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ABSTRACT 

L ate Penlrhs-y-lvanfan and early Perrr.d\.an sfclran:a in tthe nmrth ... 

ex-nmost Sacramento lviou.ntait?A® of New ]..,fe:gico werte studied in 

R 95R .,.5z to aid in bite~preting ~h~ cox1:1ple~!: dep.odtiom.al histo:rey of 

this tim<S? b.~ south central New M exico and to affored befcte:ir undel' -

. ~tan.ding of. the s~dime:rntat>y and tectonic proce®ee~ invo!vedo F o::t 

this investigationo which is largely a field st~dy o fiv~ months 

welre devoted to mapping a critical area of &bout 80 squa!'e :n-iilee ~ 

of which 30 squaire rn.iles · wei"~ covered in g:reat detai1 0 on a seal~ 

of :four inche® equal one mile. 

The. map area folfm~ the northernmost extension of the 

Sacramen~o lvfou.ntain escarpn·:u~~1t 0 ~vhich is fol":med by a blocl? 

thafc has bee~1 uplifted along a fault on the west and tilted one oi' 

two degl'eee to the east. PX>iozi to this la~e Cenozoic Basin Range 

faulting» the area was affected by e@idy Tertiary gentle folding 

and intirusion of Textia.ry ( ?) sills and: dikes of acidic and inter­

mediate com.posifdon that cover about five pe~cent of the a~ea. 

MinoX' high-angle faults that ~~eire la;regely associated with. the 

bom~dairy fauH.zane occur in the area and locally complicate the 

stX"ui.cture . Evidence of late Pennsylvanian and eaJrly Permian 

folding and high-aE.1.gle faulting is present in the sou~"leasteElnlmost 

par~ of the ai"ea of investigation. Vaifious .,.,iuate ~nary stil'eam 

deposi'f!;s cove:r about one -fifth of the a?ea, which. fa othe:i18wise 

unusually well exposed. 

The evidence indicates that deposition was essentially 

contin\MJ>U~ from late Pennsylvanian « Virgilian) into eajfly Pe7tmian 
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rw olfcampian) tinie .,~,,.iihin the aaoea. This i s dgnifkaX?.t b1 view of 

the rel~tie.m.ships '"~vithin four miles to the f:HJru\cheast 9 whel"e a m ajoxr 

angulal' uncomor:mity aepa:!rates P~'lf.aylvanfan ancl P~ rrnia:r1 ~~~ata o 

The eetHtneE:l.t~ that are the tir;1e-equ.ivaleE'].lc of pa:rfc o1 the hiafcus rtep"" 

resented by the unconforr:.dty have beet'l designated by the author ~s 

the· La.bo:ircita forr-nation. The 1.ithologic and fau.nal characte&- of iche 

~edimentary depositG off. the Lebord.ta fo:1rmation indicate that ab~upt 

latert>al transition to'S11a.lfd the east and southeast from op en marine 

conditions to tei~:r~~strial flood plain erwiron..~·:nents ;rnust have occul'~ecl 

repea~edly within the diata1':1ce of a fow miles . The tra11'lsiticm in e~.,. 

vironn1e2r1ts was pll:'oved by la~e~al tracing of stl'ata. One typical 

latelt"a1 succession of contemporaneous deposits was determined 1'o 

be massive marine limes tone; noduhu: argillaceous fusulinid ... U'Jea:ifin.g 

limestone; silty U.mestoir.es, bearing abundant shallow ma:dne fo!t' :::1g 

such as molluscs and b rachiopods; dolomitic limeal:one ; g:reel!A 

shale~ and ma?ine to non ... marine red shale and other ter:dgeoov..1>s 

elastics. The lithology encountered in any o».ie bed appeaxs to be a 

function of the distance from ~b.o!re Un,e and depth of depositio1r1, and 

the fa.u.nal content probably re.fleets the depth of deposition. 

The c"yclk repetition of certain sequences is locally corffi ""' 

spicuou2 and appears to be related to the tectonic instability of ~hi~ 

area and to the episodic nature of the deforn1ation iE'li the al°ea to the 

southeast. F rom late Pennsylva.niao.""l to early Pe rmian time, the 

deposits indicate a gradual emergence of the area. and a. tl"a~sitiolTh 

from marine to non-marirAe environment~, although many Huctua-

~fone a?e recoi'ded a.1.ffid pe2'iods ofl ll:'elative stability must have occut>~ed . 
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Evel{'~¥h.~7te • the I.,,abo:redta fo1 .. :rt7!atiomi. oveT-lie8 uppelr P<elf'..n, ..,. 

aylvanian me.x>im-i.c st~ata and undelrlie$ the red beds of the Abo fol""" 

mation.; At the type locality, near the :rnouth of Laboi:;'dta Canyon 

about Z.-1/4 miles northeast of tch~ town of La Luz_~ the Laborcita· 

X<1)1fmatfon is pi~edom:hi.am.Uy c~mp~sed of !' .. n.Oll.?'in.e bede 'and iG 480 

feet thick. About 3 .._l/2 mile~ to the sout..h..ea.st, ca $ediion of a.ppx-ox­

imately the san'le thickness consists for about· 80 peg><eent of non ... 

ma~me red. mudstones . Within two m<i))re n'lile® to the southeast the 

L abo:rdta folrmation wedges out b1to the tm.eomo1°mity. Ab@ut seven 

milee nox-thwe0t of the tnle locality, ·m tber vicinity of Tu.la:iosa, 

the L abordta folrmation thickens ~o about 1 , 000 feet. Thia marked · 

increase in thickness is partly caused by a gradual l'egreeeion of 

the Laboi'dta sea toward the no:rtl1weet and a. su<ecessive tA·a~1s g!fes..., 

·don of time lines of the upper contact ·of the .Labordta foX'm.ation. 

On the· basis of fiusuU.nid occu:rrrence® throrughoufc the Labor· 

dta fol"mation 0 the age has beei'il determb1ed as vei~y late Vi.l-gilian 

and early Wolicampia.n. Xn fche lowci" part of the type sedion several 

zones yielded abundant fuaulinids , which pe:g>mitted an accurate loca­

tion of the Penn®ylv~iatzi-Perraian botlt!\"""Adaaoy about 90 foe\c above th.~ 

baee of the fo?matiomi. Preliminary s~i:~<cliiee ofi the rr.tegaf\O>ssib by 

varfouai ~peciaU.Bts indicate sorne disagll"eea.-.nent with ~e Pe1f'mian 

age of rr£1oet of thia La.bor c ita fo:.?rrtriatfon. The bra.chfopo·tls imi.dkate 

a~1. ea:dy P er1"i"lian age, 'but the a1ntr!onoids fr@n1. the day pita east of 

1\dajfo©a0 tha:~ occul' in a pcsU:fon about 150 feet sh"t~:tigraphi<cally 

above fueulinids of distinctly Wolicam1,ian age. arL"e cl~i:H:11 ified as 

eady late Pem1sylvanian. Th<e gasfcropods ala© exhibit affinities 
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with IZ>~~~sylvafil>iau f~£':tne. 1:0n the basiSJ cf the field studie9 and 

detailed st:ra.Ugraphk control, the autho~ beUeves tha~ the C«)O."" 

:flktiing paiee)ntofogk ag0-asdgru"l'ltent® ;{t'lUSt be l'esohred by fuTthe:ir 

st-udy and coUabol'atfon a:;ntH:~ng the eped.aUste of tlh.e diffelren.t f a.Ut'''.W1 

The norm-malfine strata overlying the Laboll:'<dta .forrtM1i.fcion 

consist largely ox lred muds~one. fbie sandst~:n1e, coa~~e a~kose 

and :rni!Mll:it co,m.gfo:~:11i.enrate and <e@ttn.priB e the Aho formatio~. In the 

Tula~@sa area near the northe~~ bou.nda~y of the Sa.c:ramento .N!oun ... 

tai~~ l) t1h.e Abo f©i:rmatfoY.'11 interto'.!1.igues at the base with the upper 

lower Wolicampfa .. ra :rrsa:drme strata of the Labo:??dta fo:rn"'lation and 

i $ about 1400 fed !chick. 1.~welve m iles to the southeast. m the 

north ce:f!htral pa~~ of the ~~acra1nento Mow1tams, the Abo '1'angea 

frcn::rA 250 to 500 feet hi thklr..nef;>ISJ a.nd overlies with angular um.con ... 

fo~mity rodttii ~almging iID. age frm:r~ ea.Fly z'•lH~sissippian io lai.te 

1?eal©..sy1vani@J.n. The $Cure~ of the Abo da6tks is cotn.sidel'e\tf to 

be the Pede~na.1 Landmass , a positive al"ea of p:re ... Can1.b!'ia~ ig .... 

neou.a at11d ll'Jel:arriorphic Jrocks that existed during early Pe:rrmiar;. 

tbne in the n.o:rtheaste:r1:1rr.H.>et part of the SacJramentci Mountains, 

a'2ld 'vhich plrobably e1dended fo:r l 00 rid.les :;i «):tr fa~ther, to the nort'ho 

PL"ray' s wo1fk in. the central and S(()U.thel?n parts of the Sac?' a ... 

meID.to M@umi.ta.in~ indicates thafc the Abo formatiQn i s coi."relative 

with ti:he bulk of the fiueco f©jl"lT.tatioiili. On thi~ basfae P ray corm ... 

ddei°m the age of the iop of t11.e Abe folf1'1:~atfo1-'A eifch~a> latest ·~v o!f.,,. 

1Ceri,:nr1pialffi o~ eajb"Uest Leo~aJrdian. 64.s th~ Aho fo:rmafdor~n itnterfuigeli"e 

a~ the base with uppe:if l@\.ver V;f'olfea.mpiaJm ma:irine st~ata in tt1.e :r:nap 
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. . 
wall"d into the predominantly marine Yeao fore:ma.tio11, tha~ :reaches 

Permiat"l algal X"eefe was discovered northeast of Ttda:rcsa iID. the 

uppermos~ Laborcita foll"n11ation. Detaile.d studies indicate that a 
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I. INTRODUCTION 

PURPOS:E: OF INVESTJGA TION 

The position of the Pennsylvanian-Permian boundary has 

been a controversial subject for many years in various parts of 

the world. Jn southern and central Ne·w Mexico the Pennsylvanian 

System ls largely o~mposed of ·marine limestones ~ sandstones 

which comprise the Magdalena formation. The lower part of the 

Permian System consists mostly of non•marine red mud.stones 

and arkoses which are included in the Abo formation. Therefore11 

in this area most ·eady geologists placed the bas.e of the Permian 

at the contact that r.oarks the change from marine to non-~.,.arine 

deposition.. Where the contact forms an easily recognizable dis ... 

conformity or ia an angular unconformity, as in :nost of the Sac­

ramento Mountains and farther to the south and southeast, the 

position of the Pennsylvanian .. Pern:lian boundary is not in doubt. 

For the areas, however. where deposition was essentially con• 

tinuous and the change from marine to non-marine conditions was 

gradual or where the relationships are less clearcut for other 

reasons, the position of the contact is more controversial. 

Jn the northern part of the Sacramento Mountains east of 

Tularosa (Figure 1), dark gray shale yteld.ed an ammonoid fauna 

that was considered to be upper Pennsylvanian in ag~ (B~se, 1920, 

~d Miller. 1932). The shale occurs within a series of red beds,. 

and on this ba~is BtJse (1920) considered the entire sequence of 

strata. as belongL"'lg to tbe Abo ·formation. However, in La Luz Can­

yon about eight miles southeast of Tulai-osa., the uppermost strata 
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of ~ thick .ma.rm~ sedion th~t occul' a.pproxir.nately- in the sarr2e 

stra1tigraphk posi~fon as the a~n:u.nonoid""'bea:dng bedai, contain ai, 

lower Pe1:mian f\;Volfoampiano fu.®ulfamid fauna « T.homp$on, 1942, 

p. 82) . On the basis of their lithologk charaderis(Cic~, the 

fusulinid~bearing bed~ were considered ai. pa.:rt ~f the 1'·1agdalena 

foll.":mation. These con~radidory relatio~m1hipsi have been inte~ ... 

·preted in several ways: 

».. The marine upper Pennsylvanian a.nd lo'1velr Pell"mian beds 

of the M.agdalena fore1nation in l~a Lu.z Canyon greSJ.de later "" 

a.Uy toward fche northwest neaJr Tula:!foaa into red beds , 

which have been correlated with the .f.\bo formation on the 

basis of lithologic similarity (Figuj!'<e 2...,1\) . 

z. The lower Per:mian beds near La Ltiz and the uppe~ Penn­

eylvaman beds east of Tula~oisa a?e unconformably over .. 

lain by tbe Abo formation. This would Sim.ply i1tl't"Olve exco 

ten<ding the wmconfo~mity at the base of the Abo iorzl'rJ.ation, 

ifecognized in ·n-aost of the Sacramento Iv1ountain69 and 

f&rther southeast, for l Z miles to the northwest ~~"igure 

.ZB). The red strata underlying the ammonoid-bearini 

shale are explal.~ed by facie® changes. 

3. Either tbe a.mmonoids olr the fusuHnide have been wrongly 

identified as late. Pennsylvanian and early Pe:rrr1ian forms~ 

or the paleontolOgic time-scales of the amx:n.onoids and 

fusulm.id@. do not coincide . 

4 . Various combination$ of any of these relations. 
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F igure 2. Xntier'plretaf&ion of r.}oii1 sible ·stratig?apbiic and_ gtructural 
rdations h.ips in the north.err.~ Sacrame11.to l\jiounta.h'.as 
base@ oil infoi:rmation published before · 1_9 52. 

s iittite ~f Technology, the writere in ! 951..,.SZ, unde lrtook a deta iled 

field s.tudy of the upper Peraneylvanian and lower P e!'rniarA s trata. of 



tha~1 local sig:.1ii':kanc;~~ ~Zlld cai.12 lead. towa }d a better inte !?pretation 

of ·the geologic ~ecol"d in @th.er partf~ o:f':t~revJ ~\lexico . 

Kr.ii addifd~n, P z>ay' s work in fzh~ al"ea to ihe southeast had 

give:i i..!lldica.~iono ti-la.~ detailed field study bi this al'ea. of suic11 

i:mu.aittaU.y good exposu·~es afforded pron1ise of aoesuU:s of gene.ral 

s~rafcig:1raphic rd.gt1.iHcance. 

i. The area ·ccmpiebee on.e of the mos~ complete section . .., of 

loweremost P erinian stra.t& ~nowr.i i il. Nolrth Arr .. erica. 

Z. The abl9upt lateit'al fades changeg .fror:r.c. open maI"ine con° 

dition.$ to terrestd~l flood plain envireonmenta and related 

latelral and vertical !"ock @equentees can be $tudied ,~,ithin 

a distance of a few m iles. 

3. Sedimentairy p?OC1~.H!l$es can be il1vestigafte(l m :relado1m to 

the et!L"udu~:Ql developmeni of adjacent area.a. 

4 . The ~omparison of different groups off. fossils, ammom.oids , 

b raehiopodwo gastro1~ode and fusulh'lids i s of paleontologk 

sigEufi.ca.nceo cnce the ~elative stratigraphic positioi1 of 

the vaid.oue collecting localities is dcetel"mined by field 

WO?k . 

The etudy cf these g:iroupsi ~as been hirned ovel"' eo sped.a.lists. 

i.Vtl ea.ch of the four major fossil gr10ups, as the !"e$ul~© could well be 

of L""nportance nn solving ei~ilarr et!fa.tigraphic pi'oblems in othiair 

parts of the United States~ such a s West Texas~ where the lateral 

ecntmuilty of strea.t~ i® more diffkuH.: to deter:atine. 



NA TURE AND SCOPE~ OF ll\TV.ESTlGATION 

The "'til:&iter devoted about ZO weeks during the summer~ of 

19 5! and 19 5Z to field smdy of a critical area neair Tul~:rosa and 

L a Lue in the northernmoe~ Sac:ra:.-.nento I~lioun'fcains • Otell:"o County, 

New Mexico. Mapping covered portione of two 15 minute quadiranglee 0 

namely the eouth'\lveatem part of t~1e Tula~osa Quad?anif).e and the 

tlorth cent:ra.1 part of tbe Al&m ogordo Quadrangle (see F igure 1). 

The a.r~a. of study is about 80 square miles and wae m.apr.}ed 

at a scale of four inches ecaual one mile or l: 15, 625. Of thi s area~ 

about 30 square miles were ai'lapped .in detail during appro:dmately 

16 weeks . Thie detailed. area includes · all outcrops of the contro ... 

velt'sial uppel°moai~ Pe~1.nsylvanian and lower P ermian marb.1e s iX'ata 

that extend ©1.lo~g the mountain fl"ont :folr about l Z miles. About half 

the e_rea mapped in detail extendB below 33(Q) latitude and '\:JD.~ pre 0 

vfoure;ly mapped at l: 31, 250. scale by L . C. Pray in 1941, and the 

ge ology of the formations ®.derlymg the upperrr.ur.vst .?eruisy'lvanian 

stra~a on plate 2 is la:trgely suminadzed fro:n.1. P ioay•e m ap . 

App1t'o:d.r.na.tely fou&> weeka du~ing the months of Septembe :f 

and Decern.be~., of !95Z were .devoted ft:o ri'lapping iin les$er deft:aU an 

a!'ea of about 50 squa.x-e milee north of 33° latitude that U.ee 1 to 6 

mile~ east of t11e inountain fl?ont . Rec,m.naissance t!t'eat1nen~ of this 

area seemed justified in view of the main purpoace of ~°'le writer ' ~ 

investigation. Fu.Z'thermore, the w:lUOJrmity of the lower Pe~mi.an 

atra~a. iID. this area, an non-madm.e, and the extensive eover by 

Qua~ernary istream deposits of this part of t!le area, did not warrant 

a more detailed treatment. 



rrtile, -rv-1hkh &Jerved· a,3 base fo? the geologice :mapping. The bas e fo~ 

~he final geologic map of the area no:dh of 33° latitude wa.e compiled 

Division of the Soil Conse:rvation Service ~ at~ scale of 1:31, ZSO. 

Apparently this plani1::r.1etl";c map ie prepared from . the a.e:rial ph@to ... 

graphs . Where vertical cont rol was deemed. most essential it was 

established by use of an· Abney inclinometer and ha.m.dlevel, u s ing as 

pri:m.a.ry control a WJ.mber cf points with known elevations sou.th. of 

33° latitude. In addition, several points in the norther~1 part of the 

a X>ea. were deterrr.nined by aneroid. These relatively crude controb 

. near. the f~ontal esce.rpment mapped L"'l detail • . F.or the ax-ea south 

of 33° latitude, the l :31 , Z50 topog=taphic sheet with ! 00 foot contours 

equal one m ile. The r:~.arrow strip 0£ topog:raph!c coZiitrol alo~g the 

eastez-n edge of tbe southwest quarter of the Tularosa Ott~d~angle 

was also derived from tbe Lincobi National Forest map. 

The area ia notable for thee rapid lateral variation in fades . 

aulting in many s imilar thin beds and sequences of beds at different 
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Bed@ were largely mapped by la.ter~l tracing. ~1'ti'l1e!"e they could 

not be traced directly, correl~tions were based on lithologic char­

acteristics, faun.al content and/ or kno·w:a:;o, stratigraphic position 

wi~ reference to, other inappable horizons . On the maps (P lates 

! am1 2.) the lo,.,1e1, contacts of the· most persistent or easily recog ... 

nizable marker ·beds are indicated by green lines and nun.1be~ed 

according to their relat~ve stratigi!'aphic position. Symbols are 

added. to indicate the lithology of the marker ~ed. 

Ten daye were devoted to a detailed plane-table surv0y • 

on a scale of 50 feet to one inch, and field study of algal reef 

masses that are exposed near the frontal escarpment northeast 

of Tularosa.~ 

Approximately two months were speut on laboratory in­

vestigations. These included petrologic and fa.unal studies o~ 

apecimens from the algal re.ef s , petrologic studies of rock types 

and preliminary studies of the thin eectione fro111 fusuli~ids . 

LOCATION AND PHYSICAL FEATURES 

The Sacramento Mountains are located in the south central 

part of Mew M~xico. In general. they trend slightly west of 

north for a.bout 30 miles and rise abruptly 3, 000 to 5, 000 feet 

above the s~rface of the Tularosa Basin. To the south, they 

decline into a. low plateau whicb extends to the Texas border. To 

the no:rtb, the range merges with the Sierra Blanca. (F igure l ), 

which ie dor.ninated by Sierra Blanca Peak with an elevation of 

lZ, 003. feet, the highest point in southern New Mexico. Tula, ... 

rosa Canyon forms th'5: most natural geographic boundary 
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between the 3ierra Blanca and the SJ.cra:me.r1to l\fou:r&tains * o 

The 3acrram.e1"!to iv1.ountaine f orr:n ar:a asymmetrical n.ic:.>ur.rtain 

River. The crest of the Bacrarnento ?vfountah11s rises to about 

9p 700 feet above s i~a level in the center of the mounta.in ma.ss 11 but 

no single peak domin.atesi this crest. The crest declines towax-d the 

soU:th and nortr..., and 1iea:ir TulaX"osa Canyon, l'eaches a height of 

about 8. 200 feet . Becauaie of the general plunge of th~ mountain 

:rna.ss 11 successi~ely younger sedimen~al"y formations form the 

The Tularosa Basin is bounded by the abrupt escarpments 

of the Sac1"an1ento 11.·fountains and Sierra Blanca in the east and the 

San Andres Mountains in the west. This prominent valley is about 

30 to 40 miles wide and extends north .. .,vard fl"'o:n.1. the Texas border 

fo1" ~ distance of l1.'1ore than l 00 mile a . The Tularosa Basin is an 

area of interior drainage and its lowest point ie at an elevation of 

3, 900 feefc above sea level, aboufi: 35 miles southwetJt of Tularosa. 

The level of a.lluviu:n.1 of the 'basin adjacent to the r:nounta.in front 

ranges fro.m 4, 600 to 4 , 800 feet in ihe mapped area. 

1'he a&-ea investigat~d for the pul"pOs(C of this A'°eport Hes 

*On the geologic map of th~ Stati;e of NQ;;w ~vie~d.co, the term nsa.c­
l"a.me11to Mountainsn includes th~ 3ie~ra Blanca. The most recent 
maps, how~verl) ·u~e the fcer:rr:n irm th~ :rnoife restidded sense , which 
is adopted in this report. {See P rray, li 952 , p . A) . 
**Th~ area boim·M.iee-11 by Tula.r1:0sa Caxmyoin and :~n° l 0 ' N. la'ii:ituvde 
(F igure 4), act·uaHy forms the aouthwesterxu71ost parfc of the :Sierra 
B lanca. 11 but fo'Jf corn.venience (()f ~efeir~nce it i§ considered ~ pal"ft: of 
the northernmost Saciramento ~.1ountaiin.s. 
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New Mexico Highway 83, foure miles north of Ala.n'logordo, forms 

approxbna.tely the southern boundary. The area extends no?th ­

ward from this highway for 17 m iles to· 33~ IO' N. latitude, a 

point five miles north 0£ the to\Vn of Tularosa. 

Alam·ogordo an(l .Tula.rosa, which are lo~ated in the Tu­

larosa Basin near the base of the Sacramento Mountain escaiep ... 

ment, can be 1"eached by U. s . Highways 54 and 70 and by the 

1nain line of the Southern Pacific Railroad frorn E l Paso. U. S. 

;Highway 70 crosses the northe1•n part of the 1~:1apped area east 

of Tularosa. The part of the area that falls withu1 the Alam.0° 

gordo Quaclrangle is easily accessible hy t~e s.econdary roads 

in La Luz and Fresnal Canyons (Figure 4). Many unsurfaced 

roads, particularly in .the Tularosa Quadrangle , n1ake the area 

north of 33° fairly accessible during d;cy weather . A car can 

be driven to within two n1.iles of any desired locality. The area 

is .very sparsely settled, exce·pt :for the nearby tO'\Vl'lS of 1 .. {a. Ltlz 

(population about ZOO) and· Tularosa (populatioii! a.bout Z, 000), 

which a.re located in the Tularosa Basin. 

The profile of the Sacramento Mountains on its west 

side ia char.aeterized in n1ost areas by an uppe19 and low~r es­

earpmen.t separated. by a relatively flat a~ea oi' bench. Th.is 

two·•atep profile is pa:r.ticularl-y· noticeabl~.;: in the centl"al and 

southern portioi!s of the range (Pray. 1952. p . 9). It is less 

cot1spicuous but also rec.ognizable in the norti:~ern part of the 

Sacramento Mountains . East of La Luz; the height of the 

lower escarpme11t or elevation of ~he hen.ell ranges frorn 600 

to 1·, 000 feet above the base of the range, as compared to 3, 000 
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foet fax·thel' ~o ihe south. I~ beco];nes p?'ogressively lowei" to the 

north and at a point five miles riol"th of Tulal'oaa, this bench reachee 

foe level of 1.:he Tulareosa Basha. The elope born the basin to the 

level of th~ bench is fllteep neal" the @(ntth and mo?e gradual farthe.? 

no~tth . Thia frontal sca:E"p wi'U1in the l'Y.tap area is dissected. by many 

easrt-we~t cartiyons, of wh ich thee ~or:it px-oniinent, fro:rn south to 

north, a.rte: .La Luz Cru1yoi1, Cottonwood Canyon, Laborcita Cain.yon, 

Domingc) Canyon and Tulal'@sa Canyon (I>"'igul"e .:}) . These ca1"Ayon® 

am.cl theb tributade3 incgoease considex-ably the area of eX}_?osure of 

the Pennsylvanian and P e:rr:1iam. st:raia in this crL0 itical area .. 

Above the leve;l of the bench0 the surface rises ·gently to 

the east fol' a dis~auce of 3 to 5 miles, beyo11.d w~kh it steepens 

Slha:rply. Th~~ gentle por'a;ion of thfa :id.sing en.urface is lal'gely und~?'­

lain by the non ... :reeistanlt rt1udstones and alrkoses of the Abo fo:irma­

iion.. The abrupt change in slope approximately co incides with ~he 

Ct)ntact between 1the Abo and Y eso formatiorr1s . 

'!'he field invtesdgation covered mosny the aF'ea of the s~eep 

frontal e~ca~pment and th e gently ifising surface of ~he bench . . Nealr 

the fro!-:ata.l esca?'pa'¥1ent the rocks a.re v~ry well exposed. The l'o<eksi 

m"!de~lying the geI1Uy ddng st1:d'ace &re locally poorly expoeed, be.., 

cause of th.eh· m.~ID1 ... rtesdi.siant nature and the extentlive co~"elf of ( u.a ... 

The Tularosa Basin and the adjacent loliver parts of the moum. = 

ta.ins ¢D.1re chat:ade:idzed by a .hot de2ert climate with sun1mer pl'ecip ... 

itatfon antl dry wiin1te:rs . o~u61sell 11 19~H o pt., 1). The higher a,)l'eai,s 

ha.ve a hot sieppe clhrJ.ate ·t111i~h ~n.1~·.i mer predpitati,ni ancl dJry '-'~Til'hte:goe. 



cli::-nate. The p:recip ita tfoY.;! of about 10 inches i s brought by ~hun -

of the area. The a:rea fo or..tly used. for grazing stock in the colder 

Basin. 

PREVIOUS V/0-RK 

n Tne)fe ie not a smgle fo:rm ?elated to PeJrmian specie~ , 
but eve~ythii'llg indicates tha~ the bed$ belong t~ the P en..vi­
sylvania.El and eepedai.Uy to the uppeJL" pa~t of this ~yatem. 1

' 



0 Er~ tbe low<elr en-d of La. L uz Canyon:i east of Alamogordo, 
U~e lower ma5isive diff ... forrning Hmestone of the Magda­
lena is uh'lconfol9r.c1ably oveil?lain by Abo conglcmex-atea , 
®hales, limestones &1.nd saA1dstollles. The conglom e:rates · 
contain bowldeeri."s of Magdalena lin1.estone h1 dzes up to 
~w© feet. The basal Ab~ bed heire containel n'lol"e Fuemlina 
tha.11i aR"Ay othre:r stxatun1 n\Oted in easte~:a1 · -ew },&e:dco . 0 === 

11 The e:o<~posed Abo strata in the Coyote :8~sin, west flank 
of Sacramento M owrn.tama a~ their no:irti."1 end fnv~ m ilee 
rtAorth of Tula.rosat have a thick..t'less of about 1400 foei , . 
the base m.oi being expo~ed there. Thie a9edioiti is cha.rac"" 
terized by the presence of h~avy a1•kose. inte:rbedded with 
sandstone a p clayey an<dl shaly sand$ and foesilile?lfoue 
lirneston.es . 11 

9 "rl~e Abo .., !·!&i.gdalena contact is a:r11 ·wic::niforrnity with 
tinu; hiatu~ of conside::fai;i>le bmgth» ~but att n1oat focaU. 0 

'\d.~e without noticeable 6.eformatfon .. Gcme;eally it i s 
zr..larked by sha.l'p breaks of eedimente, focal congl@m.er "" 
ates, and. eorne chamieH:r11g , but in pl~.ce s ther e i s uncer 0 

tainty as t©i the precbe plane of separation, especially 
whe X>e :red. 11 sa:l1.dy rr1ernbe:n; a1~e present in the s upposed 
top 1i11ember of th<e Magdale?la g:n."oup. IQ . 



11 ThG fc~dls l"effor·~etl by 3os.;e east of Ti.1la:rosa ........ " 
:rnay h~ve been obtained b"OlT! this membeir (top m embe?' 
of. the : .... :~gtlalt-:;:na g ro\1p . * » ... :._!though n·aw .tped.es v they 
welre the)ugh~ to be P enn$ylvanian brt1t· G. H . Girty 'in.,. 
ior:r.tJ.~ :c::c1e th.at evc:;n if they wei~e obtained frmn Abo bed~ 
they are not diagnos tic as to prr~sent age .. n 

·;rw© years l~~eX"a D<are\to~ O 928, p. Z<H states that: 

11 Jlmi. i:'lfmst placeai the Abo fo:rmatfon appears to lie un.­
co:.'lfor n--.:.a.bly on ·the }I./ agdalem.~ g s:oup ~ bu~ the nature, 
du:il."adoro:. and e~~terthft of the hiatus are not known. '' 

Xn A 9 32 Penzm :an.a.de aJ. systematic paleontologk study of a 

n:umbe~ of faunas that were collected {rom several localftiee imJ. 

~i The contact bet,;~eeit. the Ab© foz-mation and Ma gdalena 
Hmeetone im v~·ell e:."posed in nur.nel"ous localities , in th~ 
area studied, where the two are accordantp ~!though 
they a.re separated by at'l eroeio~.Jal surface. · '!he e:&"'oa­
ioID.al sndace at the top of the 1'11agdale~ia group show~ a 
~cH.ef which :m.a.y am.cunt it]. some places to as much as 
fifty feet. H 

Pe;.in continueg U9.32, p. 33): 

11 The base of the Abo h11 ~veX"y locaU.ty stt~died is a con­
gloi:t:~erate membeJr 0 ~~vhkh varies ctW>:r1side rably but &18 
alway$ Jfnrese~:rtt and ~1owhere more ~ha.If!!. 50' thkko u 



~DTb.e faurrM~ ... .. .. bM.ika~e~ that the fo~ailifex>ousi part 
of the Abo correbi.tes with the Mc filscalick Glf<0ve Shale 
of !':niddle Vi ab~:uns~e f~rem~tfolii of Kan8as at.1.d Nebl'aek.a ; 
with the !".niddl~ p~lt"'\t of the 1Nolfca:n1p fol'matfon of 'fch~ 
G!aslB ~.~:ountaiime, Jre::¥3S~ with the HarepeJraville of mid ... 
clle Ci~~o group, &aid poiSsibly ~1ith palrt of the uID.dedying 
Th~ilty f~rma:U.olm of the ~©.l.m~ g:r@up o:f northceID.tl'al Te~ae ? 
a.nd ~vi~h the A(l)We?'rr.no$t Urea.U.ta1n of U:ral Mowmtain.~ , RusS5ia. u 



aem the Sa.c:iramento, Sa1ill ArtM.i:r~~ and other mcn1nfcains 
of &H.:.H.c.ib.~:rlTh New IViexico, the usual lfrraesfl:ort1e aID.d othe~ 
mal'fin<? ~ edimentts of ~he lv1~gdalena pas a upw@.?d into 
®e~eral hundred f~e~ of int~Ebedded H.meetone, reed and 
gJfay :shale~ . sandst€Jfill.e® and arkoeic con.glomeirates. 
Thee Hmesfcon12e contain £u11»uH.nids and other ifilverte 0 

bratee p and the shalea contain plen.nts . Above these 
beds im th~ red, non-ma.rin~ Abo sands~one . ~rhi~ ui:1it 
fon-nr.uSI the uppeX" pa.zit of the Magdalena g?'oup !A$ it is 
at p~es~nt defined and mapped and no doub~ will be 
daesed as ·a aepa!"ate formation whelll · fu'f~'1,eir woJ!'k is 
donfa . ltt appealre to rila!'k a transition firom the m arit1e 
conditionS> of Magdalena tim e to the noiq.-marine coooi­
tioniI! of Abo time. n 

~vm most pbi.ces, the sequence fll"om Magdale~a to Abo 
appea~e to be tmb?'oken, although local uncomorrrdties 
m4al.y OCCUE' he~e and ~here. W a :f~w places there ie a 
pror..tAcU.~'lc~d urtacomo:rmity, ae all Caballero Canyo~ in 
the Sacran1e~to Mountair.'l.s * 0 wheb?e the Ab© lie ill on ~e 
uptu:rened beds of the m&int pa~~ of the Ma.gdalena. 11 with 
the t.11.ppe:B:' beds rt1fasing. n 

P~zm.rsyhraman ~tlfafta ar».d i1'u€fluli~id-bead:ng lowe!l." Pea3!niala strata. 

· Th~. ©i:h.er ifi> M.gher and occurt"s a.bove ·the fusu.H.n.id~bearimi.g . lower 

*Appiroxin~ately 9 mUe@ south o~ the jv~ctio&'A of La l-iuz and F :i!'e~nal 
C a:ny(nns . 



n:!h'i Fresnal Canyol!! in the ,no1't...~ end of the Sa.crarl'A~nto 
Mom'l'tainsD uppe~ VbgU stra~a of the Frevnal gir.oup 
alfe overlain unconfor1Y1ably by 250 feet of sh0ata of u.n ... 
determined age . These st~ata are coi··.npo~ed lalfgely 
of elastic red shalep g?ey shale11 e~ndstone~ at~d eo:it1-
g].o:r.r1erates. Although so1-::.u::; of these rock® carry marine 
faunas ~ diagnostic foiadls have not been determined. 
Permian !usul!ciids 1,efer.abie to the genera Tritidtes 
and Schwagerina are e:r~t~em~ly abundant in imrne~Iaiely 
ovedying strata th~t appeal° to be col'lformable. Th~se 
'fusulinids are closely similar to, and presumably are 
closely related L'lll age to xustdi:nids in the Foraker lizne ... 
ston~ of Kansas, the Saddle Creek limestone of Texas 
and the tU.?w""Aan'i~d Hr.1t:Hcstone imm.edia.tely over the Bruton 
fo~matio~ @f centlf'al New Mexico. u 

1Pfhe ceph~lopod ... bcearmg shales in the day pit east 
of Tularosa U:a:hologka.Uy :resemble :rt107fe closely the 
sstrata above the Freenal g~oup in li~ rt'eGnal Ca.ny~n 
tba.11 they resen1ble a~y paJrt of the type section of the 
JE'resnal grouti>• 1-fow<eve!i." ~ the Pei1neyhra11ian section 
is apparently changing rapidly rraorthwa;rd ·~oward Tula 0 

~osa to r.aon•:rnai"ine and brackish ... water t)--pes cf rocks. 
ltn: is possible that the shale of the Tularosa clay pii 
l'Ll&Y be equivalent in age to a portion of the t~"Pe se~.>,. 
tfon of the lf'resnal gl'oup . The ctn:•x>elaiiom1 between 
the shab~s in th~ Tularosa clay pit &nd the st:fatigX"a.phie 
eection e:riq:Jiosed in Fresu."lal Canyon is at p~ueent a rnoot 
questfon.· 11 



E . Russell Lloyd ( :n. 949) and L . C. P :ray ( 19 529 for tbe lower Pelf..,, 

11-:.iam. mai'in~ beds a.n.d. underlying 250 feet of strata of u1I1deter:mined 

age in. fehe i1orthern part of the Sacramenito ~v!ountains. 

m 1947, Pray stal"ted a detailed field and stratigraphic 

study of the Sacramento ~ou.s""ltain area.. which included th~ loweir 

"ltt i s overlailD. with angular uncoidormity by a. coa::r~e 
qua~tzite conglomel!'ate at the base of the Abo forma ... 
tion. The fo::rmation thickens to about 350 feet a m ile 
north of Fresnal Canyon, but thins and disappears 
within a few miles to the south and i iE not found farthew 
south in the Sacrament~ Mountains wb.elre it is cut out 
by the unconformity at the bas~ of the Abo ... 

0 The up1oer contact of the Buren.t:rrn fo:rll.'I1ation "vith ~he 
Abo flo:wm~tion 'has been considered aIIB a.ngula.Jr unicon ... 
foFmiiy i~ the Sacran'lentll) ~.4ountab1s by the writer 
(Lloyd. 1949, p . 32), but the evidence i~ not enfdrely 
EH.tisfa,dory $ The contact appe~rs unconformable locally. 
O\thelr local evidence suggests a. t:ransition from the Bu~­
sum fo:r:r.riatfo~-i to the :wed shales and quartzite ... r~.ch 
conglor.rH:;ratew of th~ Ab{» f.o:rmation. n 



11In most of thi~ e.rea, deposition appears to have beeZA 
essentially continuous from late Pennsylvanian into early 
Perx;nian time , and the formations deposited, ~he Holder• 
Bursum, and .Abo, do not appear to be separated by un­
comormitiea . tt 

It should be recognized that the earlier wotrke1°s lacked the 

field evidence to support their interpretations . t)ne objective of 

this investigation was to resolve the eadier stlratigra.phic P'tob­

lems and settle these conflicting statements by a detailetl field 

study at a sea.le greater than two inches to a inile to obta.W. defi­

nite evidence to support the conclusions. 

In 195Z, Pray treated some of the structural features that 

occu~ in the. north~rn part of the .Sacrar.aento M.ountains . He demon­

strated convincingly the late Cenozoic fa:ult-block o:reigin of the Sac ... 

rarnento Mountaine . (P~a.y, 11952, pp. 306·3Z2). He also discussed 

the p!9e -Abo and post•Abo deformatiot1, e\ridence of which is l~ lresent 

in the northern parts of the Sa.cra.l111ento Mou,..~tai~rl .. and he concluded 

(P ray, 1952, p . 341): 

uAlthougb the n1ajor folding occurred during the pre .... 
Abo deformation, later minor f oldL~g along the sa.1:.cie 
lines occurred di1ring a.nd after the deposition of the 
Abo for1nation. u 

P ray (1952, p . 344) tlreated more specifically a prominent fault 

the southeastern part of the a:rea. of p resent s~udy· (Figure 4) , as'"'ld 

he indicat.ed both pre-Abo and post-Abo moven1ents on ehb fault. 



He fu:rther stat~s (P~ay, 1952!, p. 343h 

nA!l. isolated exposure of deform ed Pen..'f!syl~i1a.nia.n. 
strata north of La Lu~ Canyon suggests that the 
.Fresnal fat.tit conth1ues as a buried st:ructurral 
feature at le$Gft for an additional two miles . " 

A detailed field study on a scale larger t1'...an t\vo incbes eo 

a. mile might result in a more detailed knowledge of the exact s e­

quenc:e of events of thie structurally complex area and a.ff ord a 

better under.standing of the relation between isedimenta!:'y and tee ... 

tonic processes in the northern part of the Sacramento Mountains . 
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IL STRATIGRAPHY 

!l'\JTRODUCTlON 

PENNSYLVANlAN-PE;RMIAN BOUNDARY 

General Statement 

The boundaries of the recognized geoiogic syster.ns were 

placed origin.ally at structural, litb.ologic or p·aleont<?logic breaks 

in the geologic columns of the reglons where they were fh~st studied. 

The structural criteria, in particu.lar ~ were used as a basiz for the 

division of the g~ologic column and regional str·atigraphic .correlation. 

Such a division of the time-scale assumes tb.e world-wide and per ... 

iodic recurrence of diastrophic events , which theory to date is still 

strongly suppqrted by many, geologists . Howevelr , a nu:rnbe~ of ge... . 

ologists have always seriously questioned the validity of this theo~y. 

More recently, Gilluly ( 1949) presented evidence that deformation 

appea.ra to take place almost continuously within the earth' s crust, 

but wit..11 differe~t i.."'l.tensity at different places and is not a spasmodic 

or episodic p-roceas that occurs contemporaneously in many parts 

of the world. If this view is correct, diastrophisrn ia not the ulti ... 

mate basis of correlation, and evEm. :r:elatively widespread uncon­

formities can be expected to be represented by a thick sedime11tary 

section in other regions . Where itn.conformities o:riginally defined 

the systemic break in the geologic column, the probiem now ia to 

determine the position of the system boundary in an unbl°oken. sequence 

of time .. equivalent s_trata. It will be shown that in the part of the _ Sac~ 

ramento Mountains investigated by the writer the Pennsylvanian- Pelf'mian 

boundary is locally a rna?'ked a:ngula.!' uncoilformity, locally a discon° 

formity and locally represented by essentially continuous deposition. 
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As was Lndk$ted by Tomlinson (l 940, p. 349), lithologic 

criteria a:re cor:."lmonly o! small importance in the selection of sys ... 

temic boundaries . Most distinguishable kinde o:f sediL""lentary rock 

are not restricted to one geologic system. Tomlinson (1940, p. · 356) 

fu!'ther atatea that a time-boundary, regardless of other facto:rs, . 

should be dra.vvn at that point in t?-e column where the most signifi­

cant and e':tensi-ve paleontologic changes take place. 

Although Tomlinson' s recommendation is. followed in this 

report, for la.cl<:: ~f better ~eans of correlation, it® limitations ough~ 

to be recognized. The writer believes that if the paleontologic: . 

record were complete, probably only gradual evolutionary change~ 

would be observed and that the time-bounda.ri<e$ in the geologic 

record would have to be arbitrarily 4efined. One problen'l connec.;. 

ted with this is caused by the migration of faunas, which results 

in time differences between the same faunal changes in di.ff erent 

regions (Arkell, 1933, Figure 1). However, within a. small area 

and the present incomplete record. a horizon of significant paleon­

tologic change is usually marked by a break in the eq.ccession of 

strata or by an environmental change; both reflect change of con­

ditions which usually have as an underlying cause the tectonics of 

the area. 

Paleontology 

The family of the FusuU.nidae has a range that coinddea 

with the .. Pennsylvanian a.nd :Permian Periods . On the basis of pre­

dominance of certain generic fusulinid groups, the total time 
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the Miis sou.rfan and Virgilian arc cha:!rac·terbed by the zomi.~ of !!.i.,. 

tidtes, the '\i'\r olicarr1pia11 by the rz;one of Pseu~schwagel'ina f'lrhcmp .... 

s oni ! 9489 p . 4». The oci:cu!"rence of not cime butt s~nre11?al new itu@u.., 

Hmd ge11e lr& ma.k~s the zone <?f Pseudoechwage:d. ... via particularly useful 

in identifying the lower U.milt of tb.e :Permian. 9I1he appearance of th~ 

none of the genera that a~e diagnosfd.c fol? the ·\N oJJ.fo&mpfa.n. A$ migh~ 

be eA-pected, ~he genu~ Tritidtee holde ove:il" into the zone of Pseu~ ... 

®ehwage:rma and gll:"adu.ai.Hy dies out. The zone of T!t'itid.tes is equally 

vanian-:Permian b@unda~y, but have genera.Hy not been acccepted as 
I . 
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Pennsylva.nfan..,Permia.1'l Bounda:ry in Other_ Rff:gions 

Russ ia* 

The type section of the Permia,n System was assigned by 

M:ux-chison in 1841 to a series of sandstones and conglomerates 

overlying the _ Carboniferous lir.o.es·tone of no-:rthern Russia. l. .. ate~ 

detailed work found this elastic series t-o be a fades of the upper 

Carboniferous limestones, with a different stratigraphic position 

in diff ere~lt parts of the region. Since then, the pcsi~ion of the 

lower limit of the type Perm.ian has been a subject of conh'"':>versy. 

Most Russia.n geologists chose the base of tl)e Pern1ian a t the top 

of the Sakmarian or the top of the Pseudoscl1wagerina ~~one . H~\V ... 

ever, according to Dunbar (1940), the base of the Sakmarian would 

form a more natural lovler limit to the Permian System. It marks 

the beginning of the rapid evolution of. the Uralian geosyncline. 
. . 

Western Europe* 

In western Europe the base of the Permian has always been 

drawn a.t the base of the nRotliegendes", the E uropean :red beda. 

As the 19 Rotliegendee lf is in part equivalent to the marine beds of 

the Paeudoschwagerina zone, and the underlying Carboniferous beds 

are not younger than lowe1•moet Stephanian Uower Vi:rgilian), the 

base of the Permian System when placec1 at the base of the Pseudo-

echwagerina. zone, accords best with previous usage. 

Nor-th America 

Adam&l et al (1939, pp. 1673·81) proposed the v~!oU-

campian Series , com.prising the beds of the urestricted 11 \Volica.mp 
........ 0.. 
*The following paragraphs are summarized from Dwnbar• s lrevie'\v 
of :the type Per~'lian section in ·Russia and it$ comparison with ether 
areas. 



formation. in the Glas s M.ountainm of. Nest Texas (Khig, 1937, p . 94» 

as the lo"~ve:rmost division i.n the Perrnian System. According to 

the genus Pseudoschwagerina, the genera Sehwaget'ina, Paraschwag._. 

erina and advanced. fo:rms of the genus Triticites; also the an1monoids 

Ar!inskia ancl P:rope rrinite s . 

Detailed discussions· on the dete::r:rninatio:n of the Pennsylvanian~ 

Permian boundary in north central Texas (Cheney, 1940, pp. 65-118) 

and the ~.Aid -Continent region (Moo1~e, 1940, pp. 298-307) bring out 

that the presence of the genus Pseudosehwaserina, although diagno.a ... 

tic, is r.iot essential for a Per:r.r.da1?. age \,f the contahi~:ng strata.. In 

miny areas, the genus· Pseudof3chwagerina is absent, or occui·s con-

These criteria are genet.•ally accepted b1 North America and 

are adopted for this report. 

STRATIGRAPHIC NOMENC!,.J\ TURE 

The lack of uniformity displayed by the Pennsylvanian and 

lower Permian strata in large parts of New Mexico, resulted i1Th 

many stratigraphic ter:n'ls for rock units of approximately the sarr.HI~ 

age in different ~rea.s. Furthermore, the boundaries of· the t"oek ... 

units were not always clearly defined, and the indiscdminate usage 

of time-rock and rock terms has added to the confused statue of 

the stratigraphic nomenclature in New Mexico. Thus, it i s neces ... 

sary to review briefly and define the ·hbtory of some of these terma. 

The usage of this rep~rt is 'indicated on Figu)?e -3. 



Tim~ ""Rock Utt.i ts 
......,........ ===mr :mre 
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Figure 3. Classification of rock units of portions of the Pennsylvanian and Permian Systems. 

*Thompson's lithologic subdivisions of the Pennsylvanian have only restricted a p1)lication. 
Their diagnostic faunal content allows their usage as stages. 



repoh"t. -

Hei'rick ( R 900~ p. 4» had previously named as the Manzano aeries 

S1'1.cl E-'e rmian in ageo Many stratigraphers considered th ese two 



and he therefo:ree decided to aban~on the term, Magdalena. De Ford 

with. Thompson. Thei~ etatemenft follows: 

term . 

teThe te:rm Magdalena ha,$ laing beerm synonymous with 
the Penttssylvanialll of New Mexico. !-,foat petroleum 
geol@gistw follow this usage . Tc the edito?s (De F ord 
<aJ!.ld Lloyd}~"' th~refore, it seems inexpedient that 
¥~ng 0 partly at the suggestion of C.. B . Read, has ex ... 
panded ihe term .M::agdalena. so ae to crosa a ey~temic 
botmdCt:ry and include bed® of l olkamp age . Read• s 
'upper unit of th~ M;i.gdalena' igfl commorrJ.y a®signed 
to tb.e Abo. 11 
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Lee (1 909 , p . 12» subdivided the Manzano gl°oup into three 

formatiol:Asp which are9 in asc endiWl.g ordero t!le Ab{)) eande\tonep 

sin:di.laJr to the~ u.ID.de~!ying '3Cratia of tl>:ae Holder fojfm~ti~n. The~e ... 
I 



those of the overlying non·:r.r.uu:ine red beds of the i t.bo forli ... ation. 

PENNSYLV/:t.NXAN SYSTE~~ 

a threefold division, which can be applied throughou~ the entire area. 

par:~ of shale, argillace~ue limeetoiTh~ and very co&lf$e-grabied 

quartz saooaione'!' The uppeir palrt <eonsists cf either nria~si ve beds 

q~~~~e_:r_ XO:!":ri."lai'd.on li'a1mges m thicknes® f:rom abou~ l, zoo to l, 600 

* qrade scale according to Wentworth ( 1922) used in this report. 



fron·1 about 350 to 450 feet in thickness and is composed of shale 

and thin-bedde~ argillaceous limestone and feldspathic sandstone 

The !folder formation is the upper:most of the P ennsylvanian 

*TEp:'minology according to McKee and Weir ( 1953 ) used in this report. 



tL.e bas<~ of numex-ous discontinuous bioherma $ 50 to l 00 feet thick. 

Xn the northern part of the area, where the secti.on is compleie 11 the 

top of t.~e fo~mation is fo~m.ed by t.he base of the Labordta form.a ... 

tion. AH of the Holde~ £o:r:rnation is Vir giU.cu1 in age . The upper 

tv.fo ... -e;hirds ~>Jere tel":rned the lTresnal group by Thom.pson and ae 

theae sti~ata form an important part of the wr.iter ' s problen"l ~ they 

HOLDER FOR!-.A...t\ TION 

a very late Pennsylvanian. eJge for the basal part of the overlying 

form.atfon will include the s trafca that occttir between the top of the 

Beemai1 formation an.d the base of the overlying Labo&-dta O:K' Abo ' 

forma:U.on. However• the contacts re1nain unchan.ged and a.l'e as 

which fa capped by n11assive limestotie of the basal Holde~ :fol"rc~atio:n .• 

The type eectfon is located directly above that of the Beeman forma .... 

• • " 11'.'ll. ~,,,.-- • 1 ~,.,_,,. ], .. A T 17 ~ icJ 11 (i . .,.... .. &o'L. . ~ '! t taon in '"'.i;.i.e ;;'l \1r 4 z~wtt 'i sec. 1~%, • ~: . , &~ . 1.'J .t; . an. t.u.e cenir.:ra.!l, par 

of the Sac;ran1ento l•J!ountains . The r..:lolder foirmation include® the 



,f The Holder feu.":;;.r.i.ation va:r'ic!s ill. both litholoby and 
thickness along the Sacramento Mountain e8'carp ... 
ment. 'l'he northe1'nmost section* is 900 feet th ick, 
more than twice the thiclmee~ observed to the south. 
}11 a:;:"~ i>f this difference is caused by erosion of the 
uppeif part of the Holder formation at all lccalitiea 
except the northernmost. However, the differences 
in lifCh.ology of the sirata rem aining stiggest that the 
Holder formation was probably initiall}r thhme:r toward · 
the south. u · 

Cai.1-iyoill along the frontal eacarp:urlent of the Sacramento Mountains, 

therefore !nfelr'?"ed in thie report that the 900 foot thick section of 

the Holder .formation is rep?esentative f.o'!f the northezrn part of the 

Sacg-an:1ento 1~1iountains . This figure has been adopted fo1" the con-

et2'uction of ~he sti'u.cture sections «Plate 3) . 

·m :moat of tbe map area ~Plates 1 a~i.d ·z and }.i' igu:re 4v only 

following di$cussion i~ largely devoted to the uppe~ part of the Holder 

Caii1yon along the old highway from Cloudcroft to La Luz. The base 

of the type section ie about 20 feet above the road bed in the fourth 

the roads in L~ Luz and 1T'r<esnal Ca11yo~'2.s . The top of the section i s 

in the l"oad cut in the second arroyo. one ... tenth of a mile firom the 

?'oad jur1etion. At i:he type locality the ttFreena.l group" is 530·feet 

t3? Thie section is located near the southerm11cst boundary of the map 
a.~ea of ~his lrepclft. 
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A 1°eal Distribution 

The st~a.it:a of the Holde:w fo:rma.tfon ax-"e widesp J&"eacl in the 

a!'ea of the Sac:ramento Mountains . According ~o P n.=ay 0952$ p. 

209} ~he Holder fo11."ri.'1atfon is largely located along the fringe of the 

Tu.lar11:n~a :Sa~ ~n ilTh the noJrth ail\d eoufch end of the S~c?'amer:.i.U;o 1v:cn.m­

tab1a. En the cen\tiJ."a.l a.A?ea nu: occu:res a.e isolated resistant caps Oi!i 

. n'"!ar.ry of the high Jrid.ges a~ the west front of the mountaii.11s . n In 

the ea!$te t."n part the beds of the Holder· are absent , cut out by the 

·unco1uoZ'mi'1:y at the base o~ the .::\bo formation.. 

Tdthin the a?'ea of :inveeitigationo the base of the Holder for ... 

t.'!'1atfon is exposed ~long the fiont of the r ange as fa.1t° no:irtb a.e the 

mouth of Cotl\:(mv~oocl Canyol'lo about one mile no7rtheastt: of La Luz o 

F :t"0!'.1.'1 thi$ canyon not:"l};hwestwau.'"d to the !':nouth of Domingo Canyono 

a dJ..st~.aAce of abou.~ 4-1/2 rnUes 0 the Hcld~:r formation forms the 

lowel' pa:irt oi ~he il"oiital escarpment ~Figu~e 4~. It ex~et.'"!ds about 

thl"ee -qu.al'te:t<>s of a mile upst!'eam along La.bo:n?dta Car1iy'o:i1 and its 

tribu.tarey canyons ~ The uppe'l° pa:rrt of the Holder fozrmatio:@ is ex ~ 

p@eed in a few eroefo~al windCJws through the Qverlying Abo fo~ma­

tio1'l in foe upper end of l~a .Luz Can.yon and along the west. si~ie of 

F J!.~esnal Canyon, bet!:ween L~ Luz Cai11yomt a nd State h""Jigh~111ay 83 . 

A c«.:'.ot"ding to Thompscnm U94Zl) p . 6~19 the lithology of the 

""~hl.JrgiH.an Se :w.~iesl) which indudes the }fold~ :r formationl) varies mol'e 

rnaEh~dly geographically than the lithology of any of the ·othel., P enn­

syhral!'Aia:n Se :des .. The va:rriaticms become especially r~1a.~ ked ie ihe 

I'' :Tesnal greoup pal'i of the 1:..foMlcr fo~ma'dJ~ono P ray's ~"cport U 9 520 



-3 6-
33•10' 106 oo· R. 10 E. 

. 135.~_/,.. 

T. 145 . 

~ 
UL] 

~ 
[EU 

0fl 
[fil 

Faults 

/ 

I 
/ 

Ool 

EXPLANATION 

~ ­
>· 

Pediment gravels and valley fill; 
older Quaternary deposits are 
not shown 

Yeso, Glorieta and San Andres 
formations; undifferentiated 

Abo formation 

Laborcita formation 

Holder iormation 

Beeman formation 

Gobbler formation 

Tertiary (?)intrusives; 
undifferentiated 

Anticline Syncline 

-+- ----+-
Roads 

Po 

·· ·-.__.// 
' " \ 1 

,J \ 
.........__ / 

Fig. 4 GEOLOGIC MAP OF THE NORTHERN SACRAMENTO MOUNTAINS 

(generalized from plates l and Z; area south of 33°001 alter Pray, modified by C. Otte) 

0 
Scale in Miles 

2 4 

. .f/ 
. -~ <,-;_ ___ / \ 

\ 
/ 

f 
,L... -"'-

Po 

5d 



p. ~ 87» i!:lJ.::ludet:i a ga"aphfo log oz tl:he eml~:b:-e 900 foot EJedfon that 

h"1® been asrsig.u.ed tto ihe Holdel.e' fo&"r.f1atfoR"A .. The base of th~ fcil."ma= 

tfon in !("i,nost oi ihe :.JaccrameUito Morw.:Atain~ c~:m.taim'1~ n-:u.ii.F.t.y le:eit:icula:ir; 

bo(liee of esseiitiall/ meu:~sive Hme$\tone, ·wU:h a maxin'lum 1'hfck ... 

~ess of about Jl 00 feet.. They al'e con.aidelred 'bfohe:rmal ~.ccumil.ila.,. 

tfons «P lumley, i953~. Th@ base of the Holder formatfoID. w&s 

mapped by P X"ay aa a. horizon ~oi1:'AckUng '"('i!ith the baec of the~e len ... 

teieulalf bodie$ . Although bfoheirms occu?' throughou~ most of ~h~ 

Sacli"amen.t@ M0Ulliitab1s , they have not been obsereved no:rth of sec . 

3, T . 16 S., R . 10 E . · and tht.is are no~ found in the map a&-ea" 

A ltlearJ.y complete section of. the Holdew formation, ehown 

by g:raphk fog ·t)fill F i gure 5, i$ expos0d i'J.gi the La Luz &nticUne, 

1°1 /2 mil®s imort.~ea.st of the cceinte·l" of th®: town of l,,i;a Luz .. The 

base of the eecifon i® located 800 foefc southeast of cen.te:f (ilf sec .. 

24 1) "'r. 15 z. p R . 10 E . The basal ! 00 feeie ·are X"aotl: exposed. The 

l@we~ 300 fee~ o~ ihe e~osed pa.l:'t of the secti.on 9 which app:ir@xi'i"" 

mat~ly c@~lrespcim.ds io ThonAp$on1e uKellelf groupu, i~ ma x>kcd by 

the lawge az.~J.©unt of coatese and fin® ~erdgenous dastks . Otr.!y 

ab©ufc eigh1' 1:Je)f.cent o;f this eectfo!A ~onsists of limes~one., '1'h 

sai;.'ll{hltonew a~e !alfgdy well worted 0 caktiU.°eous wandst€)nes, and 

were -p:irobabl·y laid dovni um.de~ m~:d~e or br©1cckish water conditions . 

About 20 pel"een~ of the; fowe:f 300 feei coin.sisis o;f sandstones and 

pebble congloimerat eea and {the re1¥1ait1.der is ccomp~eed of poody 

exposed greenish g~cay te> gray sbales . This is in max>ked contra®<J; 

with P?ay'~ wediOBl ii1 md.ian WeUa Cafiltyon ~l95ZD P • ]. 87 » 'W~Aelfe 

~hno$i half cit Che fowe1° 300 t€) 400 feefc consist® of Hmesi~rrie . 
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gray, dense limestone beds are inte:rbedded with gioay ancl r~d 

ness of the limestones is about fou~ feet . Only three limestone 

in about equal an~ounts up to 14 pel'cent. L imestone conglomerates, 

which occur ve:ry locally, are generally closely associated with 

the massive H.mestone beds and alre p:robably intrafoJrmational in 

~t"'igin. They might indicate an erosional bireak of :r;ninor extent! 

pex-cent in 1..,ja Luz anticline). They suggest near-shore deposition 

with ~J.ternating :reducing and oxidizing conditions. A reduction in 

the total a.mount of red shale is especially noticeable in the upper 

u Li:meatone ~'1.at gr&<dea upwa:rd b1tc white~ massive 
H.:rneetone ~ and thence gradation.ally or ab&"uptly to 
pale ;reddish brown mad, and theli1ce \t11i> nodulair Hme­
$}tone. -.v 



An ove:.iY.°tur2-ied ~tieHne m upper Peam!iylvanian rocks occux-e 

at tb~ 2!M..))!'tb eide cf Sal~da Canyomi m sw· i sec. 34 , T . 15 S. e kt. l 0 E ~ , 

m the sou.the&sttex-n part of the map ~?'ea . F1·om the COJl"<e of thi~ <ai.nti.,. 

d.ill'M~ Mb~ouritam. futaulmid® bav~ beegr. collected, p:r@bably belonging 

t;o the Bee:a1r1ll.li'l fo1"'m aUcn. Fumulinids D identified by Thomps@t as' 

* P~rsonal communication. 



pebble conglon·-.t1~rt'ates g Or1 the baeis of a late Yb:gilian age of 

the fusulinids 9 the outcropping strata have been correlated ~Nifch 

the Holde :;r formationg However , sort1e massive l:bne$tone beds wit h 

abundant ch.eJtt a.n<l lat"ge amcn1nts of g reen's s~ndstone indicate that 

thes~ u:nitts possibly belong t o the Beem.an ox> Gobbleir formations. 

The pre-Abo stl"uduX"al relationships a:ire complex in that a!"ea, 

a?iid a:re difficult io interp:ret. 

The va:id.oua classes of ~<SJ.:dn<e organier.rH3 in t he strata of 

the Holcle~r fo7fA.'!'1atio~ btdica:te a laJtgely mai"'iEr..e environrnen.t of 

deposition. 1" ~ e Fed mudstones ii:.'1 the upper part of the Holder 

forn.~nation indicate very shallow water or local t~rJrest:rial condi­

tions. The f'luctuatio!ls of the sea· level p:irobably exposed the 1t1ear ... 

shore m ud banks · to th~, oxidizing conditiotlls of the atmosphere o 

presel"fving the odginal red color of the terA"igenous clays ancl silteo 

Ut1deZo 3:"edu.cing conditions p which might have p~eva:iled on the bot"" 

tom of \the ocean~ the odginal red shales probably became green 

in color. 

Elsewhere, ~vidence of cyclic repetition of c e rtain litho­

logic sequences indkates ad:vance .and ret!reafb of the sea ~ with each 

cyd~ ~ep:;resentil'~g a. :r·1"1a.?'ine inva~d.01n.. Thia intx-a:fo1~n1ational lime ... 

stone cm.iglomerates might have been caused by local emelt'gence of 

fr:he depo~iUomJ.al area.. O'!f else e~osicm at the w~ve -base level with .. 

ou·tt: emelrgen.ce of the at:rata above sea level. !n both instances 11 

diasteme of ve"l:y U.mited e~d;ent occu::r . 

The ~l'O®s -beddi~g in the sa.11.uistones indicate shallow waie~ 
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co:r1di'Uol!s . Locallyo a b ,.;ac ki sh wateJ: environment might have 

e~d.stc.;cL L~:r ge chert anc qua:rtzi~e pebbles in son:1e c£ the con­

glm11e:;ra:terril al'e evidenc e of a n~$~:rby sou1°ce for most of the elas ­

tic 1!1~iteX'ial of the :folder formation. JMuch of the matex-ia.1 was 

probably deriv:ed from a landrnass to the east 0 th.at became an 

inc rettsingly :r.r:.o:re positive al"ea towa:-t>da. the end of P ennsylvaniat.'l 

anc the beginn ing of Per 1:11ian tirne ~ Tho1npson 0 9°*2o p. 12~ intro­

duced the name 11P edernal La.ndmass 0 for this positive area, 0 after 

the Pederna.l HHls l ZO iniles north of the map area in central New 

M.e:dco. 

Contact Relationships 

According to P reay O 9 52, p . 215) the Holder forrzn atfon i s 

eveX°ywhe?e in contact with the underlying Beeman formation. The 

two formations appear to be parallel 11 and evidence of a persistent 

eros ional Sur.face aft the contact has not been observed. The uppe!' 

con~ac~ of the Holder fol'matiori1 is mostly with the Labol'dta forma­

fd.o:iTh fl.n the n1a.p area. In the southeastern pa:rt, the Holder forma ... 

tion is bi direci contact with the Abo formation and the ~on.tact ie 

an angulare uRacomo?mity. lL.'11 the w~stegID. part of the ai.rea wher.e 

the Holde:r and Laboi"dta form a.U.ons are in contact, the two forma- . 

tionf:l ~re essentially parallel. m F !'esnal Canyon, south of thee 

junction of F resnal and La Lu~ Canyon·~ the upper contact is con­

side:tt"ed a disconf(U'rt1itvs or slight angular u.nconformityp sepa .. 

=rating fusu.Hnid -bea:it'bg stxafi:a from the i'llon-fossiliferous 0 possibly 

b:ra.c kish '\Vate1° beds of the L abordta fo:rmatfon. 



th7fough N1N' (Plate 3) the contact between the Holdelf and I..laborcita for.,,, 

matfon.e becom.eisr a more mat"'ked angular unconformity toward the east, 

cutting ou~ the top part of the k"'fold~r forn'latfon. * . In the uppel' part of 

La Luz Canyon., in aections Z2 and .21, 'r. 15 S., R . l l E ., about 60 

feet of' conglomera~e and shale ,· that are considered to be equivalent 

~o thf? Laborcita formation, overlie with distinct angulalr uncordorm ity 

the eli"oded upper pa:rtt of the Holder formation (Plate 2). 

F Jrom the top of Thompson's type section of the 11Fresnal gr oup!! 

aouthward in ~"l4'esnal Canyon, the upper contact of the Holde xi fo~ma.-

tion ha§! b~en considered to coincide with the base of a lenHcular pebbly 

conglomerate unit of a maximum thickness of $~feet. This horizon. 

a posiitil.om. 30 feet above key bed 4. The contact betweet"k the Holde ir 

* By oral co1~1rn.unicatfon of L . C. Pray, Di'. L . M. Cline, of ~the 
Umveraity cf Wisconsin, noticed a slight convergeIG.ce between the 
I"'loldel" and L abcrcita formations in F reenal Ca1iyon. sou.thwa ird on 
the \Ves t flalThk of the eyncH.ne. lin the distanc<e of 2 rnilee fll."om 
Thompscr.i' s ~ype section of the n1P1"esnal g?oupH to State Hi gh'\vay 
83, about HlO faei'c of the upper atl'ata of the HoldeJr lfolrmatiolnl ap "" 
pe~r 'Ito b e cut out by the basal member of the Laborcita formation. 



obvfoue physical u:!tl\c0>mo:irmity11
, mus~ l!:'epl'esentt only a diasterr:d<e 

b~eak of verry h:H:.al extel'.it. lite is eignifican~ that in ~his a:irea the 

Hthof'adee of t l-ae two !ot>mations neaJr the contact al"e veli'y dmi-

'lsi.lf. The uppe}l" contact cof the Hold.err fo~rnatio~ b discussed in 

1~·1,~Jre ©etaU under \the .L~.b~:;rdta fo'1"ma tfon. 

F auna and A ge 

~\ cc©:irding t© :Plray P 952, p. 2! 6~ ~~a -;id~ asso~trnent of 

b:fa.chfopod6 , coll"ale 11 bli."yozoani1l & pelecypod~ and g~atl°opode " a.Ire 

pas-tkulaifly abundant m.ear the top of the Holde~ fox-mation ~n ~e 

area betweelil ri rry and F Jresnal Canyons . A lso in L a L uz Cam.yon, 

in the ex(;ellent _e~posuJr<es of Thorn.peon' s- type nF resnal g:roup", 

th.e ~a.me fossil gJroups occur bi la~ge quantities . So fai1" )ThO de"" 

tailed stutlie~ of the onegafossils have beelffi published. A compal!'= 

isomi of this fauna with tihe coHectione of th~ overly:b~,rg L.abol"dta 

f©!fma~fon, which aX"~ dbcussed in Appendix lt, might yield im 0 

pcai Jr>tQa.n\t ~esults fo:re invesfdgatfonl~ of the Penn~ylvanian~l? e:ir' ll1J."l iami. 

boundaX"y iR! other $1.I"eae . 

:Fusm.linids a.l'e abumldaintc and have been s~udietd. by Thorn.p"" 

®on a1!F.d ofili.eR"s . Thompi!H'Jlll · U 942·, p . 74» lrec@gl'ffiized at leam~ 20 

Z:usu.H~id""b®atdng ~ftratCA ·in the fossiH.fceX"ouf! ttype sec\tion of the 

H!i .. Jees~aJ gproup~~.. .Both fche Missourialli and VirgUfa.n. Se:iries for_YJ. 

ai. paJrt of the Tritid.te~ Zc~e . DUUilbal? 09·40, p,. Z69~ lfemaiQks tha.'1: 

the eady sped.es of TX"iticites alre all si:rn.all and ~leiAd~:i.r arrMi have 

~elafcively ~hilm wan~. Gibbous l©l'mS, S~<Ch am T:ll'itidtew plumrne :tdo 

appea.Ji? filfsifc i111 the foweir Vi!'gUian. ltim the u.pp~ir pairt of. the Vh~gn.,. 

ian SeJrief:l the rrHAch lairger? T:tdtkU:es ventrk!JJ>s~s aJre ~ommoino 



of the genus Tri.t!.cites . Fifty feet below the tops the large obese 

specie::; like Triticites vent:r'.i"i.cogus val"'9 sac1"'amentoe:rrnis Needhamv ... ~ -·---=-*--~-==> 

ian ageo Th:l'E,$ 11 a very complete parr"a; of the uppel' Pennsylvanian 

System appears to be preseA'!t in the northernznos t Sacramento 

Mountains o 

Thompson placeG the bounda:ry between. the lviissourian and 

Virgilia.n Series at the base of the massive. biohermal limestone 

(Lloydii 1 9 49 ~ pl. 4»11 which is the horizon mapped as the base of 

the Holder fol'mation . 



me far no:rthwesi\1: as the NaiA!imi~n~o Mountains , as fa? south-.;vest 

a~~ Silv~:r City , and neair the south border of the state in the Hu.e co 

i i:ountdns tt f!ho~pson~ l 942 , p . 67) . On th~ bards of sub~udace 

i!l'.io&0 ::na.tion, it a;.-,pcar s that east and southeast of the P edernal 

lv!ouilllta.ine the Virgilian is one of the most wide.:sp:read diviaiom.s 

of the PeID.miylvanfan Systeln ( L loyd, 1949 , p . 31). The Vi?>gili~Jm 

. mairked a wicleel,(.,read acdvaiic e of the sea in the New tl~~~k~ area. 

lt~. ~ome areas ~he ·late 'fi'2'gilial(l sea per6isted fdu?ough the dulration 

of. the Peririlsylv aruarm Sya tem l) as in the nolrther~ Sa.cir~mei"lt@ lVh")Ul.:'A = 

t a i ll$ whelre the VirgiHan i~ v~Tfy thick . )In other a .re :=is the upper 

pa:.rn: of ~he Vi~gilian~ cor:ireaponding to the uppe :ir pare of the F res.., 

iaa.19 a.pipeai.!f's nev e r io have been deposited. 

At the out6ef!; of Vi:rgilian timeb the aea extended ove?' wide 

ail"ea~ of New Me~dco . Th~ lower Vi:rgilian o~ Kellel' stage bas 

be~in. rt"eccogni~ed il-1 an a reas whe l?'e Viirg iliarra rock si are known. 

"r~r~¥ard F r esnal time , a g i'aducal ehaHowing oi the ocearil 

to'Ok pfac~ , leai.ding towards the development ofi more or l~ss sep 0 

a. ?'a~e , b~~t not i solated 11 ba.s ifill~ oi deposiUon, mainly west of the 

plropoeed Pede!t'&'ls.l .La.~dma§ls. The pl!!'e sence im. some aE'ea~ o~ the 

re@ bed !!adew of the Bruicn foJrrnation Uowe~ lT lresnal stage~ , fi:hat 

1l"etrM:he$ a thickneas of l 20 feett11 and i~ compo'eed of z-ed shalr.ee and 

a 1i"koe€e 11 with interrbedded 11 fo5Gliliferous, illodul~:r Hmestomi.ea, indi ... 

c a t ers fchis development. De~pi\te ihe gradual li~csttridioJTu of the 

ba~in~ " the ~ ti:~at& of th~ lowel!" E~resnal stage al"e s ~ill rela t ively 

widesp~ead am.~ occuJe as fal? as Alb·uque rrque in the nortl:1 0 Silve~ 

C ilJ:y in tche wes~ a~©1 nea~ La~ C!fuce~ in ~he ~oueh. fu"A tthe ~astelrn 



ward i~to the H:rnestcnes, sandstoro.es and shal~s of the lower pa.rt 

On the basis of fusulinids, the upper F resn:d s tage appears 

appealt"a to have been pax-t of one la Jt>ge ma.rme basin tha~ ~ecej.ved 

2ediments throughout Vh'gilian and even early V;1 olf.campian time. 

of New .s: J.f:exico, deposition du.reing the Pe!i~eyhranian was controlled 

by the developme>I?.t of a, numbel" of gene:u.~any north- soul.1-i trend ing 
' . 



The depttndtfon of much of the Permian sectior.'1 was greatly 

by L loyd U 929) 0 Three r£tajor fades can be recognized on the bas i s 

age from earl y Wolfoampia.'11 te> Guadalupialillo This study involves 



fades~ is of signilicanc~ 01-'!ly in ll."efa~em.ce to the younge r Pe:nnian 

st~aia . Thes~ ares acco:ird.ing to thee classification used by P ray 

0 952 0 F i g:uE>e 35a), from oldest to ycn;rn1gest11 '6:he Yeso , Glo!'ieta ( ? 0 

arid San Andres fo:l.t"mations ,, au indicated on F igure 3. 

L"l l.94Ze Tho1·np~on (p.. 82 ~ descdbed a series of strata 

ove~lying t he uppe;r Virgilian beds in L a L tiz Canyor.ll.. These beds~ 

composed of :ired and gray shale 11 sandstonep conglom erate aID.d a 

fow Hmestonea::i contained fu.sulinids of early Wolfcampia.n ag@ ili1 

the upper portio~o Beds of silnilar age occuJrl"ing in the cent.?al 

part of New Me:td.co db.,ectly bel9w the non°ma!'ine Abo formation 

:tr·eceived ~hi"ee dilfere:nt narnes in 1946. Kelley and ·\,\- ood (1946) 

bil.troduced the namej) Red Tanks member of the M ade:;ra limes tone 

in t'che L ucereo uplift a.bout 140 miles north..,noJrthwemt of the' no?thern 

Sac?'amento Mountains~ Stajfk and Dapples 0946} asei_gi'led the 

narne 11 :<>4.qua Torlres f~rnr~a:Uon, to a pr~dor.ab1anUy :red bed s,equ.ence 

inte:rbetlded with tn&l1fine lhYJ.®stones,, in the Los P ino@ Mountains 

about l 00 rniles north ... northv1est of t:he map a~ea. Wilpolt et al 

( 194 6» dea i gnated the same sequence Bur sum formatio;:J.s which 

t e:rm wci,s widely adopted by the geologists of the Hew Me~d.co Bureau 

of Mifil!.~S aiiid Iv1funera1 Resourfceso L loyd P949) and P ray ,0952} 

a.ppUe~ the sa:rn~ name to Thompeoiu•s sequence of n ti.0 ans ition bedzn 

t...liat ove~U.e the s~lrata of the nFE'~ S)~al group:t in the northern end of 

the Sac "if al.!'!j enito ~"1:ountaill'As o 

The evidence ~esulting bo1'1'1 the wll"itex- 3s detailed field 

studies r.ieces :rdl.tates a revision of the nomenclature of ~hese stl!"atao 
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tleepnte the uir.M.:1.esi!fability of addhr"Ag @. new fo~mal!:fo~ name to the 

alifea.tly comuemg n:~.u-nber of names fo!f rotek=v..mita of Pen..~eylvanian 

and eady P er··:n.ian age itn New Mexico. Rn the Sacramento Moun ... 

tains, ~.,,e 11\t:J.?&!M;itefon bedsn consist Aa~gely of a m.a.rine sequence 

of fos;sillie:roue grt&y ahales, limestone@ and sands~onee, wheA"ea~ 

in <eeiitlral ?Jl?!w ~vlexico tl"!e· Bureum forma.tioth is predom.ilrlantly 

composed of, red beds which occur interbedded with a few tlld.n, 

fusuU.nid..,.bearing limestonee. Furtl1ermo7re, the lower pa.rt of the 

ntl::raneition aer.ies ", which is non-fossiliferous in La. Luz Canyon, 

contains several zonee of iu~u.linide two m iles to the north. indi­

cating a late Virgilia.n. age. The use of the name, Bursurra ioxn'la. ... 

tfon, a~ least for th<e lowelt' portion of the uira~sition." seriea, is 

therefore not valid. 

An alternative suggestion changbig th~ definitiou of the ur..11 ... 

derlying Holdeie formation to include the upper VirgiUan part of the 

~' tlr~aition beds 0 a11d t.~ereby restricting the name, Bureum for ... 

mation, to the &"emaim.ing lower Vtl olfca--upian poirtion ie no~ feasible 9 

in view of tkt.e uncomo?":mity at the base of the Ht?'~naiiion beds" in 

the area south.eas~ of L a Lu~ Ca~yon. 

Tbe term, Labordta formation, ie proposed fo'E' th.<e stioata 

cc:'.11sisting Aa1i?gely of gray and ~ed mudstone , gray H.meetonres, sand ... 

stoID.es and eonglomeJratces between the top of the Hold.e x:. formation 

aZJi.tl the top (f)f th~ highest marine limestone undedying ihe :rna.in 

!'.nass of Abo terrest~ii.al da.atks. The base of _the type section is 

located 700 feet southeaS1t of the cel11te:r of sec . 13, T. li 5 S., 

;R . 10 J~ . , at the r1orth eiide of Labordta Canyon, from ~.which the 
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ZG of P late 1. 

P laie 4 . 

The Laborcita formation. cJrops out as a narrow, 17 n:1:Ue 

matio~1 from a point one-quarter m ile south of State Hi ghway 83 to 

lowe A" portio1~ of the Labo!'c ita formation forms the c:irest of the 

Labordta formation forms the entire frontal escarpment for a dis-

ta.nee of about eight miles . 

A few c onglomerate beds of the 1,Jabo:.rdta formation that 

a:re exposed through windows in the ove1 .. lybi.e; Abo ~ot>mationo a3:'e 

located thx-ee~ l1'iiles east of the junction of La Luz and Fresnal Can-

yons. Southeast of the map a:rea, the Abo formation directly ove:r.-

lies the 'trtuicated beds of Pe~..nsylvan.ia:n a11d Mississippian age:i 

and th~ Labo1fdta. formation has not been :formally recognized in 
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Lithology 

tfeneral F eatures 

The L aborcita formation. is composed of widely different 

sedimentary rock typea o As a formation, it truly reflects the chang­

b'hg conditions of a predominantly marine to a predorninantly terres• 

trial environment of deposition. Thin•bedded, argillaceous lime• 

stones grade into thick- bedded limestones and occur interbedded 

with gray, green and red, commonly calcareous mudstones and . 

shales . Pure quart z sandstones , feldepathic sandstones , arkoses 

and subgraywackes. are present; sands~ones grade into conglomer ­

ates with clasts of varying composition and size. Except for · the 

shaly intervals , the single lithologic unit~ are rare.ly over 15 feet 

thick. Many of the beds occur in a cycUcal repetition, but less dis­

tinctly than in b.-,e underlying Holder formation. 

Many of the strata do not extend laterally more than a few 

hundred ya~ds and lens oui or grade laterally into a differen~ rock 

typ~ . Calcareous shales grade into nodular limestones . and/or 

thick-bedded limestones . Limeistone conglomerates may grade into 

thick-bedded limestone beds in one direction and into chert pebble .con­

.glomerates in the opposite direction. .A few beds, however . appear 

with relatively greater persistence and alfe continuous for several 

miles . 

The· abruptly changing lithofaciee cause sections, only a few 

hundred feet apart, to differ considerably. Therefore. it is prac­

tically impoasible to distinguish· subdivisions in the Laborcita for,. 

mation that could be recognized over much of the map area. i!n the 
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field!) horizons :foriT.led by the baec of n:~a:t'l.Y locally recognizab~e 

rock unit s "-.ve~e rnapped ll and detailed strati.g &"ap}1k sectiOl'lS were 

m cusu:red and described thiroughout: the a:re~~ · The more persisient 

of the rock u..nits ~.,vere used t:o col'l"elate the rna1'ly :.rneasurqd. strati­

gl"a.phk sections., and the l"elcJ;ive atratig'l'aphk position: of p l"evfously 

'known. and newly discovered fossH occitrrences \Vas deterrnined ac-

Xn an attem.pt to po:rt:ray the aJbl'upt facies va:tia.tio·:s in ·C;he 

.L.abol'ciia formationi; graphic loge of 34 of. the col!"!'elated sections 

arc plotted on P late 4 at a E;cale of. 50 feet equal l inch. Thl!e mapped 

horizons ai'"e numbeir"ed. consecutively upward in the section acco~d­

i:ng to thei:q;> ieela.tive a~1 .. atigraphi~ position. Th~ st?·atigraphic posi­

tion of a fossil loc~.lity not along the lh~e of a mea,sured section is 

indicated with Z'®spect to tbe 1·v~a:rest meastii"ed section. Foseils 

collected along the line of . a m.easured section have the:b: collection 

?fAtimbe:;: pr~ced~d by the ~lumber of the se~;;iiono r'ol' instance ~ 

· 18-F ~ 3 il.1.dicates the thiz-d fusulinid collection along the line of 

measuZ"ed section HL The location of all measuzied sections on 

P lat e 4 ~l'e :recorded on the geologic maps (Plate~ 1 and 2) . Diffe r.., 

ei"Afi: 'batdlle Hnee have bee1.1 used for plotting th~ graphic logs on the 

coreLrelation d iagrar.n . 1Vl arke ~ horizons 4~ , 37 , 53 and 55 we:fe used 

respeciively from ll?ight ta. left on the diagl'am. 

The detailed descdption of one rneasured sectio11 ~ .the typ~ 

eection9 would nolt: p~esen'i an adequate picture of the various fades 

in the i..iabo:rdta fo:r.n:1a:lion. Thus t1 foul:' meastu;ed sections that 

were conF$ideJ&"ed :iu:pi.,eseniative fo1f the liihofacies of the J. .. abordta 
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Cunglnnn·rittl·, lln1P:--;oue al! ci l h t.' rt 1whhl1•!-l . 

( uv1·rl'tl; l' roh.dll\• n•d 11\tl\btlllll_' . 

( onglun~i·r,ttl', blH' JH'bhl\ ; pn·d1_1n11nautly l1 n 1 c~t.P 1 n•; ~tH1ll' tht•rt d:td q11.1 l'f /',l lf' . 

t\.1ud~tu111', n•ci, ..:,,univ . 

( lHtglon1('rll tt • ,11111 !--<trtd'-Jt<HH', nwtinun gray; d1crt <tlHi :-.1JIHl' qu:1rt.1.1tt• iwhhh•!-- . 

Poorlv t''-PO'-> l'd; l.1r~~dy n ·d nnnbto nt.·. 

Plate 5 

S.ind:-.tont•, q.
1
,. ri .~, i 11~!1. f hrt1"\'.1ll ._,h gr.1y, l tia n-.P ~ l",ll1H'<l , t'tth it rt•OU~j 1. h1.·rt pt.•bbl 1..•:-. t n bnttU lll 2 ' · 

L 1n1(.•:-.hHtt', m.l'd 1ur 11 gr.1y, vt•1·y ~an<ly . 

On• rly1ng ~t·t 110n mea sured ;:tlung ~trtkl' ,1huut 2l100 ' tO\'Jd. l' d SE . (Sl·dHrn b} . 

( 011g l onwr~1 t t>, l 1ml·'1tulh' lH'bblt'-"' · 

P ou rly t• ·,po~cd ; largt-ly n •d ~h.dt.• 

S.i.nd~1nne, qu.1 rt.1., ydiPWl",b gr ;:1 y, nH•tinun gra111t•d, t <1h'arcu11~ . 

Mwbtont ', d;11·k r t•d \ .th' ,lrt'OU!-. . 

I .1 n1t'~l t HH', nwdnun dark gr~ty , ; 1 qpll.1t,·<.· uu~. ~uhl11hugrttph11; ,dg.11 nlrUl tu n'.., prl' .... t·nt. 
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L i m estone, m e d ium gray; grades upward i nto sa ndy I im e stonc conglomerate. 

Poor;~s:~,~~:::~ 51 .. n gcly grct>nish yellow c l aystonC' w ith minor interbl."dticd dark si lty lirnPston(> , 

Conglorn(•ratc-, s andy, pebbles a nd cobbles of lime s tone and c h e rt. 

Ovl'rl ying section rncasu rC'd N. lO E. or b as f· of Laborcit a section. 

Lim e s tone , n1 edi un1 g ray, argill::u.· <"ous. 

Cov(_'n.•d; p r o babl y g ray s hal e . 

Cl ays tonc , red, vt>ry ca lc a reous . 

~uart.z sandstbra- , cal ca rC'ou s , brown wcatlH•rin g; f<'w c h e rt pebbl c.· s. 

Largely <.'overed; proba bl y gray, calnHcou s d aystone. 

Lim<·HtunC' , o li ve g r ay , argill ac<>o u s , thin h<•<lcit'd, pr o b a bl y intC'rlH'dch·d s hale . 

Co v t:r<'d; non-red. 

Conglome r ate , g ranules and 1whbles of l irnc~tonc ; grade s u pwar d into calca r eous, m.C"dium g rain ed 
quartz san d s tone . 

Larg l'l y l;OvC'red, pro b a bl y y t•llowish clayston<'. 

Q nartz. sa nd s ton£', mediu m grained, cakan•o u s ; a r gill accous lim 1.•s to nC' at base. 

Conglorn(' r ate , sandy , ealcar C' Ous, pebbks o f l imC's ton<• and chert. 

O verly i n g sec tio n measured a long st ri ke a bou t 500 1 to tlw nor th . 

ClaystOnl.' and si l t s tone, dusky yP ll ow, ca lca r e ous , f e w l to.!. ' " layers of arg 1ll 1.u.· co u s l i m estonl'. 

Covc r<•d; probnbl y s i milar to un(krly i n g unit. 

Poor l y ex posed ; li g ht yellowish gr a y cal can.·o u s d aysto n e , mrnor argillaeco u s lim<'.!:> tone . 

Limes tone', rne<l.rnm d rn k g ra y , s ilty, thin b t• d<lcd; uppe r 'i 1 w eather s yt~llowish g r ay , car bon t.st· e>ous ; 

strC'aks o f c h1..· r : , p<'bble!:o and qua rt z sand in middle pa rt. 

Shal e a n d sll t s tonl', dar k _g ray, (' alearC'ous , (·a rbo n a c cou~: g rade s into overl yi n g limes to ne . 

Covcrf.'d; proba bly d a rk s hal <". 

~ I---+---!;=='=='="=' 
.Juar t?. sa ndstone', rind pC'bbl e l"<>nglom era te; pC>bblC's la r gely linw s tonc a nd ch.E>r t. 

ll. 

Contact: Shar p lithologic bn·ak f rom nodular lime sto n e and shalt• to sandston<.• 
and p e bbl C' co n g lomerate T r at' C' d lat<.•r ally , l1 tho lo gic d is tinctions 
b etween underlying a n d overly i n g s t ra ta arc n{>l s harp . o ntact is 
inl C' rpreted a s diastc m, rath e r th a n as m ajo r su rface o f un c o n formity. 

Linwstonc, medi um gray , p a r t l y nodular; ovcrliC' S g r <'enish gray and reddi s h s hal e . T h is i s 
th e lo p of the t y p<.• sl'ction of th e F"resnal Grou p of M. L. Thompso n. 

Ba~ <.· of Laborcit.a s e<.·tion is n(•a r cent.er of SC'c. 30, T. 1 5 S., R. 11 E ., l0 1 

NE of road in s e t· ond a rroyo N W of ro a d junction from La Lu z and F'rcsnal 
C anyons. Sec ti on mC'as ur e d up arroyo toward NE. 

STRATIGHAPHI C SECT IO N OF TH E LABORCITA FORM A TION IN LA L UZ CA !\: YON (SE CT IO N S II AND ll ) 
(largely s umrna ri ze<l f r om a s1.._·cti1..>n measun•d by L. C. Pray) 
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Intrusive rocks . 

Sands to ne" ; vC"ry rc· s i st<-i.nt. 

Muds t onc, d ark grcC' nish gra y . 

Limcston <.', g ra yis h red. 

Poorl y cxpost>d , l<.iq~ely r c.•d mud ... tom• ; li :tH' !:.lf.H W :m d ult•s . 

L1mcston(>, l ight browni s h g ra y , arg 1l lac<'ous, u ndulat<Jr'l lu.:dd i ng. 

Covcrc-d . 

Sand s tone, dark n~ d . n wdium grarncd. 

Plate 6 

L1 mesto n c', light brownish g ray, a r gillan•ou ~ . undulatory lH>ddrn g; inf 1..•r lw dch •<l \.\lth rt• d mudi.,ton1'. 

S a ndston<', quar t ?, , g ra y 1!ih n •d , ff1edn11n gr<tl:H• c!, cah-areou s ; gradC' s a lung :::.t n k l· 111 1. o bbly 
quart7.1 t e 1..·onglomC"r a h._ 

Poorly C'xpo s 1..•d; lar gel y n •d rnudston c and l i nw ~lo nc no<li d c·.s . 

(.ongloincr a 11..• , pebbly, dH' r t; top g rad<· s inh.> c.;a l <.'CH't• ons sand s lu n<'. 

Poorl y C'XJX> ~ <·d; large ly red mud st on<' a nd lirnc!-ilom• nodul(• s. 

Limes tone , grayish n•d, arg ll la«eous , no dula r . 

P o orly t•xpusC'd; l a r g dy n•d mud!:>1o ne. 

S and s to n e , dark r ed, mc>dium f!raitH'd, rn tc rb t: d<l t•d with rNi mu<l s ton t.-. 

C.onglo m C'ratc ; C'ObblC' s o f qua rtzite . 

P oo rly expo~ ed; l arg<'ly rc>d muds t on(' . 

Sands1on c , quartz, vl·r y C'O <lt' .!:> (' grarncd; t: h ert tH"bbks . 

Mud stonc and s ands tone': M,.r k rNl 
Conglome rate; pebbl es and coar s C' qu arl.I . .!:>a nd ~ to tw (61J% t•hen , :-;om (' linH..':, toiw and q uartzite'). 

Overly ing S('ction ll m<'asu rcd from a pornt 600' sout}H·ust uf l"C' OtC'r of SE 11 -1 St'(' . l CJ , T . 11) S. , 
R. 11 E., toward NE a l ong hne o f mcasu r('d sec..·t10 n ll. B asl' o f SC>l,'tio n in bottom o f gully . 

L i m estone', medium g ra y, a r gillat•co u s ; s li ghtly n o du lar. 
C ovcred . 

L 1mcsto nt.· . <lark y t.~llow brown , sandy, fragment a l, <kn s c. 
Covt.~ r('d. 

S and s ton e , c a lcareous, th in bt~d<l<.·d; minor pe bbles ; fo rms rt' s istant l(·dgc. 

Poorl y exposed; probably lar g el y r ('d hro w n mudstone; rnino r cxpo s<.·d bed s of gray a nd t'C'd hrown 
mudstonc , cal ca rC'ous sand s tone, and argillacC'ou s lim<•ston<' no d ule's. 

Lime s t one , dolomitic, silty , argll LH·C'ou s ; b c <ld1ng nodular to obscun., w t.·.l t lw r h moal<'d yt•lluw 

hrown and reddi s h. 

M ud sto n<.', re d , cal car<.'ou s , minor s andston« and limc>l') tOnC'. 

Limc-:;;tonc , s a ndy; a nd p ebble and cobblt• co n g lo mt•ratt:, :1bou1 -~0% q 11a r 1z1 tt.• frag nw n t s . 

rvlu d!> lUnf" , ve ry t."<11(·<.t rc•o u s , mo<h•ratc rC'<l b r()\\f ?l. 

Sands tone , fine to m£>d i um graint•d , caka rt•ous , thin hC'ddC'<l; minor li my st n•ak s and so f t s ha lt'. 

Poorly exposed ; p ro babl y large l y r e d brown c alcareous n1udstone. 

Lime s tone a n d li m esto n e eonglom t•ra t1._·; med iu m g ra y, s <1nri y 11na· sto ne at ba!->t.' g ra<ll' s up in lo l ime ­
s tone pf.'bh!C' and C'o bbl<' t.·ongif,mt•rate . 

C ovcrNL 

Congl omerate , co bblC'S o f quart.1.1tr (·10%). lim c•stone and chert; matr i x sandy , ca lt·a r o u s . Chantw l 
at ba s r . 

Overlying Se<· t ion nwasurcd alo n g s tnk t• a b ou t -10 0 ' to t h<' .:;ou lheas t in s h a llo w draw. 

Cov<•re <l. 

..)uartz sands tone , fin e g r arncd, t·:ikar('ous. Light gray s ilt y limestone at base g r ades upwa r d rnto 
sandston e . U n it forrns r es1stanl nm o f hill, thicke n s to the NW . 

Shale , t>live g ray, cal ca n ·ous; 6 ' a b ove base , 6 " layt>r of gray argi l lacC'Ous llmc stonc , fo ssi liferous. 

Shal t' , medium g ray, c a l careous, fo ss ilif e rou s (brac;hiopo d s ). 

LimC's tont.~ , m cdrnm da rk grwy, s1 l 1y ; mtl..'rbcddcd with cal careous , m ed ium gray , si lty shale. 
Abundant fu sul m ids (S c h wagC' rina ). Fossli lo cality 11- F - l . 

Poorly cxpOs(·rl; l arg <.•l y 11on -re !'istant o l ive gra y calcar('ous s h al e . 

Shal e , olive gray , cal<:a rt•ous; cap p e d b y 6 11 a r gil l aceous l i mes to ne. Ab unda nt bra C" hiopod s , gas tro­
pod s , pc lce y po ds. Fossil lo cali t y 11 - M- l. 

Shale, oli v~ g ra y, calcareou s , with intcrbcddcd fC' l d s pat h i C' quartz. s and sto n e , and silts tone; 
c-arbona c cou s. 

L i n1 csto n c , pa l e rt.•d brown, very nrg i ll at·<•o u s , 1nass1v<'. 

Poorly Cx pos c<l; la rgely non -resis tant , o li v e g ray, very t•akarcous s ha le . 
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Lim e sto ne, grayish red; <1lg•u.·; mass1vl.' , 

Limest o n e, g r aylilh r e d, ar g ill ac e ous, r.odular to undul a to ry b ('dding. Ab u n d a nt lusul 1n1ds; 
18 - F -3 . 

Poorly e 1tposcd; larsely r ed niud s t O'>t:'· 

Shale and a r g illacc oui> lim e sto ne int erbedd cd. Abur.da 1H [usu l m1d s i n to p I.a ye r: 18-f - l. 

Limes tone , greenish gray , S;)ttdy , well bedde d ; grades u pwa r d into mt"d1um gr a 1n ('d, olive g r :'i y 

Contac t of L abo:rcita lormation projec-t('d to base o r u11i t .!O f se<- C o rre l :H1o n Char t)- Contl'l ct 
l\ppears to be g r ad.Hio n a l. No !!ign 1(1 C" ant d1Hert" nce i 11 li tho log y on l"it he r sid e o l contact. 

Mudslonc , du io ky red wHh sands to n e laye r . 

Lim estone, m ediu m light gray. s ilty; algae in Wp part-
Cov ered . 
Conglome ra te, pebble s of hmc-slonc and cher t i n s 1lt51om:· m .... t n x 

Cove r ed. 
Limestone, medium gray , mas s ive: fossil debr is . Ve r y lent1~ul::.r 

Poorly e xposed; probably sh/\k . 

L imesto n e , medium ligh t gray. nodular beddrng with shal e i nt ervals : brac h 1opod s .Jod fusuli oid :s. 

C o vered: proba bl y shale . 
L1mcs1on,;. mt>dium gray. nrg11lacc o u s; l' s hnlc l;1ye r . Foss1llf c roui1 : fu.sulun d s , cor a l s, 

brac hiopod s: l oca l it~· 18-F-l 
C o v ered; largely i!>h;a\c. 

L1me.iito 1H', medium gray, coarsely lragme nta l ; m assive. 

Covered; probably shale 
L 1mcs1onc; sc n tu::r cd pebbles of li mt' s tone a nd cher t . 
C overed . 

Limestone , med ium g r ay , wel l bedded; tos s il1tero us. 

L ime stone , m.,d1um light gr:iy, arg1\\nc::eou~. n o d ular : m t erbc ddC"d With sha l e 

Lime sto n e , mcthum gray: a lga l debru 

c o ... C' r C'd; proba bly f'hale . 

L1me $ lOne, tn t.'d1um gra y , no d ula r , a l gal. 
Shale, du :!l ky ye llo w gr('C'O , with thm s ands to n._. bed , 

L 1mC's lone , mt'd1um ~ray , well bedded; n odula r hm c s tonl:' with f u sul1nui s. 

Po orly C:l<po .scd:' pro h,'\bly rt>d mud slOnt' 

L imesto ne , nied iun\ dark gray . alg <,I: cen ter mt e rbe d d!"d w i th " h "\e . 

Stind .: to nc, light hrownish gr<' y , mc·dium to c-ua rse ~ra ine d , s t ron gly c ro ~ ,.-b.,dded . 

U;i. s P of measu r ed section 10 botto m o f L.'tbor c ita Ca n yon , 7tl0' S E o ! 
n •ntcr of se.· ll, T . I ~ S . . R. t O t: ;:•t north s 1clt:' or ca n~·on. (Sec: t11m 18 ) . 

STRATIGRAP H IC SE("TIQN:'.' TION OF TH E LABOR C IT A f"ORMATION IN L ABORC ITA C A N YO N. (S£C T IONS 18 , 19 AN D .!O) 
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Sandstone. ydlo w1 .. h gr;\y , ve r y fi ne Hra med . ca kareou io : 111 1t- rbcdd C'd wi t h 1h 1n l 1meston'l' la ~· t•r <, 

L i m c i>tone , rncdiurn g ra y. ve r y s a nely , g ra nules of che r t 

P oo rly c x po s ('d; shal e ~. n d g r eeni sh g ra~· h m C'ston•· a t bouom . 

S.and sto n c , qu a r tz, ycll o w1s h g ray, 'l1e r y [ me g ra i ne d , ('"' lc i'lr <-ou ~; m te r b e dde d with .s111 .. ton~· 

Linw ,,t un e , grayish r e d p u rpl e , [mcl y granu l., r. w e ll b edded , w i th s illy p<lrungs 

S il t !'to ne , medium g r& 1ne d , ca lcare o u s ; 1nte r bedd.-d w ith sha l t" 

L1me s1one , 1n 1:d1u m ll Rht g ra y , a r i;ill ac;:eou s , w i th u mJuh<to r: y b.:•d d 1n g . 

St lt;i.t one, grayi s h r ed, 1; al ca r ,.,ou s ; 1ntf:' r b<'d d cd w i th slvt!e . 

P oorl y ex posed; h1rgcl y s h ale : nodul o.r: a r g 1ll.Ac cous lime stone a l buttum . 

Lirnestone. me d ium g r :. y ; m a ssive with :.h .. l y parting; ba s n l I ' o [ upver l e dge' c;:ont.ains ab ul\dant 
fu1u\1 n ids; l O-F -1. 

P oor l y e x posed ; la q;el y r e d s h a l e and nodular a q;il la c;eou.s li rne 1> to n e 

L imestone , m e d 1urn li g h t gray . ve r y a Tg 1l la ceous , u ndul(l.tory b <•dd1 n g . Abunda nt lus u li1ud:i. 

Ba se of ove rlyin g mf'a su r .-d secuon 350' N o f cc nh•r o r NE 1/4 Se c I J , T . I '> S . , H 10 E; , 

17 00 ' a long s tr ik e o f un11 35 or p r e v iou s Sf'ct io n 1owi1rd N NE (ho r 17.on 6 or corrc l a11o n c ha r t) . 
(Sec tion ZO). 

Nc ma1n de r of ... e .;t ion poorl y e x pos ed . 

Limestone , m e drnrn gra y , u nd u l a loq· bedd mg: at g ... e . 13a sal J ' with no d uh 1r fu.sul m 1d h mcs1one 

(D 1.1nba r 1nella sp . ) ; IS - F - b . 

Poor l y C' x pa ii.ed: la r g e ly n :d m ud slOnc . 

L1 rnl' s tone , m l:'d111m gray , ar g 11lac eous , nodu \ ,. r ; .))gni:. 

Sh i\l e: poorl)' <' x po st>d. 

L i mt":.Honc , m C'd1um ~rriy , ;.lgal de b ris . m ;;i. s s iv e : 6' ! rom bo ltom a l ' l\ r g 1llaceo u ;!I zonf:' ' ' ' 1th 
u ndula to r y bt'd d 1n g . Abund ant lu s uh m d s ( Schwag .. r i n:'I i; p . ) ; IS· F" ~ S 

L• m l.' s ton(' , m('d nun l q;~h 1 grll y , v ery :t. rg11laccou f; , u ndul a to ry b edd mg Abu ndant {usul1n1ds 
(T r 1t i ei tes sp . ) rw:H b<'l .5 C' G rade s upwa r d 1010 al g~l l11nc sto ne : 18 - F -4 . 

Cover ('d: pro b ..i b l y r l.'d shal t' . 

tangl o m e r :.te , li m estone a nd c h er t pt>bb l e s 1n s a nd s ton e ma tri x . 

Covered, pro b ;ibl y s h alr 

Sh 01l 1:, d u sky ydlow g r een , g r adt·s 111 10 c .. l careous siltston e . 
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Plate 7 

Conglo mc r l'lt (' , da r k y e l lo wish brown, p., bb les o[ q u a r t z.it., , chert .an d 5omc l1m c s to n e m sandston e 

Poorly expose d , red muclstonc . 

l.1 m e s t On(." , J)<' IC' )•i:l low1sh b r own , a rg1l laceou s . 

Co ve r ed . 

Con g lomi;: r atc . pebbl cs nf l11ncs ton" and ch e rt . 

Cove rt"d ; ror d mudstone 

Sand$ tOn l', quar 1~. d:'lr k yellQwuh gra y, m ed ium g r ;;nned. cnl<areoui;. 

Poorly e x pu 1> .,d ; l a r gely g r ay shale. 

Poorl~· e x posed: la rge ly sh a le : thi n s i lty l imestone l a y er s. 

L im estone , med ium d ark gray, s i l t y: a l g a l . Gr a d e s in to fu s ul\nid bear ing li m estone towa rd lh(' 
""outh (ho ri z.on 3 7 ). 

Po orl }' e x po sed: largel y s h:'l l c . 

L i mestone , m e d ium light gray , s il ty, detr iul; loc a lly con g lome r ahc . 

Mud sto nc , d u sky r ed, a.b u n d .. nt l im estone no d u l e.:; ; l ' ar g 1llaceous limcstorw be d . 

Sandst o ne. brownish g r i\y , m ed ium coar se g ra ine d . 

P oo rl y c xpose"d : s h al e w it h d a rk b luish g r:'ly limestone layer 

l,.11n e s t o nc . me d ium g r ay, s ilt)', we ll b .. ddcd. Up p e r I' Vl'r y d rt rital wlth c r mo id a l fr agments . 

Poorly e x posed ; hu gel y s ha le with lo c a lly q uartz s a nd s to n .,. l a yer s . 

Li m estone , med iu m bl ui s h gr.'l y: wea1he r .s ol iv f' brow n . 
C ovl'red; pr o b ably sha le . 

L 1m t· :>1o n c , b r ownish gray , s andy: c on gi o mc r a llc at top. 

S h a le , dus ky ye llow, (sec unit 50) . 

L i mes tone, da r k b lu L!i h g r a y : loJ1 s 1l ife r o u s ( c r 1no 1d s 1ems , b r a.:: h 1opods , a lg :'l l fr <1ig m-:nt s). 

A pp r o x 1m a 'tdy l O' of s t ratigraphic sect io n a ppea r s to be o bl ilc r:alcd b y a fine gr a med a c 1d1e 
1nt rush: c . (Correlation C h a ri S rr1 io n s 19 :rnd !.O ) . Dase o f o"e rl ying s ct' tlon 19 n•·a r cent cr 
of SE 1/4 SE l / 4 Se c ? , T I S S., R . 11 E - , l't c o nta et o f in1ru11i vl' w1th s .. dim <'nts . S cc11on 
m eas u red toward N E: 

L1mc!>to11e, mediu m d a r k s ra y . v e r y s i l t )', we ll b e dd('d ; b r ownuh weather m g crust . 

P o orl y o:po sc d ; hkc unit 56 . 
Lirnf:' slonc, medi u rn dark g r a y, ve r y s ilt y . 

P o o rl y .... x palii.;,d ; l a rgely du sky yellow g r t<en s h ah:. l ndu r at ed , p r obably by overl ying mtrus1v c . 

Sa n d s 1o nl' , q ua r t z , o l i ve gray , h nc nH•d m m g r <lme d . 

( o v l'rt' d ; p r obably shal e . 

L 1m('sto ne- , med ium d ar k gray , s ilty; oo l 11 ic . 

Cov.,. ro:d; p r ob'1b ly sha le. 

Sanc.!sto ne . qua r t z. , h f:h t bro wnish ~ray , vcr:y coarst< gr<ii ned: conglome r ati c at l••P w ith che r t 
gr.aii1s. 

Sha le, m e di u m bluish g r a y , ,.i1 1y, c a l care ou s ; ver y foi:;s1h h : r o us. G r a d es u pw;i. rd 1m o m e d ium 

d.-. r k c r ay iiilly li m.:>st o ne. 

·L irnt'ston~ , d :.rk blu i sh g ra y to mcdium gray , s ilty, a l gal d e1r11us . lnte r bcd ded w i t h shale. 

$ .'lnd 51one , l 1ghl o h v(." g r a y , m e d ium g r ai n e d : g r anul es Of h mc SIO n e , qua r tZ ll(' a nd glau c o n i t c 
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Limestone , light gray, in part limestone co n g lorn C' r atc; top 3 1 dark gray and fo ss iliferous 
{brachiopods, p c l ec ypods ). 

L i mestone, medium dark g ray, argil laccou s ; thinly bedded. 

Arkosc, weath e r s red brown, medium to very coarse gratn<'d; intcrbeddl'd with dark r(>d brown 

and gray s ha l e. 

Shale, dark gray , calcareo u s and thin l y b edded, medium dark gray arg1llaccou s llnH:ston('. 

Arku s t', brown weath ering, m('dium to very coarse g r ained. 

Mudstonc, dark red brown to du sky r('d, sligh tl y cal<:a r <•ous; nodul a r argillaceous lime s ton e bc>d. 

Conglomerate, wC'li rounded cobblt•s of quart?.1te (.! 1 3} and red rhyolitc porphyry {1 / 3) i n arko s e 
mat r ix. 

Mud stonc, dark H·<l brown to very dusky r ed , n odular lime-stone and g ray green ar kosc in uppPr 

pa rt. 

Sandstorw, gray g r c l'n to pall· brown, coarM• graine d to granulc> s , fel<lspathic t o arkoSt(' ; t..' l'O SS ­
hl•d dcd . 

Congl\>ml'ralc; pcbbll·~ and cobbh~ s o f qu a rt.t. t tl' ( .! / ~). rhyulit l' porphyry (1 1 3), c h ert and litnt: ­
.!->tu nC' 1n cuar ~l' gra in ed arko S(.' rnalrix. 

L1 m P ~ tonc..· , nwdiurn d.trk g r ay , argill<u· ('uus; s ubltthogr ;,i. ph1t· , nodular a t base. 

Con·n·d; i..h alt-. no n - rC" rl. 

:\rko '-l l' , g ray o l iv t• green , ve ry (·o .1rst• g ratnl'd, w<•ll so rt ed ; co nglo mcrati<.· (quartzi te , t•hc•rt, 
!1m f' !-:>h >r11 ·) a t l><1 ,.., e; pt•tnfu'd \1,·ood. 

S.1nd~tont· , p.dl• b n iwn , Vl' ry cuar~l' gra t nrd; ft.:l d ~ p..tth 1 c; pl <1nt r l•n wins . 

( tl'.' l•r<•d; non - n •d ~ h a ll•. 

l.lml' S1u rw, n-w d1uin g r a v, argdl a'(" 1 u~. ~ l 1p:ht l y nodul a r bt•dd1ng (a l ga(• 1n top 3' }; 1ntrr lw d d (' ci 
""'lth non -t ' !\. PO~ t.:d .... h al t.• ( l to 1 r·atwj. 

Sh.1 h -, oln 1• gr.i ', 111t <· rh 1._•dd t• d wtt h n w clium to t·oar.,t ' gra 1n ('d ft· ld ~ p. 1lh H· ::.anci . .,tum• (l to l ratio ). 

I.l ll i t" .,t->n t• , d ,1d, gr,1 y , .1r g 1l l .ic<' d \l s ; b row n Wl'.tlh1~ r 1 ng: fo ~~ il lr ag 1nl' tt1~ . 

·I' Sb ,1lt· , d,1r ~ o l l \l ' g r .i ). 

p, L. B 

U.i:--i: ~ · of nw.a:iut· l·d :it·,·11on .t t) rll·ar n •11t1.•r of SE 1/ 4, SI:.: 11 4 Sc:c 17, T. 14 5,, 
H . 11: E . . 11 thl' bai,t· of 10 ' high :-, (' arplc1 . 

Th e b,1!->(' ol lhl' L:ihorl 1t<1 f o rrnat 1on, whC"n proje ct<·d to t ht• north o n lht• 
Stra t:g rct ph 1e Curr· l'l.i110 n (.h a r t, occu r s approxi 1not t·l y 450' b<.•low hori ­
.... on J ._~ (u r\lt. ~) . 

STHA T IGHAPHIC St:CTIO'.'i OF THE: LAHOHC ITA FOHMATION 31 ·! MILE NOHTH OF TULAHOSA CANYON (SECT!O. S l<J & 30). 
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Plate 8 

Arkosc, dusky red, coarse g rained; minor cross-bedding . 

Shal e , li ght olive gray, non-calcareou-s. P l a nt leaf impressio n s. 

Limestone, light gray, very fin e c rys tall in e , massive; b asal 2' nodul ar argill accous. Fos siliferou s 
(b rachiopods, fu sul inids, algae). 

Arkose , greenish gray, very f ine to very c·oarsc grained . 

Covered. 

Limestone, l ight brownish gray, argi llacco u s, irregularly b edded ; dark red brown cal careous snaic. 

Arkosc , very dusky red, coarl:i(' to very coa r se grained; inter b eddcd dark red brown s hal e. 

Shal e , dark red brown, calcareo u s ; top 11 sandy limestone. 

Limes tone, medium light gray a r gi ll accous, v ery fin e crystalline to subli thograph1c, massive. 
Top 11 very fossi l if crous (a l gae ). 

Shal e, <lar k ;ed brown; minor sand stone at ba se and limestone nodule s near top. 

Sandstone, li ght browni s h g ray to dark red brown, very C"Oarsc grained to conglomcratic , felds ­
pa thi c ; loca ll y coquina. Minor bed s of dark re<l shale . 

Lime sto ne, wh11C' wC'ath(• rrn g , arg1Ilaccou s , vr:ry nodular and i rre gu lar. 

Sand stonl', vl'r y t.:oa r sC' gr a mNi, ft>ld s pathic, massive; intcrbedded dark red brown s hal (•. 

Lime s tone , li ght brow n tu gray wt:athering, sandy. Top l' coqu in a of s mall (brach iopo<l} s h e ll s. 

Subg r aywac kC' , dark g rc'(' nt Sh gray , medium cvar s e grained , f(•ld!-ipath i t..; inH•rbc<l<led with poorly 
exposed da rk rt'd brown s hall' wi th pl a nt fos s il s. 

L i inestonc , mNiium. g r .ty , ar gi llan:oui,, a l gae; top brown wf'athf'ring. lntcrbcdd e d grcrn1sh 
sand sto ne and ('al ca rro u s s h a l l.' . 

Sandston<>, green ish gray , vc1·y ,(·oarsc gra 111cd, feld s pa tht c , s li gh tly c r os8 -bt:dd<·<L 

Shal e , medium dark gray , calC"a r co u s , fis s tlt•; top l' intcrbeddc d with arg i ll;.i<;>eou s l tnH•storH.'. 
Fo ss il i ferou s (pelcC'ypud s , br a c hiopo<ls, gast r u po <l s }; 30 - M-3 . 

Overlying section nwasurC'd alon g st. rtkt• 600 ' to NE. {Sc<'tion 3<J) . 

L im C' s tonc, medium gray, ve ry fHH' cry s tal luw to s ublttho graphit..- , irn•gular· al g;.i l nu1s ~ C'!> partl y 
recrystallized ; fu su lim<l s o n flank a n d top; 2. <J - F-1 , 30-F'-1. 

Limestone, med i um gray , v e ry firH' crystal l ine; trr('gular l y bt>dd<.•d; lu \\-'Cr 1 1 brnwn Wl'.1thl•rrng 
dolom i ti~ lime s ton e. 

Covered; probab l y bhall' , non-r N L 

Ark0 8C , g rc <'nis h gray, s ilty to very coar s t• gr aint..' d ; intcrbc<ld l•d g r a y nh ,tlc . 

C ovcrcd. 

Limes tone , medium li gh~ ~ray , vt•ry fine c ry stal lin e ; brow n wca tht•rrng dolom1t <· no<lul(' ~ nc•ar top. 

Grayw ;). ckc, greenish g ray, fine- to mC'dium gl·arnNl , thinly bC'cldC'd, rna:;~ 1 vt• nl·ar top; ·11 intl'rval 
of medium dark gray s h a l e with p la n t fo!-i s il s . Top pan arko!:>i( ' tn compn8 1110 n. 

Covered; probably silty s h a l e-. 



EXPLANATION 

Limestone 

Limestone with 
undulatory bedding 
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Sandstone 

Conglomerate 
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Dusky red or 

dark red rocks 

~ I. 
Green or greenish 

gray rocks 

-~ 
Mapped key bed 

Unconformity 

Numbers of sections correspond 
to numbers of measured sections 
on Geologic Map (Plate 2 ) 
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"'.,,7eH-s oi"'tc'.-:!d~ cal~;;-t:reous qual'"t :~ sandsitones c The conglom erate claata 

~,:?l:ilS ist of U:rx1~!sto:ne ~ chert a .. nitl qua:rtzite i.i '";ith the quartzite increas -

· 1'fhe Labolt"cita forrnati,n.i ext:euds so·uthea st'ward of measured 

scdidn.£1 7 ancd 6 for two rniles and thins abl"u.ptl>J in th(;it db:ection. 

i\.G i $ indicated on Plate 4 v the lower 430 fr~et of the rneasured sec ... 

tfou. bdo~1; ho:r.izon 42 is equ.:hralent to a ZOO foot th ick :s:ed bed se - · 

qt't.G:tlce two n:d.les fa .. :rth(.;r southo l"'he Hrnestox;~e s l> which are ver y 

pe:irsistetit in th~t part of th~ section D also lens out. L i mes tone peb­

ble and c obble <Coli.iglozneE'ates cox1stit·JJ.te aboua: 20 pe~cent of section l 

o~i Plate 411 as cor.npa1°ed t~ less tha:rr~ l e pe1"cei'lt of congloJ:ne:rates arid 

fadeo chatiges withb1 a short lateral distance are illustrated dia ..., 

gJ:a.m matkaHy o.n p fa.te 9 3 where t h :t<'ee sectioa,_s 3 l, 2 and 4 !i \~Jhich 

az-e lcca:~ed on the geologic rnap~ ~Pla:t~ 2) 9 a1"e plotted in an. isornet. ... 

de diagra;:n . The tac1"ease bi thic knes s between. secifo~1s 1 a,nd 2 

taL:es p lace priki.dpa.Hy in th~~ mterva.1 of strata between hoE"izons 

5 a11d 16., ·::)ve;r a latel•al di!sitance of about 1500 feet 11 a 70 foot :bi ·" 

tea~val :fr10a?ly doubles in thkkn.ess to 13S feet. The onlap of the bas~l 

poJt"tion of the Lahordta fol" 171ati.on on the strata of the Holder forma 00 

'V.:1:.{Jia'r. a.1-sd the ab1~upt wedging in the basal po1~tfot'h b visible on Ff~tltt:t:e 

el"n.most i>al"t ax the map a.2."ea a.~e interforxnationa l in 01~igin as co:r:n­

pa:t•ed to son1e of th~; intxafor:t::cjationa.l conglom e:1?ates of ·~he L a,ho rcita 

for:r:tatio~ nea~ La <t,uJ.z Ca.n.yoti a:rad the und~~dying Holder fpr:n:~t:k.m.~ 
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Holder 
f m 

State Highway 83 

L aborcita:---__ 
f m 

Figure 6. Angular onlap of. the basal part of the Laborcita forma­
tion on the Holder formation. Note wedging in the lower 
portion of the Laborcita formation. Viewed toward 
southwest from a point north of State Highway 83, near 
center of ·SW l /4 NW l /4 sec. 6, T. 16 S., R. 11 E. 
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Limestones ,, which. ~Ne re distinctly derived from· a Pennsylv·an.ian 

aou:rce, predomirt"tate in the conglomerate clasts. BracM.opods . 

horn corals a~11d fusulinida are present in th;e! pebbles and cobbles 0 

and on the basis 0£ lith~logy and coloJ: ~ the rocks appear to have 

been la.l?gely derived from. the upper part of "the Holder form ation. 

Che:rt and quartzite occur in minor a z-.nounts in the conglome~ates . 

The increasing coarseness a11d tb.icl!'..ness of the conglorr.1.e rate beds 

toward the southeast and east suggest a source for the , elastic sedi ... 

ments in that directio!i1. 

The writer believe~ that the conglomerates and coarse 

sandstones, a11"1d tt~eix- abrupt va.riatio:n.s in thickness are indicative 

of a piedmont environment. The red silty shales probably indicate 

deposition on broad flood plains . 

Central Ar ea 

The central area extends fog- a dista11ce of six miles fro:t"n 

La L uz C¢:.nyon to Domingo C..inyon and comprises the area of the 

pi<>edominantly marine J.Jaborcita formation. This fades of the La­

borcit a :fo·rmatio:n is composed of l'ed and gray mudstones, inter­

bedded with lim estones and sandstones . The vaz-ious rock u.nits 

of the central 3:Ji.4ea are shown g1"aphically on p late 4~ sections 11 

'~O 24 . . 

Detailc~d description and a ~p.'"ap~.n.ic log of the po:rtion of the 

:Laborcata form atio:t:A that overlies Thompson's type section of the 

n!i"Jresna.1 grcn.ipu near the junctio1i of L a Luz and F· resna.l Canyons 

are given on. P late 6. 1lhia measured sectiol_l appears as sections 



11 ai~d 12 on the co&"l'elatio1111 diagram oil P late 4 . The lowe:if sec­

tion is eumi:tia:rized from P ;ray «Pra.y11 1952, pl .. l'? ). Because of 

the wrd:~el" as :revisio~i of the base of the Abo for:r.nation, the 200 

feet of Jred beds that overlie P ra:y 5s section of the Bux-eu:rn forn'l.a.­

tion a~e also included in L"ie Laborcita formation. The total thfck .. 

ness of the section at this pobAt is 536 £eeto essentially the same. 

as the measured section !-1 /2. 211.iles to the south. Xn La Luz .Can ... 

yon only the top 160 feet consists of' red bedsp in contrast to the 

secti'on in the south, where r~d beds constitute three-fourths of 

the section. The red beds in La Luz Canyon are largely composed 

of red mudetones, inte:rbedded with. calcareous quartz sandstones 

and quartzite pebble conglo:rnera.tes. Of the under.lying 370 fe_et, 

which eo:rre®pond to I..)ray is Bursum formation# about two ... thirda 

consist of gl'ay calcareous shale. Red mudstozie and thin-bedded, 

argillaceou.s or silty H:r.'l'lestones each forr.n. a.bout l 0 percent. of the 

section. Pebble conglomerates ·of limeet·one and chert and rela­

tively pu:re quartz sandstones make up the rernainder of the section . 

. A comparison of sec:t'ione 1 and 9 on Plate 4 illuetrates the. 

abrupt lithofacies chat1ges between th.e southern and cellitral area. 

Vv ithin tb.rree-qua:rters of a mile 11 a probably non-marine i~ed bed 

sequence grades in.to a series of gray limestoi1es t shales ai&d sand­

stones of p!i"edominantly marine or b1 .. a.ckish water origii1. 

The type section of the Labor.cita for:nrlation in this :ireport 

is located near the mouth. of Laborcita Canyoii. A detaiied descrip­

tion of this sectfora, which is also shown graphically by sections 18, 

19 and 20 ot1 the co~relation diagram, is indicated on Plate 7. 
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Although abouft: 20 fee~ of 'a:h~ section is e!imin.a1Ced as a result of 

a~ i gneous mt?ua il.on$ it was conside!'ed to be th e most rep:!r~se:nta, ... 

tive s~dion of the marine Labordta fadeeo ~urfaermorep the 

upper and lowe r contacts are well exposed. 

The Labordta formation ie approximately 480 feet thick 

at the t)']?e locality. About one ... third of this section ie composed of 

red mudstones which occur th.rough the entire unit. Limestonee 0 

~angin.g from thb1s a:rgillaceous 0 dark and light gray, to n.odular 

and massive -typess fo~m about ZS percent of the sectiong as op­

posed to l 0 percent limestones in the section in La Luz Canyono 

Coarse elastics appear to decrease from La Luz to Laborcita. Can­

yono Cluartz sandstones and conglomerates form about eight pe!'­

cent of the section in Labo:recita. Ca.nyon11 which is about half of the 

a.mount in L a. Luz Canyon. Many fusuH.nid zones occur in the lowe:r 

pax-t of this section, which permits the determination of the P enn­

eylvaniai'!. ... JPermian boundary within narrow limits. The fusulinids 

a~e alwo significant: as indicators of mo?'e open marine conditions . 

The ma.Y!ly Hmestones 0 consisting ma.inly of coarse pfoclastic de­

bx-is 0 also indicate marine conditions . The rocks in L aborcita 

Canyon appea'f to have been deposited in a predominw.""Atly marine 

environment, with the pos sibl~ exception of th~ top 1f0 feet of thia 

sectiolm which is mainly composed of red mudstonea. Thust the 

possibly birackish water and/or near-shore conditions in La L uz 

Canyon show a t~ansiUon into predor.ninantly ma:rine conditions 

near Labordta Canyon» which lasted with repeated fluctuation.a 

thx-oughout the deposition of the lower. two-third~ of the Laborcita 
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folfmatitona 

A ve?ey rapid lithofaciee change from west to east haa been 

ob~~rved h~ the porfdon of the Labo:rcita formation that is exposed 

in the vicinity of the Labo:recita Canyon and its tributary canyons. 

This change is partially illustrated on the correlation diagram by 

the logs of the La.bordta type section and section 17, which occurs 

half sJ mile farther southeast. Section 17 ha.e many red shale in­

tervals as compared with the type section. The limestone content 

is considerably less ~nd coarse elastics predominate. It appears:> 

the:refol'e :> that the change from marine to non-marine conditions 

takes place toward the east as well as south-southeast. 

At tbe rrlouth of · Labo:rdta Canyon the upper part of the 

Holder formation and the lower part of the Laborcita formation 

cannot be distinguished on~ lithologic basis. as is demonstrated 

by section 18 0111 P late 4. No persistent erosional break was ob­

~el"ved near the contact, and the absence of a persistent lithologic 

mark.er indicates that the contact between the Holder and Labordta 

formation is probably ,gradaticinal. in this part of the map a~ea.. F rom 

a. point half way between Cottonwood and Labordta Canyons the 

contact was t:ra.ced northward for a distance of 3 .. 1/2 miles as a phan­

tom horizot;.a~ 30 feet st:rattigraphically above. a persistent lim.estone 

:marker . F r orn Labordta Canyon to Domingo Canyo11& th~ a lmost 

identical upper part of the Holder formation and the lower ~wo-thirds 

of the Labo:rdta. fo?:maltion form · the f:rontal eecs.:rpmento The mea ... 

sured sections 18, l2, 23 aa1d 24 on P. lat~ 4 illustrate the pex-si.stent 

limestone markere and the relative uni£orn1ity of the lithofacies. 
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Certain. Uti.1lolog:k sequences appear in cyclical repetition ·at both 

eides of the co·ntac:t. Although laterally uniform~ open marine con­

ditions prevailed in this a~ea, l~any fluctuations in eea level m ust 

have occurred repeatedly. These conditions of deposition persisted 

throughout late Pennsylvanian and early Pe:t,mial1. time, which is 

the inain reason for grouping the Holde:r and L aborcita. formations 

together. in tb.e M.agda lena group. 

Northern A:irea. 

The northern area extends for approximately eight miles 

from Domingo Canyon to a point about five mile$ rA.orth of Tula.rosa. 11 

and includes all outcrops of the La.borcita formation north of Do­

mingo Canyon. A slighi:ly diseord~nt igneot'lS sill near the mouth 

of Domingo Can.yon forms a natural geologic boundary bet"vJeen the 

·central and northern a1"eas . This fine ... grained acidic intrusives 

wM.ch occu:rs largely in the J..,a.bordta. forniatio~i. and reaches locally 

a thickness of abou_t 200 feet , intruded successively younger strata 

toward the southeast and east, as is shown on P lates 1 and 4, and 

prevents the underlying lower portion of the Laborcita formation · 

fl"om beh1g expo.sed no:rtt.~ of Domingo Canyon.· The uppermost part 

oi the Laborcita forrnation, which overlies the intl"usive sill in ~e 

central area, is eonUnuou.s and permit~ed a direct correlation. between 

the central and northern areas . 

The various rocic units that are included in the Labordta 

fonnation of the northern area are shown by the graphic logs of m ea­

sured section® 25 to 34: on the correlation diagram .of Plate 4. In 
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this a!'ea, the lithofa.d.es is co:nsi.de:rably moX"e uniform than in 

the southe l"n area9 the st~udure fa r:nuch lees ccmplex11 and a few 

carefo.lly chosel:1 ma.:rke~ beds readily established a framework 

for correlation of. the various measured sections. The lowermos"t 

strata o:f the Abo formation in the area south of Dorrdngo Canyon 

L"'lterfinge!" toward• the north with marine beds . This palrtially 

n'la:ri1::~.e sectionp which involves all strata between mark.er bed 
, . 

49 and the top of mall."ker bed 55 is incorporated into the Labor., 

dta forma:tion._ · Thus • the uppe:r contact of the .L.abordta forma-

tion transgresses time-lines and is younger toward the north than 

in the area south of Domingo Canyon. as is readily noted 011 Plate 

4 . In the norther?:& a!"ea.9 the La.bordta formation consists pre­

dominantly of coa:rse a:nd line t.er:rigenous elastics f) but, hi cone• 

t::ast to the section in, the central and southern areas '1 these beds 

al"e more continuous and can be rna.pped ove'!f wider al'eas. The 

few limestone beds which a~e a.bout as abundant in this part of 

Deta~ils of the sequence of Labordta strata in the northern 

area a~"e illustrated by· the stratigraphic seetion on P late 8 that was 

measured 'by L .. C. Pray and the writer . The section is about 525 

feet thick, of 'IV'hich almost 4.0- percent is co111.posed oi sandstones 

and conglomerates. About 35 percent consists of dar!--: :t'ed mud.., 

stonef3 and g!'ay a..nd gl'een shales . Limestones and dolo:n2itic lime ... 

stone$ constitute the remaining 25 pe:tcent o:f the sect~o1rt . A fow 

gypsiferous siltstone zones that ar~ sevel"a.1 inches thick are not~d 

in. about two places associated with greenish gra1 siltstoness awd 



tM.$ rock is conside:red to be a subgra.ywacke rather tthan a grraywacke. 
' . 

uous laterally than those in the southe:rr.'A pa.rt of the area... The in ... 

pink foldapar po!'phyry,. The pebbles a~-id cobblee of 011e typical coID.--





that show a laminated structure. TwC» li:rnest~:m.e m e:mbe&-s !) units 28 

I 
I. 

Figulfe 8. Al£a.l g-eefs· al."Ad oveJi..,lying defcrital limestone laye~a fox-m 
resistant ledge on c1 .. est ot f~ontal e::H:arpment nol'~h of Tula:!"osa., The 
th.ir.1 contL,,.t-aorus lo~~~re:w band is d.olornitk limestone «bed 51 11 Plate 4)~ 



~ poinit iA.Oiftheast of TulalL"osa :for a distance of about three miles 

«F igu:R>e S}: Detailed field and p~t~ologk studies 1' that a~e discussed 

in detail in Appe~dix .n. revealed that thi® U.meato:rtie fodge of trela"" 

tively unifol3m thickness i® compo$ed of two parts 11 a lower i:}art 

ary limestone~ and an upper part that consists of de~ri~l lirne?stone .. 

about 35 feet in thicknegs, but are as much as 60 feet thick in places . 

The :flanks of these st~uctures dip locally as much a.s 35 deg:reea ~ 

poraneoua a edimentation. The low content of fine te:r,,. igenous cl.as"" 

deb:ds :that occurs largely in small poc kete and was derived fror.n. 



c:d.noids a~1cl unidentifia ble algae. 

·The uppe r part of the l'~!a~.stant ledge consists of a .coarse ­

g:t~ained detrital limestol'.~e that :eeaches locally a thickness of about 

60 feeit. It ia restricted to the reef a.r;"'ea where it caps the maesive 

H:naestor.:ie st:ructures and is cor.c~posed of fl"a.g:rnents of tubular algae~ 

c:dnoids ~ brae;hiopoda and fusulinids. The detrital limesto11.e is 

considered a post-reef deposit, and probably the reef structure$ 

continued to have a topographic expression on the sea floor ~nd 

continued to affect the aedin:ienta.tion arr'ld marine life in post..,.reef 

Umea thereby restricting the fonnation of the det:rital limestone . 

These deposits we1"'e also laid down above wave-base~ as is sug ... 

gested by the lo"-v· content of f ine ter:rigenoue elastics. The time -

equivalen~ deposits of the :reef fades and post-reef detrital li:rne ~ 

stone fad.es :reached a thickness of six feet in the off-reef aa:-eas . 

The zone of :reef develop:ment was probably l /4 to 3/4 1·.nile 

wide and probably did not extend much beyond the area of present 

e~,.losureo which ie about three miles long. !t is believed th.at the. 

oreganic st:ructu:res developed un.der opti.mum gro"'~'th conditions on 

the gently sloping ~ relatively stable sea floor that bordered b~e 

lowe:r: Pe~miai1 !a11dmass to the east an.d southeast. Water depth, 

tempc;zeatu:re a·<1d cu:r.rents are infejj,"red to have been favorable for 

reef gi'oVt.rth in a zot'l.e which probably extended parallel to the ancient 

se~ coast. 

S<Gweral isolated outc~ops of P enns ylvanian and lower P e 1rr.nian 



eV;~aital) that are exposed through ,-.:indows i:in. the Abo forr.n.ation 0 a:K>e 

_located aboru~ three ir:.Uea east of the junction of 1.,a Luz and F resna.1 

Canyons. 1-'lhese outc~ops cover pa~ts of secs. 22 9 23 and 27 0 T. 15 S o ti 

R . 1 l E .. ~Figure 4 and P late 2} . 

The field evidence indicates tl?.a.t a sequence o:f limestone and 

conglon'le:ra.te beds is ovedain with an ~'1'1gula1f discordance of about 

15 deg:tees by a quaJrtzite cobble conglomerate that :forinS the base; 

of the Abo fol'mation. A few U.1neatones o that occur interbedded with 

se\"eral pebble conglomewate layers of va!"ymg compositiontl co11tain 

locally abun-da~1t fusulinids. Identification of the fusuU.mds by Thomp­

sc.ni sh~wed an "upper 1f'resnal0 age for these strata~ that are there"" 

fore corre'lated with the Holder fo:rmation. This correlation n;.ight be 

questioned fo~ the Peruisylvanian strata exposed in sec . 23 and north­

errri part of eec. 22, T. 15 S . ~ R . 11 E . (Plate 2~ 0 and these beds 

rnight be equival_ent to the Beeman and Gobble:f formations. In the 

southern pa~t of sec. ZZ a:ild the n.o:rtlh.ern part of sec~ Z7 9 T . 15 S. ·(; 

R . 11 E . ~ where the age of the Holde~ forn·:s.atioi! :is f:h:mly established~ 

a few pebble and cobble conglomerate beds and interbedded shale 

overtliet1 in a fo:w places, the upper Penr1eylvanian. ~trata with ~ :rna!'ked 

at.11g~ilar discox-da.nce of &t.3 inuc;,b. a.s 40 degi"ees . Tll'Ae conglom.erates 

co?l~ist mau1.ly of 1i:n1estone, chert ~'llld quartzite· and t:-ire markedly 

dif'ferenV.: from the ovet"lying quartzite cobble conglomerate of the Abo 

foi~mation .. Thus ~ the conglomerates at1.d ~he interbedded non .... exposed 

intervals~ which forn'.i a w~dge-shaped unit about 60 fe.et thick, 

are -bo,unPJ, ·on either side by angula)t unconfo-mities. Because of the 

stratig~a~phk position. 11 this 60 foot bite.l"val is correlated "v1ith the L a ... 

boJJ?c;ita formatioll farther \'ii!est :i wh.e:rfe ne12u:· ~he junction of F resraal 



cou1tinuoue s a:;n.d t~1e Labordta formation is separated by m inor dis-

cor.£os:>1nities £:t0 orn the underlying Holder formation a11.d overlying 

stones of 530 feet in ~hickl1eas grade within a lateral distance of 

t!u.·ee mile a into 60 feet of conglom.erates and shales. 

Sal~.da. Canyo1111 the Labo?cita formation also, le1'1.ses out into the un ... 

conformity at the base of the Abo fot"r.nation, and s:hn:Ua:!r~ conditions 

as is ~ndka.ied on j,""'F u of. P late 3. Deposition of the Labol"eita for ... 

rnation occurred :h:o1r1 east to west and possibly fl'om southeast to 

north.west . Therefore ~ the writer believes that the neady :north ... 

northwesft orientation of the correlation diagram on Plate 4 is Le. 

part along tbe strike of deposition of the Laborcita formation$ which 

n1ight explain the relatively u:ni :fo1 .. m "hic1.;'J.1le.ss of th.~ .Labordt~ .. for= 

matfos,. in the central a:t .. ea.9 and in the southe1•n areao nortiiwest of 

The relatively rno:re persistent markeX' beds a:re discussed 

in an atten'lpt to i!lu.strate in. detail some of the abrup't lithcr~ades 

* n~./fa~kel" Beds 11 have been desigi1a.ted nk.ey beds n in the ex:i:)lanations 
of Plates l to 4 . The terrt11) 0 rna:rker bed0 is preferJeed by the writG:t' 
and will be used in the. n1anuscript . The same 11.lumber bas been applied 
for both a t:naa•l-.:e:r bed a11d th:e r.nappe.d hoi"izon at its base . Generallyp 
the usage of the ierm will readily tell which-meaning i$ impUed. 



essentially tame lines» they indicate the dist::t'ibuticm. of the va l:iou.s 

deposM:ional envi:r.m:unenis that were p3:-eser1t at any given tim e in the 

diffe irent pa1•ts of the map arfea. 

'I'he :rJ.1.a:?ker beds can be divided into two broad groups o~ 

the basis of geographic location. The area south of Domingo Can­

yon0 which. irttcJ.uaes the cent:ral and southern areas of the previous 

sectionD comprises the rnarker beds 0£ the uppermost part of the 

Ffolder and the entire Laborcita fo1,ma.tion. The noxthern area in ... 

eludes only the marker beds of the upper portion oi the Labo~cita 

and the lowerrnost Abo forma.U.on (Plate 4) .. In each su.bdivisioZl 

the individual mal"ker beds are discussed in ~S(!endingo1"de:r frot:rl 

oldes~ to yt)ungest . The lateral lithologic va.riatiot1. 11 continuity and 

approxirnate geogl'aphic extent of th~ ma:trker beds are best il..llus = 

t:rfated by P late 4, and have been shown di.agx-ammatically on If' igure 9 o 

Southern and Central .Areas 

No. 4 

A 1nediurn gray, resistant 9 iragmental limestor£1e layei" p<e:i."eiats io? 

about 3 .. 3j4 rt1Ues 11 extending northward h:om a. point 1 /2 ·r1:Ue noi"th 

of Co'tct(l)nwood Canyon to Domingo Canyon? wbere it is last cibse~vable s 

Thie lim~stone membe:r.: b k~cally c:is Knuch as 25 feet thkkll but aver~ 

ages about 10 fee~= ~ It is com:r:n.only a massive cllif-forrne~ . Noi-th­

walfd, it grades into a nodulai, limestcnie. The Umestone is largely 

Noi. 5 
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fou:!:' feet thick which is indicated as n1a:rker bed 5~ Pebbles in 

this layer cons ist o:f Hmeston.e a.nd chert~ The Hn:.estor.ae _ contains 

places at the same stratigraphic P'H~itioni> overlying f'usulinid-

bearing nodular limestones and shales of the Holder fo:fma:Horr1 • 

. t~.bout 900 feet n.o:rthwes\c of. the. base of sedion 11 Q the conglo:rn-

erate lenses out and haB not been observed farther towa1Qd ·~he 

northwest!)_ no~ was any evidence of an e:;c:osio:nal discontinuity ob-

served beyond this poil1t. 

No .. 8 

A thinly bedded 0 medii.urn dark gray, siUy limestone layero about 

20 foet t h ick bas been rnappecd as bed 8. lit di:K2ectly ove?°Hes a 

south of La Luz Canyon. The lime~tone varies only slightly in · 

plant fossils all1d a few coaly layers. Southeast of section So witb-

might be of late Virgilian age. The limestones show evidence of 



No. 9 
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wiU: i..111t the Laborcita formation with Pea"mian fusulinids, and the 

Pennsylvanian .. Permian boundary has been located at the base 

of the marker bed. tbus coinciding vr1ith horizon 9. · Bed 9 grades 

laterally into dark gray shale. and to the north the Pennsylvanian-

Permian boundary haa been determined as a phantom h.orizf>n 

about 15 feet above the base of bed S. Southeast of La Luz Can-

yon, the st~atigraphlc position of the boundary approxim ately 

correspon4s to the t~p of the thin-bedded carbonaceous limestone 

of bed 8 (Plate 4) • 

. N~. 10 

The base of an argillaceous~ very fine-grained. ·medium gray, 

non•fossiliferous, five foot thick limestone bed has been mapped 

as 11-orizon 10 in the area of Fresnal Canyon. It extends for 

1-3/4 miles between s.ections 4 and 9. Toward the southeast. 

the limestone be.comes nodular and is interbedded with. red shales, 

and gradually.dies out. In the cU.rection of La Luz Canyon, this 

~ayer is more sandy and grades laterally into a gray shale. 

A thick•bedded, medium gray, fragmental limestone layer!' 

about 20 feet thick, extends for about half a mi:le north of ·cotton-

wood Canyon and occurs at the level of horizon 10, and has bee11 

correlated with the a.rgillaceoue· limestone that was mapped to 

the southeast. In a few places • a.s in section: 13, it grades into 

an intra.formational ·umestone conglomerate . 

·No. ZZ 

Marker bed ZZ can be traced from section 11 in La Luz Canyon south­

east for rnore than 3· 1 /2 miles , where the La.borcita. forn1ation is no 
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longer presen.t. Markedly cross ... bedded calcareous qua~tz sand-

stone with pebbles of lil'nesb:one g?adually grades toward the soutJ.1 .... 

ea.st into a four foot thick fragmental limestone layer, that is 

la1·gely composed of bioclastic debris. Pebbles of chert and lime ... 

stone a.re scattered th:rougbout. Xn the vicinity of sectio11 l, the 

limestone is very argillaceous, fine-grained a..11d g!'ayish-red in 

color. 

No. 2$ 

Marker bed 25 is a thin-bedded, medium gray, argillaceous lime• 

stone· in section 22 about one mile north of · La.borcita C~yon., and 

extends northward for four miles . Thie unit overlies directly the 

igneous intrusive in the area. behind the frontal .escarpn1ent, and is 

important in correlating sections Z2 and 25. In this area. it is 

very silty. Between sections 25 and 2.6 , toward the northwest, 

the limestone gradea into a markedly cross-.bedded sandstone 

containing pebbles 0£ limestone and chert. It is no longer obser­

vable 1-1/4 miles north of Domingo Canyon. 

Mo. 27 

A calcareous quartz sandstone about 10 feet thick has been traced 

a.s bed 27 'for a.bout six miles, from a point about three miles south­

east.0(1,a Luz Canyon to a.bout three•quartere of a r.aile north of 

Laborcita Canyon. Its thickness remains relatively uniforn1 throughqt 

out. In the vicinity of Laborcita Canyon where it is last observable 

it gn>ades into a very sandy limestone . Toward the southeast. about 

one mile south of La Luz Canyon, the sandstone grades into a medium 

g,ray, very sandy limestone . A very thick, pebble and cobble lime• 
. . 

stone conglomerate oc.curs farther southeast at the same stratigraphic 



No. 29 

The congloin':\et:ate bed that Pray 09520 pe 228) considered the base 

of the Abo formation& has been mapped as marker bed 29 .. lit con ... 

si.sts of pebbles and cobble~ of quairtzite~ limestone and chex-t~ and 

is continuout>ly e:Kposed for neaz-ly five miles from the extx-eme 

southern part of the :a"nap area to a point half a n1ile no~th of Cot ... 

tonwood Canyon. This conglomerate is in places about 30 feet th.kk .. 

Xts , loweir coniact is very irregular" as cami. be easily obee~'l"J'<ed with 

r~spect to the unde:dying sandstone mat'ker 27 ~ and f:?hOw$ evi«ience 

o:f. scour ... and·fill sh~uctuzie:s .. Locally it cuts down below the level 

of bed 27 and contains reworked material of this layer. Detailed. 

tt>acing of bed 29 toward the southeai3t revealed that it gX'ades 1 ... 3/4 

i"'!1iles southeast of l..a Luz Canyon i~'l·~o a quartz sandstone and does 

not co::respond to the ba.saJ. Abo conglomerates of the !Ugh Rolls 

area, as considered by P r ay U 95211 p. 251)0 Towar.d the northo 

the co~.gloz-x1erate lenses out gradually at a. point about half a rnile 

nor-th of Cottonwood Canyon. 

No. 37 

A limestone bed'1 locally as much as 25 feet thick~ and containing 

abund<:> ... nt fusulinids ·o occt.1rs 80 feet above the quartzite cobble con ... 

glome!?ate la ye!' 29 and has been mapped as bed 37 . This m.edium 

g:ray argillaceous limestone has nodular to undulai:ol'y beddiing . lt 

extei.ids f~cm Cottonwood Canyon to a point slightly north of Labox-­

cita Canyo:n f'oa" about t .... l /2 rrdles . About half a rnile aouth of 
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: ... abordt~, Canyo:r1 i~i section 1 ... , tb-:: l:t:~:cstonc k very thic~-bedded 

and is ·composed {)f coaree bfoclastk debris of unidentifiable algae. 

The limestone g1"ade.2' southeastwai"d:i within half a mile of Cotton­

wood Cal1yo?.?.3 into a k<issilife:rous ~lack shale zone containing 

brachiopod$ and m ollus cs. South ol Cotton\.vood Canyon . ., in section 

X 1, an argiH~ceoues d?lo:rn itic !irnes tone occu.:~"S in the same stl"a ... 

tig1~apbk position as bed 37 a:nd ie p?obably correlative wi~h num ... 

ber 3 ... l. ·The dolon"litk limestone gl\"'ades eoiltheasftward into a red, 

no.n.,.foesiliferous mudsto~1e o F:a"o.m l.:aborcita Canyon. north.ward 

to the location of section J.9, a distance of one-quarter mile, the 

fusulinid limestone grades into a dark silty li:rn~stone containing 

b:rachiopods and p~lecypode • and then into an arenaceous shale 

containing smaU leaf ... Uke algae . Beyond ehis point11 tbe bed lenses 

out. 

J:fo .. 38 

Marker bed 38 is a tlaI'k~ iou:t" foot thick, bluish- grayl) fine-grained ar­

gillaceous limestone 0 that fo1~ms an excellent marker bed in the 

vicblity of Domingo Canyono It was traced :fo:r about three mUest 

with liii:le change in lithology and thickness from section 21 to a 

point no1:th of section 250 Locally" the limestone. contains d.ark 

gray limestone inclusions about one inch in diameter that are 

probably algal in oX'igin. Toward the northwest9 the li~est(n'1.e 

grades into a dark :red cakai~eoue eiltstor1¢ . Toward the south· 

east& it is traced into a dark gray, poorly exposed shale . 

A vel"y persistent conglomerate bed, about nine fed thkka has 
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been n"lapped a\$ bed ~ 2-fol" fouz- miles in the area befi:ween CotU;onwood 

Canyoll. and State Highway 83 . '!'he coirAgforne~a:~e clasts consist of 

U.r;raesto:irle !) quartzite and cheret. 1"'oward the nol"thwet::it, the conglom­

e1"ate grades into a calcareous quartz sandstone and then lenses out 

into red :n:1ud@tones. Towal"d the southeast, the limestone and ch.e:rt 

content increases n1arkedly. The conglmnerate wedges out in.to the 

unconfol"mity at the base of the Abo formation toward the southeast. · 

No large amount of channeling has bee1m observed at the base of this 

unit. 

No . 49 

A quartzite pebble and cobble congloinera.te ha$ been mapped as 

~narkeio bed 49 from the ext:.ren1.e southert1 end of the al"ea to a point 

as far noi~th as Dorningo Canyon, a distance of about 8-l /2 miles-. 

The thickness of the co?lglon1~rate~ ranges from a f~w feet ·~o as i-riuch 

as 15 feet. North of CottO'.i'l'\.VOOd Canyon, the a.mount of H:taestone 

a.,,."ld chert ir.r'lcreases with respe{;t to the quartzite. ltvhere the con­

glomer.a.te is coa:rsel", as i:n the southern part of ~he map a1"'eap the 

pebble and cobbles consist aln1ost enti4fely of quarizite. Kt a.1,peara 

to h®.ve been deposited on a surface with moderate relief; as can be 

determined with res1lect to the underlying pe:nistent marker beds 

37 and 38 between Laborcita and Domingo Canyons (Plate 4). L ocally» 

the bed shows evidence of scour-and..,.fill stru.ct'i..u:es . Claets about 

two feet in size, and probably derived flt"om the u..lrAderlyh1g UU"t1eetone. 

were incorporated in the conglomerate layer. These features~ in ad­

dition to the lateral continuity of t~e bed, suggest a. break of at leas~ 

diasten1.ic· natu~e at the base of bed 49. Because of the dose stlfati­

graphic position of hc.n:izo:i 49 with the unconformity at the base 0£ 
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the Abo near High Rolla s bed 49 is considered the base of the Abo 

folf:rn.&d.on in the southern half of the n1.ap area. The absence of 

ma?'ine beds in the Abo section ove:rlying 'll:hie <eOii1.glomexate in that 

part of the area b added support of this iuterpreta:~ion .. 

No* 50 

In the ®outheaste~n part of the map area, between High Rolls and 

Salada Canyon, the Abo formation overlies strata 4:'tf Pennsylvanian 

age witb a~1gt1laJr uncomorn"'.d.ty. The base of the Abo fo!!'mation is 

fox-med by~ quartzite cobble eon.glo:irnerate tha.tt was mappe~l as bed 

500 DetaUecl tracing of this bed toward the west showed that the 

base of the Abo conglome:irates ,· horizon 50, overlielS horizon 4~1 by 

approximately 10 feet (Plate .2 ,, see~ 34, T. l SS., R 11 E . p. 

Slightly west of this pomt:1 · bed 50 lenses out. 

A greenish-gray~ relatively pure quartz sandstoue has 'been lrecog "" 

nized la.$ bed 3Z, from Domingo Canyon northward for ab()ut 4- ! / 2: 

mil®e. This resistant layer ie about fomr feet thick and forrns a 

n~l':fOW ledge above the alluvium of the Tularosa Basin at t:he base 

of the frontal e~carp1nent . Farther north, it is no longei~ e:M.posed 

at the su:dace. Toward the south, it dies out as a resistant ledge 

a:md its position cannot be deternr:tined accurately. North of Tularos_a 

Canyon. it is thinly bedded. .Locally, the sandstone is calcareous 

a;nd contains minor amounts of feldspar 11 up to about 10 pe:ircent. m 
. the southeast~ it b conglom.era.tk and sh.owe erossi ""bedding. En a 
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few places it contains plant fossils, but no marine fossils have 

been noted. 

No. 35 

A inecUu.m gray a.rgillaceous limestone was traced northward as 

bed 35 f~om one mile northeast of Tularosa for four miles to where 

it is no · longer eX"9osed. The limestone is about three feet thick 

and contain.a dark ~ray limestone concretions that are interpreted 

to be algal in origin. Toward the south, it grades into a-brown,,_ 

weathering, sandy. argillaceous limestone and then into a green­

ish- gray mudstone . 

No. 51 

Mar ker bed 51 ia formed by a laterally very persistent, medium 

gray, very thick - bedded lime·stone. This layer is a.bout ten feet 

thick , and extends from. half a mile nortl) of Dom'ingo Canyon for 

7-1 / Z miles to the 1un.•th, where it ia no longer exposed. The lime­

s tone is largely ~ coarse detr•tal limestone, which shows charac­

teristic rusty•b:rown d.olomitlzation in the vicinity of Tularosa 

Canyon, between sections ~Sand 29 , for a distance of two miles. 

Both toward the north and south the lin1estone shows a transition 

into medium. gray argillaceoue lime$tone , and _occurs interbedded 

with gmy shale.. Toward the so~thea.st, it gra.dee laterally into a 

red rnudstone interval which is indicated on section ZS. 

No. 5Z 

A dolomitic limestone , sbnilar to parts of bed 51, was ma.pped as 

bed 52. This persistent layer, which has a thickness of about three 

feet, extends for 4-l /Z miles in the vicinity of Tularosa Canyon. 



To'\va:rd the south, it is known to extend for two more miles, where 

it grades into gray shale and then red mudstone, ·as is indicated· on 

sections 27 and 25. Toward the north. it grades into a six foot , 

thickp medium gray .• detrital limestone layei-, ·which consists mainly 

of u£1identif iable a.~ga.1 f ra.gments . 

No. 53 

A conglomera.te ~ayer baa been :recog1:1bed from Dorningo Canyon 

northward. for a distance of 7 ... 1 /2 miles as marker bed 53. Between 

Domingo and Tularosa Canyons it consists predominantly of cobbles 

of quartzite . lfeldapar porphyry constitute about five percent of the 

cla.ets . North of 'l'ularosa Canyon, the conglomerate grades into a. 

greenish""' gray, feldspatbic , obscurely cross •bedded sandstone , which 

ie 15 feet tbick in places . ltarther north, it appears to grade into 

a sequence of gray aha.le. The base of this con.glome:rate layer is 

conai.dered to fo1•m the base of the Abo £01 .. ma.tion between Domingo 

and Tularosa Canyons. 

No. 54 

Marker bed 54 is a resistant, medium gray, very £ine-.grained , 

brown ... weatlle:ring lin'lestone in the rulrthernmost two miles of the 

map area. m section 33. it is about eight £eet thick, very sandy 

at t.t.'le base. and g1•ades near section .34 into a .15 foot lirr1estone 

ledge th.at is very thick""bedded at the top and consists of coarse 

bioclastic debria . Between sections ·33 a.11d 3~, a distance of z ... 1 /4 

miles , it grades southward L""l.to a very nodular sandy and argilla.­

ceous lin"lestone, which occurs interbedded with red shale . Fa.rtber 

south, it is known to grade into r .ed calcareous shale. 
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No. 55 

A thick-bedded. m edium light gray limestone. which is about l Z feet 

thick. forms marker bed 55. It has been traced £rom Tularosa 

Canyon northward fo:r five miles. In the nort..1l.ern part of the area 

the bed contains locally abundant fusulinida and grades laterally 

into a limestone that is marked by medium dark gray algal nodules 

which are ·about one inch in size. South of Tularosa Canyon with.in 

half a mile, the thick.bedded limestone grades into a very silty 

limestone and then into a medium dark gray calcareous siltstone. 

This s iltstone contains abundant irregular leaf ... like algae and some 

fusulinids •. Farther south. the bed gradee into red mudstonee 

overlying marker bed 53, and it can no longer be distinguished 

as a separate horizon. In the area north of Tularosa. bed 55 ie 

ovel'lain by the main mass of Abo red beds, and the top of this 

unit marks the top of the Laborcita formation in that area. 

Conditions of Deposition 

The conditions that prevailed during the deposition of tli.e 

Laborcita. formation are discussed in this section which is subdivided 

into three parts. The fir st concerns sedimentai-y facies and treats 

eight different rock types that are cotJ,sidered to indicate certain re­

stricted environmental conditions. In an attem'lpt not to duplicate 

the previous discussions on local features and markei' beds m t.~e 
section on ° Litllologytl • only the more prominent features of the 

various rock types essential to the discussion of sedimentary facies 

will be e:t.nphasized. Lateral and vertical rock sequences or cycle.­

theme are discussed in the. second portion of this section. The third 
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portion outlines briefly the depositional histo:ry of the L aboircita. 

formation as it is known in the northern Sacramento Mountains . 

Sedimentary .Fa.cies 

Conglomeratee 

Conglomerates are one of the most useful rock typea in the 

area both for marker beds and interpretation of conditions of de­

position • . Most conglo1nerates in the map a·rea. ,are poorly sorted, 

wedge-slJ,aped deposits that con-imonly exhibit evidence of scour­

and-fill -:tructures at their base. The. composition of clash> and 

matrix ranges widely. In general, four different types can be dis­

t~gµished' in tile mapped area. 

Pebble and cobble conglomerates, largely composed of var­

ious types of limestone, some with diagnostic Pennsylvanian fossils 

and with minor amounts of chert~ occur mainly in the vicinity of 

State Highway 83 in the southernmost part of the map area, as is 

shown onPlates 4 and 9. , These deposits reach locally a thickness 

of ZO feet, a.re wedge-shaped and commonly grade into red mud.­

stones within a mile. Their development suggests conditions in the 

source areas which permitted the eroeio~ of limestone clasts, 

rather than the process of removal by solution with resultant accumti­

lation of only the insoluble .parte, such as chert. However. the as­

SJocia.tion with red beds is indicative of a warm, relatively hum,id 

climate (Yan Houten, 1948, p. 2116), and the writer believe$. tbere .... 

for.e, that the limestone conglomerates a.re the producte of rapid 

erosion of a li~estone terrain and rapid burial after' relatively short 



transport. Their abort lateral extent, wedge-shaped nature, absence 

of marine foseils in the 1natrix and poor sorting is indicative of de­

position on a subaerial surface of appreciable gradient, adjacent to 

an area actively undergoing erosion. Away from the area of erosion 

the slope is interpreted to °J?ecome more gentle , allowing finer m a.te:w• 

ials to be depoeited. The steeper parts of the area of aggradation 

are considered by the writer to represent a piedmont environment. 

The term, alluvial plain environ.......n.ent, is applied to the more gentle 

portions and is probably a surface of very low relief in the map area. 

Rapid erosion of the limestone terrain and rapid burial after relatively 

short transport is compatible .,."vith the proposed piedmont environment 

of the limestone conglomerates . 

Conglomerates that are more continuous than the limestoi;.~e 

conglomerates and extend laterally from 4 to 8 miles , are mostly 

· confined to the upper part of the Laborcita and basal part of the Abo 

formation. The tb.ickness rangee from a few feet to ae much as 20 

feet . These conglomerates , such as beds 29 , 4Z, 49 and 53 (Plate 4~, 

are predominantly comp_oeed. of cobble&· of ·quartzite; limestone and 

chert are ge~erally ·present in minor quantities , but locally they might 

form as much as 50 percent of tile clasts . Corrt1nonly, the congfom ... 

erates grade laterally into quartz-rich sandstones . These conglom­

erates are interpreted to have been deposited in a piedmont environ. ... 

ment,. principally because of their lack of marine fossils in the matrix, 

dominance of cobble-sized clasts , irregular thickness and channel 

features at the base . The lateral persistence of these conglo1neratea 

is possibly caused by either deposition riea.r the broad base of an · 
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alluvial fan or several coalescing alluvial fans, that forr.n a eontin'!'O 

uous aprorl. of waste at the base of an area undergoing erosion. 

Locally, it has been noted that these conglomerat~s consist 

enti~ely of quartzite cobbles . This phenomenon is attributed to se ... 

lective so1°ting according to size which removed the smaller size 

particles• composed mainly of limestone and chert, leaving the con-
. ' 

glomerate richer in quartzite. This is suggested by s.ol"ne observed 

lateral transitions, such as beds 29 and 49, from quartzite cobble 

congloni.erate into pebble conglornerate of quartzite and limestone 

and granule· conglomerate of chert and limestone. These relatively 

more continuous conglomerates were possi~ly deposited under con ... 

ditions of lea:!l rapid burial than the interformational limestone con ... 

glomerates. as suggested by the better and more complete sorting 

in a lateral direction and the smaller size of the limestone clasts . 

Son'le conglomerates of the area are probably marine.' The 

thin conglomerates , such as marker beds· 13 and 21 on Plate •1$ thai 1 

are about 1 Q, feet thick, grade laterally within less than a mile into 

calca.~eous quartz sandstones . These conglomerates occur interbedded 

with marine shales and limestones • . and are indicative of either ehort 

periods of emergence and alluvial plain cond.iti~ns. or might have 'been 

deposited under partially delta.ic marine c'onditions . 

A few UmestQne conglomerates in the area, that apparently 

occur in close association with massive marine Hmesto1'tes. such ~s 

bed 10, have been tentatively interpreted as intra£orrnationa.l conglom­

erates. The clasts of these conglon1erates a:re of pebble size and 
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a.ppear to be cortiposed. of one type limestone . Tem.porar1.r withdrawal 

of tb.e m.a.l"ine waters ~ mud c:racldJ.i.g and. subseqitent' flooding of tile 

m.ud .... crackad layer s might explain their formation. However, the 

short late1··al extent of m ost of these conglomerates and the generally 

well .. rounded shape of the pe.bbles might suggest transporting agents 

that were locally more active• such aa ,streams • . 

Coarse-Grained Sandstone 

On the basis of grain size, the sandsto11es of the Laborcita 

formation ca~'i be classified b1to two broad groups, coarse-grained 

and fine to medium-grained sandstones• which are also indicative 

of certain restricted e:awironmental conditions . Very coarse-grained 

a.rkose and feldapathic sandstone are n&ost abundant and constitute 

a.bout 40 percent of the Laborcita. for1na.tion in the area north of Do .. 

mingo Canyon, as- is indicated on P late 4 . These sandstones contain 

a few scattered pebbles of che:rt and limestone (Figure 7)J and occur 

interbedded with thin layers of red or gl'een mudstone. Generally. 

these coarae - g:rained deposits are red or greenish-gray in color and 

show marked cross-stratification, and are noted by the absence of 

marine foseils . The dip of the cross-beds , which averages a.bout 

15 degrees , is predominantly toward the west, although local vaJ.'ia ... 

tions occur. The author believes that these thick seq~ences a r e evi• 

dence of ,luvial deposition• and possibly represent river channel 

and/or deltaic deposits . The pre1;ence of the relatively unweathered. 

feldspar_ su'ggests rapid erosi~n in the source are~s . 
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Fine and Medium-Grained Sand.atone 

Although most sandetonee of the J .... aborcita formation are of 

local extent, a few sandstone beds are relatively uniform L'"l thickness 

and laterally very persistent, extending for as m.uch as sb: m iles . In 

general. these are well sorted, fine to medium-grained and do not 

show marked' cross-bedding. Most of the sande1tones are composed 

largely of quartz, commonly with calcareous cement. }ilar ker bed 

Z7, which occu.~e in the -southern part of the 4nap area, is of this type. 

This bed laterally grades into a very sandy, thin-bedded limestone 

(F igure 9). Others , such as bed 53, grade laterally into conglomer­

ates. A few sandstones, euc-h as bed 32, which are largely confined 

to the area north of Domingo Canyon. are classified aa eubgra.ywackes , 

because of the large amount of interstitial detrital material. Marine . 

fossils. are in general absent. 

The laterally persistent sandstone beds probably represent 

thin blanket marine deposits. The relatively· ucleanu quartz sa~etones 

of tbe southern part of the map area were possibly formed in a near.­

shore envbonn:-1.ent, where more turbulent water conditions resulted 

in a. winnowing out of the fine terrigenous ~las tics. The blanket sub­

graywackes of the a.rr.;;a north of Domingo Canyon. are characterized 

by a upaste-liken matrix and feldspar content of about 15 percent. 

They locally contail?h carbonized plant ~emains. The features are sug..,. 

gestive of deposition under laterally uniform, quiet watel"' conditions , 

such a.a possibly prevailed in a lagoonal environment. 

Nodular l~irr.neston.~ 

Thia facies includes eeveral varieties of limestone with nodular 



characteristics. The n:iost commo~i are the a;rgillaceou:e, m edium 

gray . limestones witb typical nodular bedding as much as four inches 

thick, and laye1:® that are largely composed of sepa.?ate lim estone 

nodules bedded in a ,red or green mudstone matrix. in many placee , 

the obscurely bedded, i1'1assive limeston.es all.ow a transition at their 

upper and lowe1• contacts into the nodular limestones. The nodular 

limestones are :fine-grained, and are composed of detrital limestone 

particles of about Z/10'!"5/10 mm, packed in a very fine grained ma­

trbt. ·Fusulinids are moat commonly found in limestones of this type 

and locally form about half tll.e rock. Although theae d.epcei.te occur 

thro~ghout the entire I.Jaborcita :formation , thiay are most abundant in 

t.11.e central area between La Luz and Domingo Canyons , where tb.ey 

form a large pa.rt of the section, as is shown on P late 4 . On the basis 

of the occurrence of f usulinids and the bedded nature of the strata, 

th~ nodular limestones probably represent an open marine environ­

ment. 

An. area cf active · erosion is poatul.a.ted ea.st and sou~bea.st a.nd 

possibly ll.ortheast of the map area. on the basb; of th~ increasing 

amount of conglometatee a.nd abrupt thinning of the Laborcita forma• 

tion toward the ea.st and southeast. Many of the nodular lL"nestones 

grade laterally in the direction of this land area, into gray, green or 

red mud.stone, which is diagram:anatically shown by beds 8, 9, 10. 

37 and 54 on Figure 9. These limestones. there.fore . a.re probably 

deposited under relathrely quiet water conditions in an area. seaward 

from the zone of ina.ximum deposition of terrigenous elastics . 

The limestone nodules that occu~ commonly !nterbedded in · 
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red or green shales are. at t.b.e most, three inches i.vi diameter and 

are sublithographic in texture. The lack of organic structures in 

the limestone nodules is striking, and an inorganic accumitlation of 

these nodules in ve.ry shallow water marine conditions is m.ferred. 

Locally, these nodules are dolomitic. which supports the interpi:.eta ... 

tion of an i.'lrloi·gamc origin in a shallow water environment, as will 

be pointed out in the section on dolomitic limestones. 

Massive Limestone 

Many of the laterally persistent limestone atrata that extend 

as much as se"',ren miles in the Holder and Laborcita formations are 

either obscurely bedded, or occur in beds over one foot in thicknees. 

These are largely detrital limestones that consist of bioclastic de .... 

bris occurring in a vei-y fine-grained matrix. The coaraer particles 

range from I /l0u4/10 mm. The limestone -.ppears to be fo:tmed 

dom~tly by ·fragments of a.l~ae , which are no longer identifiable. 

Fragments of the hard parts of other, largely benthonic r...'larine in"" 

vertebrates are present in very small quantities . The average clay 

content of these fragment.al limestones is a.bout four percent, based 

on an insoluble residue determina.tio.n of · sb: typical samples. The 

massive, obscurely bedded lim.eston~s probably represent a. seaward 

extension of the nodular lir.aes~ones . This ia euggeeted by the lateral 

transition of. the nodular limestones (.Figure 9) $.rite maesive lirr1e• 

stones in a direction away from the inferred shore-line. · The il~ightly 

smaller particle size of the maseive limestones as compared to the 

nodular limestones might indicate a source of at least some 0£ th~ 
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det:d.tal fra.gn"H:!llt$ from mo:re near..-shore area@. The low clay con­

tent indicates a reduced inflult of fin<a ter:rigenoue elastic$ in the zone 

of deposition of th~ massive limestones. 

The me..sei~1e reef. limestone lenses that are about 35 fee~ 

thick and occu~ in the area northeast of Tularosa were. fol'med by 

cement-binding ~nd fra1rtework-buildlng encrusting algae . They can 

be considered aecretiona:ry limestou1es as opposed to the massive 

obscu.:rely bedded limestones of the detrital type . These reefs were 

probably formed under turebulent water conditione ae is suggested by 

their low clay content. and were probably wave-reaista~t st!.3udurea. 

Polomitic Limestone 

In a few places, massive or nodular limestones grade to·ward 

the south and southeast into light brovllt\ or tan dolomitic limestones 

(beds 37 , 51 and: 52, Figure 9) , which appear to form a shoreward 

exteneion of the massive limestones . 'l~he author believes that M:c­

Kee •e elqJlanation of the formation of the "rusty brown dolomite$n 

in the Camb~ia~i of the Grand Canyon region is applicable to these 

dolomitic limestones of. the Sacramento Mountains . McKee (1945. 

p . ·62) .states that a® a result of a ma:rine t:ranegreseion, the zone of 

elastic deposition shifts more toward the source area. Meanwhile, 

conditiona favorable to c:aldur.a carbon~te accumulation do not n."'1ove 

shoreward in a corresponding amount, so a. axJiecialized faciea devel .... 

ops, intermediate in position between a.reaa of elastic and pu.re-li:rn~ 

deposition. The nea.r ... shore position suggests more shallow· water 

conditions . Thia might restilt in relatively high water temperatures, 
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increased eva~po:ration and aalinity and ca:l'bonate precipitat." on, which 

i.s probably what £> . ..fc Kee m.eant when he stated ilthat this fades is con­

trolled by waters o:f fairly high concentration. u 

Gray and Green Mudston1e 

Gray and green n1.udstones are the domin~t rock type in tche 

Laborcita formation north of La l..uz Canyon. as may be noted on 

P late 4 . In most places , these mudstones are distinctly calcareous 

and all'e commonly the shoreward transitions of marine limeetonea 

(Figure 9) .. They locally contain abundant fossils such as brachiopods, 

molluscs and calcareous algae. of types usually found in shallow marine 

wa~er , ai1d, therefore , tbese gray and. green mudstones a.re i."lte:rp:reted 

as shallow water marine deposits . During periods of relative tectonic 

stability per:mitting deep weathering in the source a$:eas to the north4'> 

east, east and eout.lteast. the stream detritus will consist largely of 

fine terdge11ous dastics . Much of this was probably deposited in a 

zone borderin&;(the land areas , and general reducing conditione.: 1 0£· the 

marine envi:tonment :re:moved ~~y red color of the source area detri-

tus . 

1n a few place a, such as the shale zone below matker bed 8 

in the southeastern part of the map area. the gray shales grade later­

ally into ve:ry dark gray, almost black, carbonaceous shales contain­

ing some coaly la.ye:r$ that locally yield abundant plant fossils. These 

beds a.~e interpreted· as brackish water deposits, possibly in a lagoona.l 

environment. 



Red Beds 

Red muds tones, sandstones and conglor.aerates occur through ... 

out the entire Laborcita formation and are p;.u:iicula.rly abundant m 
the eouther.n part of the map area (Plate 4). The red coloring m the 

sandstones · and conglomerates is largely due to the red clays from 

the mud.stone . This contrasts with some of the a.rkoses in the over ... 

lying Abo formation which locally receive tll.eir red c~loring £rortJ. 

pink orthoclase. Thin-section study of a few of tbe more eom1-r1on · 

dark red mud.stones showed that the coloring is entirely caused by 

the particles of day size. The quartz fraginents , although present 

in substantial arnounte, do not affect the coloring of the rock, and no 

pink feldspar ie present. 

From various lines of evidence 'ivhich are enu1nerated belt'>w, 

the author believes that t...lae red beds a.re largely terrestdal deposits 

and. that the red coloring is a result of the weathering conditions that 

prevailed in the source areas . Furthermore• the author believes 

tb.a.t under terrestdal depoeition the red color of tbe sediments will 

be preserved. 

( l) The area. east, southeast and probably to tl"le n.orthea.e; t 
of the map area represents an area of active erosion 
during· much of Laboreita. tune. Consider~g the 1-da"'" 
borcita for1na.tion as a whole; the red bed facie:s appears 
to be the time-equivalent of a fa.cie$ kn.own to be marine 
and occurs betvJeen an area actively undergoing erosion 
and one cf marine deposition. 

( 2) Certain individual marker bede grade fron1 marL."le 
limestones or green or gray shales toward the ea.mt 
and southeast into red mud.stones (F igure 9 ). In these 
lateral sequences• the limestones and gr 12.y or ·g_reen 
shales contain in many places ~narin.e invertebrates , 
but the contemporaneously deposited red shales a re 
generally barren of marine fossils . 



(3) 

(4) 

(5) 

Sedimentary features such as channeling, irregular 
cross-bedding and lateral discontinuity of the bed3 
are suggesti-ve of fluvial deposition; the coarse­
grained deposits in stream channels and the fine 
clays and silts on broad flood plains. 

The re~ beds~ particularly tl1.o$e oi the overlying 
>"';be formation, contain locall'y abundant petrified 
wood. 

Reducing conditions generally p~eva.il in normal 
marine environments, whereas oxidizing conditions 
required for deposition of red bedr; are prevalent 
in a subaeria.l environment. 

Although these criteria. are suggestive for the largely non.• 

mari .. ~e environment of deposition of the red aha.lee in the n1ap area, 

they fail to explain the origin of the red coloring. As the author 

ma.de no· detailed study of. the nature and origin of the :red color• 

some of the better known views which appear to agree with the re­

lationships m the Sacramento Mountains are briefly summarized 

below. 

Van Houten (1948, p . 2116') pointed out that a sufficiently 

'\Narm and humid cUrnnate in the source area will produce a red soil 

that will be the eoutce of the coloring rnatter and of much of the 

elastic material in tlle red beds . Ferric oxide and ferric hydroxide, 

derived from iron-bearing minerals in the source area, will be · 

transported with the clay -min.era~ls and become a part of the shales ; 

dehydration turns brown and yellow colors to red (P ettijohn, 1949 , 

p . 173). An oxidizing environment in the site of deposition will pre "" 

serve the red color and remove carbonaceous or other reducing 

components th:a~ might otherwise reduc~ the iron compounds during 

d.iagenesis . Such an oxidizing envi:rorunent prevails du.ring ~ubaerial 

deposition in piedmont and alluvial plain environments. The deposits 
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fo:r:med in this 111anner are classed by Krynine U 949, p. 60) as pri­

mary red beds. In addition, the oxidizL""lg environment at the site 

of deposition may change the colo·1~ of blue ai1d gree1i sediments to 

red. 

The local o<ecurrence of nodular limestones bedded in l!"<ed . 

shales, and red shales containing abundant ~usulinids might be ex­

.plained by deposition ir1 the litto:ral zone of marine waters with 

repeated emea"'gence and flooding of the ~rea, possibly associated 

with conditions of rapid burial. These occurrences also support 

the conclusion that the red color of fine sedbnents is caused in the 

source area. The suba·equent lose of the red color in marine sedi· 

ments is p1•obably a. diagen~tic process that takes place after burial, 

whe:re the 01·ga.nic content of the marine sedhnents will tend to re ... 

duce the ferric oxide , :resulting in greenish or gray colors . 

Lateral a.!.,d Vertical Rock Seguences 

Lateral Sequences 

In the Laborcita formation the lithofacies of xnarker bed 37 

laterally shows a complete gradation from massive obscurely bedded 

limestone through nodular limestone. silty lhnestom! and black or 

greeai calcareous sha,.le into 1 .. ed shale. Sb'liila:r transitions, possibly 

not as co1nplete have beei;. observed in other strata., such as marker 

beds 9, 10, 51 , 54 and 55 and are .illustrated on the diagra.r.a of Figure 

9 . These gradual changes a.ppea~r to represent a gi+adue.l transition 

from deeper marine enviro1u11ents toward littoral or terrestrial en­

vironments. 
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Gradual changes in fau.nal content have been observed to cor­

respond to the lateral lithologic sequences. This is clearly demon­

strated by beds 37 ~~nd 55, where the nqdular limes~ones co11tain 

abundant fusuUnids, the silty limestones contain bra.chiopods and 

pelecypods of shallow water types, and the gray calcareous silt-

s tones· are rich in sma.11, but distinct leaf-like algae . 

This gradual f aunal change is interpr~ted to be controlled 

largely by the depth of the marine waters• although many other fac­

tors such as tempeioature, water turbulence, salinity and turbidity 

may bring abqut certain changes. Similar faun.al changes were ob­

served by Elias (1937) in the Big Blue sediments of Permian age in 

·Kansas . Elias infers a depth of 160 to 180 feet for the fusullnid$, 

90 to 160 feet for the calcareous brachiopods and between 7 5 and 

U O feet for the calcareous algae . Althougb these figures are prob .. 

ably not applicable in absolute terms to the various fossil groups of 

the Laborcita formation~ the author believes that the faunal content 

iSJ certainly a key in .estabU.shing the relative depths of the various 

lithofacies . Therefore . the gradual transition of the lithofacies in 

any single mark.er bed from obscurely bedded marine limestones at 

one end. into red shales at the other. is probably indicative of a 

gradual shallowbig of tbe Labordta sea in the direction of the shq:re 

line. 

The depth of the La.borcita.. sea within the rn~p area probably 

did not exceed the depth of the euphotlc zone at any given tim.e, as 

the probably benthonic calcareous algae, that appear to be such large 

contributors to the obscurely bedded massive limestones, require 
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sunlight for their photosynthesis. Ku.enen (1950, p. 8) states that 

the depth o! penetration of sunlight is a "few dozen meters 0 , a .. nd 

Sverdrup (1942, p . 774) gives a figure of 80 meters or more, which 

is generally considered a maximum.. Extrapola .. tion of Elias • maxi ... 

, mum depti1 figures f o~ the various fauna! ~onee and postulating a. 

gradual increase in depth in a direction away from the shore lbl'e, · 

would indicate an approximate depth of ZOO feet for the zone of de­

position of the massive limestones. Although the author believes 

that this figure is definitely a high estimate of the depth of deposi­

tion of the massive limestones, it still would be well within the 

limits of the . depth of the euphotic zone. 

Marker bed 37 exhibits the complete facies transition from 

massive. limestone into red sbale within a lateral distance of about 

9, 000 feet in a southeast direction (Figure 9 ). If the maximum depth 

represented by tllis bed is 200 feet, an average slope of about 1 ZC 

feet per mile, or slightly more than a two percent slope is· indicated 

for the submarine surface during deposition. ThiS is considered a 

maximum figure as this example both involves one of the most a.bl:'upt 

qf any o{ the facies changes in the area, as well as the maximum 

depth estimate for the masdve limestone in the marker bed. 

Vertical Rock Sequences ; Cyclothems 

The limestones and shales in the upper part of the ~older 

and lower ·part of the Laboreita formations in 1.aborcita Canyon occur 

in cyclic repetition, as can be noted from sections 1 ·1 • 18 and 19 on 

Plate 4 . P ray (1952. p . Z13) previously noted evidence of cyclic se.., 

quences in the Holder formation of the Sacramento Mountains . 
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patter11 is referred .to a£ a cyclothern. Although the cydothems of the 

Laborcita formation appear to be less perfectly developed than those 

of the underlying Holder formation and most sequences are probably 

incomplete , a complete oi- ideal cyclcthem that is typical of the cyclic 

deposition of the Laborcita formation can be determined. Two types 

a.re most co1nmon and are indicated on Figure l 0 . 

l Red mudstone Red mudstone 

Green mudstone 

Thick-bedded detrital t limestone 
Limestone pebble 

Nodular fusulinid and .... cobble conglomerate Q) limestone .... Q) ..... Q) 
Q) 

0 ..... 
in 11'1 --- Red calcareous l"I Red mudstone 

l 
-- muds tone 

-- l 
A. Neritic B. Terrestrial 

Figure 10. Cyclothems of the I"'a.borcita formation. 
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The nedtk cyclofthem U¥' i gu:re l OA) coneis t s of a t h in c on­

glom erate or sands tone that i s overla in by a red ca k a :re ous m ud­

stone or shale . This grades upward into a nlodular lim e s tone that 

contains locally abundant fusulinids . The nodular lim e s tone is 

giradually overlain by obscurely bedded fragme rital lim estone . A 

red or green shale will dil'.ectly overlie this limestone, which com­

pletes "the cycle . The total thickness of ,this sequence is app:ro:d­

m a.tely 50 feet . This ideal cyclothem is generally not fully devel· 

oped, but numerous part~al cycles are preeent. The thin sandstone 

or conglomerate , that m ight indicate a slight break of possibly dia~ 

stemic nature , is commonly absent. In a. few places , intraforma­

tional limestone ·conglomerates occur at the top of the obecu:rely 

or thick-bedded limestones . In other places , howeve r . the entilre 

massive limestone unit will be missing and the nodulai' limestones 

grade upward d i rectly into red or gray shales . 

It i.s s i gnificant that the vertical succession from sandstone 

to obscurely bedded limestone in each cycle is essentially the same 

ae the succession in. the lateral rock sequences . h'A a few places, 

such as marker bed 37 on Figu:re 9 , it can be clearly demons trated 

that ·a nodular limestone grades both laterally and upwar~ into a thick.­

bedded limestone , which, on the bade of the previous discussion, 

indicates increasing depth of the marine waters during the deposition. 

Therefore , each cycle appears to represent essentially one com ... 

plete marine transgreseion and regression. · If the depth of deposi­

tion for the massive lbpestone is inferred at 200 feet , and if t h e 

basal thin sandstone and the red mudstone is terres trial in origin, 
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sea level must have fluctuated ~t least 200 feet during one complete 

cycle. A cyclothem of this type. with a dominance of marine condi­

tions, is classed as deltaic or neritic (Wanless and Shepard., 1936). 

A similar sequence was reported by Wa1uess (1947. Figure 4, Col ... 

umn 10) in the Molas formation in the .San Juan.Mountains in south• 

western Colorado.: Wanle~s and Shepa:rd (1936) suggested that each 

cycle might. start 'Yith a basal conglomerate overlying a disconformity 

at the base. The author· believes that the thin sandstone or conglom.• 

erate in the cyclothems of the Laborcita formation might represent 

slight diastemic breaks. 

The interbedd<fd limestone conglomerates and red shales 

(Figure 1 OB), that occur in the southeasternmost part of the map 
. . ' 

area, are interpreted as terrestrial cyclothems (Wanless and 

Shepard, 19 36) . Each sequence averages a thiekness of about 35 

feet. · The conglomerates p:robably overl•e a disconformity at the 

base . 

The nerltlc cyclothems indicate ·repeated fluctuatioM of 

.sea level and alternating periods of ti-ansgression and regression. 

During periods of widespread transgression and of maximum lime• 

stone deposition. the zone of elastic deposition shjfted more toward 

the •·ource area and as a result deposition of fine terrigenous clas -

tics was at a minimum · in the . map area. The repeated fluctuations 

in sea level might be re·lated to the general instability of the a_rea, 

and might indicate · the episodic nature of the deformation that oc­

curred contemporaneously with the depoeition of the Laborcita forma­

tion in the ar~as to the ea.st ai1d eout£1ieast. In this manner the 
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terrestrial cycloth.ems in the direction of the soux-ce area might be 

explained by recurrent uplifts of the source area. The initial period 

of rapid erosion in the source area and rapid burial of tli.e limestone 

conglomerates in the adjacent piedmOlflt areas is followed each time 

by a period of relative ·stability and deep weathering in the source 

areas. Du:dng these rel~tively stable periods , the thick red shale 

sequences are deposited on a broad surfa.ce of low relief and low 

'gradient, such as an alluvial plain, and r.naximum deposition of fine 

terrigenous elastics occurred in the adjacent marine basins . 

The coi?.cept that different types of erosion occur in sequence 

is an oversim.plification, as the different processes of weathering 

and erosion, and formation of coarse and fine elastics,, are gener­

ally active simultaneously. Therefore, the occurrence of the inter• 

bedded conglomerates and shales does not necessitate recurre~:&t 

uplifts in the source area •. and the presence ot discontinuous con.., 

glomerates in a dominant ehale section might be explained by rela­

tively short periods of great carrying capacity of the streams . 

Depositional History 

In the Sacramento Mountains the Laborcita formation forms 

the transition zone between the marine Holder formation and the 

non- marine Abo formation and appears to have been deposited con­

temporaneously with the diastrophism that occurred in late Pennsyl­

vanian and early Permian time , east and southeast of the map area. 

The deposits indicate the gradual emergence of the area and the 

transition from marine to non-marine environments, although many 

fluctuations are recorded. Roughly three phases can be recognized 
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in the depositional history of the Laborcita formation. 

First Phase 

The first phase concerns deposition of the lower two-thirds 

of the Laborcita formation, that is , the portion between the basal 

contact dl:nd horizon 39 (Plate 4).· For this part of the section, a gra ... 

dation from non-marine conditions in the southeast and east to marine 

conditions toward the northwest and west is indicated. Red beds in 

the area south of La Luz Canyon grade inio marine limestones and 

shales in the area between La Luz and Domingo Canyons. Locally, 

lagoonal or fresh water condit·ions ~ight have existed, as is indicated 

by th~ occurrence of abundant plant fossils and coaly layers in cer­

tain shale zones . The section in the vicinity of La Luz Canyon is 

relatively rich in nqn .. red sandstones and congl~merates , which 

might indicate deltaic conditions locally. In the area north of Do­

mingo Canyon only the upper part of the lower two-thirds of the 

Laborcita formation is exposed, and here thb portion is marked 

by the lack of distinct limestone beds . A significant increase in 

the amount of non-red sandstones in tbis area. is evident as con!.• 

pared to area':l to the sou~h. These changes are suggestive of a 

transition from Domingo Canyon northward into near-shore marine 

or lagoonal environments . Possible evaporative conditions are 

indicated by minor amounts of gypsum. 

During the first phase , the basin of marbie deposition prob ... 

ably extended west <?f the presently exposed part of fi:he Laborcita 

formation. Terrestrial conditions of depoa.ition for the area north 

of Domingo Canyon ar-e inferred within a few miles to the east or 
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northeast of the present: frontal escarpment of the Sacramento Moun­

tains . Most of the fluctuations of sea level recorded b y the l~aborcita 

forrmation occurred during this phase . 

Second Phase 

- The second phase includes .roughly the strata between hori­

zons 39 and 49 on Plate 4 . Thie interval consists of about 100 feet 

of red beds throughout the entire exposed pa.rt of the l,aborcita 

~ormation. It is interpreted as a prolonged period of low emer­

gence for tllat area. Deposition pro~ably occurred 011 a broad 

alluvial plain. witb possibly deltaic conditions for the area north 

of Domingo Canyon, where red and green, coarse , cross-bedded 

arkosea are present in the section. 

Third Phase 

The interbedded marine limestones and non-rtui:rine red 

beds that occur between horizons' 49 and 5.5 ·in the area north of 

Domingo Canyon, are included in the tilird phas~. This section, 

which is about 250 feet thick, correspo1:1ds to the lowermost part 

of ,the Abo formation in the southeastern part of the map area. 

Apparently, tba northern area was repeatedly flooded by marine 

waters from the west. 

Source Areas 

The aour.ce of most of the elastic sediments must have been 

in the southeast, east and northeast. This la11d area is considered to -

be a part of the Pederna.lLandmass . A,n increase in the amount and 
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size of the coarse elastics toward the southeast and east indicate a 

source in that direction.. The conglomerates in the Upper La Luz 

Canyon area grade westward into sandstones , shales ~d limestones 
. . 

in the section near the junction of La Luz and Fresnal Canyons. With-

in a diEftance of about three miles, the section increases in thickness 

from about 60 feet to about 550 feet (HH', Plate 3). This marked 

wedging is par.tly caused by poet-Laborclta and. pre-Abo erosion. 

Nonetheless, it reflects the presence of a positive area in the ea.st 

with depos.ition toward the west. Continued erosion in late Laborcita 

time must have exposed large areas of pre ... Cambrian quartzit~ in 

the source area, as abundant quartzite cobbles and pebbles occur in 

the upper part of the Laborcita. formation. 

rhe feldspar content of the subgraywackes. a.rkoses and feld­

spathic sandstones in the section .north · of Domingo Canyon is in 
' . . 
marked contrast with the .relatively pure quartz sandstonee in the 

area to the south. The congl~merates in the section of the Laborcit~ 

formation north of Domingo Ca.nyon are characterized by their content 

of about 30 percent of pink feldspar porphyry. which does not occur 

in the conglomerates farther south. Therefore, the difference in 

feldspar contep.t · of the coarse elastics of th.eee two areas is largely 

attributed to differences in composition of the source areas from which 

the.se sediments· were derived, and the area north of Domingo Canyon 

probably received ite detritus from a feldspar":'bearing source to the 

east or northeast. 



-110 ... 

Contact Relationships 

Everywhere within the are·a of investigation the Laborcita 

formation is in contact with the Underlying Holder formation. Near 

the junction of La Luz .and Fresnal Canyon, the contact has been 

selec~ed at the base of a four foot thick conglomerate layer, bed 5, 

which overlies directly Thompson •s type section of the nFresnal 

group . 0 Toward the southeast, in Fresnal Canyo1-i, this bed does 

not persist as. a. continuous layer, but reappea_ra i1:1 many places at 

th~ same stratigraphic position. with respect to the overlying strata 

and represents the best mappable contact. It occurs above inter-

bedded nodular fusulinid limestones and red shales and below plant-

bear~ng _da~k carbonaceous shales and limestone. The conglomerate 

marks essentially a change from marine to brackish water condi-

tions . According to i;>r . Cline , of the University of Wisconsin, 

southeast of section 1.1,.. in a distance of a.bout Z-1 /2 miles, about 

100 feet of the uppermost part of the Holder formation appear to be 

gradually cut out by a horizon that approximately coincides with the 

base of conglomerate bed S*. The contact is therefore a very slight 

angular unconf0.rmity in.the Fresnal Canyon area. 

About 900 feet northwest of th~ top of . Thompson's type sec­

tion, the conglomerate lenses out ~nd has not been observed farther 

toward the northwest, nor was any evidence of an erosional discon-

tinuity observed beyond this point. From this point northward, the 

base of the Laboreita formation i"s traced as a phantom. horizon, at 

a position about 30 feet st~atigraphically above the persistent limestone 

•Oral communication by L. C. Pray. 
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bed 4. The lithologic eha.ract~r of the strata on either side of horizon 

5 is very similar in this area and no recognizable b?eak exists in the 

succession of strata. The.refore, the contact is ·considered gradational 

and deposi tion appears to have been essentially continuous in the area 

north of La Luz Canyon. 

The limestones of the Holder f qrmation are overlain with an 

angular discordance of about 10 to 15 degrees by red Labo:rcita con• 

·glomeratee. and shales in the south.easternmost pa.rt of the map area, 

in the exposures nea!L° and along State Highway 83, about three-fourths 

of a mile west of the tunnel area. The abrupt wedging of several beds 

in the Laborcita formation (Plate 9, $ections 1 and 2) is partly caused 

by an onlap of these strata on a pre - existing anticlinal structure in the 

Holder -formation, as .is indicated on Plate 3 , sections MM' and ~TN'. 

Further evidence of a period of post-Holder and pre.,.,Laborcita 

folding and faulting exists in Salada Canyon, about one mile north of 

State Highway 83.· Faults in this area are a part of the northward 

extension of the Fresna.l Canyon fault zone in the sou~heasternmost 

part of the map area (Plate Z) . Direc tly west of this major fault zone , 

in the vicinity of Salada. Canyon, the red conglomerates and shales 

of .the Laborcita formation are essentially parallel with limestones 

of the Holder formation '(LL ', P late ·3) . The occurrence of ventricose 

Triticites in the limeetonee indicates a la~e F reanal age fo:r these 

bede . About 1, 000 feet northeast of these outcrops, in the F resnal 

Canyon fault zone , similar red conglbmerates and shales of the La· 

borcita formation overlie with an angular discordance of about 15 

degrees the overturned beds of the Holder formation, which a~e dated 
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in the fault zone, _the Laborcita strata overli~ the e:roded top part of 

the folded Holder formation,. and perhaps as much as 200 feet of 

Holder strata are missing. 

In the Upper La Luz Canyon area, three milee east of the 

junction of La Luz and Fresnal Canyons , conglomerates of the La• 

borcita. formation overlie upper Virgilian strata of the Holder fol* ... 

rn.ation with a distinct angular unconformity of as much as 30 deg1°eee. 

The localities of kn.~wn angulai discordance between the Holder 

and Laborcita. formations all ·occur eaet .of a line that trends north .. 

ward from State Highway 83 near the Fresna.l Ca.11yon fault zone (Plate 

2) , and tl).erefore , eim.ilar structural discordances a.re iwerred in 

the subsurface in the area due north o( t..1-te Upper La Luz Ca1'lyon area, 

as' is indicated on Plate 3. 

- Tile lower contact of tbe Laborcita :for.ma.tion is thus an unusual 

example of an abr.~pt disappearance of an angular unconformity. The 
I 

lower contact of the Laborcita formation, that appears· to be grada-

tional ·in the area northwest of La Luz Canyon, gradually beco1nea ·a 

disconf~rmity and marked angular unconformity toward the southeast 

and east, within a lateral distance of three miles . In that direction, 

uplift and folding must have been initiated prior to and during the de .... 

position of the Laborcita fo:rn-iation. 

The upper -contact ~i Pray' e Burau~ formation .was s~lected 

at the base of. m.arker ·bed 2? , which is a r~latively persistent conglom 0 

erate bed. The lower contact of this bed was considered by Pray 

*Personal communication. 
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(1952. p .. 25-1) to be a slight angular unconformity. This conclusion 

was based largely on the following: 

1. Apparent continuity of this horizon with the quartzite cobble 

conglomerate that clearly forms tbe basal part of the Abo 

formation in the High Rolls are~ in the. southeastern part 

of the map ~rea, where it is unconformable on the under 0 

lying P.ennsylvanian strata. 

2·. Local erosional features at the base of tbis unit. · 

3. The in.crease of the quartzite content in cobbles of the 

conglomerate as compared wlth _conglomerates of the 

underlying sectiqn. 

Detailed tracing of bed 29 toward the southeast revealed that it grades 

into a qu~rtz sandstone 1·3/4 miles southeast of La Lu.z. Canyon. The 

quartzite cobble conglomerate of ~he b~sal Abo near the High Rolle 

area corresponds approximately to conglomerate bed 49, that occurs 

stratigraphically in a position about ZOO feet above __ bed 29. Further­

more, conglomerate bed 29 lenses out· about half a mile north of Cot­

tonwood Canyon, and nortll of this point, neither features indicating 

channeling, nor lenticular bodies of coarse elastic sediments _occur 

at the stratigraphic position of horizon 29. The apparent change in 

environment of deposition wbich was thought to be marked by the con• 

glomerate bed southeast of La Luz Canyon is not recognizable ln the 

vicinity of Cottonwood Canyon, where fusulinid-bearing shales and 

lime~tones overlie the conglomerate. On the basis of this evidence, 

the upper contact of the Laborcita· formation is selected at the base 

of bed 49 in the area south of Domingo Canyon, where it · is considered. 
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a disconformity, and the 200 feet of strata that occtir between the 

top of Pray•s Bursun1 formation a.nc;l the ba9e of bed 49 are included 

in the Laborcita formation. 

North of Domingo Ca11yon. where tbe Laborcita and Abo for­

mations interfinger, the contact beco1ne s gra.da.ti~nal and is selected. 

succe~sively at the base of bed 53 and the top of bed 55 . (Plate 4). 

Thus this contact. ·which ie discussed in more detail under the Abo 

formation, is also an excellent example of a major unconformity 

that dies out within a re_latively short ~ateral distance. 

Fauna, Flora and Ase 

The primary -emphasis ol the work in the rnap area has been 

field tracing of individual horizons,· bl the course of which the pre• 

else s~ratigraphic position of some previously known fos"il localities 

has been det12rmtned and other localities have been discovered and 

collected. The collections contain a wide variety of. marine fossil. 

types such. as fusulinids, J:>rachiopods.. cephalopods, gastropods and 

pelecypods. In addlt·ton, one locality yielded abundant plant fossils. 

It is of· paleontologic significance that in this area the age •as'signments 

of these different fossil groups can be compared once the relative 

stratigraphic position of the various· collecting localities is determined. 

It is largely for this reason that the study of these groups has been 

turned over to specialists in each of the four major fossil groups . . . 

The results of these studies indicate a definite conflict ~ age-assign~ 

ments of correlative parts of the Laborcita formation. This is sig­

nificant in view of similar conflicts in other pa:p;ts of the United States , 
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especially in '\\.""est T~xas , where the lateral. continuity of stl'·a.ta ·is 

inore difficult to deterp.1.ine. The detailed resulta and ·col'lclt.1dons 

of the various specialists are given in Appendix I of this report. 

The fueulinids, commonly used for tbe purpose of regional 

correlation, occur more abundantly th:roug~ the Holder and La.bor­

cita formations than a.ny other group. · For this reason, tl1e author 

used the age-assignments of the fusulinids as a basis for co1·rela ... 

tion of the various forl".n.ations ,_ and. £or the determination of the 

Pennsylvanian-Permian boundary in the map a.1•ea. 

In the mouth of Laborcita Canyon, the upper part of the Holder 

formation and the lower part of the La.borcita formation contain lnta.ny , 

fuswinid-bearing limestones which have been indicated on section 18. 

Thom.peon* considers the fusulinids of sample 18-F-4 to be Virgilian 

in age . Schwa.gerina sp. of early Wolfcai-npian age occur in 18·F-5, 

about 29 feet higher in the s .ection, and sample 18·F-6, another '34 

feet stratigrapbi.cally higher in the section, contains a Dunbarinella 

sp. which is found in the Texas Wolfeatnpian and is definitely Per1nian 
. . 

in age. On the basis of this information, the base of the Permian is 

selected at the base of the limestone ledge that contains the Schwa.­

gerina sp. of sannple 18-F ... s. which corresponds to horbon.9. The 

lowermost 90 feet 0£ the Laborcita formation at the type locality ·are 

therefore late V·irgilian in age, and correspond to about 60 feet of 

strata in the section that ·overlies Thompson's type section of the Fres-

nal group. 

-------
*Personal com.munication. 



This position of the baee of the P ermian System agreeis with 

other micrOfos·sil data. Pray and Covington (Pray, 1952, p. Z27) 

collected fusulinids from a zone 20 feet above the top of the Holder 

formation, about 300 feet northwest of the type section of the Fresnal 

group. R. C . Spivey. of the She'll Oil Company. identified these as 

Virgili.an forms . The fusulinids that occur in the southern part of 

the area, a. quader of a mile north of Highway 83, in the red shales 

(4-F-l and 4-F-2) of the basal part of the Laborcita forr:aation, are 

also considered to be Pennsylvanian forms by Thompson* . In the 

vicinity of Fresna.l Canyon horiz~n 9, which ie taken a.s the base of 

the Permian, coincides approximately ·with the t~p of the carbon­

aceous limestone that has been mapped .as bed 8 . 

The age of the middle portion of the Laborcita. formation is 

definitely lower Wolfcampian. In section 11, sample 11-F-2 indicates 

the zone from which the Wol.fcampia.n.fusuli.nids were derived that 

a~e reported by Thompson (1942. p . 82) and Bowsher (King et al. ~ 

1949, p . 61 ). 

The fusulinids collected in the area north of Tularosa aided 

in determining an upper age limit for the beds . of the La.borcita. for­

mation. Collection 30-F-l (section 30), that was found on the flank 

of an algal reef, occurs.. a.bout SOO feet stratigraphically above the 

base of the Laborcita formation and contains Wolfca.m.pian Schwager­

ina and Dunba.rinella species. According to Thompson•, these forms -
should be correlated above the top of the type section of the Bursum 

fortnation, but they appear to be older than the !uaulinids that occur 

•Personal communication. 
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in the Powwow conglomerate in the southern part of the state. 'tihe 

Schwagerina sp. in sar.aple 28·F-l of bed ss. wbich is the upperrnost 

member of the Laborcita formation and occurs about 1, 000 feet stra .. 

tigraphically above tlie base. is, according to Thompson*, younger 

than any of the forms kl1own from the Burswn formation. In the same 

bed 55, farther to the north, the writer identified some fusulinids 

from. sample F•9 ~s Schwagerina cf. huecoensis, a form that also 

occurs in the lower division of the Hueco lin1estone overlying the 

Powwow conglomerate. Acco~ding to ~loyd (1949 , · p. 31) the Hueco 

limestone represents the middle and upper pa.rt of the Wolfca.mpian 

Series, which suggests that tbe uppermost pa.:rt of the Laborcita for• 

matio11 in the nor-~'lern part of the r.nap area is possibly as young as 

middle W o lf~ampian. 

On the basis of the fl.\G ulinid identifications , the basal portion 

of the Laborcita. formation, perhaps as rnucb. as 90 feet, is late Vir· 

gilian in age . The overlying part, which has a total thickness of 

about 900 feet, is c~11aidered by the writer to form the lower ~olf­

campian . al"...d the overlying Abo formation represents the middle 

and upper Wolfcampian, a.a will be discussed later. 

Cooper studied the bra.chiopods and considers them Permian 

rather than Pennsylvanian in age* . His conclusions are largely · 

based on a group study 0£ the brachiopods that were collected .from 

several localities in the Laborcita formation. According to Cooper, 

the occurrence of Dictyoclostus welleri, Derbyia sp. and Weller~lla 

sp. is indicative of a Permian age. They were found in localities 

•Personal communication. 
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M-3. 11-M-1,. 1.3-M-l and 30-M-3, which are in a position at least 

250 fee~ stratigraphically above the base of the La.borcita formation, 

or about 160 feet above the base of the Fermi.an, which was located 

on the basis of fusulinids. 

Miller examined the cephalopode that came from the clay 

pit locality east of Tularosa and co1lcluded, as in his previous study 

in 1932, that the beds are upper Pennsylvanian.* . This locality, M -1, 

occurs about 450 feet st~a.tigraphically above the base of the Laborcita 

formation and occ\lrS; therefore, stratigraphically above both diag-

nostic Wolfcampian fusulLAids and brachiopods. According to Bowsher*• 

the gastropods of" tlle Tularosa clay pits also resemble Pennsylvanian 

forms more closely. 

Fossil ·plants collected by C . B . Read east of Alamogordo in 

the upper unit of the Magdalena group (Read in YJ.ng, 1942, p . 676), 

were probably derived from tbe dark shales that overlie the base of 

the La.borcita for:rnation in Fresnal Canyon at the· locality of section 7. 

These plants belong to the Callipteris floral a.sse1nblage , wbieb is 

considered basal Permian. This is not in accord with this report, 

as the base of the Permian is selected ·on the basis of fusulinids at 

the top of the overlying carbo11aceous lin1eato1-ie~ a.bout 40 feet higher 

in the section. However, the detailed correlation of faunal and floral 

asse·mblages is still poorly established.1 and ~11e1--efore this conflicting 

age-assignment ~s µot considered too significant. 

Correlation and Regional. Relations hips 

Rock units of early Woli'campian age have been recognized 

-·-----
*Personal communication. 
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in surface outcrops a~d in the subsurface L"l many parts of NCJ~ Mexico. 

h1. central New Mexico, thin rna.rine lime.stones occur interbedded with 

coarse conglom.era.tes and red sandstones . This unit received the name 

Bursum formation (Wilpolt et al, 194·6). 1l'he limestones contain several 

type a of f usulinids • such as Schwagerina enlaeiata var. ja:rillensis·, 

Sch~a.gerina ern.aciata and Tritieites sp. (Stark and Dapplesj 1946). Ac· 

cording to Thompson ( 1942.) this fauna is slightly younger stratigrapb­

iCally than the basal Permian W olfca.mpian faunas of Kan$as and north• 

ern Texas . An almost identical fauna was collected from a locality near 

t..1,.e La Luz Pottery Pla1tt (11 :F - Z) in the map a.rea. Z80 feet .above the 

base of the Laborcita fo:rm.ation. The upper part of the Laborcita for-

1nation is younge:t than aJ.1y J3uiasun1 beds in the state, as was shown in 

the previous sectio~. The Bursum formation therefore corresponds to 

the m.iddle por.tion of the Laborcita ioi·ma.tion. This conclusion is sup• 

ported by t11e absence of uppermost Virgilian strata in areas of central 

New Mexico a.i1d the presence of conglomerates of reworked Pennsyl­

vanian limestone at ·the base of the Bursum formation. 

Int.lie Oscu:ra Mountains where massive basal Permian fusulinid­

bea.ring li:rnestones overlie une.omorrnably red beds of an eady Fresnal 

age (.Thompson, 1942. p . 8.2.h the limestonea are disconforma.bly over-

. lain by red beds of the Abo format ion. and are probably at lea.st .in part 

equivalent to the Laborcita formation of the no~thern Sacramento Moun­

tains . Thompson (1942, Plate II) recognized a few lower Permian marine 

limestones in Rhodes Can.yon in the San Andres Mountains, and in south­

ern New Mexico in the Robledo Mountains . The lower Permia..'ll marine 

strata in southern N~w Mexico, which Thom~son (1942, p . 68) considers 

of slightly y~unger age than earliest Wolfcampian, are probably the 
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. same limestones as indicated on P late II of Thompson's pape~ . They 

correspond in age to tbe middle p~rtion ef the Laborcita formation. 

Pray ( 19 52, p . 254) has given co11vincing evidence that the 

Hueco limestone of so\1thern New Mexico a11d northwest Texas cor-­

relates with the Abo formation of the Sac1~amento Mountains . The 

Hueco limestone is of middle and late Wolfcam.pian age (Lloyd, 1949, 

p. 33). On Plate 13 in this report, the relative stratigraphic position 

of the Laborcita formation and Hueco lirnesto11e is indicated. Con ... 

tra.ry to ic;ing and Read (King, 19~2, p . 677). the Laborcita formation 

is older than the Hueco lir.!.'lestcme, and tbe bulk 0£ t:.11.e Laborcita for­

mation is probably older than the Powwow conglomerate, as was de· 

termi·ned.by Thonipso~ on the basis of fusulinids. The upper1nost 

200 feet 0£ the Laborcita formation in the area north of Tularosa. 

might be the tlme equivalents 'Of the Povr'4Vow conglomerate. In ~'1.is 

report the Laborcita formation .is considered to be early Wolfcampian 

in age. 

In many pla~es of central and southern New Mexico. the Penn­

sylvanian-Perrnian boundary ~$ marked by eitl1er a regional discon­

formity or an angular discordance, as in the central and southern Sac­

ramento Mountab1s at1d areas to the southeast. The a.bsenc? of upper­

most Vi-rgilia.n and lowermost Wolfcampian strata indicates a per.iod of 

erosion or non-deposition and ~wide retreat of the ocean. L"l"l a few 

places 1 such as in the are·a north and west of the Sacramento Mountains 

in south central New Mexico, more or leas isola .. ted marine basins of 

deposition n'lust ha.,.~e existed· that received detritus without interruption. 



During middle Labo:rdta time «Bursum) a t:f'ansg:iression of the sea 

covered many parts of central and southe?en New Mexico, which 

wae followed by a period of non-deposition or formatio.re.a of Abo ~ecl 

beds . The early ·wolfcampian eea persisted iID. the a:!fea of th~ nor ... 

thern Sacramento Mountaine and apparently retreated towa:rd the 

west (Plat~s 3 and 13) at the end of Laborcita time . The section 

of tii'le Labordta formation in the Sacramento M ountabui b~ t!iick'1!ir 

and contains fewer red beds than ~he Bursum formation of central 

New Mexico. 

The deposition of the Hueco limestone marks a new imrvasfon 

central and centra~ New Mexico, where Abo type d~position con.tin-

ued. Th.is tongue of the .Hueco limestone is discussed in more detail 

under the Abo formation. 

In the southeastern par~ of the state , beds ox Labordta and 

Hueco age have been recognized in the subsurface on the basis of 

fusulinida (Lloyd, 1949 , p . 33): 

110ver most of the area the rocks are limestone and 
dolomite with interbedded gray, black and red shale . 
There is a gradual increase in the amount of clasUc 
material to the north and west and iiear the old P e ... 
dernal Mountains red shale. and sandstone are the 
pll:'edorrainant constituents . H 

It appears that the Pederna.l Land.mass and. ancest:ral Sac?'a 0 

inento Mountains formed a land ba~rier between the ea:dy \1.Jolfoam-

pian sea in the southeastern part, and the south central and central 

:Parts of the state of New Mexico. 
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ABO FORMA"flON 

· The Abo sandstone was originally defined by Lee (1909, p. lZ) 

as a distinctive lithologic unit of coal'se-grained sandstone, dark red 

to purple in color , commonly conglomeratic at the base and with a 

subordinatia a1nount of shale . According to Lee& the Abo sandstone 

forms the lowermost unit of' the Manzano group and rests unconforn'2-

a.bly on th~ lM~agdalena limestone in centr·a1 New Mexico. The name 

. was dedved from Abo Canyon at the south end of the Manzano range. 

Lee did not· design.ate a precise type locality, nor did he desc:dbe a. 

type section for · the Abo sandstone . This deficiency wae co:rrected 

by Needham and Bates i~ 1943 (Needham and Bates , 1943, p . 1654). 

The type section of the Abo formation is locat ed near the village of 

Scholle, in Abo Canyo~. As mudstones and shales constitute about 

two - thirdG of the type section, the name Abo sandstone was changed 

to Abo formation. 

At the type locality the Abo formation is 914 feet thick and 

overlie a a thin lower Permian limestone, ·now regarded as tbe Bur~ 

sum formation. According to Needham and Bates ( 1943) the lowe:f 

contact of the .. a ... bo formation is an unconformity. The formatior.t. rests 

on beds ranging in age from earliest. Permian in: the area of the type 

locality to pre~Cambrian in the Zuni Mountains . In the description 

by :Needham and Bates (1943" p . 1655) the. Abo section included 104 

fe.et of pinkish sandstone at the top, but upon the recommendation of 

c ,, B . Read in Bates et al (1947 , w. 26-27) this u1opermoet unit ;has· 

. been assigned to the overlying Yeso formation. The contact with the 
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Yeso form ation appears to be gradational in many places . 

A thick succession of dark red r.o.udstonee, a.x-koses and sub­

ordinate amoun_ts of limestone is exposed _in the central ·aoo northern 

parts of the Sa.ci-amento ~.ifountaine . No identifiabl e marine fossils 

have been collected from these strata.. However, petri!ied wood is 

locally abundant. and the beds are considered to be terrestrial in 

origin. Becauee of the distinctive coloring and similar stratigraphic 

position, the beds have been correlated with the Abo forma.tio£'1 of 

central New Mexico. 

The Abo formatio111 ln the Sacramento Mountains variee mar­

kedly in. thickness. Near High Rolle , in the southern part of the map 

area, the formation ls about 400 feet thick (Pray, ~952~ Plate lS) . 

North of Tularosa, the Abo formation has a. thickness cf 1400 feet .. 

The Abo formation overlies beds of Pennsylvanian age with a sharp 

angular discordance in many parts of the centrai and southern Sac -

ramento Mountains• Where the Abo formation is in gradational 

contact with .the un~erlying Laborcita formation, as in most of th~ 

northern Sacramento Mountains, its thickness increases. The Abo 

and overlying Yeeo formations appear to be essentially parallel in 

tbe Sacramento Mountains . According to Pray (1952, P late 18) in 

the central and southern part of the Sacramento Mountains thin beds 

of limestones and shale form a wedge that thickens markedly toward 

the south. The wedge separates thinnin,g tongue® of the Abo red beds, 

as has been indicated on Plate 13 of this report. 
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.i.~.real Dis tribution 

The l~bo formation is exposed throughout the entire length. of 

the Sacramento Mountain escarpment. The western profile of the 

Sac;p;a.mento Mountains is characterized. in most areas by an upper 

and lower eeearpment separated by a relatively flat area. or ber~ch. 

The relatively non-resistant .,~bo s'ti•ata underlie 1nost of this gently 

rising surface or bench. 

Southward from High Rolle, the outcrops of the Abo .:foirm a­

tion form a narrow .band a qua.rte~ of a mile wide. according to P r ay 

(1952, p . 235). Between High Rolla and Labordta Canyon& in the 

southern part of the map area, the .. 4.bo formation underlie a the eas • 

tern part of the area of investigation (Figure 4) . Near Laborcita 

Canyon. the lower surface or bench is about three miles wide and 

gradually widens to about six miles in the vicinity of. Tularosa. which 

is in part caused by tile increase in thickness of the Abo forraation 

toward the north. About five· miles north of Tularosa, the Abo for­

mation is completely covered by overlapping Quaternary gravel 

deposits and is no longer exposed. 

L.ithology 

ln the northern part of the Sacramento Moun.tatns the Abo 

formation consists of a thick monotonous sequence of contbiental red 

beds . Dark red mudstones occur interbedded with arkoses, conglom­

erates and :minor. amounts of limesto~cs. In the southern part of the 

escarpment the section is composed dominantly of brackish to marine 

deposits of limestone and shale (Pray, 19 52, p. Z35) . The thickirie s s 

of the Abo formation varies considerably thr~ughout the length of the 
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escarpment. In thee central part of the Sacra1nento Mountab:.s, thce 

Abo formation. ranges from. l50 to 500 feet (P ray, l95Z, Pl. 18) a:<Ad 

t..'llickens progressively both toward the south and the nortb. Gener-

alized stratigraphic sections of the Abo for:enation along the . lem.gth 

of the Sacrarr.tento escarpment are indiCated on Plate 13. Measured 

sections 5, 6 » "l a:ud 8 on this diagram dem onstrate the changes that 

take place in the Abo formation in the no·:rthern pa.rt of the escarp ... 

ment . . On the basis of the location o! these sections, the map area 

can be subdivided roughly into four area.e, which are, from south to 

north: the High Rolls area, the Upper Lia Luz Can}'l'On area, the Cot-
. . 

tonwood Canyon a.rea. and. the area northeast of Tularosa. The strati-

graphic sections of the last three area.is have been shown in detail on 

Plates 1 O, 11 and 1 Z, and the locations 0£ measurement are indicated 

on the geologic map. 

High Rolls Ai·ea 

Section 5, Plate 13, which is described in detail by P ray 

( 19 52, Plate 19) is 4·20 feet thick and is representative for the Abo 

formation in the southermnost part of the !nap area. in the vicinity 

of High ·Rolls . Dark red muds tones constitute about th:re.e-foul"ths 

of the section; nearly 10 percent is composed of coarse .. grained 

arkose and the remainder consist® of a quartzite cobble conglom ... 

erate that form.a most o.£ the lower 60 feet of the section. Thifj UA&i~ 

overlies the truncated edges of the F1ennsylva.nia.n rocks in the south­

eastern part of the :map area. Toward the west it overlies the beds 

of tbe Laborcita formation and has been rnappe.d as bed SO (Plate 2). 
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Overlying section measured towards NE from top of 
conglome rate at north side of road, 1300 1 cast of 
point \vherc i ntrusive dikes cross La Luz Canyon. 

Conglomerate; largely cobbles and boulde rs of 
quartzite; top, 5 1 with rhyolitc porphyry 
clasts and ve r y coarse grained arkosic 
m atr ix. 

161 1 Poorly exposed; probably red mudstonC' . 

11' 

9' 

6• 

7' 

17 ' 

( onglomf>ratt» qunrt~itt? cobbles and bouldC'rs. 

Poorly exposed; L.irgely n•d mudstone. 

Sa ndstone, dark rC'd, mC>rlium grained , <~ ross­

beddrd; scattered chert pe bhks. 

Mudstonc, dark rrd, u1karcous. 

Conglonu:rate; largely quartL.ltC cobbles and 
dlert pebblt'"- · 

•,6 1 
( o v ered; probably red mutlsh•ne. 

i:;• Sandstone , dark red, n1t><l1urn gra1nl.•d, calcareous. 

13 ' Cnnglonwrate and sanch.toui'; 1wb!Jl(•S, ld rgcl y 
chP r t,1n l.:r\l." ('r .f ' t.ind qnc1rt.11tP at top. 

Contac.:·t: Tht~ stra ta undc>rlyrng the l>a.sal conglomcnltc of tiH' 
Abo formation arf' poorly exposed. Sonic ev1rlencf' 
c_•xists for Uw pr<·scrH 1.~ of an angular unconformity 
b(•tween the Abo formation and the underlying beds 
that are conbidercd to corre late with the beds of 
the Labordt<t formation. 

Base of Aho bl'ction n(•fl.r the center NE1/4N E1 / 4 
sec . 2.7, T. Lt; S., R. 11 E. La LuL. Canyon. 
SPction meabure<l town rd east at s o uth side of 
canyon . 

51 RATlGHAPHIC SEC T lON o~- THE ABO FORMATION l!'\ UPPEH LA LUL CANYON . (SEC. TION 35 ) 
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Section continued from the top 
of the column to the lC>ft. 

19 

18 

17 

16 

1-; 

14 

13 

l l 

11 

182. 1 

6' 

5tl' 

40 ' 

9' 

15' 

21' 

17' 

18' 

38' 

Plate 10 

Mudstonc, dark red and green with abundant gypsum. 

Poorly exposed; largl'ly red mudstonC' with a fo .,,..., 
~1rko!-iic l ayf'rs . 

Arko6C, v<.·ry dark rerl. very C'oarse grained; svmc 
pebbles. 

Poorly exposed; largely red mudstone. 

Arko!w , V(~rv dark red, n1l'dimn to t.·oarsc grained . 

Poorly cxpu&ed; largdy red mudston('. 

Arkosc, very dark red, very l"Oarsc grained'. 

Poorly C'Xposed; largely rf'd mu<lston('. 

Arkl.'ls C, dark red, <·uarsc grainPd, pebbl y at 
bottom. 

Mudstone, very dark rC'<I. 

Siltstone, dusky red, with fine grainl'<l purplc­
sandstonc stringC" r s. 
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300' 

200' 

100' 

14 

13 

12 

II 

10 

40' 

10 ' 

4' 

29 ' 

15' 

32' 

3 ' 

48 ' 

25' 

3' 

57 ' 

13' 

Mudstone, dusky red, very calcareous; locally thin 
dark red medium grained sandstone layers. 

Limestone, brownish g r ay, nodular. 

Sandstone, quartz, dark red, coarse g r ained, 
calcareous ; conglomcratic in places . 

Mud stone, du sky red, cal careous , with nodular 
limestone. 

Conglomerate, pebbles to cobbles of ~dominantly 
quartzite in sandstone matr ix . Partially covered; 
probably red rnudstone. 

Muds tone, dusky red , calcareous with fine grained 
dark red sandstone layer . Nodu lar limestone 
in center of unit . 

Limestone , browni s h gray, nodular. 

Poorly exposed; probably like top 5 ' which consists 
of dusky red cal careous mudstone. 

Poorly expo sed; probabl y red sandstone intcrbeddcd 
with r e d mudslon e. 

Limestone , brownish gray, argillaceous, nodul ar. 

Poorly exposed; probably red mudstone, Locally 
outcrops of gray calcareous sandsto ne and 
reddish sandy limestone. 

Limestone, light brownish gray, argillaceous, thin 
bedded. 

18' Mu dstonc, dusky red, calcareo u s. 

10' Conglomerate , pebbles and cobbles of quartzite 
(70%) and some chert . 

Sand stone, medium gray, cal careous a nd du sky red mudstone under­
lie the conglomerate bed, that is considered the base 
of the Abo formation . 

Contact: The base of a distinctive conglomerate bed is con­
sidered the base of the Abo formation. This pre­
dominantly quartzite pebble and cobble conglomerate 
layer has been recognized over a seven mile dis­
tance as key bed 49. No other lithologic distinctions 
exist between the underlying and overlying strata . In 
this pa r t of the area the contact do es not represent a 
major interruption or change in type of deposition. 

Base o f section i s located nea r the center SW 1/4 
SEl / 4NEl /4 sec . 19, T. 15 S . R. II E. in canyon 
bottom just b e low horizon 49. 

STRATIGRAPHIC SECTION OF THE ABO FORMATION NORTHEAST 01' LA LUZ. (SECTION 36) 
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Section continued from the top 
of the column to the left 

34 37' 

33 II' 

3l 13' 

31 5' 

30 3l' 

29 66' 

28 21' 

27 II' 

26 II' 

25 5' 

24 43' 

23 12' 

22 15' 

21 3' 

20 19 ' 

19 9' 

18 15' 

17 6' 

16 14' 

15 7' 

Poorly exposed; largely red mudstone; interbedded 
with two medium to coarse grained , pale r ed , 
cross-bedded arkosic layers . 

Arkose, dark red , ver y coarse grained. 

Poorly exposed; probably red mudstone. 

Arkose, · dusky red, very coarse grained with 
quartuite pebbles scatte r ed throughout. 

Mudstone, dusky red, inlcrbeddcd with a few 
arkosic sandstone layers. 

Conglomera te, dark red: pebbl es and cobbles of 
quar't?.ite and a bout 10% rhyolite porphyry in 
arkose matrix. Interbcddcd with dusky red 
mudstone and siltsto n e . 

Mud stone, dusky red . 

Sandstone, ·quartz , dark red, medium grained with 
scattered quartzite pebbles. 

Mudstone, dusky red, sil ly with limestone 
nodules. 

Conglomerate, dark red; pebbles a nd cobbles of 
quartzite in calcareous sandstone matrix. 

Mudstonc, dusky red, silty calcareous with locally 
limestone nodules . Medium grained dark red 
sandstone 10' from top. 

Conglomerate , dark red, pebbles and cobbles of 
quartzite in sandstone matrix. Grades upward 
into medium grained sands tone. 

Poorly exposed; l argely dusky red rnudstone, like 
bottom 4 feet. 

Limestone, grayish red, argillaceous . 

Mudstonc, dusky red, calcareous , with gray 
limestone nodules . 

Sandstone, quart~. very dark red, medium grained, 
thin bedded, calcareous; 3 1 quartzite cobble 
conglomerate at base. 

Mudstone, dusky red , calcareous , sandy. 

Limestone, brownish gray, a rgillaceous, nodular, 
with calcareous sandstone at bottom. 

Mudstone, dusky red, calcareous. 

L im estone, pale reddish brown, argillaceous, 
nodular. 

1000' 41 

40 

900' 

39 

38 

BOO' 

37 

36 

. . . .~: : ~. :- .. 
100' 

35 

Section continued from the top 
of the column to the left 

100 ' 

12' 

l3' 

34 ' 

62' 

Plate II 

Siltstone, greenish gray, consists largely ot quartz. 
Contact appears to be gradational. A sill-like 
igneous body occurs directly above the contact. 

Poorly expos e d; locally dusky red calcareous mud­
ston e and coarse grained dark red arkose. 

Arkose, d u sky red, very coarse grained. 

Overlying section measured northeast of Henry's 
Ranch in stream b ed . Horizon was projected 
from gravel capped h ill assuming a 1° dip. 

Mudstone, dusky red, locally calcareous; inter­
bcddcd with thin arkose laye rs . 

Arkose, pale red to dusky red , very coarse grained; 
interbedded with red mudstone. 

Poorly exposed; probably red mudstonc. 

Overlying section measured 200 0 1 nortlt on east end 
of ridge starting with equivalent horizon. 

Arkose, dusky red and pale red, medium to coarse 
gra ined; strongl y cross-bedded. Interbedded 
with poorly exposed red mudstone . 
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20 0' 

100' 

10 69' Mudstone , very dark r e d and red ark(')1c. Locally 
calcareous mudstone, argillaecous limestOn<: 
and nodu lar lim('stone 

Fault; poss ibly 10 ' of :icc;tion obscur ed . 

) ' L1mc stonc, gruyuh Ted , ar gillac:-eous; mouled. 

ll ' Mud s.tone, \•ery dark r t' d and somoe red arko s c 

5' Arkose, very dark red and pebble cobble conglom• 
erate (prcdominanlly rhyolitc porphyry :i.nd 
some qu<trt;r.1tc). 

MudstorH:, VC' ry d a rk Ted and interbedded dark n:d 
a rkose Minor argil lact>ou s r'IOdula r limesto ne 
la y e r s . 

·16' Arkosc , very da rk r C'd, coars '-' gr;uned, \n1e r-

17' 

10 ' 

lO' 

bcdde-d (u p tu 40~.) w1!h d:>irk r ('d mud s tont' 

Arkose , Vll"ry d ark r ed , ve ry co;1ir :'> t:' grained, loca lly 
<-o n gl omera uc lnter b eddt>d with da r k :n .·d m ud -
;ton"'~ top 21 cra.y red l 1me s lone 

Muds to nc, very dusky re d ;;in d nodularly bt>dded 
3 r g1 ll ac;:c:o u s , l\on - Coss1 l•fcrous l1mc~tonc . 

Arkose, du s ky red , CQ"' r sc grai n ed , mino r e r oss ­
b c d d m g ln terbedded with du s ky red m ud stonc 
{l: O':'~)-

6' Sha le , l igh t ohve ST a y , non- ca lc arf'ous P lant leaf 
1m press1ons 

Conta c t : Gr:tda tio n::il T h e undc:rl •1i n g ilm e,.tonc: lcdf;" co n­
tain s ru.sul1md s (Sc hwai;:c rma i.. nd Dunba rmdla ) when 
lr <t. cl."d lQ nQrth a nd south and 15 c on51dered t O b e th e 
top o f ;he Labo r cata formation 1n lhc Sac r3menlo 
Mo1mta m5 

Bas e o r s t>c t ion 1.o; loc~ted H l SW l/4NE l / 4NE l / '1 se c;:. 
9, T l •; S . , R 10 E . at lop of ho riLo n 5 5 , approxi ­
mately l l / l m iles no r th of lhe Tula ros a H.e s ervo 1r 

STRATiGRAPl-llC SECTION OF THE ABO FORMA T ION NORTH OF" TULAROSA (SECTION 37) 
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700' 

600~ 

5 00' 

400' 

Secllon c;:ont mucd f r om th e top 
of the column t o the left. 

ll 86' 

zo Bl' 

19 56' 

18 40' 

17 11' 

16 11' 

" 14' 

14 ,. 

6l' 

11 

Mud stonc , di\Tk rcddi5h brown a n d ver y coar:i;e 
du11 ky red ark osc , locally c:o n g! omerate. 
MinOT amouht:-i; of gray aTg i llaceous nodular 
limestone. 

CQn s lomera te and Vl'ry coar.sc <\rkose : p e bble.!1 and 
c obble s ; 65% rhyohte porphyry and remainder 
qurirt:r.11e . !ntlf' r br,ddcd with du sky red mudsto n c. 

Arko &e , very du $ky red, very coarse g r ai ned, 
interbedded with dusky red mudstonc <1.nd minor 
amounu o f rwdular hme~tone . 

Mud stone, very du s ky red and grayish red mottled 
<orgillaceou s nodulnr limestone. 

Arkose, vc: ry du-'kY r ed, ve r y co a r s e grained to 
g r<1nubr and du sky red mudsto nc . 

Limesto n e , mcdt um light gray, fine cry s talline, 
very arg1ll11ceOui:i; . Thi s massive l e dge appear s 
to b e non-fosst lifcrous . Dottom )' nQdul11rly 

bedded. 

Muds tonc, pooTJy CKPQ-' t"d . 
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Horizon 50 occurs about l 0 feet higher st~atigraphically than the 

base of bed 49, which is also a quart:dte cobble conglomerate and 

has been defined as the base of the Abo form ation toward the north ... 

west. 

Upper La Luz Canyon Area 

· · The stratigraphic section of ta11.e Abo formation measured in 

the upper part of La. Luz c~~nyon is located about z ... l /2 miles north 

of the High Rolls section. . The base cf the l.a Luz Cany~n section, 

. 1 l 
which is shown in detail on Plate 10, is near the center NE 4NE.4 
sec . Z.7 , T . 15 S. • R . 11 E . 

Three-£ ourths of the section, whi~h is 127 :feet thick, is 

composed of dark :red mudeto:n.es . CongloTt"ierates , arkoses and sand ... 

stones constitute the remainder of the section. They are laterally 

discontinuous , corr.Jnonly lens out abruptly and show marked cross ... 

bedding and scour ... a.nd.·fill siructures at the base . The part of the 

Abo f orm.at ion shown on Figure 11 , which corrEieponda to unit 11 on 

B ate 10, ·is typical for much of the Abo section. 

The lower 74 feet of the Abo formation in this measured sec­

t ion is correlative with 2.67 feet of Abo section west of the area of. 

Pennsylvanian outcrops in the upper part of La Luz Canyon. This 

was determined by detailed tracing of units 1 and 4 of Plate 10 

from east to west in La l.iuz Canyon. The thicker western section 

contains thin argillaceous limestone layers and zones with lime ... 

s tone nodules, which are absent in the thinner eastern section. 
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Figure 11. . lnterbedded dark red mudstones and arkoses of the 
;.\bo formation. Note lenticularity of t:tie units. Road cut on 
south side of La Luz Canyon, SE!NW-sec .. ZS, T" 15 s., · R. B E . 

' 4 4 

Cottonwood . .f!!!von Aree: 

A stratigraphic section, that le almost l :t 000 feet thick , wtai$ 

measured in Cottonwood Canyon northe.ast of La. Luz. and i.s $hown 

in detail on.Plate u. Two ... thirds of the section is comp~sed of red 

mud.stone, and· nearly 30 percent consi1:rts of coarse sandstones, 

arkosee and conglomerates. The :remainder is formed by a fe~.rJ thin, 

very argillacceous limestone layers and zones of limestone nodr~lem~ 

inter bedded with the darl·· red muds tone a. 
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Near the :i!.lliddle of the section* a 66 foot thick zone of quartzite 

cobble conglomerate, that contains about 1 O percent of feldspar por-

. phyry in an arkoek :n-:tairix, forrr1s a distinctive and resistant ledge. 

It is indicated as unit 29 on Plate· 11 and is correlated with uni~ 10 

-on P late 10. The base of this bed, that could not be m.apped.~ much 

north of Cottonwood Canyon. ma.rke a. distinctive break in tbe Abo 

format.ion in the southern part of thee .map area. The section below 

this unit is chara.cte.rized by a complete lack. of arkoses and a scar­

city of feldspathic sandstones and feldspar-bearing igneous rocks. 

such ~a granite and feldspar porphyry, in the conglomerates (Plates 

10 and 11). The sandstones in this part of the section a.re commonly 

very calcareous quartz sandstones . Jn this Cottonwood Canyon sec­

~ion, the minor amounts of non ... fossiliferous • grayish-red, very 

argilla.ceous limestone are restricted to the lower portion of the Abo 

formation below the quartzite cobble conglomerate, as in the section 

in La Luz Canyon, west of the area of Penns:ylvani_a.n outcrops . 

Tularosa A rea 

North of Tularosa the Abo fo_rmation has a measured thickness 

of almost 1400 feet. Details of the Abo section measured here by_ 
I 

L . c . Pray a11d. the writer a.re shown on Plate 12. The uppermost 250 

feet of the underlying Laborcita .formation, abov~· horizon 49, correa .. 

pond to Abo beds in. the .southern part of the a.rea (P late ~ 3) . · Betw~en 

Cottonwood and Tularosa Canyons, a distance of a.bout ten miles, the 

increase in tbickness of the stratigraphic sections overlying bed 49 

amounts therefore·to approximately 650 feet. About half of the Abo 
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section north of Tularosa is composed of dark re.d muds tones. Coarse 

arkoses and conglomerates make up about 40 percent of the section .. 

Argillaceous limestones and nodular limestones, which are largely 

restricted to the lower. 500 feet of the section, constitute the remain­

ing 1 O percent. 

Discussion of Rock Types 

Conglomerates 

The conglomerates of the Abo fortnation are marked by the 

predominance of quartzite . ln many pla~es alm.oS.t pure quartzite 

cobble conglomerates occur in the lower part of the Abo formation. 

Although quart:dte pebbl~s and cobbles have be~n observed· also in 

the upper part of the Laborcita. formation in the southern part of the 

map area, they generally occur mixed with substantial amounts 0£ 

limestone and chert. Several of the monolithologic quartzite con­

glomerates . such as bed~ 49 , SO and 53, were mapped for several 

miles and have been used to define the basal contact of the .Abo for­

mation. The size. of the quartzite fragments and sorting of the con· 

glomerate are shown on Figure 12. Rhyolite porphyry pebbles occur 

in conglomerates. and arkoses only in the upper portion of the Abe 

formation in the southern part of the map area. In the section mea­

sured north of Tularosa s1nall ainounts of rhyolite porphyry and 

granite pebbles are contained in the conglomerates t~roughout the 

entire Laborci~a and Abo forma.tiors, indicating that the Abo formation 

0£ the southern and northern portions of the map area received at 

lea.st some of its clastk material from diffe·rent source areas .. 
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Figure 12. Basal Abo quartzite pebble a.nd cobbl'2 conglomerate 
(bed 53) overlying greenish siltstonee of the Laborcita formation 
one ... quarter mile north of Domingo Canyon. 

Arkoses and Sand.stones 

The arkoses are genera.Uy very coarse-grained~ c:ross ... b<edded 

and. of very sho1°t lateral extent. The feldspar locally forms more 

than half of the arkose and consists largely cf pink orthoclase. The · 

graina are angular to subangular and cornmonly are as inuch as 4 mm. 

in size. The arkoses have a calcareous ~:na.trbt. Two modes of typi-

cal a.rkoses are listed belo"!J,V: 

Feldspar 
Quartz 
Calcite 
:Matrix, undiff. 

Unit 19, P late 13 

40°/o 
35°/o 
15°/o 
10°/o 

Unit 21. P late 13 

49°/o 
40°/o 5°Jo 

6 /o 
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Both fresh and .weathered ·feldspars have been observed . . The feld.,. 

spar content of the arkoses appears to de<irea.ae with the grade size, 
. . 

and the finel!." grained rocks are genera.Uy composed of feldspa.thi<: 

or quartz sandstone ii. Study in thin section of a few Abo siltstones 

and arkoses indicated that the rock color is caused by the dark red 

clays of the matrixo 

Muds tones 

The dark red to dusky red mud.stone~ form about two-thirds 

of the entire Abo formation. The · total ani.ounts appear· to decrease 

toward the north. Although it is the dominant rock type, it is less 

conspicuous than any of the other rocks ·because of ita non-resistant 

nature. In many plaees it is calcareous and becom.es very silty. 

Limestones 

Limeetone beds· or zones of limestone nodules are co:r.nmonly 

restricted to the lower part 0£ the Abo forr.r.a.ation. More massive 

limestone ledges occur only in the Abo section that is exposed in the 

vicinity of Tularosa. .. The li~estones that occur in the Abo forrr1~tion 

a.re characterized by a. high clay content a.e compared with the lime .... 

stones of the underlying Laborcita. formation. In one inatanc~ the 

insoluble residue of a limestone formed Z6 percent of the original 

sample . However. the average clay content Qf the Abo lim.estones 

is about 13 percent. as opposed to a clay content of four percent of 

the Laborcita. limestones . The reddish color of many of the lin1e­

stones and limestone ~odules is probably caused by the content of tb.e 

red ·clays . 
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A few of the argilla.ceoue limestone. layers that occur in the 

lo'\ver pa.rt of the Abo section near Tularosa are relatively more con ... 

tinuoue ~ and unit 16 of P late 12 could· be traced for nearly four n:-.iles. 

In th.bi section these limestones show remains of invertebrate shells·, 

and ~he~efore these limestones are probably deposited in a. shallow 

water marine environment, although a fresh·wa.ter orig.in cannot be 

ruled out. The grayish ... red, dense, argilla.ceou.s lim.estone.s with 

undulatory bedding· and the nodular limestones are interpreted to b~ 

shoreward extensi9ns of the thin-bedded argillaceous limestones. 

The lack of any organic structu~es in the limestone nodules that are, 

at the most, several inches in diameter, is striking, and an inor­

ganic accun1ulation of these nodules appears to be reasonable. Locally, 

these nodules are dolo.mltic, which supports this interpretation. 

Local Correlation 

Tile considerable difference in thickness between the sections 

of the Abo fO:rmation in the cent·ral ana northern part of the Sacramento 

'Mountains is mainly caused by the addition of strata in the basal por­

tion of the Abo formation toward the northwest, as is shown on. P late 

13. The Abo formation tl1~t overlies with angtt.lar unconformity rocks 

· of Pennsylvanian or older age south of High Rolls is approx:bnately , 

400 feet thick. Because of the presence of a.:rkosea, the 300 foot sec ... 

tion overlying the l::>a.sal quartzite cobble conglomerate, has been cor .. 

related with the top 400 feet of section 35 (Plate 10) in La Luz Canyon 

and the uppermo•t 500 feet ·in section 36 (Plate 11) in Cot",onwood Can .... 

yon. The twofold division of . the Aho formation in this southern area 

is not as distinct in the Tularosa area.. as the ma·ssive conglomerate 
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that marks the base of the upper membe r can be traced only foll!' 

about a mile north of Cottonwood Ca11yon. Further~ore~ arkoaea 

occur through the Laborcita and entire Abo sections near Tularosa., 

and are not restricted to the upper portion of the Abo formation as _. 

in the area to the south.. However. the lower part of the section 

hi Cottonwood Canyon as well as Tularosa Canyon is characterized 

by the occurrence of limest~nes, which are almost completely lack ­

ing in the upper portions . On this basis, the writer believes that 

tl~e 'lower 500 ieet of the Cottonwood section is approximately ehe 

.time - equivalent of the uppermost l50 feet of the 'Laborcita :forma­

t ion above horizon 49 and the lower 500 feet of the Abo section in 

the Tularosa. area. (Plate 13). 

The lower port ion of the Abo formation in the northern Sac­

r amento Mountains • that thickens so markedly toward the north .. 

west, corresponds approximately to the quartzite cobble conglomer ... 

ate of the High Rolls area. and possibly to the zone of limestone 

conglom.erates in the area five miles to the south (Pray, 1952, P l. 

1.8) . The unconformity a~ the base of this conglomerate dies out to 

the northwest and corresponds to tbe Laborcita formation. These 

stratigraphic relationships are show~ on Plate 13. A great many 

diaetemic breaks a.t the base or within coarse elastic units of the 

Abo formation undoubt edly occur in the southern part o! the map 

area. Those local erosional breaks are probably time-equivalents 

of strata. farther to the northwest; for example, c:onglo:r:r.a.erate bed 

53, which does not appear south of Domingo Canyon. 



Conditions of Deposition 

Environni.ent 

The Abo formation of the northernmost Sacramento Mountains 

was deposited largely under continental conditions . Abundant petri-

. fied wood, lack of marine fossils . discontinuous nature of the beds, 

evidence of channel fillings and cross ... bedding and the dark red color 

are all factors to suggest the terrestrial origin of most of the Abo 

beds. 

Laterally ex.tensive pebble and c-obble quartzite ~onglomer ... 

ates are largely restricted~ the Abo :formation in the area south of 

Tularosa Canyon. Particula~ly noteworthy a.re the beds that define 

the base of the Abo formation. such ae beds 49 and 53. and· the con­

glomerate that forms the base -of the upper arkosic part of the Abo 

formation in the area south of Domingo Canyon. The coarse nature 

of most of the conglomerates indicates that they were deposited on a 

surfa<;:e of appreciable gradient; not far from an area. undergoing 

active ~rosion.. However, the relatively great lateral ex.tent of as much 

as . eight miles of some of these beds suggests deposition near the 

broad base of an alluvial fan, which in general had a relatively more 

gentle gradient. This sheet nature of the conglomerates might be 

explained also by a number of coalescing fans , forming a. continuous 

apron of waste in the piedmont area.. 

The markedly cross-bedded. discontinuous, coarse sand .. 

stQnes and arkosee characterize an alluvial plain e11vb:onment, and 

a.re probably the channel deposits of continuously shifting streams. 

Thin, very lenticular conglomerate beds are ~ommonly associated 

with these deposits . The dark red mudstones and siltstonee probably 
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indicate fluvial depositiorm on broacl flood plaili1.s. Under such condi­

ltione, the prevailing oxidizing conditiot.'hiS lll!'ll. the piedmont and alluvial 

plain. environments will tend to preserve the red color of the source 

area detritus . The formation of red beds was given in m()re deta.U 

in the Laborcita formation. Raindrop impreasione and mudcracka 

are notably lacking among the sedimentary features of the Abo for­

mation in thee northern Sacramento Mountains . This might be at ... 

tributed to the absence of the type of eedimenta , such as fine sands, 

-1n which theee features commonly occur, and appear to be bdter 

preserved. 

Depositional History 

The lower part of the Abo formation. in the map a ·rea was 

largely deposited northwest and west of the present central part oi 

the Sac~a.mento Mountains, a.a that part o:f the Abo section thkket1s 

markedly, gt"ad.ee into finer g)!'ained sedbxien{Cs and contains mere 

limesiones iirA those d i rections . The presence of limestone beds and 

zones of lime.s~one nodu.les in the western and northern part of the 

map area probably suggests a~ envi:ron.menfc of broad alluvial pla~s 11 

wifch sh.allow fresh or brackish water bodies marginal to the sea. 

Brief marine incursions , probably from the northwest and west, al ... 

ternated witb .prolonged periods of eme:rgence . The quartzite cobble 

conglomerates of the Abo section in t!'~e norther~ Sacramento Moun­

tains do not extend much south of the High .Rolls a.re a , al!ld a plre .... 

Car.abrian ·source· area toward the east is pr~posed for the .Abo for• 

mation in the southern part of the map area. The Abo formation 
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R'M>rth of Tulax-oaa probably r e ceh·ed much of its detl"itue from a 

8eparate ~ource to the nox-theast, as indicated by the abundant pres­

ence of feldspar in that section ·as compared to the Abo sedion in 

th~ south. Both areas of provenance mlght be considered to form 

parts of the Pedernal J..,.ga11.dmase which locally must have formed 

mountains of considerable height. 

The upper part of the Abo formation in the northern Sac .. 

ramento Mountains, that has been correlated with the Abo forma­

tion in the central part of the escarpment, appears to be of rela­

tively uniform thickness. It is characterized by a considerable 

increase in the amount of arkose and absence of limestone as com­

pared to the lower part of .the Abo formation. Coarse, ill-sorted 

arkos.es, in association with conglo1nera.te lenses with much 

granitic or rhyolite porphy:ry debris, a.re the products of violent 

erosion of the.pre-Cambrian source areas and accumulation of 

the detritus ae stl:'eam channel ·deposits in piedmont and alluvial 

plain environments. Conditions of rapid burial probably prevailed 

for these coarse sediments. 

The thick sequences of red mud.stones interbedded with coarse 

irregulaxi bodies of arkose probably indicate recurrent uplift in the 

source areas and periods of deep weathering and soil formatiorm 

alternating with periods of rapid erosion. Pray (l 9SZ) showed that 

the deposition of the Abo formation in the central.part of the Sac­

ramento Mountains was in part contemporaneous with the later stages 

of folding~ which is direct evidence 'for continued unrest in sou.th 

central New lviexico during deposition of much of the Abo formation. 
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Contact Relationehi;es 

The basal contact of the Abo formation cbanges toward the 

west and northwest from a major angular unconformity to a discon­

formity to a non-er.oaional interval in a distance of 10 miles . 

In most of the Sacramento Mountain escarpment. the Abo 

formation overlies rocks of Pennsylvanian age with dietinct angular 

unconformity_ According to Pray (1952, p. 250) the a11.gular dis­

cordance is locally as high as 60 degrees in the central and soi1thern 

parts of the Sac1:~mento Mountains . Jn the southeastern part of the 

map a~ea. the Abo .formation occurs in angular discordance of a.bout 

ZO degrees with the strata of the underlying Holder and Laborcita 

formations in the upper part of· La Lu~ Canyon and in the vicinity of 

Salada Canyon in sec . 34, T . 15 s., R. 11 E . , where folding and 

normal faulting preceded the de,position of the Abo beds (Plate. 3), 

Eviden~e indicates that the pre ... Abo erosion surface was a surface 

of low relief in the Sacramento Mountains. (Pray, 19SZ, p. 251) . 

West and northwest of the Fresnal Canyon fault zone, between 

Fresnal Canyon and Domingo Canyon. the lower contact of the ~.i.bo 

formation is defin~d by the base of the coarse. quartzite cobble con­

glomerate beds . 50 and 49, respectively. Where these beds fo:rm tbe 

contact, it is considered. a d~sconformity.. The non-marine r ed beds 

of-the Laborcita. formation directly west of the Fresnal Canyon fault 

zone. although in part lithologically v~ry similar to the strata of the 

overlying Abo formation, can be. separated from these beds on the 

basis of this disconformity and the marked increase of quartzite con• 

tent of the conglomerates . 



North of Domingo Canyon, the Abo beds intertongue with 

the uppermost beds of the Laborcita. formation and the contact be ... 

com~s g:rada.tional. The contact is selected suecessivel'~l at the 

base of bed 53 and the top of bed 55 (Plate 13). 

The Abo formation above the unconforrnity is younger than 

bed ~9 (Plate 13), and is of late early Wolfcampia.n age on the basis 

of fueulinids in this zone in the area north of Tula.roea. ~sn"luch 

as upper Vf.rgilian strata at."e locally present below the uncomormity, 

e .. g~ juet north of Salada. Canyon NE! sec. ·34. T. 15 S, R. 11 E, 

the major period oi delorrAJ.ation in the Sacramento Mountain area 

-must have taken place between late Virgilian and late early Wolf­

ca.mpian tin1e. That interval ~incides with the deposition of the 

Labo:rcita f ri:rm~tion in the northern Sa.crar.o.entc Mountains where 

the Abo formation· is essentially parallel with tlle underlying beds . 

Th~ upper cont?c:t of tbe Abo formation ie everywhere with 

the· Y eeo f orma.tion and is thought to be gra.dational. The lowermost 

beds of the ·Yeso formation are.-composed of· g1~~enish eb.~le or silt-

stone, thin limestone layers or orange colored rnudetone \vhicb. con­

~.a.i.n abundant gypeum. Within the map ai-ea the contact is commonly 

not very well exposed. Where the exposures permitted, the contact 

was selected at the base of the first appearing light colored gyp$um­

bearing beds overlying the dark red mudstone~ of the Abo .formation. 

The change in lithology is transitional in many places. 

Fauna and Floioa 

According to Pray (1952, p .. 252) gastropods have been ob ... 

•served in tb.e Pendejo tongue of the Hueco lirnestone in the Sacramento 
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I'A.ounta.i:ns (Plate 13), but these have not been studied in detail.. The 

more continuous and rnassivie limestone ledges in tb.e Abo section 

near _Ttila.rosa. contain unidentifiable fragments of invertebrate foe ... 

sils . They appear to be remai11s of pelecypods and gast:ropode. but 

are u.ndia.gnostic fo:r either lTArine or fresh water origin. The inver­

·tebrate foeeile £:rom previously known fossil localities in "questionable" 

Abo strata in. the Sacramento Mountains are now all included in the 

1.a.borcita. f or1nation. 

No vertebrate remains have been collected from the Abo for ... 

mation in the Sacramento Mountains. In the map area, the Abo for­

mation contains abu,."'ldant quantities of petrified wood. 

A.ge and Correlation. 

Pray (1952. P late 18) has very clearly demonstrated that the 

~bo formation in the central part of the Sacramento Mountains is . 

directly equivalent to much of the Hueco limestone of westerJ:l. T~a~­

The threefold division of the Abo formation m the central and southern 

part of the escarpm~nt can be directly correlated with the Hueco 

limestone as it is currently defined (King and Knight, 1945). The 

lower tongue of the Abo formation grades into the PowWow conglom­

erate; the Pendejo tongue of the Abo formation is correlative with 

the lower and middle divis!one of the Hue<:o limestone. and the upper 

tongue of tbe Abo formation is considered to grade into the Deer 

Mountain red shale , which forms the basal part of the upper division 

of the Hueco limestone. Thus , the age of the Abo formation will 

largely be dependent upon the age determination of the Hueco litne• 

atone . 



King and !<night (1945)* assigned a. Wolfcampian age to :most 

of the Hueco limestone, with a possibly Leonardian age for some of 

the UJ?per part. · The direct correlation of the Hueco lime stone with 

the type Vlolicampian Series in the Glass Mountains ie ma.de difficult 

by the dissimilarities 1n litbologies and associated faunas .. The 

Wolfcampian at tbe type locality is predominantly composed of shale. 

_with interbedded limestones and sandstones , a lithology almost 

identical to the Laborcita formation, The f usulinids and ammonoids 

in the Hueco lbnestone and the Wolfcampian in the Glass Mountains 

are closely similar, but pele~ypods , gastropods and possibly brach.io­

pQde appear to be very different. The lowest of the three divisions 

qf the Hueco limestone contains a fusulinid assemblage that shows 

the strongest affinities to the type \Volfcampian. Very few fusulinids 

have been collected from the middle division of the Hueco limestone. 

Some collections consist of Wolfcampian species, others are Leonar­

dia~. The bracb.iopods that have been described from the middle 

and upper divisions of the Hueco limestone inClude some species 

that occur in the type Wolf campian, but also n1any that occul:' in the 

Leonardian 0£ the Glass Mountains . However, the ·exact relationships 

· between the W~lfcampian and Leonardian Series at the type section 

are somewhat in doubt, as ha.a recently been suggested by others. 

which migh~ contribute to the difficulty in correlation. 

According to Lloyd ( 1949 • · p . 31), the lime.sto11es above the 
• I 

Powwow conglomerate, which is the limestone of the lower division, 

do not contain the lower1nost Wolfcampian £usulinlds . He considers 

.......... 
*Following paragraph la~gely aum~arized f:rom King and Knight (1945). 
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the Hueco lii!1·;.esiolJ.e to be late \Volicampian., or possibly rrdddle 

and late Wolf campian. On the bas is of the stratigraphic inf orrnation 

gathered in. the Sacramento Mountains, the fusulinid identifications 

by Thompson and the data from King and Knight (1945). the autho:r 

considers the Laborcita. formation to be of early Wolfcampian age. 

The P owwow conglomerate is then. very late early Wolfca.1np!an, 

as fusulinids in the Tularosa area, ZOO feet stratigra.phica.lly below 

the top of the L aborcita formation (30-F-l), are older than those of 

the Powwow conglomerate*, and. Schwage:rina huecoensis, collected 
; 

in the limestone that forms. the top of the La.borcita formation (bed 

55), occurs in the lowert division of the Hueco limestone directly 

overlying the Po"vwow conglomerate. In this repolrt,; ta11.e lowe~ di-

vision of the Hue co limestone is considered middle Vt olicampiano 

and the middle division together with the Deer Mountain red shale 

comprise the upper· Wolfcampia.n. The remainder of the upper di· 

~~ision of the Hueco limestone is possib~y .Leonardian in age. The 

regional correlation of the Abo formation and Hueco limestone is 

indicated on Figure 13. 

The lower non- arkosic member of the Abo formation of the 

northern Sacramento Mountains, which includes the intertongu,ing 

portion of the Abo and Laborcita f orma.tion, thins ab?_uptly toward 

the south, and correlate a with the lower l 00 feet of the High Rolle · 

Abo section (Plate 13) , that contains the quartzite cobble conglom-

erates . This entire lower part of the Abo fo:rmati<?n is coneidered 

*Personal communication by M. L. Thompson. 
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Figure 13. .A.ge and regio11al correlation of Abo formation of the 
Sa.c:ra.r.nento Mountains. 

southern pal"t of the map area, is of relatively more ~iform thick .. 

ness . It is considered to form the upper Wolicampian and is probably 

the tirr.u.?•equi·valent of th4e middle limes tone mernber of the Hueco 

lim estone and tbe Deer f;vfountain red shale ll'.lember of the :upper divi­

sion of the Hueco limestone. Many local unic.onformities must occur 



within the coarse elastic members of the Abo fol"mation and Pow­

wo.,,v co11.glomel"ate , in olt'der to be the depositional time-equivalents 

of much thicker fine elastic and limestone uni•ts in other areas. 

Pray ( 19 52, p . 255) indicated that the evidence fron.J. the 

flora conflicts with the ~Volfcampian age of the Abo :fo1,mation. 

Read has ideID.tified plants of the Su.pa.ia floral assemblage fro_m 

~he southern el¢enaion of the Abo between the Sacramento Moun­

~ains and the Hueco Mountains (King, 194&, p . 690) . These prob ... 

ably came from the upper tongue of the Abo formation. The Supaia 

assemblage i.51 indicated by King (1942 , Plate Z) as Leonardi.an. The 

Walchia flora tha~ came from the Abo formation in the Sacramento 

Miountains p:roba.'.bly indicates a11 early Perm ian age (Kb1g, 1934, · 

p . 747) . 

Vertebrate fossils from the Abo. fo~mation, collected largely 

in central and northern New Mexico, have been reviewed by Ron1er 

and Price (l 940 , p . 29) who concluded th.at the foseils are the same 

age as the· vertebrates in the upper part of the '\Ni.chi.ta gl"oup of cen­

tr~l Texaso which is Leonardian in age (King, 1942, Plate 2) . More 

:recently, Langston ( 1949 . p . 1.903) concluded that the amphibian 

fauna from northern New Mexico is sligbtly n1ore primitive than 

t.1lat found in the Clear Fork or Wichita groups of central Texas. 

This may. indicate W'olfca.mpia.n age . 

Regional Relationships 

Beds of the Abo type lithology occur mostly north of the south 

central part of Ne~ Mexico. Toward the south, they grade into the 

Hueco limestone or equivalent marine deposits in West Texas . Lime ... 

stones similar to the Hueco strata e~tend westward into southern New 



-144-

Mexico and .l1~.:dzona.. Xn the· southeastern part of New Mexico, in 

Chaves County~ a VJ'olfcampian section of ZlOO feet was encountered 

in the subsurface (J_,loyd, 1949). Hueco fusulinids have been found 

in the uppe:r part of the section and early Wolfcampian pre-Hueco 

types in the lower part. 

The pre·Abo unconformity, although not present everywhere. 

is nonetheless very widespread in New·Mexico and West Texas (Pray, 

1949). · Beds of the .Abo formation and Ht1eco limestone overlie rock 

units r.angi.~g in age fro:rn pre-Cambrian to early Perinian. In the 

subsurface, east of the crest of the Sacramento Mountains , · the Abo 

for11.'lation is interpreted to rest on -the pre-Cambria.I) rocks of the 

Pedernal Landmass . 

The Abo- Yeso contact cannot be determined satisfactorily 

southeastward from the Sacramento Mountainsp inasmuch a.s both 

forma.tio.ns gl"'·~de ~nto carbonate rocks in that direction (R . E. King, 

1945). 

In -the southeasterrunost part 0£ the state, Lloyd U 949, p. Z8) 

considers ·a sequence of limestone and dolornite interbedded with 

red and green shale to be correlative with the Abo formation on the 

basis of litholGgic sim~ladty. However, these strata contain fusu­

linids of I.teonardian age, and the:refore, axe ~:iot the time-equiva.lei'lt 

of the Abo fo!"ma..tion west of tbe Pedernal Landmass . 
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YESO i'ORlViATXON* 

The Yeso formatlon was originally defined by Lee (1909, 

p. lZ) and applied to a 100-Z, 000 foot thick section of sandstone, 

shale, limestone and gyPsum overlying the Abo formation of the 

Manzano group in central New Mexico. Needham and Ba.tea (1943, 

pp. 1657-61) redescribed the Yeso formation in the type area 

where it is 593 feet thick. According to Pray (l 95Z, p. Z59), the 

four members that have been distinguished in other parts of New 

Mexico are difficult to recognize in the Sacra.men.to Mountains 

and do not form practical ~ubdivisions. 

The Y eso formation has be.en recognized from north of 

Tularosa to beyond the southern extension of the Sacramento Moun­

tains. ~this area of study it extends from northeast of Tularosa 

southward to Laborcita Canyon along the eastern boundary (Figure 

4). R . C . Northup and L. C. Pray (Pray, 195Z •. Plate ZO) mea-

sured a section near TulaJ;osa Canyon, just east of the map area, 

which is representative for much of the Yeeo formation in the 

·northern Sacramento Mountains . They described l ZOO feet of the 

Yeso formation. which probably. represents 90 percent of the total 

section. The section consists of silty shales. $YPSUm and gray 

limestones and minor amounts of sandstone. The color varies and 

.... ,..-. ... 
*As the emphasis of this investigation ia on the late Pennsylvanian 
and early Permian stratigraphy of the northern Sacramento Moun ... 
ta.ins• little tirne was devoted to a study of the strata over~ying the 
Abo formation in the vicinity of the rnap area. The following brief 
discussiot-is of the Yeso and younger Permian strata are largely 
summarized from L. · C. Pra.y's work in 1952. 
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is pa.le red, pink, yellowish or gray, bu.t in general contrasts shat'p4y 

with the dusky red of the underlying Abo beds . 'The amount of red beds 

and evaporitee that occur throughout this section decreases toward 

tbe south ·in the Saci:amento Mountains, and. the amount 0£ limestone 

and dolon:d.tic limestone increases in that direction. The limestones 

and interbedded shales. contain invertebrate fossils, largely brachio· 

pods and molluscs . However. the age of the Yeso form.ation ie estab ... 

lished in. general on the basis of :regional correlation and is considered 

l.teonardia.n. 

The distribution a.nd nature of the deposits ·comprising the 

Yeso formation. in the Sacramento Mountains suggest deposition in a 

broad area lying between a source of. elastic materials to the north 

and the open eea to the south and southeast. At times • circulation 

of the tlo:rmal marine waters. wae restricted, probably by reef devel­

opment in the · southeas~ern part of the state• leading to deposition of 

the evaporites in the shoreward areas alld deposition of carbonates 

closer to the reef and open sea. The uniformity in thicl""Jies·s of the 

Yeso formation and general similarity of lithology over broad areas· 

indica.tee that deposition in ~~_st of the area of the Yeso formation 

took place on a ~table sh.elf, 

Everywhere ·in the Sacramento Mountains, the Yeso formation 

overlies the red beds of the Abo £ot'matio:n. In the map area the lower 

contact has been mapped for about 12 mile~ f:rom Labo~dta Canyon 

to a point about two miles north of Tularosa Canyon. The contact is 

locally poorly exposed as a. result ef slump features in the basal part 

of the Yeso formation. Furthermore, for a total distance of. a.bout 



sL~ miles the contact is hidden under a cover of Qu.~ter:nary deposits . 

'\Yhere thf.! co11tact was etudied. it appears t o f.)e g:ra.dational _and no 

single laterally persiste1'lt bed in. either the uppermost Abo ott lower ... 

rriost Yeso fotrnation marked a. break. in the succession of strata. 

1n general, .the contact was placed at the ma.jor U.thologic change 

:f rorn .strata typical of the Abo f orma.tion t.o the strata more charac .... 

teristic of the Yeso formation. The upper part of t~e Abo formation 

consi·sts largely of dark ~ed rnuds~o1?.e inte:rbedcled with coa:rae arkose, 

which locally grades upward into a zone o£ interbedded red and green 

:r::riu.dstone layers one or two feet thick. - In other places. · the dark red 

mudstone occur·s interbedded with yellow or green sandy siltstone 

ana thin layers of dolomitic limestone or silty limestone . In this 

zone, which comrnonly is not over 15. feet tA"lick, gypsur.'l is generally 

present in large amou.r.'Ol).ts . The contact was placed at the base of 

this transition zone. which probably ~arb-..s a gradual change of non­

marine to madne envirO.nn'lents . According to Pray (1952, p. 274) 

the transition zone between the Abo and Yeso formations probably 

records fluctuations of a major nortbwa.rd advance of the seas ·at this 

time . 

OLORIETA (?)AND SAN AND.RES F·oaMATIONS 

East of. the map area, the Yeso formation is overlai_n by tbe 

Glorieta (?)and San P:.ndres formations wbicb form the youngest Paleo .... 

zoic strata in the Sacramento Mountains. 

·The Glorieta (?) formation in the Sacramento Mountains con­

,sists do~inantly 0£ gray and olive gray lim~stone and dolo1nite. witb. 
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minor beds of white to yello~-gra.y, calcareous. fine to medium 

grained, well sorted quartz sandstone~ T~e formation ranges in 

thickness. f~or.n. l Zl feet a.:t the southern end of the escarpment to 

about 60 feet in the northern Sacramento Mountains. The contact 

of the Ye so and Glorieta ( ? ) formations . is interpreted. as grada­

tional, indicating a change in the ~ype of deposition. The site of 

deposition continued to be a. stable shelf are.a, but the circulation 

of marine water.a in tbe Sacramento Mountain area apparently was 

not sufficiently restricted to produce evaporite deposits . The 

beds of sandstone may represent regressions of the seas toward 

the· south. and. elastic sediments could be transported farther to 

the sou~h. The age of the Gilorieta sandstone ·is considered by Lloyd 

(1949 • PP• 20·22) to be either very late Leona.rdian or very early 

Guada.lupian. 

The San Andres is the young eat Paleozoic formation of the 

Sacramento Mountains and forms the crest of the range. Gray lime­

stones form most of the San Andres formation in the Sacramento 

Mountains. Dolomitic limestone constitute about 10 percent of the 

observed sections ·and dolomite is very uncommon. The upper part 

of the formation bas been eroded from the ere1d of tb.e Sacramento 

Moun.ta.ins . The thickness in the subsurface to the east is a.bout . . 

1400 feet, · but only a few hundred feet of the San Andres formation 

remain at most- plaees a.long the crest. The uniformity and wide­

spread distribution of the San And.res formation indicates deposition 

on a stable shelf, and the rock types and fauna present indicate de­

position from seas of normal salinity. The virtual absence of 



elastic m aterial and tbe known distribution of the formation suggests 

that the land areas wer e f a.r to the north. The age of the Sa.n Andres 

is consadered to b e e.arly Gttadalupia.n. 

MESOZOIC STRATA 

Sedimentary strata of .Mesozoic a ge have not been observed 

in the Sacramento Mountains, but information fro:m adjacent areae 

suggest$ that they we~e present· at one time. T-he development of the 

present erosion surface in th~ western Sac~amento Mountains that 

defines the top of the San Andree f o:rmation probably caused the re-

i:n.oval ·of tbe lV1esozoic and upper part of the San Andres strata. F or 

the purpose of. outlining the post•Paleozoic geologic history of the 

northern Sacramento Mountains. these units are briefly mentioned 

below. 

Rocke of Trias sic ( ? ) and late Cretaceous age are knovm. 

from the Capitan region (Wegemann, 1912) about. 40 miles northeas t 

of the lnap area and were more recently discussed by Allen and 

Jones (1952, p . 1320). .a. F . Schmalz* observed the same strata 

in the Phillips Hills a.bout 25 miles north-northwest of Tularosa. 
. . 

He rep~rts that limestones cf the San Andres fo .. r.mation underlie 159 

feet of Triassic (?)Bernal orange red m.udstone and 185 feet of maroon 

and green :mud.stones that are aseigned to the Chinle formation. The 

Santa Rosa quartz "andstone that occurs .between the Bernal and Chinle 

formations in the Capitan region is not present in the P hillips Hills 

*Personal communication.. 
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section. Rocks of Jurassic or early Creta.ceou.s age a re not 

known from these two areas. Uppelr Cretaceous Dakota sa1'ld• 

stone , !v!ancos ehale and Mesa Verde sandstone , shale and coal 

have been observed in the Phillips Hills section,· but individual 

thicknesses are not definitely detexmined. Tbis uppe:r Creta ... 

~eous section reaches a thickness of a.bo-lit 1500 feetl> as c om • 

pared to about l 000 feet in the Capitan Region (Allen and Jones I> 

1952). 111 the Phillips Hills area. 11 · the Cretaceotts strata a~e 

uncon.formably overlain by Te~tiary. andesite flows and pyro­

clastics . 



lU~N ~:ous ROCKS 

TABLE I 

Rock Name Principal Feldspar Dimensions Form and Structural 
Configuration 

Type I Amount Average I Maximum 
Thickness len2th 

Quartz albitite Al bite 80°/o 50-100' 4 mi. Sills; laccoliths; 
locally discordant 

Andesite porphyry Andesibc 70°/o 5-20' 2 mi. Sills; concordant 

Felsite Al bite 60°/o I -15' 3-1/2 mi. Dikes 
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SILLS 

The sills i1,l the area are essentially c:on1.posed of two types 

·of rock. an andesite porphyry and a quartz albitite. The magma . 

from whicb these rocks crystallized penetrated mostly the shale oi" 

mudstone portions .of the Laborcita and Abo formations . The intru· 

sive masses of andesite porphyry usually form thin. very tabular 

sheets . The fine-grained intrusives. of more acidic corr1position 

cut in a few places a.cross the sedimentary strata. where they for~n 

more discordant bodies. 

QUARTZ-ALBlTITE 

Fine-grained intrusive, quartz•albitite rocks probably form 

three-fourths of the igneous rocks in ~e map area. These fin.e­

grained intrusiv~s reach a thickness of 200 feet in rr.tany places 

and largely occur in the Laborcita 'ormat'ion. Jn the La Luz Can ... 

yon area scme are intruded into the lower1nost units of ·the Abo 

formation. Locally the uppe~most r~sistf~nt ledge _of the frontal 

escarprnent is formed by the tabular ·masses tb.at a.re nearly ~ara.Hel 

with the underlying and ovel'lying strata (Figure 14). ·Toward the 

~ast and southeast the quartz a.lbitite .cuts slightly a~roe e the bed­

ding planes and intruded successively younger strata, as a study 

of Plate 4 shows particularly.. However, it is tabular in its general 

shape and can be considered. a sill . 

14ath-shaped albite (An 5 ... 10) crystals, that range from 1/ 6 

to 1I4 mm, form 80 percent of the rock. Quartz occurs in amounts 

up to about 1 S percent.. Locally, · biotite is relatively abundant in 

amounts up to 20 percent . .- but generally 'it is present ,in small 



!3~igure 14. Fine-grained acidic intrueive forms resbtant ledge 
on frontal escarpi~nent . One m ile south of Domingo Canyon look .. 
. ing north~ 

quantities, and ie commonly chloritized. Orthoda1H! has not been 

Vol. ll; p . 375)~ who named it a quartz-a.lbitite. D_.ag features 

occur locally in the eedbnentary bed.is near the contact with the j.n ... 

viecous (l;mring the intrusio:n, which might be att:db~ted to its more 

acidic composition.. In l\f7tiV t sec. 19, T . A 5 S. , R. 11 E . • tight 

folds in the fusulinid ... beadng lin:iestone bed 37 are caused by t11e 

qu.a~t~ ... albitite intrusive. whicb is m this locality distinctly 
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laccolithic in shape. The shales and. thin sandstone beds underlying 

this intr·ursive appear to be undisturbed (GG', Plate 3). 

ANDESITE PORPHYRY 

Although variations in composition ·exist, the dark colored, 

thin, very tabular sills are genera.Uy made tip Qf an andesite por•, 

phyry. Examination in thm section of a representative sain:J(le in ... 

·dicates. that a lnicro-crystalline groundmaes, which probably con ... 

slats n'M>stly of feldspar and small quantities of quartZ. consiitutes 

about 50 percent of the tock. Plagiocla.se phenocrysts, that range 

in size f~om. Z mm to l O rr.im, form about 35 percent of the i*ock . 

The plagioclase feldspar appearia to be andesine, ~lthough extensive 

alterati.ont largely to calcite, serkite and kaolinite. prevents a.c ... 

cu1·ate. dete :rmination. Hornblende is tlle major maf ic mineral and 

cor.runonly forrns 15 percent of the rock. The hornblende pheno­

crysts a.re between 1-2 nun· in size and are decomposed to epidote 

and chlorite.. Magnetite i~ the most abundant accessory mineral. 

The thickness of the and.esite porphyries ranges from. a few 

to several tens of feet" Very thin sills \Vere, in general~ not mapped 

so that the a.ndeeite porphyry is actually mor~ abundant than appears 

fro.m the map. The two largest sills occur in the no:rtb:end of the 

map · area., north of Tularosa. Canyon. One forms the uppermost . -

resistant ledge of tbe frontal escarpment .. about four miles north of 

Tularosa. The· other crops out continuously for a distance of about 

four 1niles near the Abo·Yeso contact. 



DIKES 

Intrusive dikes forr.t"l ve-sey distinctive$ narrow linear features 

in the map area and so:rne eSu.'tend for a distance of at least 3-1 /2. 

miles . They .a.re commonly about 1 to 15 feet wide ancl are vertical 

or dip steeply .. · Because of _their greater resistance to erosion, they 

form conspicuous topograpbic- features as ~1 Fi.gt.ire 15. 

Figure 15, Intrusive dike at soutb side of La J_,uz Canyon .. 
NE! sec. 26, T. 15 S. • R. 11 E . 

4 

Most observed dikes occur in the mud$tonee and arkoses of the La ... 

borcita and Abo formatio~ at least m the present erosion patterr:i 

tl'le dikes appear to be less abundant in the limesto11e-bearing portion 

of the lower Permian strata. The dikes generally trend · between 20 
i 
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a11d 30 deg!."ees east o:~ 1'l.orth." similar to the trel.ld of th<;; dikes ~'s.1 

the C.:Lpitan region {Allen. and Jones~ 1952) • 

.-'1egascop~.cally t he dike rocks are fine =grained and dark 

colored and ~u appear to be of similar acidic to intermedi.a.te 

composition. The two pa1"allel dikes t.bat cross La L~uz Canyon in 

sec . 26a T . 15 S o /1 R. H E ., we:re sam pled. and examined in thin 

section. Small laths of a.lbite 11 that range from l /8 to l /4 mrn L"l 

size~ f,o:rm about 60 perc ent of the rock. Magnetite is finely dis­

seminated and constitutes about 12 percent of tbe rock. Bfotite 

and chlorite, in amounts up to about 10 percent, from the dark 

mineral coni:ent. Calcite i si locally abundant a1'ld foltms the i'emain­

der of the roe~ . Quartz and potash feldspar have not been reecog ... 

nized. Megascopically the dike rocks and the andesite poll"phyry 

appear to be ·more alike, but m ineralogically the quartz-albitite 

sills and the dark felsite dikes alre more closely related. 

The relative age of the acidic intrusives and the dikes was 

deteJrminable a~ one place iri t:b.e area" near the bounda:ry of eece . 19 

and 20 D T . ll. 5 s . 0 R . n J~ . A s ill of qua.rtz ... a.lb!tite cuts across a 

dike of inore L"Ate?"mediEJ.te coin.position and is clea.l'ly the younger . 

AGE 

The ig~1eous rocks are all preeu:t.'l"led to be related to a major 

pe:rrioo of igneoul.1l activity that i s recognized in many parts of New 

Me~ico durii'lg Tegot!ary til·ne . Their age ca.1£1'...not be closely deteif ... 

:rnined in this a:rea. These rocks intrude beds as young as the PeE ... 

mian Yeso fo:rrriafdon l) and are t::u.ncated by the late Cenozoic fa.u.lts 

of the fron'ica.l escarprnent. 



A basic dike swa~:n.1 and la 1°gcr siliceous bodies in the Capi­

tan C!uadrangle (Allen and .Jones, 1952)0 about -~-0 miles northeast of 

the tnap area, are ·dated as middle Tertiary. The intrusives of the 

northern Sacram.e11to Mountah.1.s appear to be simila1"' in cornposition 

to these intrusives of the Capitan region. Furtherr.aore , the ·dikes 

of both areas have the sa.:me gene1·al trend, ~hich suggests the pres.., 

ence of a parallel joint systenl! of regional extent prior to the h1-

trusion of the dikes . 

In view of the uncertainties , the igneous :rocks of the nor-

thern Sac r amento Mountains are c onsidered in this report Tertiary ( ?). 
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IV. GEOLOGIC S TRUCTUR E 

GENERAL DISCUSSION 

The Sacramento Mountains* form a part of the ·bounda.ry be­

tween the Basin and Range province in the west and the Great P laine 

province in the east. The range is essentially a block that has been 

uplifted along a fault zone with respect to the Tularosa. Basin on the . 

west and tilted eastward. The western portion of the range is struc .. 

turally similar to the scarps of the Basin and Range province. Tllf;, 

eastern portion possesses many stru~iural features characteristic 

of the Great Plains region. From the crest of the mountains, the 

strata dip one or two degrees eastward, in which direction they can 

be traced with few structural deviations for more than 50 miles. 

The displacement on the frontal fault system. of the Sacramento 

· Mountains. is known to be a. minimum of 6500 feet in the centl"al part 

of the escarpment (Pray, 1952, p. 321) and decreases both toward 

the south and north. According to Pray (1952, p. 302): 

11South of the Sacramento Mountain.~, the. frontal fault system 
either dies out, or continues with only a fraction of the die -
placement known to the north, as faulting is but a minor 
feature in the region east of Oro Grande and along the we.s­
tern edge of· Otero Mesa~ ~· 

The· fault, which defines the frontal escarpment of the northern 
-

Sacramento Mountains, is abruptly terminated by eastward-trending 

structural features at a p·oint about· five :miles north of Tularosa. The 

S~erra Blanca, although topographically a northward extension of the 

Sacramento Mountains , appears to be developed along a different fault 

system, northeast of the fault zone at the base of the s .acramento 

*The following paragraph on regional structural features is summarized 
from kj'ray ( l 9~Z, p . 301 ). · 
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Mountaina. King U 94Z) interprets the western escarpments of the 

Sacramento Mountains and Sierra Blanca to be the product of en­

echelon faulting. Structurally the Sierra Blanca is different from 

the Sacramento Mountains and represents a structural basin rather 

than a high tilted block. 

The uplift of the Sacra~ento W10untains, however, is the 

result of the latest period of tectonic activity in this area, and ap-· 

parently occurred in late Cenozoic time. Earlier periods of crustal 

deformation are recorded in the rock units of the northern Sacrament~ 

Mountains. A late Pennsylvanian and early Permian period of defor­

.niation appears to be restricted to the southeastern part of the map 

area. This deformation is hereafter referred to as the pl'e • Abo 

deformation. Evidence of post-Abo gentle folding is observed in 

the area south of Laborcita Canyon. Owing to the absence of sedi­

mentary strata. in the map are~ younger than the Yeso formation, 

and older than the Quaternary surficial deposits, this period of de­

for1n:ation cannot be dated more closely. However ,, on.e of these 

folds is. truncated by the boundary .fault zone, which indicatee a period 

of deformation prior to late Cenozoic: time. The numerous high­

a.ngle normal faults that occur in the map area in the vicinity of the 

boundary fa:ult zone a~e probably related to the late Cenozoic Basin 

and Range faulting. ·Thus, at least three periods of tectonic activity 

can be distinguished in the northern part of the Sacramento Moun­

tains, which are treated in order of decreasing age. 

PRE-ABO DEFORMATION 

The r.najor angular unconformity within the Paleozoic sequence 
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of the S.a.cra:rnento Mountains occur a at the base of the Abo formation. 

The pre-Abo def-ormation ca.used major folding ~~nd faulting. Accord-

ing to Pray (1952, p . 332): 

11 the intensity of the deformation appea1·s to increase toward 
the east across the narrow belt of pre-Permian outc?ope 
and-the area most influenced. by this deformation proba~ly 
lies farther to the east where it is concealed by the youngegi 
Pe :rmian deposits." 

Pre-Abo high-angle faulting and folding appears to be restricted to 

the southeastern part of the map area where it is recognized east of 

a line. that extends northward from a point 1-l /l miles west of High 

Rolls to La. Luz Canyon (Plate 2). 

FAULTS 

Re;:sistant strata of the Bug Scuffle limestone member of the 

Gobbler formation rise abruptly above the less resistant strata of 

the Holder and Laborcita formation in the southeastern part of the 

·map area, as a result of pre - Abo, high-angle, normal faulting (Plate 

Z). Between Fresnal Canyon and Salada CanyQn displacement oc-

curred on a system of two essentially parallel faults. On each fault 

the weetern side is downthrown. The western fault is called the 

Salada Canyon fault and was mapped for about 1-1 /Z ~iles from 

Salada Canyon to Fresnal Box Canyon but might extend farther south. 

The Fresnal Canyon fault is the eastern fault and is continuously ex.... · 

posed for about five miles between Salada Canyon and ~rcente Canyon 

·to the south and has been mapped by Pray (1952).. The author believes 

that these faults are parts of one major fault zone a.t depth and that 

·movement took place along these various branches at different times 

during late Pennsylvanian and early Permian time. Parts of this fault 

system were reactivated in post- Abo time. 
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Salada Canyon l> .... aU:lt 

Several periods .of movement occurred along the Salada Can­

yon fault; some in late Pennsylvanian and some in early Permian 

time . It can be proven that post-Holder, plre-Laborcita displace­

ments took place at the · north end, in the canyon one- third of a. mile 

north of Salada Canyon (Plate Z). Here , the Salada Canyon fault 

appears to offset strata of the Holder formation about ZOO feet, 

whereas these strata are overlain by undisturb~d beds of the La­

borcita formation. 

Between Salada and Fresnal Box .Canyon the lower pal'.t of 

the Laborcita formation is truncated ·by the Salada Canyon fault, 

necessitating movement on this fa.ult in post- Laborcita and pos­

s ibly post-Abo time . The p~esent elevation of the Abo formatio~ 

east of the Salada ·canyon and Fresnal Canyon faults in the area 

adjacent to Fres~al Box Canyon is about ~00 feet above its :restored 

position to the west (MM'• Plate 3). · This indicates post-Abo move­

irient on this system of parallel faults , although as mucb as half 

the difference in elevation might be the result of folding. If the 

-preaence of a 350 foot thick section of Holder and/or Laborcita 

strata is inferred overlying the Beeman f~n-mation in the fault zone 

between the Salada ·canyon and .Fresnal Canyo~ fault , the base of 

the Abo formation in the fa~t zone occurs at the .same eleva_tion as 

the base _of the Abo on the High Rolls block (MM', Plate 3). An es­

timate of 350 feet of post-Beeman and pre-Abo atrata in the fault 

· zone is not excessive, considering at least a thickness of about 85Cl 

feet for the corresponding section directly west of the Salada Canyon 



fault. Therefore, the post-Abo movement on this system of parallel 

fa1:1lts ifl3 inte:r~reted to have occurred mainly om the Salada Canyon 

fault. The truncation of the lower part of the Laborcita formation 

by the Salada. Canyon fault might possibly be the reeult of this post­

Abo move~ent. According to Pray U 95Z, p. 334), later ·uplift since 

the deposition of the Abo formation ie also noticeable in the area 

south of Freanal Box Canyon. 1'he post-Abo movement appears to 

die out toward the north in the vicinity of Salada Canyon. 

F:resnal Canyon Fault 

The Fresnal Canyon fa.ult has been mapped by P ray 0952) 

for about five miles from Arcente Canyon in the sou.th t~ Salada. Can­

yon, and evidence indicates that the fault continues as a buried 

structural feature for an additional two miles. to L~ Luz Canyon 

(Plate 2). 

In the canyon one-third of a mile north of Salada Canyon, the 

~resnal Canyon f~u.lt appears to offset strata of the Laborcita iolrma.­

tion that occ,ur on the downthrown side of the fault (Plate Z). These 

are overlain by the undisturbed strata of the Abo formation. On the 

upthrown or ea.stern side of the fault, the Abo formation i s in d.epo 0 

sitional cr,>ntact with beds of the upper Holder formation, which in.di ... 

c~tea abou~ a 400 foot movement on this fault in post-Labo:rcita, pre .. 

Abo time in this area. The displacement increases toward the south. 

In the vicinity of F resnal Box Canyon, the Abo foi-mation overlies 

strata of the Beeman and Gobbler formation and the displacemen't isi 

about l,000 feet (MM , Plate 3). This indicates that the major amount 

of displacement on the system of parallel faults occurred on the 



F reanal Cat1yon fault, as here the total sira.tigraphie eep aration on 

bo~h t,.te.e Salada. Canyon and ~"" :reanal Canyon fault is about l, 600 feet. 

Ac<cording to P ray « 19 52,p p. 334) p this ar~1ount @f displacer.r1ent de ... 

creases again sou.thwa:ird, and th~ fault dies ou~ m '!the vicinity of A r ... 

cen.te Canyon. 

A no:rrch-t:re~ding high-angle fault that occugis it'l L a Luz Canyon 

in a few isolated exp.osuree. of deformed Pennsylvanian strata. about 

two mUes north of Salada Canyon. might be a nor~hwa.?d extension of 

the Freanal Canyon fault . Alt..1-Aou.gh this ia a structujfally complex 

area . and not clearly understood, it appea~e that the stJra.ta. east of 

this fault a.:re stra.tigraphically older than the strata on the. west, in­

dicating an uptbrown. eastern block. Locally the strata on the ea.stern 

block <eox-relate with the Beeman formation, and west of the fault they 

b~long to the upper part of the Holder formation. More recent .dis.:. 

placement, however , which offsets the basal strata of fche Abo fo!'ma= 

tion, indicel:tes a downward component for the eastern. block (Plate Z» . 

1tOLDS 

grhe fold~ that a.re the result of pre-Ab<0> deformation appeal' 

to be re@tricted to the sou.tbeaati:e~n part of the map area, where they 

generally occtu" in a zone that extends ~orthward :for about three miles 

firoin Salada Canyon to abou~ one mile no7ftb of La Luz Canyon «P laSi:e Z). 

A number of small, asyrnmetric , plunging folds are located 

in the fa.ult zone betwt~en the Salada Canyon and Fresnal Canyon faw~ 

in the vicinity of Salada. Canyon. The folds occul' en-echelon a.n<dt the 

average spa.drtag on the nc;s;thwest ... trendi11g axial p!anee ie about 1, 000 

feet . A vel"Jf ®harply crveJrturned anticline occurs at the noirth side of 



Salada Canyon (Figure 16). The axial p la.'llle dips appro:xirr~ately 4 5 

degrees toward the east and the fold plunges very steeply tow·ard the 

northwest. Toward the north.east, en-echelon with this ai1ticlin.e , 

Fi~re 16. Overturned anticline in uppe:ir Pennsylvanian strata. 
Uppermost gray lin"lestone bed contains fusulinids 
of middle lr"":resnal age. The. beds in the core are 
Missourian in age. Salada Canyon looking north. 

:red beds of the La.borcita. formation are !olded in a plunging syncline 

and overlie with angular unconformity the underlying beds of the Holder 

formation of middle Fresna.l age* (Structure sectio.n L L , Plate 3) . 
---4!11;11·--* E\tsulinid identification by M. L . Thompson. 

I 
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The strata of the Abo formation appear to be unaffected by the folding. 

This bi.dicatee that eo1ne deformation occurred in poet-Holder and 

pre-Laborcita time, but the formation oi the sharply folded structures 

occurred largely in poat-Labordta, pre-Abo tirr1e. This fold defor­

mation is t,.~erefore essentially contemporaneous with the movements 

on the Salada Canyon and Fresna.l Canyon faults. and the plunging 

folds are interpreted. aa the result of a shearing stress that was· pro• 

duced in the fault zone by oblique displacements along the system of 

essentially parallel f~ults. This feature might be compared with the 

f ormatlon of drag folds in the incompetent bed on a limb of a fold as 

a result of slippage along the bedding planes. 

In the vicinity of La Luz Canyon, in a few isolated exposures 

through the overlying Abo formation, the Pennsylvanian formations 

occur in a number of northwest-trending asymmetric plunging folds • 

. Within an area of about l • l / Z square miles• a.bout eight separate en­

echelon folde were observ~d. ·The western limb of the anticlines 

commonly dips 30· to 50 degrees toward the southwest. The dip of 

the· eastern flank is very shallow and is commonly less than l 0 de· 

grees. The average plunge on the fold axis· is. about five degrees. 

A few folds ,are doubly plunging structures. 

Strata that have been correlated1 with the Laborcita forr.tiation 

overlie with angular unconformify- strata of tlle upper Holder forms.• 

tion. The strata of the Laborcita formation are folded along the aame 

structur·a1 axes. but are overlain by the relatively undisturbed Abo 

strata. This indicates several periods of folding during late VirgUian 

and early Wolfcampian time. The folds in tbe La Luz Canyon area 



:might have been formed bi the same way ae fl:he fold$ in the Salada Can­

yon a.re& to the south, althougb in La Luz Canyon the pre$ence of a 

system of pa?aUel fCEu.Alt$ cannot be demcmstrate©i. M""'urther evidence 

m support of th.is intei$plretation ie the fact tha~ the folds o~ both areas 

appear to be of the same age. 

POST- ABO DEFOR:WiATlON 

Evidence of poat ... Abo crustal deformation is pttesent in the map 

area south cf La.borcita Canyon. In this area three gently folded struc ... 

Canyon arch, are believed to be a result of the post-Abo deformation. 

Both the Dry Canyon syncline and the Max>uchi Cany(t)n alrch occur in 

strata of the Abo formation. In the map area., the age of this deforma ... 

tion is poorly defined, a.€S the folding is younger than tl1c:? Abo forn-1ation. 

and older than the surficial depositsi of Quaternary age . AccogrcU.ng to 

P ray 095211 p . · 346), .strata as young as tJle San And:ree fo:rtnation are 

gently folded in 0th.elf' parts of the Sacra.m.ento Mountain escarpment, 

which indicate~ a possible post-Sa.n Andrea age fore thie defoJ?matfon, 

The truncation oi the La l..iuz anticline by the boundary fault zoln!.e, and 

the occurrence of n~erous , umolded, small, high 0 angle fault.a of 

probable late Cenozoic age, tba.t offset the strata of the La Luz a~U­

cline, indicates a development prior to late Cenozoic tini.e. ltn the Phil ... 

lips Hills area., about ZS r.nilea north of Tularosa, R. E~ . Schmalz* 

discove~ed evidence !or early Tertiary folding, and the post-Abo 

folding in the northern Sacramento Mountains m ight possibly be of 

the same age . 



La J...,uz Anticline 

In the m.ap area, the La Luz anticline is located near the front 

of the escarpment and extends for about two miles from La Luz Canyon 

to Laborcita Canyon. (Plates 1, 2 and 3) . This symmetrical fold 

tr~nds approximately north-northwest, and plunges northward about 

10 deg:reea irt the vicinity of Laborcita Canyon, where it appears to be 

truncated by the bounda:J"y fault. The limbs of this anticline show dips 

of about 30 degrees . The present depth of erosion indicates that bedfi! 

at least as young .as the Laborcita formation are· affected by the folding. 

As the strata of the Laborcita and . .Abo formations on the east flank of 

the La Luz anticline are parallel, and rocks of older formations are 

absent in the basal conglomerates of the · Abo formation near the fold, . 

the anticline wa.s probably formed after the depo·sition of the Abo forma­

tion. This structural featu.r~ might be a northward continuation of. the 

anticline ·mapped by Pray (1952, p . 340) for a.bout eix miles north-

northwestward f :rom Alamo Peak to Dry . Canyon. 

Dry Canyon Syncline 

. In the map area, the Di-y Canyon syncline is a broad ope~ fold 

and extends for about four m~les from State Highway 83 to a point about 

a mile north of La Luz Canyon, where it gradually widene and dies out. 

Thie asymmetric fol~ trends with minor variation6 east of north. The 

locally steep eastern limb attains dips of about 30 degrees (P late 2), 

espefially in the P.roximity of the Fresnal Canyon fa.ult zone. The aver• 

age dip of the western limb is ~bout four degrees . Because of the re-

versal of plunge of the axis in the map are~, several structural basins 

are .formed along the length of the syncline . Tbe plunge fa generally 
I 

about two or th~ee degrees. 



~168 -

South of State Highway ·83 • the Dry Canyon syncline was mapped 

by Pray ( 19 52) fo:r a distance of eight miles as a tight asymmetric 

syncline in Pennoylvania.n and earlier strata, generally trending north­

northwest. According to Pray (1952, p. 341), the major deformation 

occurred in this area prior to the deposition of the Abo formation. al· 

though later minor folding along the san"le line occur?'.ed du.ring and after 

the deposition of the Abo formation • . The Dry Canyon syncline that was 

.formed during the pre•Abo deformation could not have extended ·much · 

north of State Highway 83, as in the map area the strata of the Holder, 

Laborcita arid Abo formatiCU> are essentially parallel in tbe west U.mb 

of, this fold (Plates 2 and 3). The ~ngular discordance at the base of 

the Laborcita. formation in the east limb of this syncline was probably 

caused by general uplift or drag of the strata along ·the Fresnal Canyon 

fault zone in post_•Holder, pre-La.borcita time. Therefore, in the map 

area the development of the Dry Canyon syncline occurred largely 

after deposition of the Abo formation. 

Maruchi Canyon Arch 

About three miles east of the junction of La Luz and Fresna.l 

Canyons, tbe basal strata of the A.bo formation are folded in a gentle 

arch (rlH', Plate 3) .. This structure is about half a mile wide and is 

a ·pa.rt of the narrow deformed belt that extends northward for abou.t 

four miles fro;m Fre.enal .Box Canyon to La Luz Canyon anti that includes 

the Fresnal Canyon fault zone. Apparently, portions o:f this belt were 

deforrned in post-.Abo time (Plates 2 and 3). The Maruchi Canyon arch 

br named for a tributary of La Luz Canyon. The erosion of the basal 

Abo beds from the higher portions of the structure exposes locally the 



Pennsylva...~ian formations tha,t were folded prior to the deposition of 

the Abo .formation. l'he arcb plunges lllOrthward and is apparently no 

longer present north ·of Cottonwood Canyon. - Here tile regional dip of 

the Abo and Yeso strata is one or two degrees to the east a~d these 

strata a.re seemingly unaffected by the post•Abo deiorrna.tion. 

CENOZOIC DEFOR!v!ATION 

Pray ( 19 SZ, p . 306) stated that the Sacramento Iviountaine are 

the result of l'l1ou~tain-for1-.ning activity that occurred during late Ceno­

zoic time, and discussed in detail the ~ault versus the fold origin of 

the Sacramento lviountain escarpment. Most of the f ea.tures that were 

presented by Pray as evi~ence in $Upp~rt of the fault hypothesis were 

obser.ved. ~the northern pa.rt of the Sacramento Mountains . These 

featui-es, such as piedmont scarps; step faults; numerQUS·Sma.11 high­

angle normal faults near the frontal escarpment; isolated gravel cap• 

pings adjacent to the mountain front; truncation of internal structure, 

and fault drag a.re briefly described in the following section on the 

boundary structural features . The phenomenon of 'reverse drag' near 

the frontal escarpment and the abrupt termiP..atio~l of the boundary 

fault north of Tularosa by structural features related to the Sierra 

Blanca are discussed separately. 

BOUNDARY STRUCTURAL FEATURES 

Piedmont Scarps 

The fringe between the mountains and the Tularosa .Basin ia , . 

locally marked by scarps ~p to 20 fee~ high and about two miles long.­

These piedmont s~arps are considered. to ina.rk the surface trace of 

the maj1or boundary i8'.ult. Most occur within a few hundred feet of 



the base of the eecarpment and sepa.lrate alluviuu1 on the west from bed 

:xaock on .the east. lin the area between Laborcitai. and Domingo Canyons. 

where the sca:rps occur l, 500 feet west of the base of the mo.untain 

escarpment {Plate 1), the area ea.st of the piedmont scarp is· essentially 

a pediment with a thin alluvial c·over. 

Step p· aults 

Between Cottonwood and Tularosa Canyons two normal faults 

near the frontal escarpment can be interpreted as step faults (Platee 

1 a.nd Z). The faults dip steeply toward the west with an angle of about 

70 de.grees , and the west side is downthrown with a dominant dip-slip 

component of movement. The western fault has an approximate dis· 

placement of 700 feet. The eastern one has a maximum displacement 

of a.bout 300 feet , and is cbaracte~ized along its entire length of about 

seven miles by a narrow zone of fault drag about 100 feet wide (Figure 

17). These two step faults merge with the frontal fault near Tularosa 

Canyon, and farther to the no:rth the escarpment appears to be caused 

by displacement on a single boundary fault. 

High-Angle Normal Faults 

Xn the area between Laborcita. and La Luz Canyons the step 

faults are not as well defined a.s separate faults, and are repl&ced by. 

numerous high-angle normal faults . These faults are in gener.a.l nearly 

vertical. 1he dispJacerr1ent appears. to be largely dip-slip and averag~e 

about l 00 feet . Locally, however, displacements u.p to 400 feet have 

been measured. As these f.aults offset the folded strata of the La Luz 

anticline, t~ey are younger than the period of· post-Abo deformation 
. . 

(FF ' and GG' on Plate 3). A few affect the Tertiary (?) intrusive 



Figure 17. Fault drag on step fault near frontal escarpment about 
two miles south of. Domingo Canyon. 

rocks and associated features . The author considers mdst of the 

small-scale faulting in the area. near the frontal escarpment to be 

contemporaneoue an4 believes it to be related t~ the formation of the 

boundary fa.ult zone in late Cenozoic time. The presence of the l..a 

Luz anticline near the front of the range between La L':lz and Labor­

cita Canyons might bave created special ·S~ress conditions during 

the period of Basin and Range faulting resulting in the relatively 

.great abundance of minor faults in that area. 



Gravel Ca~pinge 

A f.ew isolated ridges near the frontal escarpment (Plate 2) in 

the vicinity of Tularosa are capped by gravel deposits that occur one 

to two hundred feet .above the level of present drainage . They are 

considered to· be remnants of a once continuous older erosion surface 

that extended between the Yeso slope and the Tularosa Basin. The 

Tularosa Ba.sin was probably a basin of internal drainage during the 

relatively recent time when the older gravels were deposited (Pray• 

1952, p . 314). and lowering of the base level of erosion can there:fore 

not account for the dissectiof,l of the older erosion surfaces . The 

raised position of the older gravels above the present level of erosion 

i~ good evidence 0£ the relative uplift of the mountain bloc!t with re• 

spect to the valley block. As the~e gravel cappings occur on a flat 

unwarped surface near the frontal escarpment, the uplift was probably 

caused by faulting rathe• than folding . 

Truncation oi lnterna.l Structure 

In the map area, the north"•northwest~trending iro11tal escarp• 

rnent appears to intersect the La. Luz anticline near the r.nouth of La· 

borcita Canyon. This truncation by the preaent mountain front of the 

internal structure of the range is a ieature characteristic of many, 

faulted Basin Ranges and according to Pray (1952, p . 314), is comrt1on 

along most of the Saeramento Mountain escarpment. 

Fault Drag 

Between Labo:rcita and Tu-la.rosa Canyons, the strata in the 

zone bounded by tbe piedn1ont scarps in the west a:n.d the step faults 

in the 1east dip dominantly toward the west (structure sections cc• 
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and DD' on Plate 3). This zone. which is locally as much as 1.500 

feet wide, is interpreted as large-scale fault ~rag along the ina.jor 

boundary fault. 

These various linee of evidence have led the writer to agree 

with Pray' a interpretation ( 19 5Z) that the overall uplift of the moun ... 

tain block bas taken place along normal faults very close to the 

preGent base of tbe escarpment. The total stratigraphic displace ... 

. ment appears to diminish toward the north. Near· Laborc.ita. Canyon, 

the .minimum displacement i s estimated at 4300 feet and north of 

Tularosa, at 3800 feet . These displacements a.re baaed on the fol-

lowing as sur.o.ptions : 

1. The thickness of, the a lluvium ot the: Tularosa Basin 
is l 000 feet near La Luz and diminishes toward the 
north to about 500 feet at Tularosa. 

z. The base of the alluvium h at the base of the San 
Andres limest one. which probably gives a low es­
timate of the displacement. 

REVERSE DRAG 

The regiona~ dip of the formations in the Sacramento Mountains 

is one or two degrees to the east. In the rel~tively undeforxned parts 

of the nort~ern Sacramento Mountains . such as in the area north of 

Laborcita Canyon, it was noticed that the amount of east Clip inc rease,s 

toward the front of the escarpment, and in the area north of Tularosa 

Canyon, dips as steep ae Z.5 and 30 degrees have been recorded. Th.is 

gradual steepening of the strata generally occurs within a zone about 

half a mile wide (Plates 1 and 3). The feature ie common al~ng the 

Sacramento Mountain escarpment, where i t was noted by Pray ( 19 SZ). 
I 
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No satisfactory expla~.ation has been a.dva~ced to explain this feature. 

The author favors the ir1terpretation. of fault drag on the major bound­

ary :fault as a result of lrelatively recent subsidence of the main moun­

tain block with respect to the Tularosa Basin. As the net displace:rnex1t 

on the boundary fa:ult is do"vnward on the west side, this feature might 

be called reverse drag. in contra.st to normal drag that would be 

oriented in the opposite direction. 

TRUNC.ATION OF THE BOUNDARY F'AULT 

A1011g tlie noi•thernrr1ost edge of the :map a:rea (Plate l) the 

strike of the strata of the Abo form.ation. turns sharply fron1. tb.e north 

toward the nonhwest, and the dip increases toward the nor~east. 

This may be a part o:f a major east or northeast-trending fa.ult that 

is largely buried under the recent gravel deposits farther to the nor~h. 

About five n1iles north of Tularosa the. boundary fault is truncated by 

a north-northeast-trending fault . These features are probably related 

to structures prevailing in the Sierra Blanca region that are younger 

in a.ge , different in trend and possibly in type from those prevailing 

along the Sacra.r,aento Mountain escarpr.nent. The occu1·rence of dis· 

sected pediment gravels and of piedmont $Carps is evidence of :recent 

uplift of the Sacra:mento Mountain block along the boundary fault. 

These movements are no doubt younger than both the structural devel­

opment of the Sierra Blanca. and the eubsidenc:e of the Sacramento 

Mountain block, that is inferred in order to explain the fe~ture .of 

reverse drag. 



~. QUATERNARY GEOLOGY 

Sedime~ts of f~luat.eim.ary age form aurface deposit;; in a large 

part of t..~e map area, "~vheioe they ob$CU?'e the bedlro<ek geology. .Be ... 

cause of the emphasis of this study on the ·wolfca.mpian etlratigraphy, 

relatively little time wa.e d~voted to the differentiation of the variou\$ 

Quaternary sedb:nents. Although the few reco1maiseance obeerva..,. 

tions helped ~o interpret the more l"ecent geologic and topographic 

development ofi the northern part of the Sacramento Mour.'ltai.n escarpc. 

ment, mc-1any problems remain untouched and require n1ore defi:a.iled 

. inve e tigation. 

!""our general groups of Quaternary deposits have b~en. dia 0 

tinguiehed on the geologic ma.pa . They are , listed in _ orde~ of de ... 

cJreasing age~ the older gravel deposits; the }-rounger gravel deposits ; 

undifferentiated and rework~d gravels; and Glder valley fill, pedi­

ment grave1f3 and receni'c alluvium. As the cox-a.'lpoaition of most of 

these deposits is very ~imilar • their differen.ti~ion is based pri­

marily ol?h the relative positioiTh of the surfaces on wh~da the deposits 

oc,cur. 

OLDER GRAVEL DEPOSITS 

Throughout the entire length. of the map area from High Roll~ 

to north of Tulal'ofJa, gravel depositeJ occur abundantly on the broad 

a :rea of low :relief th.at rises gently from tbe low frontal eacarpn~eri.it 

m the west to the steep slope of the 1f eso formation in the ceast. The 

high ridges "in the interstrea.m areas are capped by con:spicuous light 

colored limeetom.e gravels . · Not all the gravel cappings occur on the 

sar..ne level and roughly two surfaces of deposition can be distinguished4 
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Thee higbest oi the gr;&vel deposits i&3 very ';"\Widesp~ead, catll be recog­

nized throughout the entire n~ap area, and ie referred to af.'1 the older 

gravel deposits . 

The base of the oldelt" gravels in the souther~ part of the al?'ea!. 

iB genez-a.lly ZOO tc 300 fee~ above the pre~ent level of the stream bot­

toms . Thie amount decrease~ nortJh.wa.rd so that in the vicinity of 

1"ularoea Canyon, th.is distance ranges between SO and 150 feet. The 

surface on which these gravels a.re deposited was recognized and re 0 

ferred to by P ray ( 19 SZ, p . 294) aa the ltaborcita terrace. The older 

gravels are composed a.lmcat· entirely of cobblee and boulders of 

light colored, gray, fossiliferous limeatones probably derived fl"OT:."­

the San Andree formation. The maxin:irum observed thickii."less of the 

gravel deposit i~ 56 feet, but commonly doee not exceed ZO feet. 

These high, i~olated cappings a;re remnants of a thin . contin­

uou~ sheet of gravel deposits that extended. with a westerly ~ip of , 

e\bouit three to four degreei3 from the steep mountain f~on~ in tbe ea.st 

to the TuJ.aroa& Basin in the west. The· elope d~creaees abo toward 

Twa.r@sa. Tne ~ux-face on '\vhich these gravele resfc as a thin ve~eel?' . 

is interpreted a$ a pediment. Xt trtmcates the underlying ~Abo bed$ 

and W&$ probably formed during the retreat of the ntMJ>untairi fironfc ~c .... 

ward the east near to. its present po.sition. Early stages of uplift 

. along the JJ>resent boulril.d.~ry fault zone w-1ere probably responsible f\O!' 

the formaifon of thi@ ~ld escarpment. 

YOUNGER GRA VE1~ DEPOSll:TS 

The Quaternary drapesita that have been designated as the 

younger gravel d.epos.it!© are much less mha.rply defined than the older 



gravel deposits. They are coinposed largel~.- OJf pebbles and cobbles 

of San Andree limestone. The g?av,els form cappings on i solated 

interatream a.r~aa and atrear.u ter:race® and occur t&.bout 50-i 00 fee.t 

below ilie older g~avel deposits . 

The you~1ger grave~s were ni.ainly :riecog11ized in the a~uth~rn 

part of the rinap a.Jr0a. Near La l.suz Canyon, the Burro F lats surface 

(Pray, 1952, p . 299) has been correlated with this v~unger level of 

erosion and gravel deposition. Both .toward tbe west and north a 

general convergence of L"l·e elder and younger erosion sudacef! ap 0 

pears to take place . · North of Tularosa Canyon the younger eu~face 

is no longex- recognizable . 

The younger gravel deposits are probably fluvia.tile grave.ll.s 

that occur on a surface tbat-was eroded after a pe~iod of uplift , d:mr .. 

im.g which the crest of the range to the east and south of the map a!fee 

was uplifted to a greater extent than the front and northe:rn part of 

the range. This later period of e:iroeion, however, was not long 

enough to obliterate the earlier erosion surface 'covered by the older 

gravels . It was succeeded by the third and last period of major 

uplift tha.i caused the present development of the low frontal eacarp"" 

ment in th~ no:rthei'n p~rt of the Sacr&ni.e:nto l'lffountiains .adjacent t© 

the bound~~ry fault zone. 

UNDXFFERENTlt~ TED AND REWORKED GRAVELS 

Gravels classed under this heading are largely c omposed of 

limestone of the San PJidres !orma.Hon. North of D~mingo Canyon a 

few gravel deposits app(f:ar to occult' at levels intermediate between 

the older and youm.ger surfaces . The convergence of the older and 
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younger erosion ®urfaces in this area eliminates the major distin­

guishing feature of t:b.ese various gi-avel deposits. In addition. many 

gravel deposits• primarily the younger .gra~.rele, have been regraded 

to a level of broad valley alluviation. The undifferentiate~ and re-

graded g·ravels are all irouped aa one unit ~or mapping convenieml.ce. 

No doubt, future s·tudy with the aid of reliable .topographic maps · 

will establish separate map units for these surface deposits. 

The younger gravel deposits grade imperceptibly into J?<e ... 

worked gravels toward the west and on the geologic map (.Rate U 

the con.tact between these two units was somewhat arbitra~ily chosen. 

Tbe contact of the reworked gravels and the extensive alluvial de-

posits of flat-lyi:ng silte is more sharply defined , and ia baaed on a~ 

distinct break in slope and the difference in con1poaition and grain 

size. 

RECENT ALLUVIUM, PEDIMENT GRAVELS 

AND OLDER VALLEY ll'll,L 

Different types of relatively recent surface deposits a.re 

widely dietributed throughout the rl'1a.p area. 'They have Irnot beem. 

convenience. 

. . 
deposits , that form broad flats, as mucb. as ~ree-fourthe of a mile 

a.a trlarrow tongues . These deposits are generally less than 15 .feet 

thick and cover a total area of a.bout eight square r.ailea (Plate A). 

The alluvium is gene?ally composed of flat .. lying silts , sands and 

tb,m gravels of light gray or pink color. The flat surface, on which 



the thin alluvial veneer ocicurs, is topographfoa.Uy elightly higher 

than the $Urlac~ of the Tularosa Basin that borde~:ai the frontal fault 

scarp. Both surfaces are recent in a ge. Thte position of the higher 

surface, east of the frontal escarpment, is coimtrolled by the uppe~ ... 

n"l.o&t resistant le~gea of the Laborcita formation, which ~ct a.s local 

base levels of erosiolP. for the individual e.:h,•a.inage courtme!Si (Plate 1). 

Recent gravel deposits rest 'as a thin .layer on the truncated. 

AblG and Yeso beds along the northern edge of the ma.p area (Plate 1). 

The surface, on which thes·e gravels appear to be in transit, rises 

gently toward the steep east-trending mountain front and is in~er 0 

preted as a pedimen~. A sudac·e .with a similar th~n discontinuous 

gravel cover, that extends as a narrow strip witl'..l a maximum width 

of 1500 feet east of ~he major bounda:ry fault at the base of the frontal 

e@ca.rpment between Labolrdta and Domingo Canyo~-u~o is considered 

also a pediment (Plate l ) • 

The valley alluvium and t~'le ped~ment gravels and eurfa.cee 

a:re in ·the p!"ocesui of dissection. and bed rock is exposed along and 

in the bottom of many of the «;l.:ra.ina.ge courees. This dissection and 

some of the piedmont scarps that are about ZCl feet high are probably 

the result. of a minor uplift in very l"ecelr!t time. 

The Tularosa Basin was probably a basin of internal drainage 

throughout the time that the various erosion surfaces described 

above were developed. Tbis suggest4l1 a tectonic or~gm rathelf tl_1.an 

change in base level for the formation of the eiu.dacee •· Clbna.tk 

change a. may have been of significance also. 

The alluvium of the Tularosa .Basin was discussed by P li.°ay 



(1952, p . 295). The daye, silts, sands ar.t..d g?'avels of ri~ed coloA" 

that are :reported in th~ well ll"ecorde,, were probably deposited on 

alluvial .fans by intermittent floods from the mountafune . In tne ma.p 

area. the thickness of the alluvium is unknown. According to P ao.ay 

U95Z, p . _297), a well near Alamogordo was carried to a depth of 

a. little over 1000 feet without reaching the bottom ·of the u.nconsoU­

dated fill . About lZ miles northweet of Tularosa the depth of the 

valley fill is about 370 feet (Darton, 1928 .• p . l!8) . Furthermore, 

the San Andres formation appears in surface outcrops about 25 

miles north of the 1·r.iap area. Therefore, the depth of the alluvium 

near La Luz is estimated at about 1, 000 feet 11 and is inf er:red to 

decrease gradually in thickness northward. At the northern end 

o:f the map area (Plate 3) it is estimated at about 50-0 feet. Tertiary 

alS well ae Quaternary alluvium is present in the Tularosa Basin 

(Pray, 1952, p . Z98) . 

Stream terraces can be recognized along Tularosa Cci.lti.yo~ 

at ditferent levels . The highest one is abou(l; 50 fed above the p~ee 0 

ent stlream bottom. They mark distinctive eJ>ieodes i~ the dev~lop ... 

ment of this major drainage course and probably correlate '1rith 

uplifts of ~he mountain mass iID- n1ore recent ti:rne. These va.ri©ue 

t~te!'aces have been mapped as a part of the Qua.ternary alluvium. 



VI. GEOL,,OGIC HISTORY 

The chronologk sequences of sedi~·u~ntation:, structural 

events, igneous activity, and recent history in the northern Sac_ci 

ramento ·Mountains and evidence in suppo_rt of the interpretation 

has been discussed in preceding sections of tb.ia report. Thia sec ... 

ti.on is devoted to a sum rn.ary in chronologic order of ~he majoie 

geologic events that can be interpreted to have occurred in this 

area since Virgilian time . 

. 1. Deposition in a marine environment of about 900 feet of 

interbedded limes'tone . sandstones and shales during moat 

oi Virgilian time. This sequence of beds, which contains 

a. rich invertebrate fauna, is designated as the Holder for­

mation. Its thickness de.creases toward the east and south 

toward the ce11tral part of the Sacramento Mountains . Much 

of · the elastic material in the section was derived from a 

positive area. to the northeast, the !IPedernal Landmase 11 . 

Reef masses, about 100 feet thick. form locally the base 

of the Holder .formation and were probably formed under 

stable shelf conditions . The proportion. of red beds , lime ... 

atone conglomerates and nodular limestones L.&crea.se:w to 0 

ward the top of the Holder formation as a result of E''tmre 

shallow or near - shore conditions . Cyclical repetition of 

beds and associated occurrence of diastemic breaks in the 

upper part o:f the Holder formation is an irldicatk)n of in° 

creasing tectonic instability during late Vi:irgilian time in 

this area. 



z. In late Vb:giU.au time, the first evidence of deformation in 

the Sacramento Mountains. In the northern Sacra.n--Hantto Moun ... 

ta.ins deformation by faulting and related subsidfa.ry folding in 

a zone extending northward from State ~lighway 83 to La _Luz 

Canyon, and general minor uplift of the southeastern pa:rt of 

the ma.p area resulting in non•depos ition or slight erosio:ai. 

The intensity of the deformation appears to dbr1inieh towall°d 

the west and north, where rna.rine deposition was ess~ntia.lly 

continuous through Virgilian and early Wolfcampian ·time . 

3. During late Virgili.an and early Wolfcampian time deposition 

of the lo·wer two-thirds of 'the Laborcita formation under lat­

erally abruptly ch~ging conditions northwest and west of ~~e 

rising central and eastern part of the Sacramento Mountains. 

The fault zone in tbe southeastern part of the map area s·epar ... 

ates approximately the areaSJ of denudatio~ and deposition. 

Deposition of conglomerates a11d red mu.detones occurred in 

alluvial fans and broad flood plaine adjacent to, and on the 

flanks of the rising landmass . These beds thicken considel1!• 

ably toward the northwest and west, wbere the terrestrial en ... 

vi:ironmerit grad.es into a dominantly marine envirom.'l1<:m.t witbin 

three :miles . Fueulinid·bearing limestones of late Vbgilian 

and early Wolfcampian age were deposited interbedded with 

gra.y and green shalee and sandstones . lrnpedectly developed 

cyclothem$ occur in the continental and marine ·facies of the 

Laborcita formation. Th~.Y reflect 'the episodic natuze of the 

diaet~ophic forces that continued to affect the source and 



adjacent shelf areas throughout l ate VirgUian and. e·arly 'lfiloli­

campian time. 

4. W'idespread retrea.t of marine waters resulting in tlepositk~n 

of ried mud.stones and @andstonee of the upper one .... third of the 

Laborcita formation oveX' the entire area of th~ northern Sae"" 

ra.r11ento Mountains . 

5. Recurrent faulting and subsidiary fo~ding in the zone bet\::;een 

La lJuz Canyon and State Highwa:y 83 • probably accompanied 

by a general downward tilt of the area northwest of Dom.ingo 

Canyon. 

6. Removal of strata of the Laborcita formation from the eastern, 

or upthrown block of the F:res;nal Canyon fault zone in the south ... 

eastern pa.rt of the. map area. 

1. Late early W olfcampi.an deposition.of the lowermost .Aho beds 

in piedmont and alluvial plaL""l environ1nents . Within and east 

of the F:resnal Canyon fault oone, the Abo formation overlies 

folded and faulted Pennsylvanian and lower Permian strata oil 

the Holder and Laborcita formation. For 10 miles toward the 

northwest, the Abo fo:rmation disconformably overlies the La..,. 

bordta formation. North of Domingo Can:yon, marine waters 

alternately flooded and ret~eated. from the a.djacent flat coastal 

shelf ar·ea. In this area deposition was essentially continuous 

from Laborcita into Abo tin"le but shifted from. predominantly 

madne to terrestda.l conditions . 

S. lo""inal retreat of marine waters at the ei1d of early Wolican-1pian 

time toward the west and northwest. 



r~. During middle Wolicampian time deposition of red :mud.stones, 

co4'hglomelfa.tes and non-feldepar-bea?ing sandstones of the Abo 

formation in piedmont and alluvial-plain_ environmenbJ in L'le 

area between High Rolls and Cottonwood Canyon. Contemporan° 

eous deposition of a thicker• more feldspathic sec;tion toward. 

the northwest in the vicinity of T~lar~sa. with an area of 

provenance toward east and northea~t. 

10. D~dng late Wolfcar.apian time deposition of coara@ arkoses 0 

conglomerates $nd red mud.stones of the ~bo foirma~ion m al­

luvial fans and on broad alluvial plains throughout the Sacra-­

mento Mountains . The 0 Pedernal Landmass 0 continued to be 

a positive area throughout middle a.ad late Wolfcampia.n ti~ 

and must have locally'.formed mountains of considerable mag­

nitude . 

11 . Neago the beginning of the Leona.:rdian epoch a gradual niajolr 

northv1ard advance of the sea. and general marine deposition 

,of 1300 feet of limestones, shahHilo gypaum and sandstones of 

the Y re so formation. 

12. At the end of Leonar.dian time, probably shallowing of 1nadne 

waters and the deposi~ion of pure quartz sandstones of the 

Glorieta ( ? ) f orma.tion. 

13. Ear ly Gua.dalupian deposition of a 1400 foot thick marine U.me ... 

stone section ·0:£ the San fu."'ldres forn"'lation. 

14. No reco1•d of the time inte rval betw~en the early Gua.dalupian 

and the Tertiary is present in the northe~n Sac~ai."'rlento Moun­

tains . FJron'l adjacent a:rea.s it ap·pea:rs that about 350 feet of 
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red beds were deposited during ':rriassic (?) time . Jura.a sic 

and early Cretaceous hi a period of non-deposition or erosion. 

Late Cretaceous is represent~d by d~poeitiom. of approxbnately 

l 000 .feet of Dakota sandstone- Mancos sh.ale and }.<fesa Verde 

sandstone, followed in either late Cretaceous or early Tertiary 

by development of an erosion surface that ca~sed removal of 

all Mesozoic formations and the upper part of the San Andres 

formation in the area of the Sacramento Mountains . 

15. Early Terti~ry gentle folding. 

16. Intrusion of sills and dikes of acidic . and intermediate compo- · 

sition p;robably in early or middle Tertiary. 

17. Late Tertiary or early Pleistocene Basin and Range type fault• 

ing along or close to the base of the present esearpment. 

18. Development of a pediment surface over ,a part of the northern 

Sacramento Mountains . This sur{ace extends from 3 to 6 

miles ea.st of the boundary fault zone and truncates la.Jrgely 

strata of the Abo formation. 

19. , Differential uplift and wa:rping, probably in p~rt along the 

frontal fault zone. 

ZO. Dissection of older pediment surface and formation of younger 

terraces. 

Z l. . Renewed uplift along· boundary fault zone. 

22. Broad valley alluviation and rec~nt pedimentation. 

23. Minor uplift developing recent piedmont scarps and causing 

aubseque~t stream dissection of alluviated valleye and recent 

. pediments. 
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VII. CONCLU S IONS 

The primary purpose of this study has been to provide more 

detailed information about the late ?ennaylvanian and ea~ly Per~ian 

stratigraphic and structural history of the northernmost Sacramento 

Mountains . ·A better understanding of the .nature and sequence of ge(J> ... 

logic events in the area. at that time is not only of local significance, 

but also contributes toward a better interpretation of the geologic 

record in other areas . In the course of a detailed etudy of this na.• 

ture_, many geologic features or relationships are encountered that 

are of more general geologic importance. In the following summary 

an attempt has been 1nade to distinguish the znajor conclusions into 

two categories ,· the ones of local and the ones of general-geologic 

significance . 

INTERPRETATIONS OF LOCAL SIGNIF ICANCE 

LABORCITA FOR)AATltON 

1. The Labo:rcita. formation is a ~me given in thie report to a.U th® 

strata that occu:r between the top of the Holder formation and the 

base of the Abo formation. The lower portion of this section was 

previously known as the 11 ti-ansition bedsn or the Bursum formation. 
. ' 

The Labo:rcita formation is a.bout 500 feet thick in the area whelre 

both top and bottom are exposed. Its thickneAts increases to about 

1, 000 feet toward· the northwest. The lithologic and faunal char­

~cter of the sedimentary deposits show that abrupt lateral tran­

sitions from open-marine conditions in the northwest to terrem .... 

tria.1 flood-plain environments in tbe southeast must have occu~red 

repeatedly ~thin a. distance of a. .few rr1iles . Cyclothe1ns of neritic 



l. The lo\r~er con.ta.ct of the Laborcita formation with the :Holder :for-

ma.tion is a. disconformity or slight angular unco1'lformity to the 

south and ea.st ·of the junction:. of Fresnal and La Luz Canyons. To-

ward the nortl1west and west, the disconfor:mity dies out and the 

fQrmatiOne are gradational and appear to re1jresent essentially con ... 

tinuous deposition, 

3. On the basis of fusulinld identifications, the Labo:rcita formatio11 

is very late Vi:rgilian and early ·wolfeampia.n in. age . The uppe:tr ... 

most portion of the Laborcita formation is in part the time- equiva-

lent of the lcwel°r.nost Abo beds toward the south and east. The 

·Pennsylvanian-Permian bouridary, which by earlier stratigraphere 

was taken at the base of the Abo formation, occu!"e within the 

loVirer pa.rt of the Laborcita formation; as was determined .on the 

basis of f usulinide . 

4 . ~he defoaomation that affected the central part of the Sacramento 

Mountain area during late Virgilian and early Wolfcampia.n tiine 

was essentially contemporaneous with the deposition of about 600 

feet of et:rata of the Laborcita foa-mation in the center of the inapped 

area. 

5. The zone of algal reefs that was discovered in the upper pa.rt of 

the La.borcita formation in the area. north of Tularosa is potentially 

of economic significance . These limestone t.na.ssea show locally 

extreme recrystallization porosity and might form a good reservoir 

fow the accumulation of oil. 



ABO F ORl\l.!.A 'rXON 

1. The Abo formation was reeogniz_ed by all previous students of the 

area.. Thickness of this wedge-shaped unit increases from about 

500 feet near High Rolle to approximately 1400 feet north of Tula­

rosa. 

z. In _the central part of the Sacramento }¢1ounta~s and the south­

eastern part of_ the map area, the Abo formation overlies with 

sharp angular unconformity .strata of P~nnsylvaniam and Mis sis• 

sippia.n age . The area to the west a.nd northwest, however, was 

one of essentially continuous deposition fro:m late P ennsylvanian 

into early Permian tin1e , with no major un~onfor11'lity separating 

the deposits . Gradual emergence of the area and retreat of the 

marine waters toward the west and,. northwest caused interfinger-

ing of the uppermost Laborcita and lowermost Abo stra~a in the 

area north of Domingo Canyon. The lower contact of the Abo for.,,. 

mation is formed by a quartzite cobble conglomerate in the area 

between Fresnal Canyon and Doinfugo Canyon, where .it is conside~ 

a disconformity. The base of the Abo formation occurs ZOO feet 

strati.graphically above the upper contact of the Bursum formation 

as mapped by Pray (1952). 

3. The conglomerates , coarse arkoses and mudstones of the Abo for• 

mation were d·er.ived from a pre ""'Cambrian source area., the P edel"­

nal Landmass , that appears to be mainly composed of i gneous and 

metamorphic rocks . in which feldspar p~rphyry, pink granite · and 

qua.;tzite are the maJor rock types . lt ~>.-tended ma.inly ea.st -and 

northeast. and possibly southeast of the .area. of investigation. 



4. The Abo for~nation appears to be in pa.rt a terrestrial facies of 

the Laborcita formation and was largely deposited in a · pied.mon~ 

and alluvial-plain environment. In general, two members can 

·be distin.guished in the Abo. form.ation in the northern Sa.c:ramento 

Mountains: a lower member which is non-feldspar-bearing a~d. 

.contains a few limestone layers, and an upper member which ia 

characterized by the l.ack of limeston~ and the p:resen~e of ar• 

koses . 

5. In the map area, the .lowermost Abo strata correspond to the 

uppermost lower 'Wolfcampian. Pray 0952) has indicated a cor­

relation of the Abo formation with the bulk of the Hueco limestone 

of Trans-Pecos Texas . On this basis, Pray considers the age of 

the top of the Abo formation either la.test vVolfcampian or ea~lieet 

INTERPRETATIONS OF GENERAL' GEOl. .. OGlC SltGNll ... ICANCE 

1. Composition of tbe coarse elastic fr.action of conglomerates rr.i.ust 

be used with caution in interpreting areas of provenance. In this 

area it ca..?l. be demonstrated that sorting largely by size of the 

coarse elastic fraction can .lead to markedly different composi-

tiona . A quartzit~ cobble conglomerate was observed to grade 

into a pebble conglomerate of quartzite and limestone and granule 

conglomerate of limestone and chert. 

z. The abrupt lateral transition. from open-marine environment_s to 

terrestrial .flood-plain conditions is shown by tracing of individual 

beds . One complete .lateral succession of contemporaneous de­

posits was determined to be within a distance of 1-1 / Z miles : 



massive marine limes¢one, nodular argillaceoue fueulinid-bearing 

liznestone, silty limestones containing abundant shallow marine 

invertebrates such. as molluscs an~ brachiopods , dolomitic lime-

stone , green shales . a.nd marine to non-marine red shales and 

other terrigenous elastics . These gradual changes appear to re1, ... 

:resent a gradual transition from deeper .marine environments 

toward littoral oi" terrestrial conditions . 

3. In the geologic record,. red beds are commonly considered to 

have been deposited in· a non- marine environment under predom-

inantly oxidizing cond.itions . In the var~oue sections of this report 

other criteria besides color have been presented as evidence for 

a terrestrial origin of the lower Permian red beds of tbe Sacra"'! 

mento Mountains and are summarized below. 

a) Sedimentary f~a.tures • such as channeling, irregular cros a· 
bedding, lateral discontinuity of beds are indicative of fluvial 
deposition. 

b) In the map area the red beds contain locally abundant petrified 
wood. 

c) But for few exceptions . the red 'beds are completely barren 
of marine fossils . 

d) Certain individual marker· beds grade toward the east or south­
east from marine limestones or green or gray shales into red 
mudstones . The limestones and gray or green shales contain 
generally marine invertebrates , whereas the red shales a.re 
barren of marine fossils . 

e) Considering the red beds as a unit, the red bed facies appi;ea.rs 
to be the time-equivalent of a fa.des kno\.vn to be marine, such 
as the l,.,aborcita for1ll.ation and Hueco limes-tone, and occurs 
between an area active~y undergoing erosion and one of m.a.ri.'a'le 
deposition. 

4 . Cycl~then'ls generally extend over wide areas . Under favorable 

conditions , cyclotheme composed of distinctly different lithologic 

sequences, such as cyclotheme of the neritic and terrestrial type, 



can gJrade :bito each other within a lateral distance of three miles. 

5. The cyclic repetition of certain lithologk sequences appea:ra to 

reflect tectonic instability. Cydothems migh11; be indicators of 

diastroph.iem \Chat is epi~odic in nature. 

6. The writel° believe® that the upper pa.rt o! the Holder fo?'t"!i.atfon 

and the marine· fad.es of the Laboi°cita formation form one of the 

most complete upper Virgilian and lower Wclfcampian marine 

sections known in North America. 

7. Major uncomormitie·s migb.t be very local in extent. They form, 

therefore, a poor basis for establishing boundaries in the geo­

logic time sea.le . Wideap:read changes in the succession of 

£~unae ai0 e nr.un:e applicable to determine period or systemic 

bou~1dalries over broad area® . 

B. The beds of the Holder and La.bordta .formation yield .locally 

a.bundarit marine invertebrates of diffel"ent typet~ . In addition. 

the relative stratigraphic position of the various collecting lo­

calities has been determined. Therefore t this area afford~ a.lil 

excellent opportunity for; specialist~ to compare the age ... aasign­

ments of the va.:rious fossil groups and to resolve possible co11. .. 

flict$ in the age - asfd.gnments . Fo?r example, t..~e goniatite localities 

east of Tularosa occu.~ in beds of the Laborcita. forl"l:1a~d.on. Miller 

conside:re this fauna to be of early late Pennsylvanian .age. Howe. 

eve1~, the fa.ut11..a is r.oiddle eaJrly ~Nolfca~pi~'=l in age on the basis 

of detailed stratigraphic co1·1relation with sections containing fueu• 

linids fal"thel? south. This ia signliicant in view of similal!: conflicts 

in age-assignm.ents in other parts of North America., especially in 

West Texas, where the lateral continuity of strata is more difficult 

to determine . 



VIII. · APP ENDlX I 

FAUNA AND AGE OF THE LABORCITA FORMATION 

INTRODUCTION 

The upper ~ennsylvanian and lower Perniian marine beds 

ol the northern Sacramento Mountains are rich in foes il remains 

of many types~ Fusulinids are most abundant and occur predom­

inantly in the light gray. nodular. argillaceous ·limestones . A 

wide assortment of brachiopods, pelecypods , gastropods, eephalo­

pods. bryozaa. corals and algae occur, particularly in the silty 
• I 

limestone and calcareous siltstone facies . The faunas "from these 

strata at a few isolated localities have been known for some time 

and were described by different workers (.BISse 1920, Penn 1932!, 

Miller 1932 and Girty 1939). However. to this date, no ey$tematic 

faunal studies of the uppermost Pennsylvanian and lower Permian 

beds have been undertaken in the Sacramento Mountains . Much 

of the knowledge is f ra.gmentary and appears to be contradictory;. 

In a:n effort to obtain a. better understanding of some of the 

problems involved, A . L . Bowsher and W. T . Allen·, of the United 

States National Museum in Vlashingto~D. C.,_ 1n.ade extensive col· 

lectlons of the mega•fauna ln the northern Sacramento Mou.ntai.ne 

in the summers of 1948 and 19 51 . Addltlona.i fossil occurrences 

that were dis.covered by the author during the course of hls detailed 

fleid studies were also collected by Bowsher and Allen. · During the 

summer of. 1952, Dr. a. A . Cooper. Curator at the United States 

National Museum. joined Bowsher and Allen and revisited many 

localities in the area. The reports on the brachiopode, gastropods 



and cepha.lopods is based on the National Museum collections .. 

Additiona.l 1negafossil collections were made in the area 

by Dr. Rousseau H. Flower and the author in 1952t and are b.i 

the poseeasion of the New Me:dco Bureau of Mines and Mineral 

Resources at Socorro. A study of this new fawia, which is 

largely composed of ga(!Jtropods • is not y~t available. The fo ... 

cality, number 9-M-1. occurs half a mile southeast of the· junc­

tion of La. Luz and FresDal ~anyone . about ·1so feet above the 

base of the Laborcita formation. and is listed on the ma.pe and 

charts of this investigation. 

Fusulinids occur extensively in the Pennsylvanian and 

lower Permian marine s·trata of the Sacramento Mountains . For 

this investigat ion. only the beds of the Laborcita formation were 

systematically collected ln the sites of the r.aea.sured sections . 

Fusulinids from a few isolated· localities were sampled in ordeJ" 

to establish locally stratigraphic control for purposes of field 

mapptng. Dr. M. L . Thompson, of the University of Wisconsin, 

determined the age of r.a.ost of the critical fusulinid occurrence$ . 

However, no systematic study of the entire collectlon of the f~su .... 

linids has been undertaken~ 

The brachiopods and gastropods of the La.boreita forma• 

tion were successively examined by Cooper and Bowsher and are 

liet~d in Tables U and m. Moat localities , that are indicat~d by 

one locality number in this report. were collected at different 

times , resulting in several accession nu1nbers for the United 

States National Muse~m collections. 



BRACHIOPO:OS* 

Chonetes granulifer meekianu.s Girty. ""? This is a large chonetid 
tlia.t is abundant in the Brownville and higher oeds •. In this 
we have nothing definitive as to Permian identity. 

Composita sp. - This is a large form like those in the high Penn­
sylvanian and low Permian • 

. ~rurithp:is sp ... Nothing definitive. 

DerbYia n. sp. - This species is characterized by its alternating 
ornamentation, one strong rib altei·na.ti..'l'lg with two to four 
smaller ones. The species is a compressed form with a hinge 
narrower tllan the mid.width and. a short-interarea. A Derbyi.a 
very similar to this one occurs in the lowe~'* Hueco of the -= 
Franklin Mou11tains . 

Dietxoclostus americanus Dunbar • ?=D. lluecoensis R .. E . King. -
The upper Pennsylvanian and lower Permian are characterized 
by a large dictyoclostid (possibly a new genus) characterized 
by a strong and :regularly reticulate visceral area, and a long 
quite evenly costellate traU. The Pennsylvania.11 and P erm ian 
representatives are ·very close and may be specifically the 
sa1ne, I cannot yet be sure. Specimens froin the Brownville 
0£ Oklahoma and Permian of the Red Eagie of Oklahoma as 
well as the Camp Creek of Texas all seem identical. 

Dict'tf lostue welleri R. H. Kin.g .... ?= D. wolfcampensis R. E . King. ... 
he sa.n'le situation exists with these two species as with the 

ones above. I think the two are the sa1ne but b.oth of these are· 
Permian species. They are characterized by much finer orna­
mentation than the preceding and irregular retkulation10 · 

Enteletes n. sp. - This species is characterized by its very large 
size• its short and low fold, the subdued and short lateral 
coatae. Nothing like this is present in our collections from 
low in the Pennsylvanian. The Wolf camp species a.re not like . 
There is however, a species in the Brownville form.a.don of 
Oklahoma that appears to be identical. The Brownville is toy~ ... 
most Pennsylvanian in that state. 

; 

Juresania nebrasceneis (Owen). - These are large specimens sug­
gestive of tnoae occurring in the lower P ermian of Y~sas • 

............ ; 

*The followlng summary is quoted dbectl}r from Cooper•s · :report 
(dated June z. 1953) to the author. In this quotation. Bursun"! is 
equivalent fQr Laborctta. The table .ie made up by the author fro:r~.:. 
Cooper•s information. 



UNITED STATES NATIONAL MUSEUM LOCALITY NUMBERS 
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Chonetes sranulif er rneekianus Girty x 
Cornposita sp. x x 
Crurithyris sp. x 
Derbyia n. sp. x 
Dictyoclostus arnericanus Dunbar x x x x x x 
Dictyoclostus welleri R. H. King x x x 
Enteletes n. sp. x 
Juresania nebrascensis (Owen) x x 
Linoproductus sp. x x x x x x x x x 
Meekella striatocostata (Cox) x x x x 
Neospirifer sp. x x x x x 
W ellerella sp. x x 

..=. .,.. ..... ..... VJ w ...... VJ VJ 0 0 
I I I I I 

~ ~ ~ ~ t t 
I I I I I I .... ..... w w w N 

Locality numbers of this report 

TABLE II. BRACHIOPODS OF THE LABORCITA FORMATION 

I 
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Linoproductus sp. .. This genus does not gh·e much help because 
specimens have the characteristics of L . prattenianus and 
L. m.as~.Js;pi.';').USt the latter a Pe rmian species. 

Meekella striatocostata (Cox) . ... ~11 poorly preserved .and nothing 
definitive in tlie species . 

Neospirif er sp. • 1 am unable to place tbis species. which is a.c­
tualiy inor~ like specimens in the middle 0£ the Pennsylvanian · 
than any Permian spedes in the collection. 

Wellei-ella sp. - This is like large specirnens of W. o_eagensis · 
(Swallow) and is like abundant Permian forms from the Hueco 

· and elsewhere called_ W. texana (Shurnard) . There are nomera"" 
cla.tu.ral reasons for not using the latter name but the generral 
run 0£ W. osagensis don •t seem typical either. This is again 
a type that ls a5undant on both side~ of the line. The Bull"suni 
ones seer ... "l. to have the greater angularity which is common to 
the 1=er:miari specimemi. · 

In the same repoiit, Dr. Cooper states : 

'
0 They a.re a frustrating lot and as near as l can make out 
fall almost exactly ~~ the Permian-Pennsylvanian line 
just as others have said. In my opinion, ho\vever, l 
should say that th~y are rather Permia.n than Pennsyl­
vanian, the Permian s imilarities resting on general 
appearance of the shells ~ the presence of a type of P ro­
duetid. l ike Dictyoclostu~ wo.lfcam)insla (D. ~elleri), 
Derbyia like one occurrui·g m the .. ueco, and large 
Wellerella like those of the Huecc. Tlds statement of 
age :is not a · vei-y definitive one and could well be debated. 
The only br a.chiopod type in the collection not occurring 
in the Upper Pennsylvanian le the D. wolfcai~psis 
(D .. welleri) which seems to be a definite Lower Per­
mian. 'Srachiopod. 11 

GASTROPODS'* . 

Gastropods of m.a.ny types , that occur abundantly at various 

stratigraphic positions throughout the beds of the Laborcit~ forma­

tion, "have been listed on Table m. The :ttlf)St in-apoJ."tant ones are 

marked. The calcareous shales and dark a:rgillaceous lin"leston~s 

yielded partic·u.lady many gastropods and it appears that tbe occur .. 

· rcm.ce ia strongly dominated by the fa.cies . ·Despite the locally very 
... ., ......... 
•This section i.s &ummarized from a preliminary sta.te~ent by E)@"i;J ­

sher (dated .July 81 1953). Table Ul was +:omposed. by Bowshe:ir and 
has been aligbtly modified by tbe ~uthor. 
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x Ananias cf. A. marconianue (Geinitz) a a r a c a a c c a r r a 

x Baylea n. ap. r r r 

Belleroehon n. ap. cf. B. sraehicue Moore r r r c c 

Coleitee n. ep. r c r 

x Eu;ehemite s aff. E. sraffhami Moore c a c c r r r c c 

Gir!Xe;eira cf. G. ~(Stevens) a a . 
x Glabrocin~ulum n. ep. A c a c r a c r ? 

Glabrocinsulum n. ep. B r 

Glabrocingulum n. ep. c c c c r 

Glabrocin~ulum n. sp. c? 

Goniaema lasallensis (Worthen) r a c a 

Hemizrsa n. sp. r r 

x Ianthano;esis ealudinaeformis (Hall) r r c a c r c c r c r 

Meekoeeira cf, M. eeracuta (Meek & Worthen) c r r c r r 

Natico;esis sp. A r 

Ploeczrsa sp. A r 

x Pharkidonotus cf. 'f · eercarinatus c r r r c c 

Phrmatoeleura brazoensis (Shumard) r 

Phrmato;eleura n. sp. r r 

Pseudozrso;eleura n. ep. r r a r a r 

x Retis;eira cf. R. tennilineatus (Gurley) r r r a c c a -
Retiseira cf. R. textiliformis (Gurley) r -

x Retiseira n. sp. c r a a a a c ~ 

Soleniseus ? n. ep. r 

Stesocoelia n. sp. r r 

x Straearollus (Amehisca;eha) muricatus (Knight) r c r a r a r r r 

x Taosia crenulata Girty a a c c 

x Taosia eercostata Girty r r a a r 

Trachrdomia n. sp. r 

Tre;eos;eira aff. T. illinoisensis (Worthe n) c r r r 

Worthenia cf. w. tabulata (Conrad) r r 
.... - ~ .... w o · 

t I I I 
X = Important gastropods I t t t 

a= abunda nt - I I I - N N 
c =common 

Locality numbers of this r eport r = rare 

TABLE III. GASTROPODS OF THE LABORCITA FORMATION 
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extensive collections, the overall sampling does not warrant a de-

tailed discusa:io11 ozi relative abundance and distribution of the dif ... 

ferent species . Bowsher stated: 

"The· etud:y of these gastropods revealed several interesting 
facts . The gastropods found through the u:au:rsum.H~ lrel~"" 
resent a single faunule assemblage. Except for a few · 
species, Straparollus (Amph!aeapha) muricatus • Ola.bro .. 
cinsu.lwn n. sp. A, Baylea n . sp. , these gastropoCts most 
resemble Pemisylvanian species. · Most ai·e new speciesg 
but close to described Pennsylvanian forms • . Although 
very few ga.st:ropods wei-e collected :from the underlying 
Fresnal Group (Pennsylvanian)• those found seem to be 
the same or close to those in the uBursumu. Thus it ap ... 
pears that these g'a.stropods are Pennsylvanian in age or 
at least have marked Pen:nsylvanian affinities . u 

CEPHAinPODS 

Mill.er published in 1932 a. detailed account of collections, 

that were derived by B(;se born beds of the Laborcita formation 

east of Tularosa, and Miller showed that the collection was l ate 

Pennsylvanian in age . The localities were recollected in 1951 

and 19 52 by Bowsher and Allen in 'the hope of find.ing forms that 

would be more diagnostic ~nd n1ore definitive as to the exact age. 

!\f ter examining these newly collected a.mn'l.onoide {locality number 

M·l in this report) M:iller stated the following in a letter (.dated 

April 23 , 1953) to Dr. Cooper: 

uTheir preservation is quite good and the v~riety is con• 
siderable . Nevertheless, diagnostic forms a.re, for the 
most part, conspicuous by their absence . 

?vfy conclusion is that this fauna still seems to me to be 
Upper Pennsylvanian and not Lower Permian • • •• The 
great bulk of the eollection is not diagnostic. Perhaps 
the beat 'proof' of Upper Pennsylvanian ·(.rather than 

*Read Laborcita. 



Perrnian) ie the presence of Gonioloboceras tn your col­
lection, as well as in the one I st11died years ago. If this 
£8 .. una. is Pe:?:rnian, it is the only fauna knoWn to me in 
which Go:nioloboceras ranges that high. Also the John 
lh."itte Ow~n. coUecdon here contains a representative of 
Shumardltes from the Tularosa. Clay Pits and that genus 
also is charactedstic of the Upper Pe1ms ylvanian and 
not the l...iower Perrniar~. 

Meanwhile, I am conv!41ced tba.t from a study of the ce­
phalopod. fauna alone, one can conclude_ only that the age 
of tlle ~cnta.i.ning beds is Uppe:t Pe~1z:rylva.nian. " . 

FUSUL!NlDS 

Most of the fusulinid localities that a.re impor·tant for the 

\ii.Se determination of the Laborclta formation and the interpretation 

of the geologic history of the area have been listed in Table IV . 

The collections from . these localities are listed under the 'lnve:rte-

brate Paleontology collections of the Cal:i:forn.ia Institute of Tech .... 

nology • . The most critical fusulinida have been identified ·by .M. 1~ . 

Thompson in reports to the aut11or. dated March 18. 1952, and. :M:ay 

7 , 1953. The remainder of the samples were examined by the 

author, but the lack of_ reference collections did not permit an ae ... 

curate determination on most of th~se . Wherever possible, quotes 

from Thoropson•e report a.re given directly. In these quotes 

11Fresna1u is U$ed as a stage and is late Virgilian. It corresponds 

to the strata of the ~""reenal group, which form the uppermost 530 

feet of the Holder formation. Bttrsum age refe.rs to the early 

\Volf·campian, and correspond.a largely to the lower two-thirds 

of the LaboJrcita forma~ion. but exclusive of the lowermost l 00 

feet . which is very late Virgilian in age. 



4-F ... 2 = CXT ZO 1 Ob 

lll. '."'F-2 = CIT ZOU 

13-Jf-l = CIT 2012 

15:...F-l = CIT 2013 

16 ... F-1 = C!T 2014a . 

16-F-Z ;; CIT 2014b 

17-b""·l = CXT Z015a 

11-F-2 .= err 201 sb 

17-F-3 =CIT Z015c 

11 -F .. 4 = err 20 i s4 

18-F-l =CIT 2016a 

18-~~ -z :: CIT Z016b 

18-It-3 = CXT 2016c 

i-s-F-4:: = err 2016d 

18·F·5 = CIT 2016e 

H~-F-6 = CXT Z016f 

zo-F-1 = err 2011 

ZZ ·.F -1. = CIT ZO l 8a. 

zz..,F-2 = CIT Z018b 

22-F-3 ;: CIT :wise 

zz .. I:"' ... 4 = CIT ·2018d 

z4 .... F .. l = CIT 2019 

29-F ... 1 = CltT ZOt?l 

30 ... F -1 =CIT ZOZZ 

Xaolated Localities 

If' -1 = CRT ZOOOa, b 

F -2 = CIT ZOOl . 

F-4 = CIT Z003a, b, c 

· F~S = CIT 2004 

F·6 =CIT .ZOOS 

F•7 = CIT 2006 

F ... g = CIT 2007 

F ·9 = CltT ZOOS 

F-10 = CIT 2009 · 

TABLE IV. Fusulmid Localities 
and Corresponding mveJrtebra~e. 
Paleontology Collection Nun·ibere 
of the ·California. Institute of Tech· 
nology. 



F-2 = CIT 2001 

lt"'-3 : CJT ZOOZa. 

2002b 

F-6 = CIT ZOOS 

F - ? = CIT 2006 

4 · F ... 1 =CIT 2010a 
4 ... F .... z = CIT 2010b 

16- F ·1 = CIT Z014a 

16-F-2 = CIT 2014b 

18-F-6 = CIT 2016£ 

28-F-l = CIT 2020 

Triticites sp. 
tl tfiis ls F resnal, it should be high. 
in the group, . but not upperrra.ost. 

Triticites sp. 
!v.Uesoudan in age. 

· Triticiters sp. 
Miadle Fresna.l; not very diagnostic; 
CIT Z.OOZb occurs about Zl 0 feet 
stratigraphica.lly above Z002a. 

Triticites sp. 
Late Fresnal 

Tritieites sp. 
l:3°1resnal. probably below F-611 hut 
closely similar in age to it. 

Triticites· sp. 
Pennsyiv~""!ian, but above F··/~ . How"" 
ever. lowerinost post- Fresnal fusu­
lmlds are not very well understood m 
the F:resna.l Canyon area. 

Schwa!er~"'l.a. pino.se~~!! Tho:npson. 
f!ursum in age. 1\lev1 ·specz.ee . 

Trltieites sp~ · 
.. High Virgili.an; probably upp·e~ F resna.l. 

Trltieites ceUamapus Thompson. 
New species . . 

Triticites sp . 
Virgillan age; Freanal group. 

Scllwa;_!rina sp . 
Bursum age . 

Dunbarinells ep. 
Not mu.eh younger ~an is ... F-5 ; defi­
nitely Permian. This form foUit."'ld in 
Texas Wolfcampb.m .• 

Schwa~erh1a. ep. 
Possbly younger than any of type sec .... 

· ti.ollS of B.ursuin. Not sure of this . 



29 ~F-1 = CXT 2021 
30-F-1 =CIT 2022 

Seh.wagedna sp. 
Dunbadne"'l!a sp. 

These see'.m to be about ·sursum in age. 
but if equivalent to the Bursurn. a.re 
higb Bursu.:.'71. They should be correUtted 
above the top of the type section of the 
Bursum. Rocks th$t seem to be of this 
age are rare b'A New MeXico. They s i?.ould 
fit within the f.towwow conglo:merate ... 
Bursum formation erosional L'lltereval. 

Identified by Bc.wsher (King et a.1, 1949): 

ll · F - 2 = CJT 2011 

Identified by the author: 

F-9 = CIT 2008 

13-F' -1 = CIT 2012 

Schwagerina emaciata. (Beede). 
sdiiw'ter!na emadata. var. jarilla.el'l.1s i s 
·-:Ree~ am. 
Schwa.aerina. longissimoidea (Beede) 
T~itic1tes ventriCosus $ .. f eek and Hayderi 
fritic"ites c'l. f . beeflei Dunbar and Co:'ldra 
Tr!tlcitea sp. · 

Schwagerina cf. S . b.uecoensis 
Wolicamplan from Hueco Mou.utain.s and 
West Texas . Same horizon ae sarf'aple 
2020. 

Tritlcites sp. 
Vlrgillin. 

MISCELLANEOUS 

According to Bowsher*, a. Mya.lina sp. from the base of the 

Laborcita fo~mati'on ls a Wolica.r.npian species . Also. fish sea.lee 

collected from the mid.dle pa.rt oi the Laborcita formation by Bow"" 

1 l,. _. " sher a.re from a fish 1'JlO\tm only in upper Pennsylvanian strata, 

according to D. Dunkle, of the United. States National Museum. 

Algae, whi~h a;re abundant in the area, have not been aiud-

ied. 

*Personal communication dated Julys . 1953. 



SUM?<AARY 

On the basis of the fusulinids that are -abundantly and widely 

distributed through the unit the Labordta forr-.a.ation is very late 

Vlrgilian and early Wolfcampian in age, which usage has been fol­

lowed in this i'epoi-t. A n1ore detailed account of the stratigraphic 

i~plications of this age-assignment was given previously in the 

discussion on ~e Laborcita and Abo formations. 

The bracbiopods show, in general, more affinities .to Pe:r-

··mian than to Pennsylvanian forms. However, both the gastropods 

and cephalopods indicate greater affinities with Pennsylvanian 

forms. · Thia conflicting result is especially surprising, when it 

is realized that the gastropod and cephalopod collections came 

from the middle of the 1.,aborcita fo:rmatlon, about 350 feet above 

the Pennsylvanian-Permian boundary based on the fusulinids. 

It ls significant to note that a few cephalopod and gastro-.. 

pod species occur ift rocks of definite Permian age in other places 

of North America. Gastrioceras drakei Miller* , which is common 

in the collection of the Tularosa clay pit (M-1), wae also found 

by W. T. Allen. A. L. Bowsher and G. A. Cooper in the Red 

Eagle lirn.estone in a qUa.:rry along the highway one mile east of 

Burbank, Oklahoma. Th~ Red Eagle limestone is .definitely Woli ­

campian (O'Connor and Jewett, 19 52). w1'ich indicates that at lea.st 

some a.mmonoida range stratigraphically higher than previously 

thought, and the Tularosa clay pit collections might also ·be .of 

Permian age. Glabrocingulum n. sp. A oec~.u.·s in tbe w·olicampia.n 

-------
*Personal commu..nication f:rom Bowsher dated July 8, 1953. 



of the Colorado River Valley, Texaa. 

The opposing views on the ages of the faunas fron'l the La.-

'borcita forn~tion cannot be reconciled with the data presently 

available. Much the same problem exists in the Olaes Mountains 

a~ea of West Texas, where Cooper is now engaged in a study of 

the upper Pennsylvanian and lower Permian strata and faunas. 

According to Cooper*, it appears that the limestones contain 

mot.Uy a.Permian brachiopod_fauna, and the lnterbed~ed shales 

a Pennsylvanian fauna., which would indicate a marked ecologic 

control for most of the forms. 

Furthe.r systematic studie'e of the late Pennsylvanian a...'fld 

early Permian faunas in tbe Sacramento Mountains a.re needed, 

-· coupled with detailed comparisons with the faunas o~ other a.reaa . 

The sirhila.r upper Pennsylvanian and lower Permian lithofacies 

in the Glass Mountains and Sacramento MountaL"ls will be very 

helpful for a direct, comparison, as it proba~ly indicates similar 

environmental eondltions during deposition. 

•Oral communication. 



XX. APP ENDIX IX 

'WOLFCAMPIA:N REEFS OF THE NORTHERN 

SACRA)tlEaJTO MOUNTAINS 

Resistant, mound-like limestone 'bodies a-re exposed near 

the crlee't o! the low frontal escarp1T1ent of the Sacl?amento Mountains 

northeast of Tularosa for a distance of about th1"ee miles, and a.re 

L'""h~erpreted to be of reef origin. The principal :requhQemente of reef 

origin ·were stated by Lowenstarn ~1950~ p . 433~ and Vl ilson 0950, 

aSJ follows : 

1. J...ia.l'ge ~ert!cal di:naension com1.>ared with the 
proportions of adjacent sedimentary rocks . 

2. Lack of well ·developed s tratif icatfon. 

3. Presence of colonial-type marine organisms 
that acted as framework-builders . 

4 . Evidence that.the organic mound had wave· 
ree~sta.nt. qualities and not merely the potential. 

I~ will be demonstrated ~bat the mound- like bodies northeas'e of Tula· 

structuref:S are considel?'ed reefs by the author. 

that appeara to be closely related to the reef gA"owth. The reef Urr.a<s~eo 



resis~a...'t.lt ledge whkh is a conspicuous pal't of the frontal escarp ... 

1nent. The tcta.l thicknesil of thi@ ledge ia about 60 feet and rema.inf3 

remarkably unuor:nr1, despite the thickening and thinning of the low.er 

reef U.mestone unit «Figure 20). 

AREAL D!STRIB UTION 

The reefs occur along the f:rontal eacarp:rr~nent tiio?theast of 

Tularosa. They extend northward :for about tbree miles fron£. a 

point half a , mile north of Tulalrosa Canyon to a no:rtheast-t1fe~ding 

normal fault {Plate !). The absence of any reef growtlh olr ~eef.,., 

derived d~tritus at the base cf the escarp:ri-1ent, about 1, O©O feet 

farther toward the northwest, suggests that the area of x-eef devel ... 

opment did not extend much north of the area of observable reefs . 

ltn an east- west d i rection the reef develop~ent cannot b® 

a.c;cura.tely determined because of tb.e lack of exposures. The we~ ... 

tea-n emension of _the reef ledg~ has been remo<t"'ed completely by 

ero~fon between tbe present exposures and the frontal fai.1lt zone , 

and if the ree!s e::-:tended farther west, they are now buried beneath 

sediments in the ·Tularosa Basin west of the boundary fa.ult . One 

e:"ception exists several hundred feet south of the center of sec. 51)· 

T . 14 S . • . T . l o~E ., where the western eldension of the reef bo:rd.zomi. 

appears to be present near the base of the esc arpment a.t the western 

and downdropped side of a m.orth-trending fault . The reef ~one hei"e 

is less &.an ten :feet tbiq;:k. which is suggestive of a.n odgi~l westen~ 

limit to the reef growth not far beyond tllis point. The extent of the 

reef gro~Jth in a.n easterly direction cannot be established aatisfac .., 

todly fron"l surface ·evidence because of the general eastern dip of 



however, where the zon.e c,arm b~ traced to the east along the walls 

of these findl.~gs, the author beHevee that the extent of the l:'eef~ 

is a.1:gproxima:tely f r~n:& the boundary fault zone in the west to where · 

they lens out in the east, whieli is a distance of about half a lnile. 

The distdbution of th® reefs , therefore , indicates a general north 

trend, approximately parallel with the shore line of the late La-

borcita sea, which is inferred to have existed a few t.niles to the 

ea.st on the basis of regional stratigraphic · evide1ice. 

METHOD OF lf";\JVESTXGATION 

Xn a.n atte:mr)t to 2.·econstruct the depoeitiona.1 envbonrnent 

of these reefs, a detailed study of the field relationis was tpo:n.1bined 

with petrologic investigations i:n the laboratory of a well expo~ed, 

easily accessible and representative group 0£ reefs that are loca.~ed 

in the western half of sec. 16, T . 14 S . • R. 10 E . , about one ni.ile 

north of Tula:rosa Canyon. A pla.ne ... ta.ble survey on a scale of 50 

feet equal one inch, was made of part of the lreef zone ~~at is loc~ted 

in the sw· i sec . l 6, T . 14 S., R. HJ E . (Plate 14). '!)his· poirtiort1 ·of 

the zo11e of :;aeef dev~lopr.t.'lent, which is pictured on Figu:res 18 and 19 • 

permitted determination of the field relationshipti ·betwveen the reefs 

and surrounding strata. P'ive detailed stratigraphic sections we:re 

measured alld san1pled acroas the massive U:n.1.estone ledge th.a~ oc~ , 

·curs directly to the north i:n the ~fVli' ! sec. ! 6, T . 14 S., B .• 10 J.1': . 

Three measured sections were taken al(nig th.e fJJ?ont of the r ange . , . 



(Figure ZO~ and nvo on the cliff face that extends in ar.1. east-west 

diredicm. (Figux·e 21) opposite the reef tnasses of which a plane ... 

SEDIMENTARY FACIES 

The sedimentary strata associated witb. the reef develo1~ ... 

ment can be classified into three major groups , the reef fades. 

the post .... ree£ limestone fades and the off ... reef fad.es . The :reel! 

facierJ eo1npiises the· mound- like ace:retionary lbnestone structures 

that form the lower part of th.ta resistant 60 foot ihick limestone 

ledge. The detrital limestone a c cun"lula.tions which cap a~:1d cor.n ... 

pletely bury the actual reef· horizon and, which ag-e restricted to 

the area of reef development are included hi the post ... reei lin1.e ­

stone fades . 

The off ... reef fades b'ldudes the sedimentary strata that 

possess distinct .stra.tifieatio~'l and that do not appear to be L~lu­

enced by the reef· growth. This fades includes strata that :r~sige 

L"l a ge from p:re 0 :reef to poat..-reef,· and Ume-eqt..dva lents of the reef. 

Reef Fa.cies 

The lii:nestone lenB.es , which ior1n the lowesr· part. of the 

resistant lhnestone layer average 35 feet in tbic1'.:ness ~ but in a few 

places reach a thickness of ~s much as 60 feet (P late l 1i) . A dis­

tinctiv~ l'usu!L'i'lid &ed about two feet thick, which occurs bot.~ on top 

and on the flarik of this resista~it lirnestone ledge (P late 14l.· indi"" 

cates that the time ~equivalent strata in the off ... ;reef faciee has a 

~:naxin'1u:n1 thickness of six feet . Therefore, the reef lenses bad a 



large vertical dimen.aion, as e cnrapared witll. ·~lie adjacent aedimenta:ry 

rocks which we!'e deposit~d conternpol"'a~ieously. even allowing fo"? 

g:irowth lines of f ilarrientous type algae . The a.utho:r was ur~ble to 

identify these alga.e . ha successive grov-Jth stag~s, the alga appea~~ 

to g~ow a.a a tbin veneer or filfl.rAeut over the old rock surface, 

thereb·!r incorporating in. the struetulre , previously and contempo:ran .... 

eou.aly ·deposited fine organic detrinta (Figure Z7). The thin. lan'linae 

ar<e revealed on the su-rface of the fine ...textured rock because of 

slight differences in color. o:r graf.n size. Yellowish-gray, gray 

and pi~ish bands lap over one another and occur largely in sub<# 

hodzontal bands. as is eho"vn on Figures ZZ and. 23 . The bands 
. . . 

a.:re both conca_:ve. and convex upward. Thickening of the bands h'l 

the parts which are c~nvex upwai•d (Figure 24) is evidence in f.avo1f' 

~fan organic growth an~ not an inorganic sedimentary o'1'igin of 

these laminae . During the va:riQu.s growth stages~ the rock n.'1ust 

have possessed a rough surface with protruding .knolls a11d slight 

~lepressions . Xn plan vie~. the grovJth banding will the~e:fo:re be 

$Ubconce1itrk ~ as is clearly shown on J!"'iigu~e 25. 

Pockets of bioclastic debris, which are up to about six inches 

in diameter (Figure 26); occur th:rougb.ot.it the reef mass . Thin .. 

shelled 1:>rachiopods b foraminifera and s111a.ll crh'loidal f~ag1:r.1.eriits 

.which were scattered in a fine-graL.'"l.ed lime mud suggest deposition 



d.ated ~Figu:r.e ~8) which :u"light have been ca.used. by wave .... actio:n dui." ... 

ing the end stages of r~ef developl·ne:nt. On the geologic ni.ap (Plate 

14) of the reef ledge, a ve1"'y dark gray· to black li:rr1estone has been . 

d.istingu.bhed a.a a separate mappable unit. It £orm.s a part of the 

c~ystaJJ.ized calcite. Recrystallization has obliterated much or all 

layer of l"ecrystaUized H.rnesto:ne is :n~e:rpreted to be equivalent to 

the zone er! brecciation of othe? z:>laces .. The localiz ation of the 

recryatallizatfon activity ie probably caused by the increased poro• . 

sity of thr~ brecciated zone. 

places the recr:ysta.Hizatian follows closely the ou.tUne of laminae 0£ 



e ·?.ick-bedded stratification, which is clearly noticeable along the 

front escarp1'l1ent ( s~e left side of Figur e 20). Thin. very continuous 

layers of shale which are a.bout one in.ch thick separate these mas-

aive le~:1ticular beds . The stratification is interpreted to L;_.,dicate 

successive stages in t.'le developn'lent of the reef' masses~ The Wl~ 

of la:r'ge an1.ounte of fL"'le elastics• wbkh spread as a thin continuous 

veneer over the ~eef moun¢ls during quiet-water conditions, m ight 

have temporarily halted the reef growth. 

The non-catibonate content of the reef masses, \vhich con-

sists entirely of fine terrigenous cla.sdcs , is very low and ranges 

from o. 5 to z. S percent (an avel"age of 1. 75 percent) as was deter• 

mined by insoluble residue ·measurements of ten samples. Xl1.asmuch 

a.a the reef-equivalent beds in the off-reef fa.des consist largely of 

very argillaceous limestone and calcareous shale, mor~ tu!C'bulent 

water conditions must have prevaile~ in the vicinity of the organic 

mounds . 

· Extreme rough-water deposits and reef-flank deposits that 

consist of coarse, poorly sorted. elastic fossil material and angular 

to. rounded :rock fragnrients, are considered indicative oi wave... · 

ieesietant reef masses (Lowensta.m. 1950; Pltunley and Graves, .1953). 

Except for the locally observed brecciation on top of the reef lime~ 

stone that might indicate some strong waye-action in the final stages 

of 'Jfeef growth, these extreme· wough-watelt' deposits are la.ckL~g in 

the area of study. Tbe author believes, the.reforet tha.t these reefs 

did not stand far above the level cf vigorous ab!"asion or wave ... base, 



~ . ' 
...,,,, ~· 4 ~ .. J ... _ 

it is possible that the &"eef-fi.ank deposits <:~Jere present at one time 

west o:i the p:r?esezl".tly exposed areas, and are now rer .. o.oved by ero ... 

sion. With a land area to the east and. p!'evailing wester:.'tt winds. 

a:;.1 accumulation ~f coarse detritus couid well have occux-red on :he 

west flank. 

In sum:n-iary it can be stated that the n'1a.S·sive orga1rlc mounds 

are the products of fra.me·work-building organisms that erected dis .. 

tL.91.ct topog:r.aphic structure~ on the ocean floor . :Furthermore, 

these stz-uctt.i:res n1ight have been wave-resistant in lateil.' stages of 

their development, and therefore, t:,i,,ey ~atisfy eese11tially the prm ... 

cipa.! :requirements of reef <lefi;nition. 

Post-Reef Limestone .Facies 

In contrast to the massive limestone of the reef faciea , the 

post- reef limestone facies is characterized by bedded detrital lime Q 

stones, which .consist do~1ina..flltly of relatively coarse organic de ... 

tritue that is contained in a very Hne-g·:rained .tnatrix. .Frag-a:ua?nts 

are as large as l O mm. Tubular algae , of which Anchicodiu:ql ~· (?) 

has been· recognized, contribute rr.aost abundantly to the rock, but 

fusulinide , cri.."'loid columnals and other fossil remains a.re also · 

present. The detrital fa.ciee is either reef-equivalent or poat ... Ieeef 

in time of development. If it is a reef•equivalent deposit, tl~e de­

trita.l limestones require the presence of uncovered parts of the 

reef masses which. do not occur within the belt of present exposui'es, 

Jremoved by erosion. .A.s the coarse elastic portions of the detl'ital 
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Apparently 

t ie reef strtictu~es continueel to have a topog?'aphic expression on 

the sea floor and th.us influenced the sedL."'llenta.tion beyond the 

tin"le cf their acti..tal grovtrth. Probably• they were a more favorable 

site for marine life than the off-reef areas . The restriction of the 

detrita.1 limestones to the area of reef growth and t.t1leir absence in 

the off ... r ,eef areas, whei:"e the amount of non-carbonate fine elastics 

increases. supports th.is conclusion. The clay residue content of 

the various ~ecognizable detrital limest·one members is rrn1ch 

lower.t and averages 1. 5 percent. Therefore, in post.reef time 

the water .must' have been sufficiently turbulent in the i'eef area to 

keep the iine terrigenous elastics in suspension, but not agitated 

enough to rel'l"lOVe the coarser organic detritus . The thickness of 

the post.reef ' limes.tone unit varies from 0 to about 60 feet, de'P 

pending upon the thkknees of the underlying reef structuxres. 

For mapping purposes four members could be distinguished 

in the post-reef limestone facies . These are separat~d generally 

by layers of aha.le a few inches ·thick. The lower twq, n'lembe?'s 

form zon~ I and tb.e upper two :1llembers zone II on Figures 20 and 

21. In addition, a dark grayJ fine - g~rained~carbonaceou,s lim estone layer, 

about four inches thick,, was recognized. This limestone bed, that 

consist-a of fine biocla.stic debris (Figures 31 and 3Z). occurs be ... 

tween the actual reef lir.t1estone and the lowermost member of the 

post-reef detrital limestone unit. It occura only h1 the depre&sion.s . 
'\ 

between the reef mounds , and wa$ probably deposited u~der more 

quiei-water. conditions than the overlying four limestone n-iembers, 

ae is suggested by the fi:ne texture and the slightly higher percentage 



First and Second Limestone Members _(Zone I) 

The two lower limestone members that bave been distinguished 
. . 

are almost identical in composition and make up the bulk of the post ... 

reef detrital limestones . In the map area, the first or lowelrmost 

meJJ.nber, which is m.ostly in direct contact with the actual reef lime"" 

stone, follows closely the contours of the reef structures and attab11.s 

~ocally dips as steep a~ 35 degrees on the flanks of the organic r.aound~ 

(Plate l<Li-) . Tbe medium g'itay dense limestone layer is ma.~y com· 

poaed of tubula.1• algal material, such as Anchicodium ( ? ), fusuli.nids 

and otb.ex> .organic substances bedded in a fine-grained: calcar,eous 

rriatrix (Figures 33 and 34). 

The overlying second limestone mem.ber is almost identical 

in composition; a fine .. grained portion of this rock is shown on Figure 

35. About 1500 feet north of the area mapped in detail in NW! sec. 16, 

T . 14 S . • R • . 10 E . , the two rn.ediun"l gray algal limestone layel"s are 

not distinguishable as separate mernbers and are indicated on l?igu.JJ."es 

ZO a.nd 21 as zone I . Toward. the west, the members of this unit 

grade locally into a much coarser, b1"eccia-type detrital limestone, 

which contains abundant crinoid remains (If'igure 36). The sedin'ien• 

tary nature of zone I a.nd the conformity to the contoul"'S of the m'lder ... 

lying lenticular reef zone is clearly sb.own on b""i~u:res 37 and 38 \) 

Third and Fourth Limestone iviembers \Zone II) 

The third and fourth :mappable members of. the post-reef fa-

des are io.ot everywh.eree present. They have been grouped together as 



zone U on Fig;ures 20 and Zl and appear ~o be restricted to the al9ea.s 

that formed slight depressions during depositio1i.. The third nn.en.1.ber, 

which is about two feet thick, consists of coarse fragment@ of rnetlium 

gray algal material bedded. in a n:u1trix of fine bioclastic debris. Lo ... 

ca.Uy the :rock shows considerable recrystall~za.tion, again probably 

a result of larger grain size and porosity. Two samples. collected 

from widely ·separated locaUties, are pictured on J!i"""igurea 39 and 40 

and indicate the close Uthologic similarity with the underlying niera'l ... 

bera of zone I (Figure . 36). The third member seems to be composed 

of reworked material, derived from the underlying algal limestones, 

which was deposited. in very shauow aepr~seions on top of the reef 

area. The coarse grain Size• the low content of fine terrigenous 

elastics and truncation of the uppermost members of the detrita.1 faciee 

by the even upper surface. of the massive limestone ledge, is sugges"" 

tive of deposition in a turbulent zone, probably one near wave·baee. 

The fourth and uppermost member of the post-reef fad.es 

forms a two foot thick discontinuous layer which has been r .ecognized 

only in a few places in the map area. The rock exhibits cha.lracte:ds ... 

tics that ai'"e common to. both the actual reef facies and the lowew m.ert:t· 

be rs of the post-reef fad.es. Sub-.horizo~tal l~minae of debris ... binding 

. algae are present, as well as the alga Anchif odium sp. ( ? ) that was 

previously restricted to the post ... reef detrita.l faciea (Figur<efl 4ll and 

4Z). The rock shows both detrital and acc:iretiona.ry characteristics. 

Because of the persistent sub-horizontal orientation of the banding, 

the layer is interpreted as an incipient, underdeveloped reef that 

possessed the potential of growing upward and becoming a wave- · 

resistant structure. The influx of fine elastics probably terminated 



the growth of thi$ layer. 

Areal Distribution 

The 1)ost ... reef detrital limestone unit appeara to be restricted 

to the area of reef development, and is no longer present in the al?'eae 

where the reef limestone, that forms the lower part of the 60 foot 

thick resistant limestone ledge, lenses out completely. This is illus ... 

trated by Figure 20, Plate 4 and the structure sections on Plate 14. 

The abrupt thickening of the detrital limestone· to as n1uch as 60 feet 

occurs only within ·the area of reef development, where local depreS\ ... 

sions are bound on either aide by reef mounds (Figuzre 20). These · 

features suggest that in post-reef time the marine waters were suf­

ficiently agitated in the reef area to keep the fine terrigenous elastics 

in suspension and transport the organic detritus that developed more 

or less uin situH into local adjacent areas of depression (Figure 37}. 

In the off-reef area~ that are avail.a.bl~ for s~udy, such as along the 

frontal escarpment and major canyon walls, the current actiol'l wass not 

sufficiently strong, · probably as a result of · increased water depth, 'Ito 

spread the bioclastic debris over the floor of the ocean. Curre~1ts 

might have deposited some detritus in the area west of the frontal 

escarpment, but this can no longel;' be determined for the· lack of ex"" 

posures. With a shore line only a few miles to the east, @ub1na.dne 

bottom currents might be inferred tha* transported. material westwaFd 

and swept the areas eaatwa:rd and between the submarine topographic 

feature~ relatively clean. 

Xn the area that was in.apped in detail; the distribution of the 

individual members of the detrital limestone unit is relatively ir:iregular 
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(Plate l4h and ©ldet' membe~s appeare 1to be t:a"'uncated locally by 

yotm.ger members. This featur~ 1tnigbt i~e related to the greater 

t.itickness of the underlying reef structu.:ree (60 feet) in the map al"ea 

a.s co11:1pared to the area to the north (35 feet) (Figu:rea 20 and 21), 

which possibly resulted in a greater topographic .exp~ession on the 

sea floor in post-reef time. ltncreased wate!' turbulence or curlf~nt 

action probably caused removal of the organic detritus from the 

high areas, .and relatively irregular distribution of the material 

on the flan.'ks of the lower moun4s. 

Off-Reef Fade~ 

The ofi·reef facies is characterized by the high conte1r:tt of 

coarse and fine terrigenous n11ate:rial and is composed of limestones, 

shales and san1dstones. The lowest of these strata considered m 

this section forms the base of the :reef structures and is a three foot 

thick dolomitic limestone layer!' This bed, which extends fo.r over 

a. distance of 4-1 /2 miles. has been mapped as hodzon SZ (P late 1). 

Xn places, the reefs -are directly anchored on this limeatone layer~ 

bui locally, a s1r.ale laye1· several feet thick separates the reef fa.des 

from tbe dolomitic limestone. Possibly unde:r fairly stable n1arine 

aheli cond;tions, the top of this ma:rker- bed was locally swept dean 

by wave action, affording a favorable .location £or initial growth of 

sedarpel";.-"A~-bb'ld.ing algae. Co11tinued growth, bo'il1. upwai"d and side ... 

ways ~ ovelr th~ shale-covered areas, resulted in the relative wide"" 

sp.read development of the reef fade~. 

A dark gray, argilliaceoue lbnestone layer that containis abu1ra­

da'.ftr.t fo.sulinids overlies the dolomitic lbr1estone by about six fo·et in 



the off-'lf'eef area «Plate 14).. This fusuUnid layer has be.en observed 

it@ wedge out against the third membe:ir of the post-reef detrital lime"" 

stone fades . In otheX> places , simila.Jr xueulinide embedded in the 

same rock typeb have been noticed in local depressions to overlie 

the upperrnost fourth_ poet-reef limestone member . This pro~~ea · 

conclusively that the 60 feet of reef and post-reef limestone ia equiva­

lent to a.bout six feet of strata._ in the off ·1·eef area. 'I'hese beds are 

mainly composed of argillaceous limestorr1e and dark calcaxeou.$ 

shales that contain small brachiopods, bryozoa (Fenestella ep.) and 

9ther organisms which suggests relatively quiet-water conditions . 

The stratigraphic separation behveen the dolomitic lL"'neatone 

(bed SZ) that forms the base of the reefs and an eight foot thick, 

greenish-gray, feldspathic sandstone layer (bed 53) ia about 70 feet 

in fche off - reef areas and remab.1s relatively uniform. In the off-reef 

area th.is interval is ma.inly con:iposed of a medium dark gray cal­

careous shale , which locally contains abundant fossils. The shale 

and overlyi~g sandstone are no longer present directly above the 

area of re~f development, but even in the vicinity of the reefs (stlruc ... 

ture sections on _Plate 14) the sandstone does not show any noticeable 

structural effects of post- depositional differential compaction. Thie 

might be explained by inferring a slight local unconformity or diaentem, 

which elimmated a topogra.:phic-high in tbe shales above the massive 

limestone lenses , at the base of the resistant sandstone .ledge . :Fur ... 

thermo:re , the a.m,ount of deposited fine terrigenous elastics wa~ 

probably &:1."luch less in the reef area as compared to the off-reef alrea, 

as a result of more turbulent water conditions in the vicinity of the 



of differential compaetfon. 

FAUNA AND AGE 

The fossil fauna of the actual reef masses and the rceei-equiva­

lent strata in the o:ff·reef fa.des ia markedly poor, and contain~ maim.ly 

sn1all thim.-abelled brachiopoda , such as Composita. ap. , Huatedfa ep. 11 

fora.minifel'a , bryozoa a.nd other organisms . These weil"e not studied 

in detail. A brachiopod and gastropod fauna was ,collected by Bowsher 

and Allen frcm.I'). the post- reef dark shale zone and occur in the collec ... 

tions· of the United States National Mtuseum. In this repor~ ~he localities 

are identified by the numbers 30 ... M-2 and 30-M-3. Thompson identified 

the fusulinids that were derived from the zone tha.t lenses out against 

the beds of the post-reef limestone fades . · He four.1d. Wolfcampian 

Schwagerina and Du:nbarinella sp. that alre older than the Powwow con­

glomerate and younger than the Bursu:m formatitu1, which suggests a 

late early \\tolfcampian age for the reef structures and associated etratao 

P.:.lgae form the bulk of the o~ganic substances contributing to 

the dey-eloprnent of the reef limeetone and post-reef det;rital limestone. 

Although they could not be identiiied9 they appear to be of t·*~o genel"al 

types, a filamentous alga and a loose tubular alga , possibly Anchico ... 

~ ( ? ) . Both types require further detailed investigation. 

SUMMARY OF" REEF DEVELOPMENT 

A large number of organic mounds developed as a more Ol' less 

continuous maesive limestone layer on the bottorn. of the late Labordta 

sea. This ledge e~tends .in a north- south direction £.or a distance of 

about three miles and ie· about half a mile wide . The mounds ave:l'age 



@trgank stl!"ucture~ initially deiireloped under CPptimurn giro\vth (Condi<» 

tioin~ ©llli ~he gen.Uy sloping, relatively stable sea floor th.at bordered 

a fa.ndmass to the east in late ealrly VVolfcampial!1 tim.e. · -r;~ .a:tel" depth:> 

te:r.r11;,H~:rrature aKld curre1~ts must have bee~ fa.vorable £01!° reef gr©'V'.rth. 

in a zone pa~alleU.ng a~1d not fajf :removed fron1. the aP.11.de:nt ~ea coast; 

The st~udu~e@ show little evidence of stratification.. E n-

. crusting algae of the filamentous type .al°e the framewol"'k ... buiklL~g 

Ol°ganiar&.ae. Tbe :rnounds. which a.re lenticular and some with b.eightt 

ami.d width ratios as high as l to 4, $l°ew above the level of adjacent 

contemporaneous $<::dimerntation. The low content of non-carbonate 

inateria.1 indicates their growth in the ~one of water agitation, amld 

tbe mounds fulfill essentially the criteria of 'Jreef definition. The 

lack of extrerme rough-water deposite and of reef ... flaru{). depos~.ts b 

euggesdve folr growth not far above wave-base. However. it is pos "" 

sible tha~ tl11e ree.f ... fla.nk deposits might have been p1°esent at one time 

farther \l<Jest of ~he presently exposed areas, and are now ren'1oved 

b;r ex-osion. With a la~1d area to the e&at and p:revailing we$termi. 

winds, a. piling-up of coarse detritue could wen be expected on. the 

west flam.k. 'l1 he ~videnc~ of brecciation· :is.rs a few placeis oir1 top l{')i thte 

reef lirilestone, which appears to localize the reclrystalliza.tii.ott adihrity~ 

might indicate some strong wave-actiom. in the final stages of reef 

,iJi:,. ~etrita.l limestone unit1 which :readiies· a thicknes® in pla<ee~ 

of 60 feds is ~estdcted to the reef ai'ea. where it cap~ the :ris.atSsive 

Hme$tone st:ruCt\Ures. This det:rital limestone is considered a r~os.t0 

r.<~ef deposit. Probably the reef structures eon:Unued. ifill posll:,.,.~<eef 
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t:bt'.3.i:e ~o have a top©g~aphk e~preeafo~ ©Jrtif. ~l"A® ~ea fl@c:ir and U1u.a; i:n"1'> 

n.uet'llced ~be sedimenta.ticEIB afi'Ad r.t1ari~e Hie. 9rhemig deposits we:ire 

laid do~m in a zone of sufficiem.t water turbu.lelnce to keep the fbl(f; 

t <erd genous clasti.ce in suspension. Tubular algae form tbe bulk 

of ~he o?'gank substance@ contributing to the poat""::ieef detdtal U.me ..­

stone st~ata. 

The time•equivalent deposits of the reef fade$ and post .... 

wed detrital limestone fa.des are represented by six feet of $1;rata 

corn.posed of very argillaceoue limestones in the off .. r§tef a_g>ea~. 

The structuiral effect of the ired lenses on the overlying etra:~a 

above the d:etrd.ta.l limeatone fa.de$ appea.lrs to end with the dark 

gray cakareousi shale inteirval which overHeei the elastic lhn.eer~.:orr,~6 e 
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Figure 18. Frontal view of reef masses in SW 1/4, sec. 16, T. 14 S., 
R. 10 E., 3/4 mile north of U. S. 70, looking east. 

Figure 19. View of reef masses pictured in Figure 21,, iooking south. 



Figure ZO. View of reef ledge ~n front escarpment in NW 1 /4, sec. 16, T. 14 S., R. 10 E., 
looking east. Note the uniform thickness of the ledge, despite lenticular nature of 
the lower actual reef horizon. 
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Figure 21. View of reef ledge, near~ boundary of NW 1/4 and SW 1/4 of sec. 16, T. 14 S., R. 10 E., 
lo·oking north. 
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Figure 22. Vertical view of reef surface showing subhoriz9ntal 
banding caused by filamentous algae (light gray). 
The dark gray parts are recrystallized limestone. 
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Figure 23. Vertical view of polished rock surface showing algal laminae and replacement by 
recrystallized dark gray calcite. Scale in inches. 
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Figure 24. Close view of lower right part of surface of Figure 23. Note the thickening of banding 
toward the center of picture. Scale in inches. 
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Figure 25. Polished surface of horizontal cut through rock of reef mass. Note sub;..concentric 
banding. Scale in inches. 
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Figure 26. Polished surface of vertical rock cut, showing thin-shelled organisms in fine- grained 
matrix. Note algal banding in lower left corner. Scale in inches. 
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Figure 27. Photomicrograph (2X) of reef facies showing the sub-concentric banding of the algae, 
encrusting material of different grain size. Fine bioclastic debris occurs on the left 
of the picture. Note the frayed edges along margins of original limestone which is re­
placed by coarse calcite crystals. 
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Figure 28. Photomicrograph (3X) of brecciated part of l"eef lime­
stone. Note small organisms in fine-grained matrix. 

Figure 29. Photomicrograph (3X; crossed nicols) ·of recrystallized 
limestone of reef facies. 
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Figure 30. Cavernous weathering in recrystallized, porous 
parts of the reef limestone. 
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Figure 31. Polished surface of discontinuous dark gr·ay fo-ssiliferous 
limestone member of the post-reef facies. Scale in inches. 

Figure 32. Photomicrograph (3X) of dark gray fossiliferous limestone. 
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Figure 33. Medium gray algal and fusulinid limestone~ First 
limestone member. Scale in inches. 

Figure 34. Photomicrograph (3X) of algal (Anchicodium sp. ?) 
detrital limestone. Second limestone member. 



-235-

Figure 35. Fine-grained, medium gray limestone. Second 
limestone member. Scale in inches. 
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Figure 36. Coarse, detrital limestone. Note brecciation and the 
considerable amount of recrystallization in this coarser 
rock type. Scale in inches. 
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Figure 37. View of reef and post-reef facies looking north. 
Note stratification in beds ·of post-reef facies. 
NW 1/4 sec. 16, T. 145., R. 10 E. 

Figure 38. View as Figure 3.7, slightly to the west. 
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Figure 39. Third detrital limestone member. Dark limestone ds ...: recrystallized portions. 
SW 1/4 sec. 16, T. 14 S., R. 10 E. Scale in inches. 
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Figur e 40. Third limestone member. Note similarity with 
r ock of Figure 36. 
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Figure 41. Fourth. limestone m~mber. Note sub-horizontal banding by filamentous algae and 
Anchicodium sp. ( ?). Dark parts are recrystallized limestone. Scale in: inches. 
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Figure 42. Photomicrogr~ph (3X) of fourth member with Anchi­
codium sp. (?) in matrix of bioclastic debris. Note 
recrystallization on left of picture. 
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