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the Cepitan forsation of the Juadalupe Yountaln area

gay be divided inteo two dletinet litholople units: (1) the
ormanic reef hers defined as the Elaughter member, and (2)
the fore-reef talue unit here defined as the Calamity member.
The Capiten formation lies bdatwesn, and is squivalent in time
t0, the Bell Canyon formation in the basin and the Carlebad
formation in the lagoon. It is limited below by the Joat
Seap formation and avove by the Caastile gypsum,.

the Slaughter member (reef) is a fogeliliferous,
white, senie-lithographie limestone containing quartz sandstone
dikes and pode. The Calanity meuber (fore-reef talus) 1s com-
posed of reef debris renging from mud to boulder sise., The
reef grew by accumulation of skeletal remaine at its front
and top, extending iteelf basinward over ite own talus.
Growth was econtrolled slong a subsidineg flexure betwsen the
shelf and the basin. The prineipsl components of the fauna

are ocaleareous spongee, almae, bryozofns, hrachlopods,

: erinoide, and fusulinids.
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PRAEVIOUS LITBRATURSE

The firet observations on the geology of the Cusdae

lupe lountalne were published by G, 0. Shumard in 1858. He
racorded a 3,000 foot section of four mexbers, white liue-
stone (Capitan and Carlsbad), uwpper dark limestone (FPinery),
yellow sandstone (Brushy Canyon), ard lower dark limestione
{(Bone Gpring). His brother, B, ¥. Ghumard (1060), who
axanined the fossile from the section, listed fifty-four
species and nﬁtcd that the feuna hes 8 Permian aspeet. R, 8.
farr (1890) of the Texas Geoloziecal Survey aleo visited the
area and noted his observations.

in 1901 and 1503 6. He Girty and 0., B. Richardson of
the United States Oeologlieal Survey visited the region and
made extensive observations end eollections. Gubsequently
Girty (1908) pudbiished his classie "Suadalupian Fauna®™ which
disted 326 species, and Richardson (1904, 1910) published his
Stratigraphie pepere in whieh the Capitan forsation was orie
ginally defined.

Under the impetus of petreleum explorstion the stratie
graphy of the Guadalupe Vountains was intensively studied in
the late 1920's. The ztseive Capitan linestone was found to

Oceur as a barrier in a narrow balt detween the bedded Carige




vad limestones 10 the northwest wnd the lower, bdbut contem-
,.guﬁinun. sacdstone formations to the southeast., From these
stratigrephic relationships, Lloyd (1929) firet interpreted
the Capitan as a reef deposit. Crandall (1%29) also noted
ghat the Capitan appears to eonstitute e reef and the detri-
tus depoeited off the reef front, but 4id not delineate the
poundaries involved.

In 1928 and 1930 P. B, Hing end Re B. Eing wade s
detailed investigation of the Glase Jountains which are
stratigraphically sinmilar to the Cuadalupe lounteins. P. B.
#ings in his papere on the trans-Fecos region (19%%) and west
Texas and New Mexieo (1942), and lang on the Pecos Valley

' {1537), integrated the various Permian studies of the Dela~-
ware Basin and devised s usable stratigraphic nomenclature.
in addition “ing (1942) proposed a methed »f acoumulation for
the Capitan forsmation.

In 1648 P. B, King published "The geolosy of the
southern Guadalupe Mountaine, Texss® whieh has served as the

mejor reference work during the present investieation. This

an integrated areal, striectursl, stratigraphie, and paleon-
telogic viewpoint. Althoush restricted to the Texas portion
of the mountuina, Edng's investication solved many of the
Stratigraphie prodblems of the Cuadalupian series, but 414 not
include the correlstion of fore-reef and backeroef menbers

(through the reef), nor did it dring out the dual nature of

inclusive paper for the firet time approaches the problem frowm




the Capitan, with the resultant considerations involving
detalled correlations and methods of seousuiation.

Jo Ge Adams and H. B, FPrengel published & short
paper on the paleo~senlogy of the Capltan bvarrier reef in
1950, Although some of thelr conclusions are correct, little
gubstantiating evidence i presented.

Paleontologlonl studies, such se aleml etudies by
3. He Johnmon (1942, 19%3, and 1$%1), fusulinid reporie by
g. U, Dunbar and J. ¥, Skinner (1937}, and asmonoid studies
By A. K. Hiller and ¥. . Purnigh (194%0), have aided in
forming an ovarall pleture of Permian scology in ﬁhi# region.
In addition, the many exeellent papers on Tertisry and modern
reefs (Hengon, 19503 Falrbridge, 19903 ladd 2% al, 19903 and

others) have aided in interpretation of the fossil reef.




ASALYEIS OF PARAYIOUS WORK

in spite of the voluminous litersture on the Capitan
1inestons, 1ittle has deen presented to detall correlations,
3 method of reef growih, and the ecologiec and sedimentary envi-
ronments. The major correlations for the Permian reefb
gompliex, as well as detalled basin corresiations, are given by
King (19%8), dbut no precise correlation from dasin, through
reef to lagoon is attempled. Adams and Frensel (1990) detail
the back-resf stratigraphy, But do not correiste inte the
basin.
King (1942) proposed a& wethod of reef accumulation
by increments on the reefl front, but, as demonstrated later,
Shis interpretation is wot in agreesment with the dusl neture
of the Capitan depositu. Koreover, it is not eompatable with
the known facte regarding reef building organiems and their
L Shvironmentis. Crandall (1929) firet reeognised the dual
8rigin, but the knowledge of ithe stratigrephy &t that time
P WhE not adequate to provide s logical solution to the question
of Capitan deposition., Adems and Frensel {1950) EaVﬂ dig=
”‘Ountca Capitan deposition but mush of their discussion is

L ®ither contradictory or unclear. They do pot illustrate their

@ PFOposed mode of reef deposition end while some of thelr




| dimensions of the reef arve applicadle at a given loealiry,
| these dimensions 4o not hold slsewhere.

All investigators who have recognized ths Capltan as
s reef, bave also interpreted it as a feature of ovarall
subsidence., Hing has interpretsd the reef as growing wward
L and outward in & stair-step faghion. Adaws and Frensgel
gtate that sea level "shifte in both directions are recorded™
" But no evidence is eited for this conclusion.
The sedimentary environmante of the reef-complex are
I. generally well documented. The three major aress of deposi~
| tden, the lagoon, reef--fore-reef, and bagin have been recop=
pniged Ly moat authors. Fing and Adaws and Prenmel have
postulated water depths and othor faetors of the depositional
b snvironments for these arese. Nearly sll authores have noted
| @olomite in the reef and Adams and Frenszel state that “uany
S Of the algae « « « of the reef wall have been partislly de-
L stroyed by dolomitisation."
' The ecologlie suvironment is aleo well dooumented in

& general sense. lowever, no one has given a detailed acsount

4 Of fossil ocourrences within the Capitan formetion or ite

' transitions into the latersl formations.




SUMEARY OF RESULRE OF THE PRGEED IRVESYIDATIOR

Detailed correlations through the Capltan reef, fros
sasin to lagoon, are proposed on the bagie of a reconstructed
succeseion of reef profiles. Acvordingly, the base of the
Begler mombar (basin) is eguivalent to the base of the
Capitan formation (Figure 3) and the base of the Seven Alvers
memboy (lagoon). The top of the Geven Rivers uember (h‘op of
the Yates) corrsiates with the dase of the Nelombe member
{hasin). The top of the Yates menmber {(base of the Tansill)
gorrelates with beds in the wpper le‘ar-mamhar {(basin). The
top of the Tansill member is equivuiunt o ihe top of the
Capitan and the bage of the Castile fqrmat;on {top of the
post-lanar ssnd-limestons wmeuber).

The Capitan reef is recognised ae & subeidence fea~
ture, the subsidence helng relatively siow and regular inte
fader time and graduslily increasing t0 & maxioum &t the end
of the Capitanian interwal., lo “ghifte” or "steps" are
indicated.

The nethod of accumulation of the Capiten reef s

Somparable, in general, to the scoumulstion of modern reef
iimestonss. The reef, at all times, eonsistsd of a reef

flat (its width verying inversely with the rete of subsie




11

{ dence) , & 1OW reef crest, and a pather short, steep reef
f‘gmant pisine avove & long slope of reef talus.

| the sedimentary snvironments of the Capitan formaiion
| are distinpulshed, the formation being divided into ite
patural genetlie (and petrologie) unite, the yesl and upper
fore-reef talus, for which the new wuembers, Ulsughter and

D Galamity, are proposed. Ths petrology of the limsstonss sup-

~ ports the proposed method of reef seccumulation. It is aleo
B Lotable that no dolomite was found in the reef limsstones.

The seologie sanvironments within the Capitan formae-
tion likewise correspond to the teo genetie units snd corro-
Borate the inferred method of scowsulstion of the reef. The
D laree fusulinid Folydlexoding s belleved to have been

Erestricted to the reef flat suvironsent. TFinally, it is

B proposed that the reef may have died because incrsssed sub-

D pldence "drowned® the reef organisms.




GH0LONIC SATTING

The Cepitan formation of late Ousdaliupisn ape (Fere

sian) erops out slong the Juadalupe Yountaln front frow Wl

Capitan to the couth of Walnut Canyon thirty-five uiles to

she portheast (Figure 1). 7The regional dip is less than 29

L %0 the northesst, the elevation of the formation being 8,600

ﬁ'tbat above sea level on Juadalupe Feak and 3,600 feet near

S Walnut Canyon. The relief in the area varies from 3,000 feet
pear £l Capitan to 250 feet in the vieini¢y of "mlmut Canyon

1 {Figure 10). 7The topography 1s youthful and the climate

| semi-arid,

The Caplitan formation as defined by Richardson (190W)

- 48 here determined to cowprise the reef and wpper fore-reef
talus of a reef é&mplax. Henson's (1950) following definition

| of a reef couplex is used: “The term reef conplex is applied

r 80 the aggresate of reef limestones and the ecaloarerus rocks
- genetieally (7) sscvociated with them.” The roef complex is
subdivided on the basis of soology and sedimentstion into

& Back-reef, reef, and fore-reef ouvironsents (Fisure 5). The

el proper is restricted to that rock whieh aetually grew in

"’laet (biogenie deposition). The reef profile approxisated a
P broad reef flat extending to & low reef orest above & short
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.H".f front whieh intertonguse with the fore-reef talus

i_' (Figure ).

| The formation is & tadulay wese of whiie limestone,
ﬂrg;;tod slightly to the rorthwest. It illes between, and is

: ..aggqpornuaﬂux with, the flat lying Carlsbed bagk-reef
strata snd the basin deposite of elasile limesions and quarts
1'.m.tllamm‘zm of the Bell Canyon formstion (Figure 8). In depo-
.(‘ gitional segquence the Capitan follows the Goat Leep reef and
?tlo followed by the Castile gypeum.

‘ the Caplien formamtion contains two mﬁﬁpabla iitholo=-
S plo unites (1) the semi-lithographie, foesiliferous lime-
;}awunl which aetuslly zrew in pisce as & reef, and which is
t;hpzo pamed the Slaughter member, and (2) the uppoer foree~reef
L Salus of reef debrip, defined sa the Crlasity mewder. The
iaﬁbriuhad formation is sade up of the deven Rivers, Yates, and
‘jlbnltll momboers (Figure 3). The Baell Canyorn formstion econ=-
'ﬁuiutn of the Hegler, Pinery, Rader, @hﬁouhn,l and iamar lime-
j’ll-bnd nembers and five unnamed sandstone members.

| The Geven Rivers member is a medium Lo thiek bedded

‘ dolomite; the Yates an alterrating quartz sandstone-limsstone
“hnntien; and the Tareglll a predominantly lime seoction with
3}i9nn quartz sandstone strats, 411 three memders thicken and
}‘.Gsal Rilmost entirely olastie limestone toward the reef,

WI lieCombs has been introduced ae the neme for King's (19%8)

b "flagey" member by J. E. Righy in an unpublished (as of
June 19%2) thesis (Columbdia unzvaruiw). The type loeale
Aty is HeCombe Quarry.
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feneraily, foseils are restrieted to witbin a mile of the

| pesf. Dosyoladacean alpme, fusulinids, snd mollueks are the
| sajor components of the fauns. Pisolites ave found in some
’ ;: the strata. Geparating the reef from typieal beckereef
:;gqaiuahtu are transition bede (thiek bedded to massive cal-
ffntrcuuu gands) made up entirely of reaf debris.

the Ball Canyon formation ie pradominantly sandstone
 in the basin, dut the sands thin and dlssppear toward the
zeef, whereas the clastie (reef derived) mmwmma thicken
.L-m‘ bvecoms eosrser toward the reef. The fauna of the Bell
i‘lbnyon formation approximates that of the reef exeaspt for wore
:'amnpnonn cophalopods, a few additional genera of wrachiopode,
D piliceous sponges, and echinoids. This fauna is much easier
%0 study than the faunas of the Capitan and Carlsbad forma-
:;tlonc, bocause the foseils are siliecified locally and wmay bde
ilu!raetad in practienlly the same condition in whieh they were
';\Mrleﬂ by diesolving the lime smatrix in hydrochlorie aeid.

The Bell Canyon-Capiten oontaet is located at the
 poorly dafined surface whers the basin send members disappear
‘and the thick bedded, white limestonss of the foreersef talus
[Bocone thin bedded, gray basinal limestones (Figure 8). '
:lniivlaual beds of reef detritus extend across this contact
inte the Bell Canyon formation whers they intertongue with

$he typical basin sands.

The area of reef growth wes eontrolled along & sub-

P8lding riexure betwsen the shelf and the basin, the reef
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growing by accumulation of skeletel remains of orgenisms at

ghe front and top, thus oxtending it outward over its own

‘galus (and malntaining it at aea lavel).




STRATIOGRAPRY
Ganeral

The Cspitan formation was origirally defined as the
ive white limestones above bedded black limestone on
Pusdalupe Feak (Richardeon, 1904). It has come to ba known
88 & reef faclos between (and equivalent in time teo) the Bell
iyon basin faeles and the Cerlsbad lagoon faelss (Ming,
3 N8). Crandall (1929) and ¥ing (19%8) stete that the Capi-
Al consicts of both meseive and bedded detrital rocks, but
neither deiineate nor define these as units. Not only
two lithologies present, but also thay cceur as distinet
ble units of uniike origin. These are here defined as
ﬂlaushtsrrand Calanity mewbers.
The &laughter member is the reef unit, the roek which
in piace as an organic reef. It is typified by the reef

f‘ Ky & poni-lithographio, white to erean limsstons with econe

6ldal to splintery freeture. It containe abundant ciloare=

Sponges, brachiopods, fibrous caleite, cavity lininge and
'8 sandstons pods. The Slaughter mewber acoumulsted
kumhouz Capitan time. The wember {s from 400 to 19200

thiek (vertical measurewent) and approximately 2} =iles

(horisontal measurement) on outerop. The Wpe loeality




Slaughter Canyon.
The Calanity momber fa the detritel unit, the talus
the reef froni.
dvely to rudely bedded, varying from bulder breecolas to
pdstones, and invariebly eclastie. The Calamity is granuler
'Z,Q.ady &8 opposed to the semi-lithographic reef rook. The

ty meuber is about 2% miles wide (horizontal measure~

"‘; at outorop and varies from a few hundred to one thousand

in thickness (vartical wmessurement). It extends throughe-
Capitan time and 16 limlted laterally by the Slsughter
gy and the sowewhat arblitrary Bell Canyon bdoundary (see

BEeral lithologle Varlation). The type locality is Calamity

An ideal system of nomenelature would 1imit the Capie
f _!btunt1en to the reef rock. If this were done the three
_‘ of the rsef complex, dackereef, reef, and forc-reef,
i*- eorreapond to the three formationa, Carlshed, Capitan
'{Llall Canyon. However, because "Capiian® has hecome an
| dshed term in the literature, it seems wore appropriate
Mlivide the formstion than to restrict it. Therefore, as
I:,*lr. the bvasinward laterel limit of the Caplian formation
Eegarded as extending to the trensition where the reef
limestones become gray (rether than white) snd well
1“'. &nd the basin sande begin. This lower limit does mot
4o a1l the reef derived limestone. It ouetines approg-

::)ht biofacice boundary between the fore-resf elope growth
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s and the pontic (etagnant) faeles, but, in general, the
ok limestones of the pontie facies are basinward from the
:i‘,ltan-ﬁoll Osnyon eontact. 1t is thus seen that this eon-
aot does not eerve as & Tacles boundary.

There are no obvious lithologie or faunal doundaries
pough the Capiten. lore detalled work will define the

vor limit beyond whieh Pal doea not occur. Bode

‘ding planes may be traced from the Ssll Ceanyon formatiom into
Calamity membar but they dissppear in the Sisughter member.
ratification, sandstone pod sones, and brecoia rones cannot
followed throush the reef. Therefore emet correlations
ot now be made through the reef from the Bell Canyon
Fmation to the Carlebad formation.

The lasst (highest etratigraphie) ocourrence of Jloly~
apding may be traced across the reef near the mouth of
tirick Canyon on the steep south wall under the three
i,'ﬂbl (Figure 8). In Elaughter Canyon also the final oecur-

renee of &

_ i§ may de traced to the base of the oliffs
Mllong the south well of the canyon opposite the mouth of West
'[“ ughter Canyon. However, as¢ the Carisbad has not been

' pped in this area and the Ball Canyon members do ret oute
;‘.,,' & profile cannot be checked throush the reef,

Sortheastward from Hlack Cenyon, aionz the reef

(SRsarpuent, the reef must be dated by refersnce to Carisbad

becnuss the baein beds are rot exposed. douthwest of

Sek Canyon voth haein end lagoon bBeds are expoged and uay be
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to date parts of the reef. ' As growth profiles of the

£ at any given time ecanpot be estadiished with precision,
“KW elations acrose the reef are only approximate. Vherever
ivle, basin ecorrelations are given because the lagoon
bave not been sccursately mapped.
Frevious invegtisators have wade only gross correla-

seross the Capltan reef. They are a gensral agreement
t the Bell Canyon, Capitan, and Carlebad formations are
~stratigraphiec equivalents, dut no a&tni;ad correlations
BAYe been presented. For emample, Eing (1942 and 195%8) dee
Finsd and subdivided the Bell Canyon formation, but 4id not
P late these divisions asross the reef to ths members of
backeresf Carlshad formation; while Adewms and Frensel
$2950) recognize the Carlsbad eubdivisions, dut make no
BEtempt to correlate throush the reef into the Bell Canyon
Bsin deposits. However, Adams and Frenzel inelude the QJueen
Srayburg formatione in the Capitenian bsek-roef squivalent,
the suthor and Ting (19%2) agree, on the bagis of litho-
i and stiratigraphic evidence,that tpaaa are Toat Lesep
ivalenis.
fing (194%2) implies & eorrvelation Wy extending the |
reef bedding through the reef to the OCarlsbad. In other
#i8y these corraiations sgree with hie conciusion that the
tan accumulated by addition of "ghinsles® on the front.
'  Calamity fore-reef deposits do "shingle" in this way, dut

® correlation does not take into secount the reef propar
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Di‘“'bﬁ.r) and its scounmuiation ™y the addition of horizone

incremants.
Yo obtain a correlation through the reafy; the back-

bedding is projeected acrose the reef and then down inte
fore-reef beds. This correlation is based on the suthor's
pprotation of the reef yprofile ss & wide reef flat (except
jatest Capitaniem), and & reef erest near and approxinately

) feet adove the fore-reef talua.
Correlation

Hegler reef equivalent 1ig found only in Forth Melite
%x-gu Capyon (FPigure 6). It probvably cropa'uut in Fine
pring Canyon, but the stratigraphy is cowplicated hsre by
faulting and the Hegler unember cannot be traced direetly into

reaf. The Hegler menber may be seen grading inte the

f on the innceoessible ¢liffs of the west side fault soarp
igure 11). 7The bdackereef equiwvalent of this part of the
is thé lower part of the Seven Hivers member. 7The upper
stone of the Queen formation correlsatse with the top of
foat deep reef and the hase of the Hegler member.

Heef equivalent of the Finery wesber is found in Pine
ng and WeXittrick Canyons. 7This portion of the reef crops
at the heads of the larger eanyons to the north, sithough
Finery mewber iteelf ls not exposed. The part of the reef

PP Pinory age seems to correspond to the uiddle part of the

Hivers formation. This portion of the reef is exposed
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the north in Slaughter, Doﬁbte, Sunsight, Blaok, and Big

yOns e

Reef equivalent of ihe Hader nember is shown along
escarpment in Fine Gpring Canyon and ooccurs progressively

Ii.,gﬁgr up sach of the canyons to the northesst as far ae

l:f ughter Canyon. The back-reef squivaient apparantly is the

' r Sevan RAlvers formstion.

the reef equivalenty of the ieCombs meamber, King's

MASNE) "flagpy" semder, is exposed in all the major canyons

from lieEittrick to Glaughter Canyon, The bagkeresf ejuive-

Mlent is the lower part of the Yates formation.

The lamar equivalent reef is found in all canyons from

Solittrick to hatilesnake Canyon. The bagke-reef squivalent

- the middle and upper Yatee and perhape the lower part of

 * fansill formation. The top of the lamar member and equi-

dent reef, togsther with the bagkereef equivalente, are not

B in any single eanyon. In HeXittrick Canyon most of the

f of iasar age has been rewoved by erosion whersas in

Mghter Ounyon the top of the lamar wesber is not reeog=

able.

That part of the reef of post~iamar age (equivalent

® QUarts sandstone in the basin) corresponds to the Tansill

fOrmation in the dack-reef. IThe veef of Tansiil age ccours

} fattiesnnke to Walnut Canyons. The eutorops at the

‘T-th of Dark and Jurnigan Cenyons are interpreted as neare

8L Tensill bveds.
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The relationabipy between the Capitan formation and
overiying Castlile formation is not clear boscaume of poor

gures. The Castile formation appears to lap onto, but

tv. over, the reaf escarpment.

The base of the Capitan forration is dast seen in ihe
head of North Heldttrieck Canyon (Figure 4). The basal rela-
:‘-Aﬂhlpu are alao visidles on the weat side faulit searp

f Hgure 11). The basal Slaughter member in North NeXittriek
Banyon ie, &5 slsewhere, cowpossad of whits semi-lithographlie
gton®. It rests on brecciated delomite which grades inte
beey white dolomite of the Coat Leep reef. IThe dreceiatasd
$olomite may mark & submarine erosion surface representing a
tus of short duration sepsrating the Goat Sgep and Capitan
8. o recogniszable unconformity oceurs in the dasin or

Jagoon beda.




DEVELOPUSKRT OF THS REER

dethod of Accusulstion

The Capitan reef cowplex cowmpares in general overall

tures with sodern reef cowploxss, dut it differs in detail

A
s

modern darrier reefs 4iffer among thamselves. Nany of the
tures noted on modern reefs are msaked in the Capitan by
41is0quunn gedimentation, crysteliimmtion, and physieal

:~ pges. Tor instaree, tha resf profile ls interpreted as
Prroximating the Pikini atoll profile of isdd, 2% al (1950)
iwith a lagoon, reaf flat, lithothamnion ridge (reef cr&st),.
sea terrace (reef front), although none of these is vieg-
Able in the Capitan as a profile feature. HRather, they are
, -tarprotwﬁ on the basie of stratigraphie and struotural
‘Glltlonshlﬁ&, ge they muat be in the onse of all anelent
(Beef complexes. Lven though individual profiles may in
fﬂwntul be ecomparable, the resf section and fts behavior under
3f“\tidenc& eannot be compared in detail to modern reafs bee
j%uwe o wodern reef with a sinllsr history is known. Unlike
Bdern bvarrier reefs and atolls, the Capitan reef srew on the
' inward margin of a shelf which slmost eompletely encireled
.{“ Delawars h&ainliﬁing, 19%8). Thus the open cirveulation

in was alnost completely encireled by the roef, whieh in
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- wae surrounded by ihs lagooh. This pattern, which ls
opposite of the atoll, is unknown awong =odern roefs. Iin
gsion, as pointed out by iing {(19%8) , most wodern barrvier
f¢ have rolatively narrow lagoons as compared to the

ittn‘Xugoon which way have been several bundired milss in

4. th. King (1943) sugrested that the Andros reef, Fahsea

ands, around the Tongue of the Bcean might be comparable
the Cepitan around the Delaware Paslin. However, the Andros
£, where studied by the author, was found to bhe a relatively
s minor feature gyowing back on the shelf rather than at
 edge of the shelf as the Capitam reef was situnted. Also
biofacles, 1ithotaciaa, and reef complex profile are not
arable in detail (Newell, 4 aly 1991).
The Capitan reef began iis growth on the Iop of the
]1‘.atral noat deep resf. OUn the basie of lithologic dif-
: cos and the presence of intervening brecelas, an interval
: pon-deposition (non-growth) is belleved to have occurrad
‘ een the two reafe. Undoubtedly the new reef started as &
o8 of patoh reefs but quickly became a relatively contine-
barrier. Although modern reefs are somewhat diseontine
y Bnd the Capitan reef ls probadbly analogous in thie
@et, 1o evidence of reentrante or channels through the
has boen recognized. Fossidly the modern canyons OCoUpy
of wenknass representing channels throuch ths reef,
 ‘Ch have been destroyed by stream erosion. On the spur
Bieen Black and dunsight Canyons & suhmnrin; mudfiow and
4
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{

‘h go-reef bads of post-lawar apéd apparently extend farther
Bato the reef escarpment than on the adjoining spurs. Thie |

indiocate the presence of a channel in the resf. Adans |

Franzel (1950) deseride and disouss reentrants, gape, and
pnelsy and give thelr dimensions. lowever, they then
A‘iitn that "the seetion 1s too pooriy sxposed 1o pormit rec-

Banition of surge channels, grooves, tunnelas, or dlow holoes.”

The doat leep reaf had approximately 1,000 feet of
fef when the first Capitan limestons wes deposited. Adane
Frenzel (1950) give 600 feet of relisf or “esrly Capitan

dne." Tith growth of the reef and differential subsidenece,

t0tel reilef reached E,GQO feet by the end of lamar time.
l"un and ¥rengel (19%50) give the bagin depth as 1,000 feet

f Eing (19%8) gives 1,000 feet. At the south of Hekittrick
yon the Tansill stands ot an elewvation of 7,050 feet, while
the east, within a wile, the top of the lamar is at 54000
s GSubtracting 150 feet for the sastward tilt sives &

um relief of 1,500 feet. With approximately 100 feet of

111 removed by erosion at this loecality, the total relief
i approximated at 2,000 feet. _ | ‘
g Theoretieally, an ideal gprowth curve of reef organismns, w
BOtted againet depth of water, would show & mere at low tide
%y B maximum from low tide level to adout three fathoms,

& rapid diminishwent to about ten fathoms where the eurva
4 bocowe asymptotic. On Andros reef, Bahama islavds, maxi~

frowth ocours within two fathoms of the surface. hHeaf
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abundance of organi§ms

th 18 non-oxistent below gix fathons.
thus it ls reseoned that, ag the shelif subpided, the
San reef grew up and out at or near the surface of the
Ail authors who have discussed the Capitan reef have
Fpreted it as s feature of subsidence snd have postulated

4 and outward growth, but, heretofors, none have presented

nesesnary correliations throush the reef se 2 hssis for

8ing the wode of such growth. The reef profile at any

time is Interpreted, By the author, as eonsisting of a

) Btaep reef front rising from the fore-reef taius to a

Foef erost at the forserd =arzin of & broad reef flat. As

| ¥eef grew upward and outward it continuously =asked the

OUs erests. The eariisr reef profiles wers lLikewive

by later growth, and thus no bedding or laminstion would

“pected in the reef. Adams and Frensgel (1950) 1wply &
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:W;.xn with & reef flat 1,000 feet wide and a reef front 350
ot high, although the profile 1s not detaliled or illuse

{7..4. liowever, their lmplied profile doss not correspond

S the size and shape of the Capltan veef, ror do they pree

gvidence to verify their interpretation.

A shallow, wide wost, located lmmediately bebind the
flat, received sediment from the reef, and from the ‘
snie The moat wag floorad with reef rook and ghifting

which are now seen as the back-resf transition strata.

The evenly graded reef--hacke-reef sontaet (Figure §)
the abvsence of intertonguing etween reef rook and lagoo~-
strata indieate wave erosion on the baok sdge of the reef

B¢ The inelination of this econtaet should refiect the
'ﬁt of subsldence (and the rate of acoumulation) modified by
L‘ rate of erosion at tha baeck sdge Qf the reef flat. With
std rate of subsidence the sountaet would eteepen, But
48 shange of slope would not be direetly proportional to
rate of subsidence and socunulation, sinece the erosional
B8 would aleo increase with the stespening of the slope.
'_ the slope of the reef--fore~reef contact should also
B8 function of the rate of subsidence, but in this case
' ified only by the rate and direetion of reef accoumuliation.
Other worde, the reef would grow upsard at a rate diveetly
pEeportional to the rate of subsidence, while it would srow
;* ily at virtually a constant rate for all rates of subsi-

B8, Thus the sltitude of the contact would be the resule
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of two vectorsy the rate of vertieal sccummiation and

» rate of lateral accumalation.
y Thus 4% =may be seen that botk the bagkereafl and fore-

?#Aicntlota ghould inorease in slope with inoresased subsi-

: The width of the reef would therefore b & funetion

L]
P the rate of subsidencei with a low rate of subsidenes the

would tend to ineoreage in widthy dut with an inecressed

of subsidence the reef would parrow and grow upward,

o

Bintaining iteelf at the surface.

K

b These theoretical considerations may be tested by
 ”13 applieation to the Capitan veef. The reef widened

: from its start in Hegler time and maintained a wide

A % through Pinery and Rader time, which indicated uniformly

subgidence. At the end of hader time the reef flat

ually vecame narrower until it dissppeared in lsmar time.
reef of posi-lfmar age was ocly & few hundred feet aeross
i grow nearliy vertleally, This indleates relstively rapid

ubsidenee toward the snd of Capitan time.

The backepeef--resf contoct varied from 52 to 10° fyom

horizontal (sssuming thst the Carlebad strate wore depoa-

84 horizontally) and although there are siisht dreaks in
Mope on the Carlsbad-Capitan contact, no definite periods of

[Fowth as opposed to out-growth are indlecated until Poste

# (Taneill) time when the rate of subsidence ineressed and
reaf grew up at & high angle. In lorsh Nedittrick Canyon
¢ and Frenzel (1550) and Xing (19%8) report “steps” along




poof=-back-roef contact. They interpret these as indie

periods of up-growih as opposed to oulegrowih. The
1 Capitan~Carlisghad contaet is a relatively evenly graded
““ pe throughout (Figure &), rather than gtep-like as stated
';‘d;ma and Prensels Detailed exmcinstion of the outerops
Bieated that the rooks whieh appear wassive at a distance
" thus reef-like) are actuelly distinetly bedded Carlebad

ta.
r The reef formed & barrier for the dayesiiian of the
“{;111 strata bBut ite affect on the besin »as less than in

| preceding depositional intervals because 1t shed a rela-
t)_xy susll azount of talus. In the besin thié period is
’ nted by only thirty feet of post-iamar gandstone and
J;"tone which grade into the Castile Eypaume
it hag been suggested that the Delsware Ues waa
#d and that inoreased salinity killed the reef (Adams and
_,vtcl. 1950)., If this were true, impoverished and dwarfed
A8 should occour in the latest Capitan, However, normal
Forifera, Brachiopods, Bryosos, Coclenterata, snd Algae
“Arlnnn in sbundance into the youngest known reef rocks
phut Canyon). On the eontrary, the shape of the Capitan

dndicates a wore rapid sudsidence toward the end of

Pitan time and the final pineh off of the reef may well be
FesUlt of this subsidence. Thus the yeef appears to have ’

because it could not "keep up" with the rate of subsidence.
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, The attespt of Adams and Frenpel (1990) to claswify
s naturel growth of a reef into arbitrary stapes (youth,
s 8nd decsdence) ls mot spplicable to this darrier
af. o field evidenoce was found by the author to subsgtan~

In faet, thelyr “youth* siapge

fate these srowih sisaces.
, arg) and early "mature® sisse (Jueen) are fost Seep

auivalents, and ae such are pre-Capitanian, and thus repre~

: & no part of Caplitan history. Their “mature” stage

Beven iivers, Yates, and lower Tansiil) is stated to have
I & poeriod “douinated %Wy upward growth." dctuslly this
% ge is marked by relatively siisht upward growth, the reef
- pding by erowing primarily forward into the basin (Figure
| Adame and Fonsel give as thely last period a stage of

donoe and death” (Tanwill).

On the contrary, the Tensill
puivaient reef was the most vigorous of all the stages,

powing upward rapidly to ssintain itself againet the ine
I \ging subeidence.
Some differential subsidence {s indieated along the

$8f trend., The bottom of the reef is not found in Sleaughter
Miyory, but & thiekness of 1,200 feet of reef is wessured

the wouth of the canyon (Figure 8). This greatly exceeds
thickness of the complete seetion of the reef in

SEittrick Canyon. Thus the Slaughter Canyon aress subsided
than the areas to the southwest.

- The Vest Texas Goologieal Society ﬂui&t Book (1948)
& total reef width (Gost Geep to post-lawar) of 7§ miles
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dicular to the reef trend) in the subsurface near

’ @;.\.a. The maximus width exposed at the surface ie about
B} siles (Mekittrick Canyon). This indicates that the reef
the southwest was hizher topogeaphically (the basin being
tively deepar) so that outward growth required the depo-
Mtion of more talus. In other words, in the north it was
or for the reef %0 maintain iiself near the surface of
BeR.

o lasgoonal pateh reefs, such as are found on Andros
{fewell, Righby, ¥hitesan, and Bradley, 1951}y on the
t Barrier Reef (Fairbridpe, 19%0), and on the Pacifie
319 (ladd, Tracey, V¥ells, and Emery, 1750, are found in
Carisbad formation. Adams and Vrensel (1950) mention an
;.~~ruuea, but documentation is lacking. Jo evidence of

jteh reefs was found by Yhiteman or the author.
Sedimentary Environment

Al Fetrology

The Slaughter member, the reef unit of the Caplitan
tion, is remarkably uniform. No definite sedisentary
Bttern ceours within the reefy apparently all changes are
i dual,. No bvedding ie ﬁiwaa&mlhla.

Almost the entire reef is wade up of semi-litho~

Pole limestona, whiech loecally may contain spongem,
Shlopods, bryosoans, mollusks, and othar warine organisms.

SeEe are pockete of oalcareniie and breceia, some of which
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gouposed entirely of fossll resains, while nthers consist
glagtic, sezi~iithographie limestone. 411 sradations
these two types are found. Pods and dikes of quarts
pdetone ocour in abundance but with no definite pattern.

‘ y eannot be direectly correlated with sandstone veds of
baein or 1nquon.' Fibrous ealeite helos usunlly surround
sandstone ineclusions.

The younzeet part of the reef, i.¢., Taneill or poste
® equivalent, 4iffers slightly from the rest of the reef.
sestion is much narrower (200300 feet wide) and contains
varmieulate and "bird's nest” etructures {enerusting
8%)s The roek of this portion of the reef, although

d=lithographic, is browner thsnz that of the earlier parts
‘ the reef, and contains relatively abundant bryosoans. The
Bihges are gradationsl from lasar to post~ismar reaf sjuive
‘ nta.
Jolomitie limestones ocour in both fore-reef and dacke-
% strata, but the reef yook is almost pure limestone.
Wthoush Adame and Frenzel {1950) state that many fossils in
e reef have been destroyed by delomitlisation, no dolomite
f;\lqud in the Slaughter wember (Tadble 1). Johnson {19%3)
» Adsms and Prenzel (1950) noted that & high alegal eontent
"‘wt b8 expected to sive a high primary wagnesium ifon content.
| ®Fy the patehy dolomitization in the Capitan formation
Beseriptive Petrology) indicates secondary oriein.

In deseribing the “reefewall® (reef) of Cretaceous
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2 Tertiary reefs, Henson (1950) ‘states:

Vigorous vertieal, and in some pleaces lateral, ;
th of reef-building organieme with cavitios filled
by reef-dreceia and by rapid biochemical and phy-
| sico-chemieal preeipitation of lime. In many places
" yolume proportion of matrix greatly exoceeds that of
| organic structures. Hesuliing rock mass is unstrati-
fied, very irrveguler and lithologleally heterogensous,
with dense, commonly porcsllaneous matrix, but with
gones and channels of high porosity due to coral
structures ote. Algel reefs are much less porous in
this respect and 40 not as & ruie fors reefe-wslls withe
out supporting corals.
statement mey bdo applied 0 the Slaughter membar if
reous sponges are substituted for corals and if it is
ized that thore is less poroeliiy bvocause of greater
Berystallization and cewentation. These differences are to
® expected in comparing Fermian reefs with those of the
' coous and Tertiesry.

The widespread occurrerce of quarte sandstone dikes
pods in the reef indicates that lagoon sends were at lesst
iglonally swept across the reef flat during wost of Capitan
» The sand pods are evidently fillinge in the top of the
real saes (eee Doseriptive Fetrolosy). The dikes are
fillings in jolnts or fractures believed to have been
4 by setiling of the reef, In the few good exposures,
dikes strike parallel to the reef front. The tops of the
#y where visible, ncaﬁ: at various time-gtratigraphie
BOney and thus the dikes evidently were formed at differe-

it timeg.
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The Calemity member, thd Capitan talus unit, is com=-

2 of rudely b@ﬁﬁeﬁ detrital limestone varying in texture
woulder droecciss to mudstones. It eontaine the foseil
ins of sll the reef organisus. mmlamitimation is patechy

erratie in the Calamity newber.

Q ",.1 idthologic Variation
i The basin, fore-reef talus, reef, and lagoon sedi-
"‘in gorrespond respectively to the Well Caryon, Cslamity,
‘ 'nghtnr,.amd Carlebad lithostratigraphio unite.
| The contact between the Calamity and Slaughter mem-
which is within an intertonguing szone adout 100 yerds
along the projected foreaersefl bedding, is mapped at
Ii poximately the middle of this intertonguing rather than by
neation of individual tongues (Figurs 10).

frangitional units ocour between the Capitan and the
Jacent formstions. Ihe transitien hetween the Carishad
Prmation and the Slaughter member is @ poorly and thiekly
*ﬁ;~-d tbnaillférsut ealoarenite, and is usually confined %o

Ikllnl lsse than 100 yarde wide (horisontal) aund 29 Teet

ek (versieal)., These transitional rocks are mapped with

Carlgbad formation. In some places, as on Juadalupe

ky the reefe-backereef contaet is readily diseernibvie whers

inild conglowsrate lles direetly on reef roek. In many

Re8s, where reef-derived caleitic sand 1lies dirsetly on the

If, the contaet 1s mot o clearly defined.
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The contact between the Talasity member and the PBell

von formation of the basin ls srbitrarily estadlished at
gone where the guaris sandetones of the bagin Tiret appear
white, thieck bedded, fore-reel limestonss change to gray,
loﬂuddmi, baginal limsstones. This transition sone is

gt 100 yarde in widih, ueagured down dip parailel to the
§ing.

Eeologlic Bnvironment

ral

As previously stated, the purpose of this paper is
arily to dsteraine the sedimentsry snd eeologie environe
8, and the wode of development of the Capitan reef., In

F 0 pursue this aim the fauna wes srxamined to determine
LR tesporally eigunificant forms and forms whieh might serve
. snvironmental indices. OUnly the fusulinid gesnus Folydis~
s thus far determined o have & tise range restricted
B only a portion of the sequence under conelideration. ¥ith
#d to the fossils whioh indiecate environmwental conditions,

Ly the lerger taxonomie cstegories are eisnifieant.

1 facies

| Although nearly all major blologle aFoups are wwyra-.
Bited in all the roek units, there does seem to he & eonoen-
: $on of ecortalin groups in specific savirenments (¥igure 6).
The Ferifera are found everywhere in the reafl, but

Fently become sparse down the reef front. Althoush
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wosos ocour throughout the Jlaughter, they sppear to be
ptrated at the front of the reef on and below the reef
sts Crirolds are best preserved in the backereef transie
on beds, but columnile are found throughout the SLlsushter
u.f. Brachiopods are found in all three major environe
t8, back-reef, reef, and fore-reef, Yusulinides ocour in
parts of the reef and fore-reef, but there are large con-
: mirations in the backereof transition and near-reef Carlsg-
strata. Abundant Sastropoda, pariiculariy large bellero=-
pnisy echarascterize the backe-reef urawsition, but they are
t evenly distribvuted throumh the temporal sejushoee,
) yeladncoan algee sare abundsnt in the transition bode, and
¥ also vary in abdundsnee through the secusnee. Forms which
designated as provable algae are found throughout the reef.
¥ith the exception of ealearenus gponges, st forme

iFring in the Slaughter are aleo found in abundance in the

®ity. lowever, nearly oll speeimens oollested in the fore«

t are erushed, worn, or broken, and thus are believed to

¥® been transported dowrward from the reef front.
it is further evident that #inee, in overall aspect,
fauns extende beyond the limits of the dlavehier eavirone

by blofaeles differentiation within the Slaughter does not

» lInstead this biostratigraphie unity whieh roughly

Tssponds in dimension to the Slaughter mewber, le regsrded

B8 single biotope.
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gtratigraphy

. genera of brachlopods and bryosoans agparently are
i]g rostrioted to any given part of the reef., The Forifera
v got lend themeelves L0 popation. Jollusea and Ooalentere
S8 are too rare to be of value., lowever, the fusulinid

was found %0 oxtend frowm the bese of the

' pitan upward (0 the top of ite YeCoubs (lower Yatss) agul-
snts The top of this sope is the oniy paleontolosie dstum
ch has been teaced through the Cepitan forsmtion.
Beecause of the difficulties of colleoting identifi-
foseils from the reef, and becstuse wost of the well
gerved silicified fossile of the baesin facies are trans~-
tod, statistienl aralysis of thees faunas is thourht to be
dublous value, Certainly the silieified forms of the
sin represent reef dwellers, but the percentages are subjeet
the chances of alze seleetion by winnowing, seleetive sili-

Reation, and perhaps other procesees.

logy
ifhe reef biota is rich in variety and nusbers, indie
ASing favorable living eonditions so that types of even small
dogie valenee (Liesse, Allee, tohsidt, 194%) eould thrive.
blotope extends throughout Cspiten time and indicates
tively conetant aeologie econditions.

éalinity, oxygen and carvon dioxide content, and tem

piture were probably controlied and stadilised by currents
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and across the reef. The eurrents should have bdrought
plankton 1o the iiving reaf and the organiensg of the
¢ itself provided food for sesvenvers. Alsse were res~
gted to the sone of photosynihesis, prodvadbly wlthin—aﬁmty
tars of the surface.
The type of botiowm may have been & econteliine factor
the distridution of the reef orgsnisms. Hoek, or at lesst
Fmy bottom is indiestsd between the heck-reef oslcarenites
the fore-reef breccias. Attached forme, Forifera,
ehiopods, Crinoldes, Bryosoa, and Coslenterata, which are
d theoughout the reef (¥igure €), should neeur in sreatest
anee on the type of bottonm suiteble for sttachment.
iadd (1950) sumrarisess
As has long been recognimed, reef orgenisme need
warn water and strong lisht. 7They aleo require some
Agitation or cireulstion of the water because they
are fixed and the water must dring food to them.
Thess three eonditions are most widely developed in
the tropiecal arces at shallow depthe, They must

flpo, of ocourse, have water of nearesormal ssilinity
and & type of bottom sultadle for fimation.

The type of bottom and ite dlstridution wes in turn

itrolied by the rate of subsidenee. 7ith an inereased rate

L Bubsidence (lamar time) the reef beoune narrower, and the

Nisme were restricoted to the most favoradble sone near the
Craet.
£9dydlexnding 1s believed to have deen & benihonie

Of rather limited acologie valenee. It lived on the
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Saf flat and perhape in the immetiste back-resf. Ilsrge

in the backe-reef beda, how-

trﬂtiﬂn& of i
)y Ay represent an environment of death yather than of

ifae
dirg at the end of

?,..hs tinme =ay give a eiue ss to thelr ecologle reouire-
Bhts. By the end of NeCowbs time the broad reefl flat had

» Q& and through the later Capitanian the recf was a
paratively narrow ridge. Uo other faunal ehangs is noted,
none of the acoloplo faetors are known to have changed

gr than the restrietion of the rock ®itom. Tharefore it
jiEht be postulated that a reef flat environment was required
;' Polydlexoding. This restriction to # reef environment is
P agresment witk the known occurrences af{ah@ genus in Vorth
“‘rlun. lowever, adiitional staatigraphie information on ite
pericee in Afghanistan, Darwas, aid Pursa (Thowmpeon, 19%48)
Y make this hypothssle untenable. The other Fusulinidae,
RRlR, Staffells, Codorofusiells (all small, light forms), did
§ seem to be affected by the marrowing of the resf Tlat.

| Although the reef flat was restriected in Lawar and
#t-lamar time, there s no evidenee ithet this change

| pted the back-reef sedimsntary or blologle environments

than by the elimination of inl e Insofar as

interprotation is corrsot, the presence of Yol

Whe back-reef sodiments wouid appear te represent purely

nical concentrations of tewts derived from the reef flat.




The Capiian is divided into twe distinet neaborsy the

il
CONCLUSLONS } |

Blaughter or ormmnic reef nember, and the Colamity or foree

reef talus member, 1
The reef is an unbedded wase of fossil rewsins in a ”
matrix of semi-lithoprsphic white linsstone, Yorifera,
Brachiopoda, and fryoz0s are the most shundantly reﬁxeucntad
faunal elements. Juarts sandstone slmllar to that in the fore-
reef ond back-reef strata ococurs in dikes and pods throughout
the reef. The limestone matrix say have origirated as en-
orusting, lime-depositing alese.
The wpper fore-reef telus {Calanity member) is come
Posed of rudely bedded detrital iineetones varying in texture il
from bouider brecelss to sudstones. It containe the foesil
Fentine of all reef forms. The basinward ilmit of the

ﬁt‘ll&ity aenher ie placed in the zone whers bagin sands first

‘.Otur rather than at the basisward limit of the forsereef
\

The Capitan reef zrow on top and in front of the

Stral GCoat Sesp veef after a short(?) interwi of none |
eition Lnon-mrrowth). (-

Resf growth wes by scoumulation of the skeletal ree
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of organisms on the reef front dnd flat, whieh extended
i and upward over ite own talus. The upper limit
th was sen level. The death of the reef is bdelieved

pve boen caused by repld sudsidence whieh resulted in the

g of the snviromment required for reef bulilding orgene

Sponges, bryomoans, brachipode, orincide, and eigae,
';jmg.hgd forme, are econcentrated on or near the reef.
i bottom seeme to have been a controlling scoloriesl
for the reef organisme.
The zone of reef growth was controlled along the sube-
flexure between the shelf and the basgin, When subsie
® slowed, the reef widened and grew outy when subsidence
a s the reef narrowed and grew up. The rate of Sub=
progressively increased in later Capiten time.

The time of deposition of the Capiten formation is
“,‘-t %0 Bell Canyon deposition in the bdasin and Carlge
Bition in the lagoon. It 1s liwited delow by the

P formsiion and its time equivalente and abvove by the
eypsun,
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ILLOBTRATIONS

Figures 1 and 2 are direetly from Eing (1942).

% was prepared from photographs by Newell.

; 10 is plotted on a U, L. Zeologieal Survey Quad-
. ple base and the geology in the Texas portion of the
-,,.f'»il largely from King (19%8). Plates 11 and 12 were
ad up by Righy, and Plates 1, 2, 9, ard 10 were pre=
by Newell. The remainder of the plates and

88 ware preparad by the author. The illustrations
'_A'ﬁ,,‘_-nlnud from a group of forty plates and ninety-

figures prepared for the Joint Permian reef project.
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PROFILE AND SECTION
CAPITAN-TYPE REEF

not to scale

N & Q w Q
N S& & & S &
> Lo 0 . & < & S &
oﬁ g QO °. @ q° 4 ‘ ‘.l QO .\ Qo
Q d ) (3
) L @ & peer meer € ° o
REEF FLAT CREST FRONT FORE-REEF SLOPE _BASIN
sea level

Correlation profiles (A,B,8C) through the reef are shown by the heavy lines.

Section assumes even subsidence.

Profile and Gection.




IDEALIZED REEF COMPLEX

ARSI N 2

r ure 5. - Ideslized reef complex

A. The reef complex embraces all reef derived limestones.
It is divided into reef, back-reef, and fore-reef.

B. The physiographic or topographic nomenclature includes
shelf and basin.

b €. The ecologic zones are the lagoon, the reef, and the
- basin,
jte that there is no boundary within the reef complex (A) et the bot-
o8 of the reef talus slope. Although quartz sandstones appear, the
Ongues of reef derived limestone extend far into the basin. The Capi-
B formation does not correspond to the reef complex boundaries.




PROBABLE DISTRIBUTION OF ORGANISMS

|e—w—BACK REEF —}~—— REEF—}~—FORE REEF — I
] ! | MAXIMUM NUMBER OF INDIVIDUALS |
|

|
A BRYOZOA

A_._ PELECYPODA
“
. A GASTROPODA
{’r‘.\_ __‘—-—-_ ALGAE
8,
‘_ ECHINODERMA
L L _‘____ BRACHIOPODA
‘b—————wsuumms
— PORIFERA (Calcareous)

| |
| |

- Not to scale

s 6. - Probsble faunal distribution

Although this disgresm is prepared to represent life dis-
ribution, it is possible that environments of death are represented.
be Fusulinidee (principally Polydiexodina) mey have been reef dvellers
nd the huge concentrations in the immediste back-reef are merely
femeteries”. The diagram wes drswn from fleld observations end from
eciner collected. It in no way represents a statistical study.
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CAPITAN

WALNUT CANYON
WEST SIDE AT MOUTH

- Cross section through Walnut Canyon.

.
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PLATE 1

PLATE 1

a‘f‘ e S s
Ficure 1. SouTHERN GUADALUPE MOUNTAINS
ward the north-northeast. Ll Capitan near center; reef scarp on right, west side fault scarp on left.
(Muldrow photo).

Fraure 2. View NonrrieAsTWARD ALONG CArrraN REErF Scarp
ned embayment in the reef near mouth of MeKittrick Canyon. Abrupt transition from reef Lo basin
deposits in foreground.  (Muldrow photo). .

REEF AND WEST SIDE SCARPS
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PLATE 2

REEF AND REEF TALUS

FIATE 2

REEF AND REEF TALUS

Algal head, family &ponglostrous, in fore-reef
sud flow, poat-iasar egquivalent. Slaughter
Canyon at mouth. Ioeality 796.

Crinoid stems in near-reef Tapsill strata, Dark
Canyon at mouth. Ioeality 822.

Sandstone pods in reef roek weathered to show
laey pattern. Double Canyon. ioecality 852,

sandstone dike in reef roek. Forth 8laughter
fanyon. loeality O3,
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31?“39 2e

Figure 3.

FPigure b4,

Figure 9.

Fipure 6.
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PLATE 3
REEF PAClES

Eadial strueture in fibrous ealcite.
ioenlity 833.

duarts sandstone dike. X 5, loeslity 770.

éandstone pod showing fivrous ezleite

and enerusting algas. X 10. loeality 836,
Sandstone pod with esleite kalo, X §,

invality 78%.

dandstons pod, fibrous caleite, coral
satrix of reef roek. X §. loeality

sandatone pod with fibrous caleite.
ioeality 790.

X %

ha

and
836
X 2%

REEF FACIES

PLATE




i
| PLATE 4

PLATE &

REEF FACIRS

Poselil devris in matrix with enerusting algae.

2+ LGeef rock showing fusulinid and sponge in matrix
of shell debris and fine-gralned ealeite, X 95,
iocality 813,

3« Two ecaleareous sponges in reef rook. X %,

% Calcareous sponge, algae xgg;aﬁgagfﬁ §’¥E€‘
Johngon 1%51?, vug lininge, and radie. rous
eslelte in reef yock. X 5. locality 845,

Se 2§§earanua sponge in reef roek. X 5. Ioeality

6. Heef roeck. All reef rook appesrs seni-lithoe
graphie in hand speelimen and has a splintery to
eoneholdal fraoture. X 5. loeality 4956,

REEF FACIES




6? : PLATE 5

Figure l. fiydrocorallines {fide J. B Johneon)«
erusting coatings on some of them &rs ;
jow lime-depositing alpes.” (J. B. Jo Ny
pors. 00Ome)e X 10. locality 79%.

E Figure 2. Algae (50i300R0E0 texana Johnson 1951). X\
| ipeality 9D _
: Fipure 3. Gtame ns Figure 2« X i@.

i Figure &, OSame ap Figure 1. X 2%

\ Pigure %. Game as Figure 1 (different speeimen).

| Figure 6, Game as Figure 5. X 10.

REEF ORGANISMS




1 ‘ PLATE 6

PLATE 6

HEBF OROANIGH

lydroenrallines (see Plate ¥, Figure 1). X 10. I
iocality 799.

Same as Fipure l. lote fibrous caleite, X %,

Bydrocorallines and encrusting algae. Jote
fivrous caleite and sandetons stringers at top. fl |
):» s. Ib“li ‘y 7‘?00 \“ \‘! “‘

e Hydrocoraliines. X 295. Iocality 794%.

H\ Same ae Figure &, X 10, i
K fame as Figure 4. e
1
. ‘
R
; [ |
1 I | 5

REEF ORGANISM




PIATE 9

REBF ALZAR
e ' i %

b

alges. X 1, Ioeality

Johnaon 1942, eal
) 3

Same. Fleld oeeurrence on old stare posd a
Fhite City. Ioeality 515.

REEF ALGAE

PLATE 7




PLATE 8

tt,d"lf’t 8
HEKF sPONOES
X /2. loeality 420,

iarge emleareoue sponge
Wweality 823.

Cystothalanis ep.)

REEF SPONGES
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Fraure 1. BLue Ripae, LEFT, TO STUMARD PEAK, RianT
Inclined forercef hedding planes are conspicuous on Bartlett Peak, upper left,
but Shumard Peak is composed of very massive rock.

1 PLATE 9

i
f‘ j WEST 5108 SCARP
|

Ficure 2. BLUE RiDGE AREA
Massive Goat Seep reef, upper right, passes abruptly into bedded backreef to left.
Lower cliffs formed by Victorio Peak member of Bone Spring formalion.

WEST SIDE SCARP




PLATE 10

Ficure 1. GUuADALUPE PEAr, LEFT, AND EL Caprrran, Ricrir
Forereef inclined beds reach high toward the summit of Guadalupe Peak which is eapped by
horizontal backreef beds.

Fraure 2. Suumarp PeEAk, LErr, 10 GUADALUPE PrAK, RIiair

WEST SIDE SCARP

PLATE 10

VEST SIDE SCARP
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PLATE “FI*

PIATE 11
FORE~-BEZY TALUS

Fleld views of fore-reef brécelas, aud lunp® '
bYoulders, ant mud flowg in the i‘!r\siamity eI

FOREREEF TALUS
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PIATE 12

PORE-REEZY DETRITUS

Thin sections (¥ ¥) of the fine grained fore-
detritus of the Calamity mowmber. Note the brecciated
broker foseils typical of the fore-reef. This mater-
| may form maseively badded dopoeits or % o matrix for
Arger breceiss.

FORERELEF DETRITUS
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METEODS OF SWuDY

i ¥ield work was earried on during the summer of 1950
'ind‘wnn restricted to the ares of Capitan oulerep between U1
Tihgxnan\:nd Walnut Canyon (Figure 1). Lithologio and paleone
“.10510 samples were oolleectsd from 110 locallitles (Figure 10
,ha‘ Appendix) , contacts and lithologies were noted on each
f!.atltty traverse, and panoramie photographs were taken where
1f,pllcuhaa. From these nuti. and from asrial photographs, a
;.rlogio wap of the Capitan forsstion (Figure 10) was pre-
‘{ red on a U. &, Geolorical turvey Juadransgie map dage. In
? ares south of the Texse-How Hexioo state line the faults
 n. formation boundaries are larpgely from Fing (19%8). The
eollections were generally made from the most foseiliferous
doealities in the reef rather than as typieal or line sauples.
no quantitative study =ay be based on the colleotion,
fhe entire sarple colleetion is deposited at Columbia Univer=
Bity.
iavoratory work and writing were done during the
2 ter of 1950 and the epring of 19%1. Paleontologic exemie
Mtion was made of the entire eolleotion, whenever possible
B collavoration with a student of the particulsr fossile

&r eonsideration. The petrologie aspeet of the collection
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sas studied from hand speeimens, fleld ndtes, field photo-

graphs, polished seetions, thin seetions, etched surfeces,
peetate peels, stained surfaces, and by chemieal and spectiro-

graphic analyses. Speectrographic quantitative analyses

(Fable 1) were made by farl Turekian under the direetion of
r. 7. Lo Eulp (Columbia University). Chemieal analyses for
:-1omit¢ were based on the differential soludbllities of cale-

elte and dolomite with respeet to acetie and hydrochlorie
w;ai.l Two stain tests for differentiating ealeite and dolo~

pite were useds (1) ferrie chloride - ammonium polysulphide,
Y {2) silver nitrate - potassium chromate (Holmes, 1921).

L2
Both tesis are applieable to relatively ecoarse-grained lime-
o y but the dolomite tends to be masked in fine-grained

Y tones. deleected saumples wers tested with ether for

oluble hydrocarbons. Thin sections and photographs are filed
1t Columbia University.

~ Orams sample - grews i0pli302 ineoluble = groame CaCly
| Brams ©0gl30p insoluble = grame HC1 insoluble =

a.‘
g.ﬁﬂ (093)2

100 x = £ dolowmite

grame sample




DESCRIFTIVE PETROLOGY

. $laushter lember

Approxizately elghty per eent of the reef is seunie
- lithographie to lithogrephie, white to eream limestone with
| eonchoidal to splintery fmueturt. In thin seection the rook
‘48 seon to be an agglomeration of very fine fosell debris in
'8 matrix of felt-~like caleite crystais (7late 4). The debris
". 18 composed of skeletal remains of all types of fossil forms
:lnavn in the reef. In wost cases the matrix abnprinto nore
- than half the total and is sometimes recrystalliszed in redial
pattorns of caleite fibers (Plates &, Ficure € snd ¥, Figure
1)« Openings in the reef rock way be lined with fibrous ecale
leite, filled with quarts sand, or filled by secondary caloite.
The youngest imown reef rock (Walnmut Canyon) is brown,
Father thap almost white ag in the older yértionn of the
:!iof. This oolor is dﬁa’io the presence of lisht yellow-brown
srude oil, :
' dandstone dikes which oecour throughout the Slaughter
PEORT o be somevhat wore adundant in the older portions.
eand grains appear identicsl to those of the dacke-reef
Mntdetones which consiet of fine, very angular, frequently

iehoidelly fractured quartz. Some of the quaritz graing
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superficially resewbls glass shards in form and luster. The
dikes consist of Tifty to eixty per cont quarts sand in &
eaicite matrix. The matrix wey be dolomitized locally,
especially at the llimvetone-gandetone contact. 4 feow dikes

miy be traced Tifty te one hundred feet alony the outerop.

These dip almoet vertioally, strike parallel to the reef front,
‘gnd vary frowm & few inches to seversl feet in width,
3 ; |
Sandetone pods, which ocecur throushout the reef, are

bighly irregular, with a maxisum dimension of one to twe

v

inches and sre, in wany ceses, dolomitimed at their contacts.

Un outerops they form an anastomotie to lacy pattern (Plate 2)

the quartz grains of the pods are like those of the dikes.

Fibrous enleite, which is common throushout the reef
B *

i shown in pholoulorographe (Plates 3, 6, 8). In some cases
Shis caleite fs cavity fillimg, while in others it represente
Pecryetallisation of the matrix. Pibrous esleite also supre ‘
wunds each sand pod ard is present at dike boundaries, and is w
#lightly more dolomitie than the surroundins resf yook (Table
dy loeality 836). _
dpeetrographle quantitative analyses show very slisht,

&F any, dolomitization in the reef rock. Thirtesn sample

doenlities show & minisum of 93.7 per cant uaau3 with & majo-

PRIty showing 98«99 per eent Call, (Table 1). i
] -
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TABLE 1

CHEMICAL ABALYSRS OF REEF ROCK

LLE 17 - T—

xxx  G%.4 o3 .05 ) 0 eontrolestalae=
tite

856 990 o7 o3 o 0 Glaughter menber
853 95.0 o7 3 0 0 - »
545 $9.2 5 «3 0 (4] " »
836 960 3.6 o« 0 0 " "
833  99.4 ol .2 0 0 o "
818 98.9 .8 o3 o 0 . "
1813 98.0 L9 .2 0 0 "
81k 93.7 6.0 o3 0 0 Calamity "
803 97.0 2.6 3 0 0 Slaughter ©
7599 976 1.9 2 o5 0 . "
796 77.3 22.% 2 ol «1 Calamity -
7% 99.3 5 3 0 0  @lsughter ™
- 789 970 9 1.8 0 0 " "
775 96.0 3.8 ol s3 0 Calamity "
688 5. W3 .3 0 0 Goat Seep ieef

Anfons only weres messured. All ealeium ls reported
‘:: ealeium carbonate, all magnesium as magnesium carbonate,
€ A




Colamity Ehubir ;

The reef talus is made wp solely of reef debrisg it
ie rudely stratified in raseive beds with a prisary basinward
dip of five to thirty-five degrees. Fear the reef, bveds may
be fifty to oné hunired feet thiek, but they are five to
twenty feet thick at the besinward wargin where they are
rocognized as part of the Bell Canyon formation. The debris
varies texturally from mudstones to boulder breceiss. The
rocks are not easily characteriged, dbut most of the Calamity
monber consists of & very ooarse caleitio sand made up of
fraguente of fossils and reef rock. The amount of matrix
varies up to eighty per eents The interetices of some drace
clas sre filled with & quartz sand-caleite metrix or with
secondary ealelite, but the usual metrix is fine dedris and

dithified enleitie wud. Although some gquarts eand is found
; there is wuch lese than in the reef. 5o pode oocur in the
” Calamity wember and few of the sandstone dikes extend down
| into the detritus. 041 staine occur in eome brown, poste
lamar equivalent, cninmity‘limoctcaoa.
| Polomitization is patehy end erratiec in the Calamity
| Member. liore dolomitie patehes were obesrved in the older
' Salus than the yanngir talus. In the Reder equivalent the
‘dolomite varies from sero to seventy-Tive per eent (differen-
1!&.1 insoludbles test). There are no visible boundaries bee
tween the caleite detritus and the dolomitiszed patches, but

$he gradation may be observed with hydroochloric aeld tests.
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The fusulinid teste were dolomitimed fifet. Hing (19%3) pives

two foro-reef analyses. The lamar ejulwvalent limestons at the

wouth of Heiitirick Caryon ls 71.47 per cent CaCly and 27.84

per ecent ugeﬂsg a fore-reef limestone (probvably Rader egquive
aient) from Fine &pring Canyon fe 92.06 per sent CaC0y and
7.23 per cent @geaa.




Fauna

Becuuee the detalled probiems of systematio paleon-

tology ars baing puﬂm& by other meubers of the research

group, only the oceurrence and distribution of previously de-
termined forms are treated im this report.
PEYLUN PROTOZOA

CLABE SARCODINA

The large eylindricel fusulinids, Folvdiexodins sapi-
lanonslg Dunbar acd Skimner 1931 snd F. ghusapdl Dundar and
Skinner 1931, are found from the base of the Capitan to the
top of the licCombs (lower Yates) equivalent of the Capitan.
Zolydiexoding is identified in thin and polished seetions
from pumerous localities throushout the S8qUSNOa.

The ssall fusulinide, Ztaffells fountaini Dundver and
Skinner 1937, leela helluls Dunbar and Skinner 1937, and
Sodonofusiella parsdoxies Dumbar and Skinner 1937 appear in
sowe of the thin sections, beeoming relatively more abundant
in lamar time,

PHYLUM PORIFERA
CiAGS CALOAREA

MIPRES  os
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%ﬂu heo 690 691 693 69y 9m Zgg

760 gﬁﬁ 335 97 7t &03
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1; 8&3  2% ags ggg 630 3

0 6852 8% §
- O % 8§ a56
anplittd .,
W oal 420 €691 &9 71 -
oa es g;g

29% 97 8 1%
ds Ly 85 &5

ot |
M 831 856
A 0 92 823 830 S5  Bse

s e ,.ﬁ.j'...‘v ;. “ 789 656

33

693 M 772 M
_;g 70 782 9 78

* ]
8O g23 ggg ag 330 g;;
835 8% w7 av2 859 896 &

Caleareous sponges are the wost importent roek bullding

m%" sealities 20 68 691
Z‘Zé 778
19

Organisws in the reef forms tion., 7They cesur throughout the
Slaughter manber, but are rarely found in the Calamity membor.
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From this preliminary etudy the sponges do not appear to
have any time-stratigraphie sigpnifieance within the Capiten
formetion.

The eponges were identified by Nobert Pinks and the

author. DPecause thess spoeimens wers ot ctudied in thin

ssotion, souws gensrie identifications are gusstionables

howevar, some specimers could be speecificnlly determined.
Woet questionable gensra have been placed with Yirguig as
many calearesus sponges without defining ehurseteristiocs

regouble that genus.

PEYLUY CORLENTRRATA
CLABL HYDROZOA

Hydrocorallines ocour in & few of the thin sections,
loealities 799, 790, and 7%% (Plates ¥ and 6). They were "
originally thought to be algas by the author, but J. H.

Johnson {(personal eomsent) stetes:

The prineipal organiems, that is, the conieal
forms that are owel or ro in uctimx ars what 1
have previously interpreted as hydrocoraliines.
They have suffared consideradle reorystalliiszation,
but the pressrvation and alteration is very simlliar
to that shieh I find in some of the eovals arnd
hydrocorallines from the Tertisry reef liwestones I
an now studying from the Faclfie. liowever, I anm
HOY &h expert on the group, o I would suppest that
you have them checked by someone who is., In any
cagey 1 do not eonsider them to bYe slpgae.

CLABE ANTHOZOA

Corale coccur throughout the reef as a very ninor conetie
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tuent. Joet of the forms are swall horn corals (Jophophyle~
Aldive and Caninia), although one speeimen is two inches in
diameter and six inches long. Only one genus of eolonial
eoral, g%ggggg;g,-wau noted in the reef although several
gensra, found in the silicified basin oovllections, are be-
lieved to have beon reef dwellsrs. Corals were collected
at the following loocalities:

€9 80 788 0 2 Ao ' 820
azg ggg gak #26 835 ok2 456 ggg

PHYLUS BOHIRODERNA
CLAGL CRINOIDEA
Crinoid debris is found throushout the Capitan forma-
tion. The only cowmplete étems were found on twp of the reef
and in eh@ iumedlate back-reef in Durk Canyon (Flate 2).
Fragments of erinold stems and plates were collseted
from the followings loealitiest
695 ggﬂ 771 73 ™ 779 58 90 792

g1 82z 2 B29 0 : 83
Bw7 850 8%¢6 857 . " ol

PUYLUN BRYOZOA
CLABG ECTUFROCTA

M e oM s 786

i 7%7 800
815 819 @2 827 &n 8 0
Oh7 096 35% ’ ’

%ﬁoﬁlitgau 809 @93

3
83
5




Mﬁﬁlﬂtﬂ

%&n 7 79a

Ioealitiss 7 856

Hoca11t1es BT T8 W W

The Bryosoa are distriduted throughout the Capitan
formetion and are present in the basin sediments as well.
in ;uur and post-lamar reef ejuivalents the bryowoons seem
relatively wore abundant than in the older portion of the
reef,

The Bryomoa were ldentified YW Noger Batten, J. %,
iKighy, and the author, Gowe few specimens eould be speci-
fieally ldentified, but the specivs do rot appesr signifie
cant in establishing b“lostratigraphie sonation.

PRYLUN BRACRIOPODA
CLABY ARTICULATA

% W (Shumerd) 1858
Sengle 5 - Mgy i) 10




W {;_m Brangon 1930
W M (Ha11) 1897
m%uu Ly 820

jensle ;a-t:mr) 1509

mng;ﬂ;g;na%auu 1509
Zlelaspice W oirty 1909
M&ﬁ%&mm (chumard) 1898
mﬂlmm %m oirty 1909
Rulpiitte a7 o
i,
scjpia gapmasian, 117
% M hfmurd) 1858
g%w adaluponais Hirty 1509
unejospipifar biiljpeal (i) 0
Sowpriagis mndalugigels oS o’ 15
%ym (;‘u!:z;g) 1931
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5 : ia ( Shumard) 1899
tios ;’? 806 B4 893

s vspusta (91rty) 1909
\ enuata, (31rty

sderel. hi@&a&ﬂlﬁhiﬁiyty} 1909
Jtoenlity sa7

p (Girty) 1909
801 GO W

anggﬂgjih(I&ak@rny§ah@w)? 1902
¥ 7

ddana (oirty) 1509

&,

Ble )
w837

The Brachiopoda are distribduted throughout the Glaughe

tor member, the Calamity member, and into the Bell Canyon
formation. In places pockets of drechiopods make up approx=
imately sighty per cent of the roek, but thelr ueusl ocour-
rence in the veef is as seatiered individusis in poeition

of growth, The ghell ie often empty dut the gpiralise may

be caleified and preserved, In the reef tsius the shells
&re worn, broken, and filled. 7The brachiopods were identi-

fied b Frank Stehli.

PRYLUN H0LLDGCA

CLABS PELECYPODA

Faleoypoda nre vere in the reef, They were found at
only twelve widely seattered loecslities; thorefore, they

appear to be of no stratigraphie isportance.




CLABE GAGTROPODA ‘

Bellerophontid and natleoid sastropoda are somewhat
more abundant than yoiu,ymd» but because the forms show no
dietinmuishing eharasteristies, they are not regarded as
stratigraphieally diagnostic. They were eollseted from
loecalivies gg% 7% 811 S22 82w 830 83y 496

CLAEE GCAFPEOPODA

The seaphopod, flszioglypta genps (White) 1874, was
noted at seversl loeaslities and enlleeted frow loeality 843,

CLABS CEPHALOPODA
The Cephalopoda sre represented bW e rw gyroedone to
ophiuni nautilodde at looalities 773 799 850 899.

The genus Joordicerss is represented.

FHYLUM ARTHROPODA
CLAGSG TRILOBITA
Only & few trilobite fragments weve found in the rnf.
“everal pypidia, and one esphalen of Anlspyze W
(Shumard) 1898 were collected from loealitvy 803.
PRYLUN THALIOPHYTA
Unly two species of aloae have been definitely looated

within the reef, folienells guadaluver

1951 (Class Ahodophyta) (Plate %). Oecasionalily desyclads-
¢ean aigae (Clase Chiorophyta) sre forme, but these were
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probdably transported from the lagoon where they oeeur in

great abundance. However, mueh of the reef 1s made up of

verniculate, "bird'as nagt,” and “eabbage hesd” atrustures

whish are dbeileved to de of algsl prigin. Of the “eabbage
head," lbeality 26 (Piate 2), J. H. Johnaon {(perwonal ocom-

ment) seys!

The dark eloudy patohes are algal + « » 1t bvelongs
te the general family dponglostromi, of whioh the
solonies are made up of molde of 5 felt~1liks wass of
shread-like filsments. These develop growih 20N,
and in the larger colonies, the outar surface is
coverad by turrets and digitate protubsrances. They
are separated into gensrs and gpecies on the dbasis of
the growth mons of the colonles.

The menus Opllezellg belonge to thls same family,
and show about the same Lype of microstructure. They
could form uasces as lArge 86 that shown in your photo-
graph 796. Usualily, the larger the oolony, the more
foreign material ls used.

inerustations bellieved to be Algee are found on sAny

of the other forme. Johnaon statest

The everusting costings on sowe of them &re prodably
jow lime-depositing algme. (Flates g and 6.)

A few of the dsrk patches present in the slide
probably represent mmgses of low lime-dspositing slgae.
(Hot illustrated)

The algal structures appesr to se more adundant in the
younger part of the reef dut are found thyoughout the

glaushter mamber.
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Colleeting localities in the Cusdalupe Yountaine.

683

684
685
686
687

€80
€39

6950
691
632
693
69%

695

76N

765

forth Nefittriek Canyon - north side on ssst side of
large ravine seetion 27 at base of eliff, &88¥ 7327 at
6‘m0 ) }

-
Forth Werlitiriek Canyon - porth side 100' below 683.
forth Nelitirick Canyon - porth side 100' below 684,
lorth WeXittrick Canyon - morth side 100' below 689,

?nnhﬁaﬁittrinx Canyon - porth side 100' below 686,
pre-Lolydiexcding)

fiorth HeEittrick Canyon - in orsek bottom below 637.
(pro=- & 0 )

Guadalupe Peak - due esst of BMEY61 and 150' below top
of peai.

Guadalupe Peak -~ sast of BUBP61 snd 30' delow 689.
saet of BUEPEL and 100" below 690.
Ouadalupe Peak = engt of BUST6L and 100' below 691.
Guadalupe Feak - sast of snd 100' delow 692.

Guadalupe Feak - enwt of and 100' below 693 at head of
fuadaliupe Canyon.

Ousdalupe Feak - float 200" below 694 in Gusdalupe
Canyon.

Fine Spring Canyon - in bottom of oatyon upsiream from
;{ir&st tributary above Devil's Hall 0B BuS761 at 7100'.
ipre~folydliexodins '

Fipe Canyon =~ on trail rorth side $00' adove point wherse
trall erosses oenyon.

Guadalupe Peak

—_—




766

767

769

770

771

772

773

775
776
777

778

780

cand Fratt lodge (above lanzanital Haneh fTence line) on
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‘ )
dattlesnake Canyon - north side near wmouth at valley
level under first coxeowd., (post-p

Gunsight Canyon - north gide near wouth st lowast oute-
erop under high eliff below 768. (post-Polydiewodinas)

Sunsight Canyon -~ pnorth sid
neayr south at $300'. (pogterd

Black Canyon - south side at valley level at bage of
firet coxeomd above Franks Upring st 5000'. (post-

g

ol T

Forth Melittrick Canyon - north gide first wejor spur
above Fratt lodge (Bathtub Ridge) in the saddle on the
erest of the ridge at 6000%.

Horth VeXitiriek Canyon - Bathtub iddge on nose overe
looking saddle at 6150, ;

lorth Mekittrick Canyon - Bathtud Sidge at base of eliff
on erast of ridge at 6300,

Neiittrick Canyon - on large spur halfway betwesn south
g;sa} of ridge avove unmapped knodb at base of eliff at

-

Mefittrick Canyon = on large spur halfwsy detwsen mouth
gggafvatt iodge on erest of espur 150" above knob at
N _

Double Canyon - enst side of canyon &t stresm level 859w
of Bi6225 at 5050'. (wﬂ-éfnﬁ:mﬂw

Jouble Canyon - bedroek under caiiche at stream level
west side SL3¥ BEG225 av J000'. (post-folydiexodina)

fouble Canyon - &t stream level under first nose south
eide of stream S11¥ HUE22% at 4900'. (post-Folydieroding)

Lnfthmgk;ﬁunynthn igo' ;a:t of draw wost of first large
Goxeomh on norih side of eanyon on level of ianzanita
elump 6894 BN6229 at 5300’.av?yaat-ﬁ

lafthook Conyon - prowpeet pit in eave north side of can-
yome (post-folydisxodine) '

Lefthook Canyon - on sheeting below and esst of sOxeonb

north side of canyon 100' above siiuvial Lerrace L7728
BH6225 at 5150'. = (postePolvdisseds o
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Slaughter Canyon = east of coxeouwd mouth of ‘ou
side §120 BUSS2% at WI500'. (post-Poly :

Blaughter Cenyon -~ under ¢oxcomd north side at mu%h at
vallay level west of 781 at 4300'. (post-folydiexodina)

Slaughter Canyon - under epire in front of coxeosb north
nxd: a; mouth 100* eapt of 781 at L350'. (post-Zoiydje-
xodina

Slaughter Canyon - at base of firset low epur north -iao
at mouth 300' east of 753 at 4300'. (poste

Slaughter Canyon - south side at wouth on road level 300'
in from 797 and 300' out from 766 at 4250'. (post-foly~

Slaughter Capyon - at base of low spur south side near
wouth at road level 300' west of 705 and ”500' east of
787 at 4300', (post-igiydiexodipa)

Slaughter Canyon - wouth side M. base of first opur utt
of mine dump house on read at 4350°'. (wst-

dima)

slaughter Canyon ~ prominent m“ bvetween Llsughter and
West Slaughter Canyons on t.op of major knod just delow
Calrsbad forsation at $200'.

Slaughter Canyon - on ridpe batween West Ulaughter and
Glaughter Canyons about 200' abvove valley on &huﬁhtor
Canyon sube-spur vnose at L250',

Slasughter Canyon - on ridee between West Slauchter and
élaughter Canyons about 200' avove valley on olaughter
Canyon subegpur nose st 42%50',

dlaughter Canyon - on nose botween West élauchier and
Slaughter Canyons on top of lowest proainent knod abdove
790 and bhelow 759 at L700°,

Slaughter Canyon - north eide at bege of eliff in gully
oppnit.o Ogle Cave 87%%W BEST24 at 5150'. (post-folydlez~

Slaughter Canyon ~ north slde at bage of cliff on spur
on eapt side of Ople Cave sully (oast of 792) s7w
BUS52% et F100', (post-fglydiexodine)

dlaughter Canyon < north side 200" below bage of cliff
(793) at 4900'. (post-folydiemodine)




795
796

797

748

799

800

go1

- Boz2

803

809

809

109

¥idnight Canyon - south side at wouth loweet outerop at
L300'. (post-Boliydiexodins)

glaushter Canyon - north side at mouth at wvalley fleoor
S16% BEST2% at L200', (post-Fol 0.

&laushter Canyon -~ south side at =outh lowest outerop at
front 300' dast of 789 at 4250'., (post~Polydierpdina)

Heollittrieck Canyon -~ north side near mouth at base of
¢liff under three caves 8215 triangulstion station at

625@' L] ‘a”ﬁt" e

HeRittrick Coanyon - north side at wouth at bhage of firet
eliff $h%0E triangulation station at 6500'., (post-fgly-
diexoding)

HeHittricek Conyon -« north side at mouth in saddle gut
east of first oliff &h2K triangulation station at ',
(post-Zolydiexodina)

Heoittrick Oanyon - north side 300' west of crast of
ridge above Pratt lodge at base of ¢liff at 6300,

derittrick Canyon - north side 100' west of crest of
ridge adove Pratt lodge at bess of eliff at 6200'.

He¥ittrick Canyon « north side at erest of ridee above
Pratt lodge at dbase of oliff at 6300'.

YeXittrick Cenyon - north side 300" esst of ereat of
rug’ ahove Pratt lodge at base of eliff in ravine at

635
HeXittriek Canyon = north side on mose porth of saddle
in ridge avove Pratt lodge at 9%500'.

FeEittrick Canyon - north side on flat above saddle on
erset of ridge abvove Pratt lodge at 6050'.

Holittriek Canyon - north side 300' sast of erest of
ridze avove Fratt lodgs 150" below 80L at 6200'.

Vhite City (stage yoed) - on old stage road south aide
of spur o‘gmh of Bat Cave Canyon at 3700'. (poste-iply~-

iR,

White City (stage romd) -« 100' up stage road fyom 8080 at
3725'. (post-Polydisxodine)
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White City (stapge read) -~ at top of' stage road ocut at
3950'., (post=fg; ) )

Thite City (stage road) = on crest of spur adove stage
road at 3879'. (post-fglydierxodin

Borth Helittriek Canyon - on ersst of spur south side
S1LW Pratt iodge at 9900'.

North Kelittriek Canyon =~ gouth eide on erest of spur
top of nose avove 812 at 6150, :

Sorth Nerittrick Canyon - on erest of spur south side
helow ’812 at 5500'.

White City (stage road) - in stage rosd cut half way
botween 509 and 810 at 3800'. (post-folydiexoding)

White City (¥alnut Canyon) = south side at valley floor
100" inside lational Fark fenee at 3680'. (post-igiy-
diexeding)

7 Uhite Clty (¥alnut Canyon) - south side 200' up canyon
from 816 and 100' above walley floor at 3800'. (post-
* PFolydlexodina) :

¥hite City (Bat Cave Canyon) - slump dlook 3I00' into
canyon on valley floor south side at 3679'., (post-
Eolydlerxodina)

White Clty (Bat Cave Canyon) - on crest of spur south
side at lowest outerop at 3700'. (post-Folydiexodina)

#hite Clity (Walnut Canyon) « on erest of spur between
'_ih;nﬂt and Het Cave Canyoms just adove ’ﬁﬁ?,g s Lpoat-

Jurnigan Canyon - west of highway north side in bottom
of eanyon. (post-folydierodina '

Dark Canyon = north side at south at lowest OULCTOP.
(post-Eoiydiexodina)

hite Clty (Bat Cave Canyon) = south gide at mouth on
lowest outerop at valley bottom at 1640', (post-Pgly-

Dark Canyon - north side 100' up the eanyon from 822 st
valley level. (post-Zolydiexodins)




626

827

528

829
830

831

833
83%
835
936
837
838

839

832

isoarypuent - lowest outerop on os
fanch at 31779'. (post-Polvdj

Epcarpuent - Yage of epearpment on east side of eanyon
gihukhurry?) with Carlsbad Cavern power line at 3500'.
post-Eolydiexodine)

L

edrpment 368 Fipkin

ik of

fattlesnake Canyon - north side at stream level 600*
downstream from Utons Aanch at W0¥0'. (post-Eolydiexc-

Gattlesnake Canyon -~ low polnt of epur between Hattle-
snake Canyon and the firet tridutary to the south at
h000'. (post-folyilexoding)

Rattlesnake Canyom = north side half vu{ wp firet ridee
at =outh at 4000'. (post-folydieyodine

Aattlesnake Canyon - north side at wouth 150' west of
829 in draw st 1000'.  (post-Zoiydienodina)

fattlesnake Canyon - on erest of escarpment south of
wouth 818V Stone imneh st L7901, (post-Folydiexoding)

Rattlesnake Oinyon - orest of esearpment south of mouth
due south of Gtone Ranch L0O' east of 831 at 4650'.

(post-Zolydiexodine)

fattlesnake Canyon - half way down spur balow Bu¥LE
south side of wouth at 4250'. (post-Polydigxodi

Slaughter Conyon - porth side base of eliff opposite
Fest Jlaughter Canyon due east of BEFS2M at 4950',

élaughter Canyon - north side 300' morth 8i% at low point
of ¢liff at “W500'.

Slaughter Canyon = north (esst) side at low point of
eliff acrose draw north of 835,

dlaughter Conyon = north (eset) side at base of last
eliff (three draws north of 536) HE2ZW BUSS2h at 5050,

Slaughter Canyon = north (esst) side at matural bridpe
at end of oliff at 5100'.

Hueve Cinyon - on spur north side of first canyon sast
of usvo Canyon at mouth om first flat above valley R4
ﬂﬁﬁg&h ’ﬁt hggﬁ' L] {pﬁ"' = 3 8 RO S Nl




8.0

108

Suevo Canyon « spur at muth_mrth' side firet eanyon
east of Husvo Canyon second knod from top 150" avove

. 33‘?. (poit-i

8hl

Gha

843

ahly

By

B46

847’

48
L

850

85%
855

fusve Canyon -~ morth side at wouth of canyon east of
liuevo 20 under nose at top of spur adove S40. (poste

Huevo Canyon = north side of canyon north of lusvo ShOw
of epire north of Nueve at 4700'. (post=f
)

florth Slaughter Canyon - east side on trall above cone
flusnce of Horth and diddle Slaughter Capnyons H3aW
BUT52h at 5050%.

ggrth tlaughter Canyon ~ gast side on trall 100' avove
o4 3.

&‘“ sleughter Canyon - east side on trail 100' below
<

Horth dlaughter Canyon - east side on trail 75" abvove
lowest outerop.

35422-1.!: Slsughter Canyon - sast side on treil 100' advove
LT

ldright Canyon - east side at =outh half way up dip
slope. (posi=-foiydiexoding)

ildnight Canyon - east side at wmouth at top of slope
under eliff which osps the hill., (post-Polydiexodina)

ildnight Canyon - eastl eide on top of ridege between Wid~-
night and alnugkﬁax)eanyonﬂ direetly above lew Cave.

(poet=i

Doubhle Canyon - at vase of coxcomd south side opposite
Douhle Trall at S200',

Double Canyon - south side opposite Doudle Irail 200°
above 651 on coxeomb.

bouble Canyon - south eide opposite Doudble Trail 100°
above 552 at hage of elirf.

Double Canyon « porth side on Touble Trall at %600°'.

Aattlesnake Canyon - in saddle on srest of sast eide of

canyon at mouth at 4300'. (post-folydisxodina)
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Jouble Canyon - nesar head of eanyon lt ¥alls in hottom
of wailey.

857 White City = in ereek mtwm jwt aeross road from lower
watey ank. (pi)ﬁ«t—'ir’ L%

858 dekivtriek Canyon =~ north side at wouth 100! MMw tap
of tose on erest of pidge at 6250'., (post-fplvilem

| ! 899 Helittriek Canyon - north side at wouth top of nose &508
b \ Triangulation station at 6350'. (post-Eolydiexoding)

| 860 Yueea Canyon - north eide abtove turn in canyon at basge
1 ‘ of nose of cliff Ké2E *5071 at L8%50'. mwt-mm-
| dine)

l L20 Ble Canyon - tﬂmrn up the north side of ridre to the |

noerth of the Gray Hanehy at the esstern ad of lopesome \
fides. (Colleeted by Blake, ¥igher, snd Yhiteman)
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