

or Is only sparsely pebbly. Below this contact, in most places, the 

upper part of the basalt Is firm and no fossil soil remains between the 

two formations. In same places, however, a residual fossil soil, a few 

inches to a few feet thick, mantles the basalt. Some of this basaltic soil 

with partially decomposed fragments of the basalt versaincorporated in the 

basal few feet of the arkose, causing the beds of this interval to be dark 

in color. Along the canyon of Cherry Creek in the northern part of the 

Wadden Peak quadrangle, in am area probably exceeding 21) square miles, the 

basalt is thin or missing and the Troy roots mainly on the upper member 

of the Mbscal. Along each of this and like contacts and wherever the 

arkose member is considerably tamed a conglomerate or conglomeratic 

sandstone, 10 to 20 feet thick, exists immediately above the unconformity 

or is within the arkose 10 to 2) feet above the contact. Included pebbles of 

the underlying formations of the Apache group—lepecially fragments derived 

from the basalt, the argillite member of the Mescal, and the ierruginuous 

silicified parts of the carbomate members of the lbscal—distinguish this 

conglpmerate fres the Bermes and Scamlan conglomerates, which may exhibit 

a similar arkeeic matrix. 
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mast sections of the lower member exhibit very lerge-ecale user 

stretificetlea pratticilly throughout* Se that the description cited as 

typical in table 4 will not sees at variance with this statement, it 

requires emplamation* Where the arkese member is thickest, its lower 

parts are comprised of tabular beds that generally range ties 3 to 10 

feet in thickness (see units 1 and 2$ table 4). These beds do not display 

the extremely large-scale cresebedding* Out comparable beds do not exist, 

except in the basal few feet, where the amber thinned appreciably by 

lapout. Se an arkose bedded like that •f units 3 and 4 of the Center 

Mountain section eopprises very large parts of meet sections* The very 

large-scale erese.stratification, in all outcrops examined, dips 7° to 220 eastward. 

The prevalent angles of these cases-strata are 110 to we, 
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Ina tailpieces awesome aloes the ealoyen of Cherry Creek, particularly 

in the north belt of the qmsdreelle, the Weer part of the ukase member 

is notably, different. There &omelet generally brood and shallow but 

merely narrow and steep-welled, were eroded into end in plates several tens 

of feet below the Meat prier to disposition of the Trey. Bedding streetwise 

ere not well developed to the whose the fills thee* channels, and the 

sates* of most channels im poorly sorted awed sparsely conglomeratic« The 

granules, pebbles, and oebbleedef the conglomeratic seedetene are mostly of 

elder Precambrian spertalte, like these in the kaoline and &ernes beds. lot 

pebbles of volcemio metwiel--meetly rhyolite--sed sparse pebbles derived 

from the underlying formations of the Apache gimp are also conspicuous. The 

channel-filling conglomeratic erkose is s few feet to at least 100 feet 

thick. 
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Chediski sesdstens madier 

North of the Solt liver the middle amber of the Troy is mostly a 

pinkish.psy. leeway to moderately troll sammted. very pearly sorted. 

pears sandstane, shish erodes to rounded skapos ausimanted by sounded 

knobs an1 hoodoos 'gamely soulptured by erosion. °stamp* viand 

tram dieter** ars meetly whitish, in striking aentrost to the reddish 

sr banaish lass of the lower member. This coloration and the massive out-

imps studded with distinstive erosional fens, alas contrast smith the 

semanket darker eolosed stiff-fasoing qsartaites of the upper mossier. 

111029 I. P. ikashard tiro. p. M, 644a) rose iced the whits 

sandstone as a very distinctive stratigraphic unite and teamed it the 

uChediski its sandstone amber* of the Troy quertalte. The typo loselity 

use dissipated as ChediskiIwnetakr, o prominent mess on the meet side of 

Canyon Creek 21 silos north of the Solt liver. The mew farms an alms* 

berisental, senspierere and typical outcrop along the east Soso of this nesse/ 

fine tam "shediski• as used locally by the *seam means °lams white 

reek.* Therefor* this name is particularly appropriate for the miens. 

lurebard described only the outcrop eharactaristics of the member, end south 

of the Salt River the member is net as distinctively whitish nor as singular 

is its erosional fem. ?bereft,' this part of the Troy has been distingsished 

as a separate rasher only in the vicinity of the iron deposits near the 

headwaters of Canyon Crab. Less obvious features of the somber set it 

apart everywhere. bousver, and it mould well be designated the allagit 

Milt or fiblialikLAINSIMILAMINa tawswiwut the Mien of Trey eetarePs. 
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Netween the Solt River and the latitude of Wang the middle astsber is 

generally about 250 fort thick. Farther north the member probably thins. 

Along the northern reashos of Canyon Creek thicknesses variously reported 

range from 20 to 270 fast; apparently most sections are lees than OD feet. 

Whether the thinner intervals everywhere represent sections overlain by 

the upper member of the Troy er same sections are those truncated prior to 

deposition of Devonian strata is net known to the writer.. Along the lhogelin 

Rim sections that are only 75 to 100 feet thick are capped by the upper 

member of the Tray. 

North of the Salt River the sandstone is meetly of eubrounded to 

well-rounded, but pitted and frosted clear quarts grains, Ukiah range from 

fins to very coarse in slays. Thin lenses of white worts granules are Gammen. 

Sand grains of mediumr to coarse-grein sloes dominate most bedding units. 

The matrix of the sandstone is of sericite and a whitish clay; in lush of the 

member sericite is very abundant. Clay aggregates that have the outlines of 

cleavage fragments of feldspar aro occasionally noted. Amd rarely cleavage 

fragments of orange pink feldspar are soon. Throughout the region feldspar 

cam generally be found if the Goorsersgralned beds are 'earthed carefully. 

In such bade grains of granule else are sometimes soon, but generally 

feldspar groins and angular clay aggregates apparently relict after feldspar 

are only a fraction of the clime of the quarts grains. Under the microscope 

petasalum feldspar can be seen in some sandstones that megoacepically Appear 

devoid of the mineral. Chemically the sericitic sandstone is probably 

equivalent to a feldspathic sandstone. 
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The contest between the middle amber and the lower member is sharp. 

and ober, seen la cliff opesures obelously triosates the srosemstrate of 

the lower member* This surface commemly Shows local Irregularities ranging 

from a few lashes to es mush as two feet* loony places outcrops of the 

middle and upper members are se subdued in profile that these relations are 

net manifests 

when it overlies the lower where the basal beds of the nada* whir 

may be pebbly. as illustrated by unit 5 of table 4, or iliff not be pebbly. 

Prevents Moths lower member have net been identified in the middle 

mothers Mem the Chedieki sandstone is the basal member of the formation 

- the bassi 2 to 40 feet of the member is a pebble to cobble seaglemerete or 

a very 001104MOWSti4 eamdetame. Ordinarily the oengloarrato is less then 

20 feet thisks Throughout meet of the region the gravels of this senglemerete 

ere very like these of the Bermes conglomerate. except that sparse pebbles 

of basalt and silicified delimits its. the Newel Gan orgimerity be found. 

merthwert the rued pebbles and angular fragments from these Apache units 

and heaths orgillite member of the Mosel exist mare abundantly In the 

conglemeretes And north of the Salt Silver the orals locally are almost 

menelithic, being of one or the other Of three tadta• lush almost 

menelithie grovels us sepecielly conspleusus dors the conglomerate 

overlies a tamale of thoroughly *Mailed. highly hemetitie dolomite 

rubble. sad the grovels are largely of emsh rubble in a astrix sf hemetitie 

ondeteme. 
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In the Sierra Angle and north and pit of that NOW the 'sedates* of 

the 25- to 40-feet Wave' imedistely overlying the bassi eseglsoorste is 

sparsely pebbly and Wands. lenses of wends, pebble, or eseasionaily 

even cobble senglemerate. Shit 5 of table 4 is fairly typical if seep sulk 

intervals. This unit is missive end gemerally crops is a gentle slope only 

partly exposed. Sodding features ere vogue end defined smostly by dismal...No 

thin lenses of very coarse sandstone and eingiamerate, uhiih suggest Irregular 

but grossly herisental stretifisatiom* Diessetinuous lenticular beds of 

cress-strotified sandstone are seen rarely. Pebbles in this unit ors in 

greet part of ans-greined vitreous quertaito like the quartzites in the 

older Presembrise to %pert* pebbles aro ales abodes* and in sone 

arose predominant; a part of these differ free worts pebbles higher is the 

section in being reddish er brownish rather then white. Pebbles of other 

lithelogies, noted in the basal conglomerate, are generelly, rare in this 

Interval. Some of the wartime gravels, especially these of the lager 

sines, exhibit polished facets characteristic of wied-uorn pebbles or 

ventifects (Seyen, 1031, p. 29-36). In some saltless ventifects are fairly 

common; in ethers they are rare. 

In sections exceeding 200 feet, roughly the upper one-third of the 

Ckediski weber is cross-stratified on medium to large scales. The 1..0 

tuo-thirds of the fir, excepting the basal parties just described, locally 

exhibits like cress-bedding but mainly is a vary missive unit in *hi& biddies, 

features are obscure. 
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Preweenselidation slump fastens oharestarise the mesh" riddle *nit 

of the Chediski member. Tombola voriatiens in the sandstone souse the 

slump strustures to be sonapiouems en close view. The sandstome is largely 

of nedioe-graine but it is very poorly sorted. Mere slumping it apparently 

ineluded some thin lenses sad thin mere or lees tabular beds meetly of eoerse 

said. the meet abundant menifestatleas of slopping ere contorted or 

sid,r14ova Matures of variously sided sends, as though the sands of the 

different layers had been gently stirred together. More preedisent in 

topegrophis oppression are parts of the differentially sorted sand layers 

that survived slumping as erudoly lea spar messes* Commonly tuna lenses 

are roe/My saucar. so boa-shoed in erese-sestisel others ere intricately 

oentorted and thiskomed and thinned W folding. abet, the sends slumped 

no oars then a feat or two and abundant vestiges of original bedding per 

sist, severel seuser-shapod lenses may be alined laterally so that a mole 

scolloped effect is seen in cress section. The coarser-grained lenses 

of slumped sandstone are generally more firmly cemented than the surrounding 

ssedetspe. Them, leases etch out en weathered surfaces, to accentuate the 

elm. features* 

Seemingly the slump 'trotters* is this unit formed while the sandstone 

wee being deposited* Tabular subunits, ordinarily 10 to SO feet thick, are 

defined by ineenspieueue heriasetal (or originally herieentai) planes* In 

a given outcrop these planes mew Show Intl, nodifisation by slumping. A 

fore! the eessive slunp-serhed subunits ore separated by prominently 

crees-stratified beds, I to 2 feet this'', unitemmly tabular end Sharply 

bounded top and bitten. /hese planar features suggest that a subunit Of 

sand wee deposited, slumped, then was eroded at the top before the next like 

subunit was laid dem* Purtheenere, particularly Awe a bed of cress. 

198 



stretified easdetene intervenes between 1114441041 sli sandstones, the 

relations suggest that once s sot of beds slumped ne additlenal softscosk 

defamation esourred. Though grossly applisable, the latter supposities 

is partly refuted by ems details. If the thin ereor.stratifled beds and the 

planes that separate tabular names of slumped sendetene are traced 

latisaily a few hundred feet, almost invariably bath features are seen to 

be eradicated locally by slumping. This is one outcrop the slumped beds 

appear as fairly moll defined units 10 to 20 feet thick, but in s nearly 

outcrop equivalent sandstones are separated by planes es mush as 90 feet 

Wort • 
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Mirth of the salt River the lemur one-neerter to ens-half of the 

slumped wit earmenly includes pebbles or oebbles vary sparsely dis-

tal/voted (see wit to table 4) • °stamps hove been sue in Ail* single 

edibles* i to 11 Lashes is diasetare are isolsted at Intervals of to 

50 feet e1ong the exposure. in sendstese that is ms's* net pebbly. 

The vow pert of the unit is generally pebble-free. 

Probably este eheresteristie of the Weer part of the contorted 

sem/stew wit is a dark solar. In many areas the basal 10 to SO feet 

of the Chodiski amber is greyish...zed to greyislowsed purple. A part of 

the sandstone of these coolers is settled er streaked by reduction sputa 

rashly of the teitish has of the greeter pert of the essber. In was 

samples the nettled part of the esidetene is Light ktramilek grey to 

Light mad& grey. Camenly the esenerograleed streak* sad layers, or 

the beenderies betimes sandstones of different Nein slag are settled in 

preferense to the rensindar of the unit. This the suirliliessi slurp 

strueteuraa. even if net etched out W mule% say be strikingly outlined 

by differesses in abler. In same arose the basal pebbly sandstone unit 

is largely devoid of re•turple oeleretien. suing to redestien of 

ben asides. In ray ash oranples the lows port of the overlying slurped 

wit retains the *bleep se that ta stiff orpoeures a band of reddish sae& 

atone a few tens of feet above the base of the weber is seespieuses. 



In soft or uhf the eentarted eendatene wit is the pert of 

the sober that eeedserto fisted cliffs 4e imeises. Set in MOOS it is. 

rsliof sash erosional foster** are uldesipased sod seumded mseeive est-

craps era typical. These sanded eutarepe ere sees* amp% fer if-eleped 

'wrens or stehed•eut Mats. vdileh penetrate the wrap to • depth of 

only a fag lashes it nest. The ors generally weir in tun sets of 

shalt egad spacing, ad together the eats teem • rotieulatte pattern• 

One autsrep ley be nuked by flame 6 lashes to 1 foot writs enether 

by foram 2 te 3 feet apart. Sash stomps hew ease similarity in 

ippoerense to seek sells Wilt of erudaty squared bet tightly aotoktag 

bloke. in relatively Nw ostorepe the "blacke gallon aro W 5 or awe 

Mess lather than 4-eided. The sotiaolete petters's of teems pertioularly 

sherectearias admits in *bleb the eenterted layers are net tee different 

his the enclosing sandstone in wean sift. 
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Approidastely the upper ear.thied el the Chediabi mese isoarieltio 

seadetene, shish1 ••••••• to very seereemersined art othereise very 

like the sesietem et the ism mite. tM. esidetase is is thisk We. 

shish -. grasely Wain eel welly see tsaisetially erataretratifted 

ea aediva to brie melee. The dips of the seemootrate paw& ly sane' 

le aed eassealy moss* or all0tly easeoll 30.• is IN, IMO asap tie 

digestion of dip we wising me dada.* divration of raw be 

eraseteined hem lafeenstisa ralleetad to dete• la rave areas the Ws 

an meetly 3 to 10 feet Molts la oases meet beds raw begonia 10 sod le 

feet is thiebsees. Mho* is • elves esteesp latividual beds same to 

he tabslare if trend laterally may prove to be subtly M ss 

leatismiles• The Weft gees of sera esteme are met rase swept 

me slam Ilespestioi t it II of table 4 is as emple), hot is mot setimps 

the WON feettures etch est is held rallef• is ow/ lefts the eenteet 

ketoses this steamily evesoubedded wit sad the videelyine osatestod esedeloos 

wit is as posely wooled that the seams of this heraderf is ladetesalaste• 

Is it least • he mew the bramday between the Is, gaits is planar and okullP• 

sad prahably sapreseets as latratametieral serfaeo of aresies• 
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In toles' sestina of this upper cresspbedded skit pashaps halt 

of the beds are sparsely pebbly this...stip Meet of the pebbles are of 

White quarts; pinkish quartz is omen. !ad reddish-bum jasper pebbles 

are rare. Pebbles of ether cespositions are practisally aamocistent• 

The pebbles are rounded and as mush as 2 inches in diameter; meet 

are of diameter* less then 3(4 Sachs Pebbles gradually beam miss aboindesit 

upward, and in the upper hall of the unft are partisslarly se is 

the upper few inches of individual beds. Only rarely de ceneentrotiens of 

pebbles wrist at the batons of beds. In the upper 26 to 35 feet of this 

unit characteristically the uppeswest 2 to 6 lashes of *ash bed is very 

conglemaratic• Mid the uppermost 1 to 6 test of the swine is evaryWhere 

a cenglamerste or conglomeratic sandetene• The contact between this awl-

gloneretic bed and the upper amber is sharp and pis ssr• The positions elf 

the pebble layers suggest that the finer oenstituents of the t parts of 

each sparsely pebbly bed were osinaewed away louring behind only the searser 

frections. The relative increase upward in ambers of pebble lime aid in 

concentrations of pebbles in the layers tailgates that wash wianewing beams 

incressingly were off satire sad provalest as suseessivo beds were deposited, 
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North of the Salt River the upper oressbedded ion is the only 

poet of the ranhort for pssstisal papooses. that is ipprosiably osertaitis• 

The lower pert of the fiat is semonly vary Mehl% hat this is net 

overynhere true. Itrand the cloy re serioitio metals deoreeess is meant, 

in goreral the groin sine if individual beds ineroseest sad the sandstones 

an am firmly seesstedby quarts. Is some emotions a had or too of 

ate ears he found in the VW! part of the wit. Oaeasionally ail 

voids of oeareeogreined lens is the oentertad seedetone wit arcs osapletsly 

filled by Via.Where the matrix is searsist loss eimindast then must, 

awake* in the member, clusters if aim** needia•lihe opests oeystais-seees 

only under a niorassepe—say penetrate the alarserisite sestriall these 

needles are set Mashed to the *Lotto omits gesias. lonleede onsepting 

the Woe glertaltis omplos astute a einsulor shereeteuistio el those 

sandstone is that the indivieeel said grains de net inhibit-pia the 

of querta• 
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last el C crook in the vicinity of the segos of Salt Rivet one 

of the foetuses if the middle molar es eenopierseue in the Diem ash. 

gradationally hewn lose obvieuse and the whet hears deminesitly 

irestattle. The eastesuneet oopomaros, Mem to the its, of the middle 

amber in its toted ligbitmeolosed friable fees are along the Woes reeding 

of Moms croak. Farther oast mei south onto the *item Plateau grestaitio 

seethes sew teem plakiebpgray or light beerasiebrogray to groyieh•srd. 

The doter colossi, Air* sena* an Mundane, of hometite is the matrix. we 

deninent. The fine- to aeasso•groined quartaite and questsitia seadetimo 

bads are crudely tabuler and sew foam I to 10 foot in *Ukases. Radium 

-*sale taigential siess-stratifisation is oemapiemeas in some beds. ONO 

pebbles and growaloa arcs notable threw* much of the amber. Pebbles de 

wrist sparsely seettured through the yeartaites, but thog are mat abundant 

as lentisuler semeentratiess, gensfrally 3 to 6 lashes Vitae bordoring or 

eeparating beds. Sam songlemerstis leases se nosh se 3 feet tidal here 

been noted. The oonglimmrate lenses essmenly fill shonsels in the underlying 

beds. The middle pert of the .vales is the last pebbly. The massive.-

Otis otzete of this area aro gate like these that laves 

(1916, p.130.141 and pl. VA) deseribed sod tilustvated as Wool of the 

laws and n4ddle paste of the Ts,/ in the Rut quedranglo. 

farther south but within the strueturel bounds of the Coloreds Plsterrs, 

principally is exposures is the vicinity of the aiming earl st Cheysetile and 

southeast sling the 1101100111 aegis of the Natant Platoon, the mew is 

again dominantly Of sendstene. These sorristonse are in a Impose very like 

that of the Siam Mill, and lit fly are greedy eseporehlo eneept 

that nest are highly hematitic and grayish.red to dusky red is ogler. Only 

meet of V. S. Illotriey 60 de light.uslorod eandateme fors an lepresiabli past 

of the neakert. 
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These nations of reddish samdstase end these of reddish osertsits. 

in the *Waft Snit laver Camps ens. possibly an thinner mad were 

deposited en a earfase topographically sasewhet ► then these in nest 

arose to the no end south* Pasoan parts of the soosense wen 

Okapis**d by diabase intension and therefore details of staresigrephis 

seems* ere domes and psi the 'goer pert of the ember was eroded 

aeay is sew parts of this neathentain ern prier to deposition of 

Devonian strata, sash gearasliallitiss oesseredne lateral variations in 

Oldness* waft he aide with "root aseiremes. la scars ingatod orstesdpe 

the Chediski amber is st least 300 feet Udall, hrt in sew Wier frees 

Aare serplete it is probably considerably thinner then SOD feet. Where 

soneingly thinnest the reeeibar laps sense different pants of the **she 

ferastioses in plisse the Troy rests an thin rentents of the algal weber 

of the lineal. in other plans it nets in the lower maim of the Mescal or 

oven an the Orippiel Spying gasitsits• is this part of the region the 

loner part of the Chediski amber is distinctly mere tabular bedded 

than the lewar part of the nember in the Kern Ando, and orees-otratifiestion 

is omen. Mee the interval that display* contorted bedding is thinner 

and less eempicesee in eatosop• The %tipper prednestly errs-stratified 

salt of the wrier, henevere is sanpewdolo—eneept for solorstion—to that 

described for sections to the northweet. 
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Farther earth, throughout the poetise of the revise strusterelly a put 

of the Oasis and Lags pralines, the Cbsdiski ember is largely oportattis 

in cortege arose of a fat squire atlas, and is partielly oporteitie through 

still befrades arose. Claortsito seatiens particularly notable aro is the 

vicinity of the sbassiensd cop of Tzwi--ftwor the type Ideality of 

the farestise--sed le and near the aartheastern part of the Glebe quedrangle. 

obey* Rama* probably first studied acteesive outoirops of the Troy. In both 

of these areas sonsiderabie parts of the quartette sestiss at. light allowed 

and easapt fez feldspar sod 'Ohio contents are grossly wart like the upper 

(poortsito ariber• Through out of the region south of the Ibtenes Plateau, 

hewevere the maiber is mostly of sandstone. 

?hick sees of the Chediski easher bore net bele detassgesd is gram 

plane is the southern part of the region. 14141Malre betimes the the 

Iftentains and the alb River, the who, is overlain by the upper raw 

and therefore see rant in full, thieksesess of 250 to 300 feet appose to be 

4411/MOU Ins few Oases, thicknesses awe then 300 feet ray exist, suggesting 

that the orather thickens slightly southrard. 1111111~s le its seutharauset 

orposures slat, the his Pedro Rim, is the 'Welty of Moly As Peak and 

reavelps Creek, thisknesses of 1110 aed 2I0 fort hew boos nessuesd 

H. Wager, written esmelostias). Parhops mistime noted in the 

southern part of the region :Wiest relief on the pre-troy erosion surfase• 

rather than a signifies,* missal variation in Wakeman of asamerlatise. 
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Smith et the Illetasies Plateau the Chediski assher is beet deessibed 

empavisese with the essepiesems essibteses meth et the &sit River. 

The somisieses of the soothers facies -s esigmeitieselly grossly similar 

to these if the esethees eine. Itell-sainded spurts ipreiss, is hes 

flee sod sloe ti gramsle is. em pries the balk if the simile tutorials. 

The matrix is similrely dsmisstedW serieite mid slay. Orempespink feldspar 

is am* moo abrosiest is the seuthers fastest mod is the soolose-glolood 

beds essasiessi wasfaisp.sise miss if pegmatite feldspar as. sesepiesses. 

These seessaly ars esmpeemi mein Oat isislede yourta. end ere vary similar 

to the sense dstmitss derived h the orssitaid seeks thet soderlie the 

Apashe pew. Is ere leselitise some mresevites shish fills istaretiess 

betmess worts wins, is vary sheadast is e few beds. Seth miseevite is 

rars is the northers hetes es ti be *typists'. fVos esamsple, is the 

essties shoos as table 4 sessevite use sees very epasiely is may • feu of 

the searser-greimed lames seer the top el silt 6. 
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The southern sandstomes are mostly yellowish-grey or light-breenish 

to medium dark grey or pale red, and although aot partioulerlydark..eslored 

evelll they de net softest with the adjacent stwatigraphie units as de 

the uhitieh outgrew, of northern Gila County. dame bids of medium light 

gray to medium dark grey sole' contrast with adjacent bode of bush or 

reddish hue.. The dsrk#grsy sandstones owe their color to abundant minute 

aggregetes of bleak hemetite, *Soh portly fill the voids between quarts 

groins. Similar eggregotions of Walsh hematite and the consequent 

grayish hues of sandstone beds have net been noted in the northern area, 

although the reddish sandstones of that areem-eepecially in the basal part 

of the member—do owe their solos to abundant hematite. In some places 

laths southern part of the region the basal 25 to 120 fast of the member 

also ranges from pale red to grayish red or greyish-sod purple. Far 

instance, in the extensive exposures of the what in the range of hills 

that extends seuthesst from the *pasha Mountains the basal 50 to n fast 

of the sandstone is commooly of reddish hues. In nest arose, hoover, 

edndstones of dark reddish color are subordinate. 
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poorly sortod• As waif given seetian is treriresd steratigraphisoily 

Witold's& hods ses notedtr hs mite visitable la the hors* of sorting 

onkihitod. Although peso asoting is also shirsaitseistle of satiate 

farther moth, is oantreet, about the same degree of senior Shireeterialle 

otarstigrephio units 30 to 100 foot think., lath of the *tow Maim 

this sootiest is sertiog is opheelaed hassuse gramelas, paiblea sad 

eves sables, asopesitissally is variety lihs them rostristai largely 

to the basal emiliamemet• warmth if the Salt Woo* an sea thesugkeut 

the mediest• lo the northern' sires the sow half of the sestsited 

esodatens wit is virtually pobblesfiees is the sautheio sees pebbles 

are feast within the essrpsiablo steetlipephis intermel, Whether that 

lateral is omptioad largely If only is will part of shaped mod. 

•tame• imillat to raunded firspeots derived film the mistook 

fleaustisms of the /paths group as set dared to the bassi soollomats, 

as la the norther sees, hut sea he *mod spaissly throe heat the low 

half of the eumbes. Vast' rarely, is looses of oomalommtdi• 11011111M11 

of eshist sod pebbles of giamitold mks like these that undarlis the 

Ipashe group as uses. Also, solthio the see part of the nalear, sire 

isseirtares pebbles derived Aram pop.Poisko faemettans ohms pelishod 

facets are shoos like knell auts...fostswas that sharseteriss 

ventifaets, *ea pebbles ere moo and has not how noted is mew 

plates* In nest motions, hersvoi, sew pebbles shiv .flat !sees and 

rounded edges separating the lass, is though simemreve pebbles of 

typleal "hissilaser fens had boss subjestad to mobsguesus 

that minded the sharp ridges between adjamemt 'assts. The coarser 

aanstitumets of the upper post of the warrior sheer regions& similarities., 

la the anthem part of the region virtually all pebbles of the cro 

stratified' upper wit are of white wets; in the soothe= part of the 

210 



region like warts pebbles ore predesineet in the grovels of the 

kipper past of the sactioo• 



South of the 'Mew Plateau the etratigrophis interval l to OD 

feet above the Meal conglomerate of the Chediski member is of crudely 

tabular bode, Ada' meetly range between 6 lushes and 4 feet in thiskness. 

Farther north roughly the per half of the equivalent interval exhibits 

massive units of canterted sandstones, and is the lower half individual beds 

are net as distinstly separable. Opme of the tabular beds are tangentially 

trees-stratified on well to sodium reelect ethers are heriaentally stratified. 

The upper parts of uny beds were channeled prier to deposition of the next 

higher bed. Lenses of conglomerate or oenglemeratis sandstone, 6 lashes to 

31 feet thick, commonly fill the channels. As seen is cross section, meny 

slightly undulant partings between beds are marked by trains of gionuto-also 

gravels. In other examples somewhat coarser grovels sparsely litter slush 

planes, and in extreme examples, individual sebblee, 3 to I inshos in diameter 

are noted at intervals ranging from a few lathes to sevens& feet along the 

bedding planes. Owing to vagaries of intreformettemel erosion, some beds 

wedge out as traced laterally. And gravel lenses 4W layers, separated by 

one or more beds of sandstone at a particular locality, any ',aloes* as 

traced laterally along the outcrop. 

212 



Is the swam part of the rosier the esmdetus omit that mehibits 

slurp etnetmees gemeatly is probehly met its thiek se the olmberted smad• 

its.. melt is the serthers ones. Is ems seutbeis mess eartunite an 

sot more this SO fast thith, thee* is ethers slurped beds ageragelking al 

l.sst 12S feet hoar hew sees. At least is IMMO erns the talker bele 

that inhibit slump statist ss are semediet thinner CI to is fat) Om is 

-the swam pert of the regiess slopiag NNW silky allehtly emitty of 

original sedimestery stnetures ord imdividuel beds of semeerlied endeteme 

may be cosepicsously defined. tip mad better. by layers of pelikies+ 

lush gssemelisetiora emmet be um rde for all swam eumpleso hemser, 
benne is semi lesolities slumping oesurred to soh a dopes thet 

beds within s assein eatenp us diffloult t. distimpeish. The retimmlate 

untherimg petters noted for the sorthers ss is oleo s emu feature 

of the southern eitoseps of oester6ed eseistome. 

Tslister beds of oross•stretified mediers• to very seenesgesimsd seideteme 

typify the wort pert of the dorm is the sestheno port of the mine se ; 

is the northers put. Urfortumetely. I hen met talea apoebtio heed of 

this part of the sestina is vary nay ones. si if the somisimmme of the 

northern and southern parts of the mks aro eoposimiler diI is 

coepsrises. ss us leer unite, I am set mare of the differomees. Smothmed 

from the latitude of Glebe coarse grains of detrital 'feldspar an dreiers is 

all of the outcrops of these bode that I have sews iliverryehent is the 

southern pert of the region this *pelmet wit toads to be esertmitio. 

It overgrowths of is oemplotely fill voids hilisa the detrital warets 

grains. this port of the notion forms SINSUPIO light grey ellteleplb is *Leh 

bedding features are Aso. Grossly there outcrops of euertmito us met 

very different Me tar quertalto of the per methere and loso/ly the 

sonar! betimes seises ray be diffisott to 
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IIMINOMSO MAIN 

The ewer INA* fie the Tap Se seeryahmite of gestalts beds• The 

slightly different site la the vsetiest sewage are pislehly she flikes 

iM shileseteristise these* the miss. These omelettes Usk smiesel Aram. 

*et wad peetiesterly dietlassish thus Ma op Wm esopiesee et totely 

skim fisertfd,tes• ihsenstisse seer the smart se greet tome if 

detail ea be eddied to the desseipties of table 4.dish stiff) 401111P Of time 

thishset antibioses'', set Os. thishesiewts itietheesa Corrisy• 

Mho. Mist gm se relied& gray Wes eve deetfasat is ease 

Isselltleet and is some eeetisse beds of dark vases of graystelb.red ae 

greyish tethpvirple are esseplasesse gemeeetty the yourtsitee ipsylsk 

pink to pat• sets leethering eseentsetee the soda& **UM. Aid Aim 

the isineties is usethered deeply, detailed slabs of thistly petting poetises 

of the whet rom be semiered eemodlet poomis sad be steamed Itheoegboot is 

various &ries of Mk? Wm, hush astrome of method*. dieseleretioa 

irs es* meetly ekes* the elebby putting wet put of the mews is 

suposed ea earl tope. Is other espessres se as sees ahem lime poste of 

the aaer eopeeed sloth deolipositim is net esdiserily sees. Indeed. 

the osiers of the greyish spolortsitesv Ault mey little isms oedisoorily 

ass essay illy samedified ea vesthertais 
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The quartettes an asstly sedisar, to searsa-grolasd sad ismseishly free 

of detrital grebe other that slur Alpert*. Capered lath arif part of the 

middle .0 r* iedividual beds and oargroly 006.01.44 of WS UMW UM 

of fast thisk are velfseely of * wary glom range of grids slue* item 

beds ieslude guttered grains of se agempiek feldspar. amigos sad 

pebbles. sr seesastrattais of gash gravels are estrooly me. aid fee 

peatisal deavriptiew sae be egesidsred easavaisleato bade the* laslais 

feldspar or pebble, gris graguhst awe mom is ths latitudes earth of 

the GLAND. Is bud spegiagee the Inns Wolof glow W and 

thrush the balk of the watber the geeing fit tightly spinet sag srathor• 

This egotism show tort these fro walimrstaded detrital Swaim reeked 

together by aradgmetis of gnats that gaily fill esaglistely the *ids 

between misled guise. A this dint of horgtite(?), MO arks the souided 

utiles* of the griginal detrital palms sad Mute egpregates of honstitas 

sparsely distributed sad tightly held gag the babas Worse Iffeligniaths, 

NNW the siddish slaws is the quartaltar. 
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wimps et sume losalitios ebundestly pitted, - te the 

Mretherigi f_ •1 seereimitee et semi that ere set se Moly oseisotod 

se met et the amok. These •peebesubeg, ordinarily sr* mere this I Usk 

la diameter, mg be sites of tide ileseite stein. eisetinee et blob 

odds& Mrpsotorestielly tom is erowthes sod be very eseeplousse 

ogelast a boiler r1 et 110bueeissed gaseteite. They ems ter be provelast 

is egad* beds. The loesh-simbedi bode appose le here s ass as etastigrspide 

amber oats, swot whops leselly• lw ewe lessiltios they ams tend MO 

is tate where la More leo Is the ausheri the WO et the Moms ere 

&mid et those tooteree• Ority•litheleeis oseestotios see be ormeetaiii 

1 •peeh•emebei Wes are sediessily tritbia aseem**st Ullidoestaled 

Messes its bus, Best et shish are se May eseurtedi that the 

istosael bolding streeturee es. au 1 et the pose Warm Ws we 

ditftesit to dietieleish• 

The fsertaite if the hoes' sorsrei toss if test et the tipper mem 

esiosely is esersegirelasde I seniess issitalle beds •f ray armee ileeie• 

LINArsdpe grabs epee gilts asiolor is Med spesieses end geseselly the 

laseetitiel voids en oily pertly tined by eraegeorthe. The porosity 

'ma WilleffilieS of stela dotiallitek ado islit tem saV *VW artvisfirabla 

thisbeese Is the nerber. Illombite Is semerhst Nee ebarallatb toss is tee 

net of tM ember, sad esomely this It is imyfialiesee ar teak 

reimpopple, MI Is plasm this eat is ney U esiereik Light OM or 

yealsuielovey quortaitos sem te be emus is the osethere port if the 

swim. 
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The everlyia. wit is In ter SOO test Wok, modiewageoleed, tightly 

oessoited. sad emtlasilly the nest vitamins Windt* is Ow anaelre It is 

steed Of tiltigri baby 'MA nage Area • km lashes to 6 Most la 

titaness hist ase mostly 1 te a fest thbok• These beds eft wrosaretostilled 

4R mall te modlue smiles, in la agreet away matemops the liatesael baddiAg 

details me elossurs. The famdeelylie esevergaslosd malt bits vow 

similar details of Waal. ilth the medimelpaelmed titesmasaly 

crepe es a steep leippetmerikad slope. ow la wren if lush osilot the tow 

malts imp as a Maple cliff. 

The ..visit between the medims•gesited wait sad the elekby parting 

mit mut dome is ply asabod by a tepsprophle bash st the tap at We 

cliff. As Ube wpm peat et aidlow-geslasd volt tends to pert ass seedily 

mod is somewhat less veststest W esmalea then the lows goloteltawfb 

la may areas a stAip•like tvoasitima some et ledow mdsts between the leash 

mod tira tip or the cliff. 
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1/11#sst omit tif Os ipso mks" is die ossely anfilloripsiasie 

bet those fimwislitss ss sortsill se times of Os las loor 

wits. Or Isis ors ssessoirsiasi. sod s ossaitaring of sans golds 

Is sews Is the asitespipssliasil bolls. This mit dittoes Mr those 

ism Is Ow seam assfair iwest it 'ice/ MtiINstrvilmsos 

obi ark asunativ, aws sift. I* gam psoMe *1 t mow its 

~Ow. eksississistis• Us beds as tologar old sow Ms to SO 

lorkos is thiolmossi moot $ IS Sishoo tidalik• Sono Ws sot 

kookantiolly stootiftodp loist togosittallY eleseresemitinad se OW to 

adios wok& Woolly au of tie asoo pookent maw botuomi 

rodelast• ego art Is omposid ire thisliossoos of anro Ya 

foot, It gomelly mops ass stomp stops OA awe* dommoil with Wio 

Ws* proot000ly astodasi ammo Sao owed olitlos Vie eatorspo 

of the loam pot or the wit asr ply ooraosi W &ow old MAW toles 

tom Woe Is sestise• 
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In the nom Ando the upper ember is readily reeegaleed Its. 

a &Wane by Its distinctive tepogropide profile of too previarat 

cliffs *operated by a stoop slope and a beach* In the higher parts of 

tho =VD (within the west bolt of the Wadden Peak quadrangle) the 

sitabbrperting upper wit of the amber is rament isthiskaseeee of 

150 to 300 feet* Ileathere mirth of the latitude of Glebe the *lobby 

tadt is thin or missing. even adhere Pelerseis formetione overlie the Troy, 

and the distinctive topographic profile is not shereeteristis. Farther 

moth the e/dirrpartod unit we opdvalent quertsitee aro genseally 

eloolag &dog to promPaleenelo erosion. Only in the Maly Jbe Peek 

quedrangle, to the !Hot of my kastdedge, can definite anoptisa be aide to 

this generalisation• Most expeouree of yowler Prosalleirian reeks WM* 

opredrengle ore of Apache stash or ineluded diabase sills, both of Whim 

see directly overlain hy Cedirion feenitiome. lug is eartein rill 

areee. between aravkipa cu and liely Jae Peek. se ash as 700 fort of 

Troy quartsite iniervarre betimes the *seise state red the lase 

gestalt') Of Cambrian age No Me Krieger, mitten ellsealmatlea)• neves 

miles to the meet, wet the with of Carp Oromt airlr, oulvoirobis lageknomoo 

of They probably exist but aping to COMINONA faulting and pier espeseree the 

relation hotness humiliate are net me seedily seas. These various Trey 

sties ere pr waved in etresikers1 bleak. that was depromeed rotative 

to the Troy of areseemdiag even, sad theretare survived the ereelimel 

plametiom Viet preeeded depositisa el the Ram ksite. Meer the heed of 

Ibeleton Coarse about a silo meet and nertilinet of Maly Jae Peek. tie upper 

eadrer of the Troy is slightly moo then NO feet, thigh. sr Mast the sae 

as the Woke** metier* is the Nem tsars. Ovaisil these eattlate of the 

wpm seer are Lithelogioslly 'die Ube three in the lima Melte ow 

saps that the upper MN feet. OINAMPlanagaillift1.0 the War Imillittal 
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thisobsilied sppseesst smite is sok UMW' bedded sad tens sessive ersterips• 

Ms pot of the mew is of light poi sr yoUsidsli gasstatts In 

tabular hods. 1 is $ trot Wok. la shish lai WON staustirss IMP 

Assaysr 
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Ammo WU p. 140 000Sestod that the Troy seartsits is the viaimity 

of Scott ileamtains 2h miles northeast of Ray* amid los ism* es 4000 fat 

thishi, amt, net reslisimg that loss& strnetnrel vonsonts so& as these of 

Hely ollos Pods ages geoldbegoosh thighs, than the anew sortiose of the 

mien, hs Wasted this this as mmrsal. ?m 1a that gpsitailos of 

Gisinrion ape do met apprise an softly Imo a1 tip "My' 

aietiohe visinity of !sett Misamtsis, as is ostimolygoosiblei this 

night be onother legality is the iongthwn part of the region far amaninstism 

of stations of the maim in ram loaminus thishassoss• 
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PieAIM that dtattaarkh the Chonghi ad "militate ms's 

la typifyiag end 11111111thlS Ole WON mid Ada* parts at Oa MeV 

se maestsparepplas eenapiesamily artedhadded ad pebbly gpiertaite. 

Reasees (1914, p. 11/ 0.141 and p1. was aloe Mt, p. 44) dew anihaerratiall4 

partiamlarly Arm the viability it Mahe aid Nib at the art dm* 

esstleas -s eapeetally quertaitia. The tipper swim data net Maude 

stellarly eseeptaieus feetvres• itartheaseas, it is this sr dean La east 

at the areas napped iri Naas, ad semdetame seetlese .1 the middle wait 

de sit mop eat as esamplaaseely as the apartaltie Met . Ilorefere 

miaow the eaudetaase ow the paible.fres oplirtaltee wee rasseded web 

piresinesee Rampow 
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It is wit. todarstandeblo Renews did net dietingtmliii the toe 

assiars is the areas of his prinelpol elmservetiass. Moth of the Salt 

River t Chediski sober is net as eivieasly different twos the two 

tpmertaits narber as is woes north of the vlvsr. floothers fps of the 

cbediski norber are net as akitish solar, the sendetenes are set as 

frimige sad is its mess us wive emortoltbs; bedding 'Mom are nem 

distinct, and orteaspe are loos oessivos and pebble semeantretians are 

less restrieted in their stratigesphis dietribatiss, math** net as 

prominently diap/sysd is the anthems port of the swim, gross upsets 

of the Chediehl soiberwummish as 111111. strustaree awl vary irrepgar 

beddismemeseve everyeheee to differentiate the balk of the sorbet free 

the Flying opertalts arahor. The Iowa pat of the upper radmor is 

0011111111Pgratesd, as is ths vow port Of the Chediaki smobsr• Ilhare the 

apper port of the latter is yortsitise and distinstive bolding sherseber, 

Wks aro Oman largely ehlitssoteds leselly t boodory blame the 

sobers onset be dietingoished is passing gavel abeervaties• 
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In suet as north of Globe the bear betimes mime is sharply 

sad eisply defised no a esstest betuses sandstone end querteite its. 

In addition the wits ahem and irelor this sentest have definitive show 

aoteristies• Per sonsistassy, if there is cartographic need to define the 

Gaston beta's ambers in then esuthors ones whore a pert of the gods 

iski =wise is qu'artaito, these definitive features awe the °Maria 

th.t std he rend. The war pert of the Chediski nother, eves AM a 

vitreous griertattes issludes HMO Clay end sericite between quarts grains 

or is feldspothic, the oaaree-greinsd Weal unit of the upper facobsr is 

virtually free of .ash constituents. Although the Imola, beds or the 

intersel lergesecels asses-stretifisatias of these bode am imply est 

than apart ins the WPM 'odiously bedded oterlying georteiteg, is 

examples vitressily ipierteitio a in these 41116 shuttered hyffeulting 

these diffonsees an net easily disuses& The uusrteltie facies as sill 

es the sondeteas tastes of the Chodieki somber eve sberesterietioelly 

puny sorted* sore hods ore not pebbly, but sag eve, sad lenses or this 

lapins of pebbles sapseate bode sat the tope of indtvidebl beds is 

the upper pert of the sayirer• Cosporetively, the seenevreitasd hiss 

wit of the upper noisy malts sash better eerting, sad sets of hods 

ourospeesing asininus etrotioraphis latervel JO to SG feet tolerably 

show the ease dopes of serting. Coutaisly a feu of the 4.111.11.111111190 

beds loudly do isislude use of grange alas st eves this lessee of gresidee. 

Bosh somas are se were se to he of littie prootisel sessers• Poutusetoly, 

elm* evemphsrea esaglosseetis quirteite Si sandshoe had or s ongleusiete 

bed, especially ossipiouses hems* it is this' s, end me poesietest then 

awry *My IWO steetigrephiselly IS sash es 100 knit ism in the esetien, 

is the umemosst bed of the Chun** wavier. presapsrable bed hes bees Goss 
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la the sipper aseor• noway thla oaaglimumitlo No. Islooally aloalag. 

loot It will iposorolly he farad la sooroklas tie qty. AS a prastlool 

ompodiAmay. Ike Mg** paraistost olailamorotla lava la o soewoo of 

ofoarmosipolasd wartaltoo probably sea In tailor is taw waft 

lootwooa aminosio ulthoot bolos La 4111110, odel try a het otwatiempire 

Willy his sae looallty to oaotker la Ilho oodboaa part of is mime 
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Kahan 

Pura and distribilties Sr Satmusiess 

Diabase. art tiw Ms et dihme mad sills, noisily Satiated 

the eedSsester, iswastisms at the maw 11VessaltrSas, amd Ss 

saw arias the Satruelems are restricted largely to the *gaols 

WIN ash esteasille Mills hones wen also emplaeed la no 

gilder Pressibriss towistimis• Psiesseis tosaSioss es• 

issatImablar as the Maisse• Only tiro treader eiltereps et dla!• 

base an otatillasd es bows Its all mall latrusisse and elm 

sem sills hadreds at toot Shish ompeeed tat SUM* sr Wore, 

WOO RIAVVOW la mien, an edited. lia relatively tow aldose 

Win ahem as outlyiag too swim sad Wier empeelrell an 

wataly latnied Sato older Frossibetaa teemstimaei some are 

Owe empond la enstemal winikas eut Urn. Maloseeds er 

pasepr tersatiema. Ms Urge Malmo Sahruslous et seuthera 

Arlene are esestemalve with the mow Ihreearbriasaedlasembary 

reeks. dartegaephle Netwithotsadlase non II 

aeries well to Illuatesto this. 

Ike Salt Uii 0111Will art at ems" emelt sad the atom 

Mesh* an partisularly geed areas Si chasm the tens et daft 

teas 111111M141111111. impeawrse ass 'soonest and entlasees ter 

logo amass amid the Leal la 1000 Si 5.11410 test as 

the) habit at Istresiems is dittenst its et the stiffhie 

sessesse are readily sempuved. Parthosseree details it sill 

habit differ somouhat twee plass to please awl then two aroma 

laelude sus at all variatisss that an reoessieed veglaso 

ally. Although mob the tellewing descripties La dams trim elb-
serwatiows la these two areas, the se an applieablo
vagies•wide. 
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The sills are simarkably soneordants in genesels but seek 

sill it Wooed carefully elan its outmost proves to be in part 

diseereant. Many disoordeneles are in the to at high-angles 

abrupt steps* by or deal through the stralligrapkto seetisa. "the 

blight of these steps ranges tram a tow laths* to Revival lumbered 

rest and eensonly wanes along the strike et a given dissipates:my. 

A seemed warren, bat Use °W , type of dimeordanee is la.-

angle; the emataet between dims and sedimentary reeks is a 

ipmetly undulitii plane that transits the bedding planes at the 

hest realm at a low angle. ant sills transipross tram ate 

stratigraphie 'wine to another alms a devises routes rather 

thaw* by simple tabular esommetiens. Diseerdant perm 

Simms of sills that elfin be trued is WOOS sootiest sr alms the 

strike tor sem dietaries-ma tem hmadred yards to **vestal miles. 

ostimarily are nva simple higitsingle or lew-engle disemsdassies 

but a sembinatien at the tees types. least is, as a eentaet ems. 

tumble with bedding is trona in meeticas it nay eut abruptly 

up aeries bedding at a Ugh angles then flatten to sentorn 

losally with bedding sr trams* bedding at a law angles stoops.' 

abruptly again. then flatten to mime the sonneetion between ism-

enema portions et sills. Om the strike of a dissembles,. 

&Imo the imetaet between diabase and sedimeatasy reeks may 

slaw fres Mak to Ism angle. In this reports it the sentaste 

of a tabular body are in omereal ionternable ea a regional 

seal* with the ensleslis sollasatary reds, the tome 

WU will be used. liken a tabular sheet is legally embeerdant 
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but through large areas hes sentamts that tienseet the bedding 

of the hest firmatleme it will be referred to es a oimiestems, 
er where the relations to6emeerdant sill eon be demon-

strated as the lumplim mit at spu 
iMphesism here amd elsewhere in the report*OR the disiontft 

sat parts of sills should wet be essetrued to suggest that 

sueh features are everywhere Oharaeteristie. Theugh diseerdant 

sontaats are wwmerees, they emeempass only a small part of the 

total volume et diabase in sills. 

229 



The Shope et the sills in plan emelt be sharaeterised 

from presemt hmewledge, bemuse only rarely is the termination 

of a sheet observed, and the edges that hsve b sass obviously 

represemt only a very small part if the perimeter or an intrusion" 

sem* thin mills, sisarlp apephpses free thieker sills, wedge 

out gradually" Other thin sills end some thick sills to 

abruptly against highmengle faults" Aloe, sills comet be 

readily deseribed in plan bemuse a given sill is mot everyWhere 

at owe stratigraphie borings and therefore is nes exposed uni-

formly in relation to topography• A Was sill may emir at 

om stratigrephie Morison through an area of tons St 

square miles, and via disoordant sonneetiens exist in like vol-

umes at herisons several hundreds of feet higher sr lower in 

adjasent areas. gush extremes of stratigrmphis position fer 

different parts of ems sill seem to be more oharseteristio of 

one area than another. The prinelpal sill ta the west half or 

the Wadden Peak quedrangle was enplaeed throughout large 

areas aloft a baleen near the middle of the Dripping Spring 

quartsite, in other satsasivo areas it was intruded aloft dif" 

fermi herisens in the Mead llnesteme, and near Astor Peak 

it vas intruded along a borings high in the upper ,der 

the Trey quartzite. The largest bodies of diabase eenneetimg 

the eeneerdant portions of the sill are thiek tabular parts 

of the latrusion that transgress the hest reek neatly at high 

angles. Small step.11he discordansies are abundant in this 

southeastern part or the Sierra Ameba. eentragt„ east of 
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Canyon Creek along the Salt River Canyon, though a few 'steps" 

of several hundred feet have boon observed. meet sills do net 

appear to deviate more than a few tone of feet from a given 

stratigraphie how in outerep lengths of 5 to 10 milesi 

the many diseordant bodies that conneet esneordamt parts et 

the sills are meetly thin and of no great vertical dimension' 
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In the Salt River Canyon diabase inflated the 'mitten as 

multiple intrusions, but in the Sierra Ameba multiple injeetions 

apparently were rare. Where V. S. RUMMY 60 ereseee the maim 

three separate injoetions of diabsse ean be observed readily, 

and fres widely separated observations the writer speculates 

that not less than five separate injoetioms might be demonstrated. 

Throughout most of the Wadden Peak quadningle only one stage 

if intrusion has been reeegnised, in a very how localities two 

injoetions have boon seen. Probably multiple intrusions are 

mot typical of this area, but aro sharaeteristie et the Salt 

River.Canyen and the area 5 to 10 miles south of the ewes. 

The emealative volume at diabase sills verbs oonsiderably 

in the regime. In the Salt River Canyon the ratio of diabase 

to exposed pro-taloosele strata is shout 1$1, or slightly greater* 

Sesames the sedimentary rooks tend to oeour as marrow outcrops 

In plan amd the diabase as bread outcrops, en a detailed map or 

the south half of the Blue Meuse Niumtain quadrangle the midi. 

memtasy reeks would appear as bloodies and slivers engulfed in a 

sea of diabase. In the Sierra Ameba, In eoutrast, sedimentary 
formations greatly predominate ever diabase in volume. The 

southeesCure one-third of the NIPadden Peak quadrangle betusem 

Sherry Creek and Canyon Creek, ineludes relatively tom sills, 

most of miSoh are thin and °sour in the lower formations or the 

Apaehe group and In the vmderlying granitold reeks. 

232 



Certain stratigraphio units were mere susceptible to in-

flation by diabase sills than ethers* in most areas the Pleseal 

formation was inflated at mere heirlooms and now onsempasses a 

greater volume of diabase sills than the other PreiaMbrian revs. 

mations * The Pioneer formation womanly was intruded by two or 

more sills, but these are usually thin* Sills are locally proud-

nent in the Nipping Spring and Troy quartzites. and are few 

in the Dripping Spring and are even fewer in the Troy. Through 

much of the Sierra Anoha southeast of Wadden Peak one sill, 

ranging between 300 and 1,000 feet in thickness. splits the 

Dripping Spring, In many other areas in northern lila County 

sills in the Dripping Spring are less than 200 feet thick, but 

south of the Apache Mountains sills 200 to 500 foot thick exist 

in this part of the motion, Host sills in the Dripping SWIM' 

are in the upper member and, to the best of my kmowledgs, ne 

sills of appreatable thiekness or lateral extent occur in the 

lower member. In a few localities sills in the Troy formation 

are thieki.es in the vicinity of Aztec Peak, where a sill 800 

to 1.200 feet thick splits the formation; in several areas sills 

in this formation are between 30 and ROO feet in thiekess, 

and in many places diabase intrusions are scanty or missing in 

the Troy. Diabase intrusions in the Troy have been observed 

particularly where that formation is now remnant in consider-

able thickness; if the Troy, and any included diabase, had net 

been removed over large areas by pre-Paleozole erosion perhaps 

diabase would be seen more abundantly in the higher parts of 

the formation. Thin sheets of diabase are common, and in some 

areas widespread, in the upper 300 feet of the older Preeambrian 
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Salinite• Ibises sheets epprealmatelyparallel the bedding of 

the overlying Awoke grews — apparently inflate joints 

developed parallel to the pre-Apsehe ourtneee At depths mere 

than 500 roe* below the bsee of the Apaehe group diabase Imam 

sloes st appreelable extent are praetleally mememlatemt• Tr 

where graniteld or schistose formations with ineluded diabase 

are widely exposed, it seems reasonable to postulate that a 

*meliorable thiekness of these termitic= vas eroded and that 

remnants of the Apeabb group are not likely to be food in the 

vielnitys 1 summary, thin sills can be senses ehr►raeteru. 
istie of the upper pert of the pre fOrmatlemss the Pioneer 

formation, and senerally—bmt with prominent emeeptlens.of 

the Dripping SprIngr10roy figgasses the Mossal Si *hart. 

asteristleally inflated by several sills, whisk way be thiek 

or thin, 
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Met sills were intruded along horizons defined by strik-

ing differeneee in the oompeteney of the reeks above and below 

the horizons of intrusion. Good examples are the sills sommonly 

in the Neseal limestone at or near the eontaet between the middle 

member--a thiek,...beddedi massive unit--and the lower member--6 

fir' bedded, less competent unit. Ina somparable enemies 

sills ordinarily split the siltstone units of the topper member 

of the Dripping Spring adjasent to the subordinate. but more 

eemeotent, feldspathic quartzite units within the member, or at 

a horizon not far above the contact between the siltstone member 

and the massive, qmartaitie lower member. Diabase oommonly was 

intruded along all uneentermities in the Apache seetion exempt 

that between the Missal and Dripping apringthinnmAdems. nose 

oesurrenees are really &postal instances of intrusion along a 

horizon separating strata of eontrasting eempeteney. Where sills 

do not owner mostly at the eontast between sompetent and rola-

timely ineompetemt stratigrephis units, they are largely aloe. 
horizons in the ineempeteet molt but within a few feet of the 

sompeteot beds. Seldom is a sill observed in the middle part 

of an incompetent unit. Nor do many sills that *sour along a 

Mariana within eempetent traits eeewpy thee* horizons for eon-

siderable lateral distances. strstigraphie elements 

that do not part readily rarely are hosts for diabase. The 

basal brood* of the Missal limestone, the later-formed massive 

solution breseias that oomprises the Wessel in some areas. the 

massive middle member or the Trey, and parts of the lower member 

of the Trey that are eross-bedded on a very large scale are
virtually fro' of dlabase sills. jibes or discordant
*annotations between sills do penetrate these units, 
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With sicreelation of these tendencies for localisation of 

the sills and some knowledge of the horizons inflated in im-

mediately adjaeont parts of the region, if a discordant step 

in a sill is seen the various horizons at which the intrusion 

might again become eeneerdazt esn be assessed, with some ex. 

peotaney of imamate predistion. This appease,' has prastisal 

application in predieting sites of unexposed asbestos deposits, 

which are oontast metemerphie phenomena in the Nessal limestone 

adjasent to diabase. 

In the following enumeration of the stratigrophis positlems 

of sills some typisal examples of the regional eonsistencies 

and ineensisteseles of stratigraphis position of the sills are 

noted, The northern part of the Wadden Peak quagrangle and 

a belt 2 to 4 miles to the north is an area of many disserdant 

intrusions. In this area the principal sill, as Leh as 600 

fast in thiskmess, was Intruded as along the uneonformity 

betweea the vapor and algal members of the Messal lommidsmu 

loftily this sill steps up and f011ows the uncomfirmity at the 

base of the Tray or splits acid follows both horlsons. A seemed 

sill, generally less thine 200 feet thisk, was intruded mainly 

at a position *0 to 50 feet below the top at the lower neiber 

of the NIsseal. This and the higher sill are eonnested in a 

number of plasss by high-angle disserdamt portions of the in. 

trusiems. Diabase intrusions in the Dripping Spring end Troy 

of this area are relatively small and generally die,-
sordant at low to high angles. 
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in the southwesters part of the Wadden Polk quadramgle--

south or Wadden Peak and west of the *rest of the Sierra aloha--

the prinsipal sill was intruded. in general, at a stratigraphie 

horizon low in the upper member of the Dripping Swift quartzite. 

Maar Asbestos Peak, 41 miles southwest of Antes Peak (see 

McFadden Peak quadrangle). a amend sill. 500 to 600 feet thisk. 

separates the massive lower unit of the algal member of the 

Nesoal from the thimner-bedded upper unit. These twe sills 

merge as one sill along a belt of northwest.trending high-angle 

disoordanoies that crosses this southern fringe of 'the Sierra 

Ancha about one-half ails east of Asbestos Peak. From this line 

of disoordaneies east 2 sills to the *anion of Caen Creek. 

*bleb was eroded along another northwest-trending belt of dis-

oordansies. the horizon et intrusion is for the most part the 

uneenformity between the upper and algal members of the Missal. 

Along Coon Creek this major diabase sill abruptly thins by die• 

eordant steps and exists farther east only as minor epiphyses 

high in the Newel or along the uneosformity at the base of the 

Trey quartsite. in the visinity of Astor. Peak the same sill. 

here 1.000 to 1,200 feet thlok, inflated a horizon high in the 

Troy. Along the west wall of Cherry Creek Camels, between the 

latitudes of Wadden Peak and Aztee Peak, this sill is about 

800 root thick and inflated the upper part of the lower member 

of the Missal. Mast of the diabase ante cops seen in this part 

of the Sierra Ameba are of this major sill or of minor epiphyses 

from it. Other sills exist in the parts of the Wadden Peak 

quadrangle above described but most are relatively thin sad lower 

in the section. 
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Alin the Salt Mar Omayon, and as for oath as the 

village of Chrysalis, the relations of sills to emolosing 

sedimentary formations is somewhat different from these just 

dessrlbed for parts of the Wadden Peak qmsdramsle is thats 

(1) mob more diabase inflates the Apish* formations of ther 

Salt Niver-Chrysetile areas (2) multiple Weals's 0 diabase 

tended to pemetrate slag, or adieoet along, a some= herimas 

(3) disbars tatistod the Nasal lit at mere bewisins amd 

mere lariesteiy the la the Sierra Amami A$ la the aarthara 

part of the *doss Peak opmbraegle. a sill sommonly splits 

the Neseal formation 45 to 50 fist below the top of the lower 

member. In mamy pleas an epiphysis from this sill or a dit.• 

fires* sill separates the algal member from the lower member 

or splits apart limesteme bids of the mppermest ton fat or the 

lower saber. laarew gases this higher intrusion raisued 

the first prenlmat partials that is a few fat above the base 

of the algal member. A third major sill soars in the lowest 

50-Cat intervalABC the Nasal along a somewhat modulating 

plane. In plass this sill was intruded joist above the Nasal-

Sripplas Spring somteets in ether plass it is senesidamt for 

ameliorable distemees at Navas immediately above or below 

a stratigrephis t of relatively saaatry liamatana hada that 

is 30 to 50 feet above the sentast between formations. The two, 

and many pleas three, major sills that split the lower meMber 

of the Nisseal bib:Wrest. in eras seettees aid are interammested 

by dissordant parts of the sills that transgress the toddims 

from ono main horizon to another. Thus. for a large part of 
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this area, the lower member of the reseal is represemted by 

thin plates or wedges of limestone. a few feet to more than 

100 feet thick, interleaved with diabase sheets a few tens of 

feet to about floo toot thick. The limestone plates are inter-

rupted in many places by the diseordant esenestions between 

Gilles This geometria pattern osn be eontrasted with the 

singles geometrleally relatively simple sill that inflates the 

lower member in the northern part of the Wadden Peak quad.. 

=Ogle. 
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The next horizon of extensive sill intrusion above the 

Ns seal in the Salt River-Chrieetile area is the uneeofermity 

at the base of the Trey quartzite. The tors of the intrusloa 

at this horison depends somewhat on the relation of the *aeon-

formity to the underlying reeks. The basalt that ordinarily 

overlies the Niseal is largely missing, and for part of the 

area the upper member and part of the algal member is missing 

owing to pre-Troy erosion. In mush of this area a simple 

tabular sill separates the Tray from underlying strata. Where 

remnants of the upper member of the Misseal exist apephyses from 

this sill may separate the upper and algal members or split the 

argillitee of the upper member at ens or several horizons. 

=abase intrusione wear within the Troy only in widely 

separated looalities in the Salt River-Chrisetile area. In 

these seeurvenees the oontasts between the sills and the quarts. 

ite tend to be undulatory. More high-angle diseordent bodies 

than sills are seen. 
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Tabular plates of Reseal or Dripping Spring strata, seemingly 

oemplately isolated trees sue another and tree thieker masses or 

strata by diabase, previde particular ant nation elk the mode 

or diabase intrusion. Immoles of sueh plates 5 to 3100 toot 

thick, at least 2 silos long and net lees than 1/2 nile wide 

ara exposed in the Salt River Osayen. Plate* of sush dimensions 

ordinarily are only reasonably interred to be everywhere our-

rounded by diabase. Owing to the three-dineusional exposure" 

provided by sane eland-spased tributary *wens, banstrarri like 

plates or lateral dimenslans at may a for hundred yards are 

definitely Mown to be so isolated. Sew plates wedge out, 

others end sibruptly against a steep disoordant 'outset. I 

bedding within most of the slabs virtually parallels that of 

strata above sod below the enelesing diabase bodies. _ Mere a 

dlaeordent part of a sill terminates a plate the bids or the 

plate are noted to match perteetly in thugs and sequenee 

the beds against the other mall of the diseordant meas. As 

this implies, and as san be sontirmed en gloss inspeetion, 

nen* of the sedimentary reek has been assimilated in the diabase 

nagia. If viewed tree a dietaries) so that a esasiderable length 

of a given plate can be seen, no diseernible warping may be 

apparent, even though the plate is duly 10 feet thielt and at 

the least omnipotent strata. In some canyon walls only one such 

plate is seen, In' other localities several plates are separated 

by tabular layers of diabase. 
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On usual observation these plates night s to be huge 

xenoliths dropped into a sill before it solidified. Closer 

inspeetlem, however, promos that most suit plates interveme 

between sills injected at semewbst diffiremt times. As shown 

diagrammatleally is figure 12, a simple sill..perhaps largely 

Pigure 12,..Diagrammatie Beetle's shading relatioms it multiple 

injeetious of diabase to plates of hest reek isolated 

between intrusions. 

eemeordamt..first Inflated the seetion. Almond intrusion, 

fellatio' the same omega' path as the first, lineally deviated 

to pry from the wall of first sill a plate or plates et midi. 

mart reek like these deseribed above. Invariably, if out. 

mops are of adequate geometry. UMW Platis folgastely surrounded 

by diabase are soon to be it this origin. The seeend sill, as 

shone by its Okilled margins and la some examples by displatte• 

u of the first sill, as intruded after the first sill had 

evrstallised. Luellen& exposures of one sill, with *billed 

nargina. inflating another eon be viewed along the part of 

d. $. 11110047 60 that traverses the north wall et the Salt liver 

Canyon. line eentaet between the sills of this partiowlar ex. 

pommy* is generally planar, but looally undulant; everywhere it 

is praetleally amt. And loaally lasses only inehes 

thiek of-limestone, the host reek tow the two sills, indicate 

that the is or the almond sill was insinuated essentially 

along the sootaat between the first sill and its sedimentary 

host. In some areas there were at least three separate injections 
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of diabase; the eomplex geometria pattern or displaced plates 

in some areas, which have net been studied'suggests that addi-

tional intrusions night be proved for these localities* No 

features have been seen that suggest Injection of s later sill 

before the earlier intrusion had chilled throughout, 
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Sees plates of sedimentary rook mot widely separated b 

diabase from the main mass of sedimentary rook are shown, by 

lateral traelmg, te be plates that eonneet with the main mass. 

The diabase separating the two plates it strata is a miner 

wedge.ohaped epiphysis from a larger diabase sill. This 

epiphysis emomnaly represents a later diabase sill that wedges 

out, bit this is mit everywhere true. 

The features deseribed above have bees seem en all seals., 

from examples in Whiek the intervening sills ere hundreds of 

feet thick to examples is which they are only imam thick. 

fterywhose the diabase was insinuated into the hest reek without 

eausing oppreeleble folding et the strata, Asteally sews very 

small-soale deformation, deseribed en a later page, did Deem,. 

Wry rarely fragments et hos. reek that did drip into 

molten magma have boom femme. With very few mosptions these 

hove boon seen in varieties it intrusive reek ether than the 

ordinary diabase that meioses the plates deseribed above. The 

largest of these monoliths that has sin to Vir attention is 

4 fleet thick and about 15 fleet in is dimension. Sash 

eines are extremely me; most monoliths hsve dimensions in 

inehes. The setting et these xenoliths is deseribed in the 

meat sootiest. 
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Metalled mappimg has Num that multiple imtrusiome of 

diabase are uncommon in parts of the Sierra Anoka. and moon-

naissamee in aors southerly parts of the region suggests that 

sash may be eharasteristie of ether areas. Prom mere mama 

observations it is ~lain. henever, that multiple ilarMS141118 

are typical of ether large areas than that exposed in the Salt 

River Capron. Zn mush of the Basin and Sense portion of the 

region, 00M441410 faulting obseures the geonetrie relations 

Wtween diabase and the reeks that it intruded. Owing to per. 

waive alteration in diary time, and sonsequent per out. 

mops, relations axe partioularly obseure in the violnity of 

the base-metal distriets or the region. Nevertheless, implying 

knowledge of the eharasteristie habits of the diabase obvieus 

in the Northern port of the region. reasonable interpfttatieme 

of song pusaling structural mistime involving diabase can be 

made. 
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A geed sample mishit be the relations et the diabase sill, 

eemmealy sited as the thIshest Mem, la the lima mime at 

loperlore Mimed by the a* weehlmes are two sills reported 

to have a sembimed thisimsos ef ase them 3.000 feet; the wiper 

sill is said br DMA te be 2,000 feet thick Cant and ethers, 

1943, p. 37). Described as memellthie vitiate the 2,00040et sill 

*are numerous isolated boodles of eartsitos mbish PIMP fral 

few feet to 300 la thiamine,. 0 0 0 as St them *Moods 0 0 

'tfor a diatoms of 3,000 toorW Win stressed that these memo-

lithe *have the same dip and strike as the main mass of quertsite 

from whisk they are separateW Aside free ether semeideratiems, 

*this attitude is dietician to umderstand it the blocks sank 

late a molten masmai,* la view of the demonstrable relations 

of sofa sedimentary bleehs la maw ether plisse in the region 

and the semplete obsesss of alimony xenoliths within any knows 

single diabase intrusion, Short** descriptions of the extent 

amd attitude of the *memelithe provide the basis for an emplam 

atlas of WA sample. Almost certainly the larger *isolated 

bodies et epartsite* empesed La the *hi& *sill* of the Miasma 

mime are bleehm or plates sops:Fatima toe sr mere sills Intruded 

at different times• the laek or aair partioularly thick sill is 

nearby sorties empesures, whisk must represent the same *simplex 

of diabase intrusion, seem in relatively restricted undergreomd 

exposures, tends to sweet this interpretatien• Some of the 

smaller "'!Tithe" seuld be Iceally isolstod 107 411401Poaa 

free the mala intrusions, or mere lihely--beesose firmness of 
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the area are abundantly broken by Tertiary faults—maw are 

probably offset fault segments. Of broader regional applies-

tion„ corollary to this interpretation, no sills thio1r than 

the 1,200-foot examples in the Sierra Aneha have yet been 

confirmed. 
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ibra diebase bodies are meetly si datimpetered, holearyetallies reek 

that is nee- to searee-gralsed, bet gemerallysediurgraleed, aed is 

unialy et ephitie ear sebeOhltie tomboys. this reek will be desigeated 

the "typical" or %meal" diabase to Malawi& it fres the mere 

feldspathic afar "red reek* types*. diddles, eseiestifty Wits* and 

greesphyre. Mese red rook fogies are eeespieuems besamse of lighter 

*elms sad differenees Is mature, but seeprise esly a niente part eC 

the intinmave material. 

Varietal types wields the elassineaties eutlieed above .asst. 

May this /motions of the essual diabase have bees emenined, bet fres 

field observations it seem likely that the folly deseriptiess still 

say net adelleately suggest ell of the varietal types. iter this sections 

et the red Teak types hove bees studied. Imrtheleares the spatial 

relatises between sews petrographic types hove bees sees is stile fee 

"lases. ltrther stogy medeubtedly would result fa better densities of 

the chassetertsties appliaable to seek of the peerogrephle types. 
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The wormal diabase is a Mesh, medium gray to dark grey rack. 

Ms minerals readily visible to the umaidad eye are plagisclam, black 

pyres's*, and in the coarser Ohms' bleak ilemitemegestits mod clear 

mediae of apatite. Is nosh but am all of the rock biotite is obvious, 

end rustreasathsring, yellowish-brom .11,1*. *ea be soma le sons diabase 

with the aid of a heed leas. In desterimally altered diAbases a dark, 

greenish herablinide is readily sem. &ergs grains of mums are 

particularly netimablo ea firm setereps, beseues sleeves. tams flea 

la the !bier red nettle the madam of the outcrop. Thess.pyrenses 

grains are erawded with laths et plagioalass: amd ea weathered mortmes 

these ophitie aggregates characteristically protrude, resulting le the 

*Abby or warty sartmes typical et may diabase*. The tem of the 

plagiecless grains is mesh nem apparent Oliveathered then fret" swami's. 

Memel diabase weathers light olive gray to asderate yellowish..biem 

as observed at close range, awe sem ordinarily be distingmiiihed at a 

distance by the characteristic greenish' or olive gray has of the parts 

of sieves berme of vegetation. Spheroidal wuatherieg to rounded, 

Impy* or warty..surfesed boulders is comm. The reek disiategrates to 

a light brews or yellowish brown plea soil that commonly, but Wiest 

invariably includes abundant kernels (fig. 13) that represent the 

relatively moistest olhecrysts ei memos. 
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MOM of the typical diabase dieistegrates tepidly. Some setereps, 

first observed as newly blasted, talks hard reek geese is varieme 

septa, of enp000rs, amd revisited at intervals, crumbled almost entirely 

to soil dories per seeming free three to tea years. Figure /5 shows 

•Winiminisionimpisione 

Pip= 13.-40mterep of diabase *swift eberesteristis effects of 

disimtegratise sassed primarily by weetbwrieg. Smell midst' 

pebbles are ephitie ameressime, tittle deeempseed aid el typisal 

'Lass. 

a typisal esters, ad mob diabase that bed best imposed is a readout 

abase four years. OWN diabase forms hard, tittle lasehed tetereps that 

disintegrate rosy sloo/y. This diabases ordimarily eWhibit eempasatively 

little deeteris alteratiet, Ned sesommly curiae is readily reespaised 

in seeb smterepe. 

is may Lefsalltiss osawrieweos light.- or derk-eetered ribs, 

ordinarily Less this 1/4 tomb is width projest a smell gaieties of as 

leek to toe lashes above the weathered smriase el the diabase. The 

lightseelored, morally pinkish ribs repulse Malt! .s sC albite 

atjam, or Waste greet:ores is the diabase; the dark ribs are lib. 

esmeamtratiess of heriblemds, biotite, and oblerite. 'Elms ribs 

ordimerily auk diabase tint vas demterically altered to a sons 

degree. 
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FIGURE 13. OUTCROP OF DIABASE SHOWING CHARACTERISTIC EFFECTS OF 
DISINTEGRATION CAUSED PRIMARILY BY WEATHERING. 

Small residual pebbles are ophitic aggregates, little 
decomposed and of typical sixes. 



Corwelaties of tiro section studies with field Observations Wiests 

that tks balk of the mammal diabase is composed Largely of labrederite 

and clinepyreesse. Olivia& may be absent, sparse, it amt but 

exists in appreciable amuse in seem& of the resit that this facies at 

the sermal diabase sae be shareatorised„ and has been (easems, 1919, 

p. 54), as olivine diabase. Albite, catber thee labradorite, is the 

plagioclase of a teeturally similar fogies of the soma diabase that 

occurs in mash lesser volume. Zither pyvsN it amphibole may dewiest' 

the malts mineral mutest of the albite diabase, Whisk does mot contain 

salvias. This diabase or diabase wide the sahebs plasioslese but with 

tics pyressees partly altered to amphibole seem to kas* bees described as 

bernblemde erausite.sherablende diabase (Peewee' sad others, 1951, 

p. 34; Short amid ethers, 1943, p. 36). All variations betimes envies 

diabase if albite diabase have base sees le ewe sill. 
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Thin sections of little altered olivine diabase shew that labraderite 

(Aawiehn70)ecoprises 15 to 65 persist of the reek, ellaspyrommee 10 to 

25 percents olivine 5 to 20 persist, biotite amd heribleade seek eemprise 

I to 5 permeate and ilosaitcmegietits, apatite amd sparse grains of 

'Ohms segregate 2 to 8 pereemt. Met of the plagioclase is subbedral; 

the laths is the usual nediunsgraimed elixirs diabase reaps free 1 to 

mallblatere is leagth, and sly the outer ens third of the orystals 

is mernelly seined. A smell part of the cliespywomeme is some thin sections 

is eleer. piscomitc (a, 7/‹501 ), but elear ens slightly brownish fir pinkish 

moults is dui ono prevalent amd in smoky spestmens the ealy menses 

ideatified. Orates of remelt* range has a treaties of a millimeter to 40 

wattmeters la disaster sad are ply 5 to 20 oillioaters. Ia may 

this motions these grains imelude plagisslase grains subephitleelly 

father that ephitleally, as valid be judged from the hind ermines. 

Aa orthopyrennes„ Which is hyperetheme in usay lastamees read probably 

is nest, has been observed la small amnia Sa awns specimmas. The 

indisated to as oboist 14.404ns is sempositioa fras refractive 

iodises of a very feu =ample. (see toothed of Deer sad Wager, 1959, p. 

21), assure as smell rounded grains sr clusters of rounded grains. 

Biotite, most id which is streagly plesehroic fres yellow to reddish 

broom, is widely distributed, hot is as abundant emnstitiont la 

comperettvely little of the slightly altered clinics di Ise. Pyrite is 

sparsely distributed threugh meet of the mensal diabase, aced is owe 

speciosa' ehaleopyrite gawk* identified. 
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Mach of the elivime diabase "hems seesiderable offsets it late 

magnate or demteris alteration. Olivine. the meet writable mineral is 

meet specimens. is replaeod by shierits or by serpentimel the latter 

includes the tamales of lime granules of *omits commonly famed in 

serpeatisiged *Livia'. Is game speeimmes the olimbee wee also smavorted 

to tale, iddingette, or bemlingite. In the diabase of many Legalities 

the **limes of the Rafts minerals have bees eemplately, obliterateds 

olivine is absent, amd fres the outlimes of alteration' minerals it gamest 

be said wseesivieilly that any Orla pemodemeephie after envies. But 

from studies of suites of speciosa' of typical diabase, elivime is 

emspeeted to have smistod is may leaalitiog in whisk it er posedemerphis 

alteration predicate are met nor apperemt. 'elite was ordinarily 

replesed by poen hermblowie and ohleritie prodwats; is some speeinsms 

stilpsemeleme it abnedamt, sad troeslits has boss Observed in some. The 

reddigh4remm biotite, at least in part, sowspies the earlier pesities of 

both olivime as pyremame. Oressigh biotite scours in diabetes re 

thoroughly altered that the original msfie nimerals awe diffisult to 

identify. Irides*. La abumdemeet takes the spatial parities. of both 

eels miserels and plegiselaaes in the diabase of a gem areas, but is met 

localities widows is 'beget. The cores of the labraderite laths ware 

oommealy eemverted to fime-grataed aggregates of seriatim, clay miserats, 

and ehlerite, amd the rims were rendered turbid by &Unmakes pelmets 

generally tee fins palmed to be resolved wider the odaresespg. 

large parts of some sposineme the grid rims are albite. !rebates 
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replaced the plagioclase, especially the cores of the laths, ei sons of 

the diabase. Looseness is aesesiated with skeletal aggregates of 

ilmesite-nageetite and is sees partteularly in the coarser variants of 

the diabase. 
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Sem parts et a givea lotrueive body inhibit little alteratioa 

aad the primary wafts minerals ex* almost latest; is other parts tin 

plagioclase and the elixir are mesh alters', mad the pyromeaes little 

altered. le still ether parts feldspars mod all primary mane minerals 

are mesh altered. Is the diabase et a gives erten, arse of a tow sores 

the degree sod type of alteration say be relatively robs era or may vary 

coasiderably. 
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lisertmtasties between some albite diabase sad diabase with 

labvedertte as the plagtoclaes Gan be difficult in the field; under 

the miereeeepe dhscrimiestise between turbid albite or mderoperthite and 

seuesuritised labraderite is not readily made for some speciames. Zee 

clear-out examples of albite diabase the plagioclase is entirely albite; 

the ether principal mammals axe augite and hermbleede. Augite maybe 

the denimeat mefic atonal sad be slay sederately *leered to berablemds, 

Sr the easeatial-clafic may be a fibrous herablende that is gray gross 

in hendepeetses but wader the mderesseps is strcmgly plesehreic fres 

yellowish groan te blue grams and is plumose in habit. Olivine or 

poeudemerphe after eltvies are wet sees ice the albite diabases. met 

of the biotite is reddish•brove in this softies; sons is green. Aceeseery 

salmovele are these observed in the envies diabase. is rat of the albite 

diabase the albite is greyish pink to swamp pink la hendsposimems, and 

the turbid laths er turbid rims of this pinkish nimeral are in relatively 

ger owamples, mderoperthite. Alteratiem products partly er completely 

obscure twhealeg is the al ite. Prshaite is a on. abuadeet alteratiem 

!regent of the plegiselso is the albite diabase than in the etivise 

diabase. The pinkish col sties of the plashes's.* is met charaeteristie 

of all albite diabase; ma ppreciable part of the albite as seas he 

homdeposhmea is white to ay. Albite is often seggested is the fields 

however, by eleuded rhos i Ow grates and byway*, serrate beuedartes 

dharecteristis of the al uo laths. 
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Is relattrslymasomwsa onmeplos ei albite dishes, diffieultly 

identifiable retie** of lebroderite suggest that the albite le the salt 

of sedis ustesewitisa. *ay ULU seetlees, bewares, teek say ledisetiee 

of se earlier plegieelsos. 

Nish of the rock the* might be termed a hesibteede diabase te the 

field m. owe of the albite dieing* is essweer thee the average Newest 

diabase. Sens Mowry esereeivrefted wed leeludes labeadertte or albite 

Laths 5 to 25 udllienters la tang* and suites meads, whisk may be 

sliOitly to torgoly altered to grargweaa marebleado, as mesh es 50 

mittlesears la laegth. In sews of this eserser..teetered reek the molts 

toads to fracture as eared blades; away of these grains ore mimed. 

Where the hormbleede is etwieue is haudeposinea it is fps and under 

tbs sieresespe mesh appears plumose. Waite toads to be more attendees 

is such reeks thee la the overage envies diabase. Apatite Needles are 

larger Amid sesulagly mare abuedeet, and skeletal crystals of ilmesite* 

migmatite are weedily sees he heephquelmmas. 

Ae the diabase seeress, mad ems of the plagioelase is weedily 

idestifiable as albite, ephitie Nature way mot be readily observed is 

outcrops. Sue under the alereseepo the *OM* testers of swim reeks 

mey be obvious. The gomeraliastisa maybe valid, however, that mush of 

the coarser albitin variety of the sweat diabase Sands to leek at hitis 

testers. This is true et as Lithe variety that has a greater plagleslase 

°eaten thee is usual. 
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Albite and quart*, as graphic intergrowths en a micreecepic 

occupy Interstices between plagioclase Laths in sees of the diabase that 

is seemingly of typical texture is the headspectmen. this micrepegmatite 

does occur sparsely is otherwise non-albitic diabase and has been 

observed to little altered olivine diabase, bet occurs moot cemmealy mod 

fitly is albite &abases. 1st all albite diabsees, however, Wands 

micrepegiatite. Intrust's* that (metals eicrepegmatite generally arc 

lighter to seller this most of the diabase; sae specimens in which 

micropegmstito has been observed, however, are very dark In color because 

itmenite-megmetite is extroordbuully abundant. 
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All veriatisme mineral esmteat between that of olivine diabase 

sad that of as albite diabase appear to anise la saris *ills. Thus diabase 

that tasks olivine, but hes libraderite as the plagioclase reap include 

sbundost blusigreen bermbleade as doss rah of the albite diabase. Or 

albite diabase, without vestiges of labroderits4 may be temturatly sinner 

to the !phis olivine diabase; la sulk esomplee elides is alma bet 

the motto maybe largely umalterod sad heribleade sparse. the ries of 

the labrederits grab's of some mash altered oltvin..tyve diabase have 

boom replaced by, albits er miareperthite(?). Olivine diabase grades into 

diabase without olivine and late diabase with aieropegmatite. All of 

twos tvamaittosa are subtle amd met easily, determined in the field. 

la amarests dose* Nose veriattes de grade bate the red reek types, 

the tramsittsa is relatively abrupt and ordinarily taboo place through a 

seas a few lashes to a few feet in width. Saeoptimmally the same betweea 

mecnal diabase and large masses of the seers* pogmatite sr grmesphyre 

is only • few imehas La width, sad seem el the highly feldspathic dike-

Ube masseso*for tastes's, semis apliteag...have sharp boundaries with the 

mensal diabase. 
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Gravity differentiation certainly esoarred in some of the thither 

sills of the Sierra Mobs, bet the offsets of gravity differvatiation 

have not bees observed in all diabase*. In sees thick sills sertain 

layers are mere feldepathis, ethers mere olivine,..rldh them the warn. 

normal diabase. Olivia*, hoover, is not largely restrieted to a sons 

low is a sill, es fan the *insole well*studied Pelisede diabase sill of 

Mew Jersey (Wether, l940„ 01. 1067), bet may be an varietal minuet through 

mush of a perticular thick sill. Where envies is partioularily abundant, 

°smelly in the middle emesthird of a Wok sill are thremgh a lilts 

interval slightly lower, certain fairly conspicuous layers nay Laclede 

coarser groins of envies than the remaleder ed the sill. these Layers 

are not sharply dallied but are gredatiseel into the weak above and 

below. ti, omits hes boom identified saly le speetneas free the upper 

part of some sills, but became* smelling for petrographic studies has 

net been adequate, pigesmits sanest be said to be restricted ealy to the 

upper ports of sills, as is true fir sills is other regions. Been* 

hints of layertag phememema are WPM to ledleate grevity differemtlatiaa 

has essurred in some sills amd to suggest that future careful study of 

the niseral epodes and their relative temseetratiee solid result La 

resognitiom of subtle lidall0111104 differsesee is "stratiorephiew eases 

La the sills mod a systematic asepses* of layers. seggestions of gravity 

differentiation have met been meted in sill* less them 500 feet thick. 

Owe Mawr of layettmg have met been observed, gravity differentia-

ties nay, mat have been effective or the offsets of this prowess any be 

toe subtle for field resegmitlea. 
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Of the red yeah fasts* the diabase pegmatite is the meet abusiamt. 

Diabase pegmatite 008Urs writ wiggly a. irregular masses a Is imehes 

to * few tau of feet im der, sad as Leases er crudely lesstisular 

dikes a few bishes to a Is feet is via*. 'kirk musses may be tem% in 

guy part el a sill, obi *sour is may areas thremgheut the Mimi. IA 

Mae ri11a, hillOWYte they are span* er essmiagly absent. Saes riegal 

tabular masses, a Is feet to a Is brae at first tidal& assn a Is teas to 

several liaidr•dls at tres•-ami is ally a Is thessamds ef 

in outcrop lem.64 reughly parallel Mei are premium is sill barns rs, 

but are WAWA tbs sills. TelemsAriee mush *etas legally comprise the 

bulk et the reek at this typo, but mesh mien are relatively fam sad 

have been meted oily is eertaia parts ef the regime. 
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Characteristic of the pagastites is as extreme searesmess of 

its and aa irregalar or hlombyammegatisa of light sad dark vaisorals. 

That is, a cluster of mac admirals may be surrevaded by slaters of 

plagioclase that are osparatei by but include' Mao matte material, said 

vies versa. Is a like sumer clusters of coarse bat shabby crystals of 

plagioclase say szLst Miasma to aggregates of very coarse elongate 

laths of plagioclase. Plagioclase laths Us to 1/4 lash across mod 1/2 

to 1 1/2 ids to length are comsat mad laths ef liha breadth art 

3 112 lashes to leagth hews bass sass. Ausite grains //2 to 2 Lathes 

access are semen, alai crystals as =eh ash lashes la aemium nearsise 

amour. These large suet* crystals, whisk surround plagisslase la sabsphitic 

faahisa, cowasaly ales Include absodest skeletal grata. of ilimasits.-

sossetite. 
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The diabase pegnatitos 'arias iron a darkmeetered rock with 

*fit avail* and tlimoniteauagnottte through a pimkish-gray reek 

with abundant dark greemi4h..gray fibroma herablemds, but little ether 

esseatial maths minerals to a coarse* to wary coaree.graimed 

of pinkish..gray reek that is 95 porcine or more of foldspar. A 

particular masa nay imbeds this entire reap er be relatively matters 

in nimeralogy. The darkast pegmatitic typo apparently appromimates 

the mineral eempesitisa of the aormal diabase that is sledes se eariae 

and se horablemde swept 44 a deuteris alteration of the pyrememe. 

Probably the most abreast variety of diabase pegmatite is somposed 

almost entirely of albite sad hornblende. Nost of the plagloslasm of the 

mastitis fogies is turbid' light gray to grayish-erase pink albite. 

Spiess is a eemsplesses seasosery is sees pegmatites. 
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Awitivar eserseagrained feels* is gromephyre. this fogies has 

received little enmities beesuse it is me, said bosoms* ea weather** 

it decempeoes se readily that representative epsilons gettable for 

alarssseplm study are difficult to fled. amiss to parresire 

decompositioa, caries are enters,* adequate to determine the fern of 

the grensphyre bodies, but this weak type probably assure meetly as 

irregularity tabular bodies a fors feet, tea few tens of feet thick and 

a for teas to a few heaved* of feet in herisemtal dimeasions. Some 

pegmatite bodies instals small misses of gremsphyre. Nero er less 

equidtmeasional grates of orengwvisk feldspar, taterersus SINIOWall7 

with quarts, give the grog ophyre a predominantly eramgish her. tihedral 

or Whhedral quarts grains can ordinarily be observed with the aid of a 

handless, sad in some occurrence* the graphic into:growths of feldspar 

sad quarts is readily seen in handspecimee. Under the microscope the 

weathered feldspar available for study La abundantly charged with 

hematite and limonite and is clouded as to maks mineral identification 

difficelt. A Large part of the feldspar is albite, but potash feldspar 

say omcprise a part of the reek. The feldspar grains ordinarily range 

from I to 10 millimeters in diameter. Sems of the grnmephyre with a 

ugh content of quarts is almost lacking in naffs minerals; other 

GOSMITSW40 include 10 to 25 percent of a ntotrwoothoriss, fibrous grey-

groom amphibole sad abundant thin plates of ilmenite-gmagnetite. Trameitismal 

facies beams* gransphyril; and normal diabase include augite. 
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The diabase aplite scsors priselielly as marrow rotas, a hotels, 

of as Leah to 6 She is width, 1* flaw. to sedium•pained diabase. 

These veins are characterised by mare, sredatiesal borders. The 

tremeltiemal mace hem split. to mosual diabase reams free ems..temth 

of an Loeb tea few Lashes La width. to is eamtlest are rarer dales 

of Ldeatisel eempeeLtlem that are as math as twe feet In width and have 

sharp besseartes with assail diabase. Tbe splits is LasigaLfimast la 

volume bat is a eemepiamess feats' threalhest the mien bosoms of the 

otaisrammlar temtmre sad plait colors labia eemtrest with the reveal 

dlabmae. Wits is met observed La every outcrop bet dome seem eemembere 

La meet sills. Visas hommersbLs 'elms of *polite emir the beet diabeee 

ply is albitte. 
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The aplites are composed nately of pink feldspar. which constitutes 

SO to 95 percent of the rock. The amhedral oqusat feldspar Vain 

typically range from 0.05 millimeter to 2 ailltmeters in diameter; is 

any gives vela or dihe the grain it.. is fairly unifomm. Clay-idle 

alteration products cloud sad maws &itemisation of the feldspar 

difficult. Nor Is it senate that the albite that has boom identified 

in a tow this sections is represontativs of all eseurrenses, potash 

feldspar may exist. Must of the albae is mot twinned. Typically tie 

split. is mottled with concentrations of sramrson korabisads and commonly 

with yellowish-groan epidoteg both of these minerals are laterstitial to 

wales of albite. Ipidote less bees observed with a headless. but generally 

is not readily distinguished from the amphibole *siert wrier the 

microscope. lipidote does net occur is all specialties. and probably is net 

typical of every splits body. Smell misrelate cavities. limed with 

hairlike needles of hormblande, eseupy rarely the poettien of the lesser 

hornblende patches. Spheme is operas but ubiquitous is the few specimens 

of the splits vela* that have bees viewed micreecepisally. but boa net 

been mess in the sharp-v*1W dibes. In the narrow/ transitional borders 

between split* voles and typical diabase the equisrammlar tutors of the 

former appears to be swporimpeeed en the tatanpiasuliar texture of the 

latter, reinitiate in a ealtoemdipepper tentural appearanse. This 

treasitismal border ledge mush Ube the usual &Oita eseept that the 

mefia mineral oentent is higher. lm thin sectioa these borders are eosin 

to Include abumdamt chlorite curd brews biotite. 
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A quartmose splits, which has boom 0040 only is amd close to the 

Maras Amehs, oscura at or seer the manias of diabase sills. Quarts 

that is mderegraphically Intervals with feldspar comprises a few percemt 

to moss 5 50 preset of this splits. Is may the mot all spesimmas 

mdmute rounded palms of &Amide, sear 'sly wider the miereoeepe, are 

mattered throw. the reik. Biotite sad citorito haws boss soma is 

some this sestinas but, as a generality, quarts as a primelpal emastitueat 

art &Upside as as ecoesswey are the 111/111Mall that sot this split. apart 

tress the ordiamnpumurquartmese splits. 
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The issartsees splits, essay asetly arlawas Wise, sisisty 

laustisolar Lisa and a fan lashes to seversl foot Shish' These banes 

psvaltal sesteets betimes dialess sad the upper asibar of tie 

lirlipplas Sprig& ash is this aseseistiss may hove esterop emirs ai 

several psi feat, but eadiserily as. nosh 1.1111 01111110661•• 

biases of Wm" salsa berfar ea stests bosoms the assillits ruins si 

the Vesssl sad diablialle sad a far very soli bodies Iwo lee mastless 

to the basalt' Ike 'softness splits. have set boss sees is assesistioa 

with hest mks ad other lithelesios. lien quirts splits layers hoes a 

torasitissal us. betimes herafalosd hest risk sad ether varieties of 

dishes*. Sesomderily these splits* owner as dikes, a logs Wine es 5 

lost wide. that en is dialase sills bet ate set far fres the WI border 

or its is Ohs host feraittia. 

qsarts..tres splits is sisilsi spatial relatiess to the lissestsess 

of Os Moot fsaustisa way ips redmiesstly plush in 4arissity is pishish• 

pay to preesisisipaty. Oita op/its has a poster sostsst aE sails 

aissrole thee the erdisery quarts•Mose splits. Say s very is setereps 

its hiense sad the/writer has set somaised this sestisse of the pay 

aptitass Ohre differsases say oast. 

With the onsoptien of the sharp bessdariedgmarte-fres splits dikes, 

wit* has bass observed is all if the wed meek fades' It is sparse 

to drat aid speradleally Aistribetod is than mastless sad insert 

of the splits.. Vest of the inortesse splits theludel amok pyrites this 

outcrops et this splits and if sows assess of peeilisiss its reedowed 

oasapiessse by abnadsst liassits stela' Vest of the pasephyres ales 

Isolude aboadsat pyrite, ths lasektai if whisk is a faster in the 

pervasive deampesition_ of the eveareps. 
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Phisioraimed tosobsmilde Wien. owed W sapid *Min of tbe 

mew against Oa WO seek. ass obesenoristie rot tbe mewl diabUS. 

Met si Sloss nolness fimeigniami. nem ilhen an 

Ma* They ore issely men Ins $ Mast Sibisb and net are 6 to la 

WW1. lbe Wens of ebilkies US nemonly be sboorsol for 1.$ to 3* 

fen any tome Ohs esatest, Wits its, bosom a chic neer Oben 

merry gain eine posiette tbrieikt inseval. Aidsidtis beedare asrr 

meetly alai to gess aid Mlle lens Om two lest Mob. Goensaly 

sentand miesol rat plaelloslaen sad megsatito en be idnetifini 

in nob besders• Mon inslidiple inieseiens nine No shined esstasts of 

a later intsnion avian an only Intruoian are similar in team and 

Meioses is diesebredges bordering a amilmentary best. Ilia 

similarity r esneimenting sad isflotionry relation of the later 

diabase. Wines ties the marlin lamming bed ended awl emiplatoly 

srystsllised bedew the innOISS Of ha later diabase*. 

aunty s part ef a sill besdar den net Milt stalling assinet 

sedimentary nobs. In Mess 0110118111111111110 tie swain sine et the loom 

reeboonbisia is lairtalle splits, ipmesebyree diabase peguatits, or rarely 

Reamel diabase tbst imslades ninaapignititowdasreaasa Latta newt at 

.11 as the meat via Oka beat risk to antraatilard• Surrartbeleso, 

snot for dim sandetiseal bemmiesios et rang Marmara aplitast tM 

sastasts between bra and isdienstary reels US *arr. 
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as rad reek fastest without doubt. are irerlars somata of residual 

differeatietes 'waisted free the diabase magma. Some sharp•barderied 

dikes of &Oita add relatively lled voles and leatisalar masses 

of *plies sod moieties rare deglaitely intrusive sad amplasod after 

esmeolidatiom of meet of the dished*. Other sweistionse amtirely 

serrearded by sad gradational late diabase of meal torture, d met 

sitigaot by their fear any ad sober tar the sites of resid sum 

aesuralaties. The spatial relatifs" of the red reek fatties Wiest* 

limit mew 'apneas* later said ladspeadamt details batrusiams tram a 

Whew* Nurse dam Abe diabase maim. lasteed, thew tastes ems be 

visualised as orystallised tree assurslasiems of the volatillemriek melee= 

derived free the weirder imtsusiom of ehlob dry ate am * part. lr 

NINO Oases silly a emakeselt of metal. had forsad beam the foldapethising 

reeidamm assarlated te till islareeryalal isterstiaes. 1st fee dr 

bulb of sash Wires latosoion oasoolidation use so osmplote thee assail 

disbars wee otent to sestets frastedes aloes vibe ems dd the 

reel ass was Wasted as discrete Alms. 



ClorteIs tabular nooses el the gportases varieties et the 

diltaratleter ays ally at the tips et sill% al. peril sly Wok oat 

entraelve• oat inolade almodrat teliispathis noselltho. The 000sstettes 

ream portlealerly stgattterat. 

ibeseltibe hove bees fosse only at it 001stirs, mad are gees 

la still lever plasm. Only e self peeforates at •60 aposittho rassed 

ass Seel Isaiteis diressies; li met areas when they Wm boss tersol, 

ems rarest tide Ettressles. Most susetteirs eve et hest tasks dist mars 

ors eherestertetiestly Mattered slob snares* to tralts. Ilse assetttbs 

—t eunsiress we hes do petessirwrieh upper mimic net the iiripplas 

Spriag Inartatto, sad *doss etionvise .islet is tatitaing dlreasotes 

imams assellthe SE tits rarres. Mist aresilthe are tarsi in is 

berier prelim el the eisreriset feet et stn. Mare set obviously 

*Semi toa dtareedest essinst, the nesetiths are at slags set bar 

moved teas a major disserdemsys eat dare Obey are less wareverms. 

— disserlist Meknes belies ebviersly vase latarded alas preseallettes 

tralArs at *wed sews. sal it ts set sailialy dot nest el the lasfera 

soste diressimat belles nave amplassil elan suit Uses it vesiosso. La 

a oreelleeye slag seas fits the hest oak hod ban dotterel sod 

slaw oilasembrat, es eratinetert ulth seaseabrat restretet errs awe 

resdln3r Oudot knee ad dewed isle is Maass urges as noselatthe. 
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Without stsnifteent emeeptiem the risk sorremedies foldepethis 

memotiths is ems el the imarteshearies red reek difierentimees. 

arless* splits is the net prevaleat hest of menelithe, end is this 

sasssisegss is ss tabour masses dog border a sill. spalphyses 

gush masses gimme Daly =WM as marrow dikes into the upper amber of 

the Ikrippiss Spring fermatiee. ins may mush dikes this sill•like 

tempos if similar splits emteed aloes bedding La the seeleetis siltstemes 

sr airs, wish is this settles sloes is ordiserily are 

resrystallised to fimessoreleed bersiels. These teseass as sash as 6 

insane *Ask bet mostly less thee I beak think at their juestisa with a 

dike, i a for Who* to several test away free the dike before 

wolsims out. la some planes it is diffisalt to demonstrate semslusively 

that these tissues did met tenet* the sediasstary risks. Mut may split* 

tengues merge gradationally Sets the hownielsed sediments, and within 

the split. slant* bedding details of the delicately lamtmated strata ars 

pssedemerphoi, indleattes that dilation did sot serer. furthermost, where 

the dike grosses a bedding matt that less des several split* teepees, 

the dihe ray be somewhat Was the oiseWhere, auseestims that it fa 

Pan Va. ales,. Og mataammatia girt as. Mists OMNI tabular misses 

epilog the relies biddies of the tmetuded monoliths, all of which may 

have woes bouaderies, seems utchout inception is parallel the beadles 

ad the bssiisetag sedimentary rocks. bosh features souse* that the 

quartos*. aplites all eeild be metessmatie is origin, sod also raise 

gems questios as to the .'glen of serials gresephyres that similarly 

swiss* relicts of sedimentary reek. 
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Shoe goorts spills!' toad to portially involidoto Ohs shoo nion! 

Aloha. insissions 01 sinstons or whose osossoly hove vases boundosios 

sad most am osorystallinsdo saussimmioI mot tebelor somoss .t splits 

isna ammisliths km Amp Criss and in sow plow all ass vandsoly 

smisntod• Fortibmwaseo smos Mhos at splits do Mato wills a am• 

soarmor digiorontistose Infidel diabase nt the hest soliumotary soaks. 

A fon sannolos ed monoliths oauiht issmeomphyro aro opt lily and 

offset by splits Mos. ammo sem lairiationary dikes idolatry sughtly 

in width as viewed elate their loom* tin Inflating de eat seen to 

rat/est the reek type traversed, as As eosins in dilmblibe bodies that 

are replanning phonemes. Ms geortion splits in an part is material 

termed in plain by, seabieg foldspothis hest nobs with ingestie fluids. 

But in eensideroble past it must represent a molt toned by remotion 

between monoliths aid eons traction et the diabase lo , and &ejected 

as discrete its into a variety el host rooks. 

273 



A crudely tabular mess of differentiates opposed es the north well 

of the issyos et Reynolds Creek, 2 1/2 Riles seath•soutirsast of Wadden 

Peek (is the Mit see. 7, T. 6 X., 1. 13 R., McFadden Peak quedresele), 

is particularly iestrustiwe is inhibiting relations of monoliths to 

certain bales of the diabase. Mere as entreerdinerily thickness of 

differentiates, exposed ii. ontinuemely a1 the 'trills of a dissordeat 

contact fir at least 1/2 mile, separates Normal 41.b se from' owerlylas 

sedimestary formations. The upper pert of the differestiato body is 

comprised of quartesse splits, ordinerily 30 to 40 feet thick but lewdly 

as mush as 60 feet thick. In plains ski top of the &Otte layer is aseiset 

lineages. a few feet above the Mossaliaripping 'prime comteet; is ether 

plases it is iset siltstemes of arbors' 35 to 40 feet below this 

sentsat. Ribes of the splits mew in the overlying sedimentary reeks 

arced in the umderlying differestiste. Downward the aplite Layer messes, 

threush a transition sone a few lashes to a few feet thick, with a 1l et 

gray, eeerse-sraised rook considerably more uniform is testers thee the 

usual seareerlgraised differentiate*. This reek, Net yet eummised 

odersocepieelly by as, might be termed hocublemde eremite in the field. 

This sromitoid facies, emmerally 30 to 50 feet third' in locally about 

80 feet think, news abruptly downward with a esoree*ersined sabbreic 

risk, whigh teoturally is mews similar to sem ei the searseigraimed 

diabees sills than to any of the red risk fogies. Ibis gabbreis rink 

throw. as interval of 15 to 20 feet below the mutest with the swamies. 

grades downward into ordinary andiumperained dia base. lin motes, el 

the soaves wall about parallels the strike of the dissordamt oestast, 

*fah dips easy tram She soma. Topearephis resammes into dm 

memmtein fees oppose diummAir parts of the istrustie ointast *ors It 
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tlattema beeemee virtually esseerdeat with the everlyteg sedimentary 

reeks. Where the esetaet seta aerese the bedding et the everlyiag beet 

at the greeted* emgle the seine .f tapered difteremtletes te thickest; 

as the eagle et diseerdemee degreases dememdtp the some thine; amd *ore 

the esetaet is semeerdent in a ter small empeemree, edema dialogs le 

is gamest via the sedimentary termetlees. 
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The aseehits, shish ars ailtetese red admen troossate hes tho 

Ord 'Oda. is motleas love difforeet repasts is ditfisroall parts of 

this lapsed diffsrsettets. mall esolor assolisio, boterestionsely 

etioated, aro abasilsee isees'ally Ihreast the opiate and the traesttlie 

sue tot May on *a theressibly ressesetteted that Wig ase 

difdloalt to dtatilsoildi his *oar opIttle sotries SINS eseelltbs as 

task as 1 feet leas aro reseestesd by Is rellete si WNW* 

strestorse. Tao all blades SI fleevesteed Maine. *IA ermeet 

eat a skated salvor ii seenal, Mobs's ease berdoved die illessalent 

esataate vows soma at us plass a les foot Wen eho tap et do sollta. 

Zeseliebo are sparse Om. most of Ike watts law; Brest tkoe mist 

above the basal Mass el the 'palette sidleattly raw foss 6 lashes to 

2 foot is largest dbasasieso aad as sari my ortemod. ilea fs 

the basal 15 to 20 foot of do steettle layer, tonavere leslieleer 

imerease in numbers and nosy axe large.momp to 13 feet is taiga eel 1 to 

4 feet thick. The borders el eine of these Urge sees11th/ ewe vases 

and a marrow reactiem sone, 1 to 6 imehee thick, that borders some of 

than is texturally Me ease of the highly feldepathie diabase 

mastless. may of the inelusiseet t nuOk reeryetaliined, exhibit 

fairly sharp herders against the gremiteid hest. The menelitho are 

largest and greatest numbers ha the basal 4 to 8 feet of the omits. 

Striklag•-arlegi to the csadsat attitudes of the higher nemelitheampia 

the strong tsadenoy St tbsosiplaecolibo imelueiene to be oriseted parallel 

to the battened the granite layer, as them* *ay had settled to a 

flew. Ximelithe are were in the underlying gebbrehe fesies. The flu 

asset rare small mad exhibited *armor rime el pegnatitie teeter*. 
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is violin his ossairsesse lapesseies some bs avoided tbst 

isldspatbils Issosats perbope portly as a temstiss 

of sass Oesterlase MO sad wily as a fammotins of iipsdassa *gloved 

by difierost stases d Ohs sryseslUeing owe time* *Ask they asttlsi. 

Aid sastemisatios l sages, slit* at this sits vas probebly sameabst 

esrisbed by latoestiss sesidest ssterisio Noe osistsiss of assolidis is 

dillissest Mass, soirers, rat serlass areas is diatisrist parts el the 

arystallisies sows rest bars bed a osseidisisbls debit es Os 

abswaststistias fat the rash Noss !may srystallisoi. 

lime are olsasbserse pertisslarly Walt sad astassiss sasses of lbs 

w rink bolos are spatially assosiatod via seselidis. This partiselar 

sass, is *blob susetiebe ass ammo abusiset firs is any other osempls 

some is the thisbest *Ws emit yet setol. Also, the wattle tastes 

of this body is asessat, sugassties doss a different diem ad ridtiastisse 

as wall as siseatar vans of was atiestog hem As estersp about 

a sale to tbs sentbeasto is a liba settles sad probsbly alms the sons 

mart sestaste is sere rapessastativs of the dlifersatiatos slat 

visibly issbeis seselthis. Uses a layer of prasepbyes. set guissally 

as thigh as Was sits above diessribsdo is separated too d best rash 

by slay a for foot of iposrtasse sibs. splits isaladse approsiablo 

solbstesLasselitbs, bet they on sparse it ass sissies is tie 

grassebyro. 
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lenetiths seem to sheresterise she inorteses &pates, though they 

hove met been meted in ell bodies et tike 

dittesentiates. Conversely xenoliths thst **SW iodisation* et 

assimilation beve been seem emly La the quarte4smeholossiseiss se the 

red reek testes. The emlyesseptiems, Mid epperestly are insismitiment, 

ere ommeples gush as the smell imelmellems son he the gibbose* the bees 

et the dittoremtlete softies slang Reynolds Conk; eves these are pta 

tiosorteSse testes. Additiemelly sespeetive et leselisodee swims es 

esmitemimettea, ipartsibeerims feeler have set hem toned eaten it 

prenimity to highly teldspethis beet reeks. Rare mosslithe of limits.. 

or gmertnite ere simply ineluded is the *primal diabase; mush imelusiene 

if.metamorphosed; in ore shempawslled errs *vs as step of assimilation. 

Wee bodies of the imarteses splites end the aremephyres ere edjeseet 

oily to teldepathis sante of the upper mosber el the Dripping Spring. 

Oopirisallys they, night be ompoeted ales adjacent to the erhoses ed 

the low rember or of the Houser fonneties, but these mite ere met 

hosts to the *ilk mills seemimely regmisite ter the termaties el the red 

reek heirs. Lesser bodies et the emortesse Swiss de .slot elem. the 

valle et sills intruded late the peteesiosariek ersillite amber ot the 

Mescal sad into the basalt flews. 
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The imerte•beertmg testes, through senepionsess semprise only a 

small pert ed the rediereth fogies. I. ememples are eemparatirely 

se teams that do giertmese variettro should be someidered ealy minor 

varieties sad atypieal. Md peseibly • mode .f erigla applicable to 

these simnel be aseribed to the varieties that foist in pester waste. 

Comma in ray sills are the smell bodies oe ~elite and the 

memo dame sod gredstiemally bordered yetis ed asemgmertmess splits, 

all *bleb voy be food rey pert el a sill. Mee abumdimt, and is 

aggregate possibly the mast voluminous el all. are the aural a/bite 

veinlets that rib the weathered surfeees at nosy diabase outcrops. Mese 

albite ribs are merely still-seals memifestatiens ed the *Saber veins 

and dire if iserte-free pis assails's/sired hornblende voimlete 

•f similar hebit most be related ts the albue weislets la 'Ogle. 

!May at the email qty distributed pegmatite bodies are merren 

amd elements. With the divas, regime ar.d voielets ed spittle meterial, 

these bodies stoissely one implored along joists. freeturee, end !malts 

egoist alter the diabase had swystallteed omenne ter sustain frestores. 

Appareatly welatits•rieh materiel. rodeo' *hem eeneelidatien tee 

almost oeppiste, migrated ts fill lid crystalline to end mom the 

frosts's epeniegs. !he form sod distribmtlea ed the email Wise at 

pegmatite and splits tedisatse that they coda net hove boss predmete 

of magma sestaminatious as spesslated for the imestenes differentiate*. 
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The thigh sate live bodies of diabase peesathis are fevad only La 

the viper parts of thigh sills. These bodies also are net mangrove, 

thin* they are sash never aeons then the elsilarily disposed sasses of 

the oportgese facies. Sins tabular bodies as mak as 20 feet 

border the for eentast of a sill, mad sersal diabase does met latourveaa 

bewails the mastitis and the hest rash. la ether few 

foot to so mash as SO feet of 'ordinary diabase istanones bootees the 

top of the sill aed a thiek body of peenatite. Is a few Naafi* me Wok 

lame enalesst menial diabase haws bun seen la the wipe 60' to 90 

feet of a sill. Where a seas or mom of poesstits lie sear diets's* 

belga the top of a sill sons investar leases of pegmatite say be 

ainallsot is the diabase that separate, layers of pegmatite or separates 

a layer of peesatite acrd the top of the sill. Sam leases lie resekly 

parallel to the layers. Ths diabase that inalades those leases eat that 

of the laterval sgworal tone of foot bales the lowest 

uses erdiaartly sabibits math deutoria alteration. Soso peesetite layers 

are fairly mites" is thiebesse aterai sowers/ husdred foot •1 entorepi 

others piath mad man sr lease eat legally. The borders of sow layers 

are isterrupted by subparallal apsphyses, 'shish are separatod hes the 

slain MSS by thin des of noraal diabase. 
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liseliths hove est bees meted Is the pegmatite liaise. is a few 

Plamits torten* splits layers Warrens betimes a pegmatite layer sod 

the top el * silt, end slue pegestite lirpersommrgevertiesily as &Glossily 

with bodies of gresephlwe. Cana is these ermarresses, emeOlithe beve 

been meted eel, Is the emerteses boles. levies at this leek, sd is 

visa of the fetus sod distrilmaits ad the =slim Males sod the 

asseeistiee with desterisally altered diabase, the Larger roast St diabase 

pegmatite ere probably, beet visualised me sileslistlems od essi4001 11.1t 

seaseetrated is the nipper parts of sills sarime the late stages of neve 

erystallisatise6 Further, it mieht be es stem thee the ipertesse 

facies where formed only Where partially crystallised diebese magma, is 

which the residuum we aseemelating, was seeded by foldepaWaie swelithe. 

ma imartsees splits bellies Inveriably border the tops of sills; 

gramephyve card related coaree-greised bodies, oad the thiskest mod only 

widely persistent bodies of diabase pegmatite mom at or near the tope 

of sills. ass all sills iselude these siseable messee, getters, nor are 

they prevalent everywhere at the tops of silts is Whisk they de errewr. 

Whore mush masses 'mist the tops of sills teed to be St albitie diabetes; 

elsewhere the upper parts of *ills may sr may, net be *little. The 

seeumulaties of reatilimal fluids at cartels sites esamdagly was 

acceespnated by the *ibis...sties of the mermel*tentared dishes is adjaseat 

areas. Mat el the largos massas of ties differeatiatas are atems or am 

far removed free a major dieserdeet oestaet. Tammy plisses this 

discontinuous dibsa WI pegmatite amid dikes and veins of eparte..fres splits 

are onerous aloft the borers of a steep diewordessy. The mere gemeralispw 

ties that particular eemsentratiame el the red reek fames occur at the 

281 



tops of sills is only partially defiaitive for the diabase provisos of 

southern Arises.. The writer would suggest that these comeentratimas are 

moot prevalent neer large feeder dikes to the thicker silts sad along the 

tabular discordant eemsoctioes between the eencerdest poetises of 

thick sills riah were latruded at difforeat stratigraphic levels; 

the Larger eemeentratiens are soar the tops of sills. but la addition 

are Largay restrieted to the vicinity ofdiseerdensies. liven is sech 

structural asseelatioas, the red reek facies may be missing. 
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Although albite diabase is widespread at the amps of sere sills, 

aad is amass ia assesiatioa with the rod rook tastes sear dl essurdsostes„ 

it also seers to swear Olittaide of thesis gesemotria assealatimas. Sews 

this sills, 250 feet or less is thlabless„ *fah gesmetrieally are 

apephyess has the ativias-beating diabase poetises of Wishes sills, 

appear to be ostizely of albite diabase through areas of at least a 

few open Riles. 
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There is a regional variation is the dietribettee of the rod retk 

differentiates aged seoree•graimed sea-al diabase. Ihe only boss ekee 

bodies of the worse difteremtiatee and et the Imertsome spites are is 

the Ottebeet sills of the pert of the liens Ameba that lies vithie 

the dicta Posh quadreeile mad to these tills is the sorth000t to the 

eerthera emesthird of the quedremile. Some have bees sees er reported 

is the Sierra Ameba west et the 'le sertdisa, but they i- be 

as eleipeted in the thick sills of that part of the remiss. le may 

sills throughout the restos small messes of pegmatite and &thee of mew. 

"tartness splits aredimedest, bet is efts eillerivevea ems pertiedlsrly 

thlakememplovh•theee meson are siegalarly sparse or shyest. Mm 

vistas eed dikes et splits are prebab/y as abundant as to say lesaltty 

elesuberes is the Salt River Csayea4ihrysettle area vsegy fee ememples 

of the sears* differentiates have bees sees. The diabase ot may el 

the sills that are virtually devoid of the differentiates is appareatly 

somewhat *earlier this that of the average sill. la the Sierra Ameba, la 

contrast, sills that are seares-iraised throughout are atypteal. Perhaps 

a Leek of differentiates la the seerseribirained sills has same slinifisamee 

yet to be determined. Welber (1953. p. 54) has meted that the iietribmttee 

of (Masse pegmatites seems to bear a similar relationship to the irate 

silo of the typical diabase* la sons sills of Virginia wed imileed, and 

has suiesistand "that to to sieweiete the volatile sematitrests sad 

late minerals way cause i orat Instead of a lash teareaes is grate-

sine." 

284 



The differeettates sits seetheastera Axioms diabase' are theme 

said to be shares verlikride el the thelaiitie aeons type 

(may. 1953w p. 2614,167). hat the ler allies sesteete 0349 pereeet) 

of the meemel diabesee that here boa amalyeed emisest that they. shoal' 

be considered as t eliviarediebsee type. latil mere oselyoes ore 

available for sompsolions homewers probably to attempt ihenlod be made 

to clusity the diabase. .1 the Adam prewtmas by type. 
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lietamenhian associated with diabase 

?he Arecibo and Troy strata, accept for theme' itstwoorphic effects 

induced It the tine of intrusion of the die r®, are meteLorphosed no 

more than the Paleosoic and other younger fornattom that overlie thus. 

Around centers of late Xesoinia or Tertiary plutoale **UAW. and 

eepeeially in the largo oepper-produoing distriets, the younger Pro-

sambrian and superimpooed formations are 1000k11,y antimerphoeed. 

eider onlyonly the younger Preeambriiut rocks, nest notably some of the 

finervrained fonasitions of the Apache gneup, se the Pioneer shales 

were rendered aehistese adjaaent to smut granitoid stocks, and in ear 

areas considerable volumes of diabase vela NrilirethOrallair altered. The 

Eger Preaaubrian rocks very locally wore modified se they do net 

display exactly the petrographie oharastoristias &mortised in this report. 

flush nodifloatione are rely restricted in toms of outcrop area. however, 

and will not be considered fterther. On the other hand, became diabase 

intrusions are virtually vibiquitous in Apo** strata, the offsets of 

theneal metamorphism adjaeont to the diabase lathed.= are of regional 

seals. These effeete are not discussed is detail here. Pother, only 

enough description is given so that enrich astamorphis features, ocumonly 

noted in the autcrope, Gan be appreciated 1110 effects aseesiated with the 

diabase Intrusions and reeognised as not of other assoeiatiose• 
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The Utliologioally diverse formations intreded by diabase are 

metamorphosed for di.fterest distinese fres the intreelons• The ss 

rooks were wet omsesptilsley were sedated to the greatest degge. mid 

for the greatest. diatoms fres the diabase; the argillasoome and highly 

faldepathie reeks 'were medifLed to a meeh Ulmer degree and extent; sed 

the high]; mortises reeks show little reseestitistiest• The idetetalight 

*hews are largely these setaidered *visa of the pewees tweed 

seentset motemorphieu" The eentsetueetamerchio rale do met mist 

is the Assam isoneentrationo that ceps sr near igneous Intrusions in 

soar amigos of Natal% Retimerpihies• The r‘feeta are sub mere widow, 

spread. however. than thew of limed metemorphism ordinarily attribinot 

to dial intrusion. 

287 



The changes mere brought about largely through reeonstitution, 

induced by heat mutt the diabase, of the original nm&S.formangsdmeralS• 

The heat was probably carried largely 4► solutions emanating from the 

&labium; but in the carbonate rooks urban dioxide, released en the die/. 

sociation of dolmans, wee plotelbly an important transporting .g t. 

On the intrusion of diabase the dolomites were fractured extensively 

but on a very small amass The formation of carbon dioxide and this 

fracturing, which is more pervasive in the carbonate rooks than in the 

other formations, probably amounts for the wider distribution of meta-

morphic products in the carbonate rocks than in other rook types. Some 

addition of constituents frmm the diabase certainly Gemmed, but whether 

or not the additive process had a large role in the metemorphiem is, at 

present, uncertain. The metamorphic minerals are largely those that 

would result fnms recombination of the original sonstituants of the 

rooks. 

The internal alteration, technically termed endomorphism, of the 

diabase intrusions was an essential part of the rrocesa that resulted 

in contact metamorphism (exonorphien) of the host rocks. 3tited another 

way, late gametic or deuterio residual solutions on passage throuAh the 

diabase caused uralitization, sauseurititation, and albitiaation of 

earlier formed miner*ls in the diabase, and on exit from the diabase 

these or related emanations had a part in the reconstitution of the 

host rocks. The effects of endomorphiem of the diabase have been de-

scribed under petrography of the diabase and will not be considered 

further. 
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The quarto's, rocks that insluded little argillis or feldspathic 

material were the rocks least susceptible to reconstitution w emanations 

from the diabase. The quartsitie portions of the Trap rarely era hibit 

effeets of mostamorphimi though very 'peal, and immediately adjaoent to 

a diabase intrusion the quartzite member was rendered more dense and 

vitreous. Parts of the &rinse umber of the Troy that border diabase 

intrusions ewe in some areas indurated to a gmartsitie reek. Rare 

wedges of this sandstone more or less *Golfed in diabase were recrystal-

limed through thiekneeses of as mush as 100 feet, the original bedding 

structures are largely obscured, and in isolated outcrops the quartsitie 

product can be distinguished from the lower (quertsitic arkose) member 

of the Dripping Spring only with difficulty. The lower member of the 

Dripping Spring was a well Indurated massive unit prior to diabase 

Intrusion, and was rarely intruded by diabase. Therefore there are 

few opportunities to metamorphic products in this unit. In a 

few plaoes thoroughly sheared sours of this arkose were invaded bp 

diatese. In such places the feldspars were thoroughly recrystallized, 

resulting in a hornfels in which disc to grain, of quarts appear to 

be embedded in a dense me ally taztureleso matrix of potash 

feldspar. Parts of such hernfels do include eoneentratIsne of writes 
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The ivner. member of the Dripping Spring was more widely inflated 

by sills, and then fore shows more widespread effects of emanations from 

the diabase than the coarser elastic rooks. The eiltstonea and fine-

gr,lined arkoses of this member locally were recrystallized to hornfels. 

The rock that is coareened in texture to a degree obvious in hand spool-

mons is generally restricted to apnea a few inches to a few feet wide 

that border the sills. In a few places, where the upper member of the 

Drippinv Spring was intricately inflated by sills or e7lit ay a thick 

sill, sections of the eiltetone as much as 103 feet thick are obviously 

coarsened in texture and include abundant light-colored aplite-like 

segregations, which ere merely another manifestation of the metaammatie 

effects considered in the previous section, in the discussion of the 

ouartsose splits.. These coarser segregations are thin layers or lenses 

that crudely parallel bedding or are narrow vein-like 'cones or irregular 

masses that transect bedding. All are gradational into & very fine-grained 

hornfela, megesoopisally little different in appearance from the original 

siltatone or arkoee. The coarser hornfels is not an abundant metamorphic 

product, and is found only in relatively few places adjacent to sone of 

the thicker sills, particularly along or near discordant portions of thee* 

intrusions. In comparison with the unaltered rock, most of the strata 

that are proximate to diabase intrusions are better indurated, and on 

weathering are mere abundantly stained by limonite. Otherwise it is 

immorally not readily discernible, emeept by mierescope ste4y, that this 

reek has been resrystallised. In general, the potash feldspar is coarsened 

in texture, and in places is remaacied by Oceeparip in the coarser 
aplitie..eppearing rocks quhrtv and feldspar exist as elsrepegmatitic inter-
growths; the Ratios of such rooks include minute anhedrels clear waxen. 
grains and an warhibole. Biotite may be women, In same examples Wiens 
is an abundant atteseeory. I fresh]," broken rock sulfides may be eonspieuouss 
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Generally the pro-Apache rocks exhibit little modification adjacent 

to diabase intrusions. Only in the quartz, montoniteo presumed to be equiw 

silent to the Ruin granite of the Globe.Miami area have these effects been 

observed. Wes0ered outcrops of most of the "granite" that is adjacent to 

diabase seem to be more abundantly stained by limonite than outcrops die... 

tant from diabase. but thxtural modifications are generally lacking. But 

where diabase was intruded into units of the reworked granitic debris 

that underlies the Scanlan conglomerate or inflated manes of thoroughly 

sheared "granite" a variety of striking metamorThic effects may exist. 

None of these have been studied in thin seetion. In one manifestation of 

the metamorphism relicts of the abundant large eleroeline phenocrysts of 

the coarse-grained "granite" are well rounded* and these egg-shaped nodules 

are in a fins-grained olive gray or dark greselah-gray matrix of feldspar* 

quarts, dark micas and other dark minerals not megasoopiealli identifiable. 

In gross effect this rock suggests an "orbicular" diabase. In other oc-

currenses relicts of the mierocline phenoerysts are absent* but minded 

blebs of bluish...gray opaleseent quarts exist in a similar matrix, The 

Quarts blebs, as much as 1 centimeter in diameter, are abundant and in 

some outcrops they males** in masses of very irregular outline. Varieties 

between these two metemorOsis roek types stint. In Was little reeonsti. 

tuted ONAnmades, which wire derived tram regolithis material* broken 

fragments of the feldspar phenocrysts remain angular* but the quarts 

grains are rounded. Other reerystallized reisliths, representing an 

arkose in which the sonstituents other than quarts and feldspar had been 

winnowed even were reoonstituted to an orange-pink rook in which abundant 

coarse grains of quarts Iie in an almost textureless matrix of feldspar. 
The mural* of all slab metamerthic rooks should be emphasised; feu 
OMMIT110e are well exposed. Some that appear most lik, the diabase may 
actually be large xenoliths of sheared granite surrounded w diabase, 
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The tuffseeous mmdetenes and silt tsars of the Pioneer formation 

generally show effects of metamorphism through intervals a flw feel thick 

adjuvant to thin sills, but where. the Pioneer is intruded by thick sills 

it may be recristaLlised to some degree almost throughost• The dusky red, 

finely laminated strata were metamorphosed to hard dense hornfelso in whieh 

the small-oval' bedding struetures are largely obliterated. Whims boot 

developed the hornfels is grayish orange to greyish green, and is mottled 

throughout with meal gray spots, as large as 3 millimeters but typioalk, 

less than 1 millimeter in diameter, which are segregations of finely 

divided dark minerals. The ferric iron of the original rook.5T be only 

partial4 reduced, therefore many outcrops of the hornfels retain a 

pinkish or reddish tinge. If the rook was bleaced in the slightest as 
5-hard 

a come mime of metamorphism the outlines of the skaile4Frilaicts were 

obliterted. 
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with the egeoPtiss of the oarbonato ambers of the Nasal, the 

argillite of the ur,rer amber of the *meal and the basalt were the 

lithologis types of the Apish", pep most sueeeptible to netaserpktm. 

Adjaseat to thiek mills all °lithe argillite wee istod to a very 

dense, novasulitio rook, WhLeda ranges from reddish orange to alnoet 

blank and includes abundamt eenspienoessetsonrets or knots represent.. 

Sal 441,00tos of metensrphie minersis. In s beds the knots are 

elliptical, as mulh as 3 nillimatore in diameter, and are large* 

aggregates of find-grained darkweolored sties. Other beds are irrignP 

larly mottled with light brown to dark yellewish.bHawn aggregates of 

a vary fins•Pgrainsd *Liberal (sr minerals), whiet, do not 'inhibit sue. 

A third prominent nedifleaticn, eemmemly reddieh.erangelop is thorough," 

naaked with lathmlike netacryets, I to 10 millinetera in length, of 

gresnish..gsay amphibole. Partimg plies* of this rook reesible miaow 

abandantly impressed with miniature bird trash*. Other, lees foracm, 

variants of the hornfels exist. The 'ladle basalt its thereediar ale" 

bitissd and locally veined tir **dote adjaeent to some sills. Where 

racrystallised the basalt texturally resembles the diabase split* but 

is mottled im solar from greenish grey to reddish orange. The AMU* 

mettles reflect eonsentrations of mails minoraleimeestlr Chlorite, biotite, 

and fibrous anphiboles(?); the mango mottles are soncontrations of very 

°lauded foldspar.-probably mostly albibo.gabondant4 dusted with hematite. 

In a few localities both the argillite and the basalt were converted to 

a rock which eannet be distinguished in hand *wimp from the diabase 

mattes. This aplitie material is in the form of irregalar maeseas 
few inshas to 30 feet *moss, whisk gradationally interfinger with less 
altered rook along bedding in the argillite and planes of fracture in the
basalt. This metamorphic product borders a diabase intrusion and the
contact between the diabase and the host rook can le difficult to define. 
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The aureole of oontuot metamorphism is widest and mineral trend. 

formatioos momt obvious in the 0,..rbonate members of the Meseal forma.. 

tion. The original dolomite and eherW dolomite beds were dedolomitised 

and oonverted to calcitic limestone that includes small mimeo of silicate 

mineral', as noted earlier. Were wide dike liken discordant portions of 

diabase sills cut across the carbons** strata hu concordant sills do not 

inflate the section, smuts as much as 2,000 feet in width, in the direc-

tion of bedding on both aides of the intrusion, were dedelonitised4 

Metamorphic halos 6 few tens of feet to a few hundreds of feet in width 

border dikes that are 25 feet or Leas in width and isolet-d tram other 

diabase intrusions. In those localities in which a concordant diabase 

sill, 50 feet or more in thickness, inflates the carbonate section, the 

entire section is generally dodolonitised. The thinner-bedded lower 

member of the Msepal tends to be mare thoreu*hly °cavorted to limestone 

than time massive algal somabsr. If the dolomites did not include entre-

ordinary amounts of sesondar, (short, rellots of short are not abundamill 

and in some lmealities are almost nonexistent except in the limestone 

beds most remote from the diabase intrusion. Where shirt lefts particularly 

abundant, as in the thorowh27 silisified bed common below the uneonlermity 

at the top of the algal member or in those loselities where silicifieation 

.of the lower member was widespread as au adymnst to. leaching and the rwr ilk 

tics of sinkholes, the ohert was only partially converted to silicate 

Rimers's. 
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The dolomitic rooks yielded a variety of products socording to 

their original eampssition and the stage of metamerPhism. The cher*. 

dolomites were most commonly r-oonstituted to mixtures of tremolites 

diopside, talc, serpentine, and salcite which occur in a host rock of 

fine grained, sugary-textured calcite limestone. The dolomites es-

sentially free of short were altered to limestones that include little 

of the silicate minerals. Most of the metamorphis pr dusts are very 

fino-gnkined; and individual grains of the ailisate minerals gensral4 

can be distinguished only under a mieroseepe. Some mdxtures of silicates 

are so fine.mgra'ined as to be difficult:4 resolved mieroseeploally; most 

individual grace are so small that optical properties are difficult to 

determine. Diepeide oseurs as fine amhedral grains; these grains may 

Est as sparse individsale or closely aggregated pains in a matrix 

of ealeite or other silicates. Tromolite ordinarily occurs as very 

fine needles or radiating aggregates of noodles in similar disposition. 

In some snecimens &arrogates of fine-grained tale are associated with 

diepsido and tripoli:the; so few examples of this mineral have boon 

recognised that its paragemetie relations to this other alligators are 

poorly understood. Serpentine is far the most abundant silicate in 

the limestone and tend, to *bows the int-rrolations of the earlier.. 

formed minerals solicits, dispelling tronolitog **ital., which it replased 

in ease isetansee and veined and enveloped in other instomoes• 
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!Upside, tramolite and tale *seer as aggregates in the form of 

irregular layers lenses and nodules that Wiest in distribution the 

original soneentrations of short. The form of the short eemeentrations 

are rather faithftlly reprodused in these aggregates, Ina there is eve 

suggestion that the dimensions of the silicate menses are very slightly 

larger than those of the original short masses. Where chart was origimally 

very abundant, some aggregates of the *Jerky animates inelude cores of 

recrystallized short. In all thin sections that have been studied the 

details ofrrelatiens between these minutes and the short have been 

obssured howevere by the ubiquitous serpentine that envelopes these 

aggregates. 

In hand specimens. messes dominantly of diepside are light gm to 

very pals orange; those dominantly of tremelite lack the erengish tint 

and range from light grgy to greenish grey. Misses of both *Lamle are 

to0h and difficult to break; those mainly of diopside are difficult to 

scratch, whereas those of tremolite are readily watched or °hipped br 

stool blade. Weathering may bring out the fibrous or radiating struetnre 

of the tramelite aggregates; the diepside we ethers to a smooth surf.*** 

The oiliest' minerals weather whitish, and are mush less oonspienous than 

the shert, whieu etches out boldly in the dolomites. Oannear those 1m• 

familiar with the Hosea' formation fail to appresiate that the limestones 

everywhere insbatie.large content of silicate ainerals• 
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The serpentine mineral most abundant in the Mescal limestones oscura 

in dense masses. is ordinarily soft, inhibits a wow or groovy luster on 

freshly exposed serfasee, and moue in a wide range of Galore. The colors 

range from yellowish gray to brownish bleak in the brown hues. and greyish 

yellow green to dulky bloc green in the green lees, to Meek. Pal* greens 

grayish gream end grayish olive are eemmen solely. Impurities of other 

silicates, calcite. and magnetite eammon:ty emus variations in looter, 

color, and hardness' A late farmed serpentine. ordinarily graigh.» 

orange pink but in rare exposures pile green► veins the earlier serpentine 

of sone localities. Both of these serpentines are fibrous. but the fibers 

are too small to be resolved under the optieal miereseope. Selected speci-

mens otudied optima. differential thermal analysis. eleetronnieroecope 

and x•ray diffiestion methods have been identified RS ohryeetile (E. J. 

Young, written eammunleation). Probably all of the dense tierpentine is 

of this species. No antigerite has been identified in the limestonees 

sow serpentine layers include veins of megaseepieally fibrous ehrysoti1S. 

In certain structurally favorable geologic settings (Shride. 1952) these 

veins are numerous. and comprise the asbestos deposits that have b 

prospected or anted at more than 130 sites in Gila Cater. 



 

The ordimary serpentine eesurs in some, generally a fraetion of an 

inch to 3 feet in thickness, that acatly parallel bedding in the limestone; 

it say eseur in paper-thie wispy, diseontinueue lay.re or in tabular sore 

locally se smeh as fist thick, ar oonsentrationo asy range from miar0000plo 

blebs to elliritical nodulose 3 feet in diameter, Most of the ser-

pentine grossly poeudomerphs in fern and distribution the original short 

some or the short nodules, Appreciable amounts of esrpentisft however' 

replaced the rook adjaeent to joints, fraetures, and feats without regard 

to the original sensentrationo of Alias; and in sone legalities serpentine 

has replaced dabs adjaeent to similar etruetural features. Serpentine 

is the nest widely distributed of the silicate minerals and may be fend 

in the parts of the dedolonitised carbonate formations most distant figs 

diabase intrusions, whereas the ear34bneed *Meats* have net been 

recogaised in such distant limestones, 
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The above dessribed-silisato minerals have been Oven particular 

attention bsssuae they °sour in the limestones that include asbestos 

deposits. Other silicates, also mostly in very fine-grained aggregates, 

that exist in other limestones have been given little attention and most 

remain to be identified. The silty, and sandy dolomite matrix of the 

basal brescia of the Reseal is ordinarily senverted to a dark greenish 

grey, soft reek, whieh &presently is a very fine-grained aggragete of 

senontine, chlorite(?) and caleite. In sans areas mush &milli° material 

MSS soneentrated in the algal member during silieifieatian; on metamorphism 

this elgyey and siliceous delomite yielded products sot woman in the rest 

of the formation* Orgy groan litio601101111 minerals, ordinarily in thisk 

hexangle books as meth as 5 millimeters in diameters may abundantly spot 

this rock and places constitute as mesh es enem-thirdofthe reek. These 

netecrysts aro in a matrix of ...lefts, shish includes serpentine dad 

other silicate minerals too fine-greined sioroosopio identifisation. 

The coarser aleaceous aggregates are of at least tee mineral apsaleas 

one apparently is a ehlorite; others maim to be identified. Locally 

beds of apnamantly similar original lithelogy are now imposed lama, 

ot graylOwiellow green to grecniOhivrey tremolite, which **curs as randomly 

oriented blades, u mash as lfie Ugh wide and 3 incites long. Rarely, similar 

tramelite secure se irregnlar veins of weed-like Gress-fibers. Vory smell 

amounts of other silicates mot general through the region eoeur in a few 

legalities. An example is a dark yellew‘sh-brown garnet* whish has been 

noted in spares amounts is only three losalitiee• 



 

Magnetite* alLkieugh present in many lonslities* is not a prevalent 

oontasteiestamorphis mineral in the Mensal limestone* Si it is in maw 

areas where catenate rocks are intruded by diabaso. Looally mngnetite 

was sparsely to abvaidar417 disseminated throufth 210- to 100.4oet thisknessos 

of limestones a few sue% °mourns*** have an areal extent of several soirees 

The coarse truselits or the sioaosous **tsarists noted above may be abun-

dant in these ossurvensos. Pew magnetite bodies of thia sort are known« 

Mu0h nor, numerous are osenrremsee in which magnetite replasod fractured 

limestones within a few fest of a disoordant diabase intrusion. Some 

of this magnetite is disseminated in the limestone but most of it exists 

as narrow veins or small pods. Rare veins* 6 indhes to 3 fest thick, 

ars several tens to a few hundreds of fest long. Generally magnetite is 

lacking* even in the limestones immediately adjacent to discordant 

diabase intrusions, 

Thema metamorphism associated with the diatom. intrusions iv general 

throughout the region. If this is not appreciated* some of the motamorphis 

of fats mar be attributed to loaal them' metamorphism of post-Preeambrian 

date. Where the of forts are inconspicuous* especially in weathered outcrops* 

the original lithologr may bo misinterpreted or go unreoognisod--as generally 

has been the oase of the carbonate members of the Mescal. &cent where 

rare small outcrops are isolated frma contiguous lose modified parts of 

a formation* the metamorphic attests are not such that a fermatioral snit 

is likely to be misidentified.. 
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Late Preembrim defermatim 

It has net bees mosseined previously $$ the Apish* grew 

and the Troy Imartette were Added amd flulted prier to Leiria's 

of the PreenMan &Sabarese The *Mew of tide ode•ar 

deformities are overshadowed thmoughout the Miss b7 this 

dilationary offiets that amempanied the latrusten or diabase, 

and la the souther' part of the region are further obsseved by 

defermatim of postiolaloomoda ages Details at pre-diabiee 

stmetures have bem studied, to date, may la the portion it 

the region etroetrevally a part of the Colorado nitwits lemma 

and as whe sueeeeded him reassaimed the defamation. mainly 

expressed la hIgh.angle faults amd vertleal displacement of 

biota. statists. that seourred as a emsequesse of dilation 

1 diabase sills. emerally, Wessels amd younger formations 

were leferreds however. to have been similarly *Meted 17 this 

deformations alit if the intrusions am of Preeenbrlan age, as 

aoeeptod herein, sash inftwomees are fillsoleue. This emelsalen 

is silair dessostrs*od is a geese by the geometrio relations 

of Paleemele formation to the dishase Lot:mime amd to the 

**mature* assimilated with then. These relations are deseribed 

De the next beetles of this reports The following deseriptions 

of the stmetures or maw Preasmbrian age provides a buds 

ground for that dissuasion. 
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Pre-diabase deformation 

The first defOrmatien, of several that arrested the strus. 

tural disposition of younger Preeambrian reeks as seen Softy, 

was the subtle upuarping of the Reseal limestone and older for. 

nation* before the Troy was deposited. TO the best of passant 

information, no faulting ascompenied this folding and for VOW-

tioal purposes the pre-err formations remained of hori-

zontal. Therefere this mild deformations eensidered on earlier 

pages, will not be disoussed further. 

After the Troy was lithified, but before diabase imtrumions 

Troy and Apashe strata were streagly defOrmed along widely 

spooled, narrow beltes between these belts the formations re. 

gained horisemtal. The structural belts observed In northern 

Oils County are tharasterised by both folds end faults. Miens 

positively determined to pa's-data the diabase are less than 5 

miles in length, and some have boon traced 20 to 40 miles before 

being hidden beneath a aoisr of reeks that postdate the striatum,. 

Some it the belts are sinuous is plan, but all are grossly of 

north or nowth-northmest trend. Certain of these were loot 

aloft Alois erosion has boon partioularly *Motive. This they 

ultimately defined the geographio position et some et the major 

elements of the drainage pattern tributary to the Salt Riverj 

the eamons of Cherry Creek mai Cowen Crook are examples. 
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The somewhat sinuous struetural belt followed by Cherry 

Creek a1 its sourse through the Wadies Peak qmadrangle 

includes some features net sopa in ether belts, but also itsm 

eludes all features typically associated with these belts* 

A single raalt or in pleats a eases 1.000 to 5,000 toot in width, 

of subparallel resits has bees based along the west wall or 

the senyea of Sherry Creek, from a legality tau miles sad* a' 
the quadrangle to a locality two atlas north of it. Probably 

the struetural bolt extends mmeh farther to the north and south. 

South of the "'strangle and aer6b within its alma a 101110M10 

10 allege several faults, ladiftemals of a faulted semi almost a 

mile in width. strike 16 emlOW. %romp the esmiral pert et 

the 400drengleo ter a dietaries about $ miles, the sone or finite 

is very marrow or is represented by ens tamIt that strikes I. 

301' V. AIM the northernmost 3 was within the quadrangle 

and where observed myth et the quadrangle a simgle rialto tam 

flasid by a wide amd atesply dlaserikat dihellhe epiphysis from 

a diabase sill, strikes I. ids I. 'hose algal a his UPON 

major itsof this fault belt diner In strike by as amok 

as 40 degrees. 

• 
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Preftdiabase fault displacenents within I Sherry Creek 

structural belt are noteuseithy. this faulting did met result 

dipplassments astigeable ea sek either side et the belt,* 

Mientigraphis hswisams west of the same' are, it me Avers 

legal displacemsets gaused by diabase altimas a% Mout %he 

aeme altitude as egmlvelant horisems in the plateau east or 
the annyea, Away from the northoserthweet trendies belt an 

either aids et the same' the fOrmatigne ars virtually horIOOMISU 

At places along the length it Wats the belts however, 

stratieraphis displacement sawed by a seshisatien e faulting 
and fiddles legally omega 1400 feet* Ike Trey leartsits in 

pleeis, therefore. is ii justapesitlaa with the preAlreche 

gremits, 
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Mist et rn,laasmabout a mile die mid 

peratsbast the obsorwsd lama et the stoustural Wit, the 

forastIsas one MOM loft a asseellse westwud 01p. aft 

titlaa fuss the horiassial attitwie of the strata omit St 

the aftessUal t ths Li to le v. dips eheirastoiristio of 
asst or the eassallas is graduals is anew Gawk Is otiosely 

appreashed. hewever, the dip or the strata lasswases suipldly 

sad dare the .s slaw liondrates agalast the fault or narrow 

seasitfaults lamedlately wee. of ahem Seurslla. dips St 110111 

to 31, aro' use wassensas la a tow gases beds ewer the teen 

an almost vertloal is attitude. net above deserfotioa should 

is ash for the asetbssauest and sowthennerat parts of the 

pia Peak quednaglo, is that the seasellial flew Is 

alasst e1's1y ea the west aide et 'hem liesit la these areas. 
Alm parts or is fampos a part St the displaesesal downward 

to the west Is sassed by parallel sr subsparailel annal or re-

verse Awaits, of myth as aerthiwaerthwest strike* as well as by 
llellsollial radio& la ether words* stoop asortherly-troadlag 

faults stop marrow Moshe St &testa suesessiwsly dowswasd to 

the west It oeue Ihrs la plows Aden its limith 
the sesta= tae-thirds of the dhow Saw* struetural belt 

sumests em-helf et a srebea• 
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The met border of the meneeline is approximately defined 

by the fault that extends the lemgth of the awry Greek struc-

tural belts or uhere the belt imeludes a nue at several faults 

the principal fault of the eene-ommilearily see near the meet 

border of the seme--era be oonsidered the definies fault. The 

principal fault and the subsidiary faults et %be faulted somas 

are imtrioately intruded by dikes or dikicklihe discordant per. 

flees at *ills al meet et the length of the belt. There-

fore the mimreline eharaateristie of the eastern part et the 

strustural belt generally terminates against a ddli;ilhe bOdy 

OdWahase rather then a fault. 
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immediately west Of the primelpal fault St the struetural 

belt sedimentary formations in general dip steeply west slog 

the entire length of the belt. Alum sonsiderible lengths et 

this fold the formations are vertleal or nearly vertioal is 

attitude; in many gases the strata that are within a few Wow 

dred feet of the fault are ',OR everturmed steeply' to the eaotio 

and is a few places the overturned fermstlens emhiblt an eseterty 

dip of less than 50.• This internee folding affects any a who 

row sonej 500 to 2.000 feet west of the prineipal fault (the 

east boundary of the fell) the fermatlems are virtual', hada, 

metal and eemtimme se mentuord into the Sierra Ate, Ike 

Trey 4Pertoltes the 411460 WNW a-d the dremite that undedies 

the Apish@ group are Involved in this fold. As gene St the 

formations are very eampetent and as the stet*eraphis thieh. 

noes tam* 3,000 feet wed) this salmons* mos tenures* 

a thiehness to be accommodated in sink a ti WM. the everft 

all thiamine of the fielded softies is Mimed by showing in 

the RINEVOM belt et intense ficading. ft Oases parts Of remam 

time are missing. amd in a few Aims parts are depliested 

along a shear none that parallels is grew attitede the attitude 

Of the stomp fault that brads the Meld en the asst. 6147 
parts St this belt have boos napped, pending additional inter*• 

natiomil me ifterprotation et the origin et the overturned fold 

will be attempted. 
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Other mortis to nerth.merthwest stivetural belts are 

similar. eziept iR details. to that et Cherry Crook. POw are 

as wide or Show as intense folding as the Cherry Creek belt. 

gemeral the belts are separated by intervals it several 

miles; within theasintervals the fermations. t lemallY 

displased by higher faults, are praetisalli hiswismital• 

Reeonmaissanee aloft Canyem Creek indicates that this stream 

follows a nerth.nerthwest belt. similar to that in Cherry Creeks 

from the northern border of the alms Mouse MOunLain quadrangle 

to the junction with Salt River. a diatoms of 13 miles; south. 

ward this belt can be trailed ansaditional 19 miles before blip 

covered by Cenozoic gravels that rill the trough cosupded by 

Sevenmile Wash east of V. S. Nighwey 60. South of the Salt 

River. minor fault displacements apparently of iris age 

were noted losally, but there can be no doubt that the prin. 

opal deformation along the 32.mile length noted was pre-

diabase. A seemingly contiguous zone of faults extends aloft 

Canyon Creek at least 10 miles north of the Slue Mouse Mountain 

quadrangle. Lacking knowledge of the structural geology of this 

area, the writer is not certain that the faults of this interval 

are mainly Precambrian in age. Another narrow belt, of north. 

northeast trend, has been traced from roughly the southwest 

corner of the Wadden Peak quadrangle to within 4 miles of 

'nuns. a distance of 291 miles. A !suit is montinuous the length 

of this belt, except perhaps morose the east flank of Wadden 

Peak where an east-dipping menoeline defines the structure. 

Along much of its length north of Wadden Peak the fault is 
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dilated by a diabase Wit'). 300 to 1.000 feet is uldth4 

arrow belts of Sharply /Sided struts border the Oahe. South 

of Wadden Peak the position et the fault is meshed by the disft 

mordant portion et $ Utak disbass sill. adiseal hmeuledest• 

gained by messing similar strustural toatures at widely *OW* 

ated intervals. suggests that ether like smorlaw sr merthaperilmost 

trendimg structural belts at sonsiderable 101011 Poitiabl7 *Nag 

out and west of the area enesompassed b the MOIreddoi Posit aM 

Was Meuse Nsuntais quadramilegiii 
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The narrow but persistent songs of intensely folded strata 

that border the deseribed structural belts, and ethers of lesser 

length, suggest drag adjacent to major faults, But these sows 

are so intimately associated with dike-like bodies of diabase 

that come might visualise them as the result of forceful in-

jeetion of diabase magma. 'Wept for miner superimposed details, 

it is wholly unlikely that the folds asn be explained in this 

way. Although open folds and asseeiated bedding and thrust 

fractures are eommen adjacent to discordant diabase intruslems 

throughout the region, these features are of small scale and 

local distribution and in ne wry eemparable to the folds and 

sheared somas observed on a regional mole. The usual %endow 

toward oomeordant intrusions, the grist lateral extem4 of many 

thin sills, the general laskpoompept very Iseallp-401 distortion 

of even the thinnest levers of iseempetent sedimentary reeks 

pertly or completely enelesed in diabase, and the laid( of bree 

elation of the host sediments aloft the borders of intrusions 

refits the possibility that the magma was a vigorous mass, whisk 

plashed its way along faults or ether limes of weakness and 

aggressively folded the wall rooks away from the plane of intrusion, 

Bather the diabase Emma must have been a very fluid msterial, 

whim insinuated its way along Minting game for flaitires• 

This dodustion, whieb is war allProsal p ssib a rer Meet saw* 

remises, is supported by direst evideose• in a few legalities 

within the struetural belts diabase intrusions do me* exist at 

the outereps and the somplete leek of thermal metanerphism4 

linmeoptible to roesnstitutigna4111110"WU in reek types 
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Indisates that subterranean bodies of diabase as. spatially 

remote if present at all, Um the major faults* the Odds 

and their associated shear asasso *lob eharastorise the 

regional strustural belts of northerly trends, existed prier 

to the intrusion et diabase. 
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In or adjacent to the belts other features, which do rc2-

11.4ct inflation by diabase intrusions, are corollary to this 

conclusion. Along a part of the belt the oharp folds reflect 

the drag that :could be expected from the vertical displacement 

along the principal fault of the belt. The direction noted 

along other lengths is opposite that expected. rile latter 

elements of a bolt, if adequately exposed in the vertical di-

mension, invariably are noted to be inflated by diabase sills, 

which terminate abruptly against the fault that bounds the fold 

or merge with the dike that followed the fault (fig. 14). Thc3i: 

Vigure 14.--Diagrams showing effects of sill inflation on dis-

placement along a pre-existing fault. .arrows indicate 

relative displacement. 

sills caused displacement opposite to the direction of original 

throw (fig. 14/3). Other sills caused additional movement in 

the same direction as the original throw (fiz, 140. Locally 

the fold adjacent to the fault may be discordantly split by 

the sill (see horizon y, fig. 1413), indicating that the fold 

.,i1„; pre-existent. In some places, where sufficient vertical 

exposure is available so that offsets above and below the sill 

c„In be viewed, the folds below the sill dip in a sense com-

patible with the direction of displacement on the lower part 

of the fault; those above the sill dip in a sense reverse that, 

of the stratigraphic displacement (fig. 14C). In such example._; 
the stratigraphic displacement caused by diabase inflation qa,, 
opposite and greater than that along the pre-diabase fault. 
ouch features indicate, again, that diabase intrusion was not 

fac:;or in eauzim: the folds. 
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It can be speculated, but is not yet conclusive, that the 

dikes so prevalent along the northerly trending structural belts 

represent the principal feeder conduits for the sills of the 

northern part of the region. These are only sites where thick 

dikeoaike bodies can be inferred to cross from well down in 

older Precambrian rocks up through entire sections of younger 

Precambrian strata. Elsewhere most thick tabular cross-cutting 

masses apparently only connect a concordant body at one horizon 

with another concordant part of the same sill at another horizon. 

The areal distribution of sills that join with the possible 

feeder dikes is particularly noteworthy. Thick or extensive 

kills that exist on one side of a structural belt commonly 

terminate abruptly against the principal fault, or merge with 

but terminate against a wall of the dike that occupies the fault. 

On the opposite aide of the belt--say the east side--sills may be 

insignificant or missing. Elsewhere along, the strike of the 

belt the relations may be reversed: that is, thick sills may 

inflate strata on the east aide of the structural belt but be 

absent on the west side. Furthermore, sills on one side of a 

structural belt commonly were intruded along different horizons 

than those on the opposite side. Perhaps such spatial relations 

of sills to the structural belts can be considered clues to the 

existence of such belts, especially details of structures largely 

obscured in areas farther south. 
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the northc,rly trend of the pre-diabase structures, 

characteristftc of the zlateau portion of the region, 

1. -oical of 11 atructur farther south cannot yet be 

. it ia of r, tLirest to note th;Lt the Cherry Creek telt, 

prJjected somh, could extend into tlat) northeast corner of 

.;1ob quadrin;le; there the fault p,Atterna mapped by 

.J,,;eruon (1954) are 44imilar to pattern3 noted along the east 

(.,1! Cherry Creek Canyon. And leterson =a indicated that 

the northwest-trendin , faults da predate the diabase 

Deformation associated with labase intrusion 

,ii-an6le normal or reverse faults, which displace younger 

r'recamtrian :strata but not i'aleozoic formations, are common 

;hrouilout the reGion. Although some faults antedate the dia-

b43, :come of these owe a part of their displ-,.:sment to 

inflation, far more numerous are the fults that owe 

their dislocation entirely to diabase inflation, The latter 

are the Precambrian faults most commonly aeen, some inter-

rA.ations between inflation faults and diabase sills are shown 

or fia:ure 15, which is idealized from obvlou3 examples in the 

1„--Idealized geologic section showing relations of 

e.ults to diabase intrusions and to pre-Paleozoic uncon-

formities. Note vertical exaggeration. Diagram 13 greatly 

.1,1plified; ordinarily two or more sills inflate Apache 

L;_!ction and several minor discordant steps, too small to 

uepict here, would exist along sill boundaries. .:gee text 

1'ov aJdiLlonal explanation. 
.41•11..1•moft....11•111mly 

Berra Ancta anaYEe Salt River Zanyon. 
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For most of these faults the stratigraphic throw closely 

approximates or is equal to the thickneaa of the inflating, sills. 

4 i11 commonly terminate against faults. Where a part of the 

rati,;raphic section above and below the sills cannot be 

sc,en in an area of high relief or otherwise interpreted, the 

cttuizAtive relation of faulting to diabase intrusion might not 

bt fully appreciated. By weciging apart the strata a dill may 

c..-Jed the fault adainst which it terminates. And the 1111 

orbinurily ;:xhitbits a normal chilled border against the part of 

t-,A0 fault tilat it contacts. In the vertical dimension some 

nAult;.5 obviously terminate either at the top (see locality A, 

lr) or bottom (locality D, fig. 15) or a sill. Because 

throw of such faults equals the thickness of the sill, the 

ertire displacement: can be demonstrated to be the result of 

infli.tion (compare intervals x and x' fig. 15). The high-an`le 

and related features observed on a regional scale occur 

in racLiimile on small scales, as is abundantly seen in mine faces 

Qv ciLff exposures. The throw along a fault may be only a few 

InchoJ If the inflating sill is thin or on the order of a thous-

l'et if the sill 18 thick. Faults of like origin are par-

ticularly seen where sills step discordantly from one horizon to 

another (locality C, fig. 15). The footwall contact of a sill 

rAa..y Le concordant but a discordant step and fault may offset 

concordant parts of the hangingwall (locality B, fig. 1A. 

LS E`.: throw of the fault in such an example IJ not the thicknca 
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of either adjacent part of the sill but the height of the step 

(the difference between Lund fig. 15). As a consequence 

of inflation at different horizons a fault may be displaced in 

one sense along its upper part and in the opposite sense along 

a lower part {see locality A, fig. 15), Such reversals in throw 

can be observed in other circumstances, as those in which in-

flation acted in opposition to the direction of pre-diabase 

faultinz (fig, 14), or as in the junction along strike of two 

inflationary faults of opposite throw. Where more than one sill 

inflated a sedimentary section or multiple sills were intruded 

lonz approximately the same horizons the relations between in-

',rualonz and faults can be more complex, in that a later sill 

offset the first sill and may have displaced structures formed 

adjacent to the first intrusion as well as caused additional 

faults. 
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In any given small area in the Colorado Plateau portion 

of the region a conjugate system of two sets of joints is 

dominant, If prominent inflationary faults, dikes or highly 

discordant parts of sills exist in the same area, ordinarily 

they occur in only one alinement, parallel to one of the joint 

dts. Subordinate faults and intrusions commonly parallel the 

complementary set of joints, but just as commonly follow the 

trend of some other set. Cursory analysis of many observa-

tions indicates that two distinctive systems of joints exist, 

and leave* the strong impression that two systems of the larger-

scale structures also exist. Detailed mapping of the faults 

and other larger-scale features, however, suggests that the 

structures of the northerly trends may not be rigorously sep-

arable into two sets. 

The conjugate sets of one system of joints strike N. 100 

25° E. and N. 700 - 850 id.; the sets of the other system strike 

N. - 300 and N. 45° - 60° E. These four sets characterize 

all strata of younger Precambrian age, and also exist in the 

diabase. The Joints of an individual diabase body, though not 

as conspicuous, reflect the joint pattern of the adjacent host 

formation. In any particular area, one of these systems strongly 

dominates the Joint pattern in the host rocks. As northerly 

trending sets of high-angle inflationary faults, and in some 

localities individual faults, are followed along strike they 

commonly deviate in trend from north-northwest to north-northeast. 

Jtructures of the northeast or west-northwest trends may or 

may not be coupled with the northerly trend that is complementary. 
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'fiLit .131 in, one locality a prominent northeast fault or discord-

,.nt contact may exist in the vicinity of a north-northwest fault--

complement. in another area the trend of the northerly 

fuultJ may be north-northeast, but instead of the expected 

eople:lentary 3tructures of west-northweat strIke, again the 

northeast structurea prevail. As noted earlier, the through-

pre-diaba3e structural belts may be sinuous in trend 

t.lrou3hout the range of northerly strikes. Apparently these 

tc1Li 5e.t the pattern for later northerly striking inflationary 

faults, which are haphazardly coupled distribution-wise with 

faults of either of the other prominent trendJ. only the latter, 

of northeast and west-northwest direction, arc individually 

definitive. 

318 



In the northern part of the region, individual inflationary 

fuulta range from a few tens of feet to more than 10 miles in 

.LiTi8th. Those striking other than northerly are particularly' 

com;picuous because they cut across the prevaling structural and 

toporaphic grain of the area. An outstanding example of a 

fault of N. 700 W. strike has been traced westerly from the 

northwestern corner of the Blue House Mountain quadrangle to 

a point on Cherry Creek two miles north of the McFadden Peak 

quadram..41e. The fault probably continues even farther, east 

and weat, Throughout the known length of 11 miles the fault 

IJ occupied by the discordant part of a diabase sill. From a 

point about one-half mile south of McFadden Peak another fault 

=extends east to Cherry Creek Canyon, This fault strikes 

about N. 85° W., is downthrown on the north about 1,000 feet, 

and terminates a diabase sill in exactly the manner shown at 

locality D of figure 15. Eastward this fault ends abruptly 

against the principal northerly trending fault of the Cherry 

Creek structural belt; south of McFadden Peak the throw of the 

fault decreases abruptly at its intersection with a northeast-

trending discordancy, and not far to the west the fault probably 

dies out. Most faults of west-northwest to west strike are 

less conspicuous; these two examples indicate, however, that 

such faults are significant on a regional scale. 
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 Inflation faults of N. 300 - 6g° E. strike are numeroual 

but compared with faults of northerly strike and some of west-

northast strike they are apparently short and ordinarily of 

throw. Many are conspicuous in the landscape because of 

Jiscordant bodies of diabase that were intruded along them. 

mall-acoav monoclines, synclinea, anticlines and domes 

Len !-iven particular attention by me, because they were 

prime mlaructural factor:3 in the localization of the chrysotile-

aube3to5 deposits. Thecie folds, which represent mild drag in 

3,1dimelltary rocks i:Imdfxatolf adjacent to diabase intrusions, 

are numerous. an; are o subtle that they are recognized only 

Ly detailed tiappin on mine scales, and they are in no way 

analo3ou* to the fold: of regional extent that pre-date the 

diaba2,:!. netie ;email fold3 are *ecn particularly adjacent to 

dIscordant portions of intrusions. Though numerous, such folds 

do not occur ,nfery4nore along or near dicordancies, and it 

cannot be assumed that they characterize diucordant contacts, 
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In addition to the small-scale high-anle faults that 

are miniature* of those of regional scale, small bedding-plane 

faults, thrust faults and near vertical strike-slip faults are 

locally abundant In strata adjacent to discordant diabase bodies. 

They are= particularly abundant where the folds, noted in the 

above paragraph, exist, The small-scale faults, generally of 

only a few inches to a few feet horizontal displacement, and 

;11.c! folds represent mild structural adjustments that occurred 

durine; and immediately following the emplacement of diabase, 

ic; testified by their geometric relations to successive in-

-ilkiion3 of diabase. 

The faults and folds of small scale are most apparent in 

Ma=lt competent units of the strati4raphic sequence: the 

low of Limber of the Mescal limestone, the lower two-thirds of 

t11, upper member of the Dripping Spring quartzite, and the 

t-,uffaczow3 Iltstonea and mudstones of the Pioneer formation. 

?rezumably the ?recambrian structural features, character-

iz__ above for the Colorado ,plateau portion of the region, are 

7;11Iar and equally as abundant in the southern part of the 

Certainly, in widely separate part3 of the latter area, 

examplea of large-scale younger Precambrian structures 

readily reconized. In the Basin and Range portion 

thL1,t superimposed in Cenozoic time, and possibly 

of late Cretaceoua time, particularly obscured the atruc-

tl t ant3dated und were induced by diabaae inflation. 
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faultini; and tilting; of the block faults were char-

Ict;:rlstic of this late deformation; foldin;_; was cenerallL, 

u:11„;ible. In applying :3eologic studies to the metal-mining 

:,3trict3 of southern Gila County and JurrounolnE areas, it 

would seem particularly worthwhile to diztinui3h the bulk of 

the faults of younger Precambrian age from those of more recent 

Al understanding of the habits of diabase sills Jill 

fAcilitate prediction of the disposition of the strata diu-

placed bj the intrusions. Of more significance, most fault.i 

of inflationary origin are literally without "roots". They 

are not faults, then. that are likely to be reopened; nor do 

they extend to such depths that they would likely tap sources 

of metal-bearing solutions. Thus most of these dilation faults 

were probably not significant in the localization of metal 

deposits. and they should be distinguished from later faults 

of seemingl." similar vometry that wero effective as channel-

ways for ore-bearing solutions. 
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Relations of Paleozoic formations to Precambrian rocks 

Trio unconformities that define the base of the Paleozoic sections 

of the region everywhere truncate the structures and variously displaced 

formations of younger Precambrian age. South of a line that extends from 

the south flank of the Pinal Mountains northwest toward but not to 

Roosevelt Daw and southeast to the vicinity of San Carlos Lake, as shown 

on figure 3, the younger Precambrian formations ars generally overlain by 

the Boles end AbriLo formations of Cambrian age. A, drawn, this line depicts 

the northern limits of Cambrian outcrops as now known. But in the vicinity 

of this line, also, the unconformity that separates Cambrian and Devonian 

formations fartner south in turn truncates the unconformity that defines 

the base of the Cambrian system. In part this line does approximately 

define the intersection of the two unconformities; in part that intersection' 

nor destroyed, owing to Cenozoic erosion -- must be interpreted as being 

somewhere to the north. Certainly the intersection was nowhere more than 

a few miles to the north, however, because where Paleozoic formations are 

next seen the Martin limestone of Devonian age is the basal formation of 

the Paleozoic sequence. On north as far as the Mogollon Rim remnants of 

the Martin directly overlie the younger Precambrian formations. 
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These relations are shown on figure 16, which is an idealized 

Figure 16.--Reconstruction of north-south geologic section at the end 

of Devonian time. Section extends from present Mogollon Rim south 

to Dragoon Mountains. 

reconstruction of the north-south geologic section that must have existed 

at the end of Devonian time. This much simplified sectiOD can be 

vlsualized as a composite of the north south sections, which could be 

reconstructed in a belt ten miles wide on either side of a line extendir6 

south from the Mogollon Kim through Young, then southeasterly along tato 

crest of the Terra Ancha to Globe and Winkelman, and along the San Pedro 

Valley to the Little Dragoon Mountains. Several sections would be requirk..,,! 

to show all the structural aspects of such a belt. By use of a composite 

illustration, features cited in various parts of this report are projeccec! 

into and can be identified with the idealized section. Tor example, the 

Troy formation is unusually thick but of abruptly different thicknesses 

in the Sierra Anchai it is thin or missing along the south rim of the 

Natanes Plateau yet is locally thick but not persistent long the San 

Pedro Valley. The reasons for such variations can DO seen on the section. 

To visualize the structural deformation that affected the younger 

Precambrian formations before Paleozoic time this illustration can be 

compared with figure 11. The latter is a similar reconstruction of the 

terrane after deposition of the Troy quartzite, but before it was deformed. 
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The significance of certain features depicted on figure 16 was not 

appreciated until recently. As a consequence the Bole* quartzite ha 

been considered correlative with the Troy quartzite. Actually, certain 

sandstone facies of the Abrigo have been identified with the Troy—though 

unknowingly, because they were presumed to be Bolos strata. And in a few 

areas locally thick basal sandstones of the Martin formation have been 

termed Troy quartzite. What is presently known of north-south Lateral 

variations of the Cambrian formations will be described in another report 

now in preparation. Therefore the stratigraphy of the Cambrian system 

is not detailed in the following. Rather, emphasis is placed on the 

structural relations of these strata to the Precambrian rocks, end on 

criteria for distinguishing between formations lithologically somewhat 

similar. 
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Relations of the Boise and Abrigo formations 

As originally defined in the Bisbee area by RAWSON. (1904, p. 26-30), 

and as demonstrated by Giliuly (1956, p. 14-15, 24) and by Cooper and 

Silver (report in prtparation) to persistmorthward into the northwest corner 

of Cochise County of interest here, the Boise quartzite is comprised of 

mediumr to coarse-grained pebbly quartzite. This quartzite occurs in tabol 

beds that range from a few inches to 10 feet thick, but perhaps average 

2 to 4 feet (Cilluly, 1956, p. 15); the beds ordinarily are cross-stratificv, 

In the Dragoon quadrangle and south to Bisbee, as reported in the above 

references, the formation generally ranges between 390 and 480 feet in 

thickness. Locally, where deposited on a surface of some relief the 

Boles is thinner. A basal conglomerate is characteristic. In some 

localities the pebbles of this conglomerate compositionally reflect the 

lithology of the underlying Precambrian terrana. Upward, by an increase 

in sandy shale layers and in micaceous sandstones or quartzites, the massivt-

cropping Boles is transitional into the Abrigo limestone. Gilluly 

(1956, p. 15) describes this transition sow as generally about 50 feat 

thick, but rqtes that at least in one locality it is almost 100 feet. 
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Again for the belt of outcrops between Bisbee and the Little Dragoon 

Mountains, Ransoms (1904, p. 30-33; 1916, p. 145-148) and Cilluly (1956, 

p. 16-25) have described the typical litholoty of the #brigo limestone, 

and have noted a range in thickness from 700 to 844 feet. Above the basal 

transition zone, limestone dominates the lithology. Dolomite becomes 

increasing abundant and sand increases toward the top of the Abrigo. 

Ammonly a thin unit of quartzite or sandstone caps the formation. The 

t‘brigo Is distinguished by thin-bedding, bed* marked by distinctive 

edgewise conglomerates, numerous units that exhibit irregular partings, and 

irregularly anastamosing layers of silty sod sandy material that separate 

Irregularly rounded lenses of sandy carbonate. Worse-trails and fucoidal 

markings are abundaut. Beds of massive limestone form a few ledges, and 

occasional beds of quartzite, sandstone or sandy shale are variously 

distributed through the sequence. Northward from the type locality near 

Bisbee the amount of sand increases (A. R. Palmer in Cilluly, 1956, p. 20). 

Ransom* (1904, p. 30) originally considered the Balsa quartzite as 

Middle Cambrian in age on account of its conformable relation with the 

overlying Abrigo, from which fossils then assigned to the Middle Cambrian 

had been found. No diagnostic fossils have yet been found in the Bolas, 

but in recognition of the transitional relations between the two formations 

the original designation is accepted generally. Fossils of both Middle 

and Late Cambrian age have long been recognized in the Abrigo (Stoyanow, 

1936, p. 466-481). The List of recognised forms has recently been expanded 

from collections made by Gilluly and associates, and the implications of 

the several faunal zones concisely summarized by A. R. Palmer (in 

1956, p. 20-24). 
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The main aspects of Sole* quartzite and Abrigo limestone sections 

ct 
generally considered typical of southwestern Arizona have been considered 

above. Of more interest here, because of problems in recognition, are 

some atypical facies that exist farther north. 

In the northern part of the Santa Catalina Mountains (near the head 

of Peppersauce Wash, in the southwestern corner of the Mammoth quadrangle) 

Stoyanow (1936, p. 476-477) recognized a lithologically different Abrigo 

section. This section, measured as 750 feet thick by Stoyanow, includes 

considerably more sandstone, shale, and quartzite than sections farther 

south. The lower 400 feet, separately designated the Santa Catalina 

formation by Stoyanow, is dominated by rusty-weathering, thin and irregularly 

bedded micaceous mudstone* and quartziti‘sandstones, which are intercalated 

sparsely with thin layers of dolomite. This unit, in the section measured 

by Stoyanow, is capped by a conspicuous ledge-forming unit of clean 

quartzite, which he termed the Southern Belle quartzite. The latter Is 

25 to 3) feet thick along, the upper canyon of Peppersauce Wash, but is 

only locally existent elsewhere in Cambrian sections of the northern Santa. 

Catalina Mountains (S. C. Creesey, oral communication, November 1960). 

These units undoubtedly are gradational southward by loss of elastic 

constituents into sections dominantly of carbonate beds. As an example, 

the Santa Catalina formation of Stoyanow can be readily identified 

lithologically with the lowest of three members of the Abrigo recognized to, 

Cooper and Silver (report in preparation) in the Dragoon quadrangle. Fro-

south to north in that quadrangle this lowest member becomes increas itibi) 

sandy. In the northwestern part of the Dragoon quadrangle, 35 to 4..) 

southeast of the Peppersauce Wash locality, this Lower member has Siil.k 
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beddinz characteristics and includes muds toms and sandstones like 

those of Stoyanow's Santa Catalina formation, but includes considerably 

more brown-weathering dolomite. The lover member of the Abrigo in the 

tortbwestern pert of the Dragoon quadrants is capped by a unit of 

quartsite, which thins out *outboard and la everywhere inconspicuous 

empered with the Southern Belle quartzite of Stoyanws. On the basis of 

diatinctive faunal some*, Stoyanow defined the Santa Catalina and Southern 

Belle units as Middle Cambrian and the overlying strata below the Martin 

limestone (Devonian) wore defined as Lace Cambrian. Similarly, fossils 

locally notable in the Draw)** quadrangle essentially define the boundary 

between the lower and middle members of that area as the boundary between 

strata of the Middle and Late Cambrian age (A. R. Palmer, oral communication, 

November 1960). 
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 Stoyanow (1936, p. 465-4d1) recognized several faunal zones durinli 

his study of the Cambrian strata in the northern Santa Catalina hountains 

and elsewhere in southeastern Arizona. Consequently he proposed that 

ilansome's,terminology should everywhere be revised. overlyin.i; the 

t,outhern Eell quartzite of Stoyanow in the Peppersauce Wash area is a 

unit, gluiest 3O) feet thick, of thin-bedded sandy limestone with intercalated 

thin sandstone toads; intervening between this unit and the Mertin limestone 

of Devonian nee is a thin (20 to 25-foot) unit of sandstone and quartzite. 

Stoysnow restricted the designation "Abrigo formation" to the limestone 

unit and to paleontologically equivalent sections farther south. The 

capping sandstone unit he also desisnated as a separate forwation, the 

Peppersauce Canyon sandstone. Other formational designations were also 

ioroposed for southerly limestone equivalents of the Peppersauce Canyon 

and Santa Catalina units. The proposed subdivisions, difficult of 

iitnologic definition except locally, comprise an apparently unbroken 

sedimentary sequence. For reasons already concisely enumerated by Palmer 

(in Cilluly, 1956, p. 24), there is no objective way of distinguishint 

Stoyanow's formational units as fundamental map units over broad areas. 

Therefore Fansome's original usage, which applied the term Abrigo to all 

Cambrian strata between the Boles quartzite and the overlying Martin 

limestone, bass enerally been followed and is to he preferred. 
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Stoyanow's contribution in dating by faunal zones the elastic units 

in the Abrigo of the northern Santa Catalina Mountains is particularly 

significant, because it provides the background for recognizing more 

nortomrly Abriso facies, which include an even greater content of the 

coarser elastics. Briefly stated, a quartzite unit si►siler to the Bolas 

quartzite and in the relative position of the Southern Belle quartzite 

thickens northward, at the expense of thin-bedded fine-grained strata 

like those of Stoyanaw's Santa Catalina unit. At Zapata Mountain, l miles 

northwest of Holy Joe Peak, for example, rather typical Bolas quartzite, 

1°0 feet thick, is overlain by a 170-foot thin-bedded unit of Santa 

,;mitallna Aspect, and this its turn is overlain by 110 feet of cliff-forming 

quartzite beds very like the Balsa quartzite of the same area (H. H. Krieger, 

written communication). The upper 60 to 70 feet of the thin-bedded unit 

that underlies the Southern Belle lithologic equivalent, and at least 100 

feet of the immediately overlying interval includes many ledge-forming 

quartzite beds like those in the principal quartzite unit. The uppermost 

100 feet of the Abrigo at this locality includes carbonate beds, which 

are missing from Lower parts of the Abrigo section. Where Abrigo sections 

have been observed north of the Holy Joe Peak quadrangle entire sections 

are comprised of Balsa-like quartzite units and thin and irregularly 

bedded units of fine-grained micaceous sandstone and mudstone. Except 

for a dolomite cement sparsely noted in some of the thin-bedded units 

carbonate is missing from the most northerly sections. 
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The "layers of fine-grained unevenly colored brown, pink, and preen 

quartzite, an inch or two thick, separated by films of olive-gray shale 

whose oleavA0 surfacer: are ridged and knotted with numerous worm casts," 

whierl Uarstome (1919, p. 44) considered the most characteristic material" 

of the thin-i.edded upper quertzitalot the Troy of the Ray quadrangle, 

undoubtedly 4ave their equivalents ip these northern facies of the Abriso 

forwation. The litholooi that Ransom* described is noted particularly in 

the titip-bedded sandstones just above the Boise quartzite. 
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Throughout the region of Cambrian outcrops north of the Santa Catalina 

Mountains primitive phosphatic brachiopods of Cambrian aspects but not 

diagnostic of the Cambrian, are abundant locally. These brachiopods occur 

particularly in the uppermost beds of the Salsa quartzite, in the friable 

sandstones immediately overlying the boles and in like sandstones above 

the cliff-forming quartzite unit higher in the Abrigo formation. Fragments 

of trilobites occur rarely in the brown-weathering micaceous sandstones; 

those noted at scattered localities from the Santa Catalina Mountains north 

into the Mescal Rang*, during a 5-day field trip in November 19b0, wars 

definitely of Cambrian age (A. R. Palmer, oral communication). in 

collections of trilobites made earlier by C. R. Wiliden in the soueaeastern 

part of the Mescal Mountains (at Poverty Flat, 5 miles southwest of 

Coolidge Dam--see Christmas quadrangle) an association of bolaspidellid 

and mariumild forms generally characteristic of the upper Middle Cambrian 

has been reco,,nlzed (A. R. valuer, written communlcation to C. R. Willden, 

Au;ust 5, 19b0). This confirms Lhe earlier subostion by Darton (1925, 

p. 255) that "brawn to greenish-4ray shales and soft earthy sandstone" of 

tilis locality should be correlated with the Abrio limestone. Specimens 

of Billintsella, t' brachiopod that characterizes the uppermost parts of 

t roe Abrio limestone ire more southerly sections, wore identified by 

R. Palmer in the Zapata Mountain section, indicating that at least that 

far north no sreat part of this Abrigo formation was eroded prior to 

deposition of Devonian strata. 
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The reasons for not delineating, in the past, the bells& fro the 

7r )y are now apparent. The increase in coarse elastiefs, particularly 

quartzite, and the decrease in carbonate content northwerd frow the 

re ion of typical Abrigo outcrops cause Lhe northernmost outcrops ta 'oe 

rosIcly similar to the Boise quartzite. Moreover, La many places the 

bolna q artzite rests on the Troy quartzite in seeming conformity and 

cte coutzct. 1:f-tween the two formations is iot conspicuous. In other 

re a3 the Troy quartzite is entirely viissinIc and the combined Bolea-4br4o 

setAv=oa, iyc,.:topy the same relative strstigraphic position, are 

approxiiAately the thicknesa of the Troy noted elsewhere in the southern 

part of the rik$ion. For want of recobnised diaanostic features that 

would distiftuish Cambrian strata from those of the Precambrian, by 

default the two sequences have been considered equivalent. 

Fortunately Ir places the Boise quartzite clearly rests in angular 

or erosional unconformity on the Troy quartzite, formations of the 

Apache troup and the included diebase intrusions. In these examples, 

not subject to misinterpretation, criteria for distinguishing Precambrian 

sandstones and quartzites from those of Cambrian age can be recftnised. 

These diaLnostic features are summarised on table 5, which also 

Table 5.--(:riteria for distinliuishing quartzites and sandstones of 

the Balsa and tthrigo formations from those of the Troy formaston. 

hil.ailights Bowe features not mentioned in the preceding veneralised 

descriptions. Details of relative positions in the sequences of quartzite 

#11141 sandstone, differences in textures of the sandstones, the coniaov 

334 



occurrence of Scolithus in the Cambrian quartzites*, and of worm casts 

in the fine-grained Cambrian sAndstones are particularly noteworthy. 

By the use of such criteria, for instance, the so-called "Troy quartzite" 

of the northern Santa Catalina Mountains (Ransom, 1916, p. 144; 

Stoyanow, 1936, p. 473-477) clearly should be redesignated golsa 

quartzite. 
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Northward from the Santa Catalina Mountains the Bolas quartzite 

,,,,enerally is thinner than in the areas farther south, but in other 

aspects it is not notably different. In places it is not as well cemented 

as in the usual southerly outcrops, and w these places it might be 

described as quartaitic sandstone or a sequence of alternating quertzite 

and sandstone beds. Northward, also, the Boles rests on a somewhat 

irregular erosion surface, which variously truncates the formations of 

younger Precambrian age. Such features are especially well illustrated 

in the mapping now (1961) being done by H. H. Krieger in the Holy Joe 

Peak quadrangle. Within a two-mile radius west and north of Holy Jue 

Peak the Balsa rests on diabase, the upper and middle members of the 

Troy quartzite and the lower member of the Dripping Spring quartzite, 

which were variously displaced by diabase intrusions. The part of the 

pre-Balsa erosion surface that is on diabase is somewhat lower than the 

parts that truncate the more resistant quartzites. Four miles to the 

northwest at Brandenburg Mountain the Balsa laps out and the Abrigo is 

thinned considerably where the rambrian strata lap from a surface on 

diabase to higher surfaces of monadnocks eroded on the Dripping Spring 

and Troy quartzites. Near the north edge of the quadrangle, at a localit 

about d miles east of Winkelman, the pre-Bolsa unconformity has a slight 

angular relation in truncating sills intruded intu the upper mcmber of 

the Dripping hpring quartzite. %here state Highway 77 crosses the crest 

of the Mescal Mountains in the northeastern corner of the Ray quadranlje 

the angular discordance is somewhat more subtle. Near the highway tile 

is seetaingly conformable with the middle member of the Mescal; one-quartc-

mile to the west a few tens of feat of the Apache basalt intervenes 1,ct%Jt-, 
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the two formations; within the next mile to the west the contact cuts 

across the lower member of the Mescal and well down into a diabase sill 

intruded into the lower member. Incidentally, theoutcrop of quartzite 

above this unconformity is the one from which Stoyenow (1936, p. 475) 

collected the brachiopods that are in part the past basis for designating 

the Troy as Cambrian in age. Cooper and Silver (report in preparation) 

describe the extreme in relief noted to date for the pro-Bolsa surface. 

For the northeast part of the Little Dragoon Mountains they describe the 

surface as generally plateau-like, but surmounted by hills as much as 

100 feet high and cut by valleys 150 to 200 feet deep. The bolsi' rests 

variously on the Dripping Spring quartzite, the Pioneer shale and on diabase 

Bills intruded into these formations. Although in matey places Cambrian 

strata seem conformable with underlying formations, these examples indicate 

that discordant relations can be found wherever, from north to south, 

Cambrian rocks overlie younger Precambrian formations. 

South of the Dragoon quadrangle the Balsa everywhere rests on older 

Precambrian formations. Diabase intrusions into the older rocks have 

not been reported from this area, a considerable part of which has been 

mapped in detail (Cilluly, 1956). From this, I would surmise that the 

interval of older Precambrian rocks that ordinarily is host for sheets 

of diabase-- and therefore a considerable thickness -- was stripped away 

before► deposition of the noise quartzite. 
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In dog Additional localities it way ultimately Lta shown that Abrio 

strata rather than nolsa quartnite directly ,,verlie the Precambrian 

formations. Kr.L.cer has already clearly defined the 3randenbur Hi.4.ntain 

examples by mappin,.... ',Aloper arid Silver have noted that the Boise thins 

co as little au 14 feet on the surface al relief in the Little Dragoon 

5.4u t.. Alon;1; the west ed6e tne Inspiration quadrangle dna in places 

1/2 to I 1/2 nor to of Superior (localities sen under the guidance 

of W. ,oterson And D. W. Peterson) thin-bedded, friable finely micaceous 

sandstones, more like parts of the Abrigo formation farther south than 

like the Boise quartzite, rest directly ou formations of the Apacne 

group. 
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Wherever Cambrian strata overlie diabase the latter is decomposed 

through thicknesses generally ranging, frow 2 to 25 feet. In this interval 

below the unconfurmity the diabase is platy or shely parting end generally 

is grayish red. Ordinarily there is no indication that any of the 

ret,olith below the contact was reworked and transported. In a few places 

the decomposed diabase is greenish gray; in such outcrops, in particular, 

the original textures of the diabase are observed to be relict up to the 

contact with the Cambrian strata. Although diabase soil incorporated in 

the basal part of the Bolus commonly causes several fest of the strata to 

be dusky red, fragments of diabase in the basal conglomerate of the 

Boise are rare. In a few localities the diabase debris below the contact 

is bedded. In an unusual example 2 miles southeast of Superior diabase 

debris, mixed with an appreciable amount of wel/-rounded coarse quarts 

sand, is conspicuously cross-stratified through a vertical interval► of 

25 to 30 feet. Here the usual platy-weathering decomposed diabase underlies 

this unit of reworked material. 
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In the northern Santa Catalina Mountains a locally thick unit of 

distinctive grayish-purple sandstone conformably underlies the quartzite 

formation now known to be Boise rather than Troy quartzite. Stoyanow 

(1936, p. 477) relegated this unnamed unit to the Apache group. 

S. C. Creasey ha shown the writer a locality where the basal 2 feet of 

the purple sandstone includes angular fragments of diabase, which is here 

intruded into the Dripping Spring quartzite. Crease), (oral communication, 

November 1960) additionally noted that in adjacent areas this sandstone 

rests on an unconformity that truncates both Apache formations and the 

pre-Apache formations and the pre-Apache granite. Like sandstone has not 

been recognized elsewhere in the region. The unit in the Santa Catalina 

Mountains could represent a local basal "'pocket" filled with elastic 

material reworked from the reddish diabase debris, or possibly it represents 

reddish or purplish detritus from the Pioneer shale or from highly 

ferruginous silicified remnants of the Mescal dolomites. 
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Relations of the Martin limestone 

The Martin limestone generally overlies the Cambrian formations in 

the southern part of %he region and, except as absent because of post-

Paleozoic erosion, everywhere overlies the younger Precambrian formations 

in the northern part of the region. The Martin is mostly of limestone 

and dolomite but doss include beds of shale and sandstone; regionally 

the formation is quite variable in lithology (see Huddle and Dobrolvolny, 

1952, p. 73-76, 83-85; Cilluly, 1956, p. 26-29). The Martin has generally 

been considered wholly of Late Devonian age. But recently Teichert and 

Schopf (1958, p. 213-215) have suggested that plant remains, collected from 

beds a few feet above the base of the carbonate portion of the formation, 

indicate that lower part of the Martin in northern Gila County is probably 

not younger than Middle Devonian, and do "not rule out the possibility of 

assignment to the Early Devonian." 
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The hiatus between the Cambrian and Devonian is represonted,in south-

easternmost Arizona, by a disconformity. Channeling i not apparent in the 

underlying Abrigo limestone (Gilluiy, l956, p. 25-26). A the unconformity 

is followed northward from Cochise County, however, it is evident that 

pre-Martin erosion was increasingly more effective in stripping the existing 

formations. And in the northern part of the region channels of considerable 

extent were cut below the general plane of the erosion surface. Between 

Canyon Creek and Payson in particular a surface of moderate relief exists, 

so that in different localities different strata of the Martin formation 

lap against the Precambrian formations. In most places south of the Pinal 

Mountains Cambrian strata probably intervene between the Martin limestone 

and the Precambrian formations. But at least locally, as in the vicinity 

of the abandoned settlement of Troy in the Dripping Spring Mountains (see 

Ray quadrangle), the Martin rests on the Troy quartzite or on formations 

of the Apache group. 

As a generality, north of the line that defines the northern limit 

of Cambrian outcrops (see fig. 3), more of the younger Precambrian sequence 

is remnant than in areas south of that line, and the Martin limestone 

ordinarily overlies the Troy quartzite. In some areas of as much as a few 

square miles, however, the Martin limestone rests on the Mescal limestone 

or the Dripping Spring quartzite, or on diabase sills intruded into these 

formations. ►long the foot of the Mogollon Rim, where the Apache group was 

already thin as a consequence of 'spout on a pre-Apache high, and northwest 

from Haigler Creek the pre-Martin unconformity progressively truncates 

lower strata in the Apache group. Ultimately at Christopher Mountain, north-

west of Young, the Martin laps against older Precambrian formations. Farther 

west at this latitude younger Precambrian strata are not known to intervene 

between the Martin and the older Precambrian formations. 
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The pre-Martin unconformity truncates the younger Precambrian 

formations and the Precambrian structures that affected these, formations 

in the same manner as the pre-Bolsa unconformity. In the Colorado Plateau 

portion of the region the structural relations are more readily soon, 

because the pre-Devonian unconformity is virtually a horizontal plane that 

can be traced for miles without disruption Caused by post-Paleosoic deformation. 

Where U. S. Highway 60 transverses the north wall of the Salt Rival- CanyOn, 

up and dawn canyon from this locality for several miles, and east of 

Highway 60 on the south side of the canyon the unconformity-without offset--

truncates diabase sills and the Mescal and Troy formalism at different 

stratigraphic positions, dependent on the degree of vertical displacement 

of these formations caused by sills lower in the section. Whore slivers or 

plates of Apache strata are included between sheets of diabase and wore 

tilted slightly, the unconformity commonly truncates the strata at anal*s 

of a few degrees. Angular discordances of as much as 30 degrees have been 

seen, but in most areas the Martin strata appear to be concordant with 

the Apache strata. 

A regolith sone quite similar to that described below the pre-Bolsa 

unconformity everywhere characterises the diabase' that immediatelyLnderlie 

the pre-Martin unconformity. Again, dee to thorough decomposition of the 

diabase in this regolith, fragments of diabase in the basal beds of the 

Martin are rare. The basal part of the Martin ordinarily does not include 

as much regolithic material as its Bolsa counterpart, but in many localities 

the upper foot or two of the regolith includes abundant quarts grains like 

thou in the basal sandstone of the Martin. 
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In the northern part of the region a dolomitic sandstone unit, a 

few inches to 20 feet thick, is characteristic of the Martin. In a few 

widely separate localities, this sandstone merges downward with a much 

thicker sandstone, which crop out prominently as cliffs or as steep 

ledge-studded slopes. These thicker sections of the basal sandstone fill 

the extensive channels noted previously. The channels range from a few 

feet to at least 250 feet in depth and from a few hundred feet to a much 

as once-half mil, in width. At least two of the sandstone channels known 

to me exceed 5 miles in length. This sandstone generally has been casually 

included with the Troy, and therefore its relations to the diabase and 

the pre-Troy formations have been incorrectly interpreted. 
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The geometric relations of the sandstone-filled channels to the 

underlying formations clearly indicate that these sandstones should be 

considered Paleozoic rather than Precambrian in age. The paleoehannels 

are generally broader and least steep-sided where they were eroded in 

diabase or ether non-resistant rock. Where eroded into the Troy the 

channels tend to be steep-willed, and subrounded to angular blocks of 

Troy may be incorporated in the basal beds of the fills. Only in a few 

localities, where channels are in the quartzite member of the Tray, has 

a conspicuous conglomerate composed of gravels of cobble or boulder size 

been noted at the base of these sandstones. Such a channel, not less than 

230 feet deep, cuts through the plate of Troy quartsite that forme the 

hanging well of the thick diabase sill which underlies Aztec Peak in the 

Sierra Ancha. In places along the lowest part of this channel there is a 

cobble conglomerate of Troy quartzite gravels as much as 40 feet thick. 

In many places lenses of granules or small pebbles exist but are not 

conspicuous in the basal sandstones of the channel fills. In some localities 

the walls of the channels truncate the virtually horizontal bedding of 

the Troy at angles of 20* to 30e. Where a channel is in the Chadiski 

member of the Troy, and the filling is largely of sand easily derived from 

this poorly cemented member and thus compositionally very like it, these 

channel relations may be the moat distinctive feature that can be used in 

distinguishing the two units. Most of the so-called "Troy quartzite" 

exposed near the south abutment of Roosevelt Dam is probably Devonian 

sandstone derived from the Chediski member. 
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In some localities medium-grained sandstones dominate the channel 

fills; in others the sandstones re mostly coarse-grained or very coarse-

grained; in every occurrence many beds are of very poorly sorted sands 

and scattered smell pebbles and lenses of granular conglomerate are typical. 

The sandstones are generally very friable. Most are in tabular beds, 

a few inches to 10 feet thick, in which small- to large-scale cross-

stratification etchs out prominently. Shaly•►parting thin layers of sandy 

siltstone, local in areal extent, may separate some sandstone beds. 

Commonly a few beds are highly feldspathic, and rare beds are cemented by 

dolomite or calcite. In some places the sandstones range in color from 

almost white to dusky red; but generally, particularly as viewed from 

a distance, the sandstones are yellowish brown to reddish brown. In 

perhaps 4 out of 5 occurrences certain layers are conspicuously marked by 

abundant hematite-cemented concretions; these concretions are ordinarily 

in the upper parts of the fills. Thus, even in isolated outcrops, the 

overall aspect of these channel sandstones is wholly different from any 

sandstones of the Troy, Bolsi' or Abrigo formet4ems. The way in which 

these sandstones grade into the basal carbonate beds of the Martin 

clearly indicates that they are genetic parts of that formation. 
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Geologic historj of the younger Precambrian formations 

Throughout the outcrop area of the .qpache group most of 

t.va individual members of Lile! Precambrian formations show re-

,qurkably little lateral vaelation in compozicion, texture, 

bedding geatures or otter internal structured, _ateral di1 

rerences in thickness :d arc largely the effect3 of c;roalon 

Lefore a succeeding aa3 deposited, For certain memteni 

the variations in thicknos:3 do reflect, to a degree, variation6 

in the configuration of the basin of accumulation; the Pioneer 

3halo and the arkose member of the Troy are particular examples. 

Gore lateral litholog c changes, such as the variation from 

cherty dolomite to almost solid ferruginous chert or from dal°. 

mite to silicated limestone observed in the Mescal, are effects 

superimposed after deposition. As an example of the recognized 

variations, the beddin8 structures of the Chediaki member of 

the Troy quartzite change considerably from north to south, but 

no marked variation In the overall lithology is apparent in the 

dame interval, Admittedly other variations exist, but those 

that have been recognized seem of little paleogeographic siznlf-

icance. 
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The following summary of younger Precambrian events is 

presented to highlight some of the laterally persistent features 

and the lateral variations. Where possible, some of the genetic 

Implications of these features is also interpreted, in the hope 

that recognition of like or related geologic phenomena may one 

day aid in correlating the Apache and 1 roy strata with those of 

younger Precambrian age in uurrounding regions, The reasons 

for the interpretations are discuses-Kt more fully in the pre-

ceding. sections, where the necessarily rather dogmatic expres-

sions of this summary are also qualified. 

Prior to deposition of the Apache formation* the older 

Precambrian metavolcanic and metasedimentary formations and 

the granitic masses, which had intruded them in batholithic 

proportions, were deeply eroded, leaving an exposed terrane 

largely of granitic rocks as source material for later incor-

poration into Apache sediments. In an area not now exposed 

con3iderable volumes of quartzites, like those that now very 

locally underlie the Apache group, must also have been available 

as source rocks. The pre-Apachd surface is !,;enerally of low 

relief. aril;; ln the northwestern part of the region of present 

Apache outcrops did t:ee surface utand above the rest of the 

region, and exhibit locel topographic features of notable 

relief. The eurface pro ably represents a peneplain, addi-

tionally smoothed t ;2,wept clean of most of its residual rock 

debris 13/- marine abraalee. 
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As the first sea of Apache time encroached across the 

region wave and current action must have been vigorous, In 

places the Scanlan bed of the Pioneer is composed of subrounded 

or angular gravels, which might well be almost entirely of local 

derivation, But the bulk of the gravels of this first trans-

gression are well rounded and of highly resistant quartzite; 

some of these are of cobble dimensions and were deposited a 

minimum of several tens of miles from any quartzite outcrops 

likely to have been sources, During this first marine trans-

gression across a prevalently granitic terrane a moderately 

thick blanket deposit of arkose much like that comprising the 

lower member of the Dripping Spring, might be expected to accu-

mulate. Such arkoaes do make up the lower part of the Pioneer 

in many areas, but even the cleanest beds of arkose--those 

comprised essentially of quartz and feldspar--.are commonly 

separated by thin layers of tuffaceoua siltstone„ and in many 

areas fine-grained tuffaceous sediments Immediately overlie 

the basal conglomerate. Thus voluminous and extensive falls of 

ash, fro source as yet unrecognized, may have literally flooded 

out the arkosic strand deposits of the encroaching sea. Because 

the bulk of the formation Is of slltstone and mudstone deli-

cately laminated and cros3-laminated, a more probable explanation 

Is that wave and current action were not vigorous enough to 

transport arkosic del:1,1z luring much of iioneer time. The lack 

of abraolon of the delicatu 01a33 shards tends to confirm this 

nterpretation. 
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n erealonal episode intervening between the depoaltIm 

cL eioneer anki t jc:pouit;.ori of the Dripping Sprinz Dui 

inferred. T - ccLi,:t,t-leen te ioneer formation ana 

barnea conlooeratv 311,..2p iand Jeemingly con-

cordant. ;aria .;nallow channel.; valor t,2e contact are the onl 

J. - , iniJicaLrion of pre-Lo.rnoo erci.;ion. NcvertheIe5s, the 

Darn5, con6lomerate and L./RI overlyin -claa3ive-bedded arkosc3, 

(rntji--.J1 lacking in tuffacous matrIal, strow;34 mark a break 

In .0,...11entation and herald a new c.yelc of liedlmentation In a 

dif-Tnt Tni,virontaent. The thin, reasonably uniform layer of 

1:!1= comprising th Barnes conglomera e 1J not readily ex-

plalmo0 except aa deposits of a tranzgressive sea. ;tt the time 

the Earned was dep031ted, local sources or t t..4.vels were buried 

by t. Thlx; the Barnes conlomcmtc., even more than!le 

the 3canian, corce;.1 the conclusion that the aoll-rounded and 

In prt; very coctm; :ravel3 were produe tranaported lore 

diatances, and IrnplIe4i vi6crous narine crolon at the atart of 

Dripping 3prinz time. In a few areas, J.rko.; are found at 

i;op of the Pioneer section. PoJsiLlj the3c are remnanta of 

octamier deposits laid down during re4resuion o the first apache 
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The lithology and bedding features of the lower (arkose) 

mamber of the Dripping Spring quartzite suggest vigorous erosion 

of a ;ranitic terrane to provide elastics rapidly accumulated in 

a shallow tranagresainz, .yea,. Rather uniform zrain size through 

thick unit: of croas-atrutlfied tabular beds implies consider-

abl'u winnowing by tidal or wave action competent to spread the 

5o3" tuu Jand widely in thick sheets. Toward the top of the member 

fciii3par decreases, the grain size increases slightly and 

Jcattered ::;mall pebbles are included in the beds. Verhaps these 

fr. are hints of the termination of this period of shallow 

trine zsedimentation. 

The thin and irreiNlar bedding, abundant scour-end-fill 

ructurea, occasional large-scale channels, and abundant ripple-

tarkz and muderacks, which characterize the upper member of 

the Dripping Spring, collectively indicate deposition at sites 

3utjoct to shallow subaqueous erosion and at times to aubaerial 

expo3ure. feasible explanation for the consistent northerly 

4:niJ::nt of the scour.and-fill features cannot yet be suggested. 

leat part of the material was repeatedly exposed or reworked 

therefore aerated. Deposition must therefore have been 

1\J.ther rapid; otherwilic carbonaceous material and the sulfates 

now represented in pyrite would not have been preserved. The 

muds of the upper member probably accumulated on broad tidal 

flat'J of a shallow sea that sporadically advanced on a granitic 

terrane of low relief. 

351 



The significance of the rather abrupt change from fairly 

arkose of the lower member to relatively ill-sorted 

but finer-grained muds of the upper member is presently a sub-

ject of speculation. Perhaps the environment of the source 

area at the beginnir& of upper Dripping 3pring time was modified 

bruptl:!. Cr maybe the abrupt change marks a hiatus in deposi-

tion, for which other indicators have not yet been recognized. 

Th,2 Drippin; Spring sediments were indurated, and there-

'73er eroued, before the Mescal was disconformably deposited. 

The thin basal sandstone of the Mescal limostone was derived 

In large part by reworking of the upper part of the Dripping 

prin„; quartzite but is in part of rounded coarse sand de-

rives from another source. Like coarse sand Was additionally 

„supplied Surin early 3tage3 of carbonate sedimentation in the 

'laical sea; otherclist. little elastic debris was contributed. 
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During the early stages of carbonate deposition circula 

tion in the Mescal sea must have been restricted, to cause high 

salinity favorable to the precipitation or halite and perhaps 

other evaporites not now recognized. Such an environment would 

also favor the deposition of dolomite or the penecontemporaneous 

conversion of calcitic limestone to dolomite, Features indica-

tive of restrictive barriers have not been seen; therefore such 

barriers must have existed outside of the present outcrop area 

of the Mescal. The sea floor was so shallow that wave turbu-

lence was effective In partially and repeatedly reworking carbo-

nate strata previously laid down. rIfter about one-third of the 

lower member had accumulated dolomite beds, fairly well lithi-

fled, collapsed forming the peculiar breccia characteristic of 

the lower part of the (Iescul, Lsalt pseudomorphs decrease up-

ward in the section and particularly are fewest in beds about 

the top of the interval of collapse. Un frtIshening of the 

$0.1U waterJ,s perhaps some leaching, of the cvaporite:J in the lower 

parts of the section occurred, cauJinz the ode; collapse brec-

cia, which is variable in thickness but 30 widespread as to be 

essentially a stratigraphic phenomenon. The Mescal sea remained 

sufficiehtly saline thereafter, however, tio favor the continued 

formation of dolomite. 
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During the deposition of the algal member of the Mescal 

3cia Floor must have been remarkably stable dnd of uniform 

depth throughout the 15,000 square mile area now included in 

th area of Apache outcrops. Otherwise the atromatolites would 

probably occur in mounded masses (bioherma) rather than as a 

biostrome (ace Link, 1950). Although possibly of different 

depth, the seafloor must have been similarly stable durin6 

accumulation of the upper one-third of tr'e lower member. The 

beds of at least the upper 50 feet or this member exist in an 

.1 oat invariable sequence recognized throughout the region. 

The curbonate members of the Mescal were elevated above 

at least briefly, and eroded before additional forma-

tion; were laid down. At this time solution cavities, en-

lar:sed later, beamain to form. Basalt flow30 now possibly relict 

only In very areas, flowed out on th23 erosional surfaces 

and in turn largely eroded away. 1ea3t thu northern 

part of the region then subsided and very fine-rained siliceouz 

rlud3 and subordinate carbonate muds accumulated in a quiet 

body oT water. Following another episode of erosion several 

thln ha: alt flows were extruded as a very fluid magma and 

cr:J:,allized with remarkably similar characteristics throughout 

r3ion. No or volcanic necks, from which these flows 

J-:;Lai; have lzwued, ilavu yet been recognized, 
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During the period of minor instability that followed the 

Jeposition of the carbonate members of the Mescal the Apache 

3trata were broadly warped, and during the erosional planation 

that preceded deposition of the Troy quartzite the several :or-

mations of the Apache group were variously exposed. The en-

largement of solution cavities in the dolomites of the Mescal 

had continued with each preceding episode of erosion, and 

with the pre-Troy episode, solution effects were widespread. 

Few, if any, of the dolomite sections of the Mescal completely 

escaped the effects of solution: in many areas only a few joints 

and bedding partings were widened by solution; in addition in 

some areas a few large sinkholes developed; and in fewer areas 

part or all of the dolomite section was converted to a massive 

rubble. In part such rubble formed by the coalescence and 

collapse of solution caverns; in part it resulted from the 2.erad-

ual thinning of beds by solution along bedding partings, and 

the subsidence of individual beds to fill the voids thus formed, 

4herever solution features were developed concentrations of 

chort, in part mechanically concentrated residues, were formed. 

Lnciddntal to these solution processes hematite, probably 

derived by the laterization of the basalt flows, was concentrated--

particularly in certain areas, Collapse of the dolomites in 

the sinkhole areas continued during deposition of the Troy. 
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The first sea of Troy time transgressed across a Surface 

that was generall:i planar but that did locally have some re. 

nor. 4t least in tile northwestern part of the present area 

of outcrops a structural basin a few hundred feet (keep existed 

during early stages of Troy sedimentation. ‘likoi-;1c sands, which 

had been fairly well sorted durin some earlier stage in their 

development, were literally poured" into this basin. The 

prevalent eaf;terij dipi of the large-scale cross-stratificatioL 

suggests transport from the west. The arkozes visible today, 

however, likely rep: e3ent only a small part of one fringe of 

a lame deltaic depo3it. Therefore, probably no great 141,3-

nificance should be 4 tt: ched to bedding attitudes that can be 

observed in the lower mnib.er of the. Troy. 

A: present A.t not clear whether the sharp contact be-

tween the arks' ie Liimber LiaTO the Chediski member of the Troy 

XQ1 .6iz;nificant erosional hiatus, or merely a minor break 

in svciimentation. Throughout most of the re ;ion the base of 

the Chediskl .sandstone 13 marked by cor,Llomerate unit, which 

ia 31m11ar tc the con3lemerates that commonly comprise the basal 

5edirint,; of quartzosc sandstones depoted in a transgressive 

sea, eurdless of interpretations of environment, comparison3 

of ..J.thologie* and. sedimentary 3tructurc3 of the two members 

In6fLcute that the Chediski member repre,;c:rt.; an episode in 

Liedioentation quite different and perhapJ 6c1parate from that 

or to low&r member. 
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The sands of the Chediski member of the Troy are quite 

different from any deposited previously in the younger Pre-

cambrian sequence and no part of the member, except certain 

included gravels of small volume, could have been derived from 

these older strata, If the sands were derived from a granitic 

terrane, as their composition suggests, much rounding of quartz 

grains and destruction and winnowing of feldspar grains must 

have occurred before the sands became available for incorpo-

ration into a marine(?) deposit. 

The excellent rounding and characteristic pitting (frost-

irk) of the quartz drains, and the moderate- to high. angle cross-

stratification, noted especially in outcrops of the region north 

of the Salt River, might if only casually viewed be considered 

uuszeabive of eolian depositiou. The massive contorted sand -

,)tone units, which comprise the bulk of the member in the 

northern part of the ree;ions then miiLht be regarded as dune 

Lipcz1.1.ts that :lumped when saturated by w‘tter3 of an encroach-

Lua. Pebblos of characteristic ventiract form4 certainly 

confirm an eolian titaGe in the formation of Lae sanda; it should 

be recoamized that ventifacts are :sparse, Show signs of later 

abrasion, or are seemin61. missing in many of the ,Jouthern 

sections of the Chediski. 
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Other features negate an interpretation that the Chediskl 

sandstone is an eolian deposit. According to Pettijohn (191v3, 

p. i:!32-236) modern dune sands tend to be rine-grained and well-

sorted; apparently no diagnostic differences in size, sorting 

or 3phericity have been established in comparing modern beach 

and dune ,indti; and fluvial deposits—of the environments that 

me4 be applicable here--show the greatest rani;es of grain sizes. 

The Qoar3o fractions of the Chediski sandstone are definitely 

atypIcl ' 'ollan deposita. The southern outcrops of the 

cttedici :Iember, except for the degree of roundin4 and the 

pttimz of tite .Lrain., are virtually lackins. in fea-

tureJ 31.k:zest:Lye of colian origin. Irregular bedding, channel-

lenso.,1 of conglomerate between beds could be indicative 

of fluviatIle deposits. Many of the conjlomerate lenses appear 

4 ) be lag ;ravels concentrated by the winnowing of the sands 

from the tops of beds on which the gravels rest. These gravels 

tend to exist in sheets rather than us local small channel 

fills, susgesting concentration on a sea bottom. While these 

gravels were being deposited the upper formations of the Apache 

roup were being vigorously eroded aomewhere outside of the 

reion of present outcrops, or coarue ..pache debris previously 

formed was being transported into the area. Pebbly sandstone 

Is cotAihon in the northern part of the re._;ion, but discrete 

layer:: or lenses of conglomerate are common only in the south-

ern part of the region. The southern sandstone sections, taken 

as a whole, include less clay and sericite in the matrix. The 
variation in these aspects ij gradatione.1 from north to south. 
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All featurea considered, the Chediski sandstone is pos-

sibly best visualized as a deposit laid down in a transgressin; 

sea, which encroached from south to north and was so abundantly 

supplied with coarz, quartz- feldspar sand that only crude partial 

3ortine; could be .Accomp113lied. Great volume of sand and sub-

ordinate amounts of .;01all gravels, rounded, wenanically etched 

an0 parti4illy sorted j to composition by thc kIcton of wind , 

mu: t :rive Leen available for deposition into thi:, sea. And the 

lottom must have been a site of considerable agitation, to 

spreading; of individual beds as extensive sheets and to 

form J. blanket deposit of the extent of the Chediski member. 

Ilhe quartzite member of the Troy offers still a different 

paleoe:eographie aspect. Throughout most of the region its 

contact with the Chediski member is sharp. The only seeming 

contradiction of this statement is seen in the southernmost 

outcrops of the Troy, where the feldspar and clay content of 

the upper part of the Chediski decreaseu and this part is also 

qu&rtzitic. The quartzite member may well have had a source 

of elastics in common with the Chediski member. If so, these 

elastics were subjected to considerable transport and sorting, 

and accumulated in a marine environment as thin layers of well-

rounded, well-sorted quartz sand, virtually free of other min-

eral constituents. 
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There is no sound basis for judging the additional thick-

nesses of younger Precambrian strata that once overlay the Tray 

quartzite in southern Arizona. If the Apache ,:xoup and Troy 

are correlative with the Unkar group of the Grand Canyon, as 

Carton (195, p. 36) surmised, thicknesses on the order of 

10,000 feet may have been removed. Certainly an additional 

cover of appreciable thickness once existed; otherwise thick 

sills of diabase now seen in the uppermost parts of the thick-

est aectiona of Troy quartzite would not have been emplaced in 

their usual forms. 

After lithification of the Troy, the younger Preeambrle.n 

strata were locally faulted and folded; tn,.-2r extensively 

intruded and displaced by diabase intrusions, then uplifted 

re tonally and deeply eroded in Precambrian tI=. Despite this 

Iona history of deformation the bulk of the yourkLer ?recam171-..n 

strata were essentially flat-lying when the first ?al :o; 

seas encroached across, the region, and for moat of the rejon 

that has been discussed in some detail they remained almost 

horizontal until the :ramide revitluottiOn. Duriri Tertiary 

L. he younzer i'r,,:cainbrian formations, with their cover of 

„;1ozoic and Mesozoic iornations, were cxt,..nsively faulted 

and Lilted throushout the Basin and riarve portion of thc; re:-ion., 

'Farther north, in the Plateau portion, these strata remain 

aLlot horizontal to the present time. Only ;1.nce th Lamoiiidc! 

oropen.: has ::,,roalon ,a,ain exposed the Troy and ;,pache fora-

titomm. 
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The bedding features and other internal ,structures and 

for some units the composition indicate thc,t th":1 Troy quartzite 

and the sedimentary formations of tho Apache 3roup were de-

posited on a shallow fairly stable continental shelf. Forma-

tions and even member units of the sequence are individually 

quite different one from another, suggesting abrupt changes 

in the environment of deposition, in the environment of the 

source of materials, or in the mode of transport. 3ome of the 

abrupt changes are marked by unconformities; in retrospect 

perhaps additional unconformities are yet to be recognized. 

In any case, the sequence suggests accumulation of 6eologic 

units over a very long period of time. 
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Age and correlation of the younger Precambrian formationa 

In the southern part of the region the Troy quartzite, the (uiche 

group, and the included diabase intrusions are separated from Middle 

Cambrian strata by an unconformity so profound their assignment to the 

Precambrian is quite reasonable. In the northern part of the region, 

though by analogy similar age designations can be made (Shride, 19)A, 

direct stratigraphic relations prove only that the diabase is pre-

Devonian. 
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The absolute age that can now be estimated is determined in relation 

to the diabase. Some question has existed as to whether the diabase 

intrusions are all of the same age, therefore a brief review of the 

critical diabase examples is worthwhile. For reasons stated in the 

introduction to this report, the age of the extensive diabase intrusions 

has been variously recognised or inferred to be (1) Precambrian, (2) 

questionably Precambrian, (3) post-Cambrian but pre-Devonian, (4) post" 

Pennsylvanian and probably early Mesozoic or late Paleozoic (the original 

age designation of Ransoms), or (5) Late Cretaceous or early Tertiary. 

The last age designation, based on inferred relations in the structurally 

complex mineral-bearing belts in and near southern Gila County, has been 

that most widely accepted. In these areas, where exposures of contacts 

are commonly not the beat and faults and shear zones commonly obscure 

relations, large masses of Paleosoic strata are seemingly "foundered" in 

same of the larger sills. Also large diabase bodies that underlie 

Paleozoic strata locally show step-like discordant contacts with the 

Paleozoic formations, and faults associated with these steps suggest 

offsets attributable to inflation by diabase. Such features alone are 

not diagnostic, as has been presumed, of intrusive relations. 
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Where such features have been observed by me the discordant contacts 

between the Paleozoic formations and diabase are either obvious fault 

contacts or are not exposed adequately so that their nature could be 

directly determined. Nowhere have diabase sill both overlain and 

underlain by Paleozoic formations been recorded; this lack of a sill 

habit is atypical-wherever large masses of diabase adjoin or engulf 

Apache or Troy strata, sill in these formations are apparent. where 

Paleozoic rocks are reportedly intruded by diabase, the Martin limestone 

is the formation most commonly in contact with the igneous rock. The 

Martin is partly of cherty dolomite beds, which are comparable to the 

cherty dolomites of the Mescal and should be converted pervasively to 

silicate-bearing limestones if intruded by diabase. Where intruded by 

quarts monzonite, siliceous dolomites of the Martin have proved quite 

amenable to such silication (Cooper, 1957, p. 532-5)7). But the 

siliceous dolomites of the Martin--even where exposed within a few inches 

of diabase—are completely lacking in contact-netamorphic minerals. For 

some such examples, careful search for fully exposed contacts in adjacent 

areas has resulted in proof that the Martin rests in sedimentary contact 

with the diabase body that supposedly intrudes it. I have not found a 

single example of a chilled selvedge where a diabase body abuts against 

Paleozoic rocks, yet fine grained selvedges may be quite apparent where 

diabase of the same body is against i►pache rocks in the same area. The 

engulfed blocks of Paleozoic strata are everywhere most plausibly 

interpreted as blocks faulted against diabase, rather than blocks torn 

loose from their original position on invasion by a diabase magma. No 

large masses of diabase have yet been conclusively demonstrated to post-

date any of the Paloosoic rocks, and abundant evidence exists that they 

antedate the Paleozoic formations in all reaches of the region. 
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Mn.om (1919, p. 53. 56) clearly stated that small dikes of diabase 

cut into Paleozoic formations in only a few places, and that in assigning 

a post-Paleozoic age to the diabase be "supposed" these dikes "to 

represent parts of the same magma that solidified in the larger messes." 

Dorton (1925, p. 254) for at least one locality confirmed Ransome's 

observations of dikes intrusive into Paleozoic strata, but he took 

exception to Ransoms's correlation of these dikes with the large diabase 

sills. Dorton suggested that the small dikes were feeders for some of 

the Cenozoic basalt flows of the region. Such dikes must be extremely 

rare. I have made a particular effort to confirm reported examples, and 

have yet to find in a Paleozoic host rock a dike that compositionally or 

texturally resembles diabase. 
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The Precambrian age of the diabases in the northern part of the 

region has recently been confirmed by lead isotope determinations. In 

1955 H. C. Granger and others of the Geological Survey collected specimens 

of uraninite and galena for isotopic analyses from four localities in 

the Sierra Ancha. The uraninite and plena occur mainly as veinlets in 

the Dripping Spring quartzite, but some of the veinlets sampled transect 

quartzite aplite dikes associated with the principal diabase sill of the 

Sierra Ameba. Traced laterally, this sill is readily observed to transect 

the highest parts of the Troy quartzite, and to be overlain by Devonian 

strata. On the basis of Pb /Pb2 ratios, determined from both galena 

and uraninite, L. R. Stieff (written communication to H. C. Granger, 

January 26, 195(; Neuerburg and Granger, 1960, p. 775-776) estimated 

the age of the occurrences to be 1.100 million years. It is of interest 

regionally that this age coincides with those determined similarly from 

uraninite occurring in the younger Precambrian Salt series of Idaho 

(L. R. Stieff, oral communication, May 1958). By independent determine-

206tions of Pb /Pb ratios in uraninite from Workman Creek (locality 311 

miles northwest of Aztec Peak, McFadden Peak quadrangle) and like ratios 

in zircons milected from the granitic differentiate on Reynolds Creek, 

L. T. Silver (1960; and oral communication November 1960) confirmed 

Stieff's estimate as a minimum age. Silver postulates an age of 1,200 

million years or more for the diabase. Thus, throughout southern Arizona 

the large sills of diabase and MAIM intrusions positively apophyses 

from these sills predate the Cambrian considerably, and the Troy and older 

formations may be considerably older than 1,200 million years. 
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Marton (1925, p. 36; 1932) noted that formations of the Apache group 

have some similarity to the younger Precambrian rocks of the Franklin 

Mountains and Van Horn areas of west Texas, and was particularly impressed 

by their similarity to parts of the Grand Canyon series of northern 

Arisona. The Grand Canyon series has been divided into two groups of 

for the Unkar, or lower group, is about 7,000 feet thick; the 

Chuar, or upper group, is about 5,000 feet thick (Walcott, 18)4, p. 

508-516; Van Gandy, 1946, p. 1902). Although Derton suggested that the 

basalt flows of the Apache group might have counterparts in the basalt 

flowZ found in the upper part of the Unkar group, he speculated in 

particular that the Troy quartzite and parts of the Apache group might 

correlate with the lower part of the Unkar. Stoyanow (1936, p. 473-

474), who preferred a provisional correlation with the Chuar group, and 

Hinds (1935, p. 30; see Stoyanow, 1936, p. 1994-2000) have taken exception 

to Darton's suggestion. Still, our knowledge of the Grand Canyon series--

or of any other younger Precambrian sequence in the southwestern United 

States--is so scant that regional correlation of individual formations 

is impracticable. But ease additional bits of information that can be 

scrutinised as potential bases for correlations can be enumerated. 



� 

Formations of the Apache group crop out through a north-south 

interval of WO idles, and throughout this interval the formations are 

remarkably consistent in gross characteristics. Moreover, certain 

sequences of beds consistently are of diagnostic lithology or have 

distinguishing bedding characteristics. The southernmost exposure of 

the Grand Canyon series is only about 135 miles distant from the 

northernmost outcrop of the Apache group (see fig. 1), so soma of the 

distinctive characteristic of the Apache group and Troy quartzite should 

be duplicated in the Grand Canyon series. 
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The descriptions of the Grand Canyon series by Noble (1910; 1914, 

v. 37..160, 10-83) and Walcott (1394, p. 501-5B), supplemented by the 

general statements of Hinds (1935, 1936) and Van Gundy (1934, 1951), 

provide hints that comparable features may be found in the same order of 

sequence in the younger Precambrian sections of northern and southern 

Arisona. Near the base of the Bass limestone, which is the lowest formation 

of the linker group if the underlying thin Rotauta conglomerate is 

excepted, Noble noted distinctive chart layers "dotted with mall cubic 

depressions" that "strongly resemble salt hoppers". Perhaps these are 

counterparts of conspicuous layers in the lower part of the Mescal that 

include abundant molds of halite crystals. Descriptions of massive 

irregular chart nodules, jasper, intercalated reddish or purplish 

shales and thin arkosic sandstones, and undulatory banded ebony limestones, 

and their interrelations and metamorphic equivalents in higher parts of 

the Bass limestone are certainly suggestive of the solution phenomena 

and related secondary features common in the upper parts of the Mescal 

dolomite and limestone sections. Limestones of the Chuar torrane, if--

dubiously—the descriptions are adequate, illustrate few features in 

common with the Mescal limestone. Beds of stromatolitic limestones are 

noted and illustrated for the Sass limestone, but their relative strati-

graphic position has not been stated. Is it significant that where 

sections of the Bass are thin, and particular note of solution(?) 

features suggests erosion of the top of the formation, no mention of 

algal structures has been made' E. D. McKee (oral communication, August 

1959) has stated that the algal structures in the Bass limestone are of 

collenia aspect. Moreover, to the best of his knowledge, the stromatolites 
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that occur in the relatively thin limestone units of the Chuar 

are all of "large biscuit-forma", entirely different from those found 

in the Mescal. 
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The Hakatai shale, which overlies the Bass limestone in thicknesses 

variously stated in the range of 500 to 530 feet, is collectively 

chiracterized as comprised of argillaceous shales, jasper that is dense 

and hard and of various colors, blue slate, and fine-grained pink or red 

sandstone, quartzite or mudstone--descriptions that could fit the upper 

(argillite) member of the Mescal very well. Heuerburg and Granger (1960, 

p. 7(,6) have presented semiquantitative spectrographic analyses of one 

specimen of the Hakatai Shale and one specimen from the upper member of 

the Mescal. Beth specimens were unusual in their high content of potassium: 

about 10 percent in the Hakatai shale, end appreciably more than 10 

percent in the argillite of the Mescal (a. C. Granger, oral communication, 

October 1960). In content of several tree. elements the two specimens 

show remarkable agreement. In no elements, *wept sodium (Mescal 

argillite 0.7 percent, Hakatai shale 3 percent), were the analyses notably 

different. The two specimens, chosen only as seemingly representative 

of their respective units, are virtually indistinguishable in features 

that can be observed megascopically. But they are quite different from 

siltstones of the upper member of the Dripping Spring, which also contain 

unusual amounts of potassium. If such data are representative, distinctive 

chemical characteristics may be an aid in correlating younger Precambrian 

formations of different parts of the Southwest. 
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Some aspects of the Shinumo quartzite, which overlies the Haketai 

shale and is about 1,500 feet thick, are certainly reflected in the Troy 

quartzite. Although Noble (1914, p. 51-53) did note lenses of 

conglomerate, he characterized the sandstones and quartzites of the 

Shinumo as composed of well-rounded, well-sorted fine grains-I of 

~1.1111.01. 

From the context of Noble's descriptions, "fine-grained" may be 

equivalent in part to medium grained or even coarse grained designations 

of the Wentworth scale. 

quartz. From one of Noble's statement it might be inferred, with some 

doubt, that the lowest 400 feet of the Shinumo section is arkosic. 

nigher parts of the section are at least in part massive, and are white, 

purplish or reddish in color. Walcott (1394, p. 511) and Noble made 

special comment on "curiously twisted and gnarled" layers of white or 

purple sandstones. None of the descriptions suggest that quartzites 

like those of the upper member of the Troy comprise a distinct separate 

unit of the Unkar section. After viewing a representative suite of 

specimens from the Troy section described in table 4, E. D. McKee 

(oral communication, :,ugust 195)) advised that white, purple and mottled 

sandstones of the texture of the Chediski member are conspicuous in the 

Shinumo quartzite, and that arkoses and quartzites like those of the 

lower and upper members of the Troy are also represented in the Shinumo. 

The large-scale cross-stratification so prominent in the arkose member 

of the Troy had not been noted by Mr. McKee, but he had seen slump 

structures very like those in the Chediski sandstone. 
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The Dom sandstone, which overlies the Shinumo quartzite and is 2,300 

to 3,000 feet thick, is apparently highly micaceous and commonly friable 

or shaly parting end, except for its basal beds, seemingly has no counter-

part in the southern Arisen sections. Although the basalts of the 

Apache group are thin compared with the 300- to 1,000-foot sections of 

basalt noted near the top of the linker group, Apache basalts undoubtedly 

were much thinned by pre-Troy erosion. The sedimentary formations, 

especially those of the Char terrains, that overly the Miter basalts are 

mostly thinbedded non-resistant strata unlike any of the Apache formations. 

Correlatives of the Dripping Spring and Pioneer formations, of course, 

have not been suggested in the above resume. Nor have past descriptions 

hinted of unconformities that should be recognized if the ideas presented 

have merit. It would seem, nevertheless, with the collection of a modest 

amount of additional information, that a good case for correlating the 

Apache and Troy formations with the tinker group might be node. 
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Not far west of the Nevada-California boundary, and astraddle the 

Lnyo County-San Bernardino County line in California, a younger 

Precambrian sequence of formations known as the Pahrump series (Hewitt, 

1940) crops out. The belt of Pahrump outcrops, according to Noble (1941, 

p. 949), does not exceed 25 miles in width and extends northwest from 

the Kingston and Shadow Mountains 75 miles into the ranges that border 

the southern part of Death Valley. The Pahrs p belt is 200 to 250 miles 

west of the ►westernmost outcrop of the Grand Canyon series and about 350 

northwesterly from the Apache outcrop area. 

The Pahrump series, 5,500 to 7,000 feet thick where described in some 

detail (Hewitt, 1956, p. 25-23; Wright, 1952, p. 7-15), has been 

subdivided into three formations. In ascending order, these are the 

Crystal Spring formation, the Beck Spring dolomite, and the Kingston 

Peak formation. The Crystal Spring formation, 1,600 to 2,300 feet thick, 

includes units of feldspathic quartzite and siltstone, reddish siltstone 

or shale, quartzite, and dolomite that in places is associated with 

massive chart units. The Beck Spring dolomite, 1,000 to 1,300 feet thick, 

is largely a monotonous sequence of massive-bedded dolomites but includes 

subordinate beds of quartzite and shale. The bulk of the Kingston Pack 

formation, 1,000 to 2,000 feet thick, is of conglomerate or conglomeratic 

quartstit4a, but the upper and lower parts are of shalt'-parting sandstone. 
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Noble (1934, p. 174), who has worked extensively La both the Grand 

Canyon and Death Valley regions, has commented that parts of the Pahrump 

series are strikingly similar to the Grand Canyon series. Apparently the 

Crystal Springs formation, in particular, includes units comparable to 

those in the Apache group. In Kay 1952 I was privileged to view briefly 

some of these strata, in the vicinity of Toecap& and the Saratoga Hills, 

under the guidance of L. A. Wright of the California Division of Hines. 

The Saratoga Hills area, 35 miles northwest of Baker, California, is the 

locality of the most detailed stratigraphic descriptions of the series 

yet published (Wright, 1952). A thick feldspathic quartzite unit, not 

seen by me, makes up the basal part of the Crystal Spring formation. 

Overlying this quartzite, and midway in the section, is a purplish shale 

or siltstone unit, which appears in outcrop remarkably like the siltstones 

of the Pioneer formation of southeastern Arizona. Overlying this shale, 

in the Saratoga Hills, is a dark colored, brownish-weathering fine-grained 

quartzite unit with some similarities to the upper member of the Dripping 

Spring quartzite. And the dolomite and chart unit, that makes up much of 

the upper part of the Crystal Springs formation, has many features, 

including stromatolite beds, in common with the Mescal limestone. It 

would be presumptious, however, to suggest any correlation of the Apache 

group and Pahrump series at this time. A Hewitt (1956, p. 26-29) ha 

pointed out, lateral variations of the Pehrump are known and problems 

exist in correlating units of the series from place to place within the 

Death V. lley region. 
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In the Franklin Mountains, immediately north of RI Paso, Texas, 

Richardson (1909) long ago recognised that the Dliss sandstone of 

Cambrian age is unconformably underlain by a structurally little disturbed 

Precambrian section. Extrusive rhyolite as much as 1,400 feet thick lies 

immediately below the Bliss sandstone. The rhyolite in turn unconformably 

overlies a sequence dominated by beds of quartzite and sandstone, which 

Richardson termed the Lanoria quartzite. These formations, probably 

owing to the lack of deformation, have been provisionally regarded as 

occupying the same place in the Precambrian sequence as the Apache group 

and the Grand Canyon series (Darton, 1932). Recently Harbour (1960) has 

added to our knowledge of the Lanoria quartzite and he has recognised 

that it unconfernably overlies an indurated rubble of basaltic debris, 

which he termed the Mundy breccia. The Windy breccia, as much as 250 feet 

thick, in turn rests on the channeled top of a limestone formation, named 

the Castner limestone by Harbour. If the thickness of included diabase 

sills is subtracted from the type section pleasured by Harbour, the Castner 

limestone is exposed through a thickness of almost 900 feet. However, the 

base of the Castner is intruded by granite and the section is therefore 

not complete. The stromattite form species Collenia fre9uen6s characterises 

a 4-foot bed near the bottom of the Castner section, and in other aspects 

much of the formation resembles the Mescal limestone. The Mindy breccia 

might, of course, have a counterpart in the basalt flows of the Apache 

group. The Lanoria quartzite, which is 2,600 feet thick, seemingly is 

not particularly like the Troy quartzite. 
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Strata of younger Precambrian aspect also are exposed near Van Horn, 

Texas, about 100 miles southeast of El Peso. Before arriving at a 

tentative correlation of these strata with those of the Franklin Mountains, 

King (4g; Xing and Flawn, 1953, p. 125-131) carefully reviewed the pitfalls 

in equating the formations, and considered the problems of correlating the 

Precambrian strata of west Texas with those of Arizona. Even so, in 

light of his later information Harbour felt justified in taking exception 

to King's correlations of formations between the Franklin Mountains and 

Van Horn areas. 

The information that can presently be brought to bear on the problems 

of correlation is given in full in the cited publications. Without 

detailing it further, I would suggest that if limestone formations were 

not common to both the Texas and Arizona sections, we would not be so 

inclined to provisionally equate the sections. And if the structural and 

plutonic events were given more emphasis in comparisons, we might be 

additionally inclined to equate the west Texas strata with those that 

underlie the Apache group in Arizona. At least until additional bases 

for correlation are available, probably little %might should be afforded 

lithologic similarities of the Precambrian formations in the two regions. 
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Diabase intrusions, definitely of Precambrian age, are common in all 

the Precambrian terranes discussed above. However, if the relatively 

thin Apache-Troy terrains is excepted, the intrusions are restricted in 

stratigraphic distribution to only certain parts of each sequence. In 

the Grand Canyon diabase occurs in great volume only in the Sass limestone 

and the Hakatai shale; thin sills do exist in the Shinumo quartzite and 

the Dox sandstone (Noble, 1914, p. 55 and pl. 1). Diabase has not been 

reported in the Chuar strata, which by analogy should be favorable host 

types for diabase inflation. Does the inconspicuous unconformity that 

aarka the boundary between the Chuar and Unkar groups (Walcott, 1895, 

p. 325), or one of the like unconformities stratigraphically not far 

distant from that contact (Van Gundy, 1951, p. 954-957), have more 

significance than is now appreciated? Somewhat similarly, in the Death 

Valley region diabase intrusions have been recognized only in the Crystal 

Spring formation; no hint of diabase has been found in the Beck Spring 

dolomite; and abundant diabase debris, possibly derived from the lower 

intrusions, occurs in the conglomeratic member of the Kingston Peak 

formation (Wright, 1952, p. 14-15). Greenstones that possibly represent 

diabase sills seemingly are restricted to the Allamoore formation of the 

Precambrian sequence in the Van Horn area of Texas (King and Timm, 

1)53, p. 7x•79). In the Franklin Mountains several thin diabase sills 

intruded the Castner limestone. These way predate the Lanoria quartzite 

and definitely are older than the Precambrian granite that intruded the 

Castner limestone (Harbour, 1960). If diabase intrusions have any 

significance for correlation, the suggestion might be made that the Apache 

and Troy strata rank with the oldest of the younger Precambrian formations 

in the f;outhwest. 
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Red rock differentiates, which might provide material suitable for 

isotope dating methods, have been noted in the thickest sill in the Unkar 

strata. Such differentiates, if they exist in the diabases of the Death 

Valley region, have not came to ay attention. Descriptions indicate 

that some of the thicker diabase bodies of that region are comprised of 

multiple thin sills, in which granitoid differentiates would not be 

expected. Sills of the Franklin Mountains are also too thin. Greenstones 

of the Van Morn area are not likely sources of suitable material. 
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