
U.S. DEPARTMENT OF THE INTERIOR

GEOLOGY OF THE STATE OF MORELOS AND CONTIGUOUS AREAS

IN SOUTH-CENTRAL MEXICO

Carl

U. S. GEOLOGICAL SURVEY 
^S Open- File* Report

This report is preliminary and has not 
been edited or reviewed for conformity 
with Geological Survey standards and 
nomenclature.

IV



of the study and procoduros followed* ^*-** 13

of area to Ble^deaa ^ysiosi^pfctlc proylncae-

and

Pre- Pleistocene draina^e^***>«*«"'"""«*'"«>*^»«^   M   *    30

i» «*»». » «      »»»,«<m».aKi»<«»«» 32

volcanic t and nictassorphlc rocks-*-*        ~ 3? 

G-enoral feature c~-»-~ *   -    *-    *. **>»»*!   -«   »* *,» *    »** 37

Distribution and

and thickness* .      « *     MM««H*MM.««M 43

and c orre la tl on~~ *» M ^>»»^*.^t**- ̂ *«^«MB   M»*»^.  »  «- 45

Iv



COHTEKTG  Continued

£0dlnontary f volcanic f and ssetasorphlc roo>:8~~Contlnued

T&xco Vlejo green volcanic series *-   ~~   -   «     - 46

01 ts tr 1 b\it ion** *»»M»***^'^^^»i»^*Mi<M«M»*«>«te*»^ii»»ii*»i«»«««»«iii !**<!»<  »< * > «  » - >« <  iff^j 

f thickness $ and origin    ~~   **.*^M-*** 46 

and corrolatiojv*-***^-**-****--^    »-.,, -»  « ,» »,.   ̂̂M. 43

Pl&trifcution and litholoej-  »-**  -   ,-«»~«»^....« , *.-« «. 49

and cor^^latlor^- '»« «»*>» >» »   » »!» ^^.i^*^^ * * ***«*»**** »*  5!

iitholosy* and thicknoss-    H-^*^** 52 

rel^tionohipc 9 «i^ot R»d correlation 5J 

Xochicelco fo3?siatl 

Dletributlon and l

relationships and rset&^orphlsc - *- 57

end corr^laticn*-^^-^*-*---^-^--**»-^'- 59

«**«»  *M*-»*---**-*»     -»« «. »«   61

Distribution and phyaiogrsplolc exprsseloiw*^^   ««   -61

ULtholog? o^ tho carbonate neabor-*   -*    *«    -*~ 63

Qolcnltl^etlon and E ill cl flea tion**^--   -    ̂    £5

69



CHTiliTS-- Continued

Se3i5iont3ry ff volcanic , ana metasorphic roc'tfi   Continued

Structure and etratlgraphic relationehipe      <     73 

Fosoll* and

83

Distribution end phyelo^rstphic exprcssicn  »-~~~*» 83

Structure an<5 stratigraphlc rolatlonBhipe-*^**  ̂ 90

Fossils find o^o<»««»-iM»«w»»«M»-*«»i*M-«,<»«.«l,«M»«»  «»«>«. »«».  «.«» .   ^3,

Corr^lsttion****-*1"**"*****--* *»* «**»    «»  »« -  «»*^»*»**«fc«»«.«»«- «« «. . *««*,«-  » 100

Kexcala fonsntion  »     »        »     .     **-**+*.*>* 102

Distribution and pb^ciosraphlc expression      »» 102

Litholoc':y and thicknese^       *-     »   ̂*»«     «     - 105

Stratier&phie relationships, structure, and
  «    «^»»*»«.  - .    »  «*^*.«.». -«» -.    «*.« * »- ~«» 108

Correlation^   *         »         »-»«  -      i-   -   *~ 

Balsas clastic group-      »   «» .     . .-.~ »-«. 124 

Distribution and physiographic expression  *«-    ~ 124 

Litholo.sy and thicknese-   -- >«   »  *-»^  .-* »-     ~- 127 

Structure, ptratigraphlc rolationships, snl age«  132 

^**  -»^^^~«^*-»»»-«IM"'»-»«^»'»-'--^«»«»*»*»-»-'«»*»*» 133 

vi



-^ 
'-" ^if :^"

Continued

volcanic t and aotscorphic roekc   Continued 

Kiddle Tertiary volcanic unite    <   -   *-~~*    «     140

Xilsapotla rhyolitx* 

, Distribution, potrographj, sud tbickn0ee-*«    > 143 

3tratlBraphio relationships , e^e t and corro*

petrography, and tiiie^nsBS     - 149 

rolstlondiipo and 

Origin easl con'e 

Buonavlsta volcenic

t^dlf fercntiated volcanic corlce--   .^   ~  «    »-**  161

*    *-    -     «»-,    *«     * 164

Dlntrlbntion, pctrosriaLpby» thlctafcfic* r^ici a^e** 164

Cuemavaea fori^tioi^*-  ~« -   .--.  - .  » ^r*  163 

distribution, litlioloeyt end thickner.B          160

ships f origin, nn.C .i^e  ~ 174

, 
Qiiciiine.utsin basalt oeries~    -       «         173

DiDtribution nnd phjcioc^aphlc exproGe;ioi>»M     » 173

ttratigraphlc relatioaehipc and a^o*     »   »-   »*^» 183

vli



'»
 -

CG:;7E; i T£~» C ontlnued

itary, volcanic, sziZ sota^orphlc roc*cs Continued 

Chlehismutsln bafialt eeriec ^Continued

Continental clastic dopoelts-**        *-***<-          180

Description of separate arees or clastic deposits

Sunn&ry o* origin of rapped c&i&tic deposits     192

oils » calicho t and olnor undnppod decent deposlto** 193

roelcs^   »-*              -     -    > 197

^B., ,,* ».,, . 197*

Crotaocous{?) or eorl^r tertlarjC?) ctocke   ~-     19B 

Distribution and

Tine of e&placeiae&t*   ** .«««««» «,     M»,*-.^.^««^*^ 199 

dl&m 9 cillo, and stocko**      --    «     20S 

potln(v ) Intruslvo roc^e  <    ̂ ***~»-

General foeturce-*    ̂          «    -    * <      -»»    £07

Description of tr^ncle tm£ typee of fold&«    *-. ,*. 209 

of

F&ultn of prc^;:nleas or early £aleae and post-



CO«rTL'iiT2 Continued

 Continued 

5 Continued

Faults of post-»2alr3,a &n2 pre~ 

Faults of p63t~?iioceno egc and thfc r;oo~ volcanic

re s ou^cots-* 

clte4-

lirovenanco, polrosraphic description t f^ari fauna! 
content ot roc^; c^aplcn cltod in too toxt-    *

of sanpleo collect^ fron tha rode fomations 
In tho area napp$& roi^i cited in tho text          307

ofctrlc ©Guiv&lcnts^^^^*"**^"**^^^*»'*''^*^*'1"*^ 309 

G A through 2£ -«  *   -   ***^ -  * «  310

>

Flgxiro 1* Index nip of the roclon between :^xlco, D. 
F« and Acapulco, Guerroro   

corrolation table 

:oolOGie nap of vrestern Itoroloc anl oxtreao 
north-central viucrrcrof :;oxico-       - pocket

^ic ccctions thz*oi%^ woo torsi : :orolcs
d ncrth-contr'j.1 Guerrcro» i^esdco** <    pocket



lI^'J30rru'.no::C  Continued

flato 3» A, Index nap of ilexico showing location of 
arcn. mapped and of stratigr&phlc sections 
cited. 2 , *!ap showing location of vol­ 
canic cinder con.oo t trace of axial planes 
of anticlines and cynclinee, faults", and

pro-Iloi^tocono drainage lines     - pocket

Cbliqu© trisnetrogon air photograph looking 
M, 33° £» froa a position about 4 te, 
eouth Of the Amncusac River  ** »»   -- »    *   » 311

Cbliquo trinetrosoft air photograph looking 
H, 33° £» froai a position about 4 km, 
couth of Xicotlacotla on the Azaacuzae

6. Oblique tri&etrogon air photograph looking 
S# 33° '^t froni a position about 5 krs* 
north of Santa Fe along the ^oacucac*

toll roftd*»»«w-*M»*»««»-M»-.-"  *    . **  «*»» 313

Oblique trlmetroeon air photoer^ph lookin 
2, 33° W. from a petition about 
nortli of Acuitlnpan on the

8* Fhotonicro^raphs of low-£ra*io cciiifits and
tuffc-*--  -*-«-*   .-**^-        *   >~~   - 315

?hoto;sicro£raph$ of loi;-£ra^c achict and
voided tuffc»  M  * -      **«.-*-«,»   .   .. ^^ ..^ 310

10, rhotoffraphe chowinij toxturo of
lincc-tcme from the Morclos formation *- . 31?

11. Ivhotocraphs chcving toxture of limestone
dolomite fron the Gordon forr3^tion    « »    310

12. ; hotogrsphG showing texturo of limeatone from
the ::orelos formation  -         -^»   »-     319

13» thoto^rapha showing texture of fl
liniestone from the ::orelos forsjatlon f and 
n. bac?il carbonate conglomerate from the

formation        -  «   ««,»-**»-»-«*« 320



IU.USJM .TIC:;:;  continued

Plato 14« ;-hoto^rapha showing texture of fcacal calc- 
arcnltc anJ rudlstld limestone frou the 

formation            *        -     *

15, ^hotocraphe ehowln.3 texturo of ECdir:cntrry 
rockc fron the Cixnutla and Moxcala forrra 
tloiic and tho Balc&& claotic group   -»* 

/
16* PhotoeraphF of rudistidc In weathered cut- 

crops of tho Cu.«iutla formation    «   i**^^.

1?, Photographs of rualBticle in weathered 
crops of the Cunutle, foru^tion  * 

Photcaicro^rr.phc cf ce£l£ent&ry roclro frcn 
tho :/excala for^ation^ the Balsas cli.&tic

, end tho Cuernav&ca forantion  .      325

Photoniicroe^aphfl of andeeite flow rockc end 
rhyollt© tuff*   -   -.*«. «-«.« »   ... ̂*M«

26   rhotor3lcro£raphs of intrunivo diabase and
basalt flow roclic    *          -   -   >    »-   327

of dnclte f endeaite* and 
basalt flow roclcc~-»      -«   *    ~.

;hoto3lcro£rnpbn of oil vino bas»«lt flow

xi



By Carl Frten, Jr

ABSTRACT

The tirca doscrlbod lloe In soutlv-csntral Koxlco and 

enbracc© all but tho southeactern corner «m«3 cfictomnost 

"border of t!i0 eta to of 2'oreloe p the. second essallcf^t State 

In the z-texican Eepublic, It Includeo email coutlsuouc

parts of tha Citato of ^xlco, in tlao northeastern cornert
 » 

of the State of Cuerroro In th© »outhwestern corner.

eooarapIUc coordlaitec ero QS0^ 1 to 93O29I veet 

longitude and IS0^1 to 19°08 f north latitude, tho northern 

boundary bolns only 35 &n* south of r,e2:lco City, capital of 

Hepublic* -Jho cooloslc nap does not covor tlio entire 

outlined» but is irregular in lorn and ccacurce

eq. ka* t three-qun-rtere of It roprosi$ntins two~ 

thirclo of th© Gtr,t© of :'oreloo and tho reet lyiar: outsai-Jlc 

tho .vtato* -

Tho region rane^is in altitudo fro.3 730 c« abovo soa 

at l£uala near tlio eouth o.ige of th© raspt to 

of about 30OO n, nt the north edge, althouf^h

pealse rise? to 3900 EU and Popocatepetl Volc.-ano» a fevi
1



kllosotors er.st of tho northeastern liordcr of the nap, 

o to 5*££ s. above ecu level, --".nnuil ra'nfcll

a mini sun of About 640 ssa, in tho low country, to 

1200 an, o»l nore at altitudes above £OOO ru ::cst of it 1 

falls In sunder botvcen Jtme and Ceptcjsber, Winter fronts 

sro raro bolov? 1SOO n* xiio clism.to Ic of eavanna to stcppo 

type| soils ero thin ai^l nay bo clfesslfiod a$J beloriginG to 

tho tscharnosdtt group» with strong dovolop^ont of calcnx^* 

 ouis ovaporitoc (caliche) at sltitudos balow 1800 a*

2ft0 nortliern border of the aroa fori30 tho eouthern 

half of tho lato rlioccno to aecent Kco-volcanic £elt of 

"basic Yolcauicn that crosses fexico in tho diroetioa J«* 80° 

wt # s^a ttofl has conn true tlonal toposr«phy. Tho rest of 

tho area belongs to the Bfxla^s Bacin ph^clo^raphie province?> 

is charnctoriz^d by n&tursly diescctctl terrain tribu-

to the larno JJRleae Hivcr* All but th© ooutiitiootern 

corner of tho area drains southard via the ^.cmcus^ic Hivor 

into tho :*ezcal£*£al£iac Iliver, on4 theace vestwarJ into tho 

Pacific Ocean, Iho eoutlivcGtera comor drains diroctly into 

tho l^alpfss iliver via the Iguala rliver, Tx>c-il relief ie of 

too order of 500 to 600 su ^hc nature topography vas pnrtly 

burled by late riloccne silluvixi^ in the central part of tho 

area, owin^ largely to local volcaniaa* Biueolution of liuc 

»tonot dolomite, nna anl^rite of tho Cretaceous foro&tiono 

has produced einks pni poljec, cose of which contain e, 

Other Icaarot featuroe nre ttlso cordon, such re



caverns, imSercirounS rivers, ~nl eurficlal lapies or Icarrcn. 

rsrclnare "blocking by lavs, end polje development In late 

i: lolctoecn£ and Decent tlso produce! neu cillir/ial fi^ts In 

thic othcm-r5.ee dicsectod region,

iho olccst roe>: unit te tho region. IB the Inxeo 

schlet series of Iftto ?alcoaoic(t ) Re*5 * It %eie folde.i f no- 

tnj3orpho&od y foliated ff intruded l?y discs, ~txd stroni^ljr oro* 

aed before the naxt lanit, tho Tsucco Viojo c1*0^^ volcanic 

ecrioe of Late Irl*.8«ic(7) e^» ^'ftfi doposltod* Another p©r- 

iol of ftet&aorphi&a aivl ^roeion Tollowod lx>ror'3 tho c«lcr\r*« 

ecus cln^tic cedlTT.cn ts of toe Upper JUraselc(?) Acohaizotln 

fornntioa vero laid down. Tho n^xt tmit coaeists of tho 

partly ph^llitic Cfilcaroou^ shalci of th* Aeultlap&i forssa-

tlon, vhloh is of ::eoco-:Ian(7) n^c and pests wlt& at Icaot ^

on tho Acaliuinotls fcrantlon* Tha ovcrlylnc 

3l.*in \ochlcalco formation of thln-be-:ns4 line- 

etone appears to c^i^s upv^.r-1 fro~ tho Acuitlap*n forr*itlo«i f 

locally P but It eee.10 to b  xincoiifori^lJlQ clsovhcrc* /^ll 

those unite !T\YO nn^ll outcrops in tho aroa nappc<X txnl voro 

not ctudica in 1ct.?.il*

^arplriG and orosion occurred before the overly iii£ 

formation bes^i to aocunulato In early 'Ibiftn tlrae* 

nenbor is nnl^orlto in tho eastern pnrt of the a- 

roa nappod, but linoctono and dcloriito vcro deposited elce- 

Iho foraitlon consists l^xrsely of ch^llow-»vator cal*- 

banic depoclte^ vfitlx a nwxlnma thicimece of about 900
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n, deposition ceased In cirlj CcnonnnlDii tl-;o nnl Turthei* 

v rpln£ occurred, pocoibly acco::ipanie'l by Intrusion or t^io 

Covtcatlaa, Zueiiavisl-i, and i;olotcpe*c ^r^uitlo etccl-:s. Tno 

aoxt forrntlon consists of tha Cur.utla liac&ton& of Turon- 

Isn RgG f i^ilch reels die conformably upon tho ; 'ore loo *or..ift- 

tloru It rcprcccnta a Uilcl: calcareous Txute (750 n*) in 

enctern Ualf of the area tmppsd* but vcctw&rd It wedg-eo 

tab! Intcrrincorc vltli the overly ir^i Cfilcnreoua clnstic 

ts of the ::o3ccala fornatlont  whlcli rssy "bo o* latest 

Turonlan aco at t!io bn^o In co?so placet: ar*l of early Conla- 

clsa R£o ol« «fiiorc. the z-:cxcala rorr^xtlon Is at letist 

1200 12+ thick cjnd accunulated until r&ntoiiian or possibly 

tl£&« wh<m the region ^:s.s uplifted and VZL& not

A period of stronc folding occurred prcbably 

early nn£ 2*14010 :"occno tlno t concomitant Kith tho Lerarddo 

folding f.-trthcr nortii. -'.o folding tapered off, intrusion of 

<iil:es and stocks* strong f«ultiA^» and extrusion or baeic 

bo^nn, accompanied by accumulation of thick (norc 

0^0 n.) clr,ctlc dcpocltc of tec l.Rlsec G^oup on clovn- 

faulte.1 blocUc in Intcct Eocene an-^ early Olljoceno tineu 

llhyolltlc volc-nd.cn then conacnced ill t!ie south to Torr^ the 

"Hlz^potla rhyolito eerie e t and intermediate volc^nica coon

began all ovor tho region* fomlnc ^e Topostlcn foroationt
' ,
I2uoav/icta volcanic nerlea. r&npoala ctideslto eerles* andi f f m

other Undlffercntiatod volcanic rocks, all of Icteet
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ccno to curliest I iioccne »c^» *oc-?l unconformities :le- 

f'O-l beVhtfcii the unito, ond Alices and e^all stoc^r wore 

J Ixoro aii~ tliere*

d faulting i outbreak of Kcvn<io do 7oluca (Xi*- 

and ropocatcpotl /olcanoos^ and r.ocuaulation of 

tlio Cuernavrca formation followed in aid lie and lato Plio­ 

cene time* TJncaltic volcanisn then began in tho r«"eo-vol- 

conic I?elt and cut off di^ainnge fro^i viiat is now the upper 

Lomn valley and tho foi^ot* Korcico valley, rovorf5ln£ drnin- 

a^c in the former rml turning the lattor into on ondorcic 

. L^poDition of the Cuem.*.v*ic3 formation vnc halted, 

the bsj5s\ltlc ran^e alon^ the northern border of the ci­ 

rca v?is built. Tho Moo-volcanic Lelt is thought to be n 

p?^*t of o-omri's clarion fricturo cor*^ of the Tacific £-*>- 

©ia f ass already cu^^e£?ted by hl:3j but its arc inland is not

to bo older than niddlo riioceno. rho bolt is 

to represent th<* curflci.?,! exprosnion of incipient

tmnscurront fnulting in the eubcruct. 

ity continues «,lor,£ it to tlxe present day.



location and accosc

Tho region described in the present report lice In 

south^eontrsl Mexico an& hae llnitin$ geographic coordiiv* 

atos of 98045 1 to 99°39 I west longitude and ia°lSf to 19°03* 

north latitude (see pl» 3*^ &nd fi£» 1), Xta northern bor~
>.^ i. n ,..,^,^ Jv-»T"*-rjr -"-wu-m-

der is only 33 ksu south of the center of H^xico t D* j^-f -~ 

the capital of the Republic of *^xico t and its southern 

li&it ifc 95 tes. farther eouth. Its Tonxisun vidth froa 

eaet to w^fit iB 94 kmf ^he nrem lapped that ie included 

in the present report i» irregular in outline and covers 

only about half the terrain vithin the qus3r*in£lfc fi^ed by 

tho coordinates given* It meaeures rou^hl/ 4l$Q sq» fcsi%i 

of fchlch eo^se* 3«?00 sq, km. arc in the Dtata of Korelos and 

tho rcot aro in tho States of ;:£xico and Querroro* About 

two-thirds of Heroloa, the eecond smallest State in the ?.e- 

public, is covered by the geologic tnap; the reaainin^ one- 

third consists lars^ly of the southeastern corner of the 

State, vherc accesc is difficult and air photocrapk*0 cov*- 

erase vsia incomplete and unsuitable for detailed nnpping 

at the tine field vork was done* Heconnaieennee f,rsversee 

and further detailed smpping in areas not included on tho 

frap in plate 1 vero carried on by the vrlter for dietancee 

of several kiloootcro to as niuch ae 40 fcsu to the north,
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EXPLANATION 

  Outline of the Mexico Basin 

/"% .  Outline of the orea covered by i/tate 1

Kilometer marked along the Mexico- 
Acapulco highway

Figure \, Index,mop of the region between Mexico, O.F. ond Acapulco, Guerrero.
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cast, south, fcttdi vest, iloforenco vlll bo r:tvde to aoao of 

thoro outlying pointn at oppx*opriato places in tho to>:t«

Vhreo paved hi^ivrxye lend southward froa the :.*exi~ 

co basin into tho area mapped, two of thera run parallel to 

 ?ach other be«tvcon -I'oxico City anJl Cuernavaca* one bein£ a 

federal highway and tho other a four~laae t divided, turn­ 

pike $ tho third one loade from Mexico City through A 

meca to Cuautla, trou tho latitude of tuornavaca 

a netuorie of cix pavoi bi&hvaye eprca^s eouthvarcl to th© 

latitude of tho Aciacusnc Hlvori vherQ it converses and ' ( 

gives w^iy to tvo paved roads loaciins eouthvard to Igual^-. * 

XVo of the highvays in *:oroloo run parallel to each other 

betveen Cucrnavaca and Asiacuz=acj tho western one ic a rod- 

era 1 road, and tho eastern one i© a broid toll road. 2h® 

two hl&hfcayc lea-ling southward froci Amcua:ac coriCict of a 

federal road tijrou&h Taxco atiil a toll road directly to a 

point 3 fou oaet of Ic^*^* '?vt this latter point tho two 

Join and continue southward c,c one broad federal road to 

«.cspulco on tho incific Cce-aii. -^©vcral pavecl roads connect 

the north-south oyct^ra in the Itatfc of ..oreloi; f tut only 

one leads ea&tward froa the area mapped, etartin^ nt Cuaut- 

la» and only one le?tdc ^ eat ward p starting at Cacahoanilpc* 

I3csil©8 tho pave-l hi^livaya nentiora^d, c;any dirt ro^Us and 

troilc. pacsable l>y Jeep penetrate other parts of tho re­ 

gion. Few points arc farther tnan 5 2c3« fro^i a road, vith
»

tho exception of tlie aroa botvecn Bucnaviotu do c,-uo*llar
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TfcxcOf ^hich lo about £2 l:r% ftcrcpfl «id Ir Ir^ceccoiblo ex­ 

cept by foot or horre*

ivo railroad!* traverse tfco region. ,\ narrov-.^a£e 

road enters fro:?, Mexico City by vay of Aaconrueca to Cusutlc. 

and continues e-j.fctw.ard Into the ;?t«te of Fuebla* & branch 

goo© to lr&utepec § Ilaltltapsn, Zacetopec, an3 luientc dc Ixt- 

laf vher« It terninrjites» Tho other line, a otai 

rond, enters frosj Mexico city throu^t tro© Cunbrou to 

navaca ani continues southward t*irou^h JMente do Ixtln to 

fxn<^ theneo to fetation Balcae on tlie Balsas Hivert 

It terrnlnato£i#

Culture

S*ic 3t*5,to of   oroloe har> n. total aren of 4964 gq. 

to. and a population of norsrly 300,000 Inhabitants, ran 

a population density or about 60 pcrcone to the cquarc 

ovicter. Cuomavac^t tho capital of the CrVxte, h^E probably 

35 t OOO Inhr^blt^.ntB or noro f ^nd ^uautls, the eecon-1 

clty t hse noro than 10,000 Inhabitants. Other lo 

citlco vlth ccveral tooue^.nd Inhnbltanto each are? 

Jojutl.n f rautcpccp tepestlein, ^liacatlau, Cocoyoc, . uente do 

Ixtla, llnqulltensneo, and naltls&pan. Iho pr*rt of tho 

State of Csuerrcro Included In tUo aroa isapped hac only throe 

cltlcp of cevcral thousand Inhntltants or nore* Iguala, vltli 

about £0§QOO people^ and ^uenavlsta do CuSllar, vlth only a 

thousand people, and well known Taxco.
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The principal in.luctry In the ares, r^appei Is agri­ 

culture- f And second in importance is nlninc* Tho region 

has a large prolucticn of cu^ar cine, vhich ie processed 

into ouenr aainly In alllo locnteS at Zacatepec, Cr*calco, 

CacaBnno, and Cu^utla* Other Important products are rice, 

corn, beana, tomatoes, sielcns, chiles, tropical fruits, 

truck vegetable®, ar^fl honey,, Animal products Include cat- 

tie, sheep, gmts, hogc, chlclsons t ani turkeys, Lu^b&r Is 

obtnlnod on a minor 003 le in tho high noun tains alon^ the 

northern border or t&e area capfped, .*. Portland, cogent plant 

In located north of Xlutopeo, and li^c ie burned in larse 

kilns south of ther© and noar ^catllpa, Motsl ninins iE 

on only in the Taxco district and cast of thero, 

oinor^lc and stone arc nincd or quarried in 

different pl&cec.

The tmirict Industry ir> of considerable Importance 

to tho econooic life of tho rogion; probably t4ie incenie 

frC3 /exicr-n nation-lie ^ho leave I'exlco Clt;r on vre?:endc 

for lakes f pprinrc, rivers, arid cnvems in tho ere a mapped 

IB greater t!irjn tliat fron foreign tourists. l-'&vcrei pointe 

sire eprln^s at Cu«\itln., Caxtenoc t Lac ist^caa, Vchuixtl.a9 

Haltlc?>pen, *alo Coloro, ir.d ruento -^uobrftdo; othvir pointB 

arc tlie ^Icsapoala Lakee, I«i3cc 'lequer.quitcn^o, the 

ailpjs Cavcmo f tlio ^an : nton Z-alla, and tho archa 

eitcc at /lochic^lcot /reopanrolco, «ind Tcpostl-tn, as well as 

the picturesque citiec of T&xco and Topostlan. .^rts and
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crsftc provide nnothor source of iricorro* particularly voav- 

incf embroidery, t;r,ckctry t netal vorfclng In rllvcr o,rv3 

gold, coracle ".'arc, ruv.1 retting o? r;e:dl~ precious stones in 

silver CLJV& tol£ jovelry*

Objectives

Th® objectives caught in caking the pre&ent study 

vore several-fold i 1) to £ofin& snS to nap the rock units 

preeent in a hitherto iur*appe4 resion boimdins Mexico City 

on tho south, 2) to learn tho tyres and ac;cB of folding and 

f^ultin^ that affcctedi tiieso units j 3) to attempt to l^ara 

rnoro about .th« origin and ^6^ of the interior drainage bae- 

in in *&iich rexico City ie located5 4) to cotabllfth tho re­ 

lationship between tlxc structure of tho pro-Tertiary rocks 

and the belt of Into Csnosoie basaltic volcanie^ that 

croccce : ^xico from vcc.t to cast at -itout tiio 19ta paral^ 

lei of latitude, vhich in this p.r«a forr;e tiio nortlxcrn bor­ 

der of the mnp; D) to obtain the broad relationship?- betvccn 

tae rocl; unite, the tectonic history, *uui the aincrnl cc- 

or tho region; nnd 6) to learn co.aethlri^ about the 

leography of tho region in trotecc-oues tiiac, no evinced 

by fncles and thiclmcdts changes of tho vrotaccoue rocks.

A further incentive for carrying on the ctudy «es 

the need *or preparing ecolo^ic o::curcionc out of Mexico

City for those vho vero to r.ttend tho International Jeologl*>
cal Congrece held in Koxico in Axxs^at-3epto^ber 195^   and f



in f*ict f five- different excursions voro routed into or 

through different p-rta of tho arc;?, napped. 5till smother 

factor vne tho ccslro to iiavo an orom Btifcliod and mapped 

nenr .'oxico City, in which n variety of rocTca ani struc­ 

tures, ES veil as other geologic features, could be res<3- 

lly demonstrate to &&Q1QQJ students of the national Univ~ 

erslty and rolyt^chnlc Institute^ as part of t&01r course 

vork«

Irovlouc studies

vritc-r Imove of no c^rlioxvpubliBhOvl totalled 

description *m& geoloslc m^p of th£ rc?sion covrorod In th© 

present report, oxcept a &&&.*!$ rsKiueed, ssall-^calo '^> 

{lsDO,ODO} r^xp' of the laxcQ ninlng district In a report by 

iovler raid otiicrs (19^3} 9 and e detailed s*ap of a c^all e*~ 

roa northe-ist of Taxco by ^.Uvardc C1955)» vho studied the 

early Tertiary rod conglomerate in that arc^. Iho 1^42 ed­ 

ition of the ceolO;;lc *jap of «J3tlco, as v/^11 ac cruller ed- 

itionc, eliowc enall patchoe of troteceouc rocks r.nd undif- 

forcntip.tod Tertiary recks en a ee*.le of Is5»000 v 030 9 prob- 

ably eketcUed on tho b isi0 of broad reconneicfctmeo travcrscr. 

nado ner.r the turn of tho present century. lie port 8 on £.ool- 

foatureo, without geologic isaps, include a description 

ii£rcona (lB?5t p* 374-376} of a Bpcclec of

found near Yriutopec; a brief s^olo^ic *nd physiographic «!eo-»
cription by Galinae-I^xlasar (19^2) of an excuroion froa
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City to Cu©iw.Yf..t-j. r*n3 tho C'-c^hu^rdlpa caverns; a 

ptvpor ^.7 Crt.i6"C£ (-V>37-n } on tho ">.n \nten >'alle over a 

bser.lt flov in CucrnnvBcaj a cllfrcupnlon by C-rofios (1937b) 

of the roc!:a an* phyolo^rnnhlc lor^s nenr Tepostlan; a re­ 

port fcy *:ull#rrl<x1 (1944) on tho rocltfl and foenils noar Ca- 

c^iasallpa | a paper by Foehfift rt n4 others (1^A6) of tha 

fluorlto ct^poclte and ecology oi* v* fsiaaXl sr^-i northcr»et of 

a cSoccrlptica by r ullerrled (1950) of

ttotilins) I arena, founrt in llsiestono at Los

R & few rjllonotcro e?.et of £lotes, bsyond tho clgo of 

tho (?oolOGic riAp in nl^to Ij a paper by Los^no-Gnrcfa {1953} 

on ercolcn foirtn at Tepoztlanj nnd a ^otnllod description 

by Bonet (1956) or tho Cocnhunnllr*a cnvcrr.fi « Th© Inttor 

rwbllc^tlon contains 3*n excellent blbllo: rat?hy of tho nun-
 «. *t + -X W

croue curlier p^j^ers In which Cncahunstllpa 10 nentioned9

of the r-tu-Jy -^nd

Tho writer bccftr.e IntereBtoa In the are-n napped as 

result of tho ciecovory by a locr.l prospector, In tho

of 19^7, of the silnero.1 portlandlte (C (n(o;i)^) (Fiust and 

otl^crs, 1950, p. 614) rslonr; tho cout'aenDtorii contact of tho 

Cerro <2o la Corona volcanic ncol: \flth llaestono beds (<ro&d» 

J>»7) vhlch vora later to bo foitnd to corr^sponvi to th© b^.e^ 

nl part of the Cuautl& formation. -Abundant elllclflcd fos- 

ells tfcre noto& In t^e llmcctorio^ ftnd th© locality was Int­ 

er reconnoncled to Carl i\ Saurian f Jr», n sra^uato ctuclent



et ColLtr-bi-L -vniverr.ity, -.c «juitca«lc i"or a, paleontolc^ic 

study, :;*tt$r.r'.n collected eillclfiod ru'lictids fro^i the lo~ 

oality in the eurmer of 19^9 and described than In an un- 

pufclitthed tliaeis for ths degreo of Matter of /-rtc at Col- 

uabir, li-nivcrcity in 1950* Only tt-o of tho specioe dcccrlbed 

to t^ ucvg swl theso luxve bt^sn published in a co;>»

discovery of port ionit lie arid tho vork .by Laiesan 

pointo4 up the lacis of an^l nc04 for ctrati^xnphlc and etrucv 

inroraatioxi on thie rosiont wrach liec only a ohoFt

froza ^oxico city, unfl the vritex* docido^t to attenpt 

to defin© tho rock units n»3 clccipl^r tho fiti*uctuj*o in vhat- 

over tisjfc could be Ep^red frora otlior duties, ilio nearout 

loonllty in vhich the rocks had boon groupod into rorriationc 

or ;r«app&blQ units «as tho Taxco sinirsg <iietx^ict t vhorc ro» 

ci^4i end otl-xore {1946} and i'owler an4 others (19^-3) Kid die- 

tiri£uishe.U and brlclly deccribod several bro?id unite coneist- 

irc of cchict, li^eetone, rhale» red con^lOTveratc^ volcanic 

roc*:s f alluvi\£3 t nr»d ceveral kindo of intrunive dikc 

p-ille t tut without naming ronr^tionr- or fixing their 

on focell e-.rid ncc# l»o uttenpt waa ca£e at first to corrc- 

e tlio rocl:e or tho nrca cast of Cucmnvaca vith thoco or 

Tasco district, and tho two ^>:ero not, in fact, tie-l to- 

hor until five yoctrts later, ^fter f om&tloxis had been de­

fined in tho north find could bo carried couth>P\rd#t

7h«? flolci ctudy and Qappin^ wore begun around Ccrro
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c?o la 'vorona (qir.d. J~?) in ,:weh 19!}0» on vertical r.ir 

plinto^rc.phs nt s sc^le o* rbout 1;>0,000, vhlch belong to 

& acrien or trl'-ctroGcn photo..*jr^nhn t->Uon In 1343 nn£ 

"by the Unite,! states .Mr I-orco in cooperation with the 

can iteTnrtrtont of Sofonee. TJio trirsotroron flight linos 

run about vosst-northwost snd aro a;jacss4 g^nor^lly Iro^ 20 

to £S to» apart, although cbrmgee in direction during 

fli^htc nnkc tiio spacing irro^ular "bot\voen any two 

Fivo lines or flight cross tha eroi svxppchi| the 

aoe-t ono is over the ;,orelo5 3tsto lino 'north of Cuernnva<~ 

ca f end tlao scxitUornr:ost one is over I^xko At?<pr\n rtonr tho 

eouth ond of the aap i» pl^vt^ 1» 'i1^ obliqao photocrapae 

Of tho trinetrogon tripleta ^-ero found to bo difficult or 

c*-en inrx^rlbio to uco i"or dctr.ile.1 ^ppins in csost places 

(eoo pl0* ^7 for eranplcs of these photo^-rapho) , o^id vor~ 

tical p:iotoi:-r:ipli0 were obtr.inod froi-i otiier sources ao taoy 

bc-c..'V:O avn.ilsl)le anrinj the cours« of the worn:*

Ajie aoct extcacivo croup of vertical paoto^raphe ' 

jsoil conr-ir.ts of iAor& th^,n 1100 photo.'raplic on .1 scale of 

about* 1; 12,500 covering trie terrr.lu IVos: tho Intltudo of 

Querns,V?ICSL (qu&i* £-^6) couthvard to 'fchuixtla on tiK> *r^\- 

ttus^.c P-ivcr (QUAU, J-5)> And froa "UiO lort:::itude of Xa

3) voatwfcrd to Cuernnvac^, with n further 

l to tlie to^n of .Vn^cus^c (quad. £-4} e.t tho south 

d of tho rvTOii flotnij). Inc flii-Jit w.c nado by tJ\o Cf«i«

Aerofoto in 1941, for tho Ikuico IC/icionftl de Crc



16

Kjic-i, over liuy'a pro£ucln£ £Uv*\r <-^-no proceeded In the 

till 11 *vt j.icatc^oc. :^it5 eonprny ;. cations! haa rcnclc .in un- 

controller no?-ale on a conic of about 1;1S*G03» to which 

all the data frcra tho individual nhotocraphn vcro 

find vhlch rerved acs a nucleus around end to vhlch woro 

areas nappeU on ot>ier

A cerloo of 50 vertical photographs In a bolt about 

8 kn. wide orton4in^ fro^ liui inline (quad. £~5} eastward 

to JCUPL "cufi^fn, (ciiad* C-9)t &t a ccalo of nearly 1330*000*

to fill in the aroa botvoon two triaotror;on flights* 

photocr^nha voro ta!:on In 1951 b? tlio Cartographic De-

of the ^xlc^n trnxy* A .'sosalc on a scale of 

1*10*000* rsele by tho Cfa, ;iexlcana *\erofoto In tho 

40 f c tor the? l!eKa Pobro mp^r plant In ::oxico Clty f 

used for sa arc-a 12 ta» long froa north to oouth by 6 to,- 

wide in th« northtioct&rn comer of tSv& na}> in plnte- 1. \  / 

flight lino of vortical photographs at & ocr.lo of a 

Iil5»00i')* taken by tho ».fa* .".oxlcouR '-erofoto in ?.95 

tho hish*.-.r.y north of i'rcs ftssbr&e (cuc.d» ^rC) t V.-5C u&ed to 

tio to^otlicr m\rJL fill in between tho otlior photographs nan-

^ esrice of -£6 vertical photo^.rapiis in a flight lino 

a the A^SLCU^C Hlvcr (q\i%d« ^-4} eouthifird over the toll 

road to the Icpjuala valley (quad. J>*2 nad £-3) was used to 

nap detail in thnt nroa find to tie toccthcr trinctrojon 

at the north and south ends of the etrip, Ihece



17

photographs voro token by tho c&u nexlcarn erofcto In the 

early 50*0 before the hlahsny M&& construe tea, i&ree linos 

of flight. containing £0 vortical photographs In a bolt be- 

twsnm ;;&» 15? and Km* 166 or the highway n^ar 

|M.)» r»t a ecals of &1>out 1*5,000, wro ucod to 

t&in contacts not ©lio^a on the nap by Fowler and r* 

(1945) and to tlo together tw vci7 vldoly epacod trlnotro- 

fll^it llnoo^ 1M» group of photosraphs vme takon In 

tho cfc* Koxlcaaa ^erofoto* 

,'ctlvo tle!3 vor?c is&s carried on for a total of 19

sreh end :-'ay 1950 * >i:ork vaa thon Intorruptod 

not rosussed until J^ovoabor 1953 » vhon It \faQ carried 

on Internittently until erkrly ^TUno 195^ for a total of 45 

&ays. Field worJi tn» r<?stU2O'l on Augu&t 1 and continued un­ 

til July 10 of th& followlns ycjsu* { 195:5 }» aurlnc which ti^o 

CO dayu vrcro spent In &11» Uotveon Cept«r:!bor 24 f 1955 Rnd 

January 7» 19 ;̂6 & total of 23 :^or«> days vr^e spent In tho 

field* Itiuc cu* overall tot^l of 15S days was spent In ac­ 

tual flel'l r^ipplr^, vlilch ^qunls else r.ontha of ei?:*day

Construction of the fin^l aap va0 not Tx?gun until 

frill of 1955 * after rsost of tho area had fceen napped on 

p!ioto<raphs» and v^ork continued on It Intermittently xm- 

til July 1955, Khon a clnpllfled vorc-ion vao printed for uco

In varlo*jc excursion nui^obooX-o of tJ-io Intornatlonr.il Ooolo-» ^*

glcal Congress hold in rioxico City in :u&ust and
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of thnt year* .'rsrioi'.E Sotailr. voro r&ce$9 errors vcrc cor­ 

rect oO, and tho snp wx completes r.c?.rly in itc precont fom 

during "the fall and winter of 19?6-£7t find the ^eclocic sec­ 

tions were also constructed at that timo* A suitable plani- 

ootric br*so anp wso not available t rsiid ccnccoucntlj the en- 

tiro Z.&P  fo'ns coristracts i*ro?.i the photos^tp^is with toe 

of ^ eso-ch&nlo&l tri^nsulator and rot^nly located 

coordinator of polntn dcatter«4 over the area* Vertical an^l 

oblique skotctet&tera vero ue^d to sketch in plstnin^try and 

csnall rroco constructed at clifforent scales 

to the scale of final ^onpllition (1*75*000)

iCfilly or with a foe&lsntic projector^ *he 

thus contains orrors in plAnis&otric poeitione In 

e, but relationships lx»tKrdon planiTetrio fcatureo 

geologic contacts nro tUou^ht to bo voll ehovn«

^pocl*l efforts wer& am-^e during tlic first field 

to eeirch Tor nml to collect as nuch fossilifcrouc 

l no coulci bo founl* for i<-lentific-ation by cpocinl- 

and to sorvo no n suido in oet&bliehins the geologic 

sootion* In view of the rather complete silicifioation of 

snny rudistif^D and oth^r invertebratcB f liisogtono bloclro 

wore collocto*! and dissolved in li^drochloric acid to ro-

t!io foreilc contained, eo?.o of i^hich vdro fairly well

Chipe of linostono for mierofofifiil ctudy in 

t!iin ruction, no trt5ll cfl bulk chnlo csnplcs, vero sent to 

othor specialisto. 111© roeulto of these Investigations
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ucli aoro rapi-d ndv&nco fchon field wrk was re~ 

eu-io-1 three ya«rs lntci% During ^*° l^-fc* ttso y©&rs of 

a *rork ( 1955-56 } t attention vae paid r/iinly to micro- 

a in tho Cr^tacoous carbonate rock& y anu 

v»ro sja:lc vith micrd^mtn^ fron recks of tlio 

ngc &nd lltholo^y farther north an4 in eats tern roi:ico f In 

attospt to «£t&bUsh th0 itppor and lover ago limits of

of roc!^ thin sections vat not

c until late in 1955 rmd oarty in 19[>6* B^axufto of the 

press of other dutieu mvl tho laclc of tinof this vcrfc 

done by a epaoi^liot at t^o iiri tor's request* ? ftcr 

Congreso in r^ptesber 195$ * otlior rocko ^erc soloctxjd for 

ecctioaing and ctoly f en3 a Klrcon concentrate vm& na^-o of 

t!io Tilc-xpotla rhyollto for radio^ctric e^o determination* 

rotrosrciphic otu^llcc; of thoco rocJ;s voro riaclo bj tho \rriter 

in the r-pring ^n^ early signer of 1930 » MBO durin?: this 

Inttc-r perio-t^ otu-Iiefi were aado of the dictritutf.cn of dol- 

onito In the li^ostone, and photomicrographs of roclt cec*- 

ticnc an I photo^jrapiic of carbciajate t#:%turcG vcr© tuaclo for 

lllxistrativo purpocee.

rjolntivoly brief tcxto ourntnarisina tho g&olo^y of 

tho' arc & cUvliei ^orci pr«:parec! oorly in tJi  eaaaor of 

for Inclusion In excureion «£uirlcbooksi fox* tho I

Concross in Au^uot and 3optcr:bor« Detailed road 

c vcro also prcT>aro-i and inclulod in tho guldebookB. Ihe
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occurs lew, for vhich those s-^teri.als vore us<&! arc &e fol­ 

lows: recursions \~4 cnl C-2, Geology .**lofi£ ^^' hi^hvay 

between r.cbtlco, f>. i l . arui Tarco, Suorroroj Axcuroloas A-9 

fiTirl C-12, Cooler alone tho hi^htmy between "&dLeo f 3* F« 

en-1 £capuleo, Cuerrero, via T^-KCO a»d Chllpancin&o^ Cue- 

rroroj rjris! ^xeur^Ion C-2, rieictocenc volc^.no^^, cl^etie 

d volcanic roc^a of Coaosole &£e f Cretsctoua

1 pre-Oretaccoue bnsesient roc!;» of tho region 

froa the Dlstrito Federal to the northora part of Guerrero* 

la to cprl^c; nnd cuna«sr of 193*3 v»ro dc voted to 

the finrxl report at the University of Arizona and 

1ns *2i^ tort &e here proecntod t

The field voi*!: t aar> construction, lel>oratoi*7 stuCt- 

Ice, conO preparation of the ^nnuocrlpt of tiio ^recent re* 

port, nn well ?is n*uch of t^c collators 1 wr*.: by c 

were carried out ^.c ?. project of the- Forslsn "c 

of the Unite:! rt?.tec OeolO'ilcnl Purvey, vithiu  * pro;j.ran of 

?, t' I on In ^oolo-_y \rltli oxvianlsfitlosift of the ; oricnji

for tho purpoco of cooper'^tlnc In train 

etudcnts «mi crsx&untos sm$ of ^Ivir^ 

support to ."oslccn reolo^ical or^enlR&tlonc* Overnll direc 

tion and flnruiclnl oupport for this proi^ren hns cone froia 

as^nciec of tho United "»t-ntes ropcirtoBnt cf rtate, vhlch ff 

<3urlnc the porioil of thie ctudyf eoneiotcd duceeesively of
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tho Teclmienl Cooperation /*drlnlstration, the Foroi /n Op- 

erctionr 'dninlotmtlcMj m:-" tho International Coor*or>- 

tica A£ninlr>tr~ticru STno trrltor vr,s in clm*£0 of the geol­ 

ogy proc.*raa in t'oxlco, and tho present ptuiy v«ts carried on 

only as tirsa ceul<t tx* spared froni his rnalcr super/lnory du­ 

ties $ consequently v taoct of the fiold vork could tx? done 

only on vec&ends and dtirins holld&y porioda. Collateral a i^ 

or support vaa slvon in different v*»y» by tho follovlns 

JToatilcan organ!zrtlone* national Institute for tho Irr/osti- 

grttlon of Mineral R^£ourccs, Inctitut$ of Coolosy of tho 

osl tJr*lvorfiity t Kxplorstion Department of Fetroleos

sin5 5Cxecxitlvo Coeanittee of the £0th Intoraatlon- 

eolosical Consr^ss* Tho support of both United r^t^tes 

*-<5slcrjn ocencice anft or^r.nl sat lone la herewith jjmtc- 

fUlly ACfmowlcd^cdl»

For continued overall cupport and cncouractonont 

throuchout tho period covered by this ctu£yf tho writor in 

^<?cbtei tminly to ». £« Jolmston, Jr» t Clilef of t*ho Foreign 

ecology branch of tho U» 2, Geological "ur/ey, Colloe£ues 

of tho "urvoy vho \:cre vorkir^ In ncp,rby arons un3cr tlic 

eano jjro^raa snd t&o contributed rrach by accompanying tl'ie

into the fiold f diccu^?dn£ mny nutuol ^2*o^le^c f an?i

arte of tho tianuneript, %^O3*o *. J. Bodonloc, K, 

et» and B. r. yilrotij jtcolOGloto in trexico vho ccn-

::ilarlyf Ijn on© my or another^ t;oro ssainly Z» 

Ccorna, vho rcviowod tho entire ctsnuecrlpt, Ir , I:onot f
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iho.'.'sac, ani -. " coccr* 1, Jl:senc:>l6p ss of the nati 

iRctltnto for tlu> Investigation of - incrrtl ,:ecourcce Ivirvlly 

tied together & cap in photosrsphic coverage betvocn £2* 

134 an^ Kra* 138 of tho AEpcucne-?AXco hl^h-way, by nsuilr^ a

survey. Frallsilnarj pctrograpMc vcrli t^n done for 

writer bj K, Scfenlttcr. Ftileontolc^ic Idcntifleatlonc 

cado In Mexico ty F» Bcriot anil hlft collcos*«oo In tlio 

of r«&tr5loos Ksxicanoe t an orgnnis&tlon t!iat 

cleo rupportcd this et'Jdy in different vays f cnJL In the In* 

ctltuto of ecology ty O« Mcftca&tor dc Cserns.* restore of 

the G^olorJlcftl r>xarvo7 1^° contributed particularly vlth 

studies of feuns, voro K» «**» *pplln f for nlerofrntna, nnd R« 

y. Inlay for cophpilopo-ls and pelecypods t ctherc \rho con- 

trlbutei! e^tn on different groups of Invertebrates* nlcro* 

fcssiin, ind plants wnro C» v.'ytho Coolie, ?» C. ^ouel^ss, 

'» ?.« loeblich, Jr., P., r ver.&!t f 'I, l* r.ohl f I, * r.tcrhcn- 

con f ;i. TotVl» and J« ;*. vellc, tho latter of Cornell Univ­ 

ersity. :-nUor:ctrlo nr.e ae termination a by tho ler.d-ilpha 

r^thod \-oro rindo by h". "».. Jaffo «rul colle.^^ucp, of tlio So* 

olO3lC!\l Cur'/oy, nnd voided tuffc vera studied by C. r« 

£QS&, J. L* ^r.afrss» of tho r^xlcan Institute of Ccopl^s- 

les, aldM very rsatcrlclly In anp cone traction and compila­ 

tion t nnd he? also clmfte-l noct of tlio Illustrations*

Various problrac rnl prlnclploe relating to tho 

preccnt report ^woro dlecucccd profitably with rsortberc of the



staff of tlie Geology -opartnent of tli© University of Ariss- 

orta, whose help is herc-idth iictoiovle^ced. In particular, 

E» I>* , ayo, profec-sor of rtructural ecology In the depart- 

nont of Gool(^y t tsave counsel in arransoaont of tho report 

&&& Inter rovlovei t!io nnnuccrlpt and proffered construc­ 

tive crlticlna. Different chapters ari'^/or aspects of the 

report v/ero dlEcunsod with professors J» F* Lanco cztd I-l» 

jLf IXit'Oics* I^cilitloc for takljaa photo^lcrosi*ap^s teoro ox- 

t^zjilcd by the 3 oology Department, cad professor «?. V# ^-n- 

thony lent MB cosiora for thlo vork» Uxls counsel and fa- 

olllties of various kinds proffered by tho University ip.ro 

torcvlth adcnovlodgod v/itli thanlso*

ilajDy othejrs t^hooe mxses or© not spocifiea^ly ndn- 

tlonod nbovo, contributed la tho field and In the office,

too vrltor ^rishen to oxpr^se here Ms in>iGbte<ine£& to

thace porconc*

r^cioc:'{AniY
Volition of nrer* to ? ror,ic.-*r; Tshycio^mpMc province r,

hae boon Divided Into pisyciojrii^id.c provinces 

by various autliors, each one dlf ferine coacvhsit In setting 

boundaries and aEFi^nir^; n^iaoe to tho relatively die tine t

unite* '*-ao clnoelf lection thc.t is px»obably noet 

used by ^eoiojiets is that of crd&lcs (l^A6) r i&io 

tnltes intp account neolcjlc^ &o veil r.c c^o-orphii; features



to a greater extent tiin £o otlier authors, ^ceori'-lnp; to 

the divisions of vr-'.&'les, too area hero described Ic along 

tlio north~ec?:itrnl bor£or of the E/\le<>s Baein province* the 

northern border of the &raa correspond to tho boundary lino 

bofcveen this province and the ^outi&rn Central Keen 

^diich nercce »orthinr3 with ths Northern Central *- 

inco end eoritlnuos to the I5nlted Ctatec border into

arid coutlicrn uov Mexico* lh« Baltnao Bacln provlnco 

couthward about 15O kn« to Jolu thio Southern

province, vhlch oecuplofi tho region frcr^ ths^re to the 

Faclfic Ocean*

Most oto&r authors lntorc«l«ite a n^rrovr Irrogtilar 

eact-v^et bolt betfe-cjon tb» Ealsas IXsln and the C4<ntml :'cw 

fis provlncefi f which h-?.c foe-en called variously, An£hu&e Cor- 

-dillcra (nrlot-d'Aoutt, 1066), Volccutiic *?&G (Graindo $ 

villa, 19^}, Taj^isco-r.'ixhua Syetfca iroreda-nine&u 1Q41), 

!.'co-volcanic Cor:llllora (-ioblcc-'tasoe r 19A?}» ^lorm of tho 

/olcorxoos (Gfirriaa rtna Oiapln, !9<V2, p* 3>»77)» ^nd tlco-vol 

c-inic :.ouc ( illir.-G, 1950, p. 1C?). Tliie intorcGlatea 

province consists cf a bolt of r*^lnly Ilolstoccno Meal tic 

volcanoo© cji'l lava flo\m« %'iilch croosco Mexico at about 10° 

north Intituulo (coo fi£* 1 and pi* 3-\). It lies between 

r.dzico City nnd Cuernavcnca at tho longitude of tho area 

aajft?«iJ« In view or tho Cletinctivo cr̂ -ori>tiic features of 

this belt, the vritcr JTeolo that its ^separation il*o^ th«i 

other provinces io Juntlflcd* 5"hui5 tho etrlp north of a



lino botvoen Cuern*wrca an-* Cu^.utlr* fans tlie rouCicrn 

of the 2-oo-volc.inic ;;elt (GOO tlie obllqua photc^ra^he in 

pi, ^ nnct L; K ftttd the rest of tlio ~r<?a ~uppsU forvss the 

nort&om bordor of the B^lscis :>acin province (soo tho ob~ 

liquo pUotorr.-?.ph£i in pi. 6 aM 7)*

 Jto clinato of th0 area rmppod is oartrcaoly varia- ^ 

bio ffor. place to place and dopencls largely upon tho alti­ 

tude* 'dthough. tli© iii^host point in tho ^tato of ^oroloo 

Is ropoc^t^petl Volcano, tdth an altitude of 5452 si* above T 

uea levolg this is nn isolated peak Ju»t beyond tho north­ 

east cornel* of tlio nnp (sea pl» 1 ftui 4). It has a 

nent cnoi? cap a»l cimur.l precipitation of probably E 

than 30OO nm. 'ilao r*i^c tlxat fomc tho northern border of 

t-io ^iap^ frou i'oTXWsr^trCjwtl to Cc-rro Ile^ponlia« ban an a 

n£O rxltltudo of about £700 n» f with isolated pealcc 

as hi^li ^e 3;>OO m. to 3900 ^* and rainfall of 1200 to 1400 

ssu, In thir, bolt tcsspcraturos drop below freesing stany 

ni^kita in the aonths fro:;3 October to February, but taey 

rise to 10° -.or Mcshor duriaj the day; in Uio ourraor

oaslrwci Jaily to^ipcraturon seldca oxccc:! c5° C. Xhe 

point in tho area mapped is about 730 a* above eea 

tlio city of Igunlri in north*central uuerrero (pi* 

Mnintun toraperatariff in tho vinter <lo i;ot reach 

6 ftn4 naxiaur.1 tonporattireo in the eunsor rerely



liigh r.e 33° t\, norm values Tor tbe coldect arul versost

sontlis being Cv.5 £tt4 30.7 C* -nnuil rainfall is about 

rsa. t-ettor neacuro or tho climate is indicate i,

, fcy siean data for Cunutli cn-2 luento do Ixtln, t&ich 

arc located in relatively large, tlUcUly populitoi, bottor:- 

IfinuLo In central fk>rolos» At Cuautla, for o^tasiplo, tho monn 

tcnporattirod for the coldost arici tottost months of tho year 

ero 19»2° and £A.7° C#, respectively » and at l-vcnto do Xrt- 

la they aro £0*4° and £7«8° C. Annual rainfall at 

is only about 6Ao a^a, 9 roflectiiXi; its position In 

area In tho rain. &h&£ov of high ^opocntcpotl *olcnno» bat 

at -ueate d© Istla It Is 340 na» ^iioct of tlie nin falls in 

t&e region botveen JXino «md :.»cptorsberf rnd almost none falls 

in tho nontho of January through March. iiKKser thunder 

ctorns nny bo covoro ctnd may cauec concidorablo eroalon 

dasr^e to country ciclc and hiGl«^yc. rest of the reckon t 

except tUo hitfj nountalnoue part, ri^y be doccrioocl .ic liavlzvi". 

eavrnna to ctoppe cll^nto.

Xiic florn cf t!;o aroa Gs-ppod ir> oven Dcro varied 

thin the cliriato* It IrLC tocn ccecritcd In ro^ic detail by 

ra ar*il r.uTiO^-LiL^Ior (1935)* *£xose vori: ic iicro partly

a. 'Iplnc flom generally charge tori £oc tho north­ 

ern fceit at altitudes above 220O r.. f vhero overcrocn conl-

. for forocts pre^lenlnatc* irees cone let nalrily of p

cpruce t codnr t hoaloc4G, Juniper, acpca, r,na

of oak, intcrcpcrsod vlth p^tchee of tall, tough



 f'-f
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and ferns 5 undortrur-h ic relatively cparpa* vt about the 

19th parallel, alpine floir. /: ivcc viy in ~ sliort distrsico 

to tropical flor:,, rind tho tvo n-.y bo do -scribed r.c talon- 

coped, frees such ac tvo tpocieo of r^&rono ( *: Tctp& . t A :tfig>- 

,100)1 pcru or plrul C^cMn^s so 1 lo ) » tcjccotc 

3jii ) t and carsulfo (A^lnla c^T^
.T»TTU _j p r r " *" >  >«ij»iii|i'i>«'i»-i u.M »,.'< rta-^-;r

In tho forests aa tho conlfoi*!s gradually drop out, Jiino 

oJT Sfiejuoy {A-^vq) nn«3 r,auy cpcclos of eact-^ccou^

t as tho troes thin out*

the latitude nnd sltltu^.o of Cuomawca (a~ 

bout 1S50 n») to tho couth ,fl£r& of th^ Anncuane Pdver the

Ic of frankly tropical cMractor> althouc^ toe 

sescron Accouzita for mther cp^rcc v open distribu­ 

tion and inparts a s?oni-srld aspect to the countryoidc j 

ccctr.coous j>l!Uits rtn4 lo^ cp^issou fti*o co^non* Larger treos 

anl ehz\ibo cone let dotalnwntly of three erpccleB of iiulcncho

or fan pain (Urrhen dulcie), ten cpe-*
*  «^ " '*' *  ^»i»»^>»if*«   »»*  *       **  i -i-^*-.   r *

cloo of rxmtc (IJlcug), thrco epoclcs of cnzahuato (I^o^.qcj> ) , 

t\,o rspiccico of copnl (^rggrn)> four cpcclos cf colorin or 

pltcs (^ I^tjijj.un } t hti.!ua^ciill ( I- tthscollobluri diilcc ) , two 

cpcclcc of tcpchuaje (J^?JLSffi£)» pochote

» ostropr.jo (Uifih cyjli rr Trl eg } » four epeclotJ of cunjio- 

), coy o tori"- to (^.jLtox nplli g ) « cur.chr.lnl%te 

_figptrlnrTcnft_) , t^o cpoclco of palo eanto

Co S-^n l^nacio

, threo Bpoclo*5 o



mosquito, thrso opecies of palo irolato (/g.ntho:gfloa)t 

epeeieo of willow, taplncer&i Ll^c^a), s^lvla, and yucca, 

bee ides e crent variety of seller shrubs and bushes, ss 

*?oll ae f levering plant* ani gr^coce* Shift port of the A- 

roa produces twraareuo fruits ana other agricultural prodxsc 

ae euajate, «hlrlcioja v niOMineho, sms^^* ohloo-xapote^

t pi&*£ppl*f coffee, euear cano, rico, 

sesaae ecod, peanut^ Jfc^i^a, chile? ̂  tooato» canta* 

corn* ftquaebce ?md gourds f and truck

area boti^oen tbo /otacueac Hlver

1ms vegetation filsdlar to that at eosparafcl© altitudes 

of CuernaYaea {18QO-2000 a*) f ezcopt that it has 1^013 

sairturo of tho cooler^cllssnt© epecloo* Soutli of thl£ 

landt frora I^uala eoutU^mrd to tho Balcan Hivor, th& 

Is of frankly &rid~tropic?i! nnturo and voset^tion is 

tivoly sparse, Co.ctr\cacns plnnts becosi© abundant and 

areas ara vorltablo forests of tree-like orgftn cactus,

Ve^otal corer in alnoet novtiero thick, and bodrock 

1® csqpoGQd ri^ht at tte eurface over much of tho linostone 

terrain* 3olls arc e^i^r^lly thin, except in bottom-land 

aroas. Caliche (cp.lcarcoua ovaporito) pervadee the upper 

1 to 3 n* of tho coil, and it foraa a much thiekor 

in certain plneeej it is centrally noro abundant anl de 

over lincatono terrain than eleevhero* Xbuo tho aroa is



t to relatively xnpld oroeloiit except vhoro caliche 

forns a h.-».jM psvenent*

northern q-d^o of too cap In plato 1 roughly 

the divide betveen the Mexico Basin of interior 

nortft* RB& the tfator£hc& of th# Bftl&as or 

cala RiV6pt to th0 eouth (ee^ fig. 1)» roet of the 

irAto tho Assacusac River* *?hieh has ^t 

headvatero on tho iouth.orri flurike of l<ove<So sle Tolu- 

or ?Jji&ntocstl Volcano* to th$ vest, &nd froc tlusre

to Topocatopotl Vplc&ne» on the eouthsra flank of 

tfco-vcloonic Bolt # South of Jo jut In end Eacixtepcc

tho .Vsacuc,*.cs tume souUn^rxrd end" "becoaoo one 

of tho principal tributaries, of the raises River (fie* D* 

vhich ir* the iftr^cct river in coutiieru r:e3cico» 

zac ijlvcr is forced of two ^r.Jor tributaries t tee C 

coatlr?n cad STJI Jor&ilno, vloicii enter li^oetone tunnelc 

separate ctreano and ot-cise ac a f. ingle river at 

nilpa (^u!id» £-2 nn'l rig* 1}» Hie eaverns at

tieroly older, higher, ab^ntlonod underground courses of

tvo etreojac.

 '  Tho £outhi«2etcrn pert of tho ar^- napped f rouehly 

eouthwct of tho Coxc^tl& pJtiticlino (pi. > . «}, drains into 

Iguala Hivor, vhich flowe cout^southvoetvctrd into the
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River via a ishortor routo. "one of t&o drainage in 

tho area is ur*;lercroynd for eonzir!er-,bXo distances and ev­ 

entually joins the surface waters through lar^o springs, 

such &s thoca at lac Estacac (qu&d« £-7) ca& Fundlci&x 

(couth of 2tehuixtla on tho .'ssacusac Hiverj ,tJuad# j&-5)»

Stio Balc&c liiver flona veetvinril mid bcco^ee tho 

bouni2«Lr7 lino betveon tho States of Guarrero tmd ivlchoac£at 

and it eventually turns abruptly eeut&Nnrd to eispty into 

too Pacific Ocean (pi* 3-3). The course of thie river ic 

in a ccnco miO7aa.lou^ f as it croscee tho dotninant northerly 

structural trond of toe Crot&ceoud rocks, thus eugsi>etins

frosi a Xsrtiary cover, Rlthos,i^h oth^r factors 

as tertiary faulting ?*&& broad arching or ^arpin& alco 

entered into its

^3fflat$cffn£ gjftjLj^tr^o

of the b^ealtlc rox&e that rs&o up

Koo-volcanic f;olt, hero en Hod tho Chlchinautcin basalt 

ics f had a profound effect upon tho drainacc system in : 

of tho ?xrsa napped, the basalt blocked the soutteard 

rcic drainaco of tlie forner ::c-^ico valley and produced 

present cndoreic basin* An attempt to &how th© 

cone drainKGO lines has been cad© in plat© 3*-B* 

two -Eajor draina^o lines extended southward fros the oil 

r'ezico valley, ons approxirsatoly under Corro Chichinautsin 

and doim the old eroded Snn Ga&por aynclino to tlio Ar



r, arvl t!io othor fros a point ir* fej. vest o£  -. 

ecuthvr.rl to Cuautln, r,r4 Jcva tho Chiiw.eea Hiver valley, 

IJSG paloo-.-iralnr^o course vis Cu:i.utla vr$ also ou 

Gsorio-Safoll (194C, P« l-W-143). but he attributed 

f$£8 blocltin^ to oxtrueloa of &2^tesite in I-^oceno tlrr4o t 

10 for too carly f as vill boco^e apixxrcnt in later 

of this report. Tho p^eoent valloyu jsarklns those 

d;rr,inri00 coureoc oro anomalously broad and fire pgitontl^ sis- 

fit to proceat dreilrvt^e*

The pro-l Icictocoao drainage* lines r-ho>in «onvorsir^ 

at Lit:o TcqucBquitcrj^o «cru nuch li^o those at present, $1- 

tliousJi tho ^ator- volime \&*& e^*0^^^* ^o >^storiinoat branch 

carried dxninoco froa th^ ^oluca valley via Cc^la 

nalco, .and Ca^tlaii dol ivfo t toforo it wao bchcad^.l 

altlc c^t:^ioion in tho Keo-volcanic ^olt« Tho pr©-Violate*- 

ceno ^n^.cusac Mvcr &£e&& to have had a coiurfio ecaovhs.t 

nortli or wio present c:io» and itc flow WTJS ourricinl tbrou^h 

a p?.eo in the liraontono countnino .north or Cnc^iuanilra, 

near ^-:ierc t'ie : an Jeronlno lilvcr now cntcra the li^oetoco 

tunnel (Tie:* 1}« Iho Chontalcoatl-^ ^JLvor prcbably Joined 

th.o can Jor&ilno boforo gcdns thro^li toe p ee, T&c 2an Jo- 

roni£:o hoadv-ater branch of tho 'Dscuc-rc Oliver %^ae also be* 

headed by txvcsltic- cxtrucion iri the ;,eo-volcanic i:^elt» 'Jho 

present hcadvr.tere of tho Lcmr. Tdver eact and eouthc&ct of 

Tolucti (c*sc fie* 1} clrrjlnei fomorly into tho San Jeroni.uo 

Hivcrc* This bchi?acUnG further reduced v&tor



volune In th& lovfcr .Vnacusac valley, i'lclctoccac tino hrvfc 

been cue of cenoml incision ?m:L no^o fiupcrpositlon or the 

channels of all the otrearis In tho »rw nappsd. B&0alt!e 

volcani&zi hoe repeatedly changed local drainage patterns 

art! ha 6 interrupted incision in aorja places*

£he fortoor cotinection of too vat©ro of Uie I'alsa© 

drainr^s^ with thoco of tho JL^rna Eiv&r and tho Kczico tecln 

is further attost^d 1>7 tho jspoclos of flch^ft now foxmd 

different witore, a^ olre&dy pointod out b^r *

p» to)« AlvaroR stf\to3 thnt reek in 1904 

doneo that Uio Lorsa and ;&:d,co r^eln vators vero 

in renoto tir^ts (op* citet p» M)« ttook citod tho fleh

and LemijCh^^rs fron proce-^t ll

Basin and Lersa vntcrs, rocpoctivoljf ac having a 

ancestry. A specios of ^La^ich^Yg found in too 

tnkoE is similar to n cpocles of that £Onu0 in Xjs 

The present vritcr Relieves thc.t tiio 2c.^pOr\ln fci'toc vcro 

scpGratod frcn tho ' z&cus&c^I&lsaG drainaso in lato .-loic- 

tocono tioo after GOTKxr>r-tion of r.esico ^aia *«ut-Grr. fror: tho 

Aaacusnc Orainec©. Iri other yor:ls f fit tlio "bo^innine; of 

Plelstoccno tJjso both tlie' Mexico Besln and tho Lems

voro part of t^io ^rsncusac^Brlsac drain^so basin,

1 ' I^ch of tho nrcra between tho \aacurac rjJLver and the 

»orth ediro of tho asp in plate 1 tee e^tr^nolj youthful,



constructional or eepo-r.lilou.tl to^ocrap'iy* ovln^ first to 

t-"iO Inundation rjrvl burlil of vrllsyc ami lowl raids by £iw>t 

CQ?.lesclic alluvial fcmo In l*-.ta j?liceeno and poer.ibl/ ear- 

lj rielatoeeno tlso {CivsrnaTaca fornrvtlou ) (see pl» 4 /md 5)* 

?.nd rocond to volcanic eruptions nn*3 tho oxtrar^ion of 

tic lava Izi Hoictoccno and ivoceiit tliso (CMcIU.n^,utsiu 

s^tlt ecrioc), Iho period of Pliocene alluviation 

in burial of r.uch of tlvs airier naturo top^o^aplay and in 

production of em*t elluvial plainc dipping £**on 3° to 5 

* in tho north, to ^o low as 1° to C° in tbo e

hisiior hlllc and rid^^c of the nature topography rose 

as lolnnds out of tills sea of &lluvlw3. All ot*u?lior

linas isere oblitor^*.t^d and n new dr&lna&c sj&tots

;;"roclon c-nd dicsoctlon of the alluvial plains ted 

d to cento clo^roo boforo volcanic cruptiono boer^s 

vi tlorsinr.tlBG fe^it'oro in th£ !;eo-volcatnic "^olt, Lraptions 

r,z¥l ln.va extrusion ccntinucJ into Mr,toric tisc arid prctlucod 

noat of tho topojrAp!>y nortli of the latitude cf Yautepac 

(cima* J-3)» Basaltic lavr. flows inxiridrAtt^d the valley oact 

Of Cocrwavaca to as f^;r eolith ac the Ariacurac r\ivcrt via *To- 

jutla (qna a* £-^) t ojad thonco dcv,«n tho rlvor crayon slrsoet 

to tko point vhorc tho river leaves tho csap (qixad, H~6}» 

Tbo -valley folloxvca by the Ynutcpcc liiver va« :tlco inundated 

for Gcno Irilcnotcre co\ith of Yauto?cc» and the valloy in 

Cuautla ID located vao pcrtlj flooded by basalt, l



result has boon to produce brc^d, nearly flat floored 

lanas, vhlch hiv« fccen further extended nni flntten/ed by 

filluvi&tion from eido valleys in Inte Ilcictoccno and no- 

cent tin©. Thene fisvt s.rc&s provide the richest and nost 

productive agricultural land in tao region.

the northern lx>rdcr of tho map coacicto of a very ~* 

thicl-s pile (15OO to 2000 su) of feafiaXtIc lavas end brocclas y 

^jicli its atU'ldcd sdth t^ic yoai^ect, unlmriod ecoriA and ^ 

clndor conee t of *£hlch r^?re tlunt 100 appear on the isap In f 

plate 3-1;* i-Jucn of the outcrop area of tho basaltic rocks 

lacks Intosrat^d dmlna^o, except tho flanka of the oldout >' 

cos&e cind lava fielde* r:ea*x*£illc, orosicsi continued to 

sect tho alluvi-il plains forsaod of the Cuernavac^ 

tiers, to a sta^o botvoen early and late youth, in 

do©p t Atecp^eided c^jiyons tare separated by relatively

ilio Mils and countoin ranges U^t vcro not buriod 

by tho Cuernavac^. fc nation hen/c ss&turo topography v vith cil* 

ssoet no fl!\t areas cither on top or In valley fcottcnse*

for/iod of lir&stonct have n ^onernlly rounded 

tboeo fospKOd of ch&le f volcanic rocks, or rx*^- i% 

elastic rocks are norc rjE^x&lar in ftppoaranco and are noro 

intricately dlcsectod| too Tertiary volcanic piles tend to 

have cliffod olcj>ecu \\\ tho area eoutli of tho Anacusiac 

Ilivcr also ic of thl» nature* 12io typ^e of land fcras n©n 

tiorwd aro voll illuotratod in tho obliquo air photographs



In plates 5 &J&-1 7, vhich show the characteristic appearance 

of the lals .0 £acin phyRlojm^hic pro/inco,

: s jor vallcyn throu^Iiout tlic region >iav$ s general 

northerly to northwesterly trend* reflecting tho dominant 

structures In t&o Cretaceous rocfce. ;'o£-t or thoia «iu*iC syn­ 

clinal ctructuresj but ti*o conspicuous cs^frjlos of vjilloys 

dovoloped jln anticlines &FQ tho one "be^voon Xautcpoc (quad* 7

(qua4* £-7)f which occupioo the i 

anticline^ ac woll ns too ono couth of 

<iwsil, ^~7)» £cltc of lortlar^ rocks /?, 

to occupy cyncllj^l eti^cturco In tho unde^ljina 

t&ceoud rocket whlcli noro ortdn th£in not still rotain 

or tho s;ftKcal£ fornatloa (yo«azg ct CroVicoous unit} fceuoath 

tlic jfertiary volcanic and clsetic undte* KilB feature ic 

chargeterlctic also of termin to tho north,

iho £cvoloje}Gat of !:nret features hae been Ir.prr-pced 

upon the unjer Injrad foras described above.* Ilioso .-i.ro parti­ 

cularly c-ocnon in lines tone terrain f but they extend out lr.-» 

to aroQfl Oi" Dii^lc, volcanic rocks f CJTIU even poorly incurs.to4 

A'crtlrj^y claotlc roclis, Jcoo of tho lar^ect features 

the poljcc <!ovelopcd ir* tho -^-.ei^anvr.ca forKitlon by u' 

tlcn of tho underlying cnrbonato roc&a. riho best oxa^ple io 

Xocucsquitcp<;o (quad, £-3); otJiers, occupied "by l£&cs

l>an-{quad. £-2). ioljea not occupied t?y IrJsce «iro tho fil-



luviatc-1 areas nccr Cu-utllta (qu-sl. £>M» voet of 

cr, (qund* j>5), couth of Aoehitopee (eup.cl,  ;>£)* vest &nd 

north of .-acute do lrtlf\ (quid. 0-5 )> and east of Ylc.lt 1- 

sapan feit?.d, F-7)* Four cmllor features vhlcJi alcht Isot* 

tor bo called c5.nrcs r.ro located in the iilr.apotla rh^ollto

&bout ^ to* northacst ct tllsapotls (quad* ^** 

» Snail slnl:c arc cotton in ell the Utsostcino 

bly In tee areas of limestone outcrop botirooa 

rallpa fcwd* £-3) aa^ Zguala {quad* jg-^)» Th» poljee and 

forest alter early llelfitoconc tl£&» considerin 

fact that they post-date tho Cucrtis-vaca Torsiation, !*ut 

of tJien could, of course» have be^tan to fern at an 

lier fete,

Di&colntion of line-stone h??,c caused eollapsc of 

etce^ li'-cfitons elopers in sany pl'-icoe v ^5 voll ac tho for** 

nation of imuer^roimd rivers, of vhich tho noet notable in 

tho area nre tlio Ohoatfilco^tl& and E&n Jor6iii^o t vrhich. 

join to forn tho Ar^r.cucac .;lvor at the O,cn!iuazallpa Cav­ 

erns, r:prince arising in tlio dolonlto of tho Korcloc for- 

nation r.ro cordon; tho r:ost notable SLTO those at Fundicion. 

alor^ tho Aiiacunac :liver (qua<l* jj»5)# with a flow of 3000 

liters par ninuto, nna tlioce at lac Cifitscao (quad. £-7)t 

talzcn tonother have probably nore than t\?ice tlxic 

Cn tho hi£hc$t lir:estono uplands tihcr© rainfall is

t diccolutioa hr;B produced areac of l^pice or bar­ 

ren in \}hich furro^i3 generally do not ozcoed 1 n* in



but they &i*e exceptionally ac deep ca 3 n* In c-uch 

&n& particularly on hillsides vhich appear fron a distance) 

to bo coapoeed o£ bedrock Devoid or soil, local jforacrs 

plant crops In the soil pocks tr. doxn in tho Turrets « Tills 

feature con to f enin£ In eilnogt ell t&o hi£h linoctono G- 

but particularly in tiia x^ang® czton'd 

C^ITO Barrlea de i-lata (qu^d* £-7) to 2 

otopan* FartJior cout^i it occur© sotabl? in Cerro

Jutlr, (qusd* H*-T)t raid tho ro^iori mentioned abovo*

and Isusla. ^h,e feature ie isportaut to the 

ocono^ of tho ration, a& trjoet of th0 crops 1»

tho otoop M$hXrtn& arcno aro planted in liaactoacr :-^irrca

f eft tares

tlxc prosont otu^y we wtj^ua in 1D50, 

in trdc x>-"**t or ;;c:-:ico md Tor r-<r!e distance to tho rouW 

cstct, *«*c*:t f - .::;! r.orth, i^.-i 3cnciT,lly been Icccrlbod only an 

bloctrati';rr.niiic 01* cLi^onoctratlc^^v^ic *anttc, ^cithout an 

to Corino and nap litlioctrati^rr^iic tmitc or truo

c in tlup ctratlt".rapM.c cenco* >.s a re-suit, cort- 

 i<X0rable conTaeion in thix&lr&£ imo tirlecn and will contlnuo 

to c,rirve for eoco tir»o to conzo, iho excellent pioneer *--orl: 

Durckhardt (1919) In e&to.fcliPhinG and t!cjrcribir^ bio-



unite in tho lurrp-acc ^1 uo aren of ecnirr.l 

Ouerrero (flc* *)> ^ - c--^ *~ point, Gu^a&i (l^SO) 

grouped t-hc lylocti^iti^r^-hic laiitr Into thror^stratljri:T>hlc 

tirdto %1ilch he referxxHi to tho standard cyster-ic anA series, 

^Ithou^h he? oitod rors^ation isnEeB ^ror-oGod earlier iii CT.XO* 

en| PUQI?IA V ancl oar*tcrna03t Guorrord by hiscciT am others*

procent vox*k Initiated an uttorspt *&/ tho writer and 

bor0 to cUvl<tc> tho rocks of tho region Into true HtUo-

io xuiltr, of forr^tionr^l atwl B^oup rwn3i o»4 to 

tho unite thus c*ioncn« th& reader *r?lll thorcforq note 

felso&t no formation n^?,iae0 oxi^tc4 in this r^£ioa prior 

to the present vorfe enJi that t^io nearest tu^od rocl^ cr© to 

tho east,

Tho tvinoD f fsscCj nnfi. rol^tlorxhipa of tho 

rocke in tiio riron £ttur«ic^ aro sunnsrinod in 

of tho ctratieraphic corroletion table in fi^ure 2. Col- 

ucins representing rivo otlior crone to tho south * voct* north, 

and couthcaot of T'orolcs aro c2.***on" in tho cr*no tr.tlo, for 

co:nn«rison, nc t-.tjll as staaadard i-uropoftn otoc.o nar:os for the 

Jtorxcic nri^ cr«e*-acoouo syctorx*, -r-nsi *CTSIC ct-.c0 nssco for 

ths Crotococuc cjotcn* ^o nancs assigned to ell tho 

tlor^il mni'to cited, except tho "cainilsotla forriatlonf 

propocod for^r-13,y by tho witor in trie suldobook for I^ 

clon C-9 of the £OtH Intonetlongil Gcolocical Coagrcse in

19!>6c)  .rublication of t2^ic cuid^boc^: vr,o do- 

xjntll la to 1950, ^bat tho nonce apreared earlier in the
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guidebook for recursions A-*4 civl ~-2 publishc-l by tSio Cong­ 

ress in 1956, and in tho c;jlSebc«cl: ^or -£c<r arc ions '.-9 &&& 

C-12 published by the AEcoiaeiori Jescicaaa do Ccolo^cc re  

trolc-ror in 1737*

mo olde&t rocks in the nrcn etvt&lcd ciro uericitio 

end chlorltic ochictd of probnblo lato

forcibly by tho IV^tco Viojo G^^^^ volcanic efcries, 

coueiets of ellghtly r^oU*norpliocod chloritic groonctozxo 

is of possible Late Trla6oic(7) a:;c, llnconforrsa'bly over the 

crconstono arc rcss^ntc of too 'CAht&sotla elate '^.n^ cel»* 

caroou0 phalli to t of probablo Into Juracmie oc<># ^^c unit 

is OToriain \rith prceutsod unconformity by tho .\cuitlApon

Juifeod to bo of liooc 

in turn oyer2Ain vdth probable n:
4 >* ^T^^^ri ^f -iif  f'l^i/^, hf/^jr*r^ 1 #^*71 /***s *l ^ r"*^*w 4^ r\y>^ rs 1?* -H ^^1.*ov.j» i iitu- *%* t-^i M fc-/ V **- **i*  ** *v wi*JL t*-tv^j*I» v%J i. JL-?-.«\^£w W*»/H4.xJ'   ** * ^   - *. *' * ~ *» v -.

* -< < %. r ' ' rt'^l ~>t v-"-» f^>?«* i^'-i* -^T^n t'-lfi r*y e»: _,v » v » V. ~ .i,^ o_i >^ t/^iXt^ vij,i.jLirfj '-At-O », At*** ^<3j»

* « f1 f  »/->. ' "/^TT" "* Oft 'T'rvr,--*-"  *-1 ^»'» f* 'f ̂   < »»i *  ri vit'i^vl *  Is* '* '*I/N\"*f^i ;1*/!~l '* ' 
A\3 WA%> - v.i v ^.»Jl> «. W-A -«,-.. v«~V. I v«» .^.-i.t»t i »-,v»*J.^Wfi-A v*vj^w 4-1 ww  --

1} nils report, nortli-ccntral orclos,
ra^-ort» r^Kco- 
f c-rl vr. f 19:

6} ^o^orctronx, lonnotli, in rirecc. 
(7) r;oderJLoo v .--.. J, , ID'3^, tatolo 9*

Kotoj A^O ia £lvcn in rlilicnn of yonrc, accor=5in.: to t 
tisso scale sivcn In ";LcxH>rt of the :;r,tion^l Heooarch Coun 
Cilf Corasslttco on eROurc?ncnt o* Coologlc Tiiae, "* "



li lc- of -'Xl)!":i to envly -.'cno^nrdan r.^o, * czlc- 

on the orcloc forr^tlo:: in cove-rod by tho Cur,ut- 

la linortone, or Turcniaa a^0| arid the letter xmlt Is over- 

Inln by the repeal?* ^oimtioii or Interbed^ea calcareous £ub~ 

011 tr.tone, and £l^lo t vit^i tliln baexl llncstonc

\?hosc &cc lc Cordaclan nt the 

tho to? of the ::e>xe&la foraatlon^ tihlch

t knovm, liut no ovidonco 10 arallablo cf an a^ 

t thron S^ntixalMi or Carsts^iian.

A. crcat pcrlo<l of fpldlr^ and c roe Ion. occurred tse~ » 

tho lolscxs clactic, £yciip f of proV-bl© Is to Eocene na;I 

no cs^c, t^u Ccjporlted unsonforn^bly on all t!io 

enrllor fort^tlctus dowa to th& schlsrt* -ihlG w**zj follovcrfl 

In later OllcocoriC to c^rly X-'lloceno ti^o l;y Deposition of 

the Iil£«r>ot!s r!iyolito cerlois, t>io I'cpo^^lau forrzctlon, find 

tho l^onnYietri, I;i3plgfrrcrentiatovl, end ^e* poo.la volcanic ccr*- 

leo, t;ltli nlnor 41cconforn:itlos vltMsa thcra. llxo next unit 

to be l^.lu uoira vr,s the Cuorns\r<ica fomatlcn, \vith c^c^t c»* 

roslcsns.1 uncorJToralty f In l^to riloctne rt.ii.l pocsibly Into 

early Ilolctoce-ne tlao, ^lio Cliichlaiutslrx tnsnlt cerlo-- 'VS.B 

extruded ana ^epocltori vith oroclonnl xmconfoi^city In *l 

tocone tine on the CucmnvTca formation a&a older 

£^caltle volcrt.nlcra baa contlroic-1 into nolorn tino^

V;lth elluvlctlon In places vhcrc these volcanic rocrio ver©t
ttot



Taxco fcchi&t scries 

Pi a t r 1 but ion and ' nbycio^raphic

The Taxco schist { Fries f I9!}£e) vae n&aod Tor its 

outcrop area to tho east and (southeast of tho city of Tax- 

co (quad, &-!)  tih^ra it h&s been uncovered by erosion in 

an area about 4 eq, te* in fcxtcnt. It appears also Just 

east of Taxco Vie Jo (quad* ,1-1} in an erea nearly a& lars^ 

aft tMt at ^axco, The tvo outcrop ar©&s tos«^i^r zaark vhat 

VES a topographically hieh bolt in ,'lblan tiso end appear^ 

fron tho pattern of I45wer Crotacooue stratigraphy, to rap- 

recent tho southeastern prolongation of a peninsula, extend** 

Ing from e. larger londsaas lyins to the northwest* fh® u*» 

nit is the oldest on« la tho area mapped and forsis tho 

sent on fchlch all others ver® deposited, vith more or loss 

angular unconformity. It vac not nappod or studied in de«» 

tail, end no -itteapt was aade to separato Iron It eroclon 

re?3ni?,ntc of the overlying T&XCO Viojo g'^een volcanic ecr«» 

ieo f .-.cohuieotla fonnatloa. and Acuitlapsn

echist.

Iho Taxco cchict is a relatively easily eroded rook 

and § vhero tJio overlying resistant lisiectone has bean otrip- 

ped avny, tendo to fora nodemtcly dieeected low terrain 

(soe pi. 7). The unit IB siore dissected than the ;^ox*clo6 

lir««fitono but ic considerably Iccc intricately furrowed than

arc preccnt fraa place to pl.^co in tho outcrop creac of the j



tha softer l-;exc^l«i foraition, nc shown. by Inspection of 

plate 7, Slopes arc steep an-1 generally smooth » being 

cllffed only whore overcteepeninc has been caused by l 

Pleistocene mpld valley incision,

Only tvo fspecimone colloctod frosa the Taxco echi0t 

vore atudlea in thin ooctlon* Cno of tJieee (F~71-54), 

tros a roa£ cut at I5a» 160»5 at the east ©dg© of Taxco, 

consists of a nedlun-s^^T* ereimlated eericlto schistt nad© 

up of qmrta* fcldepar t and grains composed of raicrocryc-

'talline a^grc^toc of quart£» foldopcrt and eoricito t all
*/

ect in a denser ecricitlc suitrix (pl» 3~Cj. T!i© orisixuii

rock is interpreted as having boon a rhyolitic tuff* Tho 

cocond staple (i^T-SS) v/as collected fro® 60D 21* nox*th-north 

cast of Xaxco Viojo. It is a very fine grained t lisht-^ray 

eoricite schict, \fhich aleo appoare to hire orisinally been 

a rhyolitic tuff (lt Q-^ ani pi. 3-A) %

Detailed cleccription of the litholo^y and faunal content

of enaples collected in the area sapped arc given in tho 

section on 2rovenanco» potrosraphic description, and fnunal 

eont«:?nt of rock samples cited in the text, h eusssory list 

of earsplos collected frost the rock foraatione and roferrod 

to in the text ie s^vcn also in tho npp<mdixf aftor the 

070 descriptions*
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Fowler and others (19^3, P. 5) group tho jcericito 

schist vlth bls.c!t elato and arkoolc sandstone, vhlchf be­ 

cause of unconforciable relationships, th© present VTriter 

hae Boparated out and referred to the Acahultotls and A- 

tuitlnpan formations. Cfcbome (1956, p» 80) doecrlbea tho 

unit &6 including many veriotios of dletortod and cronul^** 

chlorltic end cericitlc cchlst, aB tsell an angular cox>- 

f grayvacke* and other clastic rocke f I*ho latter 

rock typ^ts aentioned by Otfcorne aay liicevice actually b *» 

long to fomntlone v?hlch the writer coneldere to be younger 

than the schlet,

Tho bsuBe of the Taxco schlet is not oscpoeed In tii© 

ftroa capped, Ihc upper gurf^ce is erosional and IB uouolly
!

covered by n conglonerat© ccsjpessod of eroded schist debris, | 

on top of which rsay be present any ono of the younger for-* 

eta ti one up to th* Balers claetio s^o^iP* owing to tectonic

nover.cn te and erosion «it cevor?»l tince before tho latter 

eroup vas dopositcd* Hie totr.l thic^nocc of echist expoeed

lo at least 300 r.« but nay bo creator because of probable
t 

truncation ^croeo folded

M era nd oriin

Tlie ^rade of notanorphlca oxhlbltod by the echist 

ie lovt as indicated by tha presence of chlorito, sorlcite,

ftnd epldoto (in eono pl^cee), without dovolopsont of garnet»
or other typical motsinorphic zsinorfilo* Tho ninoxnl a



su£3c3ts tliat tho roc:: was produced by regional 

ic Retr.rr.orphica at mo^exntcly lou temperatures. The ori­ 

ginal roc!:c probably consisted ooninrmtly of a sequence of 

tuffs, breccias, and possibly flows of rhyolitic 

tlon, vith minor interbed£«d clastic layers.

Foliation in th@ schist haa a general westerly 

trond and dips ar© northerly and acnitherly at 

low edicts, loee tliaa 30^« This eugsfcssts that the 

vac probably tightly fol<ie<i anl thr.t ovortuming is present, 

nlthough detailod vorli to provo this point is lacltlngu 3-at-* 

er co^proscion, particularly r.ftcr deposition of tho 

tnccou9 fom'xtloncx, inproseod tho corked cyer*ul?tion e^ 

in nost outcrops of the cchi&t* Cs.lcite mid qtmrts; volnlota 

r.ro Abundant f rarid the najor oro deposits of tho region aro 

partly in this formation* Bneic dilt-36 of oxvleeito or din,-*

} rro nu^crouo and -vrcre apjwireatly intrudod end orod- 

b^forc the next ovorlyirir: fom-xtion trae? laid down*

J.rg. fi.nd cprrolrition I

i 
^e of t?ie Tr,xco sciiist has not yet been con- I

firmed by radlonetric detorstination, but bocauee Uxo schist i

ic considerably "acre aatff^orphosed than tho oldest of tho
i 

ovrorlyino forriationB, wliich is the Taxco f/lcjjo &r®$n volcon- >

ic eeriec of Late Trlascsic(?) a^e, it ia very probably old­ 

er than rcBO2olc# roreo/orf tho relatively lover grado of ^>» ,
notcunorphiera as ccnpareA with that of echicte aad &
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that crop out in In-r^a regions to the caat in the Ctatoe of 

fiicbla and C?.xacn f in part called the Acatlsn cchlete (3ia- 

las, I9v9 f p* 82-051 Cal,;orct^3?rc.faf 1956, p. 12j irbcn, 

1956* p, 13 )> and of tho Xolrvpa aetamorpMc &erica ( Fries f 

I9!>6bf p. 29£} f cugsoeta that tho l\txco fcchiet boloneo to 

the upper jpnrt of fee bae^.1 cosplox .^ncl ssay bo of late

are&e of slmiletr lov-rad« echiet

crop out to the northveot ot Taacco In th© ^acualp^n rasS-s&t

and to the vest end eouthvoet of Xaxco on the north side of  

tho Balers i^aein^

Viejo g^wn, volcanic

Di.gtrii3uti.Qii

2ct::co Viojo £,r©on volcanic eoriec 

crops out on th© hillolopo directly cast of the tovn 

of Ta^co Mo jo (quad* JL-1) but haa not boon sjappod ccrpar- 

atcly fron outcrops of tho laxco BchlDt. ?. &izmnts of tho 

formation probr^Lly occur slso In tho r-rca of echict 

Tarcof ^hicli VGS not traversed In detail "by the \^ 

Jthycioernphic cxpreefeion of the foraation is ^uch like that } 

of the Taxco cchirt and ie characterised ty relatively lov, 

saocloratoly veil clicscctod torraixi (pi* 7)»

I.iit2iolcry t tliicl^icBg^ nnd

The Ta^co vie Jo ^rccnetono conslr.ts nainlgr of in 

arvlccltic tuff, breccia, ana nlnor ln.v;i

-
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the cl^ctic bedo &re ccnontcJL l~rc:ely by cclcit©* Cnly ono 

(F~r»7~5A) of tho rork v/ic ernnino-l in tMn section 

,«ml^5J* *^ doninant color le crecnlnhf but coao 

in tha f or&fttJLon are purplish* ryrite and. epldoto 

arc co&mon in BCSC parti* of the outcrop &ro&» J^uny fra^- 1

that taekko up the roc% sro conprecocd ?-nd elongated t
t

as «x reeult of roglc»v«l dyr^^lc s^t^jaoTT^issit '

larjo quftntltics of chlorito voro forr*e^ and 

rock took on a soderatoly veil folia tod appcarvmco* tsar- ! it
ticularly in tho f.lnofit-r.r*iinca l^cdn* dc tMc!cncsa of tho !.; 

xmit Is at least 1OO s» and r^y ori^imll^r hivo been susny 

tJUsos that gre^t*

The unit rests unconfortrmblor on tho l^sco schist and 

in placon hns o. torcnl conglonorate ^iad© up of cchlst fra^- 

ra^ntc* Its extent in the area napped is so Ural tod that 

not nuch oan bo stiid of ito nod© of accumulation. H;o at>- 

un&inco of cold to in t5io matrix of the tuff stnd breccia 

bode, however, ongceotc tb^.t the tinlt nny linvo l>eon deposited 

largely in raarino voters, r?,lthou»ih t-i»cak*»dovffi of t!io plr.sio-» 

claees ftn-Jl pro r>y lit lent ion n^y have roculto-5 in Deposition 

of calcite. L?xtor tectonic novonentc nnd croeion resulted 

in removal of nucli of tho formation before younger rock u^ 

nite voro depooltedf CJTU', different units up to tho 

overlie



A^cr f\nd correlation

hive been founi to ctetq In the Tnxco Vie* 

Jo greenstone^ sni itc ago c&n therefore "bo deduced only 

fro:?, relationships with overlying and underlying rocks and 

by long-diGtnnce correlation. The unit overlies the Tuxco 

schist with angular unconformity end ic overlain unconfona- ; 

ably by the Acahuisotln formation vhich le considered to 

be of late Juraeeio ae« (<5« Ceorna in friee, 1956"b f p, 295)*

The ne^rect resion in which £,x*e<meton« of apparent- ; !t 

ly eirallar stratigraplxic relationships has boon dated on 

foaeil evidence is Zacatocae, in central ;:exlco (BQ& p!4

j Burc"<hardt (1906, p. M) found JLat© Triaecic marine 

foaelle in blacic Blaty rocks iritorbcddea vith volcanic 

gx*oenctone (eeo nleo ^Idonado-Koerdell, 19^6 § p* 500}* In 

later studies Burckhnrdt correlated these rocks vlth green-* 

stone in tho Ouinajuato mining district farther south (193O, 

p. 5-6 }# Tho present writer has oson lar^o areas of similar 

greenstone Vfoct of yelolOApan, Guerrero, only 35 to. south­ 

west of Taxco (fi-S* D» ac well as in tho drainage b^sin of 

tho Chontalcoatlan Uiver only 20 to 30 ka. north fcin3 north- 

vest of Tajcco. Roclcs that ho considers to belong to the

unit crop out intermittently vestfcTard fros laxco in the

of Michoecan, Coliaa, and Jalisco (pi. 3*")« In 

couthvestern Xuebln. and northwestern Cuxr.ca, to the east and 

Bouthccist of Taxco, tho iirst rocks resting on the



net?morphlc complex aro continental elastic Bcdinionta with 

lnterbe£ded carbonaceous ehale f which may bo of latest Tri­ 

able age at tho base, but aro nalnly of Zarly to Piddle 

Jurassic age (CaldenSn-aarcfa, 1956, p, 13-15} £rbent 1956, 

p* 14-15}» The greenstone series was presumably not depos-  =>

Itod there or van $ro<!a4 before the continental el&etlc i
eo^lsientft bc^iin to accusmlats, . t

ACnhul?.otla formation '

Distribution and llthollog^ f

the Acshul^otla formation vne named by <J0 Csorna ; 

(In Fries f 19$6b f p* 29^*295) for outcrops nt Acahulsotla 

near Ka* ]K)0 of the Acapulco highway (fie* i>* 

there conclste of bro%?n*»veathorlne t Interbodced 

C^OUB lldcstono and c&lenreoue elitetone« It has poor re­ 

sistance to erosion and tends to fern moderately dieeec- 

te& § low terrain. In tho faxco resi^2^ the vrlt^r has ro«* 

f erred to the ^cahuisotla formation 8,ti$.ll r^fjxanti* of brovn* 

weathering arsillacoous limestone uni carbonaceous ellt~ 

stone with undulating bedding pl&nos and pronounced foli-i- 

tlon, becauce of their unconformsblo position betvaon the 

TAXCO echiot or the Taxco Vlojo gr^enetonc and the A cult* 

lapan or younger Crotaceouc formationa, Tho total thick- 

noses of the unit IB not knovn, &nd only & fow tcns o? GC- 

tere ronoln in tlie localjltiec vhere this rock ie
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Tho distribution of the Acnhulzotla unit In tho Tax- 

co ro^lon vas not determined In detail, find the unit v*ia not 

napped separately froni tho T&xco nchlBt. Beds considered

to bolons to It verts Identified In the canyon upstream from
/ 

Flchahua, about 1*5 knj. southeast of Ka. 161 of the Taxco

highway (quad, H~l}« At this locality tho rock eonelcta of 

foliated, interbedded* dark-sray to blaclt argillaceous llrs«~ 

Btone and carbonaceous ehale, vhlch lie uneonforrmbly on the 

taxoo echlst and hsva a basal conglooierate frcta 1 to 2 ra» 

thick cosjposod of achlst fragsents* Tho foliation vas &1* 

so Isiprocsed upon the congloaerato vlth ItB earlier**formed 

luid eroded echlet fr&gjQ<mtfi. the Taxco Vie Jo ^rconeton© le 

notably absent t a feature Interpreted aa due to eroelon of 

thie unit bofora deposition of the AOfihuleotla bods*

A eccond loonllty In vMch a email ronnant of tho 

Acahulsotla unit was rocosnlsed Is the rock face Juct above 

the tailings dusip of the ;edre£&l ralne f bolow the hlg^vay 

nc.^r Ka# 160 at tlio north entrance to Taxeo (quad* H-l)« 

Ihe rock IE Uxln-beddotl t calcareous, veil foliated 9 and lias 

undulating bidding planes. It overlies tho Xaxco schlfit dl-» 

rectly, find It Is overlain unconfor.ifibly by the ;:oreloe for- 

satlorit of late L^rly Cretaceous a^e. A third locality In 

Khlch beds referred to the \cahulsotla foraation wore seen 

le a rldgo about 1»5 tea. esct of Tyixco /lojo (quad. ,1-1)t 

vhero th^> unit rccte upoa the Taxco Vlojo greenstone jmd Is 

overlain by the i!orolo8 formation, iloro extensive outcropc
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occur fron 1 to 3 kn. southeast of T^xco viojo f ri£ftr the 

contact between the nrra of oil rocks ant the '/orelo? for- 

mAtloru Characteristic fenturos in the so lattsr t^o lo­ 

calities ar# the unduliting be-Mlns an3 strong foliation 

of the argillaceous li-seetons or calcareous el It atone re- 

to the Aeahui&otli formation*

Age gjaj. ^correlation

tho ago of the rocks referred to tho Acahuisotle
/ formation in tho tnxco region h«c not been ^oteralnod on

foacil ovidenee. Sar.3plor. collected for microfauml study 

in thin section vera oithor devoid of faum or too etrongly 

ehenred to permit recosnltion of nicrofoeeils. The age has 

therefore been assignee* to tho unit on tho basis of corr©«» 

latlon vdth unite in northG?istern Gucrroro and northve&t~ 

ern Caxnct*, vhero tho procurteA equivalents aro called the 

fi limestone (S^Lie, 19^9 » p* 105-103) or C

liscetono (Fiurckhnrdt, 1930, p. 33»>9)» Of Dxfor^i^n (l^ 

Jumssic) RCO (irten, 195^, p. 2r-?4), Iha unit ia alr,o 

correlator with rocks in veetern Hiialgo 9 north of the area 

mapped (fis» D* vhich hivo been called tho Las Xrancse 

formation (rce«retrota, 1956, p» 1^} rmd vhich are of Late 

Jurassic £££  TliO latter formation IB nore nearly like tho 

£cfi!uiicotl& formation in litholocy than either tho Teposco- 

luln or Cid?.riLG liner tonqr* The Acahulsotlei Torrsation 

be correlated with the lover part of the Ang&o



fJe scribed by fnntoja-Mor (1357* p» 17-19) in the 

arc--\ ribc.it 10D kcs. vcot of Tnxco C locality 5 In pi, 5-*}. 

This latter formation s,l&o consists of ic?.rlne c lactic and 

calcareous roei-cs of Lato Jurassic age,

A cul t lap£n format i on 

DJGttr illation » jtltholCKy, jfugS. th-lctcness

nai-ie Acuitln.p^n formation (rVl^ei I95^c) vas 

th© tovm of Acultlsipan at !>IB. 14A»5 of the Ama~ 

rac-Xnxco highway (quad* £-^)» Hifi forontlon cropa out 

along t&o couthvroet baco of the high limestone rld^o^ knc^m 

a© Cci»ro Acultlftpant to the northeast of the to>cu A re:&-» 

nant of tho unit rests on the taxco ociilet near the Tsxeo 

coaetcry, about 1 ta, southeast of tho center of tho city 

(qu&<3« H-l). Xho Arena of outcrop are too email to have 

\?oll defined pli7clot:raphlc oxprcr.sslcn, but tlioy ore at 

Icart topccraphlc^lly lov nud dicceeted, Ijar^o arece of 

tlio forr*i?itlcn voxslcl undoubtedly fojr^ lev, clotcly furrowed 

torrnln,

The unit consists of a cerlcc of thin sr^lllnceouo 

and silty beds vlth eosie cnlcr.rcous Intorbedc, nil lar^oly 

rccrjct^lllced to eletty phylllte, Iho color of fresh roclc 

Ic cccllUTv to clar-;-cray f but eone IwRc arc nearly blr,ct: and 

nay be iFOtscvhat c^rbonstceoxie , Teddlns plsxxce arc rather 

uniform. In contract to the undulating pianos In the 

hulsotla formation.
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The oricinnl full thieve SB e^n not bo 

In the *irca cAppo.* "because of close foiling aa-l 

exposure of the ferret Ion* * partial thlclcnoes of 120 5*. 

is c:*poecd in tho typo locality , but faults hide the to&ea 

of tho unit there an3 present ncasurins the total thickness.

Acuitlapan formation rostc unconfor^a^bXy upon 

older format ioao dovn to the Taxco schist* It ic overlain 

by tho Xoclilcalco end Koroloo fornatloas vith discordance t

tho prononco or tho ::ochicnleo foraation be- ' 

tho two in tho tjpc locality and ito abconoo near the

Fee ells vero not foun'3 in th« *onlt, and itc n^o is 

thorfcfore dcdiicocl Tron ito otmticrapiilo position, fAlio ov- 

or3yinc /ochic'-.Zco Torrmtioa contni: n cicrofaiinr. of \ptian- 

L^rrerilari ??wo, *mJ tho next ol-'cr fomr»tlon is Juiced to bo 

of prcbs.ble Lr.tc juraccic r-co. -"'*c ." c^iiltlapari formation 

lr> thus t'loii^ht to ba of :.ooco;.:ian (oariy ^nrly Cretsceouc)

*he unit nay be correlated with partly continental 

and pertly Ltf.rine clactic rockc in norther. stern Guerrero 

(locality 4 in pl« 3-* )» described by Gurjaan (1950, p. 120) 

and i:rbcn (19S6s f p, 25-££) f recipectlvely, and referred to 

the luebla c^ocip by Krben^ It r*??.y alco be correlated vlth 

tho loi^r part of the Can Lucae fora^-tion (rontoJa-Alorf



1957 1 I>* 19-^) in EOiithefcfstcrn ;'Icboac*jri (locality 3 In 

t>l. >-' ' }» vhich conr.Ir.tn of iuterboddei narine ehalc, ellt- 

£tono, Cfi.n-.lctcno f conglomerate', an.:l f»or.e lines-tone* Mc.ll 

(1903 1 p. 333-33A) ha-1 referred to eono of those rocks as 

"olive elntc" an-1 had placed thea In tlio l^'eccxtla Er<yap, of 

fi^c. Outcrops of narlno clastic roolan of probable 

age havo Iteon eoen by tha vriter also In the re- 

bet\?eon locality 5 of plate 3~A and th^ £cuitl&p£n lo­ 

cality* Roche eluilar to the Acuitlapon forriatlon occur 

naar Z&cualpon rail Ixt-apcJl do 1" Sal In the thontelco&tlan 

draine£e basin only 20 to 30 ta« northt-rest of Acultlapon* 

llocko of Keoconilan c^c aro r,ppr.r$ntly absent north of Kexl- 

Co City, except in northern Uldalee, vhore t^i^y consist of 

a lineatono frxcics (Hodcnloc f 1956, p* 301 }»

Xochicalco fcrap*tion

r-.Gtributioii and hyclorahic exp

ihe ;.ochicalco fonv.tion (l-riee, 19^oc) V^.G 

cftcr tho c.rchr:-eolo^lcftl Bite and hill of thr^t name near tiie 

vcet end of fcctlon lino V;-!) 1 (cu-\4» l;*5)» i^is thin-bcdclevl 

liaectono -cinit crone cut fro:?, there eartv;>rd to Cerro Colo- 

tcpoc, \fhorc It is intruded by n, cranitic ctoclt t and 

vsarC. p.lnoet to tiio .- Ipuyecft-CacshuaLrailpa lilshvnyg In an 

about '9 rq. kn« in extent* Tho ncrtlivoctcm fl?,ni: of Cerro 

Xochic-.lco io s?.dc up of .lixootono of tho ovorlying lioroloe 

fomntion, but the c^act contact vne not traced in detail,



because the area vae covered only by distant oblique photo* 

vhlch did not s?iov tho bad: hillelcoo nor permit tho 

of napping required for tills project (see pi, A).

A second aroa in *?hich tho Xochiealco lineatono is

ie elon& the southwest b&3s of Cerro Acuitlapan 

(quad, £-2)* vb^r^ it lies on *cuitl&p£n sl^ty phylllto and 

lo ovorlain by Hor©lo» limestone an4 dolomite * the unit 

not rccosnlsod in the ar&ats of old rock at taxco and 

Vie Jo * but ransfcinte of it may bo preeont under the

forastion alons tho northoa«t contact of th^ out*- 

crop of old rock fcast of Taxco Vlojo* A IJPUPSO outcrop of 

tfca tmit occurs nround tho &ramltlc {^i aiabaelc stocks 

>iost of Buonavistn de Cu5llAr (quad. Jr3)« the x«nderlying 

forn&tion is not exposed! and tho overlying formation i» 

^toroloe liin^stone and dolosdto* * essall outcrop crosses 

the ^jsacuc^c-l^uala toll road Just eout& of Ka» 157 (quad* 

J~3)» cthor outcrops appear cast and southeast of ther« t 

on the northeastern, eastern, and southeastern flan}r6 of 

Cerro Tuxpant vhcrc intrusivo grnaitlc roc!t» arc also prce- 

ent. All tho areas mentioned are anticlinal^

Topography doveloped on Uia Xocliicalco lincetouo ie 

not Quite ae rounded ao that on tha r.orolos formation, and 

drainac® chatmelu aro sore closoly epaced* Tho fl«inks of 

Cerro 'Tuxpan ehovn in tho oblique photograph in plate 7 il~ 

lustra to tho phyaloeraph^c cxpr ?eelon of the forto^tioxu 

C^rro Xochic^lco-Cerro Colotopeo area his similar
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Slopes tend to be eteep arid cxpoco bsdroclc, but cliffs r.rc 

not eonnoru Jrob-Vbly the aroau of schist, though sosetahat 

less resistant, are r.ore nearly like tho Xochicalco unit 

In physiographic exprccslon than any of tho other rock units 

In tho area napped.

-^ anS thlotocgg '

The Xochicalco formation consists of a sequo&e© of 

very thin to m^dli£>*ttilcic^ ecnso llmosstono beds vlth s 

uniform be3din5 planee# The color rane^a fro^ dar^ 

to blade, depending upoa the carboaiceous content *

ia probably as Mgh as several per cent in «o 

A characteristic or at least th^ iroper part of the fonaatlon 

Is sin fibundinco of claort Interleaves f to tho extent of form­ 

ing no-arly half tho roc& In BO^<J pl*icoe^ th© flnoat Inter** 

leaves are cnly 1 to 2 rsa» thick, but o there r&8£6 up to 10 

or 15 rra. acres c« Individual ehort Interleaves an-i lenses 

r.ro tabular r.nd clo not continue latortilly Tor -ore t>vm a 

few r:etcrti* The thinner bedo of linos tono arc characteris­ 

tically rinoly l^nln'tecl, thG grain else ran&ln£ froa cal- 

cllutito to calclsiltitc and even flna-gralncd ealcr^renite » 

Other, loon noticeably laslnatod bode concist of pelleted 

or clotted cryptocrystalllne calcito vlth nteixture of car- 

bomceouo nnttcr and with a calcilutlte matrix, Rhomboho- 

drons of iloloolto are connon but fora only a few per cent 

of the rock in tho epcclnonc that voro c-^aninea in thin
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«eotl«a. «t lower horl«me in the formation, the thin bod. 

m to bcco>,o less nu^rcue ox* aadlu^thlck bods predos- 

chert beconee lose abundant, r.lso.

Shicfcneeo cotisates are difficult to aakc. except 

in tte are* norttewt of ;«uitl«s*i, tcc.tuee the formation

16 r^atod by tight foMlas «4 tto baiso is not cxposea. 

to th. *«ltl«p& outcrop area, itor. both top and bottom 

of the formation arc oxpoeo<l, the thlcteocs IB about 150 n. 

Jn that locality a ccquonco of perhaps 10 to 15 a. <*

17 Phjllltio ti»l» beat eeeuns eomo 30 or *0 a. ^bovc toe 

tes« of the formation atva is incluiod in it. In the typo 

locality of the formtion, between Ccrro colotepec tr* Cerro 

Xochicalco, tte tuo it not ^peMd «d the niniram thic^- 

neon OM»B to oxcood 500 «u, but reliable wtlmtce are 411- 

flcult or irsposelble to mire because of wprtition flu« to 

close foiai«a. Tho location w« not etttdied vdth suffi­ 

cient detail to establish borlsoa wrkepe.

Hie Xochicilco formation IB overlain by different 

horizons of the ::orolo* fomatlon. ilodB on both sides of 

the contact eo«* to bo parallel in Individual outcrop. B» 

top of the lower formation rust have been ero-lc<% however. 

before the upper ono «ns aeroslted, for the reaeon cited a- 

bovo »d because the litooloey of the lover forartion at^the 

conUct varies eonciaorably froa place to pltvce,

j^

M



ronoval of bcde. At the contact Jvmt north of Fuente <>uo- 

bra£o (qu'*u3.« £-5) eoac 30 :% of thin Tt;i line ecus beds are 

present at tJie top of the Xochicrxlco formation, vhereas 

elscvhero they are absent and different typots of lineetono M 

appear in tholr pl*ce. The txnlt is niceing completely in ? 

the Tr.xco district^ o\d.nc either to erosion or non-deposi­ 

tion* and it certainly tliickena tway fron the old l*md aa«6es* '
near Taxco and Taxco Viojo« ^h© lorer contact i« known only 

north^set ot Acuitlapan^ i.'horc the unit ie underlain by ths
.

£eultlftpan fon:s*ation vith apparent angular concordance f

Folding h~e effoctod the SochiC'Xleo fornifttion to & 

smch greater decree thnn it has t;i© overlylnvS Mcrolofi for- 

nation, snd tho rolationcMp nay be described as 

ic« Iliio doos not noan thnt the sochicalco fornation 

foiled before the Horolos formation WRS doponitcd, *lthou£h 

eomo \$TirpinG zasy have tefcen place, Tho thin-bc-a^od^ ar?:illa 

ceoun or 0".rbcnaceouo cK-?rr.cter of tho XocMc?lco limestone 

s&do t!iQ bods rore cueceptiVl^ to fol^in.^ th".n the overly­ 

ing thicli limestone bcde* Degrco of dofornjntion is sore 

nearly corri^arablc to thit of the underlying, relatively in- 

coeap^tetit, Aoultlapon elr.ty phylllto,

Psnecontesporaneous dolonitl^*ition vas generally 

twsak, and although doloaito rhorsbohodrona vere coon in thin 

no etrongly doloialtlEed beds vi>re recogxiicod in tho 

Tectonic siovccient|a causod intric^to chatterins of 

of the Xochicnlco liraoatcno t nn^rl fxncturse vero hcttlod



by deposition or white calcito* Fine ohearlns apparent In 

thin rscetion c-usel tllftort1.cn or £e struct ion of nuch of the 

rtderofauna* ?u&cryct.nHi ration end locnl ne,raori rition oc­ 

curred in "beds near intruelve boiler, vlth conconltnnt 

color of the rock,

ftn

Ho nacrofoasils %wre eeen in outcrops of the Xoehi** 

f creation t but nusierouo chipo voro tcCzen for sicro* 

faunal stu3y In thin cection. All th£ cosrples collected 

^K^ro examined by F* Konot in too paloontolo^icsl Ictborator^ 

ice of ?©tr6leos S-'cxi canoe* Only fclx eastploa out of more 

than a dosym collected froa different localities contained 

identifiable sdcrofatmrv (cample jousibor& aro given at ths ond 

of the mppertiix, and eanplos aro described in the first part 

of the appendix }» tho fauna reported is as follovc:

Donet (1^6 f p. 42-45, p. 19-20)

THE i ciiod r<l i olarla 
Calcified rrullo:birl& 
Unidentifiable

3onot considora Cploaioljlgi noxicojn to h-^ve 

at tbo bc^innirir:. of late Lsrreoian tirio and to have

-\ptian tine (193C f p* 11» tstblo 2), The focsil ae- 

inrlicntca deposition in c.ulot t relatively deep va*. 

tor* in ^rhich tcnthonic fnune tsae absent, tho »co of the top 

of the Xochicnlco for2^tion IB tlieroforo probably no younger 

than Aptinn* Tlio loworsioet oanplos collected cont^inod tho
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fnmrt end are tlvas r.o ol-Ccr thrm late Barreralc,nf but 

base or the for.ir.tlcn vhoro it le thlelteet t'^s not caen 

nor easspled nnd nay bo eor.c^*hat olC!or.

rtoc!:c of Aptdart-Earrealan ago pinch out 

between tho area napped «x&d central Guerrero* but they 

present In tho Balsas Bacln to tho vcet t uhere they appear 

In R clastic faelco called the s^n LUC&B forEiatloa 

Mort 195Tf p, 19-C5), vhlclx cecac to bo equivalent In 

to botli tho Xochlcalco r,nd Acultlap&i formations 

East^«ird t in eastern iniobla (pi, 3-"Of rcc!cc of liarrerjian 

ago conclat of intor'bcdaod c^lcareouc ah^lo an^ 

llGOEtono vlth purer ll^eetono ltTnso0 t e*llo4 the Z 

JjSa fomatlon (C?.ideron-Gare£a f 1^5, p. 16-17)» vhlch 

In turn ororlnin by lover Aptlan roclce conclctlns of cal­ 

careous ohalo \d,th thin interbeds of calcorcouc sandetono 

end c«t*ll lonces of oyctor coquina y called the Can Jt3nn r«aya 

ftoamatlon (op. cit., p. 10*19)* Hie latter forDatloa ep» 

changes i:i facics to tho north-northeast and be- 

an alternating scrlec of llr,O£3tono nnd blaci chsrt 

f vJaich contain Ices chert upward and be cone noro ar»

Theso roc!cs are called tho rifiisuatcpcc formation 

and era Jud^od to bo of Aptlan ar?o (op. clt« t p* 1>CO). The? 

latter forofitlon Is more nearly like tlic Xochlcalco rorrr^e- 

tloR In lltholosy thru nil tho other formations mentioned, 

Hoclce of Aptlanr-^rroralan a^o pinch out northward 

fron tho area tr.ppo-i and reappear again only nortii of J&cala
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in northern llid?,l£O {pi* 3-*0, vUerc they consist or*~'«-«YBU.W-'"
dettBG linestono with chert lenses aral no^ulc«n, 

by occasional, thlnt bind: anc! green shale 

tho ;.hx&c&tl&i formtion (to&enlos f 195&» 

una is rare and ndero fauna Ic noarly litmtleal %fith 

that of t^io Sochtcalco for^astlon^ i^ilch is, moreover * 

lar in lithology*

formation

:torolos

1956c) for tho thick (up to 9OO su) 

unit of cono£;enian~ Albion (late E,«?irly Crotaccous) R$G that

crops out in the Ctato ol* Mcrolos and adjolniyig States of 

and Guerrsro* tho northorn'aosBt outcrop in the area 

ped 16 about 2,5 SKJ» eouth of Xepo2;tl?tn (quad. £-*?)» 

vhere tho formation dleappears under too overlying 7©post» 

lan lorr^tion, of Clisoccno ( ? ) &£©» an& does not reappear 

frora under tho Tertiary cover until tho latitude of Temiie 

qulao-ApAXCO f 110 3c% to the north, or atout 60 kn* north 

of ::<sxico City (flri* 1). The fcaraation contlnucu 

into tlio ^tf\tes of luobla anl Caxnca* vhero other nr 

liavo been propofjed, raid eouihimrd to K&, 350 of the / 

co highway (fie* l)t vhero it appearo to pinch out* Tnxco 

sstarlce the veatorn lirdt of the formation in the 

and fron there tlie boundary lino of tho old ehcro
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due north for noro thnn 1>3 kr. f as veil an nc'xrly 

duo v-oot into t:iG states of r.exlco ana ::lchoac-Gn for an ua- 

deterninoa distance, Tho -'-ren. or outcrop of this formation 

In x>lato 1 Is nearly &K extonelvo as that of any other sing

 unit.

Tho thick bods of Hstoetono nna dolomite of the : rjo-» 

rolos formation are hle^ly r«01atant to ©rofcloa undor the* 

cllnatic conditions prevaillns in the r^elon, and tliey tend 

to torn topographic highs f oxcopt where tho ovorlylnst thic

volcnnlc covor li*xs not bs^n stripped mmj* 

example of the phyolo^rftplilc expression of tho 

ilon Is th@ ftrea slK>^n In the right for0&rou&& of the ob- 

llquo p!u>tOGra.ph lii pint© 6 t and In tho loft foreground 

Plato 7* Uplnncl slope© are rounded imd convex upward* 

Urainaeo linc-s arc r&thar vldely cpacod» and vallo-y ftldce 

bocono cteopor downward# teraliMLtlnG in narrow V-sh^p-osl 

bottasa vlth little alluvlurs. .v<uall elnlcs are co2nmcn f poiv 

tlcularly nleriG cone cf tho upland valleys, and cliffs nro 

preccnt vherever slopes are steep. Diceolutlon of th# lino 

etone and cr.lcltlc cogent of tho dolonlto has caused col- 

IA?CO of 60:30 hlllBlclcfi f vlth the further development of 

cllffc, llxo topograplxlc aspect of terrain In Khlch the

-orcloG fomatlon crops out is one of the noet distinctive 

In tho region and Is &prironchod only by tho overly lag 

Cu&utla formation and the tlilck-bod^ed, voll Indurated 

llnoatonc conloacrat^ of tha Ealfiae cl&etlc rou fcut
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sinks aro Icec cotton In those l«ttor U;o forintlons,

T-ithol<v-v of thii c.T^onnto r

The ; ore loo formation consists doalirntly of a eo~ 

of lnterlxxl£e<l lii:ectono and dolomite beds vith vary­ 

ing quantities* of chert in nodules, lens^e* and irregular 

ailicified grains and fosoll fra^tentc, 51ia baeal part of 

the forsfitlon coaclcte of fin anhydrlto aentor in tho east-* 

ern part of the area napped* Ad^ixtur© of arglllaceoiia n&~ 

torlol le generally isJUior> and uhale Interred© ^cro not ob~ 

served rjayi^ier© In the roslon, A eerlos of nino ca^iplce ec* 

lect&d In the field for showing cinlnu^ and naxirsua aolonlt* 

Isation gave a rane^ of from 2%3 to 83.3 per cent dolomite 

(e&npl© ?«-65-^4) in dotominations by H, Schaltter of th© 

Institute of Geology, atid insoluble residues In

loc  varied fro^ 0*3 to 4*0 por cent, Zhct propor­ 

tion of carbonate in the beds ie probably generally over $3 

per eent v if tlio chert-derived eilica Is discounted 9 indi* 

eating a relatively pure carbonate rock* Ihe sequence of 

litholoeic typeo in a clven eection appears to chfxn^e in 

detail vithin relatively Ehort cIictancGC t eo thnt no attenpt 

^as nade to establish a single :i type'* locality«

l*he color of the rtoreloe fortoatlon vrtriea j^arkeCly 

bea to bed, xnnsinG froa lii^ht creaniy gray to black, 

dark beds aro eenorally nuch noro fotld ^1011 freshly 

tlmn t^ie llg&t bedB and contain bltualnouB r^ttor in
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variable eniftntity. l-olonltlsed be.le Irr/o a brov.-nlsh cent 

added t vn,ryi:i£ fron llclit trcmich L? -y to bro**nlnh black; 

6O'3O of thea aro nottlsd. i.ods in the formation ;?,re gener­ 

ally thie~f rAHsjlns n^ilnly botwooa SO &EJ Co ca» In thle's-*

of tli© lieiestono rcuiG^s froa calollutlts 

to ealclruditfc, tnit th«j nost cordon toxt^oral typo le cal- 

earenlte. The srelna that R-'xo up tho line c tone cons 1st 

sielnly of agglutinated pellets or clots o£ eryptccr^stalllno

o # foraaini feral testr?, and fr^.£po:itoa cj3»i ateadcd bio 

natter* SOTiC liitorbo^Is conoiat or fciostrciooo of 

Is tide (aberrant lorsas or polec^rpo^e } * c-- e fcropo£c f 

eters, cnbe£doa In ti cnlcilutlto to calcarcntte na 

Tcacturos %f spccli'-scriS frcs: different locc.lItl<?B 

in tho fonir-tiort iro 1 llxzatr&ted in plater 10-lJ^ rjr3 plate
T,^^-- I, rif-i-- ___ i..«g*MP»***K*u3l»i- *

3-3-»AjSSl^J^l* v/hlch ire photographe of acctn.to pcclc uavlo 

frcra etched polin'iC-Jl eoctior:2 r*na enlrr:;ed to a r.i^tirsu^i of 

five timer..

::o lir.oatcnfi be-:! 6 of truly clastic orijin   1. e., 

linioctonc conrorcu of cotrlt^l cz^i^^ Derived fror.i nub

croclon of n, linector*c--.lolo.":it<j terrain   woro rocosniced In 

the r.oreloc formation in tho area capped   In other vords> 

tho for,£ttion io Uiou^ht to represent the accumulation of 

lime $3xticle3 by p3^ec imitation essentially in place, GC- 

coEJpanled rjid £ol loved bj ^j-liitinatlon, re-vorld-n.-, «nd 

redistribution of the ^r^lno" *>?itU almost no cdrilxtxiro of
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terrigenous iistoriai. '*!« environnent vinif\lise-i is on« 

£e.,iovlL?,t cl'jilar to thrit or t:»q prc :sent~ -my I^h^imn brings 

vith varu shoal w&tere, Described in considerable detail by 

IlllK£ (1954) and £evoll and -lib^y (1956)* Vho torn "te- 

hamito' 1 hae "been proposed ror» limetstonc of this typo depos~ 

over 1^1*50 icol^toa taarino txuU:£ or in coastal shoal 

and BQ&II off-elioro bailee (Bcalo0 t 1^8   p* ^51 }> 

in distinction to clnctie, dotrital calcareiiitos 4criv«il 

rrosi subaerial erosrion o^ hisZilando» 53ie -writer fcelc 

this terns is appropriate to d^scribo tho eorbomto part 

tho ;*orclo3 formation*

nn. !ilicificntion»   Dolo^ltisatlon

is thoxic^t to h^.vo orcurre^ on the eca floor boforo en*t dur­ 

ing dift^enocie of the cnlcfcreous cande aivl miclc. Dolcoitisred 

bodls nro completely distinct and £:<2pf*rate fro-i adjacent lice- 

»tono befift. :. oloniti ration lv\a novliero been noted to cut 

beds in the ^.ro?» rrt^,ppc<! f but "be^Micc plnncn ersr 

eorve P.C definitive contacts fcotveen clolontticcd

^e.; bode, n@placcr.ont by dolomite hns r^.nc 

fcv per cent to pc-rh-ipo 90 per cent in Different 

It hae variously taljen tho fores of nearly uniforn dlsccsH

of dolor.iito crystals through the rock (pl« 10- C and 

I»l 1jt5ri?.}t selective replacement of fo?-fille 

J3rJJ> ccloctlvo replaconcnt of matrix r^t^icr than 

)f r.nd irregular, nottlcd d



without rc£«rv": to foe nils or imtrir 

each ea£<". t hcvover, the* typo of £o3.o: Itlsitlon described Is 

confined to a particular bed, vhethor replacement bo jxir- 

tlsl or nearly collate, and the overlying bed le a dis­ 

tinct unit*

fhysieftl or ctealcnl differences fcetv&cn tvo adja­ 

cent bc-d© c<m not account for dolcaltlzation In one caso ctnd 

not In t*io otlior, but tho explanation IB moro lilcQly to be 

foimd In cllght dlfforenccc In salinity, !^!ro&cxv»ion con~ 

coRtrr.tlonf tenpcraturo, or chcnlcal conpocltlcn of the ov­ 

erlying vatsrs, sc G result of clitnatio a»4 biologic varia- 

^jany adjacent bede of doloMto and llszectuno have 

Identical orlslr4f,l tcxtxiroc «uvl fnunal content, 

in A nnd

l^j, for oxnnplo, llluctr".".to non-dolcnltlscd f crn.nl nl feral 

llncctono vlth fra^aoiatt; of rudlctlricj, yet the photographs 

In *. ona U of plcxto lo ehov; pertly Clolosltlsci llncstcno 

Vlth nany of C\o c-'vo or>ecl-jo of forasirilfora rnd rudiotldle* 

the balnncc "botvoon coriultlona cauc-inc or prcvcntiac sub­ 

stitution of c->lclun b/ rsfw^ncciira In t:io bottoa t^ucic r,urt 

be extrcaely delicate, an neither plruilvtoaic nor bcntlionic 

llfo ^.fRe clcnlflcantly affected In t>io ex?xnples Just citci. 

<locc not r.ean thnt dolonito '.lid not fora under shirked- 

different coivlttloiw clsevhoro, ?and In fact, dolonito

d witli anhy^ritq in the lower part of tho I'oroloc 

probably fon:od In n. niriodly different onvironaont*



6?

c;icrt ie rbuiidfiiit in soruj ^irtc- of lio Morclcs £cr- 

cr.ticn, and few bo--?c ilo not contain nilic^ In EO 10 fora, 

iCost or tiis Ciicrt rippccro in irre<-uXrir, knotty to ropy 

ulcs nlcnc bo&ling planes, tuxd f?cae of these fern

Ar lont^os eovers,! ^etors lon^» r«n<aller noaulee oncl 

occur within &ome b<^ls f but cxto:iaivo thin tabular 

ar^3i intorleavca are absent or o^ramol^ rr4*o in tho 

Korelos forontion, in contrast to the underlying Xochlcal- 

co formation. Oiert ic procont in both lineatono and dol­ 

omite bede, &&1 it occvirs in linestono vith foxv^nlnifcrst 

as veil ao with radictias, othor polooypo/Jc, on£ gastropo-lc. 

Probably too greater p^Jirt of the silica la tha forssatlony 

howovor, ia in eilicifieti fossile and focoil 

^iliclflG&tlca was not unirom fia3 certain cpeciee 

noro sxieceptlblc to ropl^.ccnent than othere. 

G^nc-ra Toucficia end iiSiliolites t RC veil ao frtienento of oy- 

atcre t crcriinoiO.c, cponcco, end corals t;oro ccloctivoly eil- 

iciticd (pi. 11-Aj pl» 1C-0 and ~bj pl» 13-')* vhoreao ncct -~

po^s and fcrasilnlfcrr. raroly ehov; any &iliclfic&tion« 

chsll ;r ttcr Ic replaced In cucli a \/^y that r.ll tho ori~ ^ ^

texture in loet t altoouc^i none of tho grce0 Btructaro 

and tlio overall for^. ol tli© ishell rosain intact,

filxo greater part of tho chert end of the ciliclfl- 

Cation jrrtist havo b^on produced pen©contcaiporaneouctly with

lincctone, i£2ao procepc is visualised as having occurred 

port vhilo th« oedi^cnta %«sro ctill unindurcitoa, particylar-
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ly the chert raxtulco snl lenses on th& bod-ling plrmos, tat 

eo&o of tho roet of tho eh&rt *».nd the clllelflcntton of the* 

fo$8llc nsay hnvo besn produced by nigratlon of silica 

, alter burial of tho cedls&ntd a»3 durlns 

A £ot<\lled description of the origin of chert In 

roclcs einilar to but aoaetfhat yoxmeor th*m ths ^rdloc f or- 

Elation, nonr royatal In Rorthesatern Quor^taro {pT.» >»A}» -7 

publlahetl by '*3ilt0 (1947)^ an^ the origin of chert In 

CrC'tnccoue llnootor.^ equivalent In s^e to t&o Hove- 

loa foi^atlcn^ In tho Zlm-plr* slniz^ district of w®fst~c©rw 

tral iHaaX^Ot ^ei^ doecrlbc^ by Slcsoius and Mapes (195^ > P* 

8-10}* Ju short, noct of tho chert eec^Q likely to have 

bo^n deposited bj rcplaco^ient ^urli^s dla0^n^sle t but ooiso 

of It »;ns prob^blj of ejr^enatlc erl^iB and deposited 

bcddljoc planer* « Cillclfl cation has no relation to 

day topo.^rapliy nnd is not a Rurficlal feature, us 

in ectto c«srlior publlehod reports, -anti as «t rosult t blocks 

of lincntono vlth ciliclfle* foeoilc nny bo collected *ind 

dlssolycd In acid to release the forsllc for Btu^y ^nd Iden­ 

tification.

beds weather ll^ht grey to bluisli 

havo smooth to hsc&ly fiur:*acoc vith olnrp ridgQfi 9 rlllc, 

fluting, or other solution features* Solonltlsod 

ther bro".mich ^2^7 and have rou^h enndy curfaccc, or t if
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strongly fractured arui re  eorseatcJ. by calcite, they present 

a crisscross pattern of fine channels vith sharp Inter- 

or n. rou{jh "pavonoat' 1 surface, typical of bode- in 

rtoroloe f oration (pi. 13-3). Irregularly doloaltisod 

lls&stcne produces knotty veathorod curfne&e, Dissolution 

of tho cnlclto aatrlx of xxnltoraly dolo^itizcd roclc pro-* 

ducos dcloinito e«and In placeo tfh&re droolon lo not so rapid 

as to rcsnovo tlio ECJB&, *^hcro noduloe and lorisce of chert 

and irrs^ulsrly eiliclflod focisllu aro present in tho un- 

4erlylas bo<0rools: t these resietfint :fr&G£ents ai*e rel 

by isfeathorins to fena & dense chort surface nibble,

b&f&l part of the -'oreloe formation eonsicts 

of an nnJ^ydrite nsenbor to tho eaot raid ciouth&ast of an ir- 

roc*xlar lino oxtcndlrxs isoro or Ices frons ToqueeQultengo to- 

varcl Icnialn. rm3 thence fiouth-southve&tvard to tho latitude 

of tlto Ikilostc Hlvor, ^.ero It probably tumo eastvard (flc* 

1). llie lino Ic presumed to orton3 northoROtwir^ frod LaSte 

Tcquecqxiitcsnso for an unlmovn distanco, but probably not 

norc th&n a few tone of kiloraoterc » before it turns eastward 

and eout^-eftetvard*

lliG only large outcrop of thic aeaber in tho area 

sapped is on the steep hillside 1*5 tea* couthcact of ?ilga~ 

potla (cuad» i-5)t ^'hcro It has been penetrate! by large 

The veatem border of tho anhydrite noaber is
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thought to bo exposed lr\ tho road cut at ::^» 13? of tho A- 

oacucae-'Ieuals toll rond, vdiere the Xoch.lcs.lco forwatiori ic 

overlnln by a Jur-blo of coarse-grained dolonito of tho : o* 

reloa formation* in which blocks of eypsxan wero uncovered 

vixen tho deop cut v^is excavated* Shls lo Interpreted to 

t;vit tha anhydrite neater >*aa pros^nti but only a few 

thlc^c, and that It was alrjost entirely dleaolvo4 by 

voters, causine eluspins and compl^t^ brecclntlon of 

the ovorlylns nnd possibly intorb^ddecl Morolos dolaalt^,, 

Ho e^l^«nce of anhydrite vas fo\ind at t!ils contact to the 

north, northwest, and *r&&t f but eonje a»y bo proeent around 

ti\o oaet and northoast sides of Cerro Tuxpan» to tho oa0t. 

The lovost po,rt of the Horolos formation exposed In tho Te- 

cuisan antlcllno between Ccrro Barrl^a cle Plata {quad* D«S) 

and reeu£*Sn (qucd, ^-7} Ms e similarly nneeive, brecclated 

character and Is thought to have contained ecrea anhydrite 

or to have anhydrite etill proccnt belov the? surface, Elefc 

vhoro in tho G&suncd are??, of Anhydrite deposition 9 erosion 

has not cut docp enough to cxpoeo the lo^eet part of tho 

Korolos formation.

Lxtonsivo eireie of einhydrite «ind dolomite crop out 

south of I-!uitsnico t o totm 22 Jcs* east of Icuala and 12 te« 

of tho southern end of tho nap in plate 1 (quad* £-31 

IK This occurrence KS.B nentioned in a report on oer- 

cury dopotsits by stcAHicter and Hern&ider-Crtls (19^5 )t who 

attributed tho anhydrite and dolomite to hydrothornal re-
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pl^eeaent of limestone, but inspection of the sw? by the 

vritor rsvcolcl the sedimentary civ meter o£ the roclcs an>S 

th&ir identity vith <?.nhy»!ritc? r.nl doloaite farther north, 

Other outcrops occur C Jca. <n.et or \pipilulco in tho val­ 

ley of the Xgu^la sliver only £Q ksj, or i?o couth- oouthvost 

of I/suala (fie* D* Thoeo depocits vore .dcscrlbeai as ''cJP* 

I5un'4 by £ftatill*n (1723 f p. 95-99 )> i&o also o&eribod thorn 

to nctneosatic repltccnont of lincGtone.

the anhydrite ItJ laminated, white to ^ark er?iy> and 

highly contorted by fle^mgo* Gurficial ssaterial contains 

a considerable a&aixturo of £ypeuat but the densest, 

tively ua^ltcre4 rock is n&nrly pur© anhydrite, mo B 

ena ic pro^u?^e<l to represent hydra t ion of the anhydrite vhoro 

ground inters couV penetrate the rook, ixposuroe i» the &- 

rc-tt napp^^t in uotmil vcrc too ensnll in  ?ttent to permit nak« 

Ing a comprehensive fltudy of the litholo^y anl cx^.ct Etr<t- 

tlgraphic rolationehipa of the neater. Hi© effect of dis­ 

solution t-y ground uatern is obvious vherover the unit io 

exposed*

Tho "orcloc fcmaticti v^s apparently not 

over the higheet ptirt of tho Early Cretnceoucs XAXCO palco- 

pcnlncrala* Avay fron there f however, it rapidly thiclcenc 

to the northeast, eaetf oputh^ nnil southw^et* In Ccrro .\- 

only 13 ta* northeaet of Taxco the formation ic



72

OOO m. thick, lr:licr.tin^ fm increare of 1 ~. in thickness 

for ovory 1G n. of horlcont'-.l (?ict-»neo 4 In the contra! 

part of tlio "t^te of "crelon the thickness io probably at 

losst 9 DO 13, t but the exact fijjure is not £no?m b«*cnune tho 

not exposed. Fro;?. there eouthv&rd tho thlcroiecs 

to probably less than 600 a. In tbo vicinity of 

do dollar {q,uadf ,1-4} t and to only about 400 ®* 

nosr X0a-xla« It cocas to Incrosco as^ln fron Igualti south*

nocso of the vciri*.tioji In thic^n^ee it^ undoubtedly 

duo to rowoval of th© uppor bods of the Morelos 

in certain placoa, Jxidrins from fossil evidoneo, b^ut 

of it is duo to deposition on nn irregular exirfaco &nd to 

Cctlcarooua ben!^: developsaent. A striding cx&nple of tlio ef­ 

fect that line accumulation over a cubsiding banlt has on 

thiclmece variation of a carbonate fomntlon ic the 1-1 Doc-» 

tor linioctons of eastern Q.uer£tero {pl» >*A) t a lithologic

snd <?,^o oquivalent of the ::oreloc fomation decoribo*! by 

Wllcoa and others ( 13*55 }« tnie Ccrro ladr^n "bank fncios of 

the i;l Doctor foroatlon hne a thicteeso of 1500 ct.» vhcreas 

tho adjacent la 2i«gra back-reof and outer foro-re^f faoiea 

ic apparently lose than 300 &* thic^t (op» cit*^ p* 

tlio thJLc!3iosa difference io interpreted as bein 

a deposit ionsOL feature. Another cxnnplo is tho LI ."bra for- 

nation, a lithologlc ana R^C equivalent of the r!oroloB for*- 

nation, in the I*>.Ja do Oro of northern »eracrit2 (fis« 31 ) 



;:cnot (1952, p, 235) reports the locality to conrict of 

£JDJ) n« of b^nV: lines tone ( '' UrcorJL-**n fr*cicc" ) rairroundo 

nuch thinner sequence o of fcnck-re-sf rjnl fore-roof doped to,

Structure sn-5 ctmtlrrar-hlc rolatlcnchins

Tectonic novenontc conpre&so/l the rorolos for-natlon 

Into lolas vdtli northerly trec^ei and tho roc!;s vero 

tared to v&rytns desroeo fron pls.co to plaoo t 

In particular vn,c ctrongly fractxirevl, nrtd tho&o fr«.ctnrcs 

eo v?oll as those in the lines tcno beds voro hr?^lca by dep* 

c&itlon of vhltc c^loitc (see pi. 10-A emd -Cj pi* ll»A f ~B, 

e.M -*D| pi. 13-f;). Co;»tpr£s01on ime not str*or,G enough to 

have produced notteoable flov^e of tJio lineetona and 

, «nd even frficturo elonvas^ 

tr\p, tntf:ncely ^c-fort^l by 

internal loforcyxtlon In the c

-:>ao to their tlilc^-bodjed --'cncio 

strong Acfomation of overly In0 

cecuc units*

i^?r.l llr.ostcnje, Cclor,ito f or rnhy^rlte bcus of tho 

i'oroloc forriation ?^lo vlth ^r^ilrjt* unconforalty upon all the 

earlier unite, vitii the exception of the isnedlatcly older 

Xochicalco fororitioa &R5 pcc&lbly alco the next ol£w Acuit* 

formation* but ovoii those tvo pineli out irre-^ulnrly

tho T^xeo palco-|j<jninsula and tiio Ptoroloo fomatlon 

d or.y hnvo tj^cn bevelled by erooion before tho latter unit

t?at tlie

The lack of c 

rocl-a Ic undou"bt- 

raelerj in view of 

undorlyi^ Crcta-



depositO'l* Cutcropfc of tho lover contict of the- /ore- 

lee forsatio-i in the nrcs. .aippel are not cul'ficlontly exten­ 

sive to b0 certain of tho exact relationships with the ear­ 

lier Cretaceous unita f but certainly th# r^orolos fortntioti 

has a trans£;roooivo relationship to all tho older rock u-» 

cits In tho region*

The unper eontact of tho i-^oroloa foxc&tion is en 

eroeion aurfaccg oa i.1iicli different horisono and f&ei&o of 

tho Cttautla foroctioa wsre gonorally depooited* Uit locally 

the no^t overl/lna wiit ie the liexcela formation and tli^ 

cnautla unit is afc&cnt (se0 fi^* 2), In place© vhero oldor 

horisonci o£ the Horolo© foroation fors ths upper tontact^ 

tee younger fceda of this unit ^ero cither not depoeltod or 

voro eroded| but probably the letter« \3icro ixnito 

thmn tho Hcxcalc formation rest directly on Korelos

i , andcftltlc, ejtti rh^rolltic dl^ec and

cut t&o forr^atiou hero and there, aad larger crnnitic and 

dialseic otoclsc aro prcc^nt

.^c-sil^ r>n/l pro

Tho :-;orcloG I'orrjatlon ic relatively poor in tar 

t &nd nost of thoso collected aro either net? cpocies f 

netr varieties f or lon^-ran^it^ foruo, liudlstlds; are 

ouc In the uppsr p^rt of ,the formation but aro f«?v in 

ety. Amjscnoidc aro r,clucn fotirxd in rocl'G eontainixiG
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tide, and in-Iced* l:i spit a o£ £ili*je:it sc'-ircli, none 

fcun-1 in the ""oreloo formation iti tho arc-% r^nppc-*). 

focsiln e.ro or.tremcly numerous In eono be<Io t particularly 

te tho upper part of tho fornj?vfcion t and nre flocjinrXod b^ 

£enora that belong to t-io fanily >:iliolld^e* :<xio bods o.r 

so ropl^to vith theso lars« forosdnifera, vhieh ere 

&ccn on *rosh fraotxtro siirrs,coo even \dthout a hsinfl 

that tho rocs nny bo referred to as a "ttilioliaite** # CtUer

src alec present but &ro r^>t eo e^^ily di0*» 

in handi epcci^on* i!oet of t-ho for^e present ^2^0 

Xon^ ranging f iiiiidentiflr>l>lo beyond genus» now spe­ 

cies, or now varieties nnl aro not in t&o&celvce 

tic or o>?act aso, witlt thr?>o possible ^acceptione* 

la^es and relative £hundr\nco of tho forenlnifcral 

present in a particular bcl arc tho nest useful criteria 

for assigning on 050 to that be-i*

A particular effort vss n&'J© to doteraind tho n^o of 

tho topnost part or the /.lorolcs for^ntion, ac well as tho 

variation in ago of tho top of tho unit fi»o^ place to plae$, 

in orCor to IK.-IP to decipher tho tectonic history ol tho ro*

lia following lists accordingly give two sroup** of

end t>ro corresponding groups of roccilc, ono 

the uppermost, younsoct part of the formation* and tho 

cr fro^ tho lo'>'or:ioet, oiaost part. Eie numbers of tho

that yielded paloontoloc^ic <1ata ore^
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fronj ^'iicla th&eo ennpleo ^/oro collected, do- 

tailed deacrlptions ot tho lltholo^y ead fcurial content§ 

the Rciace o* tho p^rccsir *»^o Identified tho fauna aro 

in tho appendix*

Sho Tcafeile icKsntiflod in tho c^jplo© froa tho upper- 

younceet part of the Morelos forcjatlon arc as follow s
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the tracrofcsr.ils cited,

tlfied by I'\ .£. v:ollr, icho et^tec that the gonuo 

frco Devonian to Cretaceous f although. nost described 

cioe «.ro of "e&osolc a&e, especially Classic &n& Creta 

££cus« a Tht) gpcclnen appcftrc to bo a nov species, 

to ?» r^^^i^sim DuniLItovsliy (31883) trtra tbe Eeton 

and other Csnos&ni&n bori^on^ in Ewopo** (personal 

cation}* T t̂itg^ropt<p;^l^^ tj^ts also identified by

etatoe that tho senUB ranges through. Ui© Jtm^ceio an.d 

* thst the epocirscaa ie tentatively identified a 

&p* of » E:* todggtsgig V

is toowa fro& th<fr Suda li^estono of

by

vho quotes i&rtcnsexi ^s giving tJio rar^o of tho ganus ae 

sl thrcu|^hout the Crotacoou© foraffttloa© of J^uropo frors C«- 

Qu^nietn to Henonian*1 {.Kirtnoridgi^n through r-a 

eco fie* 2 1 personal coa^unic-?.tion}»

I« »', Ctopbetieon 6200^.1110 d wad identified the 

ciliclficd ftpoci.<2ion& of JiontJjJj^ and reported that they 

"do iiot re&oable cloaoly nny Cpoytd^rlug froci tJie Crctnceous 

of tho southern Statos raid probably repre-eent an 

cpocieo, uli0 0cntiB i& reported to rango froa the 

to tho Hoceatw (pcrr.oaal consiunlcatloa}, Keithor

j^ora^iTolLltOB Is of precis© istratigra^ic value

tho epocioc is ^no'.'Ti. Both cpocioe of Touc^sin     w
*' tror5 couthern Texas frosi tho Ertwirde and Glen ?woeo
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stoneo* of oarly and middle Albisn ajo t ana eisiilar spe­ 

cies occur In tho Cc-vllc Silver llnoctcno 0? late 

ROfl oven in tho T;uda llt^eetotto of early Ccnoc 

according to n. if* Inlsy (personal ccCTuni cation)* 

tho writer 1$ not positive of hiti Identificati 

of tteso two spocioot he thinks nevertheless that t&olr 

Sn Mexico is greater tton horotofor© d^ecr

(19A4, p» Ajl), or &l«3dlc Albian, snd that 

continuo on up into tho appropriate ff,clos of Can- 

roclo& in i:«3dco as veil r.e in T0xae» 

2h$ focmctinif^ral ^ncra a«xl fepocloc, taken sopar- 

ately» <5O not dofino an osc^ct ago for the enclosing rod:, 

r^e isoct of thera aro loj^ ran^ln0» Only t%?o ejxscioe arc of 

eepccif.l value in fi^ir^ the youngest ago of t2i« i:or01oc 

formation* Tlioc© p.ro Djjc^llrm g^hlipt?er^rl r\snler-Chal^ 

n^r. ani ^^^lo^ljlln^i help! £onet* 'ih« former has been dcs- 

cribc-4 b^ Honct (1056, p, 20*-5?l t t^iblo 1) us bo Ins rcstric~ 

teA in -:c5?ico to the Ccnor^nl^n. Ctudioo by £« a. Applln, 

fccwovort CTJ^soet thnt tails cpoclos appeared eoaeuhnt eir~ 

in X"?.te Mbian tlssc (perron?.! cor^surxlcGtlon). ^» 

la described by Ucmct (195^, p. 16-20) afl a now cp©-» 

cicc and es rangins fro^ earliest Mblan time throx^ Ccno- 

tiae t "but it does not became abxjndcnt until nlacllo 

tino and later, Cor£:in and Conkln (1950) enonded 

the t*rcnus ^urnolocu^inA f.tcia-ir-nn rmi the epeelee K* 

Eonat bccauco of lns,de^uato d©ficrlption« thoy et-tc
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(op* ctt» t p, ISO) that tho Cretnceou* r'inr,e of l^roslSP^r* 

Jllrn in TOXMS is throujh tho Mbi«n f tat tint vhero reef 

conditions continued, n.c in cnntern :*oxlco> tho genus con­ 

tinue'.! on into Cenononian t!r,e f ns pointed out "by Bonot* 

In snt-.plec ifroa the roroloe liaoeton^ «nd equivalent Iteaci*- 

cr.n fcn3s.tion& atuaie^ for tho writer by T*, n. Applin, ]*# 

holtni is app^rontly r&ro bolov upper ^Ibian bo-lc, «md ano­ 

ther cpoeies of JSSSlPjSH3JySA» \Aiicli appesrn oTOn up into 

lo-cer Genoooniaa bo^la, becomes increasingly ns-ore

in tho section (perocral cor"istnic^.tion)» On 

baclc 9 tho genus l^^^oeujjj):^ ranges froa 

to accent^ but it is rsro in roclss younger

In cu-CKiry, data *7&ilnblo fron both nacre- and al- 

ls collected from tJio *oppcmocs* t ^oxniccst part of 

o i'oroloo forrsatlon in&icr.tc tli^t deposition continued 

in tho region at least Into cnrly Cenor^nian tino. ,-ividonco 

hr.c not been cbtninc-i yet to prove a ..'eoubine (niddls Cc-no- 

T^ini^n) cr youn.-cr r.:;c x%or rny rart or tlio fcn-vition. If 

euch yciuiGcr l^eio choul4 bo four*.* locnily in later worlt, 

the inTcrc-ncc ^rould be ctror^-. ttint tbo equivalent bo^lc vc-ro 

ronovci by eronlon in tho rest of the arer* nappe -5., before 

the dopocition of tho ne&t overlying formation*

Metalled cxriiaination end conparlsoa of ^icroforsll 

fiLC8c^sblr<;eo In ranploo cc.lloctcs:3 r,t or vithin a fev r^tcrrs 

of tho upper contact of tho Hcrclos f creation in different
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localities in tho circr* Indies to that the rH*;c of the top of 

the fcroation v^.rits considerably frors. place to place« 

"anplo :55~£5 *rca the ftr?t ll;::cctor.o rld^o «ar»t of 

Cuautlrx (coo nppon&ij:) represents cloce to the ycun£cr,t top 

port of tho formation netnpl^d end is of early Cenons*oi 

* Itio top of tl-^o formation at «a. 143.0 of the A 

toll road, roprec-ented ty ©cr^plo 3T55*52t 3.

tly older and lc probably of lato 'Iblon 0^0* 

Thcaa t^o localities represent tlK? extrcs*-ec s%:Qft& thoeo

in tho area mapped, others falling nor*8vhcro be- 

t but fiespllnc ^?i& "by no nie- nc exhaust!ve, Tho dit-

in a$e of the top of ths Ilorelos forr.mticn r^ro 

to bo duo to erosion rather than to non-4epogitlcn*

T^io ac© of the Tjftcc of the Torclos forrmtion ob- 

vlously varic-s greatly fro^n placo to plr,co # particularly 

r-ro*jnd t-io tnxco psleo-penlnctsla \^^ich >as noTcr conpletoly 

covered by t!ii5 milt* Tho oldest bftc&l carbor^ato be<lo in 

the rj^Cxi aro probably not exposed by e real on, but t!io o!2~ 

cct bo-cls e^nplo-1 yioldoa the follotdr^c faunsj

f >
oitl f lad aBVi

^ co-lec

n&crofos?riils nfcra found t!ir*t covilA bo uced to fix tao r-£
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,h precision* Lot-i c-poeles of ^^-^ci/^ cited were dee*- 

crlbcct in an earlier p^r^s^li &c being charactori r tic of

*-?^ -'**'^1 /"* -' :- "I "H^   »*i ps/rtf*  . ^Mfc tx?5^"/  * » TV- v»rtf. r^v-.-f ^ *^r,T x*" .-* ^ J* -'TlfSr: > 1 /*«. »,. & %.!»-.*.,£,«? * >«k -.'.A.*. ,** C«»I*iV>-* fc/<-% w vWA-or *  »! *. \.» i.tt^' ** «^it VjtJ, ^x»i,> V.. A-'. - p -i*Sj t-,' «*«&,%«> 
 ^-^ ^  » V ^*"'

V.lth the exception of tho firet two foroninlferal

JTorus clte,l in tho lict atoYO f tho routsinlnc aoncre* SJHK! 

epocice occur aleo la the youngcct part of the !"prc3Loo for- 

nation sarsplod. Significant clifforc-ncco in nlcrofoecjil 

Bvcsoriblacoo frora tno jonr^est ftsa^J oldert bods arc tho dlf~ 

feroat relative s.bund^nces of tho ^onera and epecies pren- 

cut, nnS tho Afcccnco of corso of tho chftractcrlstlcaHy 

younger form^ fron th5> older esee^bl^ec* Th^ notable al>* 

conco of tho 5cnus Cybl^toliji^., vhlch is pro£son.t oleenhero 

in tho ^crolo--- atvl equivalent forrxitloiis of tlio csaae fades

 Sri «f¥!»*^>t-. 4r»vt rt-r}-'* fcnfi  ?,«"* i^r» i-.TrvyS f>r>. ^ rv* t C^t' f-H fL.^T»t!. 'f.H'*J»*i u,- %rf t.. s*» **   *  * * L-~«»4i~C »~'v,ik-* V»V * A A <v A, iA A-V-v'^ »^* »«-i«l» v»»>r.v WVf W Vt U-_ M *»-4 *.>*

C ^v*~ /  »* % ^ -j- ,---i Ttr*«- 0: ^ f»"' 'rt**^1 *' ' *1 { V"-"* ": TfW! JV/*<> *>"%.-1, ? ft VW^ 
^.* *JV«rf»-»V« Wt^.**rf C. U-j-'S^V. >^-»-i ^,ii Vi«'«- 'i, A ' "'?,*  Miin-J-tJ'j;-Jk If ' i **t

", f- :- ---« ; fi^l-* r»o ? '--vy-t *s r-f* -  >» '-^^f-rs **^^'f TtK^-'J'1^ <'» »>*! "f f^-f* "t.'t^ f5 *4 '! 
J *J,-.V w> -i'-tW^!, c.«<^ O-.i.-  w»ii-j^ -I* JL Vv^ t<*j.J. t» U'-4-v'iV--^ J»4.t^fc^ WvAw »'i^>

"Ttto ^ ~""'f\£- * "£> i"*^ f- *5"*"O"»/^'rs "t* cX-'o^^ "j-\ \ "^r"*-'" * j,"'v rT bccjzi <i"cr *^c 

in c?irly "..Iblsn tine. Hie r-rcTcnco of tho Mn'-'srlyla«; Xoolii- 

c-lco foniation, of :.ptlan-" mrr^^l^n «x^c» places r* lovror a^o 

litrdt on tlio cxnhyurlte r.oabcr. 'lhat this nenbor belon^o to 

tlio croloc fcmatlon zntlier thr-n to the Xochlcslco foraation 

ic proved by tho closq asrociation of dolozrdto and anhycrlt® 

in tho, lov^r pert of ths v: orcloc unlt t r,:id tho corapieto 

ihar^o in f-.clcc fror, bc-:to thr.t r^c© up tho nochicrtieo \rnit.
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kr. of the cnnc reaoxv.l r^cicn *.ad a&e nc thoso of 

the I&rcloc formation are very vldecprwvx! over th0 can tern 

bslf of Mexico and they crop out frora the *Jnito4 States bor~ 

cler to the Guatemalan "border. They account for nuch of tho 

characterietio topography of the £iorr& Ksdro Oriontnl, Aa 

off-choot of this main s;as6 oxtonda veetvard through the 

Baleae Bafiin to the F&cifie coaet in tho State of Ocli3& 

and poesibly also olsewb&ro* The n^tse Kor<ilos hae been 

carried ss far Kest as tho Huetcrno sroa (PantoJa~Alorf 1957* 

p« 26-30) in Eouth«mgt©m Kichoacan (locality 5* pi* 3-^} f 

an^l as f.^r couth SB &a* 350 of the "Cfipulco hishv^y, couth 

of the FftpafcAyo Hivor (fie. Ij Fries, I956b> p» 297)« In 

Gamy earlier publicheit and unpublished roporta reference 

hae tcea cade to the formation in Kichoncan, Ouerrcro, vast- 

em Caxaca, and southwestern Fuebla 0ir.ply as riddle Cre­ 

taceous liKS£3tone (Ou£^an f 1950, p* 121)* tho Creto-ceouc 

cyetera having generally been divided in Mexico into three 

series f called Lover, Middle, r,nd Upper* In control Fue« 

bla tac equivalent unit is enllod by various naaee, of vhich 

Cipiapa and ::^ltrtita (Cald ron-*0arcfft, 1956 $ p, 21-^2, fig. 

A) refer to 11 see tone units ot early Alblan ns^t *R^ 

EC la IK uEcd for younger lines tone but without defining

act a^e limits,
i 

In eastern ^uer^taro (pi, ^-»A) the equivalent unit

vac natacd t!ic LI doctor limestone by v/ileon and others
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p. 2-3). Tnis mso was oxtcn-icd eouthvnr.1 by :.:orcr» 

strorr: (1J56, p. 31P-313) no fir as tlio ccuthornriost lime- 

ctons outcroos north of :. oj-.ico City, an.l it via extonde-l 

northward by Lo-Ienlos (13S6, p* 295-296 *md 302} to south* 

CfiPtom '-en Lulc Votocf (locality 7 t pi, > >.}. -^orthvnr^l 

and ea^tviri fron the luttor locality the ni^cs sxppllcrl to 

the uriit are mainly ia.1 Abra t Xa^aulipa8 t anl Taiiinul, each 

of vhlch represents a soaewhat vUfforcnt fades of the 

same unit, but all those fscieo occur vithln tiio i,l Doctor 

ll^octonc alorvc. <c iu the :;orelos for? .ation» botu upper 

and lo^;or age boundaries of thoso otlior for:nntlon& vary 

frosa place to placo, vithin the Interval froia enrly Alblsn 

to oirly Cenoeaonlan tl::e»

froa the city of Cunutla (qu?>l. ^-9)t "bo c tune of the excel- 

lent exposure of tlio unit in tlio lov rvrv;cG to the voot of 

there. Alio formation consists of tliroc ^ajcr fades t which 

conoiet of 1) a thick eequonce of rccdiun- to thlc£-be«i3e£ 

lij;:oBtonc beds of calcareous barzli or ''brJiaaito type, J?) a 

thinner sequerico of thin- to raeOllura-becldcd l«?.win?.tod lice- 

etono bele t and 3) n. very thin sequence, of tain- to scdiu:n«- 

clastic Iir.e8tono bcdc. All three fades gratfo Into
V

h other laterally and *,/ero sapped ac a single fornaticn,
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as they tO£Cthfcr fora n raappable unit that ie separable 

fro:n tho underlying an.l overly In;: "'oroloc nnu oxcnln for- 

natlons. iho fncii.r coull undoubtedly bo dell^ited tiroally f 

hovevsr* by a sore detailed study or tho formation than ths 

%/rlter could mvlcrtako for tho pren^nt report. In tho dis­ 

cussions that follow, the thick calcareous bank fades will 

be understood unless opcciflc reference is sade to another 

fncios of the Cuautla forantion.

In tho northoastorn and eastern parts of the area 

sapped t the outcrop arer, of the bank facies of the Cuautla 

fomation is nearly coextensive with that of the underlying 

*-orelos for»3ationr but in the wcatorn and couthwoctcrn 

parts of tho area tho unit is thin or even ^tbeent and has 

not beon ehovn separately on tho nap in plcxte 1« In the 

latter area tho unit is generally less than 25 a* thick* 

whero it ie thlol: beid d t it ic included with Uio outcrop 

of the :*orclos foroatlon, 1>ccauDO of tho lac>: of ti;ro ncsdod 

to ceparate tlic two when tho floll voric mis being clono in 

that nron. ..here it consists of thin-beJdca li^catono, how- 

ovcr, it le included in tho outcrop area of tho Kexe^la for~ 

nation, for the Pacie reason. In any event, the outcrop of 

tho unit vroull generally not exceed tho width of a ihicfe 

lino on tho ccalo of the Rap in plat© 1,

Tho Cuautla forantion continueo couthvarJl and v&6t- 

^ard fro-a I^aala aa a th^n li^eetono unit for an unknown die- 

tanco, but it continueo southeastward find eastward froa thero
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ro, n& veil ac eastward frc:.i the? rtato of . orclos Into eouth

fuebla, tilso for s.n un'movn dict":nce. kcrthvord 

Ivorcloc It continues beneath the Tertiary cover mil 

reappears nc.^r ^paxco t vh^ro It cropo out as a bank facico 

from place to place as far north so the wo at- central 

Of the Gt*te of Hidalgo (pi, 3~Af fig, 1)»

The physiographic expression of the thick b^uik 

of the Cunutla formation IB elnjllar to that of the underly* 

Ins Korelon foroation, rofloctlng the sic5?larlty In bed­ 

ding;* ctructurc, and texture, Vhc only eignlfleant differ­ 

ence in rcclsteace to orocion between the two units le th© 

relative frcedoa froti doloiaito of the Cunutla fornation^ a 

factor that ID exproccod phyelo^raphlcnlly in greater re­ 

els tsnco to weathering and erosion and in veaker develop­ 

ment of karflt features, i'hc unit tende to produce cliffs 

vherever elopoe ?\rc cteep« Iho noct prominent phyelo^rephl 

fo^tuneo dotomlnovl in larre part by the Cuautln formation 

e tho four nearly psmllel nountniu rnn^oc loaiinf* south-

fror the vicinity of Tepoztlan, Vnutcpec, G«in Carles, 

anu Itcaratltlan in tho central part of cheet 1 of plate 1« 

The upfsuited southern oxtcriBlonc of no-e of thoee ran^ea, 

cuch ae Cerroa Tesilpa, :"anta liirf'*, ^nd Jojutla t r.?.y bo 

seen in the oblique air photograph in plate 5.
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The dominant ffioies of the Cuiutla formation in the 

area nappo-1 consists of thick-bedded to massive, dense 

etone corspo&al of calcilutite, calelsiltito, ind 

Ito of "fcahansite 11 or calcar^ou© bank typo (pl« 14-C and ~r>* * ' ift»«~j.c~     i'v~-f.ii»«t-..«»«».t>>,g>J^tf.ti!)*iy<K<y_

pl» 15ry,)« ^ev beds nro lees than ^0 csi» thick f an?! 

of the uppermost bodts In the northern pnrt of tho 

southeast of ifo. 15 of the Cu^rnnvaca-Cu^utla hlglwaj 

(qxwd» £*-7) p are 4 n. or nox*o thick. The color of the 

eton© varies from light to dark s**t*y aiv3 f less cOMr.only, 

black, and clastic teede ne?5r the lover contact aro locally 

reddish and yellovieh* ChpDt noiulec, lenses, and Irregu­ 

lar na»Bes aro coxcnon In niany of the bodn nnci rnlon^ the 

tft&Ung plcxncn, mvl olllclf I cation of blogenlc f 

and focsilo IB particularly stron/? In tho loucr end m 

parts of tho unit. Tho orlcln of the chert and elllclflec­ 

tion IB thought to bo tho sr^e an that described for the 

r'orelos forEtttion, Slootroncc of partly to conrplotoly ell* 

Iclflo^ rudletlde, cor Us (pi. IZ-Z)* and gaEtropo-lc are 

^specially abundant In the northern and eaetorn arcae of 

outcroB of thlc facicc (r>l t 15 «« - 17 )  Foraninlfcra arc
' *V»  ^e""*~-~*"-'r*""-*Ji-«   .^r-.-^^.-fc

present in the c&lcisiltitee and calcf\rcnite6 f but they aro 

not readily visible in hand epcclusn, Opccloc b^loncins to 

the family : ilioliaic nr<t nbcent or rare. Meal structures 

viciblo in cono beds.
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Limestons be is of the 'bohanite" f.^cien of the Cuau- 

tlft fcr'iitlrn conoict of fnirly purs calcium carbonate* if 

the Bllicr. in chert ic discounted, and beds without vlelble 

c>xort contain little insoluble rccltiuc. Ooloxitication has 

occurred only to a ininor de^roo in this facice* Doloaitiz^d 

teds nro not renlily distinguishable in the field, end an 

outcrop of frankly dolonltized roc!i io noiro likely to bolong 

to the Koroloc formation than to th® Cunutla unit* 3,r&ll- 

ISCOOUQ nnterlnl of torrisenous origin is generally absent 

or rare.

Iho tac-\l 1 to TO a. of the "baJwtaite 11 fades of 

tho Cu^utlfi, formation north and oast of tha Anacuzac < 

consist of a varied eequenco of thin to thlclc ($ to 50
Of

bein of sxsilliccouc calciciltite^ calcn.rpit-3 t and

erate r.a^le up of eroded and abraded detrltnl clastic grains

of li-.!ectoac cvaJ. dolo-Tiite, with sono ©.'Inlxture of chtirt

cs and .-ibrn<lo<l Isrss foraninlfcra (miliolids), sll 

^ ircn Uio undcrlyinc croloc for^mtlon (pi. 13-C r^nl 

*^; pi. 1^-A *m'i -^)» so veil AS abundant ^niall fcrrs of 

^strooo-lCf locally, 'iheee be-lc neon to represent literal 

or bench dopo^lts at tho baee of tlio calcareous be.nk.

A alffcrent i'acleo of the Cimutla formation ie v 

cxncsea &bout 1 Ida. caot of riaquiltonanso (quud, G-?) 

thdnco couthQcxstward aionr, tho ctrilcc for sone 9 kn. iieds 

in thle fncics arc ecncrnlly 5 to 20 en. tiiicl:, chert In in 

the forsa of incompletely replaced interleaves or lfi
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podo are absent, ^oXoaltlEntion lr. aoro extensive (but et.ill 

relatively unl report *mt), ond the entire rcct1.cn IG less 

than hair as thicl; no tho section in tho next outcrop area 

to tho east, which cousinte or the "bahnnito" fades* Chlp$ 

taken from a eerieo of six beds (canple F-64~54) Judged in 

the field to contain tho least and tho siost dolomite in thie 

f^cie& were Analysed bjr E« Schniitter of the Mexican Jn«stl~ 

tute of 0oology, who found extremes of 0»O and 67,7 p^r 

cent dolomite 9 and 0,6 and 7»3 per cent Insoluble reeiduo, 

^hich consisted 1-^TGclj of elllca. The ceetion Bftiapled con­ 

tained eevoral bode th?,t ve^thered viUi a e«mdy surface, 

Ilk© that of dolonlte bodt? in the 'orolor? foromtlon, but 

csuch bodo voro riot oboorved in the tliick "bahnnitc" fades.

!\ cub fades of the bcnk facies crops out fro^t 1 to 

2 krru northeast of I^ejcm, alotis tho Chinan^ca r<ivcr {quad* 

U~7). L'cde of very coarse linoctono breccia vrith blocks -ap 

to 30 ca. lens occupy a ruirrov rono betvt?en norrAl thick 

teds to the north nnd ft very thin sequence of thlu calci- 

slltite r,nd calcp.rcnlto bode n-lont; tho r-outh cif}e of tho 

river* The ares evidently represents tho border of ,*a bank 

and must bo close to », shoreline to tho ccuth or eouthvost*

*11- tiic boda to the southveot of the A.aacuaao »\iver 

that vorc identified SB belonging to the Cuautln, for^^tionn 

or thought to rcproccnt p^s unit, consist of calcilutlto 

In CJTAII pnrt but rsninly cnlcieiltlto and calcaronitc with
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a variable, small admixture of argillaceous and, rarely, 

carbonaceous matter* Thoy for*?, the third najor fr.clcs of 

tho Cuautla formation and seen to represent literal or ri£sr 

shore deposits* They are composed in part of elastic* de- 

trltal llmeetone and doloaite gralne eroded from an exposed 

carbonate terrain, but vith sonie ftdKii^turo of 

eon22ia\jto4 biogonio fras^^tits* In most of thlu 

0rn ax*ca tho thin clastic t^ds v^ro Included, for mapping 

purposes, vi th tb© overlying ''excala foinnation, vith which 

fere noro clocely jsillioi in f^ciee tlian vith the 

t thick, *9lliolld-b ftrins lltiostono or doloalte 

of the 1'oreloa fornation«

t!iickec3t part of tho Cuautla fornsation corrcc- 

to tho "bahaaito11 or calcnreouD brxnk fades and totals 

about T-Q -* In thickness* It occurs in the mountain ran&e 

defined by Corro Larrisa de rlata, J!oatc Kegro, and Ccrro 

v--ctopAn (qua!. 2*7 ^° ^"7)f fta"i ^t continues for &n unlcno^n

p thero cmstvard and {southeastward* boyonl the 

of the ^eolOoio nap* fouthward the* thickness nlso con­ 

tinues nearly the sane into Corro Santa *&rfa (nuad. 2,-T), 

but in tho next anticlinal rldgo only 2 km. to the eouthwoct 

of th© latter rtmgo t it decreases to lee© th^n 500 n. 

*ard fron tho Canta !-!nrfa»B?irrl£A da :vlata mountain 

th0 Cuautln foliation rapidly decroacee in thicknooe to only
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a t®w motors in a horizontal distance of £0 to 25 *s« &t 

a point 7 to, nox*thenct of ?n,xco the unit io only 20 n, 

thick, anJl eons 12 kr., south of Tnrco It ID only 15 &* thic!:, 

vhllo In the irradiate vicinity of Taxco bod© reeo~nl£ed a© 

belonging to the formtlon fcavo not been identified and vere 

probably not deposited, In the vicinity of Xguala at the 

eouth end of tlie area siappe& f th© unit 133^7 consist of a lev 

neters of thin llneetene bcdie tli?ot vcro napped vltii the :^ex- 

cala format ion i yot nceir Huitssuco only 20 kia* to the 

of thoro (fig. l) t the Cuautla formation lo present In 

thlc& Mnk facicc elnilar to that farther north, the 

ness thus eoems to have b^en controlled by th« nearly north- 

eouth paloo-Bhoreline f to th© weet t and the development of 

the Cututla calo!>.rooue bai^$ to tho east.

tructure ?j»d ctratlcrnnhlc rol^tlor.Dhlt)B

strxictur?.! features do scribes in tha t'.orolos 

ar© nloo cliamoteriotlc of the Cuautla fcraitlon, 

ac the two participated in the ea.ie tectonic novdrcntr. f and 

hcnco thoy nccrl not bo ropc.itoi here* I'ho CuautlR foma- 

tion O7eryv*'hcre reetc directly upon the ::orelof? unit* Iho 

feet that different stratl^mpMc horlsxma and litholo^ic 

typoci of tho latter xxnlt appenr locally under the Cuautla 

lia^ston© f»,t relatively short dietpjicee laterally indicatce 

that a period of sarlne jfithdrnual anl erosion c^parated the 

two formations. Thlc conclueioa 1ft further etrcn^thened by
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the presence of basnl c lac tic beds in the Cuautla formation* 

or vhlch tho constituent grains verc derived fra? tho l-tore- 

los forroatlon, Th0 ar^lllnceoue fraction of the basal beds 

taey ropronent Insoluble roclduo froa eubaerlal weathering 

mi dissolution of tho Jloreloa limestone nnd dolo&lto, and 

tho dolomite grains asay have t>oon liberated by dlclnt^ra** 

tlon of dolo=2lto bode to s&nd BS a result of leeching of 

the cosentlng calclto s&trlx* Ho angular relationship %ras 

noted bottreon tho two forsiations on an outcrop scale*

Tho next ovfcrljina unit consists of tho Stoxcala for* 

nation, %Jhich roc to conformably en the Cusutla llraoetone 

vlthout evldcnc© of ̂ n Intervening erosion p^rlodf Lator 

erosion, however, rmovel tho i-excala unit In sany places, 

and tie a result, any one of tho younger forsatlonc nay root 

directly upon tho Cuautla, unit, but everyvhci^o with 

fjri(rul?.r unconformity* In tho ecu thvcc tern part of tho 

^appod, tho loweraost P'^rt of the ox^orlyinss ^'©xcala 

tlcn r.ay bo equivalent In aso to tho upp^r part of tho 

Cuaiitia boni: fades farther to tho

llio **tehiinltc f' or calcareous bfink faclee of the 

formation contnlne repeated bloctrones of ruflletlde 

Cflctropods, froa tho taeril pnrt of tJxo unit upward to 

near tho top, but tho topmost f younoeEt bcdrs of thlc f&clee 

In tho arcs, botv-cen Guerre. vaca end Cuautla are devoid of
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identifiable laacrofniuru .~oel of t^c ru'llotl^.c r.re pnrtly 

to voll riliclflc-d an-1 con be recovers 1 by .liseolvin^ the 

II: cctccio in a Slluto solution or hydrochloric acid, ^x~ 

ccpt for well silicified snail .^astrcpovlD in tho bac-al 

ccronite beets thit belonr to tho gcaxie £]crl.n£l* noet of 

thoce bighor in the forattlon ^ro not ellicifiod, 

lose of seniic^ Individuals of tho ru;Uotld g-enus S

for eocio unknown reason* raroly s!iow oven incipient ellici- 

fieatica althoxi^h they nay occur together vith abxniont f 

voll cilicificd Individuals of other rudietid goncra. Both

rudlctld and e^ctropod groups GOOS to contain now spoclee 

In addition to earllor-doccribcd ferae,, No nttostpt was 

eaio to n^rs0 and describe tho nc%* cpeci&s* but only to list 

then ac Indo terminate, JUct as in tho ::orelos formation,

arc absent in the rudlctid-beerinc fr.elec of tho 

formation.

Tho relieving list pivots: the nuinbcr^ of tho maples 

froa t!v? lotx!r f ni--!c-lc, e.n^ upper p^rts of the 

J: fcclis, for convenient reference to the appen- 

in vliich the provenance, lltholo.^y f ^.n<1 faunil content 

each Es^iple arc described,

Upper pf?.rt of rid-ilo part of I.o*^cr pnrt of
facics Cuautla bonl£ faeies c:\xsutla binlr f..icieo

13 34
83 A|5 £*3

[M6.-54 F-23-»r>3 F-4-.54

^2 F55-13
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The fruinns corresponding to each of tho .-.bovo groups 

of fsastplf-'G cro listo:! bo lew, In cuc-i a VEST that the foras 

in the upper part of co.ch column aro generally in a *ii£"aer 

part of the section than thoeo lovior ia the colunnt but soao 

of tho species lie tod arc present throughout the group, as 

evidenced by conparln^

Upper part of Middle part of Lover part of
tenfc facios Cuautla tenlc facics Cuwtla bank facie©

(;;un-
eg

can i-arona
.sp ^limyurltes sp* a ga^lolltec

tus
Trochact-^ecn sp» 
close to 1\ occi- lorried

K ep, *

. cp

cric cf» f*
cp» a riedi baunaaa 

l sp.
re sec-* perinea ep*

var, noxfca^ rQ.t^r^rrjr-jj. ( 7 ) B
* "s la" ¥p *

dillcr-

Slinoda

c ln
fi cf* U""

cp,

la view of the diasnoetle fnaorofoseils present in 

and collected frees tho Cuautla foroatlon, no effort vnc nad 

to auteit rcatorial for nicrofoseil rturly, except three 6*121*

fron tho bacsl clastic calcarcaiito beds under tho ub~-»
*1 bonl: facios. Those voro cs^iples F^51*-



of 

In the* wtVrn irvl foutHvr:Gt*?rn

these? at*e mainly fregsontftl or r.o poorly proeerwi tiv\t l~ 

dentific-ation IP Ini>os01ble» Accordingly , » cars^ic U 

VAB eollect^H for &icrofcm£$X etudy at the Junction or 

C^eah^mzallpa^^lpu^eoa and th,« TA^eo-Ceca 

tis.^r the Cne'^huanilpft Caverns at f©t; kilonatars north of 

o%o of tha r^p In 0iioet 2 of pl^,to 1 {^uad« £^3j fle# 1}% 

'She etr^.tigraySUc position of tJiic latter- s^raple In rela­ 

tion to the teriJs f^cioe It. not knovn, but tlto ssa^le r^i^re 

e^nt^ the topcoat ll^^stoao tx>d» a^^l£^ifiKl by the writer to 

tho Cuftutis fomatlon r,t ttet locality, 

flod «ar« && follovet

clastic c.'-icnronlto un- topraostr t?o<l^ of the
facic-ta

* :onet o tr>/>oi ch and

Icri
«

an ep*
cp,

HSSSP^t ' ) *"

V include c^veml c^cicc of 

i/i llxln^ th© ^o of tho Caiutla forrjxtion^ 25is



by J« ' '* ~-ellc, v*v> cV-/v>3 tint .It v;ns "cr-l^li- 

crll.-od trcn t'to ;:y*ist Llrrcntono or J/r^lc-n, of 

r'acetrlchti-ti a,;o r nu-1 noted elP*>v!'v::r# o~dy by ayself in

collection rmas by i:ruco *-nCe r;«tiy jrenre anc fro^ Vua d 

(^aa l^ila Totofef } of :^exlcOf li^SSSS,

to "bo ;^t«&triontian»».» I etugp^ct that 

(it) h"p a longer mrc;e tbp.n tlto t^o !-:noiwn occurrences- 

Bv^'.est11 {poroo^al coiasisnl cation)* *^13.e aleo Id*ntiflc4t 

tha ^orcil cricclce Ccltn^!?trsp?t »T>-f of vhich ho vrltea th?,t
 * git BH ^ '   '%t«»Bifc<^W^**-   1H^*IH|'*^^W V »

n t!ae r*poclrs©nE reprcsosit a now epcelc5s of the e cleric tirlan 
*
coral C;c»ufi .:  L^ffi&g : tjrg?.g " . s rocr«buildlng typo* XStls 

the first record or this s^»ua in t^io .-mcrlcsrjn Upper 

ceciis. Hie noct tj'picsl oc«un*ciscw of tMc t;er»uc Is in 

the : uropesa Upper Cr^t 

G or^l c or:.7tic^.i <t a t lo n } *

"oullns) »sro.^a {r.s?? r>i, XT-*- rn-l -.' } is '.escrifcod by :-ull 

rlM (l'?50» ^> r^") ^.c occurring in . uro>K-6 cxe2v t?:lv$lj in 

up^or T'jronir.n rocSro ftrvl e.e not : ̂ .vinc: fcr^crly tcisn loua*2. 

la 'aorics* TJift cftotroro^l Ij^c^ct^con ep» v 

by K. I'« C-ohl» who ijritee that "tiao inconplet

r>odE of thin collection ».ro incui*ficient for c 

.6oeo line acacril^si a fors: '£.

the "Lever euonlnn", of cr&n Luio rotocf which apponrc
* *

to sr: r«fj in sire but hra leec pronounce<l clioulder» tlsan



mterial fron r.'oroloo" (personal coreninlcatlon)* trie ru~ 

di-sticl Jl^Oi£it2£ rgffoctuo var. noxlc^ra^s (Barcena) (eco 

pi* Xc-B ana pi* I?--*) vac re-define* by r,iillerrlevL (1930, 

p« 63 )f vtio polntn otit thnt this gp<?eiec first uppers In 

Kuropo in upt>or Turonisn roeke and Is clnoat suroly of tho

in ::03Cieo. Both r^.tUdliteg n5llerrledl and 3* 

voro r.£U"o«l end vleecribod t>y Baunan (in preset), 

them to bo of Turonlan

^oecrt^od from ilooecolapa^ Jnlieco as a new epccics by 

(1928, p. 81^02 }» who further et^tae thct **»pocica 

to those aoticriT^i froa i&toffcalapa aro very cosnon 

In tho ll&estana oa«t of Cuernavaca in tJio Stato of T&rftloc*

Thifi semis affordc the beet scans thus fftr Jmov-n for eorro- 

Intlne nany vldoly fc£pcjrs,t«d expoeuroo of tlio sruronian'* (op# 

cit. f p. 00).

The al£fvl rotjninfi vcr© studied by n« Iles«k» vho 

the folloving ranges for tho cpeclcs and e»nora idcn-

pic noc 1^.1 el la ap. f Lato Crotaiceoue to early Ter­ 

tiary; J^i.cu^ria ep» » Crotacoouc to Recent; zrepporija cf^ 

ii* <srotacGa> Ccnorsanlanj ^iouclm and/or ]jnllncdf\ t Creta­ 

ceous to Kccentj jiolosporoll^ of. ^i* gjfincnpig t tooim prev­ 

iously only fron tho Triacelc. viho ecseablase Is accordte^- 

ly of probable Cononanlon nge, exltliou^h this ic not proved, 

Sho ochinoid Tctrqcrnma(Y) op* vae Identified by C* W» 

Cool:o t vho cocsontc that ? ortonccn gives tho rea^o of Tc- 

f Jpper Jurassic (requ-?tnle\n) to ;'ldfllo Crota-
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ccoue (Cenonanifin) 1 * Ihere is & fcpeciso in the Ufes 

Eroup rail another in tho *re£eric!-:sburg group of T 

N» F, Sohl examined the anal! gastropoda frcs the base of 

tho Cuautln formation and distinguished at least tvo spe­ 

cies of Kgrittea , ono of vhich "bears a thin faint plication 

on the floor of tho vhorl t a feature found in 2.

front tho * Lower Sononlan1 near Cardenas (San lAils Fo- 

tosf), but differs In being »oro obeee In outline* Fur­ 

ther comparison is impose iblo as fov descriptions of ouch 

material froci i-toxico hav« b©on published an^l (the 

do not compare with axiy Gulf Coaet forms" (personal 

nication),

Of ToucfiMa, that ic not 

ly in tho prceent report ranges through th© Cuautla fons&tlon 

froni tho lovornioot beds (see p! 0 14*0) almost to the toptnoEt - 

bofic f although it becomes less abundruit upvard in t!x« sec* 

tion, !J.neetone blocks vlth Billcifiod InSivlCu&lc (ceo 

pi. 17- A) wore diecolvrcd in dilute hydrochloric acltl and a- - 

song the- broken fra^ento recovered, thrco individuals re-* 

tainod the eecon-1 :/alvo t vhlch is a nearly flat opcreulus>- 

like cover* A specimen froa eanple F*»34*50 vac csaniuod by 

r», W. Inlay f vho reports that **tho cpecios of

differs frora both 2* t^^fflA (nooiaer) and J, pata^ijsita (white) 

by ite nearly flr.t rl^ht valve* Its larger left vr.lv© ro* 

tho low^spirod variety of T. psitA^iqttn, Tho latter 

to have a noro highly frilled kcol and a siorc flat-
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tencd up:x>r surface, but the differences arc slnor* ?. i££

na lo ol^tlnalsacd fron both ':« sal th* cycles

fron southern Mexico by Its depressed spir#, v'lica s 

rices abov® tho flat upper earface of th$ last volutions s 

by tho volutions Incre^clnc in height au-1 breadth 3:01*0 rap- 

Idly during $**ovth* (porconnl conr-unicatlcn).

Iho alcrorooells In tho fe&sal clastic calcaror.lto 

usvier tho -*bf\h!ialto * \&.n& Ancles ero In part eroded out of 

th« underlylE£ /or«slos fom^itlon* Sh© species or tiiat orl-

> and ,2

(see

of the writer* species that are itnilgenouc to th© rock aro 

thought to bo Ciit

,.i nonr 'wixcahvip.nllna contains a cone- 

an? pusrlln: aoscnblGk^Q ot r.Icrofo::cll2» vhlch 

Ic 'it lo^?it IlffcreRt from asoonbla.sco founj la eltlaor tho 

un-.~criyln,~ oroloa for^^tion or the overlyln." r excala 

tlon» ^:;a:*Iru-j.tlca of tain cectioiio cu^voetc to the v.'r 

t^vit lrt".lvlrluila of 0010 rcnera, c.c for oxr.-plo ^Ic^

.. uinquploculina , ^llocu llpg\ , Gn-1 i^oeilin^ n^ h"ve been re-» 

loacod Iron tho und0rlyl*3£ ;.oreloa fora.it Ion by woathorliLj 

,nnu orocloii, to bo incorporated txs cllt^aise;! grains la the 

clfiGtlc calclclltlto rjcifl cnlcarcnlto teds, por*clbly account- 

Ino for part of tho anomalous nature* of the afsccnblaec. L. 

U, Applin, v;ho studied tho fnuna arid ldc»ntlfloa tho forae
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present, Jucl^os thrt the f;cnorr-/i aspect of the r?scenbla^c 

f/ur^cctD .«». late lienonani^n a-jo. vbvlouoly, rs. r!s tilled 

etu-iy of tho -ilcrofaunn in the ' bahrisaite '' fr,cicr. of tho 

autla formation is £e8irabld f for comparison purpose » f 

it nay ehe-1 further li^ht on tho a<$Q problem of the

u

To nui*33aris0 tha partly conflicting eyidenc© cited 

in tho preceding p^rocranhe?, the r>»n.crofos^lls of tho thicls 

calcareous bank facioe of th,o Cu<kutla forD^tion suggest 

that tho fc&eal be-Cn mre of early ruronlan ago, but tha t>ae~ 

al calcarcnits say "bo as ol<l ac la to Ceno&onlfUi* The top 

of the facies Is alsoet certainly o^ lato Turoninrx e^e« 

Coac of the fomo reported ran^o elecvhero tipvard in the 

titao tc-xlo, but no positive? evidence iE available to inrll* 

cats A po£t-Turoni^,n «.j© for ^ny part of tho Cinxrtla unit. 

Iho thiii cl-^tic cjilcnronlte facie© ray bo equivalent to 

thaf lover: ioct p^rt oT the bank f^clos anl nay r.ctunlly bo 

partly o. Ir.to oenoi ..imi-^jni ano. The top oV tliic f?icl©s f 

hovx-ver, to ftlsost certainly or Turoniwi a^o, but it rtay 

not rice very hi?.h irs the Iuz*oaion ctA.^e. :iocLr-chor® roclrc 

ooui-velont to tho upper part of the tank fncicc raay coneict 

of iutcrbcddod clltr.tone euvl Band stone, t&iich tac \/ritcr 

hi?.o included in tho ovcrlyirtf: ".OKC^I.-S. formation* It sunt 

be rcnoabcrcOl that tho format Icno described in the precent 

report arc napn^.^1^ llthslocfcs (lithoetrc.ti£rt?.phic) units 

vhich zj-syp n.^1 undoiibtorily do in fact cut aero* a time linos,
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if tho forrrationsj rra trace! l

corresponding in both litholc^y nnd a^-o to 

tho Unutla format, I on have not boon described veot or tho 

area capped, o:capt for &n urmosod lisas tone unit at HUQS- 

calap?* (i^alsier, 19£8* p* 9) in tho eouthoastorn part o* tho 

State of Jallsjco (pl» >-A}* nodes of tho Srti^o &s 

ent litholOGy» consletlns of irtrino clastic 

wl ol li^estono^ ere probably rather vi^ecpr 

or Tax co but have r«>t Ixj^n napped ccpamtely except in the 

Huotsr.0 rogi on » where they have been mrse& tho lUti i"eeo for*

-^lor^ 1957* p» 30-37)* tlia lower p^rt of 

formation rsay bo equivalent in a^o to part of tho Cuau- 

tla fornatlon, but the fades is quite different. Koc&s of 

Turonl^n a;;o arc present In Cuorroro alco c-outh of the a-

unit between tho . orclos an-l : oxc&la for- 

raitiona ic e^uato-1 vlth tho tur,utla foraation by J;olinenber- 

r.or^raonr^n (1955* r» 23-«56}. .^.ocko of Turoaian "..;o aro Des­ 

cribed nenr i'i^tla, ve&t of Chllpanclnco (ri;:» 1), by ; -.Hl 

rlccl (19A5. p* 2^7-263 )  vho <Zooe not, hoycvert proecnt a 

litliolo^ic rcctlon end only st«tts that they concict of 

t*->rlx?ddod eiir\lo *»ntl sandgtcne with li^estcno ''leneo^*

of Ills *Up^>er Cretaceous51 , rocks are of poot- ruronlan eg
*

but eor«© listestcne bode aro appc.r<5ntly present at the
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of vHo section. Oilman (1330, p. 1*3~1]54) r.lr;o tteecribcs 

14 Upper Crotycoons" roc.ce In corrtr-r.l arid ncrth*v.xet -rn ~ue~ 

rroro, cost of volch arc of poct-Turonlsji r*£G and eqiiiv&-* 

lont to the tTexcda, formation of the present report * but 

eo^^ rurcnlnn linen toiio scons to bo present at tho Mr.o of 

this series of roc!cc«

:iockr of elnilsir lltholocy end 3.5© to both bsnk emd 

cl&ctic fftclec of the Cuautla jToiTiatlon crop out in south­ 

western ruobla  md northvoutc?m Caxica (fiS* 1 and 

thoy were mmod toe rctlnlcin^o formation by 

p* 114-113) and rro furrier defined and 

rb^n (195^» p* 27-30}. tlr^fitcne pre-ioalnatce? In th»

ngo fcmntlon, tsut Intortodo of cslc^rcotm siltstone 

end slwlc are alro present* The litholor;.y c.ppas*ently var­ 

ies vilely frotm place to ploco, rarther north In vostorn 

7uel)l*i tl;e ''liecauola 11 formation sceic to conprlso rtoet of 

tlio Cretnceous roc^c and rasy include cone Turonlan ll^eEtono.

: vorth of tho r,rca napped^ in the vicinity of <\poxco 

nt the ;:iaalco-: 5::Ico "tato boundary line* tho Cu^utXa Txwn^c 

facicc ror,prc-crc fror: under the Tertiary cover and continues 

northi-estvar-J! fro?, there? into couthvcotcrn Hldalco. Boa 

n^zna Cuautla line bcon retained for thie facicc (.'.;-c^ertitront 

in prece), V>ut a thinncjvbcdCed clastic lir?.oc?tonc unit \d.th 

ccatterocl thin chr.l© Intcr^eclc lyins to tho oast of tho out­ 

crop belt mentioned 1ms teen corrolatod \dth tho T:oy?.tal for-
^ 

ration, vhich wve nsnod by \;ilcon ^nd ot2icre (1^55» p« 3)
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for outcrops in e*iet-»c©ntr*\l ^ueretiro (pl» 3~-}« 'Ik® no- 

yatrxl formation ie considered to bo r&lnly of Turonlnii age, 

la &orthern£OBt Hldal&o and eouthe&etern San Lulo lotosf» 

limestone bods equivalent to the £oy&tal formation have bo® 

exiled the Agua Suova fons&tionf ^hleh tarns the lower unit 

of the Xilitla group as defined by Bod^nloo and Bonet 

* 1956« p* 30^*303)* . .

formation ^$i£ £ui^0eat^4 by 

(195oc) for th£ sequence of interbeddud

>» elite ton© f and shale feeds* vtth &lnor clastic 

llnostona lenses, that overlies tho Cuautla formation in 

the area tasppod and southward frorj thor©* Tao nan« roferis i 

to both the to^n rjad river near 1^3* £2G of the Acapul^o 

hi^ht?siy (fig* l)t about 40 fc^* beyond tha eouth ods@ of 

the* rjjvp In plate 1 4 '*h<s unit is co ti^tly folded that re- 

potition. of beds is the rule and the true litholosic sequence 

can not £onarally bo determined \<lttx certainty * Tho typo lo«» 

callty vna thoroforo ciioocn along tho &gxoala or Ealeae Riv­ 

er Jixct east of tho highway bri^s^t because this locality 

8fce$od to have tho loaet folded and noet easily ace^seible 

ecctlon in a \~ory larce region* 23io unit ext the type local­ 

ity \sus doccribod in detail by Bohrxenl^rser-Theme (195$ 9 pi* 

5 end 6) in an -unpubll6h a thecia on the ^eolo^y



103

2ao I-cxcr.la f oration crop? out In synclinal 

In imny partc of tho are?, rapped » It is btjgt cxpo&od south- 

vest of -T&XCO, as wall as north and south of Kn« 137 of tho 

Ariac'-tsac-Tsixco hic&ysy (wad, £r?)* jPfro wot flanls of tho 

mountain range* frcsa Corro Barrlga do Plata (quad* jX?)

rd to Corro Santa K&rfa and thonco do«n the China* 

Elvor (qu.id# H-7) eonoicts of noarly continuous out-* 

eropa of tJiis fomntion. Other good orposurcu aro to the 

vaet and couthKcst of Cerro Jojutla {qua^» JI*^)» ^^ xmit 

continues ecuth^.-ard into central Guorroro» soiAt!iwo3t'Bnr$ 

into north^rcst^rn ^u^rrero, %mAt«strd for perhaps SO kn« to- 

to the Stato of Mexico , northward into th« Ctate of uidal~ 

eO| find uaBV^ril into western Ptaobla asid C&xnc^. It has 

tnruscJ^C8.lvc relationships to all ol'Jer Crotaceouc for^a« 

lions in tho vicinity of ?&*co» ana it swy ha.vo the os-sio re» 

lationrhip to tho vest and south of thoro,

"Hie ::cxcal^ formation IB pcorly resistant to orosion 

and tends to fora Im/L^ndr, except vhcro It i£ held up or 

protected by rdjacont higher linos tone outcrops* £opa;raphy 

Sovelopod on it is r.aturo end ic clir,racteri£©d by intricate­ 

ly dicsoctol torrain \flth roundod hilltopti or sharp rld^oo 

and V-clvxpod valleys, fcralns^e linos arc s^^^^-^Jy dondrl- 

tic and not elgnlficantly affected by the fttrueturo of the 

beds, except in a very broad vny, owinc probably to tbe 

trica,to tleht folding anil irrccular bedding attitudes.
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Illustration of the topography developed on tho forma­ 

tion ie the &r£3 southwest of a line fcotvoon foxco Vifcjo &R 

l&xco in tho niddlo center of the oblique air photograph in 

piste 7* Another illustration ic tho contor foreground in 

tho photograph in pinto 5, betvocn tho A&acuzao Elver 

Corro Jojutlr«i but thoro tho p&ttoru ie sonoi^mt cc 

1% toe constructional surface on the l&te Plioeouo C 

ta formation, which partly turl^e tho or$&$3 itoxcal&

variations in the itoxcala unit af*eot tho 

Ulop©4 oa it* *h!0 i© particularly true

tho lowermost * highly calcareous lx»de t viiich say 

dietiactlon between this usdt and tho tlilnn^r«bcddcd 

of tho underlyijss Cuautla formation difficult to * 

otilj other forcuvtion in the region that say h&vo a 

graphic expression eo^o^lmt coapurablo to that of the typi­ 

cal llcxcalA fomatlon ie ths ovorl^lr^ lalcas clastic group, 

v-here tho fciEsfcer i^i contact with ^'cxeala bcde is composed 

of poorly induratod siltr and crjale* Cuch an area appears 

in tho ceater fcr^round of tlic pliotocraph in plat^ 6, a* 

lojio tho highway to tha rl^ht of Santa Fo f and aleq in tho

a oast and nouthcact of Xgual& ff au f&r south o^en as ^Uii-
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forravticn, Is hl^lily variable In llt,hcl* 

both later-.lly fja& across the section* Hio te&al part 

i£ nearly o^ryv&ero ealcnreouc an& saoy conal&t of either 

argillaceous llneetono or calcareous gilts tone bc4s cgS*1*** 

from a fen* notera to perlmpe 30 &* In total thick- 

'0x0 baisfil litao^tonOf vitoro present Is isado up o^ 

tsy f eo^mdmt Xanlrmtc-d clastic cs.lcr,r©nito beds from 

10 to 20 ca* tlilck* mo cbango In lltholosy fro^i that of 

tho underlying unit is abrupt vhere th$ latter conssletc of 

tho Cuautla Togxtia f^cloe f tut uhoro the elastic lissestcne fs 

cleu of tho Cumutla unit is presontf a distinction 

tlio t-wo is difficult to hake idthout tho «il<l of 

The- lattor coa-lltion provnlls in the ^cetera an-* 

ern pnrto of the nre.n r.nppO'3»

Cn top of the liacstone aro interbodded 

e^lcareouc tlltstcao, with nlnor Gi%adstono» Upward in the 

ccctloa the r^n-letono or trab«.rn /u-\c*:o intcrbod& become ln- 

crei». singly fttun-tosit, and fino-,GyQ.ine-l eon^losorato beds «il- 

eo appear* Tao clastic bedc ran0o in thickness fron a fey 

cent iae tern y for the finer~gr&lned rocko, to sore t2^n i 

rseter for tho aandcstono. B^lnc-grained b<3dfi chov lamination 

and coarcer-eroiKC'-l boOle chov craeebcddlng* Hippie ' 

otlier irrosular narkin£O are cosncn on the e&ndetnrie
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In t!Un fcoetion tho flno-cr-ined san/tatoni* or sub~ 

o in the lowor part of tho forest ion is coca to to 

taeulo up largely of d«trltril elastic grains of ll^cstono an-i 

f *?ith quarts as the next abundant constituent« and 

and cosplotolj altered rnflc ninerals as relative* 

con^tltuontc (pi. jS^jaal^)* HisJ 

tion tho e^rbemato sr&i2is baacoo loe^ abuntont* Veil 

tho base of tho formation in tho t&xco district end to tho 

north o^ there, interlenses npponr that aro ocrspo&ed of 

fine-gralriod Unoston® coriglonjerato or e&lcirudito, vhlch 

aro obviously derived froa th© xmdorlylns forssations as 

ecftse s^uine contain mlliollds*  <HBslosserat* bod© higher 

in tho formation contain stuch larger quantities of quarts 

and othor igneous lainer&lfi^

srho lower pr*rt of tho loru^tion, contains 

carbonaceous ratter in tSio torn of voody ctese in 

t&andy bcd^ snd on bedding pX^nee* r-oae siltctono 

nro bine.': from adnixturc of noro finely conninutcxl and di»- 

carbon&cccuc setter {pl*.l^-.^}. Distribution of 

carbonaceous be^ej >?as not ctudiod in do tail t "but infor* 

nation at hnnd indicatoc thr-t it snsgr bo relatively local 

rathor than vidcsproad* Carbonaceotio natter is not cosv- 

tincd to a ain^le horicont nlthoxich it is cortainly less 

abundant upward In the section* B^sal calcnrcouc siltctono 

or fcrsillacooue linectcno* bede contain fish ec&len in eo^o 

f together vith foreninifera (pi* 15-A)*
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d sasaonoidc, but sicrofc-ursa Is ccarco In nioet of tho for*- 

s&iion, Giil *r.£icrofn.iirvi is even ecareer r&ove t;io lover £00 

a* or 20 of tho unit.

Colors are &lco variable laterally ,*nd vorticolly, 

but dar*: shades prG:1onlnnto. the :soct eotnon color in fr^c 

o^pofliiros ID 4ar^c olive gray, although locally beds cny bo 

purplish* reddish, bleic%t and oven gresm, iho overall col­ 

or in vsathered outcrop 10 Usht to d&rk browi* An unu&unl 

color ^^p^c^s alone the As^ cusac*T3.>cco hishKay 

1V> end sa. 1^7 {qusd. 0^2), vhsre ronxnrmts of 

overlying Tllsapotla tuff lie on tho r'oxc&la fornatloru 

She coil, subsoil* &n3 oven "bodroc:-?: for several notors bo*» 

lov tho contact, hnvo a nsrkod bricht redsllBh etftin* a 

ture interpreted to Indies.to n Ir.terltlc type or v 

Ir^s b^foro tho tuff v^s deposited.

12ie complete original thictaosa ol* the 7'ezcala 

nation cr^n no^icro bo roacured because tlic u^pcr p?rt of Uie 

unit uns oro-lod to r^i unl-mown extent before the next ever- 

lyin^f Tertiary foration ins do^ocitod. .--orcover, coaprcs- 

cion vac so iatoncc ttet tho unit 10 cloooly folded even on 

r* ncicill ccalc f rind bode arc thun ropoato<i nn un!rno^/n nunbor 

of tines in nlnost cxy locality chosen for ^eaf-urcnent. The 

groat vifith of the outcrop belts, ac \^oll RD the relatively 

grrat tottxl relief on tho formation, indicate that tlio thic&~ 

nccs zriuct be soro than sovcx^il hxindred n©tors t t»ut» no rcll- 

ciblo cstisaato can be nade in tho nrcc, rapped, Tho clocent



reliably rsoanurcJl rcction 10 thnt of *. oh

(19T>5» P- £7-23), at ths typo locality slons tho "cicala

TJLvor for about 3 tsa* e-ist of tho Acnpulco highway

(fig, 1). Calculations Isfiosd on & Brunton and pace

ta&lns into account chances In bo&Xtas attltu-le, gavo a to­

tal of 1220 a* ihlfl 16 not, of course* the full original

, vhleh nuat have been concldcmKLy o^oater In 

Of thft lon^ tlra© l^p^o before tho ne:ct fortmtlon ^

(possibly Oantonlan to late loeene or o^rly 

tiqo» or porhape 2^-35 million joore). An 

dent ostl^nte of ths tlxlc:nioc6 cuvlc by H* Jonn^ in an iin-

report unfS olto-1 by Ztohnonlxji^ox^ThOEiae. (op* clt, t 

Ic 1290 EU Alt^ou^ti the thlcknec5.& of t&c rnlt etlll 

present varies vldoly froa plaice to place t tho vrltcr thlxike 

that & nearly equal thlclniosc csay reoaln In tho vicinity of 

the .-*-sxicusw.c   liver* In tho Illcucron cyncllno on tho vest 

side of Ccrro Jojutlr. (eastern torlcr of qur*£* 1HS}* Ju^s- 

ffrca tho coaroenosc of tho hlcihor tod«s in tii*it locality f 

possibly also In tho rssn Oacpar cyncllno to tlio north, of 

Corro Jo Jut la.

e t ructuro , rmd r

licxcala *orsrjatlon sc'^^x^^3y r^Qto upon the 

tla fornietlonf either on tho c:clcareeu& bsni: faclee cr on 

clastic llnoctono fa clefs, >tout locally tho Cuautla unit i£ 

parently absent and th« next under lyinc, Koreloc
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&t the ccntnct. In the Taxco district, vhero tho 

larly Crot-^ccouc p-:leo-penlnsul^ crops out, tha nexeala 

formation locally recto directly upon the I&lcoz-oic tstxeo 

ochi&t without rJjy intervening formations, but in con© 

places it m.y rent upon ono of tfoooo intervening units, tho 

formation appears to bo eonforsablo vlth. tlio under lyins 

Otttmtla fomation in th.cs are?t napped » and r^ithor anstilar 

nor oroslonal relationships voro noted* tto fact that 

linaetono nnft dolanjite grains QroC&i fro^ UiQ Cuautla and 

JTorcloo roraatlone rsaho up elastic ealcrironite and celoi- 

ruciito "bed© iynd len^oe, oven in thcj lower port of the K 

cala fonnation, indioatoc, hoKeve-r, that uplift had 

Boaovhorc in tho region to eupply tliie dotrital n 

In vle*rf or the apparent dominance of erodod z-lorolos 

in thoco clastic beds* too vrlter thlnlts that tho £&Jo? up* 

lift or cieforr,itlon began in the inter^'il betvoea t!io ^orc** 

los sn-: cursutln foi^ntlon, as lndicr,t«&a in the chapter on 

tho letter unit, nnd ccntlmicd t^roucih Cuautla r^nd *  -e

::o r^rlric depots its -aro knowi to !rv/o ovorlnin tlio 

alr. formation ?.t cxy tl:.io, snd tho no^t overlying for- 

nit ion sr.y bo ?;.nj ono of the Tertiary unitr,, beginnino vit 

tho !&lsr.o clantic s^^^P* with 6«tat Gxigv&ov &aA croelonal

.'. period of Btronc acroraation occurred after tho 

fomntion w»e deposited. Hiic rcoultcd in tho pro-



110

auction of northerly trending oajor structures am' csaol-* 

lesvsc lo clcro folding of this rolatlvoly incotapctrat 

clastic unit, ulth tho development of repeated, chevron- 

folSe, abundant fisall thrusts, wad nucSi shearing of 

bo-3s. Coarsor-^Tainod bods vcro frncturo-?, and ceeon** 

calclto he-aleJt too ftacturos* By Tar tho tsost cevore 

effect of folding 1© exhibited In toft Xftxoo dit$trlct § 

tljo Taxco palco-psnlncula acted ao a nor^ rlsld 

t ana, O-/OT vhlch t!» irotcala foraatlon woe 

d doforoea. ihe result «a» to produce abtmdant 

an>cl thrusts Risd to nstssiorphoeo tho ehalo 

bedc to loi^i>rade phyllito (geo

by tho aovolop^ont of flow cleavaG« s?.na flssilitj in the 

calcareous lx*£s* 2ho :.excsla unit at tho contact with the 

cehist lice b^en ritronolj TRjlonltlsc-.! fron pl^co to pln.c0, 

chattering occurred in GQZ& beds t Tilth ho^lic^ by

vhito c&ldtc nn-5 ninor ruo,rts voiulctc* C-ood ©x- 

pocuros of tho sicV-norphosod -cicala roc'ia sippear in t;ic 

roa^» cute rron iCa* 161 to Kn« 156 or the T.«s

r locality In t&lch the unit is unusually 

dof orsied ^ntl voakly ssotp.aiorjihoaod is traversed 

h3,£hv£y fcotTfson ICni» 1>3 and i£u 1A6 

cauno of tnis local feature appears to be 

lar^o fault clo^ tho *ty\GO of ccrro Acultlapifn and tho 

of tvro divergent fold n.xo3 In tli-^t locality* Dofor-
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Ill
ration and incipient netanorphlec arc stronger in tho lover 

beds of tho f crmtion than in tho higher be 3s, ot-Inc to 

deeper burial, buttressing ngfcinct rici-* underlying liucstoho 

formations or nctnrtorphic bciscsjcat roc^ca f and flnor-crainod 

nat-ore of tho loi?or bcdc* Mcrofcvuzm in thoee lover beds 

has been partly to completely destroyed or deforced 

i^covery end

.Vest of tho nacrofo^cils fovaid in the Kcscccla for* 

taatlou have co^e frosj the lowr 2OCJ si* of bode, but tho ssost 

prolific pr.rt has probably been only t*ao lovcrrsoat 60 a» 

loth smonoidG &&1 polecypods aro pro cent au Impzvesionfs 1» 

bods rnnsins In litholo&y froa limestone to co^reo sin^stonsi 

and they hnve been foun^ in Iccalltiotj ecattcrod fron the 

northorn^oct outcrops of the forssatlou to the exposures a~ 

the Chin:.n:cca Tii\rer in the ecutisoastgrn corner of tho 

capped, :;onc vroro fousnd in the ccuttivt-stcrn pp.rt of 

the urea ani nono hnve boon found high in the formation, r-'a- 

Is include i froa t^ro localities nc-.«r ^unxpango del '',£o, 

to .,n. ci^5 of the /cripuico higJiKay* because fcssilo 

tho bcOs /it that place vere collected and de&cribei in 

dotr.il by i^irokhRrdt (1919, P» 31-13^) and E8«c 

p. 190-*10}» The writer cr,;lo a ncv collection from 

*bo localities for ro-etu^y § in orier to corpare t»he forss 

vith those found farther north,
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The following list glvoe- too nunbors of the ean 

collected th.it yielded nacre fossils, r-rrr-n^od to 

tho pr.rt oi" the foraition froci uhich they C^EG, Detailed 

descriptions of provenance, litholo^y, and fauns! content 

ot tho ln;tlTl£ti?il casples can bo obtained fron the

p-»rt of tho Lover nnd tecal parts 
TorniAtion of tho Kcxcala fortmtion

F-17-33 37 90 
IS 39 F-

2 to 
15

Hacrof 0^ Gils identified in thaso f?anplee aro

in tho ease nonrier;

Mdilo part of ex- Lover cuid bcieal pjxrte 
cala Tornntion of tho I exeala fornntion

cf« . e. , 
-pty c j ut t̂ ( ? ) p^rpirr.ric_orng of. B,*"

cf» ^P. mVbtrl c^jrl^tun Ctura 
s cf . .

roccior
^» ^oinitgjl (Jahn)

oior
cf . XJ. trl_nidf>0.p.nFia Con " ~
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All tho cpoeies of srv-onoidss found in tho lo^er anl 

bas*il parts of tho forr.r.tlen in th* area isnp^.l, AS ,v^ll as 

tho&o n£sr Suspaiv^o 6ol :d[o, nre considered " 

*?ho na&a tho i^ontlfler.tionB, AS boln© ol 0nrly C 

a^o. Iiur*c^haiHlt hftS earlier described tlieso cs 

othors In l>ods rrca tho 2umpan£c dol i;.£o locality (1919» p« 

9>-117) ^tid hsd considered' th#& to bo of e&rl? Coxiiacian 

{p* 1^5-126), esce^pt epocicss ot ^^ca^iitges'* in tho lot*- 

et bods! vhich, ho thought were eltlior o* latest Turou- 

ian or ccrllcet Coninciixn ago (p* 124). In this roepoct f 

cotsaento that "UircShftrdt considorod tl^iat tho lo^cet 

bade belotf those containing ^g^i^Jc.^-.^hM ^oro of 

Iat0 ^uronlf^n ag« because thoy contninod s^all aeaphitide 

\/it!i laterr.l lappots (Ctoscrpliitcja v right f 1953) cicsilar 

to cpocicc in tlie upfpor 'Tiironian of Europe* ulie -ruronian 

iUcntll'i cation is rather ¥oa£ bscnxic© cisilar sjx&cinonc of 

^£^:iii££.:i occur in tho overly inj bcae vith ^

find Icrciilccr^c and bccrvur.o Ctcr.cn->.iltca io losowri froa tho

r-cirvii iti oilier parts or the vcrld. tur rccoroc or the 

c cT i.rolcor.6 shcn* tir*.t it Is confined to tho lo>r-

cr Coiii^claii fina In ttio western interior rev̂ ion (of the 

United >tr.tco) occurs directly nlx^ve ^yjljpnpc/clus **vhlch 

the top o£ t>to Turonisin" 1 (^reonal corni^imi cation). 

another fom that is crwirac tori c tic of oarlj c 

it the polocypod^'pccieo ^jjajnotip cf. ^g,

; oEnc«aoier§ of vhich I&lay vTitesi ''Tho cosiston
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cypocic Itelon^lnc to 2kil22JiO. ^sro £eccrlbe<i by Lose (1923» 

p. 20G-r:10) P.C cmociQB or Inogm^ro^.         vl^/poti- differs
 *   * »».-!qt^a«.MH.i»ll«l I»H *«r f^»*  » 0*l^ UM.^tjfciiiilMM'Mtvav**

croi^tiB by 5, to roUTiCeS outllno, fmbccntrril bo,-£;,

sUoll t roun^oJ concentric ribo^ Irregular racist- 

^C linos sn--l ribs, and by hnvl^ A uifrcreat hir ;̂o. It 

"been foun-i at tsany plaoes In Trinidad* veaosuola 

nc&ociatod with cuch Coniaoian araordteu fie

»   » « 1 have

?cJE*o^ the epccincnc or QjL^^tis Jrcn eouthom Uexico 

our collections frorji ::outli r^erica (u» 3, ila 

and fiiul tha-a rtpmrontl^ idontlcal *jith 0.

We havo

a n\i2it>cr of flno Bpocliseiic of that eisecies aasoclat^d vith 

s In veil coros froa Trini^d* llio nucb

ribbed J, ^^j.^)>illjc Cerhardt occura at a slightly lover 

level in tho volV1 (pcroorKil coassunl cation}*

Tho ->*ritor fo^nvl s

cr^-g. cicsoclatol in t!io ?.a:io "DC Is only CO to 30 a. ntr-cvo 

the b?\se or Uio l.e^c^la foir-cition -\t the contact vltli HID 

Cur\u*la, forrjLfitloa only loOO n. duo southeast of 21 iroc 

7i caaplcs F-2-53 to r-15-*53)i r.na alco Kith l 

vithin 10 n» or t*io contact bot;s ec-£i thoeo fwo

ions about 100D n* e^ct-nortlwJ^ot of 'r

-7* Iho occur *d.to GtacnhitcQ nn/1

at cc/errO. Ico^litioD plon^ tho Chluoneca rJLvor (qunl» 1^ 

also vithin r.bout 10 n. froa- tho contact ^ith tlio un^



Cnautla foror.tloru In tho aron, napped, just as noar ::un- 

pon^o Ocl z:fo, cpccic-? of ^jc^^^or/'.c continue up into

boa n frcr: vhidi .._£$$* ?^}£Jt>££. ^n,l ^r2^2Sjcor^.c *ip~" """* "*~ """ *
out,

e ittUvlaurnl (12 cm, across) of an iinidcnti 

species of the genus XS222i£^!jS. (sanplo r*-2J5»33) f 

rwrontly ncv epecloa of iHir^nla sbout 2& ens. Ions 

(annplo r-rr-33) f covoral InprccsloryB of ^^rr^c^i^t ? }

)* ctnd a ccsali lasr^aturo irsdlvlcHual of glgg 

voro fovjnd in oXi'/'O-ray cotulctot;o bc4c froa 400 to

n* Cue vest of *T3. 17 of the O

tJvxt probably raproiseat t;ic nid^l*j p?«rt of the Jrc3 

loit^.tlesn. Of tho oz&onoid Inlay cayo that *{lt) nay

coMparcu ^-Ith Ji^i^^JC^ as ito ribs c.t*e slsplo tinA 

clrr.l^ht, tlio i^jpcr part of the flrJnl: ID :^r>:*v^ by c. row 

of t*aborclor. t nn.l tlsc v enter bears r. keel tordcrod by t^ 

rovc* 'JIvo collirc ^npc-nrs to be :,iorc open th-»n in t!ic

t '  Ir:llr.r arnr:cr;lto 7c?:iltor! vlilch IG co*nnon in tJi 

p.rou~> (c

"i*7«rt "V^r**** IH 
<  »t-l   '. **vVi*M*A«

erxi tlic t/orl: t^.;.t has l:-^on uono In-.tlcatcc t>*at tJio ^p 

r.ro louc raiK.;-^C r-*^ probably corroepon^ to fcmllicc as 

Ir-iGc-.l on tho c c:rt>lctc wznonitc r-lit?ll." ICo further

clrtcd ^t:i r.^rroicicorar, lu the unltcu frtatcs", an obs
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tloa eusrestJbTS thrit thoy fcoloac tro cc.^o other 

;\ecorv.Una to 0. 4. «te C corns., the large

JA *£ different -fro:3 nny of the rpccies

stusliea In specimens collected fron

parto of tho CXH?« rftps> Kl, as wall ass frora airroa*- 

ent lev^lo ranc^n0 ^tro^ lov to Msh In the >:03coala t orsta~ 

t!0n« Host o^ the emaipl^a collooted fro^ elujJLQ lntor"bo?l©

eandstono beds In tte niddl© andl upper partff or the 

either contained tic salcroftiujia. or tho fosclls voro too 

poorly pres^i^ed for even sonorlc idontiflcatlon. Several 

samples collected fron & f«v idllo&otere vsset arn2 eou.th of 

the area sapped are included "bocauso of tho £i<5ditlojnal 

llcht tlio^1 cls0d upon tho ei^o and dletributdon of the B"0:zca«. 

la formation, ihfi llct Umt follovs contains the nuaibcrc of 

canplcs fron vhloh ^Icrofoeell» \/oro I&mtifi&e:, s&a-* 

arc «irr*ing;od In tvo croupe acccrilnj to the p«.rt of t! 

forrmtlon frcn idilch tliey cano* ^^tailcd description® coix 

l>o ro-jur^ in t'^o appcsndlx.

of the - t:ov*?r isnl basal parts of 
;'.cxa?JLa fomatlon tho ? rjexcala forcaatlon

91 96
92 556-12

& 137-42 
63   44
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Xhe nicrofcccilQ identified in the &bove~cited 

nro n&ze-.l bo lev in the sane &

High part of the Lower and basal parto
!:excala formation of the ilexcals foreyition

*rsnobaculitos{?) cp. !rsu*£lobotrunQsn«t
 i mnmnr--    -^---*'-   -'    - -- -----      * *^   i imt i ^*i iLi itfcni n 11 1~    !   i ~ i i <i i I r i n nn

_^__ af f« Q+ i*ASfiS£JJSSJ5SV r </ ' 
a Cusbsum ** C^rl^^g^i^erula( 7) ©p. . . , ' <

'Cuafaan 
Valvullnorla <

__________ ^ceryulinoifl<te
aff*

ep»
newaimnei _______.__ ____

var. i
B^ ̂ corroctn ^ol^trimcnm lnp?>n.ronti Bolll 

^'*^^ '*Dot nine ana ' ' *w^*4"a
gea(7) cp» Globotrunc^]

O)      - - » ,. »

(Careey)

i cp

Calcified

l^y way of additional infomntien, tho followlns as* 

o of fora«inifc;X»a determine'! by paleonto!oi>lsto of

/exieanoa *r© quo tod froa Bolmontergejv Thomas 

(1955* P.

about 1000 n» f,fcove tho beeo of the I'excala for* 
fro^ along the I^lsnc Hivor 1200 ra. cast of the 

pulco hi^vay bridge)

ng> (aeues) » Globctrunc«xm up* 
(Khrenberg)
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fron vithin about 50 nu of the baco of the <:oxcalrt
, fro;?, between AH, Iv6 rrrl 2». 137 of this / crpulco 

ciki fron just oaet of the hi£hwny tri'3£O over Vie

^f-^r^f* 1 **»rv^*frWv>T'f,^ ?*?>**?*t*>tf* ?*',ff«^t^r»T t * »«* f^t****! wf;^ O'^l*fi^-*i tV-.. -* H  * JKA*.-* »-** w-iAwJu V.C-H»A«iM.j. V5i JJ JA^-.t.W v- »£. Jiut A^. *J V*.4 U» VM> V*-* ^ >.»*^* «<>»*""

species citod t^ £ohncnbcr^or^3i&*m8 froa Jile^ 1» the

considored \^f imleontoll^tf? of 

to ba ef f^noni&n 

idthout Indication as to the position In thl&

. Of the cp^cieo cit$d froa tVj«j lover i>%rt of tlxe 

station, >^o^^^A^^ £i£2ii nelchol

conciderod t>7 tho csao p3Jloontolo£lst$s to

Turordon asc find the ror*t ^ro of r.cnonlon a^0 ^

In the area naprjoil bj tho writer farther north, 

nlcrof<?.uivtl o.r.S sabl«eo fron tho highest pnrt of the j'ex 

forj;jcition cabled, en tho cnst ei^le of the S«n C-rxp-^r 

elinc- en,0t of :.rdllr.no ;>>pa'ta {quad* i>6; c-aniplo F-CO-54), 

in r^rlrcdly Different fron th.it nlonc tho :>-lca«? River (seo 

corrosponcilr^ tablcc afcovo). It Is particularly dlfforont 

In lacStoo cpecler, of g^^p^^iiicnna *tnd Glc^l-^rim^ although 

it *ic«B contain r. opocieo of ^£l^li^£i* '-Hio oacipr.o tmex

oxcjsined by p^ieontolocintn of lotr<5lco3 ::e3cIcr.-» 

vho brlto (rrcscly tr^iclstod) tliat "tho faur-a io poorly 

nncl doca not contain imlox foscilo of an7 period,

t
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although we things that It can not ce older than cretaceous 

because of the presence of GJtlrnbelinr*. cp. However, conic 

forae lilce Ieff.arc.klna t Spiroploc . taspim » find Cibiciaeg arc* 

present that could indicate a Faleocsne a^o, as they are 

characteristic species of the nidvay fors:*tion of Texas ft 

(personal communication } «

A part of the vaehe£ liansplc vaa examined by Hf ro«5d f

vho etates that Ilanulina correcta (Cnrsey){?) "ie knovn
*

froa th« upporsoet ftuvarro of Texas** {Maestri chtian) t yet 

the acec^bla^e containe a n«wt usn&aed gonua 'to b« dee-

by A. a, LoeblSch, Jr., (vho) observed it in tho Cen-

of f>anc© and Cantonian of tipain, but not hereto­ 

fore on thie continent,.** The fauna In not similar to ^ny 

vith vhlch I na familiar* It ic unliko issny of th© faunae 

of the Upper Cret&ceous of Mexico nnd tho Gulf coastal area 

of the United ntatee in l«cklne plfinktonic epoci?^ne t euch 

a*   .     «£lobi^erina and OlQbptrunc/ina , which (with G(I^ 

na.) nro to bo oxpocted in msrinc Uppor Crotnceous

(poreonal communi cation), Cbvioucly, the particular facies 

of tho ,©xcala formation represented by this staple iti dif­ 

ferent froa tho common facies of upper Cretaceous marine 

cl*etic rockE of the Gulf coastal region of the United States 

and r.exico. Further etuiy of th© fnunst of this facies is 

decirable, as at present it ic not ueeful in fixing tho pre- 

cieo ego of tho enclonin^.rockc.
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Tho louarzQ&t* ol£ect part of tho formation In the 

area napped ©ceitc to bo repre rente-! by c*vsplc 2?5T-^» frors 

tlw bnsal cilCAr^ouo elitfitone bods near v:ac«hunr.ilp?i Cav­ 

erns, Chips exasdne-d by E. H. Applln were found to contain 

very sparse faurir*, which consists ran inly of 

Colriocnsls ( if ) y g

In r<5^ar*S to ^P* <telriooneis{?) ehe corrnents tMt It 

"Is poorly defined on the rll£e, Bronnlniann and Bro\m glvo 

its range as f Alblfin to Ccnon?mlanf poeslbly lo^or Xuronl- 

an* » Another fom wlolch tixo can© fossil closely rseonblee

(Bolll) \ihlch 10 found

in the lower ruronlan of Israel,*,. Fro22 faimal 

I would suggect th^xt locality 2S7-&? probably roprceonts 

eosie part of tiaol® For£ (ruronlan) tine. The -.us tin 

younger*   «   , Cretaceous eedlrncnte of the Gulf co^ut   * * * 

orally contain con^ion to abundant opocinono of several 

cler of o-Iobptnjinc^rin , but In tho La^lc Xord,

and cjr!bclj.nji are ionlnnnt and thor© <xre relatively fev 

epocl^.onQ of ^lo^p^r^ancr^na'1 (psrson.*! corraunlc-ttlon}^

Canple 255-49 fron vltJiln 15 n» of the underlying 

Cuautl.1 forn^tlon veet of Cuautlo vas found to contain Glp«*

by A, Ti. Ioobllch t Jr., who considers

tho ccnplo to be of Conlnclan r^o* Sasple F$5«0l fro^s 

al be»5« of the ;-;e*CfOr. formation at Krs* 143.3 of the *\ 

Eftc-lc'^ls- toll road v?.o  oxoalncd by F ¥ Bonot, vho reports 

the prcc-onco of duabelln'x cp» and £oeo on to cay that It
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hfts a eincular foraoiniferal fauna that le Cifferent fros 

t'y-tfc Imoina un to r.ov in the Upper Cretaceous of Mexico (per­ 

sonal ccmunicationK Sample 1-55-90 froa ix%e&l bods of the 

!:oxcala formation at Ksu 155   3 of the easso. hi£hvs 

£0 ©xr..ddned by J * Bonct t viio reportc the presence of 

onolla Qvtxlis.i Cunbeli-nn ep,» OIcbi£grina ep«» antl calci­ 

fied mdiolnria and t&in&c thr.t th© carsplo ie of Turoniein 

a^e. Iho 3&ta fros nicrofcuna thuc appear to indicate that 

the b&eal part of tho roxcala for^fition v&riflE in as© frons 

pleco to place*

Dy way of cusu^xry, the r aero fossils found in tho 

lovrerQoat bede of the /.oxc&la formation in tho &rea sapped 

provldo ncnrly incontrovertiblo evidence for the ©r-rly Co** 

niacian 030 of the oncloslne coctisectG an-l further indi­ 

cate that tlieeo arc n<5ar th© boundary of the Coniselan 

X'uroniGn ete£«s, Tho r.icrofot.slls f on the oth^r hand 9 

nuch conflicting evidence for tho p<;e of tho loweniost beds, 

sufficient fornc seen to be present, hov?evcrf to Ln-Sicate 

that in the? western nnl eouthv/estern parts of the firoa t GS 

well as eouth of leualft, vhere the Cuautla b^nk f^cicc is 

not present, tho lowormoct Kexcala bedD are of late Itirordan 

a^e* Jn other v^ordo, tho base of the fornation varle« in 

8£O fro^i one pl*\co to oaother> fiepenfiing upon th«? proximity 

of tho paleo-shorolino and the position of calcr,rcoua 

in Cuautln tine.
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Evidence for tho a^o of the highest pert of the . ex- 

cala fcr^rvticn ID rsuch more e^ulvocrl, r^ni in fret the yourv 

cct beds deposited In ;:e-xcala ti"-o vcrc later eroded and aro 

novherc present in the region, r&crofos silts -Kere found on­ 

ly et co;:.e unixio^'n level well up In the forsiation cii-3 do not 

prove an a.^e ycunecr than Cord^cian. ^icrofossiln give 0uch 

ccnflictlno ovidoneo that any close 0.3^ asel^a^cnt is un* 

warranted, *-»lth the exception of tvo or throo species of 

nlcrof csoils * hovovor» the reat of the tiicrofauna does not 

an R^;O younger than early ~cncril«ui. accordingly, for 

o ac^ig?ir»ont youn^sr than Dantonlnnf thd vritor thinkf? 

that furtl\or evidence io

The nearetst narsed formation weet of the area r.appod 

i© in the Huctano rc^icn (locality 5 f pi. 3-'}» where :&nto- 

Ja-Mor (1957> P» 30-57) closer! bod the : al iaso formation 

&Q proV».bly fcciriG equivalent in f,rro to the Cu^utLi *iriJ Mox~ 

cnln f creations r tut the lltholocy of tao :  «! 7'r.oo forc&tion 

io ncro nearly li'ro thr.t of the letter. The :;cr,c^la for:i£i- 

ticn hac "been iappecl p as 0uch» Couthwnrd fro^i Icunla to 

couthcrn ond of itc outcrop at the latitude of

« 1)* H continues ccuthenotvnrd fron: Icuila R.S an un-   

ne»l unit Into northonstem "ucrrero and north^fostam Caxa- 

t vhcro It wio nsncd tho Tilr.ntonso narl { Galac » 1949 * p, 

°;-170)« The latter unit reptc on tho Uptmr I'etl&lcingo
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limestone of ruronlan a^o (Cu-iutla equivalent) an£ is ovcr- 

l.r;In vlth angular unconformity by early Tertiary clastic 

rocks. Its ci£C lr. considere-d to ran^o fror, late "ixsronirm 

to -o.nlcriian or Canpsinian tir.# (:~rben f 1956, p. 30-31). 

In one t-central ruebla tho nearest nsuacd roc*:e of oi 

litholocy to tho Kexc-fcla formation* no veil as of 

ncc § r-!ay tcf ^*° ^PP^r >nrt of tho Upper liscaiae

i'orth of tho Ct^tG of :torcl08 t rockc of nearly equi­ 

valent ?.;;<? and lltholoQT to thocc of tho '/axcala for^intlon 

crop out in the C-tatea of I'c'xlco, Hldalco, »n$ 

(rl» 5-A). B«» 0ac:e nario h??fe been rotalnc^l In 

iUd&l&:o (r',^cr«»troKt In pr<2BB} t \>\\t farther north In east­ 

ern ..uerotaro nn4 v-est-ceiitrril iii<3".lGO» tho name ;  endec 

shale tias ueec. by f/llecn and others (1955» p. 3)* &«? ex­ 

tension of t^ils latter nane Tron routhor»ctern i'an Lulfi lo- 

tocf, vhcro the formation consists of n thlc!: cscquc-nco of 

ehdlc bcdo of cslnly l/iostrlchtl-xn c.re t IE unfcrt;ja^^to f be- 

cn.ufiQ the ucrct^ro-.'Ilclal.eo unit is olclc-r snd ctlfforc in 

Iitholo-j 0 rcrcr/clln;: r.orc clccsly tho ? exc/ila formation in 

both aspectn. Tho unit still fcTthcr north, In rcuthcf-.r>tcm 

Son I.uls Votocl j thr.t ir» ecu!vslent in reneral a^o but not 

Htholo£y, ^ tlic ircxcala fomation Is tho upper port 

tho Mlitla c^oup, as defined by Loicnloc find i'ouot 

, 1956 f p. 30^-303). This unit is called the r 

formation nnrl conelctc of a sequence of lincatone 

In other vor£e, the t r.excfila roroatlon evontunlly
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pinches out or posclbly interflncere «lth tho "r.n Felipc 

to tho north.

Balsaa elastic group

and

Th0 none B&X&40 elastic group (Fries* 1956e) 

proposed for a corapo^ito unit %&&ch comprises a larse vari­ 

ety of loc^l Htholo&ie usaitB of variable thiokncse in the 

drainage basin of th» ^xc«tla**Bal£&& River of eoutl>-c©ntral 

and eouthvestcrn Koxico* 1!ho s^o^P say eventually includo 

dosen dietinct fornsations vhon Euffioi^nt detailed 

ME been done^ Isut r.o attempt ^iis siade to separate 

out aa'4 ^cfino the different litholo^ic units for tha pros- 

ent ctudj» Iho ^roup includes such widely 4ivera^ rocks as 

SK'^1^* frerh-vator lincstonc, lincstono con^loniorate f vol­ 

canic con^iomeratc, tuffnceouo c^nlctone t tuffsceous isilt- 

neg, cn-,1 clGjBtonc, ac i/oll an volcanic brcccln> tuff, 

intcrbcdcled lava flot/s* Hone unite arc uoll Indurntcd 

othero ehov? alno&t no induration. Cno c^rscteristic 

featuro of thoco divorce tmits la the fact that they &ro 

tho oldoet lortinry roclco on the folded and eroded Crcta-

and pre^Crotaccous fomatloni?, Thoy are in turn old- 

thr?.n the videspread nnJl abundant volcanic rocka that 

se tho £i3dle pfirt of tho Tertiary eystea in 

f.exico, * third feature i«? their generally snoder- 

*te clesrce of deforaation in contrast to the slight dofor-



s&tion of the ni3dle civl late Tertiary rock units. All 

 UICEO features toc«*ther give R certain unity to thle rath­ 

er heterogeneous group of recks*

$ho B&l&ac ela&tlo group crope out In nsny places 

In the arOR BftppkaS* Cno of the largost outcrop are&a ie in 

the lowf tooad valley aroiuxtf X&u&la (quad* £ *«:}* v&enco It 

continues soutUmra an^ £.outte*e&tvard l^jond the ©3&e of the 

nap» Another inportent outcrop area appears at Ts.3eeo t vhenc 

It extends to th© northeast («s«?« £&Y&rd&» I955t P* 173-179) 

and soutJi^met* A third l^rco exposure Is in the chontal- 

cp^tlfo valley (quad* F-2 nnd C*-2) vost of  &c*thu&allp& Cav- 

erne, and &till another one forms a nearly north-south bolt 

Seacalco and IlUaJintl^n on tha Aimcusac-Taxco higb- 

-5)* sactenclvc outcrops rroa tho sroup of low 

hills north of rusnto ue Ixtla (quad# 2rf>)* Farther east* 

a fcro^'l Irreeular nearly north-couth outcrop belt extends

Ccrro /vsvnrlllo (q ?,jia3* & ?) tsouthvnrd to Cerro 

beyond the etlge or th# snp« Other EsiRller isolated 

pocureo occur scattered over th© area iaappod t resting a- 

the Crotaceouo formatlone« Aaon^ these, notable 

aro expo&e-.l northwcet of Alpuyec& (qur,d* £-5 and H- 

south>foet of naqullten^neo (quad* §r?)» veat of Tehulxtla 

n~5)» at Lnlll^no r^pata (quad* B-6), southeast of 

(quad* D-6 ) t north of C^ienlco (quad. jj-6) f couth

faest of San Carloe (o,uad*» D«0} f northeaet of Cocoyoo (quad**"* 
west of Anenocullco (qxma* £-9)# and couth of



The unit continues vest of Iguala in tho Dalr 

system, vhoro eeversl largo baein-*like areas 

present that concict of outcrops of ocas bund rede of equs.ro 

kilc&otcre In extent. It continues £ro$ place to placo 

southward &S far as Esu 315 of the Ac&pulco highway (fig* ~ 

1), It ie an iaportnnt formation in northeastern Ou^rrero 

to the southeast end oast of ?&uala» extezidins into 

ce» It also continues c&etward froa t orolo» into the 

of I^iebla., end caall isolated patchec appear north of i:ex- 

tco City In tho rt*to of !lida3co»

The physiosra^iio cxpreeeion of the group is as 

variable &r its constituent unite, Ilid veil indurated 

lirroetene eonslocorato foms smooth roun.lod hills Kith 

fur-epaced drain^e^ line©, nuch li^o tho topography on tho 

Cuoutli ar«S !'or«loc fornationc» An ©sample is Cerro *r^- 

rillof in tho ^ist-nt center of tho obli^uo air photograph 

plate 5 § vhich rt-prcecntf. ono extronie typo of topography 

other extreme is the intricately dlcscctc^, poorly in- 

Eilt-nand-con^loCiCrfatc cequonco eho^n beyond Clients 

Ixtla in tho loft center of the photocr^ph in plate 4* 

alnilar topography appears to tho right of 2ant$ 

*  in tho foreground of the photograph in plate 6 f and ono~ 

aroa of woll dioeeeted t friable b^ao ic to tho left

 * Acariixtla in tho central part of the photograph in plato

    Siuo f the tecal IDC^S of tho group, consisting doainantly
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of coar£o~£**"i^e'^* well Indurated line&tono conglomerate, 

3o not differ appreciably froa the Cretaceous llmootcne 

unite In physiographic expression* t&eret\& the youngert up­ 

per fce-10 composed of weakly indurntei tuffaceous £ilt f esnd 

and consloaerato have voll dlcacctod topography cxuch. like 

that on tU$ nosccala formation* Accordingly tho ^roup Is 

difficult to dietlncuicht on air photographs, fr^xs sover- 

othor unite in the region and, sore often than nott ccm 

identified only by recourse to field checking*

I*itholo,<y nn-l

the Balsac clastic ^rotip comprise* Xitholoslo 

us diverso aa ovaporit« f coarso-G3^^e^ consloaer^ite t end 

lava flOKg. *Tho ssost characteristic rock typo in the 

capped» though not noceeoarlly tho moot Tolumlnous, ie 

haps a nediua- to coc\rc5C:^rair*e-", thic^-bcdtled to c

to well indurated liaestono congloiifiriite vith. a 

satrlr^ This ie tlxo typo of rock £enemlly pre®- 

at the base of the £rair> vhcro the uniarlyln£ vailt con* 

of a Cretaceous formation, and it has eenorally been 

rt rcd consloaerato" fc locally, hovover f fras&cnte °^

 chict and othor pro^Crotecooua rockc «cro pr&e^nt vith th0 

c*rbonato fra.^aente, as for inctanco in tho vicinity of

*txco t Uua conglomerate that naitce up Cerro 'jsarillo (quad, 

^hich ife rather typical, consists of limcstono, dolo- 

chert f and raro calcareous candfitone or eiItatone
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frora the :-::orolos f Cuautli, nnd Itexcala formations t 

In ancular to veil rcunlod pobblcn, cobbles* and boulders 

up to 50 en, or tsoro acroen. The fine-grained aatrls con- 

sic to of saadt silt, smd cl*xy t vlth Iron, oxides and colcito 

as cementing agenta (ennple F-3<S-54)« *35ie ovemll color 

la dxaelty rod to brick rod> but eoao beds ara brotmleh or 

oven yeliotdsh* ^be carbonst© constituents vero obviously 

eroded after the source bods hod bct>n broken by tectonic

emfi tho frnctxiro© had boen healed by calcita, ae 

la the photocrspho of the toxturo of a polish&l cur- 

of con,sloaorate In plato 35^£jind-J=2* l^ds range lu

froia 20 en* to nore tbaa 1 su* but In places 

unit Is so n&fi^lve that bedding Is difficult to 

In outcrop* The thlc&ieee of the llneetone 

varies vldely In rhort dletaneea laterally arjd rtiaeb.es a 

nAxlnvm, In tlio area zaapped, of about 500 12* In the vicinity 

of Cerro ^I'.irirlllo. i.lscvhore It Is thin or *-ae never de­ 

posited*

Another i?flti«spread lltliolo^lc unit or rod-: tyyo» 

*iilch Is genomlly fitrr.tl?3rn.piiically above an^i younoer than 

the llniostono conGloiacrate t consists of poorly Indurated

and clay beda t %dth a 2iinor proportion of flno- 

ecton© conelonemto intcrbede end a considerable 

adnl3cturo# In total volume t this unit nay exceed 

volunc of nny other unit In the l&lsaa e^*ouP* ^® **"* 

typical outcrop areas of the unit occur in the valley
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near Xgaala (qus.£« £--) fcn& to tho riorthvect of Santa Fo 

(quad. H~3)« ih© unit refcts on n varinrlo thlc/cnoes of 

lines tone congloTsorsto and coul<! bo snpp^ci separately if 2*0

It containc several interbedded basalt flows in 

£ant» Fe aron* A photonlerosraph of a sa&ple frost one 

of the so flovs is Illustrated in plat** g feO» and othors 

sho\m in plat^ 2Q^ ̂ tt^ Plato £UB« toaeo flowo *md oth* 

ere az*© described in tho app^^i^ under sample numbers 

B55-21, 555-22f F55-24, iS5-33t and F55-7Q* «» patch of 

fiale&0 group rock© in the yielnity of Acs&ixtla (qtvid.

oontnine an Interbodded lava flow of nndeeltio 

n near the bnso (i:dvardii t 1955* p# 1?6)» Tho 

part of this poorly indurated litholo^ie unit 

taine thin int^rbo-ie of rhyolitlc tuff ea«st an<l south of 

C«rro Armrillo (quad, J>7)» ft* veil ae in the vicinity of 

Cerro :.uebrantac!lero {quad* £*^)* '^'O beds are described 

under sanplo nunboro 7-35-54 artel ?-47-5^t ^^^

of A "Uiin section of one of tH©-a Is depicted in

The beds rsm^o froa tliin to thiclc (5 ca, to ?.t leaot 

1 3«) anl aro ^oncrtilly r&ndlly diatinguifshablc in outcrop. 

Colors aro doialnnntly eJjad^s of roddieh brown» but tboy 

^sry frvx3 yollovish to dark broi/n and even greonisht local- 

^7t end sonic rhyolit^ tuff Intercede nro light &rp.y to light 

pink. This llthologic ionit is nuch thicker than any of the 

units of the Balsaa-eroup in tho urcta napped» ran^ins 

about 800 m % in tho Iguala. outcrop aro^ f to noro than
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£000 ^* in thickness In the Pant?, Fc outcrop area, but It 

pinches out elcovrhcro end van nsver 'lepositocl over l^.r^e 

nreas*

A relatively alnor litholo^le imit or roclr tyns in 

the 8&lsae group consists of gypsun of verloufc degrees of 

purity* The gypcitea for^c lenticular bodies ccopoeed or a 

series of thin bede that interring®? with, or are contained 

in the fine-drained| poorly Indurated clnetic unit described 

in the preceding paragraph* Cne of these lenticular bodies 

ie defino'l on tho eaot by outcrops between Cocoyoo and Cax- 

tepee, Including Cerro Coficonate {^u^« ^-9)t by tac^lco 

on tho north anrl %feet (quad* C»Q)» and l?y the Ml»?i» clastic 

outcrop southeast of San Curios on tho south (quad*

It itruftt continue linger younger rocks to the e**st f 

north, *»,n-i voet for rjfi xinlmo^m "but probably short distance, 

Another f scalier lone occurs at Emlliano I'arjata (q\iacl» j)*6) 

imd a thir3 f very er^xll lono 10 present rVbout 2000 :i« east 

of Co^totclco (quad, £-^)* I'ho purest gDTPCica Ms n <5nrk 

honey color, Adnixturo of c!ilica» vhlch is partly opal a»i 

partly chalcedony (eoo tJie ^Siotoaicro^rriph in plate l£~F)» 

ligntens the color to light yellow or white, and stclalxture 

Of eilt ?tnd clay turns tho eypeun ^roenich, reddish, or 

^roimish* Individual be-la rr»nc^ froa a few centl^etor0 to 

* tsoter or so in thickness, «ind clay or allt IntcrbeAe oro 

P**aent in parts of tho overall lentlcul-u? bodiee. ro^*o

is present locally as thin Intercede, The total
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thickness of tlio largest body, "which Is nsnr e&xtopeo, ic 

at least 30 ru Taopo lenees coull be r-nppoi eopamtely as 

meabers of the flne-grairiea elastic unit, If so dsBlrod f 

but they probably occur at different horizons frcn ones placo 

to anotherf Instead of do fining ono stratl&rapihic horisson* 

!£he *?rlter ascrib&e the cosuacn occurrence of gypaun in 

clastic g^^ip to calcium ftulfat© carried by ^

anhydrite bedc in tho lovor part of the Morolo© 

formation, vrhero thia ta^iber wtis o^oee^l to ©ro«lou in aii- 

ticllnos,

Another sainor litholofsic unit consista of fresh- 

vatcr ii!ttefiton«>t vhich is present in th© ar«& isappod only 

in th« lev hilla vest and southveet of Sffjlliano £&p&t& 

and in another en^ll hill eouth of there at 3&n ll 

» &-?}» The linostono is in beds

about 20 to 70 cn» in thicknosfc, It ie a tcu^hf coiso- 

porout, rock> vhich v&n£,e& in color frcra light yellov 

or crea~ to vlnrk ycllov or lisht brov^i, xiio unit appears 

to rest on srcillr,cco'jJ3 rypcun ^^ ^1Q vcct ©£&© of rjrtillano 

t but farther vcct it ir> on liaoctone connlon-ftrato or 

indurated eilt bc^.s, irticu^r.bly it io rnuch lii:e tho 

in stratierar^iic relationahips axi5 represents a lene 

in the fine-£Tftiiicd clastic unit of the laleac group, 

 cove the bs.cn 1 linoctone conglomerate unit. Ilio tot^l

rorneining in the otitcrop io nbout 60 it. fucli 

undoubtecUy occur 6t different horir,on« from place



132

to place and coul£ probably bo zmwS'- n® ae-rtbore or fnr* 

nations, dcpcHvlliv^ upon their tMcftncss 'uid extent.

Xhe total t!iic*£ieei* of the ^Inmo oln&tlc crourj if, 

esttrorsely variable fron placo to place, find ths original

tlilc'me&s l«s generally not precorvc'!, *xho 

naturally dopordto.^ only in lew areas adjacent to 

tain rsm0eg f ovln^ to do-sm-mrpirtg or do\m>*»fntiltins* coup- 

with dralna^e blocking, clinatic cliango, or sono other 

proceue* Its sr^atest thictocce thuis occurs 

sank tfoat *icoply nnd the deposits vcro 

frosj later eroeion. In tho aroa aapp©^ f the outcrop in 

the vicinity of Canta Fe (qi^*d» HU4 and H^3) contains tho 

section of the s^o^Pt including bnsal lltae&tons 

f flne-Grair.'&d elastic beds, lava flove, and 

intcrbo^s. Judging frors tho dip of th© beclc, tho 

thickness eppoarc to exceed 2500 m* f but ir the? dip should 

represent foresee t bad£ing» in p^rt> tho true vortical thick­ 

ness vould be &ome^in.t lose*

r, tructui'o » rtr".ti;;i^;^lQ .roil/xtionshl*?g|.   r-n^ ^.^c

Lalsac clastic group la alnoct without exception 

inclinerl moderately to steeply, and horlccnta.1 

tro.^>ly rare, Dipe of lee© than 10° aro unco^»

p*nd 20° to 30° is pcrhapo on aver?»^o dip, vlth local 

to ?0° or nore, near faults* the structure any

bo described ns rlue to tilted fault blocka or brottd



down-varpe  Tight foils, or even folis ?}igtin«- 

on *xi outcrop rmle, v/orc not notei in the TC-I 

3, or elscvhdro in tho region for that matter, Tho 

texture of the units that Rate up tha croup has therefore 

not boon appreciably affected by tectonic aovencats. Sev­ 

eral snail stocks and dJUces have poaotr&ted the group* p*\r 

ticularly northwest an^ southwest of AtsacusaO (qt*adt 2r^)p 

these h^ve caused D&rnori nation and silication of the

raG^^nts in tho consloaorato bede* 

 The LGlsiic group re$t6 with great ane.ular rmcl cro* 

unconfornity on all tho ol£er roclos of the region, 

frot3 tho Upper Cretaceous i.oxcala formation £ovn to th© 

?al ocolc Taxco 0chiet* Th© relationship is veil 

trntcd in tho structure eoetion.£ in plate 2, The 

foliation older than tho Laleac £roup (;.*excalaj is the noet 

n underlying racu in the arer, aapped, and oech euc- 

older forsantioa is IOBD coranoii as tho base on 

the ex-oup r 0te» ilno next overlying forraitlon con- 

eiatc of tho Tilsapotla rhyolito ccrice, which, is evoryvhcr 

in cxncular concoriianco vlth tli© topi-oot bods of the under- 

jj-ils-s croup, Both tho topmost be<la of tho £&10a8 

and tho overlying liltapotla soriea ha70 nuch flat- 

dipu them the lov&r beds o* the 13alsas group* In place 

the Tilsnpotla isori^e ic abcont, either by non-<topo&l 

or by erosion, the next overlylne unit a<*y bo any ono 

younger niddlo Tertiary volcanic eGrlos,, tho late
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iOrtlary Cucrr^vac^ forrsationj or even roc!c& of -<u?itormry 

s^;©. In thlo event, tho younger unit ^.cncmlly rents with 

r/irkcd surjulrj? aaOl orocio:inl unconformity on the ^.ftlt-ao 

C^oup» the diecord&nco iner0s.Giri£ v/lUi greater 

oatial.

'Hio 050 ran^a of tho I^ilsas clastic group 10 

(*oubtcdly broad, but its llnit« liavG notdioro be&n fixod^

0-50 Cotornicflition of glrcan 

S Tilsapotln rliyolito sericfi 

sade by H* w« Jaffa ana collcaguec^ cavo 23 million years i 

Or roughly t!io bounulnry botvrocsi tbo Pliocene &nd Oli&ocsn© 

opoc!is* 'riiis aesna that the Enlcas c^*oup Is certainly BO 

youncor than Cli^ocen© in its upper pert*

Cnlcarocus fi^^h-v^ter interbcus in the lov^r psrt 

of tho :schuca volcanic series overlying the ^isac clastic 

in in tho fzr.fec .'livor v^ll^y about 160 to* north of tbo 

raaprpod (*;o£0x*strcTa t 1355» p. 15) ylclceJ si 11 cifled 

^onltoo and lirtornorlee of cli^ropliytos, vhich ?»;er@ l-ucn-* 

-'-1 by a. ,-,. reci; ns prot^bly beloa^lns to tiiq 0< 

*u(?) r-iid resembling r* toryi^-.ta (-ieid axid c.:

recarlcs tSiat l' : tho only described epocicis tlmt boarn a 

close rosenblAnco to the ^atci^ial fron ..osdco is T« toggnta 

and Groves}« thlo cpooiou wac described front tho Low* 

beds (L-j^irtn ::ocen^} of ^nelarul and ha^ bc^n i~ 

by lacier froa ,thc? Gt-iapi^ ana Cbattian oU^o- 

of central ^-uropo* 2hc Mexic&n sp^clcci probnbly is not



?Hi4iA an>- ccul'-l to younger. Cnic material If. defin­ 

itely icrti^rT'-.^pr'oti'bly lover Tertiary'1 (personal corssruni- 

cation),

Vertebrates found In the lover fcfc£s of & thick*

ally similar sequence of rod conglomerate bee*© 

t&rfll In central Ciusnajuato (pi. 3-.V; lxHv?.rs!llc , 1953 » 

p. 170-171} appear to bo of latest Zocono or earliest Cli- 

gocono a£0 (rrles an^i others, 1955 f p. 23-24 K Ccnc,^ton^t-» 

in^; thoeo bite of c/licnco Ic&ds to tho concluslcm that the 

Balsas group oay raa^o ^n £££ f^oa late lx}Ceno to Into C13l~

but that tho larger part of It Is probably older 

la to Cligocenc*

e sltiilr,r to thoco hero included In the lalsas 

r:i*oup crop out froft pln.qc to plnce in tho lalBAS 

? jo bnnin tc the voct an-1 soutli of tho arcs. *:?ipnoc% 

I!i07 *^avo boon ^cntlone-xl In v.-orlouc puliliffhod ervl tmpub- 

llchcl pancrc- on-I rcportE -l^tln^ sTron tho wist century up 

to trie pro cent Jeca.lo, In vhJtc'a cjes r^n^ln^ fron Trl 

to Iliocezie fcr.vo been cuc£oste<* Tor then, bat without 

Ing unite r n^aius tlienj, or elvlno tiioir precise 

phlc rolntlonchips on:i poselblo a^.o rsnse. *lsc first ae- 

tniic.:* lUccucsion or tocc fcclonelnr; to tlio C^^^P 

vest of iruala Is that o£ canto JG- ler (19^7 f p. 37-A2), 'w 

e:! toth ttio lo\jor and upt^cr ccntr.cto as well p.e
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details of ttio unit. :;o c~rrie-c over the nctiso Lal- 

thox\t 7»repc?inc specific fornation&l mncs for 

different litholc^ic parts. :Jho aa&e none ic extended scuth- 

vard on the napo of tho region, botvsen Iguala niU 

clnco (fig* 1) by SoImentterccr-THosac (1355, pi, l? t 3 f 

4), fcut the croup is Cteecribod in d0tn.il bj hin in tho text 

tmdor the laacie **to%ror Tortiory Continenta3L Clnotica 11 (op. 

clt t p t ^6*-41). In tho vicinity of Clillpancin£6 and south- 

vard fron t^ere to tho limit of their outcrop, the lowor 

tiary clastic rooks voro Ksappod, by de Gesrnn (in s. 

j>» 50^ and eheot 7 of the >joolo^ic aap) and ar^ aleo re- 

fcrroa to as tho Zcilsas elastic £roup»

Jn tlic? ro^ion oast ana cortlieatst of C3 

in aortheaetern Guerroro, rocka belonging to v-hat 

called tha 1-^1 sae clastic 2^<>UP ^^<? included by Oura^n (1950, 

p. 137-1^0) witi; all th« rer/t of tlie Tertiiry rocks, except 

tor a sequence of ^ypeurj belr t in a unit cnlled "Continental 

Tertiary(V) 1 , although he mentions lUo nar«o ".>*n 1 l^uel 

~,3 haviriiS "bcon ueou to 3oai£iw.te ai^ilcr rocks in 

n Caxsca that vcro ctudicvi and Jeserlbe*; by hi a in an

report in 1?'V> (OD* cit» f p* 137}» Tho gypext: 

icac originally given tho nr,no rialtepc-xi sypsita series by 

Cnlac (19^9, p^ 97-»105} for exposuroo nonr the town of that 

in eouthvectern ^ucbla ne^r tlio Caxaca^ruorrcro boundary

d a Lato Juraeelo 0450 w;^e accriboa to it* G 

cit. f p. 13^-135), howovor, tliinlcs tliat it rmy bo of
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La to Cretaceous or early Torti-iry-a£«r in northeastern Cue- 

rroro, ;lo sontioiir. the presence or - Ynny.lrlto as v*ll us 

gypsum in the ty*»o locality rui,! describes cortnin outcrops 

as "bolnG voll fol-iol and totaling £33 ru or core in thick­ 

ness, quoting raise* In northeagtorn Ouerrcro, hovcvcr, ho 

eta tec tlmt tlao unit contains clay interlude » Is not folded, 

and io apparently interbeddcd ^Ith tli© lo$%r part of th«s 

Xertinry cystcn. Srbcn (19!X5» p* 54) mentions tho Ilaltcj- 

poxi gyrssura of northcaetorn Cuorroro as beins ^. member of
  i 

forsatioa ( *ol-i2 f 19^9t p» ISO- 122) end ^2*008 ,!"

in asci'iblns to it an e?irly Tertiary &£e, Tho

outcrop pat torn ghom by £rbon (1956, fio* 1^) on Ms nnp »
t 

of tho Clinala-Cu£ilsc*:;ua^jxtltlan aroa of northeactcrn . ;

Guerrero dononctratoe t'le post-Cretaceo-aa a^e of tho cyr>£\xs~ 

fccarlr^; c^:ln in t:iat 2oca74.ty« Hie tMc!c coquonce of fol£- 

Ci! f ftiihydrltc-boarii3£; teds norir Ilaltepori fr.rther c-nct, 

hovover, any h.?.vo r. differont r4:;o t in the opinion of tho 

present vriter.

'iiic princirsal nonod unite in v/estorn Oasscn onl 

i -uobl-a (pi. j~ '.) tSint »re sii.dlar In lilholo^y and ~ 

liic vooitlon to the IA!CGB elastic c^^'^r1 aro the 

and Y^nhuitlan l;6^a ?uid tlio Cuicatlati fornr.tion*

bode (^lae f 1959 * p* KG- 122) consist of a ' 

eequcnco of voll iii<lurntod roc! con^lor.cr?xto bcrle con- 

of pre-Tcrti«ry rock fra^ento, overlain, by varied- 

poorly indurated tods of CRn«2 f ailt, clay, nch of vol-
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c&nle origin, and intcrbe'Hed breccia and flno-smino^ cori- 

£lOGorftto f concnted to a varying <2ocreo by or.lcitc* 3>> 

n@ou& dike 6 enJ sills cut the unit, She ¥amhultl£n ba-is 

(op. elt* f p* 122-126) ar® sitillar to t&o Ifcajuap&n berte» 

but they aro thought to bo oonottat younger bee&u&o they 

rest In places ^Ith angular discordance on the latter un.lt# 

are la goiteml finer In grain else and 1000 tuffaeeouu, 

outcrop &rea le to^ovhnt farther east nnd «?outh f In

a^aca» In contrast to tlso outcrop eroti of the 

milt t?hlch ent0r0 nortlxGast^rn Gucrrero nnd south­ 

ern ruebla* Erbon (19;r5 t p* 53-35) renews th« 

<m the rolatloneJilp bottom thec® two xmlts and 

that IntcrflicerJLJris and j&eie0 chcaos^s ore ^-oro Inpcrtant 

otralrht nuperpO9itlo« In defining the units, 

2he Cul cation fomatlon (Bnrrera, 1S46, p» 

to b® A similar unit tarthor to the 6&st, in 

era Cfixac^s find eouthcastern Itiobla* Hear TehuaCffn In 

central luebls (pi. >-^) t north of tho ro^lon In vhlch tho 

Culc^tl/Sn ?jad Yanhaitl&i unltsi crop out, a necuonce of thin

^; to thieli bc-do of con^loner&tc 9 fciltj sypcua, and

llr^ostone h**o been nstno4 tho lohuac& fometlon ( 

Qarcfet 135<S f p» 23-24) and i& also conslderod to bo of car- 

*J ^rtiary a^e* *hlcj fomction la nctually tho B&SM as Bit- 

Ciilcatlan formation* hoi^ver^ Ju<lcln£ from a nap ac~ 

^ Barror&'a report (19^5). In tho descriptions of 

theso tertiary xmlte, tho noxt overlying deposits are
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to l^o of i.un ternary ace* ^hir. le&Ie one to su&- 

poet that detailed vork vill rovor.l the presence of sever­ 

al Intermediate forriatlonc, of which only ths oldeet one 

would be equivalent to the Bc-lsns group.

Deposits dollar to those of the raleas £rc*up Have 

not baori described to too northeast of the ajrw. raapr^d, but 

appear to ths north «m3 nort&weot in tho States of Hi*.

they have boon napped and dcccrlfccd un&or difforont 

In too vicinity of 21mp£n in ^ort-contml Hid&lgo, a unit 

of rod liaootone coiicloncratc bods, vlth intorbea© of tuT- 

facoous cilt in the upper part, ms deecrlbo^ and nsuaod 'th« 

2.1 l^rro fanelonercxto b^ Gleans and Kapee (1956, p. 13-16). 

Uicse authors considered it to bo equivalent to the Guana** 

juato red conglomerate farther i?ost| «nd also to bo of prob- 

able late Hoccne arid early Ollcoccnc nc^« '*^° naao vrac ex-* 

tended by «ecci»ctror» (In press) to elailsr rocto ffirth0r 

and coutli In the Ctr,to of iildalgo, an.i vest into the

or .uer£tnro, but tlic unit was raised to n 

d the 1:1 :'orro eroup* Irolnbly tlie bost taoim 

outcrop area of roclrs equivalent to th© Balsas ^ 

central :&zlco is in the Quarts Juato alnlng district of

o (pi* 3-A) f where tho roclce wero sioct re-» 

described in detail by £dvarc!s (I935 t P. 157-172) afl 

Gu^najup,to roa coRGlouer2.to f end whero tho xirxit hag been 

preciclon (i^rloa srul ot>jorr, f 1955* P



Hocks of slnllar etratinr^-iphic position and llthclo^y t?oro

and described by Floras (19£0» p* ££) JVo.n tho LI 

'ilpuJflJiua ninlng district on the ::&Ico-:-".lchor»caA 

ry line about duo tfest of Tesdco City* but no 

given to tho unit, ether clastic roclre i&th 

elso rod coag&mear&te ai»o roforro^l to by FZoro©

In a 2*oport that Includoa th® ^nnnsuoo district &$

rertiary volcfUilo unite

Sevorsl units eorapor,e£ of volcanic 1*00^:0 and 

bedded else tie deposits nade up l«.r^oly of volcanic ratoxv 

rc0t on tho Balsee clastic croup or/and older 

In plicae '5m<l unconfor^ablj In ethers. 

uriltc ,*>re tlio 'illsapotla rh^olito series, Tcr«o£tl&i 

tlon, I cicala nndeclto 0orlcc # luonavleta volcanic series f 

andt Un^lfforcntinteKl volcanic ccrloo. In tho descriptions 

that follov, the Tllnopotla rhyolitc series Is Slscusccd 

flrct ac bolri^. probably the oldertimlt t followed by tho Te-* 

postlfji fornntlon* Tho latter unit le sonovhat ol«or thnn 

the 2toi3poela ccrlos f vMch over 11©© It, but It my be ecul- 

in age to tho lower p^rt of the Luenn vista ftnd Undilf 

3 ccrloc« The ol-Jcct unit ( 21l£ar*otXft ) ns.y TJC a© 

Old r,s late Gll£^occnc f end the youn£6ct tinlt (lempOftltSL) nay 

^° as younrj re <*nrl7 Pllocono, but tho bulk or tho volcanic

L
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roc';s are believed to "00 eoninantly cf ::ioccn© &£e.

The volcanic units crop exit principally in flvo 

no~:e"dint nc>paivato r»re?-B» The northwestern corner of tho 

ssap In r>lato 1 Is tho od£o cf a large region of volcanic 

roe!:o that cxtondo farther north and vc&t* Tho outcrop 

gboigi on tho nsp convicts of toe Topostlan fonmtlcn t at 

tho ^s^i overlain by th© Zonpoala anvlesito series * This 

Is the only placo i-^er^ tl\o latter unit crops out in tho 

area ^ppoCU 2bo north-central part of the imp contains 

ccvoral outcrops ot the Iepo&tl&* foir:atl<m, i/hich IQ part­ 

ly buried by youncer volcanic roc^ce. 2h^ snail outcrop G-

the eastern bor«"lor of tee _ imp, to t^xo northeast of 

lo tho ircstorn 0^0 of s auch larsor reglaa of 

volcanic rocl-:e, vhlch .uako up tho tncal part of ropocat^ 

pctl volcano and vhlch. In the proecat report t havo clnply 

been cnllcrl the Un.ilffcrcntlr.toa volcanic ctarlos» Iho out­ 

crops couth cni noutlr-oct of -reQuosnulton^o fora tlio ed^o 

of R. Ictrco region of cue*.* roc":s that extends farther r-out&, 

They confilrt of the Illntipotla r^voli^a corlcc, r.t tho "base, 

cvc-rlnlzx by the l/ucnavlE-ti volcanic corica. Tho outcrops r»- 

lor^ tlie border of tiie nap north and n-rxrtheast of IViKCo 

also the c.fe0 o£ c- very ©xterxslvo roQlon of seen rce>&«

consist of tho e?jso tvo series iviaod in tho p

The . toporrsnhlc espreesion of tho volcanic units le 

rarl^ble fron place tc place, depending; xipon Khothor lava
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floun or pyroelnstie beds predominate, Ifec beds and Is/ors 

in the volcanic unite £encrally clip less tlnn 10° arut rure 

in fact no-^rly horizontal in l£,r£,e &recG. 'JQiis structure 

Irprescos a bloclsy, atoppod pattom to too areas or outcrop, 

the? h&rdcr layere forcing BOG!! cliffs fciiero they nro  uo- 

derlsln ^f eoft ls^ero» She oxtrocso loft border of the 

to£praph in plate 6 and t&e o^trono ri|>ht border of t&£ 

tosTftph in plate 7 elvo s^ i<loa of tho typo of ph 

phlc e^procgion characteristic of larg® nroae of volcnxiic 

rcc.::0* -iluj topo^ra^hy in the air pibotosmi&s is gonerally 

distinctive and diatlj^uifshablo fros tJiat <Seirclop©d on the 

roat of th© reels unite In the? region*

She greater p^rt of the volcanic oatcrial eoruelete 

of erid^eito of different colors, to;turc0f end nlr^ral con- 

pononts, but eor^c rlijolitic rs&tcrlol occurs both nefir the 

V^se an^ near th© top of the 8^#^P> an<5 oven basaltic rocko 

occur locfilly in the group. The principal objoctlvo solicit 

in napping nn-i winln£ the alffcrcnt volcanic ccrics vac to 

Group th^eo rocks ftccordlns to tho volcanic centers fra:3 

tshlch they CTJSC. £ro»lon han boon active rad IISB 

nucli of the evidence ne-oded to find auch centers. As a

tho objective vna only Incos^lotely reached, and ?n 

detailed potroGrnphic fctuitles t*irm those carried out 

tho vritcr aro required if all co-nncnatic produeto are 

to be distincralchod and traced out*
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Tho vriter tdchoc to nru:c a point of t*io fe.ct that 

?>ctro£i'^phlc composition "r*r.s no tin© c ir.nl flc^ncc in Iteolf, 

&nd that nearly idontlc&l roc:-:n isero extruded at vilely dif­ 

ferent tines throughout the !Torti£ry period , Correlations 

can thus not be nado on petrocrapiiic Identity alone, and 

cstnbllshlng a volcanic &oqu<;nco in oaao place irill probably 

not help naeh In corrolatlng; widely eoparatod aroac| it n 

in fact be

til*

n rh^olito series (Frloe, 19560) vas silked fox* extern- 

eivo outcrops of rl^olito tull*«ta*occid in tho vicinity of

(quad* J.~5) couth of L^fce ?&Que&quitOR£0 and the 

ver, A!K> outcrop cxtencle for 0 ':ru to tho 

of thcro anJ for clicut tho 0^^^ diotanco to th^ north» 

it Jienpncare bcciticc of erosion. It alco exte 

o ^» to the vect, i/here it is covered by t:io B 

vista volc-rtrxic eorles, «.^iich aloo coveyo it a stort distance 

south of '^ils^otla. In t)iis area tho laait conslcto of n

vory voll cenontod 9 dar'z rcacic 

Ji fraeaentc up to 30 cca* Across 

£o<Iclifi£; ie Gxtrenely thiclr or eo isnssivc Utat it 

io dirricult to fli&tingulQh in outcrop* Iruptlvo centers 

for thie nr.terlnl tioro probably located not ooro tt^ui a few 

v kilonot^rn away ?,nd appear to have lain to tho coutH*
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lava flOK3 vcro not ^iotln^uiched In the* Hold* hov^ver, 

in t}i0 ere*. covered by ti*o aaj*. The ^.irdUu^ thiclaieco of 

the unit near Tllsjvpotlff. Is on tho ord^r of £3Q n*

A Krai! erosion rcxn&nt of tho Tilzapotlc. eerier 

ara on tcio oast flan-v or Corro Jo Jut la (quad. jJ-?}» 

the unit Is auch flnor in (£rain elso^ «ot nearly so

^ end in tfticlc but r0-co£nlsabl^ beds. 

t ctppoars 1300 mt north of A^itoiXclrag 

£r?)f alec as a fino5vs^^ino4 tuft In be-ls 10 to 20 era* 

thick, 'jihin rliyolito tuff intorljodo in the upper pwrt of 

Vie Uaicac elastic croup In. tlia valley cast of Ccrro Arm- 

rlllo (quad* J>7) (staple F-35«*5^ p̂md pi* 19*F) **ssy repro 

goat jTrlnc^ t>o£0 of vatoivborno &0Ii at ocxae distance fron 

the oruptlvc conter* A lic-^ti-c^1^* wcitcr^aoposlto4 

tuff In upper Balsas c^oup beds just nortli or the Haiti z&~ 

f ojotcpoc lil.-!r.-my (quad* 1-7) (sample 1--47-DA} nay also 

frte;S'« bods orouad tho eruptive center* Eh^ollt-. 

Ic smtcrlrJL w»c not found to tlio north cz* oc;st of those 

latter t^o outcrops, but a enall erosion rccnnar:t or rhyolito 

cropc out just couth of /.c&tl!pg. 9 *-*oct of Ccrro ..na*

nrOl froa ?ll£&potla tho rtiyollto corleo 

out at the borucre of th® ovcrlyiag BucnavJLcta 

ic eerlos^ except vhcro it IB covoroOL by tho youngor Cucma-.

foni&tlon or vac oraicd fceforo the latter formation 

deposited* ao unit CCGJSC to havo bccn'dopofiitoa as



far norihvost as Cuautlita {-.:; iavl, ^-4), but It lc very thin 

or aboexit north or t^ere, Tho **raiii else teccrtes progres­ 

sively finer nar&ivcetvard frees til2apotli« -:c.tix* tho totai 

of -  naeuzac (quad* 2r^)t £or cx&splo, the unit Is a coarse- 

eralnodl, lig^t-pinlst ^ovitrlfled voiced tu££, and at 

lita to tho north It Is a ftecs-sralnea t llsht-s^^1 ^

g;lll^ccot^ f tiatezv^epoelto^l tuff in beds a 3ffew contl«» 

t&ick* 2hs total thlcl^nous of the unit aleo

» to about 60 &* near Asaeusae and to only 

fcv notcrc near Chfuichlchl&ol& to tho north of th^ro*

2ho unit continues ac a welded tuff froti Ajuacusa 

&ntl southvoatwrd altsoBt to Buonavleta 4c Cue*-* 

f vhore It ch^ngOQ into t>edriod tuff, txff-<br@ceia t 

intcrbedCod leva flovs. It rapidly thins out a 

pcetrs to the vor?t of t4io hi-£hv.»ny at Snnta Fo ^n-1 to tho south 

of there (r.UEwU ii*^)» i-3ttrMcivo vents ccesa to hmro boon pro- 

cent a short dictanco north of lAiotts.vict*\, and cthere r 

have boon present cast of tZacro in the area now covered 

the .-ucna^lcta valcnrdc eerlco* A.t Buer*avi2ta Cc Cuollar 

the unit txinin coutlieactwari ftn>i continuco beyond the edr;o 

of the geologic nap. It V-TIG not foun<J eouthveot and ifcat 

of the latitude of lAicrK?.vict-»., hovcvcrt an-2 vac probably 

aeposito^ thera except ac a, thin ashf&ll tliat vac 

reraovcKi by pcnocontooporp,x»oue crocion. 

3io unit continues x«j»t!*?,rd fron *xsacusac ae n pi 

voided tufft Khich iB almost completely



to i:su 135 #3 of tfi« .v.2acu£.^e-?r!.xco lUrl^^y, i^serc It dlsap- 

r-c^rc tcca.uc<; of resovnl by orosion. It picks up **£ain 

fs.rth.er vert at the latitude of Acultl*»paa (quad* £-2) sn<2 

becaseQ nuca thicker tcst^rd the vost, although. its charac­ 

ter chrtn£6&« Mnost fro^ /cuitl^pon tc Tftr.co the xialt con-* 

tains IsptcAl vroldod tuTfe of datcltic composition, ov&rlaln 

co«irGe-sralne5f ctoiuso, v^l^cd r^ollto tuff and lava 

. Hie tMcloiess of tho unit Increased to ISO m+ or 

in the vicinity or ?axco <md north of ttero* She 

al voided dacltQ tuff (eniiple F57-43; pi. 3-? n»d pi* 9-C 

an^l *-ii) In atxsut 20 su tilled no-s,r 12s « 153 of tibs 

iiizco hlelrn^. It conclste of black obeidiai^li 

ctcnd" t^xleh is fracttiro<2 into thin, nearly vortical 

or slaba norsaal to the £l.:o$t !iorls:ont.<«l attitude of 

Inycr, A bro^/n, dcvl trifled, 5-acltio voided tuff 

*57-42j pi* 7-"} aono 4 to C a» tJiick overlies the pitch- 

cto:io in tho c^se locality f an;l it 10 In turn overlain by a 

thlrv (r:orc t-.wn 20 n. } f li.:^t-pln!:f coarr^^rai:ie-d, dovltrl 

fiecl veiled rh,yollto toff (r-suiplo ^7-30; nl> 0~£ /tnd pl^ - 

9=i2_l^_.^?} f tjhich. cxtcijcic Tcr cor:c unlnaovn rmbc-r of kil* 

one tern to the vest*

? l;\t . 1 on ̂ hipjr s n££t g

illsspotla rhyollte series ccnerstlly rcsste 

the 7oun,;te3t bods of the inlc^c claotlc c^ouyf and in 

tMn boclfs of tho latter 6^*<^P ^^jT occtir locally nbove



tho b'-so of tho Tllsapotl.^ unit* . c a rale, h«n:ev&r f rliyo~ 

11 tic volcr.nl su va.3 ccnt&crx>rt»nt:oiis with cessation of cedi- 

isoiitr.tlon of the typo represented l>y tho I^als^a t^roup la the 

area rsfipi>ci. Tic ^nls-cic-Tllsapotln contact is nearly Ov* 

vhorc Jiorisoatnl to &ll£litly inclined f except locally in 

 Uio vlelr,lty of strpne faults* XtiJLa attiturlo contrasts 

wit:i cuch et^opor ted.*ir*s lit the lover part of too Z 

group. In placoa tho rJ^rollto usilt reatc. dlroctly 

;.excala for/as,tion, end lu otiicrs It is on tho Cxsautla, 

;-ior^lcG roruatlonfift JXvst vecst or j>j t 142.£ of tho A 

tgualr- hlciHway It appears to rest upon tho Xochlcalco Tor- 

In all places whore tho uult rcets on pre-»*xlc.ic 

xx>c!-:e f tlie latter unit la nlseiriG '07 non-dc-position 

ciad tho relationship Kltli tho oilier3^'li3c unit is ono of fin- 

c'il^xr unconformity* "Si® TllSf.potl^ unit Is thus tranc 

elvc t in a str^tlcrzvj^iie cc-sico, In relatlori to tho i:**l 

Croup, ilio torr-*JLa at tho on-1 of ;-al^ac tlr.c f«nn pr 

of lev relief, C;e M^ic Ixnvin3 been crowed to provide 

material cl^rvosltc-- in tha v.nllc.ys cnl fc,:icii:r.. lizo oxijxi- 

civo ventr. tl:r;t produce^ this illrrvpotla rl^ollto ccor;i to

cut tlii»ouc-i ^'^ topOETajphically *^- ctnicturnlly Iiigh 

or thr,t tlv:G r r.s rhyolito dices vorc not found cut- 

tho ^alcac 4;roup»

'^10 upper contact, of the Tllsapotla unit is nearly

at Ic-act rji cronlor^l die conformity. The rw^xt 

nger, Z'ucrj^victa volcrjilc ccrioc coverc the rhyolitc con-
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south of tho ASC.CUSSC r;lvc»r f but vJsero erosion
x

123243 stripped off tho tU^cavlo'ta cories, the Boxt younger t 

Cuorr&vaca fomatlon Ileus on tho Tll£apdtl& rhjolltc vlth 

orosloanl -M$d, in places t angular uncortfonslty* £&e CUGOS* 

2mvmen for^i-tlon 10 th^s pro<looilnant ccverlr^ unit north of 

the Amcusnc lUver* Cn. tho east isldo of the pitch of 

oil to eoittabi of AcatHpft (<SLUftd. £*-5) f the next jotmgor,

sln tesalt is as&lnst the r^yoilte without teo Inter- 

Cuorns.vs.ca forrmtlont vlilch WRS probably

toriter collect^ comcyhat nore than ^00 kilo-

of friable, llc^h'Ucr^ to plnftiah, d^yitrlflodt 

tuff fj*osi roa^ cute at &baut 15a* 1^9.5 of

lchwiy s.ad concontrsted tho hoavy 

by pannlne the casplo In tho otrc-aa t>c-lov% *h& c^cxplo 

(5-5G-S7) ceno froM probably soao 40 or 30 a « fit>ovo tlio bnr>0 

of the Tilsjnpotla ^erlos, \.tero tho uiulerlylr^ unit Is tJso 

Cnlcae clastic £roup* Tho ccnccntrnto tne usod t>y ! !» w. 

Jeiffo miid e01Xoa£U£s for «i r^.«2loaotric ?x£o dctarr.lnation by 

pha nethG'S, i^Uch utilises slrccn* Tho age ro- 

v> sillicn yo&rs, wite Units of error possibly 

in oxcccs of 10 per cent, sceordlns to Jnffe (personal cca- 

srnil cation). Anio a^o thus corresponds to Into 

or early Mlocenc tlso, althcic^ the ^rltor favors tho

becauso of ths loris eG^lo£lc lilctory attested by 

rod:



rreoleo correlation with other volcanic units around 

nrcn rj?.pne:1 Is not possible nt the prccont £tr,to of Icncr- 

O recording the a^ee of Tcrtlery volcanic roc&s or COB- 

roxicc. In »£<3 t although not la lltholocy* the 211-

unit Kay correspond to tho basal pr.rt cf tbo Xcchi- 

tojxic volcanic e^rioe of tho south oncl of tho Kgxlco Basin 

irooscrf 19!36) r idblcU is or nnddoltic ccsnpooltlon. In north- 

eastern Hidalgo f farther north (pi, 3-A), the lover part of - 

chsica group {Cc?^cr0troaF in ps^cecj c-ejno^ 19p6 t p» 

,, vMch Is &l&o of ctrid^01tlc oo^poeitionj asay eorrc-c- 

poxitl In a^o to tho Tilsapotla unit. In the £imp£;nt min 

district of wgt^central tiidiileoi taio lovor part of tho 

Eeplnas volc-anlc roclis (Clnzona en-^t I'apeo, 1956 1 p» 16*-17) 

has th« car.e relationship to the underlying i-:i Zlorro fiaa* 

fioncrato ae tho Tllsapotla rhyollte series feu to tho £al~ 

ces cl*ictlc gr<>uP» &&$  tho G:;:e lc. protably also ^"bout tho 

65.13©, althoi^b tixo bac^l Inhere of the Lns Ecplirxs 

Ic unit rtro composed of sndcrsito^ quarts Xatlte-, 

clt, rather thr.n of

Djl ̂ rl^tlcgi tn j^tyor r ' ijiy , ajgd thlcj!q?eogg»   The 

forse&tlon (I-'rlea, 19560) -snas nassod for outcrops 

tho totia of tZiat R--SSO (quad* £^7) al;out 16 te, northeast of 

Cuernavsc.1* The unit crops out for about 3 to* "both north 

and couth of the tovn an3 continues ae fnr oect aa Can Aruc
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tfn (quad, £-9)* vhero It is deeply eroded and burled un­ 

der teec.lt flovc of tho "loictocenc C?iichinr\utsln Tories. 

'Ihe unit probably thins erjrtvnr<X f In ar^1 event, although 

It n&7 e>till bo r>ro£*ent under, ov lnt$r£In£er %rith tee 

ontiatecl volcanic sorios north of Ocuituco 

at the east C<IE^ of tlio map In plate 1* It 10 

d to tm%o out in th# te^il part of th© volcanic 

lopped bj ropo-cat^potl VolcnnOy vhieh Hoe to tho 

of Ceultuto«

$h* Tepostlan fox^ation l«s covered by tha CMchl- 

,n teoalt eorioe about 3 tea 4 north of j)opo^tlAi and 

not r©r,pi?0e2» farther north, Broeion ha© res5O^«>d It 

south of the latituaa of O^oaleo (q,u^4« £»8)i "whore the 

teeo 10 oxpocc^t except perhape for a ontall p&teh of cisl- 

lar volcanic asitcrlftl about 2000 eu eaot of Kn» 51 of th« 

Alpuycjon-^utepec liigkwiy (ou^.d* IWJ}* ^cst of Topontl£n 

the xinlt rcapx>carfl TraM under th$ Cuern^vnc^. formation and 

Chiehlnautsln t^oolt oerlos nervr tlio odge of the gcoloclo 

nap (quad, £-!>} end contlrxueo for 10 or IS to» Into the 

State of r'felco, Voyonu the -crap to tho norUv--*e&t«

The 7cnor,tUiii fornatlon Is neulc up donln.intl7 of 

olcanic dobrls clopoeitod In beds ranclns froci 

50 ca* to raoro than 10 si» in thle&neco* Bedditia In 

horiscats! in ntich of tho outcrop area, but dips 

a aaadsruK of about T° «  in tho eastern part of the

at
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the h»GO of tha fornation and reddish-brown. endesito in the 

hl£keet cutcropc* but those floif rocZ-;o troro not; e^eii by the 

Writer. The topoonphj 3evslope& OTX the unit is described 

l^r Crd&es {op. clt« f p. 6-10} in both cnplo and vivid de­ 

tail, thus requiring no further vord her©, and erosive pro* 

that acted upon tb& unit era dlecu&^ed by Lor^ao-

(19S3t P« 20S-212)*

A, aories or 13 epccte«as or dl^fox*ait boulders in 

fe&c&l beds of t&& forr-iation north, of Oaccdoo 

le described briefly in tho appendix undw

  All tto epocir^ns consist of porphyrltic

or in orjy combination (see pfoDtoolcros^plis in

Colors of indivldxaal boul<!cfr0 range froa

to nearly blac!: F tot rs&Uth, piirr>li0hf and 

tintc nro also present. '.7he overall color of tho beds is 

, &r&y in frech exposuros^ rtn^ yollovieh to ter!c 

in v;e^t:-iorod outcrop. A eanplo collected Troa tho xip- 

pcr part of ttio fom^tlon in ths outcrop aroa northeast of 

Cucrnavacrs, (1: 55*30} convicts of nodiu-i~Grsg* pyyoxerso andeeit

£&G ccQ*0ononts tiiat *»Iio up the tods consist o* do- 

tritsl rjicl tuffiaccouf? fraccsonts varylus to cicc froa flno 

cl^y to bculdorc au& larrjo es 1 ra» acrcc^. iaae bo-ds oro 

poorly oortcd nnd nay roprore-nt nud flovn or laJiars, bat 

othara contain louses of b^ttcxvcortod cand and csravel vith 

» nttoctir^ to a



in the 3cnt poorly nortc-1 "beds aro nncular to 

£ul£r, v*:«re«-s bettor- cor tod bode contcdn rubroi-jsdod to

s^peiito t *£© rrjitcrirl le poorly labors, ted cn& 

friable j but the confide r&tlft adrdsture of tuffac&cus gral 

cou£c£ the bode to ctartl in vortical cliff e Uiere eroded > a 

tliat Is accentuates! "by intcrl^erlnc of bcttcr-ccs* 

odc» 27io result its tho russ^> stopped topo&rap£y 

that la so ohnrsctcriotlc of tM.s roraatlon ^iiero erosion

!&£ Cs^pOS %i It.

She complete original thiotoese of the ^csmtton 

Is no-tfhero present because of eror-loa of tho top port« tatt

0ost of the thjL<&ne&s is still presont at the # 

of tho outci'op. *ibo saasdttusj thleteess of

frea Uio bn&o of the unit :uo&r O^calco to th& 

outcrop nox^th of thcixs is ^boat 10OO s« \uile la con-* 

clder&bly nore tJ-x^n t!no thlc!=iee@ or Het least £50 s, u Civ- 

en by tlxe writer in earlier published d

o

?<frK>£tlr?n forta-^tlon in expoeea In onl^ tlireo 

1) esiet of r.an Ans2r5s <.*o 1^ Crtl (quad* £-7), ^) nort'i of 

Caoalco (qr^U £-3), and 3) nl^out 4 to. couth of Yautopec 

(^uac!, 2 3). In the flrfit locality n^mtlonsKl, R c;^ill out­ 

crop of ro-Mich ailty bc^!^ ft^crlbod to tho :>,l0ae elastic 

£t*oup appears mder clastic volcanic beds at tho northeast 

of toro* vltliout the v |?rosonco of the lntorvenlr»5



sapotln. rhyolite ecrioe. The outcrop is only about TOO n» 

Ion,? ty TOO n, vide, In the for*- of a triangles. I ho silt 

dip &t SL lov an^le to the north and tho tot^l cection

csroefttee prolebl^r Ices than 30 a* In thickness* 

of the Chlehlnautsin eerles buries the contact to 

too ootith^*CBt t tmd a small alluvia-filled sln!i hides the 

contact to the oast. Tho rolatlcnchip Ic further can^pll* 

cated oact of the clntc by the presence of a nornal fault of 

uiiknov^n but protet>ly lesu than 50 G* ^IcplaceDeat, along 

vhich the 7cpostl£n forr^atlon h?s besn droppei dovn fl^tainBt 

the Cunutls llisectono. Southeast of tlio fault the unit reste 

on the ::orolos fortnation» without any intervening roc!zs« 

At tho Cftcalco locality the Tepostljh formation 

rests on beAe of rs-lfilsh silt with interbedo of 

orod rypEurs rn^ reddish and rreonieh arcIHaceeu 

nlnlr^ chert and cone froch-water llnectono. 

b*a£?-nlt hide tho contict to tho ciot *?.nd ircr^t of there* 

thir-J locality container & email patch of vhat appearc 

to be rji erxssion rccmant of t!io Xopostlcn forssatlon, 'Iho 

eouthv^cet contact Ic « fmilt, but tSie north contact Is sod- 

Imentary nnci is between this unit and th© Cuautls forn;atlon» 

Alluvlun hiO.ec tho enetero and eouthem contacts, but ivsarby 

outcrops eur^est that th© underlying rock ie the basal part 

of the ftexcaln formation*

'ihe Tepostlan fotjcLition vae obviouoly 

vith (rrsat ancular and erceioml unconformity on



The relationship betveon it rn~ tho I>ilsar 

is not BO clcnr, however f ar.l although tho letter unit ms 

certainly erode 1 "be Tore deposition of *e-j>0£tlan roc-ks, an 

angular discordance was not proved at the cont/vct.

The oldest overlying unit consists of the Ecrspoala 

ondfcdte eerlos, t&ich la exposed in the northvsctom cor- 

ner of the n,ip« The 3*olationr*hlp between the two lanits \?&Q 

not studied in detail, but tho contact is thought to "bo an 

croelonal dlccordancc. ^outh of this contact, to tho north- ,, 

vest of CuomaVfiCa, th^s ovorlyiiiG unit is tlic CiiQmairaca fc

fornjatlont \*'hich vac deposited vith 0r<;nt croelonal ctnd 

angular unconfomity on the lopostlSn b&cis« ^icevhcro tho 

Chlchinautsln bae^lt eeriea coverc ths unit, nlso vlth 

Sr^?it erocional ftn^ c^aall ^nculftr unconfomitjr, I/asalt 

tlm/o burled much of the topographically lov port of th© 

fomation, lea vine uncovered renriants nuch

in s cea.

iho p^e of the Tepoctl&i for.natlon is not ! 

direct dstin.?. It ic obviously younG0^ than tho r 

£troup. It Is presumably co&ovhnt yoan^cr than the Tilsa- 

potln rhjolitc, in view of the feet that tho latter unit 

recto on tho ^Isas cro^P vlth little or no orosional 

conformity t v^jercac the forner hae n notable oroclonal 

confornilty bctvcen it and tho t«ilsai» croup   It is

tholese n relatively old Tertiary formation, beCAuee three
»

younger tertiary fornations cover it, each of vhlch is



crated fro;: the next ty a cic.nl ficrnt orocion.il <3isconfor~ 

nity* ; 'ore-over t t!;c AGposrtl'ri teus were notably tilted r,f- 

ter deposition. Ccnc.ntorvvtirc these shro^s or evidence tho 

witcr thin!:c that Uio base of tho Tcpostl£n formation nay 

bo &£ old os latent Clicoccne- roil that deposition continued 

on into early iiicccac tlrae, j& doubts » hcwr/cr, that tho 

top of tho unit is younger thsn early ZL

^ ~-*Tho eowrc© and origin of

tho Topostlan ror^itlon have bo^n controversial* In apito 

of tho general northerly ^iip or tho beds, the sotirce area 

certnlnly lay to tho north of tho present outcrops, for 

othertrl&o roKnoats of tho f om&tion i^ould appear in protec­ 

ted places farther couth* ::oreovort the andeelto ccepo* 

ncntc of the elastic bedn are closely clrsilar to andeelte 

flow roc!i? «nd intcrbedded breccias that crop out in the 

southeastern, coutheam, and eouthve&tem flanks of the ;-:e- 

xlco tacin to tho north (Crdfces f 1C95» P» 29-41), vhere the 

nase Xochitcpoc volcanic soriec wae proposed for those rocks 

(rooeor, 1995}* "or»o of th<s Topostlftn beds wero clearly de- 

poeitod by nainlnij \rater, as attocte-1 "by eond ff^id gravel 

leneee hope tind there, with some Groes-bedding* vtuch of tho 

r^ct of tho unit has rude treddins that eu^ccsto rapid depo­ 

sition by torrential flood raters over nn alluvial slope or 

Tt-bajadarf * The hic^ content of volcanic ach vould have 

ereaeed tlio conpetenc© of tho trtter to enrry heavy loada
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and voula hava reduced sorting or tho cnterial to e. alnl~ 

. Once tho material wao dropped, it probably rcaaincd 

place arU >;ae not repeatedly picked up and carried far­ 

ther alone ae aro stre-ra uepoclta* 3onc of the Has&ive 

without features eu^estiiv; deposition by running water ri 

voll have boon ssud nova, ^iiicli nay bottor bo call^ labors 

of their oseluclv^ly volcaivio codpoeition. Varlouo 

Interbeds cuggcet taat volcanic eruptions vore occur­ 

ring latoi'alttcntly in tue rogioa*

In shortt the vritor tbltilis that tho Ji©postl£n for~ 

smtioa is the couthorn JTaeleE o^ at leaot a part or th& Xo-» 

cliitcpoc volcanic eorioo of tho couth end of the *texico Ba&- 

In* Eruptive centers vorc <loubtlcccly active \diile tho for* 

matlon wis being ctcpcoitcd, and the voluminous Gxtruelon of 

fr^p^ontdl procluctc ecrvcd as an easily eroclnblo sourco for 

tho ^opoetlan beclc. riling up of the volcanic products 

near the centers of eruption gave the nocossary elope for 

transport of tixc froc^cnterl catcri.il by running tmtcr nnd 

in tlic- form of lr:Jaarc,

Iho Vepo^tXon forarttion is probably equivalent in 

ac,c to sono parto of the Undifforentiatod volcanic ecrieo 

o* tho erca napped and to rauch of tiio Luenavicta volcanic 

cericc fr.rthor 0out}i» It day aleo be ocuivalent in ace to 

botli tho A£un do Cfcispo and. lap'^ajo volcanic serioc south 

Of Chllp&nciu^o (fis* 2.J ,^o cccma in >rics t 1956b, p. 311- 

)» S\G veil aa to tlio Chai^charrofclo volcenlc cerios in tho
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Huotanio rc£ioii of southeastern ; IclaoaCan (locality ^ In. 

pi* >  ; ;.'':uitGJ£~\lcr, l'>37t P» ^C-^)» ftnu to the louor 

part of tho juapinito fomiation of contifil >'ichoaean (-11- 

lia£s f 1950* p» 173-17&)* 2ft<* bae&l part or tho latter u«* 

nit Is litholej;lenXljr eiallai* to tlio Topoztl^tn fonmtlou 

in ooatainliio siany volcaaic au&llo^B or loimrcj torrential 

flood cl©posXUs f and intcr'bcdidod &#h (op* cit« t p* 173 )« 

north of the latitude of tlcslco City, viiero the equivalent 

£ochitep©c volcanic? scrioc occurs f volcanic roc^s of 

lar as® ^^o r&.uG& the P^chuca group In enct-csntrs.l 

go (Ce^orstro72f in prcsa) and the I&e £&pinas volcanic 

roclss in vest- central Hld&lgo (^i!r.one ana .Apes, 1956 » p. 

16-17)* Slsaidiere in southern ;&xlco» both to etact an 

of the area sapped, slidle Xerticiry volcanic rocks liav 

cencr^-lly not boen ctudled in clot-ill or ccpamtod into 

tinct fomntione.

x, . vig ta vp

The Lucna vista volcenic series (/rier f 195^c) was 

for the ValcJr volcanic pile that forr;3 the hi-.sli noun- 

aa&c .Toutlx of the Aa?.cusRC Illv&r and ca^t of tlio hlt;h- 

botv^en r.taacucac and lucriavicta ci^ ^uellar (q\iaC» ^-^» 

atvl i-4)* The volcanic pile extends caetvartt to a few 

beyond the longitude of Tllcapotlai vhcro it in 

by tho Gouth~£lovin£ Ar^acueec ivivor, and it con- 

eastvard e^ain beyond tho river* It extcndc



to tJio latitude of .iaitff-uco, vnich lieo east of l£ur?.la 

(£ig« 1), ;M1 the volennic rocko Gtrati^raphically above 

the Tilzapotla rhyolitc fcorlos in thla are* are included In 

the £u6n&vi&t& unit, other volcanic rocks Included In

lie? Ir* tho high mountain naee north «na northwest

also abov© the ^il:japotl?i rhyolite t but Ui< 

tact 16 not shorn thoro ite it 11 oe juet beyond the ed$o 

tlio nap*

!Th0 v^ct border of the cmln £uemv!&t& outcrop 

along the left e%o of tbo oblique air photii^ra-P*1 In 

C | ana the east bor-lcr of the outcrop northwest of 

Ttixco appears alons tho right- ©<lge of th« nhotosraph. in 

plate 7, tho topographic ferns on the uplands consiet of 

rounded hillo of rolntively low relief, but snail cliffs 

and topo^raprilc Irr^cxilarltlos aro present, thus contrast** 

» ln^ vitli the cnoetUor, rolling uplfincle <lcvolot?od on the. 

? Cretacoous ll^ostono* VUere tlio uplsuiH IG ctroni,:ly dlccoc- 

ted, howoyer, hlllcldoa a2*e cliffed and Btcpped In rceponeo

to IntcrbefMlr^ of donne lava flows, breccia liyors* -r

tuff bods, but not to the extent exhibited by tho 

fonmtlon.

tho bae.nl units of the Buonavletn. series vcro

^phically § and only In a anall p.re&. *ho 

unit on top of Tlltapotla rr-jyolitc? tuff at the east 

Of Ac:&cu2nc town (cund» O-^*) coualote; of an altered, 

flov rock of probably tocltic or quarts latitic
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composition (esraplG F55~19)« A finnplo frets £3* 122 of tho

highway, near tho baeo of tho Euer.avi»ta 

* we found In thin section to consist of a 

Altered &ntS.e01to How rooit (sanple 

A lava flow from KB. 130*5 of tho onao hishvay va« found 

to consist of basalt (g&mple F35-83)* Another lava flow near 

t&£ b&fte of tte sorlets^ ^t B^s* 131*5 of the eane 

cojislst^ of a darl:«»sray i>oek of probable dacltlc 

tioa (saisplo F55-BO). Although the unite enopled vary 

composition fros bafi&lt to <3aclte f the variation In the 

complete series is oven greater* fo*» rbjolltlc ror&e arc 

present in th^ uppar part* but th« <5o^inimt rock type is 

nsverthfil«e» andesito* Xntorbo&5e3 vith the lava flovs 

&ro volCv?jaio breccia and tuff layers f as voll «ie wat«j>d 

posited t tuffaceous clastic be^la* the full thlctooEfi of 

the eorien vac not me?teure<lf ond in fact it nowhere 

i«se of erosion, ::orcovwf the thickeot part of tho 

lies outside the arcs sapped* A rough eetlsate 

on the reportod altitude of the rsouatain aass oast of Due* 

oavista, hovo7erf cugGcctc that tho eerics rmy bo on tho 

order of 1000 a» thick*

^ The lucaairista eerioa IB overywhere nearly hcrlsorb* 

tal or h«ua lov dips* moat or -which are due lar^olf to ini-

inclination of tho flo%rs and clastic layers* The bae- 

layers rost without oRrkod ancular uncoaforaity on tho 

rhyollto* but tho enguXorlty boUrcon thesi snd



older fornfi-tlon Is of course narked, 'uvular rolntlonehips 

t>ot\?0£n lava flov/z* nn£ underlying volcanic Inyoro &ro univ­ 

ersally cordon, minly as a re&ult of the Initial dip of 

lava fielding over eroded torrsin, rather than of tectonic

te, Cuch «*n origin Is thought to bo true of the area 

t tfsoro ths Buenavista fceries $enerally reeta on the 

eerleg and OBly locally ovor^^u oato th« ! fore- 

loe fomation* In the latter caeo t ©ithor the 

tuft vac not deposited or it v^s eroded t?eforo the t;

lava ^iie oxtrudod» 'J^e vritor 0av scsso evidenoe of

pro^Buonavleta erosio^t ae ¥e?JL as 

disconformities vithto th<s Eue

t %«hic!i lo nearly th0 rul0 in voloanie pll«m» Th^ next 

rock unit ic tho Cuornavaca formation, \?hleh gen^ 

has an angular relationship to tho BuonaTitsta eerlcfc 

In otitcrop, although soot of tho nng^lArity is xmdoubtedly 

duo to crroclon of the older series and initial dip of the 

fomatlon. Late rioistocone and :loccnt allusslust 

of courts©* also present on tho I^icnavieta rocks frort; 

placo to nlaco*

Foeeila have not been found in tho Bueimvleta 

to toto, nor hnvc rndioaetric a^e doterr.inatlona

Cbviously tlio eerier is little younger sit tixe baa© 

tbD tiaderlyiiiG Tllcapetla rh^rolite eeries* If the 

ef the latter is late Oll£ocen$f then tho Buenavlata

late Olieooena in the lover p&rt, and
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reet wuld bo Miocene, but If th& Tllrfipotla is brought up 

a little higher In the tine scale, then the Buemvlstn jany 

entirely of ?iiocenc nco. Owing to the groat dleeor&snce

tho letter &n3 the ovorlj-lr^ Cuwwvaea formation, 

tho icritor thinks that th© Interval of tiae between the two 

considerable* Accordingly, the top of the Bu&mvlsta 

IB probably ol«2t<?r than early Plioceiie*

volcanic vent0 frosi vhlch the ruenavletei roclte 

nict ctill b<i burlod, for the coet p^urtf in- 

astauch aa <Jiko» in t&e oilier rocko sr^ ^^ceedlngly raro.

conters i*^r^ probably located in the area ^ct of 

and othere 'Koro probably present northtmfit of 

Buonavleta series io doubtlessly o^ilvalent in 

ita lower part to the Tfepostl&i formation* nnd to nuch of 

the Xoohitepec volcanic series in the south end of the Ke*» 

xico Encin* Itc upper part is probably equivalent to the

ndesito eerics, isthich re&t0 on the Topostlaa for« 

To the voet, eouth^ o-ast, and north f th& scries 

c<5uivelent in &co sn<2 p^irtly in petrography to tho nld-

Tertiary vole?.nic roclce descrit^a In the section on &£© 

Of tho Tepoatl&i formation and noc<3l not be rc-*

4s .l/^if^-rentigtea volcanic
V «

witer proposed the nano Undlfferentiatefl

(Fries, 1956c) for isost of tho niSdlo Tertiary 

rocfeo not of rhyolitlc composition that lie north
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of tho latitude of tho Anaeusac nivar an£ couth of Cuorna- 

vaca t tut co~o outercris cant of I^ttala are also 

£he&o rocks ero in largo pc.rt l*,va f Icras that wore 

c:stru£ed froa vents locator under or very near to them* 

The Inr^.est outcrop area occurs just north of Ccultuco

* the* &0eona lej^eoet outcrop llos Just south of

^ F-4) t and tho third largest outcrop Is at 

norUi end of Cerro cantn rarfa (qua^l* £-7)* ?l«3 firet 

and second outcrops are sm£0 up of interboddsd 

lava flov® gind el&stlc volc?jiio l^yertf, which may In 

part b<2 Qujlv&l^nt in sg© and nlao In lithologr to tha Te- 

fornatlont t?ut vlth t^L0 addition of lavs, fXo*2B*

of layers was ssot studied In detail* The out** 

crop nt tho nort^i ond of c^rro Oantn Marfa contains sently 

dipping (up to 10°) clastic bode vhlch are different from 

tho underlying Ealeas clastic group snd yot unllko any of 

the pont-£alsa& unite elcov-lioro In the arei nappod. Tho 

^i©s,l l»o3.D contain quarts and taay be noro cloeely related 

to th© tllasipotla femotion tlian to the Suencivleta ccrleo. 

At ?u^ rato t tho rocks eirG younger than the i^loac group and 

older thnn the Cucrnavixca formation,

SrsAll outcrops of endeeitle Yolcfenlc roc^o occur in 

norUtvcstern flank of Te&quesquitengo poljo, vhoro th#y 

throu£^t tho Ciicmavaca femotion, l^tit th0y arc not 

eopartxtcly en tlio ^eolo^lc nap» olnllnr ficall out- 

polte up through tho Cucrnav&ca fcreation 2 to. north
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Xoxocotla (quad. £-6), as veil as st and cast of Kcu 

96*5 of the Cuernavaca-Anacusae toll highway* Still other 

email outcrops (samples F-42-54 &n3 ?~A3*-54) &** » present 

to the north and eouth of Tecusan (quad. £-7)* vhere they 

reet calnly on beds of the "oreloe formation*

A eisall outcrop (not mapped separately) at the touth 

end of tefc© Xuxpan (quad. J-3| easiple F55-lo6) t coneletlng 

Of oil vino fcacalt, may roet on the BaleaB group and be of 

alddle Tertiary as<*» A eomewhat larger outcrop* but of an- 

deeltlc composition, occurs 3.5 fcnu coutheact of Lake Tux- 

pan9 also on tha Dalsae 6J^^P» Andesltlc lava Intercede 

at Ka* 169.3 of the Aeapuleo hlshvay, In the cut vhere th© 

highways croee t nay b« a part of the Baleas s^^oup or may 

bo baeal lavas of the overlying Buonavlcta or Undlfferen- 

tlated merles*

All these volcanic rocks havo the cane relationship 

to the underlying Tilsapotls rhyollte eerlec, lalsae clas­ 

tic ^roup, and/or Crc-taccous roclce, ee well as to the ov©r- 

Cuorn!?.y.aca formation, PB the l^uonnvlcta volcanic ser- 

Ihoy aro considered to have the eaoe a£,e range aa the 

latter series and nay be correlated with lt f ne veil ac 

Vlth the Tepoatlan formation and the Xochltepee volcanic 

 «rlee t ae described in preceding chapters*

'1.
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eerier;

Dl a tr ibutipn g ppjfc r oj&rftRhg K thi ckn.ee s» 

I'ho nr^n© Zenpcctls, wae proposed ( Fries t 1956c) for the cer- 

les of an3esitic rocke th^t crop out in the northwestern 

corner of tho &eolo£ic map and extend for corse kllonetcrs 

to tho norths; st end north » beyond the edge of tho aap» 

The serlco foms soi5o of the higiioet mountain croets in the 

res^Qttt vhlch rlee to altitudes of 3400 to 3800 cu the 

high country is deeply dicceetc3 t and elopes are unusually 

eteep and cliffo5 In nany places f al though evidences of 

Fleietocend glaclation is lacking south of Cerro ^jueco t 

except on the vestoro flank of ropocatepetl Volcano* A 

rough idea of tho topographic erpreceion of the fomation 

niay bo obtained fross the loft horizon of the oblique air 

photograph in plato A, vhich chowe the north-»tr*2ndin6 and- 

eeito rnnce extending northward from Cerro itenpoala to the 

left of Corro AJusco, which itself ie andeeitlc but eonio- 

t younger.

Tho petrographic c^akc-up of tho Zesipoala series 

not studied in detail, nlthou£h tho unit wa© traversed 

tho southern contact alxoat to the highest peak, «sind 

in the vicinity of the Zesspoala. Lakes (qund» B-5) and 

apulfri (quad. J_-5J* Cnly one easple (F55«60) t collec- 

froia the rond cut at tho State boundary between Korelos 

near the 2e3ipoala Lakes t trae studied petrorraph-
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ically in thin section, although sany chips were exesined

in the fiel'l, Tho roc* recticne-2 is a nec!~ 

relatively coarse-grained andesite lavs flow, 

which in this locality io intorbedded vith volcanic breccia 

of the ease composition* Kxposurco in tho vicinity chov 

an interstratificatIon of volcanic breccia, lava flows t 

tuffaceouo bede^ and nscsive Intarlayors composed of poorly 

sorted angular volcanic fragments sot in a fine-^ralncx! ssa- 

trix, genorally of grayieii color» which appear to roproeent 

volcanic mudflovs or laliar©» The series is distinguished 

froa the underlying Topoatlan formation, hovevert by the 

pr0s<mce of a large proportion of lava interleneae* Ihe 

thie'-mees of tho Zompo^la ee-rios le estinyitod to be at 

least 800 n«

Ihe Hospoala sories rccts vith apparent conformity 

on tho Tepostlan formation in tho area mapped, Socso «ro-» 

eicn occurrtad botvccn th6 two unite, but evidence was not 

*cen to cu^s^c^ th-it it was intense or of tsrcfct duration. 

Tho next overly in.; roc*: unit iD tho Pleistocene chlehlnaut- 

tin basalt ccriec, x-?hich accumulated over a rugsed topo^»» 

raphy incised deeply into tho Zetspoala series^ Tho inter­ 

vening Cuernavaca formation le abeont. Aether a true ang­ 

ular unconformity exists between the Zc^po^la and Chichi- 

unite ic not kno^n, but in view of intervening e~ 

to be described in ^ator chaptora» this ceonaa likely 

bo the case.
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The age of tho Zc&jpcala curies has not been Jeter- 

directly and can only be lnferro-1 from relationships 

with tho underlying &nd overlying formations described in 

the preceding paragraph. The tepoctlon formation ie thought 

to bo no younger than early &locenef and thus tho E 

series is judged to bo no older than late iliocene* The 

next younger formation in tho region, the Cuernavac* 

tion, is partly Derived froci both the Tcpostlfo formation 

and tho ^enponla series. As it ie believed to be no 

than late r Hoc one f the susgUBtion is etron£ that the 

poala rocks arc appreciably older and probnbly of lat© S 

cene &£e t although they K&J bo t In part, ac young RU early 

Pliocene*

Corrolntion«»>»The Zenpoala ccries r,ay be correlated 

vith tho upper part of tho ruenavicta eorioe fnrthcr couth, 

both in sgo ani scr.ornl lithclo^y, slthouch it licks the 

rhyolitic /xnd tlrxcitlc roc!:n that ^rc coT%son in tho upper 

part of tlic Tertiary volcanic sequence of central ::exico 

(Crdfeo£ f 1900, p, lo-lG) f pss in the upper part of tho Lue- 

navicta scriee described in a preceding chapter, ar*d in the 

 outliem part of Hidalgo ("Cjrerstroa, in prose), rerhfips 

the rhyolitic and clncitic rocke are eonevhat younger than 

the 2et!tponla ceries t perhaps crorlon h'iB stripped them avay f 

^ perhcipc they v-cre never extruded in thnt area. Farther 

the unit thit seorsc to be equivalent in a(M* but not
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In litholosy to tho £&npoila series ts the £abana Gr^nue 

mrl, which crops out at &2. 192 of tiie \capulco hi$hw.y 

(fig* 1), ihe unit vas named by Ijolmenberser-Thonas (1955i 

p« 41-44), who thinks its &&e ic la to Moceno or early 

t bieed upon the presence of oetr' codes of tho 

ypris and Cajftdonat gastropods of the genus r

y rjad oosonio of £Jv^a* Still farther south, the uppor 

part of the /sua de Obispo volcanic series (do Ceerna in 

irie« t 195<>bt p» 311-312) may correspond to the Zesrpoala 

scries* Volcanic rocks of probable ago equivalence occur 

both east and voet of the area napped* but thoy hava not 

been grouped into forsiations or nacied*

Other andesitic rocks of comparable or slightly 

youneer ^50 than tho Zestpoala series occur in Cerro Ajueco 

ft few kilora©ters north of Cerro Zerapoala (ceo pl» 4} and 

were naned the njucco andeeito series (::ooEorf 1956 )> of 

probablo early Pliocene agc t ^.aat of -I^xlco City the high, 

andceltic part of the Sierra wevadr. {fi£» 1) has been called 

the latRccfiiuatl andesito eerlea (ibidem); this esries is 

partly covered by still younger basaltic extrueive rocks » 

vhich form the upper cone and crater of iropocat^petl Yol~ 

^^no* The Sierra do CUuedalupe ^,t tlie north e<3£© of I'exico 

City ie composed largely of dacite^ \*ftlch has teen e-alled 

Chiqulhuite dacite series (ibidem) and is believed to

Of oerly Pliocene age; farther north and northeast, in 

the State of iiidalso, prob&ble lovor Iliocene units include
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the Cercso rhyollte, lunate dacito, Xecuantla fors&tlon 

(which contains probable early ;: lioccne plint renaine), 

an3 £on Guinyo tuffs (-egerctrosj, 195-3, p, 15-l6j also, in 

press) *

Cuernavace fornmtion 

Pi IB tribivtipn « lithoj.pg.7 » ?*na thiclmees

The Cuernnvaea formation (FrieB, 1956 c) vac* naacd 

for the extensive, veil exposed f easily accessible,, «ater^ 

laid clastic dcpoeite on \chich the city of Cuernavo.cn is 

built* I-he naao had apparently been used in earlier pri­ 

vate reports f for it appears on a sketch tsap that accompts-n* 

a geohydrologic pap^r published by l?e la Q-Carrello

* fig* 17)* The origin of the name is not given* hov 

ever, and no information is included ae to vhat tho "G 

n^vnca f oraation"1 » Jio there used, actually corapricec, 

its upp^er and lower contacts aro t nor what Its age rango 

be. ihc na^o IB thus riot nevf but the formation as 

in tho present report IB doccrlfcod in coae So tall  

The unit crops out ssainly in tho drain^^e baein of 

the Asiacusac River and It8 tributaries. Its northern bor* 

extends nearly due cast frots the southern baee of higrh 

de Toluca Volcano 50 to 60 fa* vest of Cueraav&ca 

Dt eacttiari to tho couthcrn base of Topocat^petl 

Volcano about £5 tau east*- norther ot of Cuautla, vhero it 

 ntere the st&te of I^ebla and swings northeastward, Froa
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the northern border the formation spreads as an intorrup- 

ted blfin!:ot southward for variable -HsVmces, burying 

lover topographic features, A rough southern boundary i3 

be drawn fro.i the point where the Cttnutln-::ataaoro£ 

leaves the caet edge of the nap in figure lf westward to 

the north bend in the highwayf <md thenco vestmrc. to the 

junction of the Chinasaeca and ^aaeuzao Rivers* A branch 

belt of tho fortaation follow the Aoaousao valley south- 

vard, but tho »outh boundary of tho principal outcrop arsa 

continues vestuard nlon^ a line 3 to 5 km. south or eouth^ 

woet of the 'laacus&G ftiver to tho longitude of xetipac f and 

thonco northwestward to the biso of Kovado de -roluca Vol­ 

cano. In tho raat aren described, perhaps one-third to 

one-half of tao surface le covered by the Cuernav^ca forma­ 

tion, if prounl with a, thin veneer of Pleistocene or Recent 

on top of the formation Is included» 

;x2poeitG of eiir.ilar etraticr^s^hie position, nature 9 

origin in the eouthvectern part of the area

drains ifouthw^rt! into the i£.uila and 

*nd t^nco directly into tho bals^e aiver, arc aleo referred 

to the Cuerravnci formation, for convenience in the present 

r^port, if capping \fere to bo extended to the oouth, cast, 

and fe*est of tliere f hot?©yer f another nasje vould be desirable 

these deposits, in&o^uch AC thoy, together with tlie

formation and o.thsr deposits to the north and 

of the area capped, have genetic relationship to tlie
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ancestml, Pliocene t principal irninr,£e oystcns of tho 

country.

'ihe phyBiographic expression of the Cuorn.ivaca fojv 

nation is distinctive because of the youthful cta^e it re­ 

presents in the erosion cycle* Xho unit forms gently in­ 

clined plains tilth a constructional surface, furrowed to a 

variable degree by V-shaped or box-shaped arroyoe and val^ 

leys. Few localities have been eufficiently eroded to have 

lost tho flat constructional interfluveo* Tho oblique air 

photograph in plate 4 illustrates veil tho general nature 

of the topography, as the larger part of the surface area 

eouth of the mountain range on tho horizon ccneiets of out** 

crops of the Cuernavr,ca formation* The arens between the 

Asacussno Hivor and Puente do Ixtla and between there and 

lake Toqueequiten^o f for e^aspl6 t retain nuch of the con- 

structional eurfaco of th© unit^ Iho lofec occupies a poljo 

forrsod r.ftcr tho Cuernavacn foirsation was Ccpocited, Short 

Etches and lonrer canyona are erouincs headword into the 

constructional surface. Th« area around cuernr.vnca in th« 

photograph -entioncd is rather intricately furro*?ei5 by deep, 

narrow canyons, but flnt interfluvea aro etill present. In 

|53fcy places around tho edge of the Cuernavaca formation, tho 

conctructlonal surface continued onto ol£er bedrock ao a 

ftectructicnal pediment curfsce. Even out in the main out­ 

crop arsae of tho Cuernavsca foraition, eaall hills have 

^ cn planed off by erosion to a pediment turface at & level 

i
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vlth the adjacent cons true tion~l surface. Vho photograph 

In plate 55 illustrates even tetter the dissection of the 

Cuernnvacc formation by the As^cuznc and China^eca r.lvers 

with their short tributaries.

5h® constructional plains descend at angles rang- 

ins froa as such ao 5° near the mountain froute* to sc low 

as 1° or eo in tho vicinity of the main drftlmgec* They 

descend from both tho north arid tho south toward the tea- 

cuz&e River, In placoc vhero pasoes through mountain ridges 

restricted eoutlw&rd dreinaso llow» tho plains arc at a 

lo^er level on th© downstx»oaa eldo of the paccec* This is 

particula.rly sarftod bct^oen Cuautl& and l;oyotopee (right 

bac^gx*ound of photograph in plat© 5)» t^hich are on two eldoa 

of a nonntain ridge with several pneeoc t!irou£h vhlch nl- 

luviirs v^ic carried* It is even noro notable on th© nortl>* 

vcet an^ southeast sl£<?s of the Cacahu^Kilpft mountain ridge f 

vhero the r/in Jerinino arid Chontalcoatl'n drainages wore re* 

 trietea by a narrow pacs through the limestone riiiso* A 

«UG£OGtion of thic latter feature ic given in the northvest 

corner of the reoloric aap in sheet 2 of plato 1, i?.lthour;h 

actual pass through the lincGtono ridgo lies ceveral

north of tho ed^o of tho sap, 

f ^ liio litholo^ic nakc^up of the Cuornavr.c^ formation

j^* it extrornely varied, reecmblino UiO Galcaa clastic group in 
^
L the variety of ix>ck typca present, Uctir the mountain front© 

ereator p^rt of the unit concloto of tno<2oiTCitoly
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tuents ere almost exclusively ancle el tic volcanic rocks ero~ 

de-i! from the tertiary volcanic cories described In earlier 

chapters* Ordfcos (1937s. t P» 12-14) describes in ccnsi<3-* 

erablo dstnil the Ilthology of tho beds on uhich CuGrnava* 

ca IB built, T'hie part of the formation in slsdlr.r to the 

Topostl^n format ion in containing beds frois one to ^evoral 

ncters in thickness 9 composed of poorly sorted angulsr to 

cubrounded nfttorial rancl^ in sise fro& ^ino silt to boul- 

derc ao lar^e 5.0 a zseter ncroso. Tuffaceous rat<5rial is 

proscnt in a one beds but not In others, arul sorting by wa­ 

ter, vlth cross-bedding* Ic %*leiblo hero end thsre. The 

b^dB thus have a la baric chnrncter, In p&rt, and a torron- 

tlal vator-lnld aepect, In pert,

farther from t2ic acfimtaln frontc tho Cuornr.v--ica for­ 

mation contains thinner t^de, rarely excoe41rj^ 2 n* in thick 

^ tlzo £min eise vithln the bofls its finer, on the 

, *\ltswugh laree bouldcrc arc ctlll pro sen*, in noao 

rho constituent fraevents are not ns anrul^r, in ren-

e they &ro farther north. .Tuch of the nr.terial is 
_, 

5 or relatively local ori^ln^ r*nJ trio various tcpocraphic

that are partly buried by tho formation contributor 

part, vhich corrceponda in composition to tJio make-up 

tho hl^h pointe. Hovertholcec, the Influx of ondeeitio 

fro^i farther nv^y % impressed an overall volcanic 

n on th© formation* »:cdo of fine-grained con*
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* eond^ and fcilt arc norc corarson In tho Itraer part 

of tho region. Ssrs.ll ponds rcu&t have fortsed locally, Jud£- 

las froa liny deposits and diatori-ceous earth (cmrsplo £57- 

35) in eo^e intorbods* One of the largest deposits of marl 

IB Just east of tho ChlnftE&ca Elver on tho highway leading 

froa fl&qjilltenaneo to Huautla (quad, B~7}* Travertine de~ 

po&lta v©ra forced from spring vators issuing frc^i the 

llei©0tona and &ro prosont frosa place to place* Tho isoet 

notable larss deposits &r0 at tho north o^g® of Tlaltlsa- 

p&i (imnplo F-32-50} git 1B*;B) «md just southeast of Te-

deposited in srmll ponda in the valley leading

eouth* souther© tvard froa Tlaltlxap&i (quad* 0-7)*

Tho eniall patches of Cuarn&v&ca formation in the 

toiinaso area south and southeast of tho Coxcatlan anti­ 

cline in tho aouthveeteru part of the aroa aappod consist 

of &atorlal derived locally fros the  tfoatherlns and erosion 

Of the Uses ton« or oth^r nearby rocks » ihey covf»r an ln~

r^ll total areo..

the tiiiclaiore of the Cueraavaca formation is ex~ 

variable froa piece to place, and the unit vafc of 

not deposited over topographic hi^hs« E&pcoures of 

Icatt 100 n. of i>edo app^f?,r in th© vicinity of Cuornsi-* 

without renchins the btioe of the formation. Detailed 

froa voile IB not available, although eoiao wolls 

penetrated deeper levols than thorjo oxpoeod. The
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total thickness nay roach £00 or 300 a. in gone placets 

(eoo sections A-l 1 and S~£r In pis to 2).

tionshlj^ » or^ijjlgu nnl ago

The Cuenmvaca formation overliefc with nar&ed 

discoaforaity all tho other roe& units In t«hc re­ 

gion* It haa isar&ed eu^ular relationships vlth too 

clastic s^oup eo\d older units, and It hae an obvlouclj 

angular rolatlonshlp %dth tho different uxlddle Xertiery vol 

eanlc unite . Sbo lattar relationship ie accontuatod t how- 

«verf 1^ tho initial 3ipa prre^^nt In both tho volcanic 

rooks and tho Cuornavdea formation, and tootonlc tilting 

ot tl«j rolcanic rocks 16 not necoseorilj cveryvhor© proved*

i tte fact that tho volcanic uttlta fora topo- 

high© si^l are ctronglj ^rod^d e%jsseottj that thsy 

uplifted and tilted along faults* \*hich at tho ea-so 

s» produced the low are^s over which the Cuernavaca foxv 

sation acouniiilatod. Xho next overly ins unit IB tho Chichi- 

I »&utsln basalt fserie0 t vbdch everjv^er© restc vito

Clcconforalty on the Cuorrmvaca fcr?mtion»

*he fors^tion IB thus thought to have boerx 

in coalescing alluvial l^jia on Hood plains by etroans 

R drifting in the high country whero nsuch relatively ujEiconsoll** 

volcanic dotritua vao readily ftvellablo to erosion by 

stortne* The noro naeclvo deposits each aa thoao near 

er# probably ecrplacod ao lohars or volcanic

» I'll '..
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flcvs* Gr&feec (1937£» p» 1^) earlier cu^cctcl a audflov 

origin for sonio of tills date-rial» but without much convic­ 

tion* Following the opinion of rrioter (1927* P. 1-13) t 

Crd&:e& further suggested {op« cit» t p« 16) that 002© of 

the beds %rere deposited a© glscl?.! eutvaeh frog molting 

ice in the hi&h mountain range to tho north of corro ^©m- 

poaln» U» vrltor ton not &gre« with thle latter opinion, 

hovover, because evidence of elaclixro on tho southern slopes 

Of the mountains north of Cuornavaea 1» lacUngf and nore 

specifically because the Cucrn&v&ca beds are t^jou^ht to l>o 

older than the greater part of Pleistocene time* Ite «sall 

lonec6 of smrl aia^ gypeura %i-ere deposited In ponds produced 

by the shifting drainage linen and local alluvial fane* 

Concurrent volcanic activity say have boon very etrong in 

the ilevado do Toluca eruptive center 50 ks« north-northweet 

of Cuern&v«tcaf hut It vac protwibly wesdc elsewhere f for oth­ 

erwise tuff beds vould bo ssoro Abundant t and lava flows have 

not been found Intorbeddecl with tho formation In t«he area 

capped« 

f. The prccioc s^o range of the Cuerrmvaca formation
1 V^^ nas not been eotabliehed in tho area snapped. The only fcs-
^
Jj »11 evidence for its ego conclets of the presence of reisains

the mastodon Cxryieroni^us (identified by A« H» V« Arella* 

in Eonstf 1956) in beds of the formation noar the tovn 

Tonatlco> located about 20 kr.» northwest of Cacahuaoil* 

beyond the northwest edge of shoot 2 of tho e

fc
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map* Tnlz cenu« is considered to bo of la to riloeeno ar;°» 

In ?Iow of tho fact tait a Great erordonal unconformity 

separates tho Cuornnvaca formation fro-a tho next older, 

£erspmla series, which is probably of lat© Hiocene to ear<- 

lieat Flioceno ase t and bocouso tho formation IB not vory 

thick , th© vriter doubts that ito a^o extends bach beyond 

late Pliocene tisssu Diatonc identified by K» tohcwm ia a 

(i5T-3S) fro^j the top of tho formation ne^r 

(quad, 2**7) indicate an early Ploletocene

Cuarnav&ca forcsation has beon carried as 

eouth as Iguala in tho proiscnt report , but frost thoro 

^xrd almost to Chilpanciss0o it scons to bo absent » probably 

because claetic notarial eroded frosi th© hillsides V2,s cor- 

rlea. downs trean Into the Ealsnfl draln^e* In tho vicinity 

of Cliilpsuicinco (fis* 1), nainly botv/oon Kn* 269 and K 

286 of the .\capulco hi^livay, de Ccorn^. identified 

dejiOGito that "ppear to bo equivalent in &£e to th© Cuerna- 

vaca fornntion and nnriod then the Chilpancinso formation 

(in rriec f 195<Sb t p* 31>*314}» 2!xeso dopoelts are fine- 

grained and lack tho abundmit volcanic fra&xents found 

thor north in tho Cucrnavcica for^ntion, Foesll g 

of tho s^nus ?l.nnoybi6 voro found in narly intsrbodo

| ; Oetracodec of tho genus Cj^yJL^ both of vhich arc aluoet

probably pre-Flolotocono in
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Scpoclte equivalent to the Cuernsvcca formation 

have not "been identified^ or et Icact thoy have not toon 

oappel and ringed vest of Iguala, Deposits of el^llor age 

&nd nature nay occur southeast and east of Iguala* in north.-* 

ea&tern ^ucrrcro end northwestern Caxaea, but they have not 

n eoparatod fros ol-ier clastic roc&s or &oecrib6d* *» 

and eastern itiobla, hotrevert Calder&v-Garcfa 

56 1 p» 31-32} eepor^tod out and naae& the AiaatltXan and

foruatlonc, Ho thlisks that the forster Is of 

ago and that the latter* \£xich rosts

on ltt sir*y bo of early Pleistocene ago. 'Xhos© deposits or 

otbora of equivalent a&e and naturo continue into central 

northern ?u«bl© and Tl»:xcala t but they have not

separately or nr>26d«

r^sposita sinilar to tho&o of the Cuornavaca 

tion In the southwestern pnrt of the :-osico B^sin vere nosed 

the 'ir^ranso for^mtlon fcy rryan (19^3f ?* 11-12, fis« 3). 

The top of this formation is thought to corr^epond roughly 

in nee to tho ^lio-Plcistocenc boundary (Arollsiio, 1953 » 

p* 181), but vlthout preolco PG leant o losle evidence, Ilie 

Qazao UtiranQo hao boon carried to the oncl or the :-:e%lco B^B-« 

int SOSQ 100 ka, to the northeast of Mexico City, and al&o 

cloim tli© drairuio baein of the Tula River as fnr

 < «« Its Junction vitii the "octesusa River at the ..ueritaro-

Hi«lalso boynclary lino f treatj of the center of Hidalgo (pi* 

Segorstroia, in press)* In the dminoGe bauino of t!ie
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Anr.Jac and Uesquitlan :ilvort5 t in the northeastern part of 

ni£ai£O f hovover, the rr&Q Atotonllco el Grs.n3o formation 

has been propose*! for &qulvg.lcnt deposit!* (C»ojrerstron t in 

pre£8}«i In the As&J&o valley near *tota&llco el Gr&nde* 

remains of a late Pliocene &&& talon were found in th£ up~ 

per part of tbs Atotonllco formation (Severe tromf in prose), 

Siisiiar deposits occur in large volus© to tJae north- 

of the area r*app^4 g in the 5;tatc?$ of i:^xleov northern

, Ciuuiiajuato^ aad beyond, but they havo not been ]
' I :

G^pr*rately or muied* Lato lliocone vertebrate ro~

zsaine hevo boon recovered frons thea in different looalitlos,  » 
It le Intorectiio^ to not<a t in pac&ingt that early Pliocene : ,.

Vertebrates have not been found in thoeo b<ede in central '

etrcncthonins ^ie opinion th.nt the 

no older than late ; licceno*

Chlcliir^utcin bafi^.lt scriee

Distribution and r>hg c lp£i^ rvlil c

Iho Chicloinziutrsln baealt eerlofi (?ri«6 f 19560) 

for liigh Ccrro Chiehinautzin* ^ ivccent brter.ltlo vol­ 

cano alor:£ the boundary line between trie ;:tato of .-.oroloe 

 nd the Jlfltrito Federal (quad, jv~7)« ^*^ serien vaa pro­ 

posed for t2io purpose of grouping tosother all tho nuneroua 

d lava flow$ t tuff nni breccia layers* and tiater- 

clnetic deposits of c.ndo©itic to basaltic composition 

rest vith dlacoriforEiity upon Uie Cuernavaca formation
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unite« Tho corion nakoo up too high nountgin 

ron£G tl*at for^e the northern border of the nrca napped 

(pl« 1, sheet 1) and represents & segment of ths Koo-vol- 

esmic Bolt described in the first section of tho chapter on 

gcosorpSiolo^y* Lava Hows and volcanoes or the series con­ 

tinue northvard boyond the arsa covert by the geologic sap 

to plate In to fors* tlio eouthorn fl?iak or the Kexico £ 

(see eheot 1 of scolo^ic saap in Frioe f l!>56b), Othor 

extend in irregular tont^uoa southward as far es the 

tion of tho Aesacufiac nnd Oiinaoecs, Ilivors*

In the ©aetorn half of sheet 1 of the geologic sr*p 

in plata lt the ba&alt does not cult© r$&eh Ciiautlix* In 

tho central part of tho ehcot it descends through, valleys 

eroded In the Tepostlan forsmtion anil on dovn th^ valley of 

the I'&utepeo River almost as far so Les Estacas (quad* £-?)» 

Th« lonoest toncvto extends dovn the valley botveen Tepost* 

l£n and Cuornavacs. to Jo Jut la (qus.3, £*'^)t vhero It contiu- 

uoe under a lie cent alluvinl cover doun the tcmtopcc r.iver 

vcLllcy to too jxuiction vith the Aaacuzac Rivor^ and thcnco 

dova t/xo latter nr a tongue a few hundred actors wl-io to its 

Junction with the chimiacca. I;iver (quad* ^-6) t uhsro It 

An 1 cola ted basaltic volcano fcdth a »: all lav??, field

;.' 1 knv oast or the east end of section line F-rf (qund« ^3),
r
^ Juet beyond tho nap*
H.

^ Tho Chichlmutsln cerioc hap dintinctiye topography 

4 Mierovor it occure* It le charactcrlsied by extx*eno youthful
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ness and ccareoly shows <*&$ erosion in noct of its outcrop 

ar^a. 'Hie youthfulneee is qulto distinct fron that of -the 

Cu&rr*rtvaca formation, however, as it is due to extrusion of 

lavo. flo^s and accumulation of cinder and scoria cones , 

rather than to construction of nearXy flat alluvial plains. 

'!&$ pattern ic readily dlstlng^zieluiblo in vertical and ob­ 

lique air photographer although in platoe 4 and 5 tbta bas~ 

alt ronce on th© horison ic eo far a&ay that cinder coned 

aro Aiflicult to fmko out* ^ixo Srainago pattern on tlio

01opo of tbo batmlt ran^o is incipient end poorly in* 

* Cluctersj of arroyos aro oalnly expressions of

cinder conco and lava ®ouaas t which are readily gul- 

leyod because of stoop sslopoc and /or lack of consolidation, 

Orainsco "blocking, vith resulting alluvial accxmulation iu 

another characteristic feature r.roundl tlae edgee of the lavn 

flows, Xhc flows thcnecl^ee s^^^^rally have hur^oclcy cur- 

faces and asny uri-lrained dcprer.C5ionc, v/hich rsry resosblo 

scall ciJUic lii flat lig&ctono terrain* r.ost of tlio flows 

&ro of aa typo -nd IIT.VO bloc!^ surfacce, although a few 

vore fluid enough to produce p&hoohoo s

thlchner.B

Ly fcx the ereater port of the Chichinautsin ccrles 

Consists of porphyritic olivine bac^lt ^dth l&bradorite r.i- 

crolitee and abundant au^lte G^-A^s in a nonrly holocz*yct&l«*

line matrix, ^tailed jKitroxrc-phic deecriptione ttn^l chorsical
\ 

tP
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of the br.S'ilt flo^e that nictko up the rcJrocal &© 

l>~n *usol, at the south ecge of : exlco city ?.ni only 2Q Ics* 

north of tho CKl^e or pl^/to 1, have boon publicliod by schnit- 

tor (1953, P« £32~236)i ^ho claaaifi&l the roc£ sfc olivlno 

bas&lt %rfith alkalino affinities. This lava le part of the 

CJbdchlnauts&n &eri«a and Issuod fro^ Xltll Volcano only 12 

to, ix?rth of tho edge of plato 1* It u&8 «xtrudod alx>ut 2400

f according to radi 0^20 trie dotorainiitlons by 

tho C^ content of charcoal burled by tlio lava. 

not 1935 » P« 176}| and is typical of eony of Ui<5 flovo thrxt 

sgike up toe eerlee* Toxtures are dens© to highly veelcu^ 

lip and dopond largely upon tlio position ot tho coople i«ith» 

In tho How, Color ranges froa jsoulurs gray to nosrly black 9

x^iiero funr»rolic activity and 4euterlc oxi-latlon al- 

d tho iron ninerale in tho natrix and inpartcS a rusty 

rod color to the rock* Tiiio alteration Ic x«^ticularly 

chai'acteriotlc of brocciae on and arouisd the edrtes of lava 

llov?Ti t anO, of scoria sund coarso ash nroxinJ end in oactrufiiv© 

vonts and in cinlor a»l ccorla cones,

LOGS cordon types of lava aro icMin^sito-au^ltc b??.o- 

ctlt t hypcrcthcno basalt, onstatlto bane It, hypers th$no 

altiq aiidccitc, ana ;jy|X3r 3tlicac^laomblen<lo raidonite,

latter rock foras a doac-lilio rld^o of viscous Inva ** **

by pyroolnstic laatcrinl, which ID rollouc<2 for 5 

by the boundarry Hrjc? beti:ecn tho ftatoa or . ^xico snd

V-5, Toaa of the flo^-G of tho scries
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contain xenoeryr-tc oT quarts nrul other nincmlo, vhich have 

reaction rins of 3?,ric sinerr.ls, but Xir^er, lithie xeno- 

11 the arc relatively unco«snon. lav&s frcrj Chichinnutzln 

Volcano and near thD ^.espo^la Lakes are generally peppered 

with foreign saterl^l in soall quantity. Do tailed descrip­ 

tions of specimens fros different flows fro^s the *u*e 

ar« given In the appendix under sample nunb&r© F-»l-50f

and. S56«l6 to 356*31   rhotOTalcroc**^P^ ot cose of these 

cpoclGeris arc given in plate^2g^A ,to ^y,

the thicknoea of the Chichinautcin eerl^o is of 

course extremely varlfible from place to pl«c0 t GO a glance 

at tho scologlc rtap sug^eets. The thickest p^rt of the eor- 

les nay occur undor ChlchlnnutKln Volcano and in that gen­ 

eral vicinity* for ono of tho o!3 major valleys buried by 

tho eerie 3 is thought to pries benoatU thit locality (ECO 

pl« 3-1- )  Froni there eastward for about 27 to. the soricc 

oust e.leo bo thick, but a rlil^o of nid£l£ lertl&ry volcnnic

sop«rato tiie western srJl eastern en .la of this 

, Judging froa tiic preeonco of the Icpostl?n fonciatlon 

relatively high altitude 6 in the north-central part of 

1 of plats 1« Iho eoctern tnd of the bolt ID also

to overlie an old swijor valley filled by tho series 

(pin >aB), but tho thickness io ccnaidcrably loec. Loth

r> east anii KCSt of tllic b°it tfco ba&alt soricc lapc s^fxlnct 

Qiddle Tertiary volcanic rock© and pinches out, although it
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picks up a^ain farther east suad vest beyond trie area napped, 

;;Ico fccth north end coutla of tile thick belt the cerise grad­ 

ually thins cut r.nd disappears. The Ions tongue tU^t

uovn the ^BKLCUZCIC iUvcr fros it© Junction with tho 

iUvcr is about 50 or 40 E» thick ^t toe junction

ji~6} a*^ fcecosses gr&dualXj thinner la the 16,5 tea* 

Irom thoro dotmstreaa to tlio junction with tho 

liivort vhoro tho flow endG. It profc&bly continued a 

tie farther but ha* cinco been

'Hi© chlchittautsin basalt furies roets ©veryvhore 

with crosiorial dieconfor:aity on th© noxt older unltt the 

Cuersrevaca formation, in the c.roa napped. At every point 

vhero a contact between tho tt/o units vas seen, eroeion 

attaekeci tho Cucrnavtco. forr/itlon to a variable degree* de­ 

pending upon the tiac vhcn tho lava at that particular 

point wne extruded* xho oldcet lavas of the series ai*^ 

now burl o«i f and the relationship between them and the Cue-r- 

navaca forf^tioa is not Icnoim. >ron evidence farther north, 

In tho state of illdal.so (^e^or&troa:^ in prese), however 9 

eosje of the oldest basaltic lavae are apparently interlay- 

ered with the upper- part of tha lararco cn*.i .itotonllco el

foraatlong* vhich &ro equi/alcnt in as© to tlie Cuer- 

s, fometlon. ^aecilt^c extrusion t4ius probably ove-r- 

lepofiltlon of the wuern&vctca formation in 0oae placco
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4 n£.ulnr rolr.tioi'irhi^c cccn between Ve.Vin; In th$ 

letter unit «nJ. the overlyirc k~r-.lt nro clearly PJTJ effect 

of diverse initial illpr. «mfl verc novhero thought to indi­ 

cate tilting of thin unit before* extrusion of tlic basalt* 

Initial dips in coco of tho ash £$r»osite re.-»ch ^ nztxlrsua 

of 30 to 3S°f dcpcn^ins upon the cor«r^onoeft etnA else dis­

tribution of th» neh» Cinder eono i?lo^oe nro

nearer the lo>?er li^it etntod f vhcr<?88 lava fronts :s*iy b« M- 

considerably e topper t rcnchinrt 50° cr 60° in a fev places t 

Ach covers tcpograpHlc ^lopcc vith concordfanco at tho ba£o t

to a saxi-iun S!OTXJ of sboiAt 35°^ but be^^ln,^ flattens (yrad-
I 

ually upwiri in tte ^erooit.

In the -nbeoncc of the Ciwrnaycca fomaticn, tho tlil-

chinnuttrin ccrics roots 'on any °n^ of tho oli!er roc't xmltn 

es £s?.r do^n in th<? section ^,o the : 'ore lor formation, nn^. In 

fact severs 1 vente out of vhich brsn.lt ncclcno'l to the teiv 

ieci ^jss c^tnidc-a cut throurh out crop r>lnr Crot«».ceoua rocks. 

Kxsr.ploc of cuch vcntc rro Cerro rte l^.s Tetillac and Cerro 

^c l» Torcni (qu^^» .2*7 J» fe? */cll as Cerro Tosontcpcc Cran-* 

<5e «nd another volcanic cone J\iot eouth of it (mmd. £^>* 

Other bienltic volcr.nooo obviously c??re up through outcrop* 

Pine fepcctlan formation ?>nd rocScs of ciddlo Tortlnry vol* 

cnnic ccrics. Tho relationship *»:ith all these units ic un-* 

confomr.blo, nnd rjfi r,nculnr unconformity of tectonic origin

ie present botvcen tho basalt and the Topostlan forest Ion.



The decree of filecordn.nce Increases particularly t^lth the 

Lnlenc £roup» em-Ji to r^i even greater decree with tho Cre~ 

taccouc rechs* Ihe only depoclts that lie on tho Chichi* 

nautcln series cure continental clastic bedc f raarl, traver­ 

tine, loe£ t?, diato&rtceous er-rth, and pent*

She full ago rrmso o* tht? Chicliinwutsln merles ie 

not fcnoim* Yolcnnism has occiirrod in historic tinoc^f and 

nlthoxieh the only precico dnto of volcanic activity near 

the &x*e& sapped ie 2400 years for XItil ,'olcono 

1953 f p* 176), located IP to, north of the norttesut 

of th£ geologic ^«,p^ so^c other ventfi wore probably active 

siore recently Judging froa the rreshr unveatherod arul ur>- 

oroded ciniior conos and lava riovs* Chronicles of pre~Iils- 

p?snic tino ar^a incomplete or woro dootroyadf but a folklore 

of events relating to volcnniaa tttto^t« to ouch activity 

over the paot rov«ral r.illonla* Activity nay bo rcsuae£l at 

^ny tir^e in t}iis bolt and x^ill assuredly be repeated 

and age^to in the future* As indicated in a preceding 

Cra^h in thia section f baoaltlc voloanie.ra cosraeaced farther 

north before the end of rsponition of the Tarsmao forr;ationt 

In lr.te illoceno tine ("ogcrstrees t in nr

for such mi early ft£© in tlia area napped is 

« poscibly because of burial of tlie oldeet lava fleve, 

but obviouBly velCfiniG^. lyae been s^ino on since conjo tlae 

brick In the l-leictocpnsi epoch* Irobably the oldest

i*oci!:e of the Chlchinautsin cerico cxpoccrl in



are*?, nap^c-i arc In the vicinity of Ccrro £ccc;uiatlc ^nil Co 

rro .r,rtido s vest of :«opantl-\ (qu^l. ^-10), vhcrc- erosion 

has incise! deeply Into the b^.c^ltic nnt

Chlchlnetutsln basalt eerieo ferns pert of the 

Keo-volcanic ::-elt, ztontien&d earlier, that extends v^st- 

northwestvard to the rr.cific co-net and out Into the Hovl* 

llasl£ do I&lana^ t OB voll ss *&fit^£outheaotv*rdf Kith in- 

terruption.& v to tho Cult of i-:oxico, vher& it tormin^tcs in 

th« cluster of conen ttu-l lava flowe erourvi ->^i 2'jartfn Vol*» 

coisc, Just voct of the north elds of the !&ths>ug of lohuiu 

topcc* ^e rocks in thle b^lt are correlative in composi­ 

tion cr*d aco with those of the Chichinsutcln eerier- of the 

area stepped, but their petrography h/\c not been described in 

£otall t sscept for tho rroa cround larfcutin Volcano in 

ccntril * ichc-r.e/n (flc* 1)> and they have r,ot been gro 

into naraci units or ecries. Iho noct ^ot^ile-.^ petr 

nnd -etrolo;;lc deccription of the roc'co in a lnrr,e region 

of tho ::eo-volcanic :,clt Is tho one Juct rx-ntionc^, In cen 

trel ' icho^c-ra, by './illiarsc (1950, p. 234-271)» *tw stitec 

that **lavfi,a cf post>i.ursplnlto a^o'1 (post-2cn^oa.ls a^e of t 

precent report) "*r*».ncc- fron olivino-sii^ltc basalts through

andesltec to homblenfle ?jvl pyroreno andcnlteo1* 

» cit. t p. 23D-C60). yhc r.oot clotailod petrcloel 

the lavac fros tho ncve&t volcano in tho lioo-volcanic
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re It IB ttet of ir.rfcutin Volcano by Vtilecx (1954, P* £'39- 

347), vho polnte out that tho eon-position of the lava fron 

this one vole? no chm^ecl In a period of nine yc-nre frea 

olivlno tna&ltle andcclte tr> orthopyroxcnc enue-jsite (op* 

clt*> p. £o9).

Kockc equivalent in composition eni a^o to those 0f 

the Chichlnautclii serloB GJ^ not toovn to occur couth at 

the junction of the toacusac cn«3l Chlnarscca ftlvere {quad* 

n-6), except poaslbly *or eouie sporadic lava flows or vol­ 

canoes xinne^pe^l nn4 unkno"Hn to tho vrlter« they continue 

northvQrd, ho^ovcr, threap the tl^trlto Federal and into 

the Bouthom r»?.rt of tho C-tate of Hldalco* From there 

north\i»rcl Into central K'ldnlgo tocy bccono .^oro eporadlc 

and dinappoar ("o£;er»tra=if in prccss)* rno vicith of this 

be- It at the longitude or the *,re& napped Is thus &bout £00 

p but by far the ^roater voluna of volcanic product e 

extruded In r. bolt only r.bout 60 te. wldo> o^ which the 

southern li?lf lies In the area r:sppoC.

Ii;o very Irxrco volctmoes th!it hr.vo V-een active In 

late riclctocono end /.eccnt tino r.ro locntei In the ;,eo-» 

volcanic Dolt r*ot far Iros the area ;aappevU One or then 

ie i:cnra<lo do Toluca or /.inantecatl Volcano, cl tun tea A3 ta» 

fi«e vest of the northwest corner of sheet 1 of plt».te l, end 

the other Is Popocatepetl Volcano situated 10 >;a. east of

northeast corner of tho nanie 0iieot. Theso tv;o volcrmoes x
arsdesltlc In conpoeition «md are distinctly larc^r them,
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and significantly different in general corrspoEitloii frtra t-ho 

majority or basaltic tmd andealtlc volcanoes assigned to 

the Chichiaiutsin scries« in fcplto of the fact that they 

fora part of the r:£o~volc<mic £elt. They apparently bo^&n 

to erupt in late Pliocene tins and continued intwiitt&nt~ 

ly through rieietoc&ne tine and Into Recent tiao» th^y un-» 

doubtoSly supplied rruch Of the atidesltlc detritus incorpox>« 

ntod In the cueraav&ett fonsatloa &nd noro rocent elaetlc 

no of t&lch aro descrll^ed in the next chapter*

Continental claetic dopoolto 

Definition

continental dopoaits of poet~Cu«jmnvsc^ as© that 

do not conrlat of lava flowa or cinder conea aro grouped to- 

gotoer into cms circle %initt vhlch lo roforr0-l to Dimply &a 

Continental clastic dopositu* 2tosy Include 

eoncolidr>tod natori^ls rsn£lns fyo/2 coare

to fine silt ejid elay t ac 'wc-ll as r»inor quantities of

narl f dlatoaaceous cert!it peat, volcnnic ash, 

loose, and travertine* ::olls ^nd caliche arc? not here con?- 

to "bo litho&tratlgr^pl&c unite axxd aro accor^H^ly

ccpaxntoly froa tho underlying parent itnlte* 

Uioy occur back in tho geolos^^ colurm, they cKiy or 

not retain thoir identity and ar^ lisually concldorod to 

bae«al bode of the next ovorlylns forrmtion. 

transported and depocitisd through the ageney of



vator raid air arc? here nsppod £epnratc-ly as rod: units* 

Ihxus onl^ those soils arrl cnllehe th~t verc traneporto-1 arid 

re  ieposlted yore taken Into account in napplnc clastic £e~ 

poalte* D*dji£ to tho ecepe of the present report, vlth its 

major onphaslc on pro-nccont Htho&tratl&raphic units an4 

the tectonic history rool^tered ty thcui, clastic deposits 

lees than 3 or 4 &* thick wro not rsappod

pjT S£jn£fttO £££££ Of Clitic

patch of fa^lonerata, 

ol, eandf cind Bllt vlth lntcrd»Bd and Intcrbodded volcanic 

aeh fr<33s volcanoes of the OildUna-utzin 60rlcB f IncXudlx^ 

Popocatepetl volcano i appear in the northeastern corner of 

eh©et 1 of plate 1, IMe material accimaXatodl b&c^uee of 

repeated drcdnaee blocking ^y estruslon of ̂ Baltic lavftfi 

to tho vest and couth « and eesse of It ie Intorfir^orod vlth 

tho lava flove. Iho clastic deposits rest partly upon tho 

Xechitepec volcanic eerier (equivalent to the UndlfJTsron*

volcanic oertec) an4 pertly upon the Xarr^n^o fornation 

to the Cuerasvnca fom?itlon}f as ^^sll ac upon

;ost area coTcred "by the risl&tocene to EC- 

cent clactie unit lo & roxsghly triangular patch defined by 

Xoohitl& (quad* jXLl-)* 'nenccuilco (quad* |>9)f ^^^ Yaute-

.qxiad* >-3}   /* tnilv of tills patch oKtonds southv&rd 

the Yautepec ;Uvor valley to l^yoncl *lnltisapan (quad*
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I&o aaterial consists partly of fon^lomorato and con* 

t but prcb&blj the lnr£er part to cosrposcd of ennel t 

&llt» and elay f t/lth nueh a&slsscd aeh. Carbonaceous setter 

appear* to be alxed tftth tho claj In the ar©n voct «nd south 

of Cusutlfe* Trevert5.no *md mrfl wo prd&ent In n?.ti0r Quan­ 

tities In tho area eiet of Tlaltlsapln* tills l&r^o area, of 

elastic natorlal rests upon th& Cuornavaca forraatlon^ tho

an fortsatloa^ the Utxdiffcrontiatod volc&nic 

Baleae elastic s^^uPt sa^ *^o throe upporsjoct 

ue format lone* It ulso is Intorf inhered irflth 

lava flows of tho Ciilchlimutsln ecrlos mid thus rq0t5? upon 

£<#>& of tboa.

-th«s najer cauoQ of the a ecusralation of the so dcpojs-* 

Itc w*fi repeated drslna/io bloclwlns on tho north, in tho vi­ 

cinity of Caxtopec (q^ia.*S» £^)» Its^uaatltl&i, and ^autepoo 

(quad* 2-0), ac** wall ?ia do^?n tho Yaute^oc River valloj, 

Drainaeo by wny of t;ie ^autepoc -."JLvcr «SLB lotfer In altitude 

than by wajr of the Ctiautla. Hlvor couth east of Ajnla (qund, 

S»9) t and nuch of tho cuautla area \?cs do-vatered toward 

^autopec boforo lava flovc bloc'^ed tho outlet. "j!ho extent 

of tho alluvial cover v^ot of Cu&utla v^-ic e^^^^Ly ervlmrsoa 

by cubcoquent dissolution, of tlio llnestono alone tho onot 

front of tho lliaontoriO rld^o t?oet or CaiutlA, with 

filnld^s Of tint area aa?l alluvial dG^-JOCitlon* ^o valleys 

touth. of Xautcpoc ovo thoir allurlal cover to drr«iisaso

lava no\r ?autepoc* .Mluvlura in tho upnor pnrt
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Of t&e Ysut^pcjo valley is also due to lava bloc&lnc* Iho 

southern half or thin valley, hcvcvor, tm*« particularly 

tho &TC& east of ll.rvltiEapan o>fe thoir extensive alluvial 

to dissolution and Gin& forrsntion,

toother fairly largo ^rea eovorod by thlo clastic 

ortonds Rort&voctraxrdf r-outhoattv^,.r<!t t r»nd 

from Jojutl^ (quad* G-6)# *h© fclluvlus in tho 

a eonslsta rmlnly of e^^^ol, eana § and edit* tdth 

of ash* It ot^fc its prseence to dmiKage 

^ flovc that descended fross tho r*orth and 

uod <5ovm tho ^atopoe ^/dXley to tho juncticti of tb& Ansacu* 

mo Itlverf ?md thenco d<nm Uie Ajsacusac v^lloy to tho func­ 

tion of the C&lnsmoea niver» 3sall patches of bas&lt p3*o- 

trudlns throne^ tho alluvial flat to tho north and south of 

Jojutla attest to tho 3>repent  of tho basalt un£er 

luvlun* 7ho patch of alluvitin In the? vicinity of A 

(quud. lv-6) ove0 its presence to dr^iuaso blockinf, byv~ ^

end tho cone io truo of all tho otJier alluvial patchsca 

nortli, norttio^Dtj eaet, and south of thero#

: -lluvial depocits that ^ccusulnted because' of Dis­ 

solution of liaeotono b<j<lrock and tho fornation of tslnks 

poljca appear in patched of various ei^ec in the fol-

placoct juet eouth of Xochitopec (quad^ ^6)^ veet> 

Of Alpuyece (quad* £-5}, around Lafce nodoo (quad* V-5)* ^ 

toa vicinity of Lako Co«itotelco (nuod* f-4) t in tho vicinity 

of Cuautllta (quad^ x>4)» around Ixtcnto do Ixtla end Loko
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3£quosquitc3co (<iuad. C~5) t and In the vicinity of l£tnla 

lako Tuscprm {qu~d* ,£~2}« Other email pat dies of the 

origin cippcnr hero ani there toiS c*ya "be rococnisod 

by In8pectl»$ the g

of the Continental claetle a 

of £lGictocen$ a»d Itocent a^e shovn on tho geologic i^p are 

due to 3r&inac*c* tflockins fcy la^ai riovfi of the Chlchinaut«ln 

or^to sln2s an.4 pol^e formation b^ diesolutloa of tho

Cretaceous carbotmto roc^s and gu&y&&te t Al- 

all srro^oa n^i river vallcya certain a thin vQ&eer of 

alluvlun ttet Is b^lrjs traneportod do%m0troaa« fcut onl^ In 

a few places voro depoeita found tlmt V&TO tMclc enou^^ 

to nap fiepaJrately fcoro than 3 or 4 & )* TS^o region iice 

obTlouEl^ bean one of active erosion ©!no& the dopoeitlou 

o* tho cuern^TtLca foxnatlcn, cni the products h^vo boen car 

ried out Into the Ealcas «3tralna^c» except for those that 

horo been L^ld bsci: tcnporta-rily sis described In this c&ap- 

tor* Tho situation In tho ,'exlco U&cln on the north oido 

of the rftn^e fortced by tho vhlchlnautzln eorlcs has "been 

y the opposite. Ihero, <lrca,ina£:«? blec&irxs 

in ?loistoc^no tisc* and pr<kiuced endcroio 

j>ornltto<l accusrol^tion of clastic ssaterl^l 

up to the prc-cent
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caliche, and talxicr u:m&pt»od llocont deposits

t.o attest VGS nado to study or cl^£sif,y tho 

of the -area rapped "beyond ssrJclng brief observations on their

general charactor* thidmoce, and relationship to Eecont 
%

2te aolls of th« ^roico Basin and eoste adjoin*

localities voro studied frm a g<3olosl^l^^21^^tlc point 

of vlov bj Bryan (19^3 }, in an attempt to eetatill^h a late

-Pleistocene and Hccent clio&tie chrc«wlO£y» «mcl ths reader 

is referred to that papar Tor a mor© totalled discussion of 

to^ sclle of tho resiojou CXfiixs to th0 great cllstatle 

lotion £ron t&o hls^cst to tlio Icvect p&rt of tho 

napp^Ki^ soils aro variable itros place to placo in 

to altitude and precipitation, 'Ihoy n^vcrtholeaf: appear to 

fall ccnerall^ into tho classification of teohornoeG2it vlth 

sore ot* Ices accunoilation of carbonate in tlio B horlson* 

In fe-^ pX^icec havo coils <f!ovcloped n^rtiallj^ hovovor, bo- 

of rotated addition of volc^rdc aeU or loe-cc* ^uch 

re characteristic of the northern hi^h country, 

but tlio ©outhera hich country souttocnt of tho Amcusac

not recolvc Bi£^niflcant quru^titdoc 6f air-born©

Addition of ash and loose interruptod coil 

end producod tvo or noro cuporpoced t 

proflloo in raany placos in tho northern 

Of tho area tanppcd* Glacial outwach fJrcn l?opora,t^p«tl Vol- 

ic incorporated iti tho Continental claotic unit in. tho



northeastern part of the area, but slnclally derived 

olsevhcro cenolrts only of ivSrslxfcd loess pi eke-.! up 

frcca tho Jessica Basin and Incorporated IB the soil* 110

of pure 16et*8 vor<» noted In tSi£ area rs 

£h th&y occur en the north eld© of tho fc&ealt

n:'; into account tho Interruptions 

country above an altituda of alx?ut 1800 n, 1© 

c!ir»j»nctorir,od t^y blncl: torpsotl (horizon A) vith 

sider&blo ot^anlc or hunlo content* Tha black soil 

^ownvpj^Ji into aark-txpown to r&l&!&h«brcren soil ^Ith 

1123O (horlson B) an4 t^a into lic&ter-caloi'

ration bedrock (horiscn C}» U«j total 

of residual soil la flat nrsns th^t ha?o boon relative** 

ly protootod fron l:-oth erosion enel deposition le oulj 1 to 

3 &, ^-r^ ftd'lltion or alr^boi^e ash or loess incrc&aee thlc 

thlckner-s locally* H^olotf an altitude of 1000 n* tho collti 

fc^eonG procp^s-lyoly less "blacl; and thlnn«rt DO tlist In tiic 

low ccuatry ncnr t!io '?r«icu»ic niver the topsoll ic ll^it 

gray r,n:l only 1 to 3 <ss* thlcfc, followed by ll^it^^rovn to 

yello^dch cub&oll an?.f yollowlsJi rotten IxjOrrclt. rhc total 

thlcteccs of residual coil in. fl^it ar^ac of little oroslcai 

or deposition lo ccnornlly loise thaa 1 rr.« The <2o7elo?@cnt 

hl^h carbonate content In the B horizon, Is nuch soro pro- 

thnn &t lilfjbor altitudes, aivl caliche or 3.1ao dcpoo- 

It0 aro culto f-enorsilly visible.



The tora caliche ns horo us: -d rotors to 

saainly er,lctu:3 ccrfcon^le vita minor quantities of sili­ 

ca and other dienlcal substances that iTorsi through chcaleal 

precipitation of nincral natter fros v&doco waters as t&By 

In soil or bedrock iie&r or at the surf sea of tho 

^po^ite of thie typo of callcto are cosaaoB to 

at altitudon lower than alxrut 1GOO s* 

appear at th& surface of tho grounift in nearly flat 

Ib0 topsoil liafi tippstrontly fcesn sstrippetl rivayi but 

they appear at tee our face on hlXl&id&3, U 

toro have apparoatlj ftoepod outward to tho eurf^co and have 

de^>0itod their lino content in nnd on tho eluvlstl cover 

upon cvaporatlivj.* 'Xhs latter depooite cradle into traver­ 

tins in plecoo vhfcro oc<?p?»c« is rioro volursinouc, Bj far 

tho c^^^-^o^ cjtittatltlefi of caliche appear cn t over* or near 

outcrops of line et one f or eon£loncr?ite bear ins

Caleftroouc calicho deposits 2^11130 in thicknoec fron 

a ftow centiraetors to ft rAxinua of por5*ape 10 o» or noro* In 

flat arefto caliche io rarely rsore th&R a fc^- centime tors 

althouch it nay appear »o dense lino coatings on

wtllc and boddizic planea in tSia upper motor or eo 

of bedrock, vlxoro be<lroc& readies the ourfficc of the ground.

coatinco etre characteristic of linectcne terrain 

thinner ana lose coraaon in other types of bodroc%« 

thickoet deposits are precont vhere alluviusi has accumulated
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loecllj In r.rroyos Cclsouclxlni Iron limestone hi lie* In 

icueh pl&coe tho lizie~la-len v&tcrs seopinc £ren the hlchor 

limestone country Infiltrate tiirou/h tho allu-/l«a and pre~ 

clpit^te thoir lino upon evaporation. -uch deposits of 

silluviua have "beon ceoa In 3^^re ir4it?tnccr. to 

or s:o,rc In tbio*;Jies^*. Evidence points to a 

l recent die solution of caliche in the «p^a nappod^ 

to a scnoKh&t vrcttcr clinato at present tloen at 

tl^o cf saxijaurs caliche deposition, tat eT,coption0 

fouxvl in cone plaeos,

er tho northerzi port of tho area, and incipient soil dev* 

tflopstont between different layorc provoe that eruptions 

'occurred intermittently said ^vcro soperatod by lona> thouc^ 

ut&not>n intervals ot tiao, probably nca&ured in hundredo of 

years* iioi^nar-tr of a nuch different typo- of ash arid Istpi3> 

11 src present in pr-ot^ctcd plr-ces in tho northern part of 

the crca n^r??Cil f un^*cr c cover of later dar^gr 

soil. *hcy conelct or :i Isyor of variable tliie::r,aeo of 

li^Jst-tray rrot>;y ruulecitie punico, 2Iic layer appears 

sporadically In tho northwestern part of th« ares, aap 

but renmauto o* it b^cor-e core cocrsson and thicker tovard the 

f reaching Dovoml ^ot^rs in tliicknoec near tho tese of

do Toluca Volcano. CldLlar arh and lapllll appoar 

in rosnrvato in tlio northefiBtcrn part ot tho area

doooito bocono inoroasinGlj thicker eastward
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opotl /olc32io. iOtSi volcanoon suet therefore have 

had intense punico eruptione In relatively r^cont tlnse, 

possibly within the last ID , 000 yonrs, but t&o .. opocatopotl 

eruption nay irwQ boon &or&r*£v» t uoro re-cent than t&o X3L- 

rumt£c3.tl eruption-, jJlctributlon of tho aeh su^Gocts that 

p^CTalllno winrio ciurirsg tho latter eruption vcre- oicli as to 

carry the products G^Gt^rard, basaltic eruptions have oc­ 

curred aoro rocontlj thnn the? ondceitc pujsico oruptlons* 

for flajrtc-crey basaltic ash ir> present on top of tho 

lapilli*

israuriVi zciu;cu3 noucs 

dlkcc

ol::c-ct Intrucivo rocfco In the 

to tho £asco district, inhere they cut the 1'axec 

loo in t!:c foira of xitxnoroua Alices, clllo, and eral! 

£Ular l.-oulec« Trie vrltcr ulu not ctud^r tl^stc rockc In Co- 

t:"ll nor dttcapt to rsap thcr.. cno or the dllzoe 

 the road cut at atout ! ;&» 160. v of tlic Inxco lil 

U-l), ;.horo at ID partly sill- like and p-nrtly cro£?c- cutting 

vltn relation to tue foliation of tho echict f Tho dllce

strongly cc-forn^d and faulted with tho schlet f cu^.v;fist- 

^ that It Ic at least pro-»Crot?ic«ouo In ag.e and nay to as 

old as :-'c-loo^olc. According to Tovler and otli&ro (1940 f p, 

^), tl;o Intruclvo bodlco a3?o loco than 5 a* thick and 

iiot !:no\a to l
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cone 1st of dark, flrue-cralnod Igneous rocka v/hlch have boon 

variously called aiorlto, onficeito, an-3 trap (Cebome, 195& 

p. 80}*

or early Tertiary (7) 

Distribution, an

Tvo &toc&»lik& intrusive bodlas of granitic rock 

out through tho Xochicalco and l*orolos formations in tho 

vicinity of Buemvieta d« cu^llar* ^ho larger atocfe llea 

eouthveet of tho tovti an4 1m at Icaet ? tau Ions (quad, 

3r3)f but it& full oxtcnt is not toofcn becauso it is covoro 

by th*» tilsapotla rhyollto eerlee. rioreogor* the contact 

%ia$ not ooaplctely napped for lack of photographic cover- 

ago* itao aanplec of the roclt (^55**91 and 3?55-»95) v^ro ex- 

scdned in thin eoctlon by ^* Sctelttor^ ^ho classified thcsi 

ac quarts diorlte porphyry end G^^^odlorlto^ TUe former 

^ae collected fr<Ka tho bor^lor o* tho metse near tho north­ 

east end of tho contact shoKn on tho geologic ssapt and the 

other caia« frora tho border noer too eouthvrest end of th« 

e&no contact, Obsorvationo in tho field BU££e©t that tho 

e&ln riasa of tho rock is less basic and c^iy approach gran- 

in co^pooitlon* The border zone &ho%m evldenco t In tho 

of garnet euvi opidotef of adaixtur^ of liaic fron the

Iho croaller 6tockv lies vest of Buennvlsta and is 

nearly oval in outcrop§ sieacurins A kn# by 5 tea* in alnltaua
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and naxinua dlasetcz's. Tais stock is ixcre n&sod tho Cox* 

cation granite> fros. the sns.ll town of that naise near t 

north border of the granite outcrop* A enmplo (F55-26) 

frost along tho enstern contact against slightly namori 

^cochicnlco formation vad examined in tJxia section fcy E* 

Schaittor* trho claeBlfie4 it aa £jmno4iorite porj^iyry* 

other esssplo (F55*9^)f taken froa a#ftr th© southern end of 

the eane stockf vae oxasiined in section and proved to bo a 

trua gmrxito* Tho intruded limestone aay hsve contrit;uted 

coao lin© to tho border cono of t&o stock, or the 

phase of the intrusive ^ay havo ^oen E H3efe/h$.t ssore 

In any avont* tho cmln atico of tho roeJls ir. hoaogpneoue in 

appearance and soens to conciet of granite*

A thira, isuch soallor cranitio stock crops out in 

Cerro Coletopee ($uad. B-5), vhore it intrudce tho xochl- 

cetlco formation» vhich ie slightly ssarnorlcod at -tnd near 

the contact. Its outcrop dimensions are 1000 n» lors^ by 

ADO 22» wide* A thin section of a caaplo (l^-*99) taJccn fron 

northern ond or the ctocl; vras oxanined ty £* "ch^ 

reports the rock to consist of qur.rtz nonconito*

Tino of enrolsceaent

Ih© throo etockc deecribod above aro grouped 

under the nnp cynbol/lTij;" and are ehovn in tho 

nation on the c^oloGio nsp ao bcinc of early tertiary »£#  

onalyels of faunal snd otructurnl dat^i p.ftcr tho nap
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v&c coraplcted, hovrcvcr t subset that th*^ ctoclrs siey have 

"been CKTplacod conevhat c&rllcr. direct ovlacnco for their 

fc£O indicates only that tha Colotopc-c stock v&s misplaced 

after deposition of the Xochlcnlco formation* and tho Co:&- 

catlln and Buenavlsts stocks were intruded after deposition 

tho &orelofi forns&tiQn4 135© Buonavieta stock cm0t le of 

*TllKapotlft a^ot for the Tlls&potla rh^rollt^ eorl^e Hoc 

on It* All thr©o stocks occupy anticlinal arcas t ^hlch are 

here nas^d tte Coxoatl&i anticline in tho south* and the Co* 

lotepoc anticline in the north (pi. 3*-£}»

fh« irorolos forcsatlon Ifi soraetitet thinner (about 

40O c&« thiclc) in the vicinity of the tteo southern fctocfec 

than it ie farther north (BOO-900 n* thick}» and particu­ 

larly ol^nlficant is tho fact that the top of tho r 

forr^atlon at Kit* 143.6 appear© to t?^ of late Albl&n a^ 

Bo), inetoad of early Cenonanlan aco as 

le interpreted to tacaft that tho ar@n

up snd eroded Doro etrongly than fcurroundlns areee beforo t 

overlying, Mexcala foi^atlcn vae cox^ositorl, The Cuautla for­ 

mation is nlsslns at tho locality, co tint the time Internal 

X'opr^teRtod by tho unconfomlty Is groator than In nuch of 

tho r$£ion* xh© eussootion Is thus Etrong that tho stoclca 

voro oaplaccd aftor the J^relos forraation K&B doposltod and 

bofcr® tho overlying ::o^cala formation beGsn to deposit» clg- 

ftifying a Into Cenonanlan or oarly Turonl&n 

of
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rthor support for such an :\£o concir-tc or 

determinations at four widely ccnttorod 

tic bodies locator eouth and vest of the arer, mapped* Gno 

of tho&e isafjeect thAe riacereo gprazilte, i«i located 100 ka* 

t?e*5t of Xguala* Just south of locality 5 in p£&to-3~A» 

eas^l^ (FS5-62) gave «ux age of 9? nilllon yea^fi (Friec«

> p» 322}» a cocond intruclvo bc^ly, located 

CXsotito &M called the 23. Ocotito gr&nlte y vac 

(556-19) »t KSJ. 3^3 of the Aeapulco highway (fie* 1). 

radlorsetrlc age reported IB 92 million- ycsr& (op» cit*, 

319)* A third g^mitle tx»£y t the xnltian^uia gj»anlto» 

easplod (*56-20) at KK^ 3GO Of tho ao^pulco hishxiay (fig* 

1) ana gave <m e^o of p4 million yoturo (ibidoa). Hie 

fourth intrusive bo3y» tho Acapulco grftnito^ \iac stapled 

(?56-21) near Kn* AOO of tha "capulco Me^vay {fig, l)j 

tlxo a£o repoz*ted ie f?,lco 9A million years (Ibldcst), Ac­ 

cording to the liOlsoe-r^arble ti!3C ceale t thoce Intruolve 

bodies \roro e^placcd oarly in Lato Crotftceouo ti^c*

Tho above evidence lo not ccnclu01vo f howver, &nd 

thsso atockc r,ay bo of, early Tertiary $s<** Zvislencc cu&» 

c^ctiri^ posciblc pro-Baleae ago is tho fact that tho out-* 

crops of Dalsaa group roeto lylrvs north, vost, and south of 

lAa and Buonayi&ta otocko Im-l tholr origin in tho 

anticline* Crc^e^cuttins relationships ro££££fc a 

dato of intrusion*
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7ertlr..ry £ltee f rille, end ctoc-:c

Dikes * cills, an3 stoclre intrude the Cretaceous fcr~ 

z&tions 9 tho lovfcr tc-rti&ry balsas clastic srcup, tho raiddle 

Xilsapotla rhyolito eerloc, ein3 at loset the lot^r

of the ovcrlyins Buonavicta volc«mic scries, tat non©

coan to cut tli« CuorRa'/acv*i formation* thaee Intrueivo 

tx>dicc aro not related to tli«r CMchtnautsin t^Sftlt eoriea 

either i^trosraphic^lly or cpatially and oust accordingly l^o 

older. »1iethor they aro all of aore cr lcc« the

»£o f or vhether XJOH@ of thosi are nuch older tiian othore, 

not to dotos^ined %ath cortainty fron field 

alone. Cos« of the basic di&aa in the Crotnceoue 

tions raay have l)^n intruiod; oontonpomnGouoly with tho 

oic lava fiovs in tho Balsae elastic ^roup and ray havo 

beon foedferc lor ouch flcvo, as 'well as provided volcanic 

sateristl incon^orat^l in tli© Sal sac group t vhleh contains 

cruch clastic material of volcanic oriein* Xhoso tint cut 

tho lover and middlo Tertiary rock units say have beon 

foederti for cono of tha upper Tertiary volcanic roc^s, 

intrusive bodies **re not nuneroue nnd TJPO described in

acre detail in the

rocks

Irobably th£ oldest intrusive fcodleo aro tlis basic 

that cut tho roroloo and Cuautla for&atlona in



norths-central part of tho area dapped. Cno of the-so dikes 

cuts the Cuautla f oration north of Corro Larri^a <3o Slata 

(quad* j*~7)» S^o very cnall <U'-:c& appear e.ict of Cerro do 

IE. Coz'ons (quad* I)-»T)f vhoro they rxlso cut the Cu-mtla for- 

s&tl0n* Another , l^Jr^or di!-:o cute tho ?:oroloe formation In 

tlw \?$st flank o£ Cerro }^>Bto ;<e^ro (quad* j£~7)» A eacplo 

of ths latter dike {^»7*-50> van oxsninod In tJiin section 

and found to consist of porphyrltic olivln$~hypersth<mo 

alt f the uciflo clnorals of i^alch aro etro^ly altered to 

(pi* 2D-E)* Tevcml elll*ll!^s bo^lloc of

ilar roc'c appoar cutting the liorslos and Cu&utlet for»ation& 

ofi the rldgotop fro^i aoao to 40OO ss, ^outl^^st of t^rro 

iionte :-rcs£3*o (<iua4* £*7}* Iho largest of t4i©B0 bo^31ec ves 

(F-S?1-5A) and fouzid in thin noctlon to contiet of 

vitu olivlno phojiocryotr, and both ortUo- nnd cllno- 

no In the aatrixj ouch of too naflc natorlal ic nl- 

tcrcC to nontronlto(?) and calclto (^ __gQ-r<j)» \ dollar 

dllie cute the Cuautla oriS norelos fomttlons ^bctut 1500 K» 

eouth of :',tlihuaya:i (Quad. 2~'^)* '  very thoroughly altered 

baeic diko cuts toe r'oxcal?. fcr-.^tion at r.ix>ut :<su 1AC»9 

of tho   ajn.cuse.c-Tascco hlc^-^y*

All thoeo highly altoro^ basic dikos arc oinil^r to 

each other in tho field and are different in potrosrnphic 

character fro- the other Tertiary intrucive bodies and frora 

all tho igneous rocJrr of Uic Chlchlmutsin series that voro 

llicy tr,.ay havo been intruded earlier than or nearly



conccnltsntly vltli the accumulation of the :,&ls,i 

group* They nro not eoparntcS fron the younger fc"-elc Intru 

sive bodies on the geologic nep and in the erpl'mation that 

accompanies the

Cther b&slo rocks,, which nre undoubtedlj younger 

t&an early Xertiary inasmuch, nfi they cut tho Bcilc^s clastic 

{?roup or y crater volcanic rocJ:?s t ^ppo^ir in the nout£\js$tera 

.part of tho arc^ ^appe5» Tha large &t nasc Is n. otock about 

1500 ra» in diamotor vho©e oast jsKlc Just reaches tte hi 

tsay at Sn, 1M*3 of tho Atsacucac-lgunla toll ro&d* Xh0 

rock cuts tho XochieaXco ?in4 Korcloc fornatlons and 

cll^ht rocrystalllsation of the Uaostone alone tho contact 

It aloo exits tho rhjolito of tho 7ilraxx?tla cerics cm£ the 

part of tho Duon^vlcta volcr.nl c soricc. - sample 

4) cxanin&J In thin eccticn vas fo?Jtnd to c cm: 1st of 

o porphTry ^ith loth crtlio- nnl clinopyroxeno in a 

trachytic t« pilotaxitlc tntrix uith anicslne aicrolites. 

^ho roclt has a frooh appearanco in hand cpeclnen and t!iln 

eectlon, thus differing froa tho older fc^elc dike rocks* & 

£ike~llke r.aso of probnblo and^eitc isoao 20 n. wldo cuta 

tho :*oxcal«a. foraation at Kd. 1C3»3 of tho Taxco^Icual 

Tho dlko vas not ti^acecl up tho hillside wcat of 

f bat a einilar roclt; cute tho l>-lcas clnictlc ^roup a- 

that point (not shora on tho nnp) and IB thoueht to bo
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an estonclou of it. In that event, tho intrusion occurred 

after the be-as of the I'-aleac croup had beon deposited* A 

stool* 300 or 430 3* in dlmr*etor ponfctrates the ;!

cale formation 000 a* %-est of A^islntla (quad. G<~0)* \ **

rock la fresh en3 eppoara In h&od Bpeei^cn, to bo a fine­ 

grained dlorlte* It* also, is thoueht to bo of mid41« ter­

tiary &S©*

A stocks; 5500 ^i« south of Teaealco (quad* G 

tr&toa tho i'.excala formation f th0 Caleao elastic eroupf 

th© lllaapotia r^grolito uerice. A eajapla of It (355-26) 

KIG examined la tliln coctlon (pl> ^>>A) and found to 

of highly chlorl tl cod cHabaee(t} 4 'tho intruded rocks ore 

l^ jaet^norr^ios^d near th« contact, A o^coxd* verjr 

stock OiHj 10O to 30O tr^ acrocss cuts U&tc&tozu> con- 

of tho lal^as group 1700 m« north of Ktu 123 of 

highway (quaa. ^-*A). It f too, wae sar^plod {r^5* 

found in tftln section (pi,. rp-B) to consist of high­ 

ly chloritlsod dl?\bfifio(?). ilxo llnentoiio pobbloo and boal- 

<^erc in tho I&1&&6 f^roup bouc near tho contact arc rasroorw 

ifccd and sill anted* A thlr^l stock crops out Just north of 

th® Anacusac^I^ualoL hl£h,voy totw^oa Sa* 123 an£ Kts« 124 

aiid <W4)« 'ilia outcrop area eeeac to include 

ono Intrueivo rock, but the eo&ontial cocxposltiou 

la liana cpocitcn to corrospoiid to «m&CEito, Tho line- 

onc-lo^ornto at Uio south end or th$ stock Is eo thor- 

ellicatod aiKl ef^^0^!^0^ thfit it lo highly
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to droslon nnd ctnn-lo un In « smll but to.

A bncaltic £lho (rar,pl« 1-55-PO; pl»J?i^i) cuts tho 

rilsapotlsi rhyolito series fit tho underlies and road June* 

tlon Just vest of fomcurac (qmd* 2~A) (not chown on tho 

aap)» A, gerics of clad tic pja£ anneal tie dikes (e&aplo

exits tho Z&leae clastic group at and ncrthi-fest of

(quad* K*3)» A group of three rhyolltic 

ponetrat^e the TllsApotln rhyolito scries and the ba» 

eal part of th£ ^uenavlcta volcanic f3 rl ^G at and eouth&3Bl 

of Kn« 140.1 of the -t^cusnc-I^ual^ hl^hwny* * &£all cut 

In vhat appoars to bo a laiis^ ^1^® cutting tho 

rh^olit© eerlos at B^s« 89 »2 of tee Cuornavac< 

federal fcichvmy (western on© of tvo parallel 

qu'd. ^*6) i.rftB ®!xn3pled (555-^5*) s^f- found In thin 

to consist of andesito* **hs isac« of rhyollto In the 

locality, roforrcfl to tho TilsnpotlA ccrlop, ffppe«rs to 

over O3ttruftlT« vents &nd oont^Ins contortod r.neeo& of flow 

rock nc veil ac flattei%-lyins Isva flo^p. * rhyolits diJ:o 

about 30. tddo cuta tho Cuftutla formation at the north end 

of the hill &gAin&t vhlch Lsilir.no ^.pata le built* at a 

point about 1700 EU north of the center of the tota (c,ua£. 

2-6)* Ml those S3&11 intruolvo boclleo are undoubtedly of 

fclddlo to late Tertiary &%e and were enpl&eed bofor© 

filtlon of both tho cuorsiavacn, formation and 

bfiealt Gorlos* Ho other pre-ChlciilnautsIn intrusive 

vero e«s«n during tho field vork in tho aro^x



features

The? tread structural relationships fcetvcen the dif-» 

ferent siot^sor^hlc, eediront-^ry, volcrmlc, and i£noouc in* 

twelve rocks In tho area swpped have been raentloned 

Jy In tho chn.pt^rs describing thoee rocks t as the ro

of each rock unit to tno underlying; end overlying unite 

review!* SOESC of th« ninor etrxictunl dctnllB within 

Individual units invo slco bcetj described In the n^e- 

tlonn on the correaponsrlln^ xuiito* i'he present chapter vill 

therefore bo devotod r^ilnly **& a description of xH?fslcnal 

structural fcc.turos* th?*t affect noro than ono foraatlcn or 

roctt unit*  \ltSu>uc^ those features ?».re iehovn on tho reolo^ 

flc imp In pl^xte 1, they «r<$ difficult to visualise because 

of tho £*wt nr>co of Rtratl^rAphlc, topccz^rhle, end cul­ 

tural nlnutl-'o eho^n en th&t sy**** A nuch ffli^

illuctmtirc f*lr-oet exclusively ctrxictuiv*! lv

conic In plfite 3*-l'-. '^ho latter dlfi:;rri:i river- the location, 

kind, «nl nar:c (if miy) of 02. oh c true turn 1 feature. ?or a 

tliird dlncnalonAl view of those features, the romlor Id re­ 

ferred to tho eeoloclc Eectionr, in plate 2, which tiro repro­ 

duced r,t tho ocu3« E?cfilo ao tho ^colO'«;lc twpf or 1:100,000*

11 rcc!c units olCor thrtn th« J-*or^lon fornntlon oc­ 

cupy very otjcll arean of tho rooloric rep end yield little
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evidence to enable one to decipher clearly any regional 

structural pattern ol£fcr than tho one impressed upon them 

after deposition of the youngest Creticeoue (Hoxcala) for- 

nation, Tha Xaxco cchlet series waa strongly folded to the 

point of producing well defined foliation before the over­ 

lying units v«re deposited, but the writer did not ctudy 

the \init in «ufficient detail to *iork out the regional pat­ 

tern of deformation, if the esall outcrop area should yield 

enough information for such a determination. The folia­ 

tion in the schist eceaa to fcavo an overall easterly to 

northeasterly trend and relatively low dips* lending on« to 

euepcct that the eeriee may contain repeated t strongly ov­ 

erturned folds. Andceito dikes and quartz veins were «3~ 

placed after development of the principal foliation, for 

they cut across the layers of schist. Later movement dis­ 

rupted thera into eegneote and produced niarkod crenulatlon 

in the schist, nock unite between the cchlst and the ^o~ 

relo» fornintlon Indicate only th/*t bro^d vrarping occurred 

to a sufficient d0ere« to produce die conformities stnd local 

unconformities between theia^ as discussed in earlier chap- 

tcre on theeo units»

Tho ^iajor regional structural features now apparent 

and decipherable, then, consist of folde produced in the 

Cretaceous and older rocks &t BOHIO time before deposition 

of the Baleac clastic s**oup, and faults produced aft«r tho 

period of major folding but before deposition of the Balsas
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group had terminated* Cther features consist of later 

faultc, some of ^hich are of l?.t© Pleistocene to Recent as©, 

and the deep cruet.nl rift defined by the Kco-volcanlc Uelt* 

Helitod to the Tertiary faulting are very broad v^rplng and 

tilting of eegsante of the upper cruet* These are tho 

structural features that vill be doecribed in further do* 

tall in the following chapters* I

Folds i\
Description of trendfi and types of foldg /

The moet confiplcuoua res^onal structural featuroe 

In the Area napped are the fold a In the Cretaceous rocks* 

Approximate positions of the traces of axial planes of antl~ 

cllnee and eynclln©e f together vlth the nausea of the larger 

onee, are given In plat© 3~B« The widespread Tertiary and 

<uatornary rock cover unfortunately prevents tracins out 

the full length of all the fold axes and makes this struc­ 

tural picture such lese complete than one would desire* 

The geologic sake-up of the folda may be obtained by compar­ 

ing plate 3 with the geologic cap in plate l f and the nature 

of the individual folds nay be seen in the eectlotis in 

plate 2*

Fold axea southeast of the large Jojutla fault and 

In the couthweetern part of the area aapped trend north- 

vcsterlyt vhereao those in the central and northe&etern 

partc of the area trend more nearly northerly > and the very
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Tecusan anticline oven twinge north-northeasterly fco~ 

oen Tecusan and Icpostlan, Iho e^ll anticline east of

que squltenso trende northeasterly» and another essll 

anticline located juet vert of Acultlapan, northeast of 

TaxcOf also has a northeasterly trend*

Host of the folds aro relatively short and plunge 

at both ends. The Tecunan anticline, vdth Itfl probable ex- 

tension aa the Haltizap£n anticline south of the Jojutla 

fault, IB the ^oct continuous structure In the aroa f meae** 

urlng 40 ksi« In expoeod length and undoubtedly extending 

Bose kllo^etere under cover farther northvnrdf and alco b©» 

yond the a»p farmer couthimrd. The Coxcatlan anticline 

In tho southwestern part of the area le sor* than ^2 ks» 

long t es it extends southeset teyond the nap, the ri\ixpan 

anticline farther eouth In 17 to* long, afi shownt and nay 

continue at least ac far as Taxco, In which event it would 

be at least 2? to* long) It continues beyond the isap for 

Bone distance farther southward, acrocs tho Tuxpan fault. 

So^e of the esiall folds are apparently no sore titan 2 or 

3 feu In lon£th«

Fold axes ere characteristically curved ox» sinuous 

alon$ the strikef and tho crests of the folds rise and fall 

Irregularly. In the area northeast of Tileapotl&, south of 

the Jojutla fault, several saall anticlines die out in cyn- 

cllncs, and staall synclln^s die out in anticlines; both 

anticlines nnd synclinee brf>.nch in places* Theeo relation-
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C "rT'U ' n»nj

arran£eaent of tho folds,

The great irregularity of individual folds nay be 

beet illustrated by describing individual structures* of 

vhlch the Tecumln anticline io a good example (pi* 3*3; 

pi* £ f section /l~A f to G-G* end l/-I,f }. £ro»ion has stripped 

&itfay tho entire top of thie structure in Ite northern part* 

Flat overturned beds in the Cuautla formation alons the ov­ 

erturned western flenk of the fold auggeet that tii© eroded 

crest mfl noarly recumbent * vhore&s taoet of what rfcsalna 

in outcrop is the oteeper root zone. Although th^ core of 

the fold in tho root sono 1* hidden by overlying Tertiary 

rocks» tho deop breachlna of this anticlino and th* deep 

lovel la tho Xoreloc formation indicated by outcrops on 

either filde of the Yautepec Riv«r valley, eugeost that it 

nay convict of tho eacilj eroded anhydrite at the base of 

the ."-oreloe for^*itlon and tho underlying thin-bedded Xochi- 

calco fcreation. The character of this structure changes 

eouthv?ard «s the fold plu&gee in t>^it direction and bccosioQ 

a relatively brond, normal anticline in tho vicinity of 

Tlaltlstspan (pi. 2, eectica F-? 1 )* Ih« uplifted part of 

tho structure couth of tho Jo Jut la fault, shown ac tho 

Ilaltisipan anticline in sections G-0 1 and L-L1 of pXate 2, 

ie again, a larger end tighter fold with eose overturning 

of both llsbs* iartc of thlc fold hnvo incipient fan struc* 

turo (cection D-0* and L-L1 of pi* 2), vhich is clearly
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thus occurs both to tho cast nnS vest end changes fro:a one 

direction to tho other alon£ the strike of tho fold.

The Con Oaopar eyncline, with its extension ac the 

£anta r^arfa synclino south of the Jojutlfi fault t parallels 

the Tecunan anticline on the vest* It, also* v©ll cscoo* 

plifiea th© irrcgul&rity of the ctructures in the region. 

Ito northern part is relatively broad and overturafcd to th« 

vest (pi. 2 t eectionc A-A* to D-D1 )* but farther touth it 

ocons to boccse a fairly shallov, bro-id, normal cyncline 

(section F-F1 ). Fan etructuro is apparent in the northern 

part of thie cynclino. Couth of tho Jcjutla fault (see 

eoction L-L*) th© Santa ,:arfa extension of tho Can Gaspar 

eynclino appears as & ti^ht fen fold vith flexnks ovorturnod 

in opposite <!Sirectione« The outcropc in thla latter area 

sro continuous and cc*^* so that tho interpretation is firs- 

ly supported "by field evidence» Other exanploo of overturn­ 

ing to both cact and vect t as veil as fan foldo f aro il­ 

lustrate '1 in the £coloe;ic sections in plate £.

.'.inor fciturc5 of the folde have not been ehovn in 

the ccctioris in plato 2« These ninor etructuml cetailc, 

tocetlicr with discontinuous and cporadic outcrops, require 

flrn otrati^raphic support and aroal mapping to per^t one 

to Cotcrsjino tho broad overall structural sakCf-up of a G^- 

en are ».. Flexures in tn^ thick-bedded ::oroloc and Cuautla
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formations are generally tightly rounded and numerous, but 

 whera thInnor~beOLdecl roeka nbovo and below thoee two forma­ 

tions aro folded» tho flexures arc angular or of the chov~ 

ron typo i vlth tauch repeated, nearly isoclinal folding* Hv- 

en parts of tho rorolos ana Cu&utla formations Inve cmll 

chevron and teee folds hc*re and thero. Xho internal fold* 

i**5 In tho Xoehicalco and %toxcala formations 1® particular* 

ly Intricate and could not be mpped in do tell. It is 

therefore ehown In the sections in plato 2 in a 

tic rather th&n real vsty* In tho noro tightly folded 

sllnefcj cmall-eCAlc thrustlns oa the order of centits&tere 

to eeyeral natcrs is widespread in the :"<&xcala forsssttlon» 

Both intcneo plication and abundant e^all-scale thructing 

characterlctlc of the !:excala formation where it over- 

the schist at nni noar i^3cco t and conslicrable eliding 

of this unit occurred along tho contact, nuch Rovonent nay 

be conoidercd as fi^eQllerssnt on a ninor scale. The rmjor 

structure oYor tho Bchist f hovavor^ is anticlinal, au:l the 

echi&t itself lo thus presumed to have b^en further bowed 

up during folding of the Cretncooue roc':s,

crlrin .-jn-1 JV-;o of fol^lc

prodo^slnnnt trend of folds in tho 

cloco to north-northweot, f̂ he one r;rcat exception to thlc 

eenornl rnlo le tho larsco, Tocusnn anticline, 'k.lilch evlngo 

around to the north-northeast In tho northern half of its
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tinuee in the case direction under the 7x?poctl«n formation 

to the north border of the geologic raap t vhero it raay unite 

with the &rmller f nearly north-trend Ing Ayala t*nd San Car- 

lea anticlines, vhich smy also continue from the south to 

this point t un&sr cover of the tepoatlan rortaation« llieBe 

»truGturss tsay dlo out there t to be suece^ded by others 

trondlr^ north to north-northvestf in vlow of tto fact that 

the first folde in identical rocks that appear froa 

tte Tertiary cover to toe north, near tho 

State fcouxvft&ry line Jnct 100 krs« due north of Cerro Otlayu- 

ea (quad* B^8) f also trend north^northvest (Gog6rstrcH3t In 

pros6f geologic raap)*

The folfls ?^iy thus be thought of as originating 

frost deep euberuetal coaproseion expreesec! eurflcially in 

oppoclng forceo meting in tho directions cast-northoast an3 

voct^eouthi?oet« Under such conditions and in accordance 

with n hypothetical etmin ellipsoid t shear fractureo or 

tear faults would be oriented about north-northeast and 

wefit~northt*e&tf cn4 tension fr^cture^ \rould bo oriented 

nenrly eRSt-northcafit, considering that the crystalline 

baconcnt has narked rolief xmder the rock cover of Heeosoic 

ago, and conolderin^ that the Cretacfcouc xaiits^ and espe-> 

cially ti«J Cuautla formation^ are sonewhat lenticular and 

variable In thicloiocc fro^ placo to place t uniform folding 

in rooponee to deep Bubcruatal eotnprosiiion i© not to be
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axlnl trends of folds sro thought to be due chiefly to these 

highly variable factors.

The Taxco paleo-poninaula undoubtedly acted as a 

buttress a^&ln&t, t round» and over which tho rocks of Veo-* 

osoic 03© ttere shoved, folding in the llmeeone over and 

around the peninsula was much less Intense than  l&euhere 

in the ro£lont and Anomalous cross etructurefi app^^r to t^ie 

northeast and eouthvo^t of taxco* Cn£ le tempted to attri­ 

bute th0 chfiK^o in direction o£ tho Tecunan emtlcllno and 

adjacent £an Caspar syncllsnc and Xiutepec anticline to the 

prcsonee or another hi$h crystalline ssast in the vicinity 

of Cuemstvuoa or not far northwest of thero* Such a ee0fj 

could have served es? e buttreco c&UBlng tho structurec to 

deviate rrcra the ^©nerGl tr-end, f*lie presence of e 

ccoue positive area in that vicinity is further su 

by the very pronounced thinning of the Cxaaatla formation 

ifGetVQTd t frota 750 n» near Cerro do lac retlllae (quad, 

j>»7) to about 3CK) c» in th© liill south of xiuotepeo (quad« 

n-6)» The Coxc&tlan and Bucnavleta intrueive bodies, ac 

%?oll «.c tho lolotepcc ctock» assuning tliat they wero eah» 

placed in late Cenoz&nlan or early Xuronien tls:Og acted 

as hnrd knote reducing the intensity of folding and CRUC- 

in^ slight deviatlons in trcnde of nearby folds*

Two other factorc arc of significance in furthcrlric
V

irregular folding in tho region. One of these IB the rcl&-
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of folding* 'ihc t-'oxc&ln forv^ition van tit the surface when 

told ins be£an f end ac folds developed it vac otripped stvay 

rapidly from the hir,he by eroolcn* the lack of confining 

prcocure frca a thieV: sedimentary cover per;aitted local 

variations In lltholosy to produce aberrant ralnor struc~

in the neajvsurface rocks, llie second factor 1« tho 

of snhy^rlto in tho lover part of the "oroloa for- 

nation. Iho eubcurf&ce distribution of the anljydrito la 

not knovmf elnce deep veils and drill holes have not been 

ssado in tho region* Anhydrite ic knoim to crop out n0ar 

Tilssapotla (^uad* i-£}» hovevort and le knotm to forn a 

thicSc leyor at Uultcuco only 20 to* south of there* It 

is thought to continue northt*ard to La&e Tequosqulter^o, 

thence nortb^northcaetvard to Tepofctlan, and probably i*ear^ 

ly cactTnrd from there* Ihe affect of Uio anhydrite upon 

folds in the overlying rocko nuct have been G^&t* for it 

vould Ivivo &ctcd as a slippage layer prenoting d^collenont 

and vould h?r/e oquce^ed up into tho root zones of the folufc. 

Hie anor^alouc, overturned Tecuaaa anticline is thought to 

OHO its character in part to the presence of anhydrite un­ 

der tho .'torelos line etone v and tho uaill enotsaleua anti- 

clinci cast of LrU;o loqueoqultcneo ssay &leo havo been for^d 

partly in reeponso to the anhydrite* rocoibly tlio fan fold­ 

ing may have been intensified partly by tlio aobillty of the 

onhydrltc In the root sioneo of tlxo folds.
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of tho fol-ls In the arc?* mapped c*m not bo 

d within close limits from local field evidence

It lo obviously younger thnn ttxo Moxcali fcraa~ 

tlon> which appears to be no younger than Csntonlan or Coo* 

p&nlan, &nd It Is older than the Dalsne clastic group * tho 

basal part of fchleh la thought to too of late Eocene &ge» 

Eh© folds ver$ deeply ©rod,e<l and tho Tocussfo j-mticlino had 

been bre&c&cd etlaoet to tha present extent before the IJ^1- 

8as group bas3^ to dopoalt and fill it up, ae evinicotj by 

tho pr$£$nc«a of r^alsas grottp beds eaet and norther.st of 

curaan (quad* £-?)» the? folds In :-oreloo uro a part of 

great belt of folded Juracric and Cr®taeoo*is rocks tliat 

for^s the Sierra :&dro Oriental of r.exico t which extends 

frosi tho :-Xixico-Tdxa0 border to Gxiatostala, ^nd they are 

thought to hare forsod in rcsponeo to the e&ae forces In 

tlio cane ^onoral Interval of tirso.

In tho coastal region of th<^ Gulf of . exlco north?- 

eact of ;*orcloc t vhoro lower Tertiary Raring rocks ovorllo 

Upper Cretaceous foznationc. Loco and Cavine (1327* P* 142) 

cite evidence for folding in the Sierra Xadre Oriental in 

early nnd ciddle Loccno tinjo, I^urther vor'c confimc;d thic 

conclucion and is cltod by ;-tuir (19^ » p» 1^0) in exipport 

of a middle Eocene ae<2 for the najor period of folding, 

adding that upper llocono bcde cover Diddle Loccno b«da vlth

xxnconforaity. .Ic^n (l:lAOt p, 347) ctatec tlvat tho 

foldiix- of tho front ranees of tho Oicrra Ifedre Oriental
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in eastern Can Luic rotosf (pl» 3-'.} le post-Chicontopcc or 

po$t-ral£ocene# aliother folfli^ corracnced ouch earlier 

farther ecutlwest is open to question^ although the area at 

loast rose above cea lovol before tho end of Crot&ceous ti&c 

Tho "writer nevertheless also favors an e&rly to middle £ 

cone &&o fo** the tiaso of oajor folding in th0 arcwa

Faults

Faulting vae undoubtodly repeated &t Intervals 

ins Conouolo time* but tho agcm of only a few faults havo 

been fcraeket^d at all closely* &11 tho faults e M3n aro 

parently of normal typo, exempt for very es^ll ureafipped lo­ 

cal thrusts of less than 1 or 2 a* of displacement In tho 

Mexcnl& formation* l^io oldect r^eos^lzablo faults, exclud­ 

ing eay that say be present In the -taacco schlet series and 

that vere not studied, cut throush. the Cretaceoue rocks but 

do not dislocate tho Tertiary units. 2|>atial relationships 

to the finleao croup &nd Cretaceous rocks, as >foll &e the de 

creasing dip upvarcl In the Balsas s^cup, suggest that thoso 

old faults voro cstill active vhilo tho older part of the 

Balsas group V&B being; dapovitod* Cth©r faults cut th0 

Balsfto c>i*o^P &nd tertiary volcanic cerlee 9 'an£ 8tf.ll others 

cut the Cuern&vao& fomation and younger unconsolldmted 

Quaternary



Fanltc of -*l or eirl Balsas

Ceie ©f tho old f&ulte* hero n&sod the Tampan fault, 

la In the southwestern part of tho area sapped (pl» 3-B}» 

It treads northwesterly for about 15 &n* f vhoro It breaks 

up Into at £©&8t threa branches* t which e?©ntually beso&o 

loet In the rescala formation, Several other faults Just 

north of Btxco Viejo, In tho same areaf jasqr t>oloag to this 

fault eyfiteiat and perhaps some ezsall faults in th0 Taxeo 

district Itself may be part of tho esao system* Th© faults 

that bound tho taxco eehiet on tho northt howevort aro not 

of the tuxp&n ey^tesi and will bo dlceus6«d In A l^ter

^Isplactinont along the Tttxpan fault may bo on 

the orSor of 400 to 600 n* at tua eouthenet end, n&sre tha 

roxoala und :<ochlcalco formations ero brought into contact, 

but it Ic Iocs fsrtlior to tho northwest an<i protebl^ dier. 

out s^*^^u"lly* J^o southern wad irostem eldecs of the various 

faults that a&£o up tho cyeton aro dovnthrovn*

Another old fault t2mt cuts tho Cretaceous roc&c and 

la burled by beds of the Balssae group lies north artl east 

of Acultl&pan (quad. C--2) and Is hero nwaed tho Acultlapnn 

fault# It Is conplox and branchin£ t and p^rts of It become 

lost e-ictvard in tho 2fexcal& foroaticn* Concldorins that

j the ^xccila formation is brought into contact tdth the Acult*
$ * *l&pan formation eloog the central part of tho fault,
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die-pis, cement nay pooclbly exceed 1500 n. £cc*u*sd of In­ 

tricate folding; and th& lr»ck of rar!cer beds la tho ::o3ce^la 

fortmtion, the easterly branches of the fault can not be 

traced with certainty» *he "branch that hoadc du& eaat 

to continue fit lo&ct to tho vicinity of Teacalco end 

to cut off th£ rldgo of Horelos lliaeeton^, on th© north, 

the ^%cala fornatloa on tho south* but the fault 

Is covor«d by Tertiary forimtionii» If Uxe

or&acH 8lioul«l continue beyond the point 

It 10 shorn to terminate oa the n&p§ It vould ropres^nt a 

hlng® fault vlth reversal of dlfcpl&coraentj too north, 

downthrow at to© ©outhoatst dnOi of th«s faiilt* 

for uhovlns th© fatdt f^rtuior eoutboaBt van 

In the fl<3l3* for dislocation con not be traced 

:?:o?:cala formation, arid if the fault continued farthert It 

vould lie burled under tho Baleao croup»

By far tho loncost old fault recocnl£e3 In the re­ 

gion Is \*tet le hore naraea tiie Jojutla fs»,ult t ^ilch eute 

across th^f eouth-central part of tho area In a northeaster-* 

ly direction* Yhe fn?^lt lino lo turlc^ under tertiary for- 

isntlons along; Its entire snapped Xdz^th of 35 *^»* &ft& ^1^-* 

placement of rock units vats not coen at any point along It, 

Evidence for Itc cxlctence conslsto of structural &lccord~ 

?»>s evinced by abrupt termination o£ hl^h anticlinal

on tho eouthoaut side of th© fault and lack of con~ 

tlnuJLty of th© sauo ctruoturee on tho northeast elde» vhlch



ID &ovnthrcnm probably 600 to 000 s, Tho fault Eorio Is a 

lino of verJcne&a vrhich vao followed by the Eautopec r&vor 

from TX&ltlz&p&n to its Junction ^*ith the Aoacuzac River* 

2ho en3a of tho Jojutla fault were not mapped baeauso of 

lack of photographic coverage* but t&o suggestion is that 

the oorthoa&t ond say intersect the CaH&i d0 Lobos fault, 

dascribsd in the next paragraph*

A fourth lors© old fault* h$r0 nosed the C«i;&i de 

f^ult^ trends northwesterly for at leapt 12 

recun£n enticlino^ partly cutting Crotaceouc roc^c 

partly buried xinder ^rtiary rock»* Its northwest ©n^ 

ch@» into ceveral diverging faults, ^xich disappear under 

younger rochs* and its eouthsa&t ond (not natsped) nay inter- 

eoct tli© Jojutla fault southeast of Nopalera (quad* S*S)» 

The fault can bo identified in outcrop At many plac&o in 

Cretaceous fomtxtlons* and at* QUO placo Just eafet of 

13 of tho Ctaemwaca-Cunutla hlsh^ay (quad* £-?)  It

the lower part of the : orolos formation into contact 

vith tJio bA&«l part of the .*oxcal£ tomation^ thus cutting 

out 7SO n« of beds of the Cuautla f orr&tion* !Che entiro 

cection at that pl^co is ovex*tumed f co that tho 

cldc of the fault is dovnthrotm* The naxiaua 

on tho fault raay thus approach 150O n* the 

block on the southwest oido of tho C*u'r5n do Lolboc fault 

on the northwest elde of tho Jojutla fault thus roprocentn 

a
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In the overturned vsstorn firm** of tSio T^c*uni£n an- 

tlclino aro mtsorous email faults vith tcnp of actors* of 

displnce;2<mt or loco, which csn bo rococniscd because they 

offeot contacts between tho i.orelosj Cuautla, and 

formations, S&ey becono lost In tho Koroloa and 

formations at short distances from the contacts vith tho 

Cuautla fort^tlon bocaus^ n?xr^^r bed^ aro not present to 

aid in rocosnl&ins an^ ofIset* ^11 toooo saall fruits aro 

tliot^ht to be eoutcsiporancous vith the Caii&i ^o toboe and 

other old pr©-Bal$as fault©* Several eaall faults in the 

Ayala and San Carloa anticlines and the Intervening

c|iaclin0 are al&o Uxoue^^ to bo of equivalent 

Ilalf a docen oo&ll faults in Cerros Xiut©p©4i and 

I-04ro to tha south aay al??o bo old ones,

Fault f ogVXsig. and r^Ilftl stocone

;:oot of tho roet of th« faxtlts shot*; on tho nape in 

plntoo 1 an^ 3-3 arc of aiddlo to lato Tfcrtinry age, for 

tlioy exit the ^.nl£OQ group or ono or aoro of tho Tertiary 

rock unite* A&O isoct notablo fault ayctcsi of this yourvjer 

ass is tlio ono northie!Q&t of Iascof vhich partlj linlts the 

Xaxco cclilet ft»l brinefi it into contact vith roc&c of the 

Eale&s c^roiip and Tilrnpotle, rhyolito series, ;:roeion had 

stripped awgr tho ::*^cala formation bofora U» Baleae 

dopooitedt co thnt tho throw on the faults ic not

ono nleht cmspoct frm ©tratieraphic offoot and



probably doeo not oscoed 500 r% rho sain fault bs«ft several 

iftt distribute 31 r. place-sent near its* wetem 0ndf 

It becor.ee lost in ths Tilzapotla rhyollto eerioc, 

the east orvl b^co^es lost in th# Korelos f emotion. ll-ie 

north Bldo of the s^in Saxco fault and etll its branches is 

th© dovntbrovm ftide*

Another i*3portant fault that cute tho 

rhyollt© series brlBS^ this unit Into contact with 

roloc formation along the «Ni»t ei^lo of Cerro Jojutla 

H-7)* 2ho f^ult trea-1© nerih-north&act for about 10 km, 

Ite north en& le burled under - uatdmaiy alluvium , and Its 

eouth «nd oxtende b^yo^i the ^%e of th# mftp for an unknevn 

dlstanco* A ssall eaot^vent ffsult &©uthe&Bt of Cuautllta 

{quad* F*^) also cute the Tllmpotla eorleo and Is therefore 

no older than ;-&oeene* A fault with SOEJO tono of sscter0 of 

displacement cute the Bcilsae croup ©bout 3 fcn. northeast of 

Teourmn find ID thus no older than middle 7ertioiiy« t!i© 

n&..!dle to late Tertiary faults *«ero rosponclbl©, iri larv;o 

par*t t for the rather <.;.<mtle tlltlrig of tUo I&rtiary volcanic 

units, such as exprossel by the reversal of dip in the T 

postlan fomation, Tron couth to north*

and toe Keo* vlcalo 'olt

A Er^.ll f^ult eo:2 - 1700 su vest of rn* 151 of 

Ieinla hlchws»,y cute th© Cuernavaca fomailon and le

therefore youncor than the f^ulte nontlonod in preceding



chanters* idGplnceaents of 1 to A n. sro cordon in tho 

Cu&rmvaca formation, in soac of tho sxore recent elastic 

deposits, and In the Chicliinautsin basalt series, but no 

larger faults *#ro recognised during the porlod of field 

mrk* 3i&placei2&&t8 of greater throw would bo difficult 

to sjeasuro in tho Cueraavsea formation* unices a contact 

with scsae otter roc3? unit *$ru present*

A alnigpdar feature in tho «tr^«i is th^ oluster of 

trfirs^ejatisl faults sarroun^las tako tequetiQuiteaso* 

faults aro difficult to r<s?c{>£nlr^ )cm tho groim4 t but 

show up especially v©ll in Yortieal eir photos^n&phe* 

they aro spotted from the air* tftey can be picked up 

oa to© groundt and displacement aloftg tJie?a la ©bvlaue In 

road cuts aj^ound tiia lGLSce« Thece faults ara clearly youn^~ 

er than the Cuernavacfl, fos^atlant \^hich once forssed a flat
x

plain over tho nren, *».nd tli@y ex*0 do'Jbtlesoly duo to doval- 

opnont of the polje occupiet* by the Inko, ne tbo uiiSerlyin^ 

Cretaceous rockc vcro elovly dissolved civay. tho lal:o ic 

36 nu in caadsam doptii and Me s xcnn depth of about 19-20 

st« 9 aceorling to J* .Mvaisss, of t:-iQ Coniel<5a para el T 

to «*© la Pic ciculture Hural {personal cosr3unicatlori)» 

doepefit p^rt of the lako ie Just vest of the eeator* the 

viator is slightly braclcie!i» sjn?i the mtor level 10 only a 

few notcm above the lovol of tho nearest point on the Amti 

cusac iHver to tho couthvoj&t* Hie Inlce level varies only 

«bout 1 ra^ during the year*



moot conopicuour? feature in th© region. that murt 

bo rein tod to fcrustal brea'cc nra the numerous cinder cone?* 

and lava vents, although actual frs.ult lino a related to 

these features **ro burled under extrusive Igneous products * 

Sho cinder conec alone number 103 in tho area covers! by 

plate 3-Bf and 52 other cone© lie betveen the north 

of thle plata and tho latitude of tfexlco Cltyt n«tklns 

tal of 160 « Ko attempt vae made to count the lav^ vents 

that had no exploslv® activity, but they raay number several 

dor/en or* cor*© f On« can draw lines In mny different dlrec*- 

tlons that conneot two or store clnrler con^s and lava vente, 

t?ut the validity of stost of thoa &s Indicating cruetal 

breaks lo open to qxteetloiu In tho attempt to find ©ome 

pattern In the Ree&ir&gly hGtero^oneoun distribution of cin­ 

der coneC| the virlter offers tho following Intorprotatlon, 

\^ilch lo t of coarse, not tho only Interpretation po&elble 

from the scant -lata at Jmrir*»

A line can "bo drm^n fro?a Ce-rro *,e las retlllns (quo-.l, 

J}»7) through Ccrro ilo la Corona rm3 thonce to the cluster 

of three cones vent of Xlutop«c (c-xia^» ^*/-: >» ^ ^ocen or 

nor® clusters of two to four or fivo con^e app«ar« In tho 

northern part of plato 3~n § vhlch can bo connected by 

nearly par&llol to tho Corro de laa Totlllao line, vhlch

ctr ll:oo about K. -f55° £  This loads one to cucpect that such

a direction actually £efinp& ehort, en <fcholon curficial

IftUlto over deeper crustal breaks* Another veil 5
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lino of cones extend & frcjs tho cluster near Ccsrro i^sonte-- 

pec Orange (quad, J>»6) tovarv the cluster at Tcsojuca 

(quad* j*-6) and thoneo to tilt *;roap f already tientlonec!, 

ve&t of Xlutepec* ccntlnuln^ on to the horse oho® cone north* 

oast of Cuern&vaca (pi, !W;) and on to tho north ed£# of 

the sap, A dozen or moro para.13.al to cubparallel lines 

can )3a drami through other groups of eon<&e shovn on the 

zsftp, isorfc or leee In the direction K« 5° E» This dlrec~ 

tlon 2!ay b« suepecUid of fteflnlng another jg^roup oi* short, 

<m jch _lon surflclal faults over deep crustal breaks» A 

third grouping of conee seems to occur In a northaaei&rly 

direction, and sor<2 than a doaen cubparall«l llnce can b$ 

drsiwi to connect theja^

111© three so«m directions sontiono^ In ths preced­ 

ing paragraph^-r^ 5° £*, n» ^5° H#i nnd ^, 65° .c-» raoy be 

interpreted to repreeent tvo lines of shcnr and «n Inter* 

deflate line of teneica In a hypothetical couple of shear 

forces acting in an cast-wect direction. If t!\io should 

actually bo the c^ice, then the !.ec-volc?\nlc * :elt vould re­ 

present a deep crurtal trcineeurrent fault trending nearly 

east-west f vlth the north eide ssovla^ ^eettfard *in>j the couth 

eide coving eastward* **he rclationsliips are Illustrated

in the diejjroa of a hypothetical strain ellipsoid "below,
Noriented ae etc,ted

shear 
tension 

eh#ar
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In a study of cruot&l dcfomstlon In the northeast­ 

ern rscific basin, *"enar-i (1951"») -'tofincd several fmcturo - 

£oncc that roughly traverse -jreat circle routes scrore the 

ocean and Into th£ oontlncent* Cno of theee, noaod the Cla­ 

rion fracture none for one of the volcanic Islands In the 

Hevill&sig0dd group off the wect coast of Mexico 9 ho traces 

to the Mexican stainlon^ aw4 equ&tde with tho fiao* volcanic 

Belt (op» cit,, p. 1167-1170}* He further states that tho 

fracture &one r^y ^^ rollov^tj for about 5000 tea« i.i^l ap- 

poarc to be frcsn 100 to 160 te» «lde» Whatever tranccur- 

rent covenent occurs along It Ic considered to bo left lat­ 

eral (p. 1170 } f which 18 the ea.7i© as that ehoroi la the dla-* 

eras above* Kisnard prefers a deep convection current ori­ 

gin. for the fmcttiro &on&£ sn?! thinks of the sonsft as 

th%t rice conotehnt sbovo the adjacent ocerin floor (p*

Tho flrr>t e^frnt recorded in tla© region, ss^ppc;* con- 

of deposition of the rhyolltic tuff- ^r.d intorbed?lc<! 

claotic doped tc that nako up the Ta^co rchist eerie: s* 

Thceo rcckc accumulated nt ecsr.o unknown ^atc, prol>ably late 

in Iftlcocoic tine f eivt vf-re cubroqucntl^ fol<?!e<l c trolly 

into apparently inoclinal cmta. overturned fold?, vith north- 

enBtorly trend* Ix>v~£rade dynamic eettiriorphlcn to ccrtclte 

and chlcrito achifit anC dpvolopcient of ctronc foliation 

cecn te have accompanied folcinu,* Faults ruptured tho eclilet t
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quarts velnlots were forn&5» and anieoitlc dikes were ess- 

placed* A lon£ porlod of erosion then followed these events* 

Over th)& e routed achlct vor© deposited &n<3&&ltlc roc*-:e 

of the Texco Vlejo green volcanic sorios* probably In la to 

Xrl&selc tlse* The region say have been belov sea levol 

l^ at least a part of thecnr &r#en and^eitlc rocke 

Ju£g~lxi£ froa th« c^lcaroouo matrix of 

Intorbeds* Tho greenstoao &pp®&rs to Imve been folded 

and %?&akly ra^tar^rpho^oti, irlth <tef©lopsKmt of ellt^it folia* 

tioup before tha argillaceous aM calcareous be4a of 

overly ins Acahuisotln formation vero deposited on 

probably In tato Juraocle tlm*« £ha lattor formation reetss 

partly on tho taxco Vlojo ^resnetone &nd partly on th0 Tax- 

co cchlst| oth«r units that Intervene farther east are not 

present In the area nappod,

,*t laact BCBSO nlnor folding or ^orpins rsust have 

occurred aft«?r deposition of the? Aeahxtlcotla formation, for 

It ree&lnc In pld<sec protected frora erosion only hero ar*f! 

thero tmdor the next overly line formation* vhlch consists of 

chale and clltctone of tho Acultl^pan formation, of probable 

Keoconlan (£arly Crotaceoue) aco^ Xiieco two rock units show 

the effect of tffta£ dynanlc motctnorphlp^ to slate and pliyl- 

llto t possibly In response to poet-Cretaceouc deformation 

under a thlcir eodlncntary cover, Ihyllltlc elxale of tho 

Acultlapfo formation paeeco upward Into the Xoohlcalco 

llnoctonor of Aptlan-Earreniari G£jc f without apparent uncon~
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foraity in & p&rt of ths area* In fact, eomo intorbeddls^ 

of linostono ana stale occur near the contact of thO£O 

foraations In the erpooure alone ^** eouthveot flank of 

C&rro Acultlap£n (qu&3« £-5).

A. hlatufc of unknown t>ut consltler&blo length 

the Xochlcelco Itee&tone fros* tho overlying storoloe

of isiddle Alblmn to eerly Ccndemnlan aso» *£&$ 

I>od8 of th« letter formation consist of anh^flrita in 

th© ^ast^rn p^rt of the aron f «*nd of Ilm «jton0 anC/or 

alto In th« rsst of the firea* F<ell»f on the pre 

eurface ¥as considerable an<4 the forns^tlon did not 

ly cov^r th« Taxco paleo-»p«niafi\ila f i^hlch $oera« to hav© 

further Ixstwcj^n Xoohio^lco &n4 Horolos tine 

&ust Imvo tX5«?n irre^alar, p^rraittins accuiaulatlon of 

as such a^ 90O e« of llnentona and /.oloinlt© in central 

relos, Tost of tHa fornfttion r«preeento a relativoly 

low vatsr facie c t JU'Zsiac frora tho rudlstid, gastropod 

ec^-podj and fororsinlfcsr&l content t and probably soot of tho 

formation in the area napped va«s depositor in calcareous 

banks that la^ enst of a landnaca ecK^e Itlloniatare v«ct of 

the edce O^ ^^ G^°l^ic s»P ^n plate 1« Vldeaprt^d dole- 

mltlaation In this formation is thought to hava boon a 

genetic process nnd not *2uo to precipitation of <lolafsite

the al^dle of Ccnosanian time the r^c^o^ rose 

from tho sea and ceveral granitic ctoc!<fe (Bucnavlt3tn t Cox-
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catlan, and Colotspoc) sees to have been crtplaced t accon- 

panied by varplrc or dening find differential erosion of th& 

top of the ::orelcs lorrr-ation, A hiatus of eoae unfcnovn 

length of tisae f t*at probably at least until early Turoni&n 

tirae # separatee the eroded Moreloa fors&tlon frosi the- 

lying baeal ealcarenlto and linsetone bade of ttio 

formation* Iho latter formation Ecctae to teve begim to 

pocit carlj in Turonion tlse and to have conti?sxc<!i to 

poelt until th# end of that age* A lone calc^rocua 

forced offehor^ oast of a langcaeo vhlch* at that 

lay noar too vest edi?o of the geologic s?ap« Xh 

taargln of the bank ©stenda frcn tl)io vicinity of Cuaruavaea 

ttlaost duo north to th0 ::felco»ni^aleo Stat« boun^er^ lln© t 

100 to, north of tlio cdoe of the geologic saap in plato l f 

and frora Cusraavaea couthvnrd to Lake Toc,ucBqultoneo and on 

to tho vicinity of i-&itzucc v cono ^0 ka. beyond Xilsapotla 

at the couth ods© of tlio geologic sap* '*&e eaetcm m 

of this bank lies beyond the linit of tho nap eaat of T 

yecac {Quad* E^IO)* Vect of tho banlc tho Cuautla fonsation 

is thin and consists of thin-bedded clastic ealcarsriile wltu 

an &r£illaeeouB admixture.

In latect Turoniea tine a chaufs« i» Bcdirsentation 

occurred that interrupted accumilation of lines tone and ini­ 

tiated dcpooition of ruid| cilt, canci^ and finegrained con* 

 loaorate, ^hich fors tho, ;*ercalA formation. Irobsblo 

folding, uplift, and volc&nlen at considerable dietanco v«set
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south of Morales, beginning in la to Cenorsanlan tirso and 

continuing through Xuronlan ti^e, bcc&so mnlfcot through 

Influs of this clastic material on top of the Cuautla line*- 

stonc, to a total thickness of isoro than 1200 au **oat or 

tho Hoxccla foration Is clearly or narlno origin* although 

tho continental origin of eo^o of tho uppomoet beds la not 

701 occluded py field evidence. The dato idien Hoxcala de^ 

pcoltlon ceased In response to uplift of tho region le not 

kno*nf bat It say have b©$n no youngw than r*antoiilan or 

early Caapanlan tlsse,

Froa coao tine lat$ In tho Lato cr^taccouc 0pooh tho 

ro^lon waa exposed to subaorlal erosion and ^us not

Intense dofornatlon of Cretaceous and 

oceurrod probably in early to raiddl© Eocene tl^io, as 

a southern counterpart of the Larasdde deforoatioti farther 

nortli* Srosion ^as crsatly intensified over tzio anticlines 

£ralnag.e wse G2:orole until at least lato in Eocono tine, 

broad \jarplnG ^n.d block faulting produced endoreic

and consequent accusul&tion of enorooue quantities 

of clatstlc deposits ranging fron coarno coTx^lonierato to 

fine ^jud and oven local llnceton^ and gyptsun intei*bedc f

are roprosented by tho Balsas clastic group* Eneic 

occurred elnult^ncouely with block faulting and 

deposition of clastic naterial, adding lava flows, volcanic 

broccla> and tuffaccouo materials to debris eroded from 

Cretecoouo and older rockis* Fault dlepl^eesonte of
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2000 £U eoesa to hav£ occurred In ulfforent places» Active 

fnultlnr; gradually Oiled out in early Cligocene ti&a and 

brought deposition of tho 5aleae croup to a halt* "uch 

istrons fault defoliation eoccsa not to have boon repeated 

In. norelog «3int«* that tln> » t for tho youngest beds of tho

group (thoae overlain ^f tho next youngert Tilj^ipot-* 

rbyolite cerl<&s) ore onl^ clls^tly tilted and nono of the

ertl«i^f units havo ctcep dips*

As deposition of tho £&lda& clixatlc group vacfid t 

r^iyolltlc volceuni^zs broke out in lato OliGooeno tin:0 In tho 

coutJVcentr^l and ^ootern parts of tho region* producing 

the Tilsapotla eerioe of rh7ollto f Incl^ins tufff brecciaf 

and lava flows, nhyolitic volc^nle^ vas followed by ox* 

traelon of ondesltic tufff breccia, and lava flove in tho 

came rss*®nf to for^a the Buenavlsta and Undifferontlated 

volcenic corioo in ::iocono tino» Lrtsptlcne did riot consist 

of «*2,n£o9it$ alono t but included bcis^lt f dacitcf find even 

rhyolito in tho upper part of the sequence, Alonrj tho nor-» 

them border of t2ie nrsa and on into ^hat is notr the 

co £&slnf extrusion of endositic roclrc occurred sizs 

ously with obtrusion of tho lucn&vlsta eerier in probably 

latest Cli^oconc ancl r:ost of   loceno tiriO, caucin 

lation of tho 'J*epoztl£n fomation alone the southern 

of tho eruptive centers* Andeeitdc and dacltlc volcsuoion 

continued through ^ocon6 v tir:4o end poanlbly into early Plio­ 

cene time, tho Zeapoela anrlosite series bolnc sonevhat young-



or than the Tepostlan f oration*

raultlns vao reiioved after accumulation of tho *11o* 

cone interaodiato volcanic rocks and before tho continen­ 

tal clastic deposits of tho Cuern&v&ca formation w^oro laid 

in late Illoceuo to earlle&t Pleistocene tins©* It 

in fact* haw baen a najor oauso fdr accxrsulation of 

too latter foraationf altho\ish lar^o volmso^ of andceitio 

snterial erupted tress tfova&o do foluca and ropo^at^petl 

Tdlcanic center©» probably in Xata rlioccix« tioe-t eoatrib* 

utod such of toe proeent content of this forsation* vol- 

canica n^ thus havo been a contributing enuoe» end change 

to & drier sl&n&te inay have ba©*i yet anoti\0r important 

causa, &ueh of t*to oontral part of tb0 erea >HSJB immdatod 

by elastic depoeite of the Cucrnav^ca fomatioti» ^hieh 

buried raueh of tho older toposmpbj* krondj gently slop* 

plains vers foiled, erut of t&lch hills of older rocks 

lik« islands in a sea, end podinentation further in-»

tho flat areas hero and thoro* Drainage from both 

tho present liexico lacln and tho upper hcad'fcmtcr part of 

the Lerna rdver lo thoueht to have enptled eouthv^rd into 

tho Asmcuzso ilivor t«Mle the Cuernavaca foarr.atlon %<ae ac-

exact cautJO for tho halt in deposition of the 

formation is not r^no^n, but throe factoro aro 

boliovod to have intervened* \ctive nndeoltic 

In the Itovado do Toluca and ropoent^potl eruptive



raay hare dininie-had greatly* ti&ile rinfall inareaeod iflth 

the advent of the floietocerto Ice ace, and b^caltlc volcen- 

Isra closed off clralnace frotn; the procant :rc?xlco £a$ln and 

upper Lersa vnllcy* In an^r ©vent, deposition of th0 fomo* 

tlon ceased sn3 erosion eomonced Ixi oarl^ Plelotocone tlac* 

Extrusion of lav&s of tho Oilctilnautcln basalt oorlcc 

been Inltlatod by Aevolopc^nt In latest JTlloeen^ 

i%rtlciilarl7 through I'loletoceno tl&e* of tJie d<?op 

tran^cxirreut crust&l faults that doflne t!ie Moo^volciaiilc

ro^see ; exlco la a direction cloc« to &* 80° W 

rocks 0^01* tho deep dast^vefti faults vsre broken 

Into blocjta by shear &sd tension In tharoo siajor dlrectlozifit 

ara roughly northf nortliomst^ and eaet f thus porsdt- 

eubcru^tal basaltic roosstt to Is^ue froax ra?2^r points In 

a bolt ne wide &c 200 te* In a nortb-south dlroctlonji but 

confined nalnly to about Co ta. In vllth In t^is& region here 

discussecU -part frona bacaltic volc«Lnl&:n and Ito 

tlon of Inva and aah to too regiont erosion vtia the 

procecs ncticc throash ileic-tocene tleo «south of tho fl 

volcanic Helt, LJSOSS fron glacial outiatBh In the :*exleo 

^eln, ft^Ioslte p\salco froa Kevado de loluca and 

potl Volconood* a»5 basaltic ash frcnj th0 nearby 

canoea accamilatcd In protected places itfille soil 

i»S In latest Plslotoceno and £acent tii2O«

la to Flelatocono dlosolutioa of tho Cretaceous car- 

bonato roo!ts and ftrihydrito cauco<I devolopfiont of



235

ost of which &re dry but a few of Khich contain 

such as Rodeo, Coatetcleo, Tccu »rQuit©n£O t rjvl Tam­ 

pan* She poljee arrested transport or alluvium out of the 

region and, togother vlth drainage blocking by bse-altlc X&~ 

vs» fcccoxmt Tor soet of the thick alluvial aocumilatlouB o:? 

Into Plolstoceno sitd Hocexit tine* jThosc tvo factors iJ@t

for s**o^t^ of t&fl l^rgo centoj^ of population tuo& 

production In thi& roslon* Internlttont voj-^

fo^saatlon &r^ s^^1^ «^ »t present and are 

to coat Inn© Into th© unforoeeeablo futuro.

Tho principal notalllo islner&l resources of the 

glon described in thie report corslet of loadf flnc t cll-

v®rt ana sol^ deposits In the T&xco nlnlng district (Fovler 

and others, 194$, p» T-l^j O&bcrne, 19Cv^>» P« 3S-SO)» 'H^s 

oro z^lnerale aro In volnfi filling fractui^oe in th6 Taxco 

schlct {^1 Pcdrosal nine), tho : oroloc Uses tone (la Con- 

eha^niui /.ntonio alnc) f and tiio "ercala clctetlc teds (JecSn 

clno). v.'oak ainorall nation reached t^ie lots^cr part of the 

ovorlylns Tertiary Ealsos eroup, Indicating that it Ic of 

Oli£oceno or younger d^o» *>otli llciODtono and ehalo aro re­ 

placed by oro In places nlonc the ?elns f and Uio schist ic 

replaced to a nlnor docJ^o, The metallised voino occupy 

fractureo nnd faultn \d.th.proforre*l northwest and north 

lcec, but eoae veine aro oriented almoot veot,
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Voin Tilling ic variable in nineraloglc rsn&o^up and 

in th& proportion of different rinertLls pro cent. Quarts 

predominates in tbo cnn£uo, nlthcuch calcite bococoe pre­ 

dominant in veins that traverse limestone* !!ix Ki nith 

ganguc rslnsrala nro principally pyrlte # sphalerite, galo- 

rat an3 chaloopyritef ultli v^rj nziall qxiatititi^o of fte&n* 

thitot P2rrnr£rfr*tOj tmd other rarer ellvcr lain^rale* Sine | 

In eono deposits» «her«&aG lc?«id le tto «thi*f

in other v£in©» end silver or gold la tho nt*ln aetal :
»
r

in a few veino* Lateivdopoaited minerals Inoludo specular

hasatite t fluorite t and barite in coao veins t A replaces*
i 

nont dcpoeit in th0 area of tho Babllonia croup of volna»

eoutheaet of Taxco* consists of hfergewd skale with n^ne« 

cnatite, Ilvaito9 ?md actinolito, tocothcr «lth 

pyrito, ej>halorit®» and galena (Fovlor and others, 

f p* 10-11)* lh& sulfldoe cccsi to "bo lator th^n tho 

other Ednsrals*

r.orthenet of taxco IB a ^ono of fluorito ninerali- 

cation* The largest dopocit t known as 3>. .-tul, is located 

900 n* cast of irrs, Ifjl of tho l^ixco hishvny (Xo 

others, 19&>? Oebomo^ 195^* P* 88-89} Fernandaaf 

rAho mineralised sono continues atout 6 te* to the north- 

northeast f crossing Uio hi^h^^y at ;:G* 149 v nn^l eevcral 

nines havo been openocl eione it^ Kluorlta fills 

in partf and also r«rplr*cevs the oncloeino roekc, i?Mch 

principally linjoctoiio nt3 ^olccdto of the Morolor* formation.



of fluorltitsed roe's collected by the vrlter frcn 

different nines prove that con^lo^cr^to of the Daises croup 

and tuff of tho overlying Tllrapotla sorlon voro also r-2- 

aced to a era*JLl decree. ;£aeralisr-.tlon ms therefore 

recent than accumulation, of toe tileapotla cerloe, 

t&ich is thov^jht to bo of latest QHgoecmft to oarlioet IS 

oono ago | and It ssay tbas bo of !iiocc«io or e^en Tlloceno 

fii^e* rc&t-4alnw£l 41seolutloa of tho llno^tone 

tho ovorlyin^ rook» to drop into ersall sinks

deposits of silver, tdnct copper* ana 

occur about S to* southw&t of ^a* 133 «6 of tho

ighiKay* 'ISio^ aro In Cretaceous lineetono of 

formation. TOOT a contact with linestone conclo 

ate of tho i>.10ac cT<^Pf In a ansll orooion rsrsrumt of 

latter unit* Tho area ma not rmppcl in detail t30cn.uco of 

the lee!:: of photographic co'\rcra^o f but it lo do^crlbocl by 

rores>!'ArtfneE (1933) vlio exinincd tho oro de^onits. Otr>- 

or cnill GOl'lf lend, and silver Deposits occur ftlon^ tho 

contact botvccn '.'orolos llnootono and tho Lmcnavlota etock 

of Euenrtffiat& de Cuill*irf oppoolto A?* 1A5 of tho 

ruala toll rocul* \ nna 11 contact iron dcpotslt 

end beds of nnrblo are present 2 to 3 !:n« 6outh\?ect of tho 

latter dopooitcj alone tho soao contact.

Inportttnt antlnony cind ir^rcui^ aopoeitc &ro present 

around the borders of the area carped » the
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deposit of Eieroury ID In Korclos limestone and possibly in 

part in Xochicalco lincstone at R placo exiled £anta Fl 

located onl^ 10 ka« wst of Cerro Xochicalco (quad, 

Cther &ereu2*j Deposits oeeur in the vicinity of 

* few kilotaoters iwst-eouthvost of the edgo of tho sap couth 

of 2SS&0 (quad* i-l)« Oro in the lattor locality 1© in 

faults that cut the iiorolos, cuautlat and Hoxc&la 

(C-allagher mid Mros^Silicoot 19^)* ^i^t eout& of tho 

of HoitsucO (fis* Dt only 12 to 15 te* ettet of the 

easternmost c%o of tha geol^ic isap iti plate lt arc 

its of aorcur7 end antinomy in «hich tho siost ierportant 

sary ore islnwal is livir^stonite, n complex 0ulfld« of 

tvo rsotals* Ths oro is ^airOy it* li*2eetonot dolosilto, 

arihydrit© of tho l^relosj forr^-tiont In otirlier descrip­ 

tions of tb&ae deposits (2!c-\llistcr and ilorn&ides>»crtl&t 

19^5 )t both dolooite and anhydrite vere attributed to 

drothernol replacc-nent ot line®tone § no re^ior^ 

phie studios hiavlii^ boon isado beforehand to fcervo as 

for Geologic intor?rotation of t2io dopoeitsi t but tliey arc 

clearly tho can:o tsossbern thnt ar$ present in many other 

parts of tho roslon and described in other C£iaptei»o of this 

report*

InportsLtkt non-c«t?,llic mineral deposits rro alco 

precent in tho area ^apyjcd* 'part fron the fluorlto north 

of T?ixco f llmcctono Dcrves as r?.v ssatorlal for tho produc­ 

tion of quick lino in lor£O kilns along the hlohvay eouth
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of
OB ~U «S in nnan local Uln* ^ttcro* hero ana

over tto ro6ion. *» Camilla relation I. * *- the 

roc* ror «*. p«poe«. a. it l««s» «  a°le3il° C° CCBS°a

!» tho norelo* fo^tion, but cvon M*»t** 
of the Ealees sroup and Cuemavaca fomatlon. Oe «oll tt 

n«cent ccOKiho aro usad Oo«U, vh«rc tho Ua^tcno forsa- 

ere abccnt. A KrUrni ce^nt plant .lo^ tt. r.11- 

juet north of XfeUpee (1M^. ^> «bfelna lt0 

Btono and .halo raw mUrll fro, auarrleB IB th. 

^ »o«-a ror^Uone in Cerro xiutopoc a fov 

south of tc*». iron ore for cp«*a cc.ent and ^ arc

cocoyoc
faction In t» vallc,

and anhydrite are stand .-u

. M^ - scale ^ nuarric, la «

of tbo H8-10. ft***!* «p«- on th. .t^P

Just aetttoeaet of silaapotla (qu-,d. 1-5). 

vulldlnc stono le o.-^rrled In tho x»«e

tb. Xl^potla oorleo. particular* the tl
thle C

tho   
t»'«r or icn^rU*) Junt a,ovo tho intone and t..o



ing denro rijyolite welde& tuff are also qunrrted. 

ilucli omrvacntnl roc!; cosoa frcn quarries In there be&e 

-Taxco highway between Kfcu 146 an4 i^s. 3L5^« 

or flossy Xlis^stozio o* the Xochicalco rornsr,tlon Is 

quarried 1» Cerro Aeultlspln (quad* £ *?)* i-fetny of ths oth- 

or rook imltat Including ta&alt of tho chiciilnautzin 

<juarrJL04 ioe^lly for taulldixxg stone end constructiou

Hcddish o^ciclis^ &ooria (jto^nt^o) frost 

cis l«t rained on a rtOdenatcly 2Uar^o scale at

&» )» Te-pctllxpa (<|uad« ]>*11}| Aisec^s^cta (quad* 

th© norUioast O'3go of Cwroavae* (quad* £^6}^ 

roa4 £LZU| railroad ballast ^^ mirfacing and for otlier 

construction. Ktizserouo lartS© quarries have boon oponed in 

the CucmavGca fot^a^tion In ana around the city of Cugrua* 

to extract eand n»l grt^'ol for concrete and local

"one of tl*ece quarries are locally cal«. 3d **©?md 

Utilisation of tho zio&»cK»tallic aincrrOL rosourcoe 

of toe region IB incroaeinc rapidly In volume and will con-* 

tlnuo to expand afc tho ro^lon developed
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, 1^29 » Caoloea aiaora do las regloncm 
nortef noroocsto y central cl©i i:etado do Cuerrero; Inst* 

. K&dco, Bel. AC* p» 47-103*

, 1933, Znvceti^acioa petrololca en la-s 
lavas dol itedrog&l do San AneeZj Cons* cicmt. n 
'-:er^ t t. 3t p. 210-237*

n* renncth| 193^ » Kctratl^raffA y t^ctonlcn dol 
Cenosoico ontro "oxico t D« r» 7 ::in5Lpanf Hidal^oj -d* 
Conn« C^ol, Internal^ (rroxlco), Ll^rsto-cufa j-xuurclones 
 s-3 y c-l f p t 11-^j Llbreto-^ufa ^xcursloncc A- 14 y 0-6 f

t In proes, Geology of southwestern tlldalefc
northora ;-^3dco Dtatei U* r>* Geol» Survey f Eull*

?, s. f and :;^pcfiw/^2^uos» Edxiardo, 19S-^ f Geology 
and ore deposits of tho Zlnapau nlnln^ dlntrict, sta 
of iiidaleo, l^xico; U f S* Cool* Purvey t 3?rof» ;Tapor 

p*



a 1 'oust, ihcoflorc^ 1866, t cup £*ocil general cur la
MQ ot Is £,eolo£ie £u ITQSlquo et do 1* A&erlQuo 

Ccr.tr&l* Coe* £eei* France, ~d cer. , v. C3»

D^ '£., 194? » Dl.ic.onc tic origin of chert lonucs in 
linostono at Soyat^l t State of ...uer£taro* ir-eddeoi An*

a:, H* E:» f l95A f retrolo^y of r^rfcutln Volcano, 
U* S« $eol» Survey > Bull* 965-C^ p» 201-*353*

, 1^60, Volccmoets of tho larfcutin 
U. S# G^ol* Survey 9 rull» 965~B f p. 165*279*

, B. &*» Hernandos, JT« ?*,
o. 1955§ t>"n Isanco caliso del uretacico en la parte 

oriental del Kstado de uuer^taro* Mexico i 5oc*
v* 1B 9 no* 1« p« 1-10*

Zepodj3.-flinc&it ^onae^ 19^1, ta Reptiblica ftexlcana, geogra* 
y
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API'1, IJ 31 A'''

potrographlc description^ &nd frumal content 
of rock s&nples cited in tho text

the? rodk &a^pl£s and specimen© in tho following liet 

aro arrange?! consecutively accordiBg to the year in fchlch 

they %rere collected and the number in each year* She gener­ 

al order of Ascription of each essjpl© consists otf 1) e&aplo 

or epecisen n%nr*bery 2) proveivincef 3) formation or rook unit 

and ^£O (if kr^OKn), 4) petrographis details {if 

f&unal content (if prcsoat n**d dotersined) f an?a 

7) collector (other than the vritor}* localities mentioned 

nay bo found Isy referring to ths greolo^io ssap in plate 1 or 

the inde* 0^p In plat© 3-Af the nhoat number of plate 1 and 

tho «ju«U!r?-ngle in tfhich the locality is proeent are in patv

ae follows i (ehoot ^, otuul* j>»3)* ^Q specialists 

studied or exanined the rock0 f rJ,nerslaf and foEsil^ not 

identified by the writer, or vho helped to collect the r&rzple t 

are mentioned in eaoh conplo description; in order not to re* 

j^ftt the mrse of tlic or£y*»jniratioiml tanit tdth which each one 

lo accoci«itcd f ho^feverf their nance ara listed alphabotlcal*- 

ly t^elov, followed by tho corresponding ors«^ni national asso­ 

ciation at the time the vork wn.c dcao«

P., Applint geol^ist, U* G, c-eolosicnl Survey*

Ctto Doltt«wibei^crwThocML«i f candidate for d«groo in 
Univeraidnct ^acional /utinona de Mexico*



ederico lionet > paleontologist and blolocict, -£

C. *.>-tUc Coo>o, pAloontxj legist, t;. .7.. ;*

Gloria .M<?nc£nter do Cserm, paleontologist* Inotltuto clo
sfa* wiiivweidad Kaclonal Uitonorm

o Ccorn^ t ^eolor.lat, Instltuto do Ceol^fa, Unl- 
Aut£n0£a de t-

C* 0^oslasa t peloontolo^Ist, U» Sf Geological Survey*

H» Folitt G^olo^l^t^ Degclyer and ^oz^i
to PetrSlecs ^:

W» Inlay t ctratle^^P^6^ a^ paleontologist, *J«' 
^y*

geoe!icr&2t| U« G, Geological survey t 

H. Xooblich» Jr« f palecntoloelst, U. s* national

r&nt0i&~ "loi*, cfindi<i&te lor desreo in 
tuto ^litocnico iiaclonal (l^ox

H. vooloy .-x^iroo, sslneralociet, 'rlsona Biircau of !-T

^ U» S* Cc-
r.urvcy.

?   n« ru^o^JinAie^t paleontologist* ietr&Leoa *:e3ci canoe* 

Clcronco % itoae* potrolo-^lst and rdneralo^ifit, U, 3

lo *' chr»it tcr» !>otrolo£ir*t slid ninemlOoictt Xnetituto 
dc Goolocfs, Unlvbreidad ;\acl<Hml Autonorm de r

» £ohl f

Iloyd V» r.tepheiioon, palooJitoloGic-t, u» 3. Geolosicnl Sur- 
voy*

7CK.M, paleontologist * o» ?.« Cooloslcal S 

John './» V,0110 ̂ profecooy a»l paleontologist, Comoll Uni-



ilcoa, ecoloclnt. U«

t&se of Csrro do l^ss Totill-iB, 10OO r>« east of 

KCU 1? of the Cuornav&ci^-Cuautla hl^vsy (rhoot 1, quad, 

2-7)* Volcano roterrod to th0 CMehtouutrin b&c^lt 

of probable nldaie Plolstooona ago. I?orpb|Tit

i olivln^ becait vit£ pllot«Kltlc g^atrte {pi* 

* ollvine p^xenocrysta &r^ up to 2 m* acrooB, have 

of &©rponttnfc» Feldspar alcrollto@ are Ices thna 0*4

sars* Ions «»3l are about AB,*r * J^trix contains abundant ^^
Itc grains, %?liich» vlth olivlixo, na!c« up n^erl^ l^nlf tho

?-3-50* rioar SI Tfoswscot at 5Qa» 13.5 of t^ie 

Cuau*la hi£jhsf3ty {sheet 1, quad* £-7K IAV«L from Corro C 

IQ Corona volcanie nock, p^rt of the Chlchla^-utcln baer.lt 

esrlosi of probable rJLO31o * loiKtocone #30* 

phjritic, hypocryetrxllino, ollvin^ basnlt w3.th h^a 

tic rxitrix (pl« 2£-F}» Oli^lno crystals aro tip to 1.2 in. 

ncrooe, In clur.tcr?3 f r^!:o up eo-:e 5 ?£** cont of tho roc!;, 

rXa,rlocl$.£3o ph^notrysto are calcic Iftbrodorltc and jfosn a- 

bout 15 per cent of tho total j pla&loclcico rslcrolltea are

to labrtvlcrlto. J'Rtrlx contains abanclant au^ito 

ani aljout 3 por cent rlnop.

near ",1 :roGrcoo f n.t Tn. 12.5 of tho C-acrmvnca.- 

Cuautla hietewiy {choct 1» C*^J-* 2-7 )« Lavft fron xmcrode-d
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flow, prjrt of the Chichi njiutcin Uisalt series ; of probable 

~eooni **£e» 01o^ero:wpSbyrltiCj holo crystalline, ollvlno 

basalt with pilotixltic tc ophltlc matrix (pi* E2-S)* CX- 

Ivlno crystals are up to 2 EEI* long and fora soa© ono* 

fotcrth of the rook. Fel&apsr silcrolltoe are lose than 1 

about < csatrlx contains atis^to* tlock la

of ths 

t quad, 5-?)* Upper part of thsr ^rorolo0 forti^tlonj of

Cenaaanlen &£$* Dense p dar^-^rsy to ro&Ueh 

ealclXutlto (pi* 12-C)* ?*odS contains partly 

eillclflod rudlstld £ra££&nt« snd sons Individuals of

, tosother vlth other

rdlioll-la.

Five thousand aeterc duo south of Es. 15 of the Cuor- 

CxjGutlja hl^;h^^.y (sbeet l f Quad* JV7 }  i;-a^lc dlko 

cuttles the ::crolo£ forcsatlonj of probnble early Tertiary 

aco» rorpt*xsrrltlc oXlvlne-hTperetheno basalt with pi lo taxi- 

tic z^'^trlx (pi* 2O- T:)» rhonocryets nro up to 1«2 rsn« a* 

cross j oil vino 1st alnoat ccnipletoly altered to nontronito(?K 

ijroxcno phonocrycts are nalnly hypertstlieiio tut also In- 

clu-io a little cllnop^roxoiie* Feldspar rdcrolltes rxrc up 

to O.X i:n* long and aro about faw* t-^atrlx auelto(?) le 

to xioutrordto(?}»

Ka, 22*8 of the Cuermv?.ca~Cu&utla blc^vwoy (elxcot 

iv?)* I/xva fro» a vent on tho onet sldo of Ccrro
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$® XAS TeUllaa* *mrt of toe Chichinnutain basalt scries; 

of probable ni'iaio riclatoccnsa r.re. Terror! tic f holocrye- 

talXinc, clivlnc~pyra£Gna fc&ealt vith cranulitic s 

pi* 2£«G), QliTis* cx7ctctls aro up to 1.3 scu Ions* 

rimed *ita. ijrofwn iadl2ic^ito(?}* Iyros:on0 phcnocrysts arc 

tsor-o &bundaAtt eo«Ka to consifet of ptaoonlt 

mlcrolltos aro Rtxsxit ^O l fi^trix pgrroKoa« 

n« 50 por cent of tii0 rods* 

About 300 sj* oonthwfit of Cerro do la Corona 

canlc noc:v f south of K*u 15 »5 of the Cuor

» QU^» 2-T)» *Mfll» part of the Cuautla 

of late 7uroix3Uxa &&®» I^diua-gpay dense csl- 

vitfc elliciflod Individuals of n cnall species of 

v^lch nay bo net? sni is Ixor© rcfoxr^d to

&. iicasxined ty G. A* do Ceeraa* 

'bout 3CO EU sr-'.th-WGSt of Corro do la Corona vol­ 

canic noclt, couth of teu 15.5 of tho Cuomavacr.-Cusjitla 

hlch^y (choot l t quail. >7). Hlddlc part of tho Cunutln 

formation j of l-\to tiironlrai rv:o* Jtedlijs^-ci^y Coneo lln©-* 

stone vito indlvidualr of 2ffiul^S c.ormi»p'.storl<j ana clll- 

ciflod fibellG of ,32U££BjL& ss|>, r^d gadlolltcs ep« aock cor. 

tainc chert no&iloe. S^sasslnod by a. -' . do ce«rzui» 

I"- 13-50* IUd*;c top 3900 n. duo oast of th^ ccntor of ^fel- 

ll^jmo Ztipr.tA (obcot 1, qtaa* ,2*6 aai i>7). Upper part of
V

t&a fvcrolot: fortntlon; of lr,te ^Ifclon or oarly Cc-ncn-utlan

soeh
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Ifcr chert; contains ^lliollJ.? and mny ss&ll cilieifie,! 

Individuals of JS^G/jriri I£j^;^£tn(?} about 25 sn. In £i- 

aaetor.

£Qa~50« Cut aloas the highway 3OO a* beyond too north 

05^0 or rralliano 2spata (f&cct l t qu?i4» jj*£)* tovor part 

of tho !:$xeaXa forriationj of asriy Coniacian a£«* Sligh 

3^r rod^i&h to nddiiEt-sroy &rslllAO«rou8 ealcilutito inteiv 

bed containJlr^; sy^i^ft of lit:estori^ t jcnre t^uartsf ss^adi pos­ 

sibly dolonito, befiidcfi about 15 por cent of

m ep*»

Cut alone the .hi^h^r 2SO a* b^ond thd north 

of 2niliano Sapata (shoot 1# <ji^ia* ^»7)« to^r psrt of

Siighly calcareous mib-^rts^vacSro intorbe^ coutaiai^ about 

15 p§i* cent Qtiertr^ tha r^nt conslstinc of clastic 0r^lns 

of Iir:oston0f dolcrd.tc f rstre fcl£jsp$r» raro rdc/i t 0j»a «s^c-» 

chlorlto {^1* l3-w}» lius dolcnito ^^s eu(s?oeted by

rock, and t2io rjx^osenco of appreciable nasne- 

fiiua vac proved by an arc epoc trust t©r»t siade bj H* W« foirce*

iloar the lines tonc^ahale contact on tJio hillelde 

» LU 67° ^* of the center of s&llisno £apat/t (slio^t 

1, quad. J>-4 and j>7)* Uppor part of th# Cuautla formation; 

of lato Turcnisn ace. Very dcnco t ollsJitly roScIlsh lln<^ 

ii possibly ft new vspoclas of jtip^izritosa tare

bj tiio l*«jrecr valve hsis a top dianotcr of



&tout 25 tsrs* and a le-r^th of sono 50 tans, ;Hie sp

firor* tho Slikest ted vlth yrlta In this

tloru £3cs£iin0& ty C'. -** £o Cserna,

f nid$o top 3600 su S, 6?° £, of tho cc^ntcr of I^ai-

llano Capata (shoot 1» quad* 2*^ ^^^ -i**?)* Lot*cr part of 

CusutXa foa^itlonj of tur<mian &G®« tis&t^grsy to

vosy denso 544^8 tosio vlth numerous blo-

I'atoor* snd oth©r epocics of 

20 a, of th® tnsc of the Cuautla

"by G, A

« Crest of tho range 5200 m* 3, 69° £* of t&o center

£0^ i in the Uoreloe forssatlonj of probsihls lata Alblart

Ycxy ll^ht broi^ilch sjraor^ £&eehsroid&i > highly

ilnsoa'torie* Dolooito cr^ntale aro about 0*2 nra» in

tor* b£t fton0 calcito crystals In tbo risxtri^: arc up to 0*6

n^« ccrosn* Cosiplctel/ r^cryatalllEi^lt vitli loss of orls-

isa! texturo end no traco of fossils»

 32-50. F5a« 31 of tao Alpuyeca^Xaxitenftc hlt^wnyt Juet north

of Tlaltir&pan (ehoot 2» qurtd^ £-7)» ft>p of tho cucrnavn-

ca formation, o* probable e=arljr Tlelctoccnc age*

taiter lineotoiie or travertine conposcii of

cur7@d fraGnents of turbl^jollowf

clto, up to 6 scu longj .clear c^iloito ndtrlx fornod of

up to 0,25 OB. across (pi. 13-5), Lliso x^robably
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on organic natter *&lch \*ao subsequently doc- 

troye-i by oxidation ̂ «d bacterial action; nstrls calcltc

sod later*

» cuarry on the north eldo of the higfcv&y at Ksu 

17.S of th© Cucrnavtica-Cuautla highway (sheet lf qug4» J>-7)* 

part of the l>lexealft ^os^atlonj' of ^arXy Conlaclaxx 

Orny 0uts^syvacto Int0ybodd«jd ^Itb, shalo «m5 edit- 

with l^reeisloa of sn a^3o«oid dotoralnod t^r E* tf*

^txnit 500 n. norto of Cerro 5« la Coroc^ volc&nte 

f south of 2C9* 25*5 of tho Cucrnav«LCs^Cuautl 

Xf qw^d, £**?)« lower port of th© Ca^utla 

of Xuroaian a^o. J:cdi\s^«*^3^y ^«MW> limestone vlth

of a sssalX iaiolitee and I

coapletely eiliclflodj abundant chort nodules* 

solution In hyclrocTaorlc acid roloesod an Individual of

li articulated velvce. The eocond f right valvo

Is a Brazil » noip.rly flat* operculws-liko covert

ing this c^oclor* froa tho veil knoim 2* togy.na and f *

of niello emit probably late Albian a^ 

early Coaoa^nicin a^o. Exnndn&d "by

Slilltop 400 B* duo vest of JSa» 19 of tho

(chcet lt quad, J2-7 )  Upper part of

 «*

Ilorcloc fonsatioa; of prot^ablc early Cenooanian «6 

t!0d t light- to dar£>Gr^y§ irrocularly dolooitisod 

ordto (pi* 11-*C)^ Rock contains unldentlfinble
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groins «.nd frarsentE.

44-SO. aide© 600 n* i»*» 10° M. oi* Cerro co la Corona vol­ 

canic nfccltt eouth of i'n» 15*5 of the Guernavaca-Cujautla 

highway (sheet 1, quad* 2r7)* Upper pnrt of the Cmutla 

formation; of lat« Turcnl&n ege* «kx21ur>»5ray £<*nee Use- 

etone id, th ropc^tc^ bloctrosio& of Xarse In^lvtdnalcs: 

of Hlpaltfi roeoctuo var*

i»8eoclat«*d vlth toucnslja ep» and tvo or t&rso ^peclee of

pi* 17»-D)* Exasdned by Or. A, do

F-45-50. Itinssidc 700 n* »  1O° £, of Corro de la 

volcanic neck, couth of £EU 16 of tho Cuen^vaca 

hle^*«^ir (sheet l r «jund» JXF)» J'lddl« part of th© Ctiautla 

fora^tion; of Turorvlan ae^» Kddlu!*-«jray dens© llsestono 

btostrosse containing lar^e elllctflea Individual© of a 

probable net* spoclos of pAdloli.tj&g t haoi-e waned ftf abmxt 20 

acroes the top of tho lerc*er vjilve and ^0~43 isa* Ions*

west bf.nk of the Chlncneca River &"bout 600 »  up-* 

stress fron tho bri^c^ <?^ the TXacullt^n^nrto-Huautla a^otid 

(sheet 2 t Quad. i|-7)» Lov^r pert of tlie Mexcals formation; 

of osrly Coalaclan a^o* Gray to pxirplleh eilteton© and 

cl^^ilo vlth interbede of sulagrftyw&ck&t coat&lnlnp; ^ 

old iRrpreoelon referred by H» V/« Imlay to rerpnicerg?,sT 

£7-50, ::ast l^ink of the Chimnoca Hiver nt the eouth 

of the tcwn of la £ra (ehcet 'S t qimd. H^7 ). I/>wer pc.rt of 

tho Itoxcalr. forra?\tion| of early Conlacl^n ae«« flabby,



eiltatono Kith individuals of ijsrcnicia^tf; ef . £. $ufc~ 

£^J^ffi -turn, Ivlentiflc-1 by u. % » Inl*y*

East bfirat of tho Chinartec«i aiver about BOO n.

ometrentj fro& l& S-ra (oheet 2 f quad* ,H~7}« 

part of the !'excnl& for&iationi of early Coniaci&n 

Gr^enieU C«ICET^OUS sufceray^aoko and ciltcstono in- 

vith dark»eray an^l pwrpliah shalo^ containing

individuals of l^^oisiTcoi^.g cf « D

cf « P» ^^ul^r^c^j^iri^tun Crceeh^r

cf* P* giubtri carina ttra Stura f and 'VCripcerftfr** tp. Idonti* 

fiea by K* V/^ Xaloy*

F-60»50» £aet bank of the Chinaneca Hivw about 1200 m» 

(airline) doimetreara from La Era (eheot 2 f quad, f^7 )  

Lover part of the Kcaxcala fortsationi of eerly coniacien. 

ase» Oreenieh calcareous eub^raTvacke and eiltf*ton0 f ttioti* 

to F- 29-50, containing individuals of Cgrj£pjLciccrae cf *

cf » P«

t and j3tQecR^hites cf« O« noiiii t r i^. . ( Jahn ) » 

Idontified by FU b* Inlo^r*

'-"cet b^n^: of the Chinr.nec?i Siver 20CX) n. (airline)

fros IA Era (slieot 2 t quad. H~7)« Basal part 

of tho i.'excala formation; of early Conlaclan nsc» Brownish 

to gray i oh f clubby » calcareous olltetono and

frca the lowor^ct 10 ss* of tho Jiexcnla formation*
* 

contain iT:;proasiono of ^rj^l^icerag. sp, f Ctoe capMtes cf,

(Cchluter)t and SidynotijS cf» D*



Identified by H» vr. Imlay.

F-63-50, £outhy*»,rd seendcr of the Chinaaocc. '.ilvt>r 100D a 

vest of £lote& (r-hoet 2, quad* jt-7). Lower part of the 

Cunutla formtlonj of iurGnlcm age* Kedlu^sray 

Ito conposo'l largely of iDlo^enlc ffcassents* vlth 

fiod eliolle of ypue^fiia np^ (pi. 1^-D). 

F-67-50* Southernmost loop of tiio ChlnaKSca Bivw 4OO &t« 

vest of Elates (ahoet St qxmd^ Ji^T)* Basal t&ln 

bods of tho I'oxcalA -fornatlon} of early Conlacian 

l>dl\m-3myf thin Haestonc beds at the base of the Kexea~ 

la forsatlonf vithln 10 m» of the contact with the unSer- 

Cueutla formation* Beds contain rare lndlvldual« of 

sp* E»!^lne4 by H* W«

Ve&t bonk of the Chlnnr4eca Elver 600 12* 

fror? Hcscpa (ehoet 2 9 qua3 t ||-7). lover port of the :? 

formation j of esrly Coniaclan a^e» flabby, ^my silts tone? 

above t/xo bnsal thin llnostone bo5B of the Kesce^l^ fortn* 

tlon. Bc-'le contain teyonlcorng sp. nnd ^idgrgotig cf * B« 

s t-orrier^oler* Identified by H. W. Inlay.

lieer the b^s^ of the v^est flan!5: of the llsiectons 

o 5^00 52, due vcct of the center of Cuautla (cheet 1, 

quad* y-9 anA 2~B). Top part of the Cuautla forratloni of 

late Turonl&n e,£o« tl^ht creaejy grey, dense lines tone with
X

felliclflei corels belonelns to the genue Co3.ar^try?.oa( 7 ) 

(pi. 13-3 )t frors about 20, a* belov the top of the formation. 

Beds contain also slllclfled Individuals of Toucasla sp* f
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^crlnc^. r^.» c.r x-roll ar chert co*ulce.

ficl b;? J» V.'. -ells, end ^Ir^yritc9_ *as exardned by 

CU A* de Cr.ern,*.

I£u 39 of the Cucrnnvaca-Cwiutla hlc^'way (olioot lt 

^)< Leiva fron tho Chlchlnautsin Ims^lt scrleoj 

of probable late a^lelBtrOCtmo age* Finely porphyrltlc oil*/- 

ino«ttUGito bacnlt vith ophitlc natrlx* Thcnocryets aro up 

to 0*5 nrs. acrosc* ;]atrlx IB holocryetnllln© «m4 about 

half foldeper find half pyroxene » FeXdsp&r nlcroliteo

natrlsc pyrox^TKJ IB augito. 

fslopo of lov hill (Cerrito do 

the old pavc<l \cnpulco hl££vf&y about 300 a* 

ot SuapaincQ dol 5ifo t Guerrero, r.t the latitude oT iis. 

of the nev r.foico-Acnpiulco hlehvay, beyond the eouth 

of the «r*5n of pl^te 1 (s«o pi* 3« A>}» Lover part of tho 

r-'oxcr.lfi fornatioaj of early Conlecl?»n figo. I"hlc locality 

is not In the nrcst -3ippo*l but Is included hero because It 

contain G Dcveral cpccies of invortcbrnto foselle that 

Idcntlc-il to thoso in : orelos f vhich vero sloccribed in 

ciderabl© detail by i:urckhA,rc\t 1 1919 » 1% 93-130) n 

(19^3 f ?. £08-210)* *ilie wltcr re-collected fron this lo­ 

cality, fro'a i^r^yieh^brovn to cJ*®61^^ ciltctonc srvl chale 

bods? alon^ tho roacl an«l found t5ie follotting faunr\ f as iden­ 

tified by U, '.'  Ir.lc.yj . /erpnicornm op. t Otogcaj>MtQB a 

rftirdtri *Tahnt Otogcflphiteg nff «.
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ance c?*:ir>l<sr. ?_*, 53071

end ^K'*5207C). '-act rjtvl treat siu^s of the synclinal valley 

£600 n* an-,! t'500 ru, respectively, duo veet of tho conter 

of CiKLutla (sheet 1, rwwl, j:-9 vavl t>B}« to*.mr part of 

the rorcciln torr^itio^i of cnrlj CoulRCicn a^c*

ehala interbodo In A 

o«jquenco probably within 50 a. of t&o 

of ths :>jC5xcr.la forrntlon. '£ho nlcroforclls trero

identified by 3* a. Horo-*JTia&iea f ao fol­ 

lows i filtrincapii arc^i , D^o^tfrajic^iv^ cogndc^. var# t?li«»

!^i ^cgrvn tlino i tie q » etnd

Coll6cto4 by :'. Tu ?olk end tho vrltor.

F*-1?-5S, u^rco cuarry &outh of toi itL^Jaiffiy cad tiie 5nn Luls 

iotosl-i\::.iplco railroad, about 10 to, <?aet of vlu.lad Va- 

lies, o^0tcra7,o&t i.vui l-uls iotosf f located nl;out 350 lea, 

north of tJio fsrcft aapped but included hore bccauce it is a 

veil Icnorai v ref<sr<mce' locality for thia parti color faciee 

of linicetono of ^Vlbi&n to early Cenonanion a^o laaot^i a0

liiaestona (coo pi, 3-A)* Upper pert of the H ^
> , 

of probably early Coaonaninn a^o» I\oc^: is a
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li£fct~cray f ore slnl feral calcsronlte vlth abundsnt Indi­ 

viduals of .' :\^r>plg»pull mi hcirl Lonet and co.no D

s (pi. 1£~A)| uppsr part of the

I'orclos forns tlon lo both llthologlcally and fnunally 

ilar to It,

1222 
l~53. I^r£6 quarry alcng taio ron5 on tho east eld© of

Ccrro XiutcpoC f SOOO s:* tiou-Ui of tJio center of X 

Tille^o (ulocot lt quaa» >4)* Kacal part of tho :: 

formation; of e<*rly Ccailaclftn a^je. Gray calcareous 

stono less thin 10 a, stjovo tho contact %dth tho underly­ 

ing Cuautls fornatlon, interbodtied vith mxidetoiusi end a 

thin tedfs of e&rcillaocoue cnlcllutlto* Cno poorly

Idcntifiod by H» w»

-S-53 to F-15«53. i'.lllelic 2000 a. 1^ A2 f:. of :a% 13 of 

CuermvGcn~Cuautlo hlchsr^-y (phcot l f quad. j2"*7}» rao- 

pnrt of tho ^.O'xcaln forr.atlonj of enrly Coniaclrja a^e, 

Intcrbeclded riedlun-crr-y c-ilcrjpooun elite tone &nA tliln beds 

of argillaceous calcllutlto vlthin 30 n. of the base cf tho 

alr. fomatlon, 1-uaerous InproscsionB vero found of j 

» and ftljfo-P.tlg cf . 2» trlnidagcnfels 3oaneiv

nsoier, AG Iclontlfloa by a. ;*» Inlay. Collected by the

tor and B» «-'. ':.'ll£on»
> 

Hlllclopo 400 n* duo %?eet of Usu 17 of toa Cuornn-



fi highway { sheet 1, quad* ^7 }, Veil up In the* 

f oration j of Conlnci^n ace. Li£ht-cray eandstono 

or gr^yvacke interbeu la a escr;uence of shnle f niltrtons, 

&xfc$ &andr»tono beds frora an unknown distance, bat at least 

a few tone of motors, above the base of the ^excala forma­ 

tion* 4brado<S Xtirg^r val\re of an xmiflontlfiod apecloo of 

a.t st io^et 26 OQ» 10x15 and 21 cn» across at the top

of the vnlvoj th# shell vail 10 VQ> to 2 cci« thick* 

F-18-53* Hlllelopo 450 n» due west of Km. 17 of the

utla 2xlsh>?ay (shset l t quad» ^*7}» v;cll up In the 

forxsationi of Coniacl&n na«* Lleht-sroy, buff-

cjareoufi eandstou^ or &raym$fce lntorb«4 in 

cequcnce of eh&l© t Ailt8tone t and sandetone bode froa

a dietanco, but at least somo t^ns of neterog above 

the base of the ;:ejccala formation* Abraded aa*l poorly 

cervol arztonoid f 12 ea* acrocs, identified by n« -u

CP  ('*)* vith coillRe Di^ilar to but sr.ore

tlmn thnt of the genua ^xnnltc\s» -ifhich ic cccrion In 

nylor group (>.?.aponir*.n) of 7t&5tan»

400 u# ^lue vest of *.a, 17 of tlie 'vueroa- 

ay (choet 1, Qucid, J2~7). '.'oil up In ths 

a formation; of Coaiacion a^e, Lieiit-^raj p buff-

gt calcareouei caru&ton& or grayyacke interbed in 

a eerueaco of BKile f c.iltstone, end can Is tone tracte fron an 

unloiovn distance, but at le^et eeveral tens of voters, 

r.bove the bace of tha rioTccala for&ation* ?roni ease local-*
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ity as IT- 17-53. rovcml Ir.procelons Identified bj I3.. V* 

nc

F-23-53. Upland surface 800 n* Sue voct o r Kn« 17 of the 

Cuernavaca-Ctt-tutla highly (ehoot l t quad. £-?)* 

part of the Cusutla formation; of la to ruronian 

l&rgQt Btubby Individuals of a slliolfled Hlty^urlt^gg hero 

calle-S netr sx^^i®^ S* 1** & snedlua-grayp dense calcarenlte 

vlth t

G» A* do Ceerns,
/

« Upland 500 s« due veet of Via* 10 of th©

(sheet 1, quad* £-7}* Upper part of 

Torolos foroatlonf of probable sarlj Ccnooanliin age

roplet^ with foraiatnlfera* snong i*hleh 

Botiet ?md Olccllna

ciaft fire afcurulant, to^ethor vith fracnenta of Tou-

i Io 11 to c

cp. (pi* 1:>D)» O^ctrea vas Identified by G

A* cle Caorris, c,nl Ilg^fior.lcnia by C % i-' % Coolce*
j

rC-53 to 1-2^-53. '.'plaTvl 300 ?a. flue oast of Cerro do la 

Coronr. volcanic neck, vest of Kn« 15 of the Cucrnavaca-* 

CuoxitlF, hi£hvay (sheet l t Q\w?.d, 2-7)* Upper part of the 

l-orclos formation; of probntlc& oarly Cenorr^nlon z&e*

to llght-crcara, cryptocryetilline c^lcllutlto 

s of Toitcasla pnta^sts ,( ? )   

f oystore* And ?itoark"ant
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ng, hoi r-j » ^^

g clOii pbor^ ̂  rl « She so n,ir;plee arc litliolor.ier.ilj 

fauemlly ne&rly identical to the upper r^rt °£ tk° -1 

. Vbra formation (cf» pi. 12- \ ?jad cpeci^cr. F-19-52)* Fora-* 

voro identified by F, nonet,

Upl&na spur 1150 is* due vest of K^s. 19.5 of tha

950 &. S. 11° £. of Cerro

dc la Corona vt>lcaiiio nccls {©hoet 1, qu«I M j>~7)* B 

bclc of tlio Cuautla fcrmationj of lUroftlaa a^e. 

coquina and caletircnito Torrid larecly of small siliclfled 

gastropod**, within 5 n» of tho bests of t:ie cu^utln fojna- 

tlon^, r-peciscns ©3Canlne;l, "by K. L» *"o!il vcrc i,;cntifiod as 

tv?o epeclca of ii&riB^.f unlike anj st>eclcr. icccribcv! fron 

C5:lco or southern United 'jtates.

.6-3&* ;;pl-.r^ 200 n* duo cast of Ccrro ;lo 1^ Coron.?. -rol- 

c-nlc lice-;, v:oet of Kr:» 12 of the Cuorm /r.^-Cuautlr, hic^- 

vn.y (sheet 1 0 rur.:l. ,>T)« Upper rr; i%t ^f the :*orolos for- 

ration; of ^robr.fclc c^rly  : c-no^nni^n at-c 4 ciiu.^>c^y

vith irrccularly cllicXfioc ln::ivi^ur.lc or JTpu- 

'^^fitv ) rnd fibun^ant silioll-ls (rd'or to r-CG-5

and pi. 11- \), frcn vitliizi 35) n* of the top of the -!orcJ.OG

formation,

7«3A. r-icfer to i-'-O-S^i :~2C~53t ?.rfcl pi, ir-^.,

12-f,4» Upland about, 100 a. northeast of Ccrro do la corona



volcanic nec': t *1ue couth of Vca. 16 of the cuorruivcvca~ 

Cuautl-* hlc'.ivay (rlioet 1, cm- 3, j[/«7). I'iudlo p^rt of the 

Cuiutla fcrr.vxtlonj of la to Taronlnn n£C. : rediun-grAy f 

dense calclXutite *?lth slllctfled Individuals of a asall 

thin epecieo of l^p^.irltog (not £eterr;lnod spoclficallj) 

and a glllclfled specltaen of T^t^^i^mC ? ) ep* T!v& ru^ 

^ao eyjinin^a by 0* *-* de C0«nn f ^nd the echlnold 

c» s*t CJookft*

near the top of the epur 350 is* duo south of its. 

£O of the aiernr.vaca-Cuautla highway {sheet 1, quad* £ 

of the 2'oreloa formation | of probnblo early

Ll£iit*cray to cr ^.J3*color©4 dsrjse calcilutlt^ vith 

nillolldo and tvo eiliclflad Individual© of tho

, froa a fow Eiet^re telov th0 top

of tho :^>roloe formation. -\cccr&lns to L« W, 3tephcnson, 

tho cpcclnena aro imllko &ny leacrlbad for?:a fr<xa tho

southern Unit©4 etntcs STV! rs-iy roprosont R nov cpcelea« ' 

BGCO of the roue® S-000 m r-i» 63 "E. of tfto center

of I^nillano ;».p^ta (shoot 1, qwdt ^J-7 and H-7>* High In 

the ro:c?tla f oration; of probable i7oot>-Conieclv^n n^c* 

-adluo^sray* buff-voatherliv;, shftlo lnterbo<ls in a donln- 

antly cal^rcoue candetone sequence » frosi probably $5ovcxtx 

hundred njoterc* «bovo the bapo of th$ .''oxealn fornsatlon, 

the loc^.llty toelag voll out In tho eynclln©* l^io finnplo 

and e*?mined in tha paleontology laboratory Of 

Hexlcsxnost tlx* folloving foraailnifcr^l



being reported; 

tlnp ttielln , C-u

p.culi tea ( ? ) , rj^iroplec tn?jainn ,

yi . Y^lyullnerl.* , Anosft.il-*

and ClMcldcs« A part of the washed eajnple vraei exam­ 

ined and reported on by R. todd, as follovaj rianullna

-21-5A. Upland 5600 m» S, 75 E* of the center of 

2apata (cheot l t Q\iad» !V6 imd K-7)* Dlabafte elll In the 

Jiorelos fortmtionj of probable early Tertiary ago* Finely 

porphyrltlc rock with pllotarltlc to dlabaslc texture (pl« 

20»C)« Oil vine phenocryctc up to 1»5 a»* acroae are al­ 

tered to riontronlte(V) «nd ca-lclte* Fftldft^^up mlcrolltec

up to 0*3 as, long are about An * Matrix pyroxene Is hy~
75

and &uglte» much of vhlch hae b«en Altered to 

nontronltc(7). Iron ores form about 3 per cent of tho rock* 

22-54. Upland spur 4?00 m* S* 79° 5.. of tho center of Te- 

zojruca, on the ^ect flstnl: of Cerro Ectopan, oaet of I-43» 88 

of the new ::cxlcc-Acapulco hlgJivay (eastern on© of tvo) 

(sheet 1, quad, £~6 &nd H-7)» Top of the lover ona- third 

of the Cuautla formation; of Turonlan as«» :?edlujs*£ray t 

dense cslcllutlte and calcarcnlte with abundant elllclfled 

of Badlollt^o ep» and Actaeonella ep» Lxamined

» de

upland 5200 «. due caet of the center of Tezoyuca, 

 *»t of Ka» 86 of the new H^xlco-Acapulco hl^hvay (eastern 

of tvo)(»nee* 1» qfuad. E-6 and E-7)^ Kdar the b««e of



the Cixautl-n. formation; of Turonien

denso Cftlcilutite vith rlllcified individuals of

 p*> Ra.dlp.li toe p&rfop?,ta Iftlnor, and iigdi elites sp* 3ie 

eolutipn of the specimen in hydrochloric acid liberated a 

with tho small, flat, opsrculua-lilte ri^ht valve

attached* Tbidiolites Vas examined by 0, A* de Cseiv

South end of large qufirry on the esst ei<5o of Corro 

Xiutop^c, 2000 a« south of the center of Xiutepsc 

(sheot l t Qtmd* j>-6}« Bafeal part of the :&x<&la 

tionj of early Coniaciiui 

calcarenite frosa about 10 m* above the bae© of the Kexcala 

formation, contains abundant fieh ecalee end epgrliaena of 

Pithonella ov?\lie{y) and

. u;ear tho baeo of the ran&« 1300 n# duo vest of Km* 

43 of tho rtlpuyoca-Y^utepee highway (eheot l t quad» £-7)« 

Veil do^m in tho ;!orcloo forra^-tionj of probable middle Al­ 

bion <*£0» ::ediun^gr?iy t sacch.iroidal t recj^etallisol and 

<Soloniticed liseetono^ vith calcito cryst^lc up to 2 na. 

across, ."ono cAlclto has R poikllitic toxtux*o» Ho trace 

of fauna remains # Rock; contains a few crsall grains of 

chert, 

F-31-54 luxd F^33-54» Hilleide 850 n, duo ea*t of fd. 51*

550 a, S^ 72° £* of Id* 50, respectively, of the Alpuyoca*

Xaut©pcc hishvay (sheet 1, Q^iad* £~6)» Basal bsda of the 

Cuautla formRtloni of Turanian »e** line-grained
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orate and co^ree-^r^lncd c&lcnrenite beds laa&ing up th© 

lovercsost 5 to 10 ^* of tlie Cunutla formation, composed 

doaln&ntly of subaneulor to irell rounded linectonc? grains 

ranging £roa light creo-u to black, vith a ninor content 

of clastic doloaite ami chert grnins {pl» 13- C and -D). 

ThQ overall color of tho b«d6 40 yellowish* Somo grains 

are abraded mlliolidn eroded frosa tho lloreloa forssation, 

cose larger gralna enclose tiiHolida* 

forasiinlfera ere 5;u3Ji<queloculinfij sp. t 

hainl £onot$ 01 cycling echluniber^eri i

ssstrix IB clear calelto in cryctnls up to 1

across*

Arroyo bottom 450 a« due vest of £a* ^9 of the Al- 

^.utcjwc hi^h'rfay (»heet 1 9 qufid» K*7)« l^tv 

CUchlnautain basalt ^©rlen} of middle Plolatoceno 

rorphyritic olivlno bncalt with ^ronulitic matrix (pi. 2£- 

A). Olivino phcnccryBts are up to 1 nm* acroee, aro partly 

altered to i-idinssite. Rock alp-o contains oil vino ndcro-

ph^nocryste. Foldepar nlcrolites aro about Aj}_. § are up to 

0,6 «n4 long* IJatrix contains abundant unaltered sugita 

and about 2 per cont glass*

3S~54« Valley 3oOO n:* duo e&et of Ka» 41*5 of the 'Ipuyo- 

c&-»j£autepec hlghvmy (rheot 1, quad* 5^-7 and £^~8)» Upper 

P&rt of the rale&a ola & tic ^roupj of probnbl© early Cli^o- 

ceno age* rin^ cryotal-lithic rhyolito tuff with minor de- 

nitrified elaas in the eroundrsssc. -,UArt$: crystals are up
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to 2,5 tncj» long, issske up sono 1O per cent of th$s rocfc.

Eiotlte crystals are up to 1 asa. Ions &M sr\ke up 0ors$ 5 

por cent of tho rock* Feldspars are nainly oli^oclase,

tdth lees eaaidinc, and fors about 10 per cent of the to-/
tal rock* Tridynito occurs in tho sroun£aasis* I'lrcoa ie 

pr«fs©nt as ?an accessory olnoral* Thi» tuff IE 

with the t^?p«r part of tha Snleao elastic s^owp and 

prol^t)ly deposited from the air tut ms re^vor^ed by v&<- 

ter lator,

top of Ccrro Assarillof 400O &» dua enBt of Teou^- 

arid Ka. 39 of the Alpv^yece-taut^p^c hishway (eheet 1,

and tu»8), 'i.011 up in the Bala&s clastic **» r

of probable early Olisocen© RG»* Heddich, v^ry 

rented, lineetono cor^lonerato with calcite natrix In crye 

tale up to 1 inn, acroes (pi. 15-C *in<l -D). Fr^e^°nte aro 

an^ulcr to rounded snd derived, nainly frcn tho T :orelos and 

Cu&utla forantloric, but include rare Voxcsla cobblos. The 

gillscoouB co:.;ponent nay be derived partly from 

rexcaln fornation, r'ree^nente ran^o in Bisc up

to 20 en. or nore § and tiic rock ic c®^*^.lly voll becMe.1
) 

but be3is aro poorly sorted.

Highest point oa hi£hvray botvccn ?ln.lticap£n and 

approximately 11 Id* duo e^st of KSJ. 33 of the 

utcpee his^vray, eant of tho Unit of the geolo­ 

gy fchovn on tho cap but included in the ctaiy (sheet 1, 

<5uad. £--C))» I'rpcr part of tho Loreloc formation; of prob-



abl© la to Albion or enrly Ccnorsanlaa ft£e» I.rovnlch/-3r*iy f 

nottle3, lrro£Ul*rly 3olc"JLti£od and recrystalllsetl cal- 

carenlte typical of lntorb<*ds in the rereloe formation in 

tsftny partfi of tho eroa mapped j IntsrbedSod with 

ifcr&l Hse&tono and bioetromee contniniug

(pi*

lDo©p arroyo 700 «  H* 45° if« of 5G3» 33 of the Al- 

autepec highway (sheet 1^ cjuad t K-7)* v/ell 

in tli» lloroloe fojriationj of probable sild^lo Albion 

Well breccia ta<l t e^&yic2>»brovn cloloJ2ito vlth frsssente up 

to 3 csu across, co^ente^i by vhito to red-etainsd cf»lcit<5 

(pl'» 13-B}« ao roclt ie eo sja&alve that bedding 1© al&oet 

Indictinguichftble in outcrops *»& lii^h «.s 30 nu rimllarly 

brecciatod arid re~cdr.entcd fine*^ralns?l dolomite occurs in 

t!iinner beds in reiny partc of the £or«loa for-.;ation» pro- 

ducln£; a "prr/e^ent li siurfftce in weathered outcrop* 

A£_5A, ^u^arry 500 rt. eouthvcet of X*s» 33 of the \lpuycca- 

Y«?+utGpec hi^nftiy (rhect l t qtnd* v^7)» I^vr. fron 

ferenti^tcd volcanic pcrie^i of rslddlo Tertiary r^ 

roddichi-broim porphjritic d«cite(?) vith pilotcxltic natrix 

(pl» 21- )* Contains cp-'rce qunrtc nnci r.adcislno phcno- 

cryetc up to ![> r^i* lon?3 f poceibly sc xcnocrystP* 

Gicrolitcc nro up to 1,2 rra* Ions nnS r.ro about * 

ic ccnstltuonto hnve bc^n. altered largely to nontrcuito(7)» 

Iron or®c saake up eomc'3 per c^nt of the rock*

orua? 2OO a* norUi of locality or F-42-
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(sheet !j qtztid* lr*7)« Lavs, frcra fndiffcrentl*ited volcanic

series| of riddle Tertiary a-^e. This rock ovcrlioe eroded 

reddish clastic bc-le of tho £&lca& clastic group; it Is 

eisilar to specimen P-42-54 {pi* £1**C). 

.A5~54« Smll quarry -000 n, 8. 28° S* of the center of 

Tlalti^poh, 25O &. east of tho road (sheet 2 f quad* jyf 

2r7>* Upper part of thd Cuomavaca fortsationi of

lato riloc^no a^o* Jionoy-colored, calcareous 

from lenticular interbed In U«r Cuernavaca formation (p!« 

up of Irregularly roundod pellets of pixro

up to 10 csu across t in a lighter-colored 

matrix of finer-crslri&d ^yp«um inpresnatod ^dth calclto 

dust, ^hlch isfi^ee up perhaps 15 ps** cent of the rock* The 

gTpeun cryetals rftn^o fron about 0#01 to 0*5 rsu, arul 

calcite duct la even finer in ^r?iln else*

Arrcjo nennder eenr 150 n. nort!i of T

sy, 3-600 ^, rluc east of &a % :5A,3 of tbo *1*- 

hi^hwiy (c-hoet l t qua^l* F-7), lover part 

of the Dalsno elastic tc?rout>; of probable er.rly Cli^ocono 

^e. Ll£jit-Gr"-y* i?ell ccr.entcl, flnc-Gr?.in®-l s^iyolitle 

tuff interbed in reddissh silt and clay bedc of tiie i>.leas 

elastic (;roup» Tuff bed in only 10 ca. thlclr and .must 

been deposited by raxter* Cryst-?,la are "biotltc r 

6anldlne t and quarts, up to 0«3 r^J* across, cr.Scin^ up core 

er lece 15 per cent of tho roc't* All gl-iss i« 

Hock IcokQ rouch like specimen F-35-54.
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Scoria block Iro^i th© south end of Corro T 

at the position of letter F1 of section lino F~F* » erupted 

frcn £1 Chlqulhulte volcano locate^ r.bout 1000 ru due e&ct 

of that point, beyond the ©&et edge of the mp (eheet 2, 

quid* £-3), Basalt referred to too Chichinauteln, basalt

of Eocont age. Forpl^yritlc f hypocrystalllno, ol-

glto baaalt Kith pilotaxitic to intersertal natpix 

(pi* S2-*l>)* Olivino and a^lte i^ienocryiste are up to 1.2 

ssa. Ions &«^ oalso up about 1O por cent of the roc3£* Feld­ 

spar isicrolitee rang® s^^rally betwocm 0*02 and 0»12 

in lengtht eire about AttgR* «md occur vith abundant 

p*sdn^t Iron ores m&e up about 2 per cent of the rock* 

All tha nlneraic are fre«h and unaltered* 

5JW54* r^outh end of Cerro Tenllpa, nbout 600 ia» due ^eet 

of the east end of section lino ?~ial (eheet 2, quad* ?-8)» 

upp«;r pert of t&0 roreloe fomntionj of probable late \1* 

blrin ace, HediuK-aray to liEht-crcassor-gray, highly dole** 

rdtlte-1 ce.lcaronit©, from vithin 50 a* of the top of the 

Voroloc formation (pl« 10- J)* Ixjlonlte cr^stalo pervnde 

tho rock irregularly! calcito matrix Iwxo "been recrjstalllsci*

Upland on low ri<5s^ 5SOG a* S» 47° F-«. of tho center

of Xlaqulltenj^nso, betveen 600 ^ncl 800 &. due o^.ot of the 

along the west base of the ric%e (sKoet 2, quad» 0^7). 

tt^o-thirdtt of tho Cu^utla forroation; of Turonisix 050, 

Chips froa six bodo between tha lover ' contact of the Cuaut~ 

In forsation and about 60 n* below the upper contact} theeo
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vcrc judged la tho ftcl-l to rnn^e fron the least &olo."iit- 

l£04 to tho £O3t lolo^itlre'l bcrc3b In the section. Tests 

by £. Sctaittor £nva tho following ^orcentigeo of tiolooito 

In tlio chips; 0*0f 0»9» l*2t 1*7* 49»Q» and 67*7 per c«nt 

dolomite, Insoliible reelduo teats or theme oesuaploe 

reepeetiv^lji 4»3» 0*9t 0.6, 7»8f 3»^> nnd X*5 P^r 

insoluble*

65-»54. Between tl» road cut at th0 bauo of the hill T100 

!&t £» 36° E,» of tho center of Tlfuiulltsmngo* and the srest 

of the hill 900 H* northeast of that point (shoet 2 t 

£«*? and H~?)* Upper part of th0 :.orclc0 for^ettioni of 

probable late Albion an& early Cenoeanlan a^®* chips 

nine be&s bct^o^n the upper contact of the ^oreioa foartaa- 

tion end possibly coma 330 a. etraticxnphieally bolow the 

contact| thee« v^-ro Judce<l In the field to rnzagtt from the 

l&att tlolotaltlr-od to tho noet doloniticed bedc In tho 

quenco cacpOB«sd» Tectss by £« rchnitter £n,vo te© folloi 

percentages of clolon*lte In tho chips; D*3» K.5» 40«C, 

50,6, 53*3i 75*S» ?3.r> t 81.6, and -33.3 por cent 

Insoluble reel^uc cor^tont of thc-eo s&nploc gis.v« t 

Uvelyi r*5* 3*1, 4.0, 2*5, 0*3, 2*2* 0,9» 3«7> «xn4 2*3 

p«r cent Insoluble*

illciao 1700 st« ?. 74° :>:* of Atllhuny&t* 

. 53 of tho Alpuyecn-*X&ut£peo Iil^way (sheet lt

)« Vpper pert of thft-Ci&utl forraitlcn; of l^ 

*£uronian ec«^ lAeht*. to KOflluci-eray, donso calcllutito
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a repeated aired ruvJl alternating blostronce of ^tgy

JLtcg gcfioctuc v*ir» ^cylcgjius i.r rcorv t ^AdjLol^ltor^ ep t t .gx

a cp«, and corrtls Identified

J* fc'» Hells at? belonging to the species 

trr\oa  c^aj^ifprajl^ (^mcan).

* rillleldo 1000 n^ s, 76° g, of tho center of

Vie Jo (choot 2, $rad« j[-*l>» Lo^er part of t!i9 ^xco Vjlojo 

volcanic cerleei of prolja'blo Lnto Trlaecic ago*

h and purplish^ veakly iaot&!aorpho^e<3l an^eltic tuff 

breccia fros vithin 50 n% of the u&derlyins t^ixco

ftngpontc rar^o from a few tenths of a 

to rtora thmi 3 ca# f conEl^t of a<9voral varieties of 

itlc ^ndoGito \d.th aaphlt?oie and/or pyroxen® {pl« 3*/ and 

~B), CCKSO have a chloritlsed cmtrls: of do vitrified ^lasoj 

others nro thcneolves taadc up of clastic volcanic rock. 

Chlorito ^nd minor psaninito pcrvaCe tte roclc and v/cro do- 

volonod largely ns ft result of dycnnlc nota^iorphisa* Opaquo 

iron, orcft forns about 5 per c^?nt of the roc!:. Feldspars are 

xmidcutlfir.blc^ Calcito foms tiio coaentinc; natrix and vas 

rccrystallised clusdnc ^^tanorphien; its rrcat ?.bondanco

thr.t tho roc!: csrt7 bo of narino pyrooljaotic origin*

A» rJLOsc top about ^500 u. U. 60° W. of 

(ehoet 2 t quad* £-4 and £>4). Upper part of the r 

torisatlong of prob?.blo la to MbiAU £%&* J<oarly black 

charoidal dolosiiticed lisostone vith velnlots of i&ito 

cite anrl ctolccdony (pl^ lo-C} 4 Koclc concietis of a specie
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of dolo.r-lto pjid c?,lcite cryst^lc frcs 0.2 to 1 OT. acroco. 

l.jlsck color Is prolx.blj C.ue to tdtur.lncus or cr.rbon&ccouc 

natter dieeerjimtcd through, the roc'i,

-&>* £ cut at ftju 160.3 r.t the e&et eSeo of Rixco 

, c.ua£. AT!)* f'ear top contact c£ the ^xxco cclilet 

$ of probable late Valeosolc ?.^e» l.edlica*-erayt crcn- 

C, F.orloito schist, voll folia tod» sasdo up of grains 

quarts and fel£&p&r ?md dcn&e f lne^err*lnod frs^jente

o£ i^cro^cryetAlllno quarts- foldnpar-earicl to as- 

(pi* B-Cjj Ia2?g0r3t fragnonts arc al^out 3 1321, a- 

crosB. Ccc»o <^u^rts sxttlnj& aro «ne trained, enlnjed Isneoue 

cr7st^J.s* aock lacke forro^iacrioelan *3ln j*als f chlorlte, 

and carbonaceous setter. It appeare to rcproseut a 

lenlly ;r,otar:orphO6 d f cr7Gt2il-12.t?alc ri^rollte tuff,

ile P300 n» :?. 10° /. of tho center of

(sheet 2, our..-*. £-£)  l"jfts-5l te'in or the Guamtln 

of ruroRl-^n '\;:o. Li^'at-^irvy to yollo\flehf .nlcro 

r»to or c^lccircnlto Troni vithln 3 n. of the fesc of t!io 

formation (rl» 14-. nnJ. -i:)» Constituent ^r^ 

ncular to FUbrounded «n3. ran^o fro^i a fen/ tenths 

of a ailllnotor to 1«^> rtsi»j thc^ consist of cryptocryBtnl- 

line dole-site or dolonitiz&l linos ton© of lisht to darlt 

color t not in a natrix of calcito crystftlo up to 0,5 n:3* a- 

7-oao c^silne contain nlcro fossil?, f
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, £p* t ffur^nolocullna

> and other foranlnifera up to 0»4 rsu In diameter; 

ovnljLs( ? ) nay also bo present, Fossils are

poorly preserved, and eono recrystalllsatlon of tha Solo- 

si to arKl eslclte has occurro^, causing m<S£ed ed£C6 to fora 

around nanj grains* r.ost of the? dolonilt0» hot^vert eon- 

eletc of clastic graina eroded frosi tho ::or«loa formation* 

£55-10* £oa$ cut ^t Kn» 165 of t 

(chcot s, qu%d« H-l}» Loi^r p??.rt of 

tlonj of oar 17 Conlnclan g^o, Dar^-sreyn calcareous , 

l>onaceous, ell^htlj foliated elltstoti^ intortsed In a 

slltston«-»sandstono eoqucnco (p! 4 lS-^)« Sloelt

of ^.mlne of

up about ^0 per coat of tho roctr, partly fie clotrltal 

stone and pnrtly ec coiaontinc natrix, Cr:,rbon*»coous na 

appears to bo ^mphltc. ^cry low gmdo clytui^ic m 

phlsn hac canned dcvolcpcont of n littlo ctxloritc- and 

Icitc, as veil as re crystallisation of the cnlclto 

-o fee? ell rcr:c.lnc tfere rotc^»

5-ll« Lo^' ridge 900 sa, duo veet of the hlsii^^y junction 

at tho couthcsict end of\ Toqu^quitcago|jjfcl:o} (rlieot 2, quad. 

£-5). Cppor part of ttio ::oreloc for.i«itlon| of probable

tlto replete ^ite nlllollds, fron leuc than 50 n. bolow the 

v top of tho ::orolos formation, Study of thin actions fcy
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tho pregc-nco of aUinclant Individuals 

of the jienora t j uing ue 1 ,oca ill .re* , ^rllpculimj ii^clTjLmj raid 

» and less connnonly J It up la ( V ) sp., ^nr :obr<, ciili Ites

r: othor

Upland 1350 ja* IJ« 70° $  of Kn* 95 of tho Cuertiava-

snc federal hl^hwxy (voetern ono of tvo) (sh^ot l f

}* 1'op^oet txsds of the l^oa^lou formation ̂  of 

probable early Ccnowaaian age# Llsht*£ray d^nse calcllu* 

tlto wtUi diliolldo and l?irs«r fosell fra^r^eate, 

within ID ia« of tho top of th0 1'iorelos formation* 

cifled cponeo ms identified by J* W.

p« cf^ I> y^oeisiiiaa Duniko^e^y* Fomniniferal content 

studied by 2:# R» Applin, who renortod tho following

dominant

.lllr^L» and lee« cbundpjat . .  1 c jc lirtp. ,

, as veil ?.R cections of ofitjr*. codes. 

. Upland It/OO n. iU S^° »-. of Kn. 95 of tlio C 

c*i~ \rjacuzac fodcml highway (weetcm ono of t>ro) (sheet I, 

quad. ^-*6), IJaeal bowls Oi" tUo Cu?utla fornationj of prob- 

ablo '^aroui.an a^c* xollovfleii to lis;it-c:my ealcarcnite 

frc?a \fithln a few no torn of tho "b^.re of tho Ciuvutla foj^na-* 

tlon, fcr^ina part of A thin. e^ruuonce of clastic, dotrital 

liaoctono b^clo bo low tac normal donse lir^atone of tho 

Cxi&utl-x fornsntdon* The rods contains al£al ctructixrcs
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identified by R* nesak as follows: Digxpcla^elia ep», A~

', cp. f t_jeortjpri9 cf* jg» £££J*2££Sf ro^iclna and/or

* A search for ni*

by ::U C^ Dou£la8s chott&d tha nbconco of nilio- 

but tho pro0<mco of t!\o forardnifors.1

Kear tte baso of th^ hill 11CK> n* 3* 25° tf« of 

center of Cuatichicliinola (sheet 2, gtis4* 0*4). Upper 

of the norelos forrmtionj of probable Xato ^Ibian RSCT*

partly Solonitised calcilutito Kith 

of ra4i©tlds t includiJig jjjsucagja 

lit n^nrly confine^ to

tid cholle, in contreet to a sora caosoa SoXositi^ation of 

ths satrix ettl silicification of the cliell mttcr elce* 

in tlio region (pl» 10-G)*

1'^e^ o£ the l&2*ge eink ^330 22, S*.43° E* Of the cen­ 

ter of Tilsapotla (nlnKst £, quaa. J.-5 an^ B-5J- ^$11 «j> 

in tho tils- potlft forrr'stion; of probable la to CligooeRo or 

e&rly :-iocc-ne ccc* ?»oddlrJ>*broimf fairly coarse grained t 

l irJtxiratedj cxtrcsoly nnccivo volcanic tuff-breccia, do* 

in thin coctlon by L*. Cc^rdttor to bo corapoced of 

of porpliyritlc rhyolito in a tuffscoous rhyolitic

Hillside 1700 su C. 50° « « of the roa3 end at Xieot-

(sheet 2 t quad. jj~6)* v.ell up in the rtoxcala for-* 

)Eatioiij of probable Conlnelen 050. Lieht-»oliv©-eroen eub- 

coopoood of trains ^Gnerally ssnllor than 0.3 rsa»
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across , angular to subroixnde.l » consisting of quarts, f©l<l- 

f chert, lir.oetone t chloritlswl 121 flc minerals, and 

iron ores* Hitrix ceaent Is largely calcito (p3.»

* Seal! hill at the sast edge of tho totm o? A

£ t quAd* Q-4)» lftv«, fron the basal part of the Sue- 

volcanic eerl^e; of probnblo middle Tertiary 

aphanitic lavsi with rarQ cindeoino an4 qtiart 

f xtp to 2 sm. loi^e {pi* 21-£j f from less than 50 EU 

ftlx>vo tho underlying Tils?.potla rhyolitc?

Day be sonocryetaf as the plasloclase soeue to 

csdclc border than Its center. Feldspar sdcrolitca 

sSxsut :r^t0 and ctro cruch ftltorod to olsy«» ifafic min­ 

erals in tho fpwun&sa&fi i^ere probably hornblond© but 

now Glterod to chlorite, opaque iron ores, and cltiyu, 

Qlnfed in the eatrix h^c a rofractlv^ index of nbout l 

indicating & probable latitlc composition. . 

etudied by both E* "ctedttor and the vrltcr, 

^55-20* Hi^^y OTcrr^?,ct3 Juct ^?ect of the total of ' 

at the Junction of the t^-5:co and l^uala hishv-yo (cheat 2 

quad, £-4), Dike cutting the Tilsapotla rhyolit© ccrleo; 

.1; of alddlo to late tertiary ^G<>* Di>.rk*e3^y* porphyrltlc,

basaltic dike rock v*ith pilot&xitlc 

(pl* 21*-D), ihonocr^cte aro anphibolo, up to 1 O£U

altered to Iron orce «md claye(?)» Feldtspar niero- 

are labradorlto* Iron ores forr, about 5 per cent of
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rock, nnG-grnlned zKitriz eecns to bo devi trifled 

glace j contains tiny i;rr.lns of au£ite{?}; chlorlto la 

rare* Ssssple vas studied by both £, r-clinltto-r &nd the 

writer*

Road cut at KS* 125 .8 of tho As»cusao«O&xco fcis 

(sheet 2, <£URd« G~4)« lava Intcrrbcddod with tho Saleas

group; of profca&to early Ollsocene ^6©» i^Alias- 

p<?z**>byrltlc f holocryst^llino Iddlngelt^K?} basalt 

ophitio asateix, interboddM wltJa reddish lin&etone

(pi, 20*i))* Clivine ptenocrjete aro altered 

to red&ic&'-brovn iddlneiisltot?), are up to 1 o^s* across *

lites ar« up to 0*2 cin» In l«o^stht &r« ^bout 

, cmd arc inlxk&ed In an Rugltis smtrix* :^4lc ciinor- 

cu^o partly altered to diutoilt^^ vlilch eleo invadee 

and f tllr jftracturee In tS^ rock* Cpaqiso Iron

oroe fom about 3 ncr cent of the rock* Studied by both*

I-* fetal tter* &T3d tho vrltcr*

r.tAte lino 2600 a. ;:. 53° \:* of ::si. 123 of the Am-

toll rend (shoot 2 t quad. ]>3)* I^va flow In 

the lo\/or port of t!:o Dalcae clastic e^oupj of probcvblo 

late Hocone or early Cll-~oceac R<;O» Very daric c^^« 

phyrltlc, bolocryctalliiio easlto Uic^lt vlth

is (pi. 20-7). rhenocryeta nro auglte clustore up to | 

» across; hornbloivlo ;<enocryets(?) up to 0,7

have reaction ri2ia of ticj au&lto gr&ina* iToldepor micro- 

llt«» aro O*2 to 0»5 aa* loxiet cooopltt of
 >,
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Chlorlte pervades th& rocit* tudle-1 by £* r/chnittor wnd 

the irrltor*

2350 ja f uuo eouth of the east ed&o of 

n, measured frsn En* X££.5 of too ftrgicusnc-taacco 

highway (flteot gf quad* G-4)* Lava intertMaod sdth the 

uppor part of ths 3alfiad clastic groupi of probable

Hettrljr blae&j porpfc^rltlc,

basalt idth pilotaxltlo matrix (pi* 

aako up about 10 per cent of the 

consist ao^iBantl^ of ollvino that h&a boen altered to id- 

nnd then to eorpentlaof rjad less sbtmdantly of 

msd b^tovnlto* Sha^ i'aneo In filzjo from 0*3 

to S*0 sja«t fc**fc o^ly the feldspar le over 1 rsiru long. 

Fol^spar rilcroXltea conulBt of labr^oritC| aro 0*1 to 0*5 

iru lonot ^^* occur vlth au^lta ^ralna* Cblorlts i» cots»* 

non through the natrix -raid in tinctures. Studied by S.

and tl'to vritor,

illlltop 2100 a, due soutli of :^a» 133 of tho .Acacu- 

h^ay (glicot 2> quad. £-3/« Cnall introaive

cutting t^ic ;'osc*-la fosravtlon; of probable rdddlo Tor**

tlary aco» r 51a^-E3reiylsh-eroea, porphyritic, holocrys- 

tatllins diabaso vlth pllot^xltlc r.atrlz (pi. S-O-A), Hie- 

noor^Gte r,r«? 0*3 to 1 m* long, vero originally augjlte but 

are no\f a jaixturo of opaque iron 02*00 and chlorlte. ?old- 

nlcrolltos avere^e v about 0«1 rrs. In lerir^th^ RTO near 

occur vith abunlnnt £r?iliic of frof^h au^ite and



prices of liornblcnde(7). -\patito is co^::*oa as 

sory sine ml, C^equo Iron rren forss tor.c 3 ?cr cent 

of the roo>, Chlorlto porvc/Jce tla<? ssatrix cni rills frac­ 

ture a in the rock. 0-tudied by 5.. ScSialtter arui too v/ritcr*

Hitfee top ebout 2500 a. due ^est of tho center of 

Cuautlita, t-eyond tho limit of thfi gMlog? sJio«a on tho 

map (ebQ^t ^» qxi&d« &»A)« Well down ia the Koralos 

tlonj of proteblo niddlo ^Iblon -^c^» Dark-cray t

calcarcnlt©t contains siliciliod aud dolonit- 

of rudietid ehollfi ft

), Botli ©ilictsi and m^^nosia roplnced 

caleitio ehell natter a»A the calcilutit© fill in corse 

of the ehello, ia preference to tho calcitie 

of the rock*

Head cut 1000 a* due vect of the center of ivn 

(cheet l t qxmcl* rj-G). Lara intcrbcdSed vitli 

tic fccd£ of vho L*»,lrse clastic c*roup t or poocibly l 

part of tho overlying Ua'llfforentiated volcanic series; of 

prcbablo niddlc Tortlary ac#* .^rk-reddlsh-

holccryctalline basalt vith pllotaxitlc 

rhcnocr^stE forn Icse Uvm 1 por cent of tlie 

roc!;* consist of clivino filtered largely to opaque iron 

ores but preceded by iddirtggito(?} 9 tiro fToti 0.3 to 0,3 

long* r&re qxtirta c^^-^c ar<? probably xenocryete* Fold- 

rsicrolitoe oro lAbreuSorite^ froa 0*2 to 0,V na. 

contains aueite erains and poeeibly also ecrao
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ercthene* Chlorlte has Invaded tho rock In airier ^uruatl- 

ty» Studied by E« Sehaittor &r»-I the trrlter*

» Flmfe ot arroyo 1700 a. due north of Kn» 122,8 of 

Ar&cucac~'£i3co highway (sheet £ t <juad, v>-*4)* £s»ll 

intruslvo r^.eo out tins the lialeas clastic ga*oapj o-f prob- 

nlddlo Tertlax^- ago*

* holocryatallin© dt&baso*

vore apparently augito l^ut ai^o jsow altered to Iron 

eros and chlorlte (pl» 2O-B)* mtrlx feldspar mlcrolitx^ 

are labraidorite ?md occur tilth fro&h auglt^ ^r^lns. Hoc*: 

Is wll chlorltliiodt euch like opecl&e& F5S^£^t

top 1TOO B« S* 17° K* of tho eexxter of S«in 

/n£rois de la Cal t on th$ north fl^utk of Cerro E&rrtga && 

Plata (eiicist l t qxmd* C-7)» ^op of the nGreloe fortsatlon; 

of prolaablo cnrly Cenoeaanlan ac<^* HeJit-srciy, very fln0 

Brained, foi^:alnlfon%l calcfironito tron vlthln 10 13. of 

the top of the ?&relos Xors^tlon (pi* 11-8)* Hod: contains 

several co»®3ra of sdllolldB and other foraninlfora jsnd ic 

chamctorised by abundant individuals of j-

h£lni* It Ic not dolositlced. Conpero t-dth cpeclracn

(pi. 12-A),

*6t flrjik of Cdrro Carrlga do n&ta v 3600 ^» 

A0° 2;^ of to, 16 of tho Cuernav&ca^Cu&utla hlc^^ 

It qu&d* £-7)t TJpp©r part of tho ^joreloe for*satlon| 

probable early Conocvr-niwa age, Lleht-sr5yt partly

fornnlniforal caleironlto ffon probably loec tlian
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50 n* below tho top of tlio .orolos f oration (pl» 10-A)* 

nocii contains milioll^s nu£ polio tr. conzpcscd of arypto~ 

crystalline ealcito, in a saatrix of slrsilnr composition, 

but it is na-fc? largely replaced by clolonite* this epecir*t*n 

contracts tfith specimen 255-15 (pi* 10*-B) ia which tho foe 

cile f fand not tho aatrix* aro roplncod by dolomite* 

F55-40* ^aarry 1^00 n,, ®* ?B0 s, of th0 cottter of Cmcelco

in tho Bale&

tic 6^otip| at probatae late Eoceno or early GUgocon* 

Ii4»:0y- colored cypeusi ^ith ^hlt© to translucent c&crt 

ttle {pl» 1B-F), '230 G7P&U3 occurs in a mosaic of feath­ 

ery tvirmoa crystals or fibrous agsros^toB, gen«rslly lecis 

thrsn 0»1 en* lojio* ^i*> eilica occurs in tizsy slobul&r 

recces 0,1 to 0.3 sn* ^cro0^f coapoood Inrjely of opal 

^nrtly cryctAllico^i to chalcedony « 7!n> chert nodulo 

por.rc to be donee and nearly piro in h<md rpc»cinon f "but 

Ccr t^io ir.icrcEcop«5 it ie ccen to br,To a very fin© g 

t-ypcuz jr*?.trlx» 2*0 trr.co of fonells vas noted, 

5-A2» lUdeo top 2730 n. ';» 70° V. or Jiocpltal, or top of

ceco^-i ric^.c reet or CiL?.utlA (shoot l t quad* F^9 nn4 1-3 )» 

Upper i>*irt of tho tuautla forroation; &t la to aironi^.n ci^c.

y-^rtiy c&lcllutlte vith eiliciflod corale and 

CP«» intcrbediefi with Iryorc containing

.'xr chert nckluloo. 2h« corj?,le

idontilied b^ J* v.v i.olla as toloncinf? to

crp.
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~43* .\ to ::, u^rrj 1100 r.» K. 23° ~* of the center of 

Cacalco (shoot 1, Qu?,d. 0-3). 2ssil part of tho Topost- 

l&i formations of provable Into Oli^oceno or early J!io- 

cojjo ege. Series of 13 samples fror. l^rgo blocks of l*iva 

in tho lovfos* part of tho *epostl£n formation, roproscnting 

different typos of t^vtorial that safec up tho fornatioa 

» 19- A to -S}« Bods sr^ an^sive and const! tuenta aro 

poorly «0rt*6 v ransing frca su^nsular to ^fell rouodod wnd 

jnrticles of clay siso to bould^j^ &e siuch as 50 cr*» 

colors ranee frosa li^ht to dark Gray to greenish 

reddish* Study of thin sections of theeo gpecicienft by 

3ehnitter l f5 to tho following clnceificatiotif in order 

A to "s A f hypers th©n0 andeBito; B, hornblcnd©

itoj r. f Jaomblonio ended t@; Pf 

itc-| ur f hornblende endofjitc; *J #

Itoj I, hornbletv:tc-pyro2cne r?n^O5ito; J» hypcrsthene ( V 

K f hyp^rst^cne^laornblondo mniiceito j L, 

omblende .ondctsitc; and n, hypercthcne 

All these roc£o contain tindosino nlcrolltce, r.ro 

tic In vnryinc* ac£reo f and 2mve ftne-»2r ined to ap&snitic 

erovjndsfteecc. !!eirSred differences in varieties and propor­ 

tions of phenocr^ctCf tcxtxireci^ degreo and kind of altera­ 

tion* color, r*nd crain ciso sxiscact that tho lavac v*cr« e- 

rupte4 fro^r eoveral co:itons t althou^sh. sone of tooa nay have 

froca tho cone eruptive con tor f thoro
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g the cnno one t*ay 02* the* other, nicy certainly 

show *n over-ill gonotic rolationcM.ru

top 6100 n* duo vest of Can&g&no (ohoet 1,

*3)* Upper psrt of tho Cuautla formation; 

of lato Turanian &£«. UcJht-^my calcllutlto la alternat­ 

ing a&d tsixed blostromos containing sp©<sie0 of

well as irregular

10ne.ee » of tho foseilss arc slliei- 

occurs nor« eparln&ly

eh/art nodulea 

fic4 to a

in nearby tx^^c and is not slllclfl^l* ^peclzsen

of allloifled eactropod?, ^hich aro reported l>y H, F, Tohl

as belonging to ffl'pclmctgieoa ep« « eone^h*?,t ffiaiXnr to ?«

id.th snore pcronounced

Olu Quarry at the teeo of the second range? v/cst of 

&* 3* 80° ?^* of tho center of Cimutla (0he«t 

l f quact. E*9 and JW5)« X-Cv In the : oscala forrationj of 

early Coniacinn r.ro^ Ijuf f-vofetljorlnr: , sray ehr.lc intorbodc 

in a eiltstonc»-chfil0-r?ui^3tofie ewuenco fro^s within 10 or 

15 ru of tho contact vlth the un^erlytoj Cuautla formation, 

nr^xtr>io v?ifi waehcd end exnr.incKl by A. R* looblich, Jr. , who 

reportod ti^a prceonco of G 

tlio of :lnceree f ^uerrero, about 1OO kn« 

C^lrllno) due voet of tho couthemniost tip of tho 

ssap in plato 1, or aljout 30 Tra. eouthoaet of locality 5 

the rsap in plr.to 3-A| inclx^lcd hero bocAuee of tho pertin­ 

ent. information it providec. Plncor<5« eranitef of
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Ccncatinlan ago, * r:?.ai one trie n^e do termination or a sir- 

con concentre to ty the les'-alphr*. r.otltcx! zmdc ty *'* 'i: * 

Jaffe end colic soiree >;:nvo °u a;*.c of 97 million yc."i*s«

col3.0cte»£ r.n4 concentrated by £« &® Cscrm and

3. Uilleido A800 n. S* 53° 1?. of the center of Cuautla, 

tho east fl?U32r of the first rewg« wet of Cuftutla {ehnet 

quad* lf»9}« Tojss-jost be\iB of tho r=orolos fomationj of

Conoaruilen age. li«ib,t*£r^y forardni feral 

ite IVo:^ t/ithin ^ a» of tho top of tho Horeloo

of tho ispoclnsn in thin ceotlon fcy £» H# 

tho preoence of at>vmdant individx^ilc of ri^^

cf * «

cf  

t ^nd e^htlm^Dlfjj.^ cp« , vith rare sections of

Xlna ani

"ond cut 1100 n. nortlisnct of tho point isrticro the 

lnte-rr.ee ts tlio vcf^t end of ruction lino .*-*\* (ahoct l t 

d, £-5)* X©po'^tlr!n forr^.tioni of probable Irite 

cenc or ocrlv , locono age. L ir0 "blocks of Ta 

porpl^ritic, voslculnr lava in coarce^crAizioa cine tic i 

Of til© Teposrtlrm foraatlon* Xvo bloc&& ^oro exciiainod 

section by £* !:chrJLttorf viio iaentlfiea tho rock

*B5-*t:9* t^oed cut at : ;ja* 13 of tho highvgxy to /

z t Qtwid^ J>5)» Lav«. flow in the Oilchinautsln



nit seriesj of la to llelstocenft agfc, Sark-srny porphyrl- 

tic Isgrpe-rsthicne b?»e*lt vdth occasional xsnocrysts of pln£lo~ 

.nd quarts, both vlth reaction rlns or pyroxene, ^x- 

la thin section by i;. Schrdtter*

&QO& cut at £4a<i 13*9 (Stat© lino) of tho M.rh^isiy to

t qu^d* B-5). Ijava flow in tho £ 

of probable lato

by E* 

Cutorop at Ksf 60*9 of th« cusraavaca- 'n^cwsac feder­

(v^tstiern one of t^o) (sh^ot l f quad* ^-6)* 

referred to tho Tlls&potla rhyoHto eerleej of probable

la to Cll^oc©no or ^irty l-floc«no ^30 » Reddish 

Kith rs.a npb^initlo raitrlx* Hock contains

oel^&o f hornblonde* 

according to nn exanlnntlon by E» scteittort ^ho classlflei 

It r-s n rhyo-^nolto.

*-<>2» I^oad-»:ctal pit at ICn, 09*2 of the Cuernavaca* " 

sac federal hlclxway (vostcra one of tv*o) (sheet 1, r

rhyollte ccrles or lutrudlris Itj of probable enrlj Miocene 

&£e (If 03ctru£lve} or noro recent (If IntruslY©}* Irrogu- 

lar bo^y of reddle &~bro\m por^hyrltlc rods with itphanltlc 

not etudlod in detail and not mpped cieparatel?

rS^rollto eerlee* oxeained by n* flchalt-

>, *ith both I
i

and auglte. Accessory mgnetlte ie nbundant*
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vho reportoa the rod: to contain endeeino slid horn­ 

blende (and classified it as an &n£esite. 

>5~£7» nilleido 550 su vest of Kn» 185 of tlx^ v-:fcico-Aca- 

pulco lii^hts^y^ fttoout H fea^ txi^rondl th-0 south oi5g<? of tiiiO

(eh®<»t 2* Eouth of qaid* K**S)| mp^ted in detail Jyy 0« 

i$nters$a^**^2!&s (1953) snd incltd^d h^re fc$c&u0& of

p^rtin^nt stratigi^pHic inforrmtic»i it provides t 

per b0dLs of tho r^orolou fors^,tiOB| of oerly C&tio^ianij 

^©ditrwe^W foraninifex^l calcarcnito fixsa vithin 20 a* of

top of tha Morelos forJ2ationf contniJis taillolids, cor* t K
i ».

; f smd ftr>0n* Batal rudi0tide f inclnditiG 2£

identified Tsgr <?* Kt WeHo a® "
to gpjlstr^t^^l^i^ sp* ef* K« IbuiSaeng.!.^ Veils, 33s0 !,.

in thin eoction by E # R, Applin, 

identified the follovir^ f.enora z&l tspcoioct cotr^on to ,;

» and

cordon ^i/tuplr?., a forra relatod to fi;ml7coIi.nA. g |Ti
J_-_lujTv^ln.-»i.-_i i.-».-f

about 1OO a* ^est of &3* 1^3 of th«t 

, ftbcut 11 ksu l)oycad tho ecuth ot2s® of the sap 

(etect S t ecuth of quad* K*2)j nappel in dotfdl tsy 0* 

^ribercoivlhOErjao (1955) and included horo bocsufio of the 

pertinent 0trintd|;i^.phlo Information it provides* 2x>vor 

of the :<:&xc&ln -fomf>tion» of c?arly Coni^cir- 

, -buff-vi^thorinG elvtlo intercede In a
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or ghal ^@llt$tonc^C£Uid&t0n& within >3 m* or the baso of 

the resrc^Jla. for°£&tioii 9 «hich hero overlies ths ;.oreloa 

nation without thD intervening Cuautla for»tlon* Sample 

HZ&Q cashed said exftrsixuia by '*  &  Loobllcli* Jr» f 

portal ths proeerxco of Cl

oad cut at Ku* 2S5 of tho A

tho tovn of Ketquitltlan (0oe pi* >*&} f about 80 ta 

yond tho south cd^o of tho £Wl&8iO wp in pX^te Ij 

detail by 0,, B^hnea'bersor^tiliosns (1955) ^n^l Included

faxis^s. coll<5ctcjd fr<^i the so beds imc daserlbod 

in detail Jay %u?&fr&ti& (1919 t p. 3>130) SL^: BSsc (1923, 

p* £OtU£10) (refor to tho doccription of apocit^n r*90^50f 

lover part of t&e rtexcnla fornationi of early Co* 

/ortonoide foum4 vere identified

lay as follows; £5EQ2i2i£^:S c^« S* S 

, rcr\^bltos aff. ^.

sff . £» rg^nitgl Jn.hn § Ct^cgic^phltes aff , 0, 

"chl?ltcr}* Collected by the rrlter, 0* I.ohr 

Z» do Cscnn.

; of a deep arroyo 2100 n. x, 7G° :\ of !ln. 141 

or ttie cr.cu2»c-lcu£ila toll rocuS (shoot r f r^iEic!* 1~»* Up­ 

per part of tho Kochicalco formation; of probable A

3- rk-Grr-y to blnc^: crypteeryetttllinfi ll^oston© 

laat dolouite rhosba orul cnall patches of c*irbon

Several chips vnoro ^^aiulncjKl in tliln section by F* 

reported the r>ro£scnco of r»bundn.nt Individuftlc of



., end slllcif led

Scad cut at £a* 129 of tho Amcurac~Iguala, toll 

{&h&$t £* Qwul. 2J~2)» Ijpwcr part of tho Bal&ae clas­ 

tic group; of probable lata £eccn& 

parpihyritlc Ideissslto tesalt *dt& 

^^noor^TEte aro oil vino cilt^rod to

* Fo24epar nlcrolltoe are AB^J^JQ* s^^cx'aily 0*04 to 

&« Xc«n©| tli^r dark-l53*ot^n pleochrolc noedlea of 

hcmblom5e(?} nr& abund?^nt* Opaque Iron or©s 

5 P©2* c^nt of the roelc* Chlorit^ «tn«l nontronlt0(?)

tho ssxtrisr.

^55-79* £&$o of blllslcUJ 1(^0 o, H. 15° **U of fe* 144 of tho

toll road (sheet 29 Quad. £-3), EawOL bods

of t,h© "orelot* foz^atlon} of probable late nlddle or early ,
i

late Alblan ^.o. rodiu»»en*-y for?JRln3.fer*il c&lcarenlta 

vithla 5 n. of tho contact vlth tho unlcrlyins 

forr-^tion. Chips esanslned in thin c action bj 

pplin revealed abundant iiiuivlluals b^loj^Inc to ifor 

^?* fe* ^^rcll.tn^ cf » r* tilfflo ̂ cjivexa , and l

rs. Tho specieo of !jSrsolpcallria In this   ;*   *  »   - "»'     "    ,
differs rsirfcodly from tho on0 thr.t is chelaetcrle** I

tic cf tho upper part of t2ic r^rcloe forrmtlon. !
/

vJl cut at i:n t 131*5 of t&e Atrjicusnc^Isuala toll 

road (choet ?., cuftci. ir^'}* Lo^?cr p rt of tho Buocavista { 

«crios; of probable T'loceno n£e* Dr*r*&-er'*-5
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j£syrit!c ISXY& vlth r,phonitic ruvtrlixj raicrophmvocryots con* 

cist of andcsinc, auglto, ^n£ partly rcsorbod hornblende.

nncl cl&eelflca by ,;, rfchnittez* rs a (jacltc* 

KocvJ cut at 1-Ca* 143.3 of the Azccu^ac-*I^ir,la toll

(sjhect Z 9 quad* JL*3)» £aeal bodo of the* 

formation; of poaslblo latest Xurordaa or oi^rllost 

clin as«?4 Cro^usr gjp&y colcllutlto and "blo^cnlc cn-l^^i^n?*   «i.-I!'
with coi^ dotrltal fior&alnlfern eroded 

of tho norcXoc formation* ^xarilnr?.ti03i In thin 

tlon bj K\ Honct roveAlcd the preconcs 

Other formsliiJLfora not ld<

£ro& itcxlcaa upp^r Cret^^coua ,..._,_, tii 1 
cut at £-n9 13O*5 ot the A^aeusac^lguftla toll ! t;

road (nhcot 2, quad* 1^3 )  £asal part of the Dixcsmvl^ta 

volcanic Berlcci; of prolnblo riocens n-^o* Dsu&~5ray t fine*- 

cr^lnod liva ue^r contact wltli underlying lltiostone corjr* 

c:lcx*ier»ato of the £^?.lras clactle croup | exa&in£u In thin 

cectlon by .:* ..'cl'rrdtter ctnd elaeeltlCKl es Infcnlt.

of ;:dllaiae 200 LI. <Iue vecst o£ Z5s» 141*2 of

y blact:, donco t ;>orplxrrltlc l^ioouc roc^:, contains 

both hypers tlicno ansl a^lto, ,tor;6t^&r with £iru 

has rx tr^qtiltic to pllotaxltle mtrlx* i-:xcnaln«>d la t 

section l>y T:» Gctolttcr f»3 classified ae cm

ila toll road (c2i«ot 2* c4tiad« I-»3), I-aelc In-  
an* J

truclvo ctocl:; of probable aldSlo to lato rertlary ai;o. |
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cut r,t H3s, l£C of the /^eusne-Ieuala toil

road (ftbsct £, quad, H~4}» ixmer part of th® ^ 

volennle tcries; of protnble : ioceno a^cs* D^rfe-greenleh- 

orpbTritlc lava with andeelna, hornblende* snd 

Etatrise hns a pilot&cltie toxturo. Sxssrdncd in 

« tchnlttor aa*l eX&fieifl&l ae an &ltorod

Upland 340O n* », 70° V^ of Ksa* 14^ of too Jteaco- 

toll roftd, so^tlioact of coxcatlln (sheot 5? t

IntruDlve stoc^ tutting the Xochlcalco

of probabXo Ccnassaiiijan ss«» tat 

of sarly tea^tiai^r ftS*« ti JA*sr?iy to pinkish,

hdrntilende 9

In tliln rectlon by K» 'chrdLtt^r *%nd clr^elfiod a» 

a srnno^lorit© X>or^iyr7» This border pM0o is eor:c^?hat 

nor«a eelclc thnn the inner part of to« Intrusive body, 

^ihlch Is cioscrlbel utiiler spccir.on ^S-^A,

-91. Along an eld aino rond about 2400 n» c.» 33° V. of 

the center cT Uuenavi»tfi £e Cu6llort juet bcyorul tho 

of tho eeoloclo za^.p (shoot 2, quad. I,*- A ?jnd j>3>* 

intruQiv^ stock cutting tho Xochlcftico and !^orelo£i for* 

natiotuv; of probable Cerww-irtniRn <^o t fcut pocr.lbly of early

porphyrltic

^ rocU coapotsed oneentially of qurrtsf &n£eclne» end 

in thin section by E. £cteltter
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clnecificl as a quarts £iorlt6 porphyry. Zole "border phj*ro 

ehovs the effect of the addition of Iteo fraa tho Creta­ 

ceous linertone intruded f centwining -auch. epidoto and Gr-J>- 

n<?tj tho ti-ncr pnrt of tiio nacs io r-'mch Icsc calcic» 

5-9^^ Cliff alone tho «^d at &% 143.3 of U\o

^ toll roa-.d (eheet 2f quad, 1-3)* Top of the ::<

c&lc^renite fro^ "within 8 n* of the contact vith tbo twoz** 

Tmtiont vrhich ist hero th^ :-Je^c^l?s forsmtlon* 

of ccvcml chips studied by n» a. *.pplln 

tho prouonco of abundant eoctio&$ of ^^^jPl^j^lni 

(not ^* izgiad)^ Cunoollm tjp» f ^tnd ©poclos of '"5
*  * ** fi^<g|jkMM»4M^4pMK * »««<^*<*^W«'*«*»K*^T'**<*P*W * ** rr * «M*i*

2OOO

toll rond 

r.oehicalco

, of

2»

of

of

. £-3). UPJHK* P^-^ of 

.'.ptian ^30* 7ery 

cr,lcilutlto with

fihort interleaves axsd c*irbonr*ceoiio natter $ exanlnatlon of 

eovcral chipc in tiiin uoctlon by P» Donot 

calcified raOiolarl^.

, liillfllfio 2250 ai. i;. 61° w % of Sa. 143 of tho 

I^ir,la toll rood (cj^cot a, quad* 1-3). Larr.o 

Intrusive ctocls cutting tho Xochicnlco a»! ..oreloa 

nni of probable Ccncxoanion &£Q 9 but possibly of

neouo rocfc, in tMn section by £* ectaltter,



ed tho naln constituents to bo qmrt£$ orthocl£se* 

hornblende, ajad bloti^e, i:lth n^r^otite ant-1 Eircon as c.c-

alnoralcj t>xc rock -rs classified as 

io jpart of tlw eoitf> intru&ivo r^oe described 

S55-06 nnd io hero leao calcic*

r AlopA of tlia hllleido 1BOO s4 s f 65° £» of 

153 Of ther Asacus-ac-Jeuala toll road (oheot 

* JU«rc^ i^ocus Intruclv^ bcx^r cutting tho /:

Ifcrelos forsiatlonoi of probable Cono!3anlnn as«* but

Igneous rock* O'zonlned in thin coction 

vs*o reported quarts, endealne, and blotito 

jor eonstitueBta ?m4 rmgnatlta j^c tho 

tho rocls vno clAsssiflcd «us

;ioad cut In tho pci00 at £3* 155.3 of tlio /B 

toll road (shoct 7: f qir-.a* .iJ-^). D^.cal llncctono bod 

or tho I&xcftla fornr.tlonj or latcct Tiironlan or ocrlleet 

CotilRoLin <*c°* Thl:v*b Mlded f cror^^^rexj, c^.lcllutlto Iron 

vlthln 3 n: 4 of t!io contact vlth the xirulorlv'lne r^rcloc fcr-

several chine voro exixnlned In thin soctlori by s\ 

p viio reported tho presence of ^ithoncllla pv^jll£» ife** 

cp. t nncl OJlQbl.^orlm ep. f as trail an calcified

*op of Corro Colotepoo, rTOO ^* H. ol° V, of Sn* 91

of the Cuornavac-.,-»*a9.cu5ao folcral Jilgtesy (^cotern oone of

two) (clicot 1, down In tho X
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oX&o foniiatiOTif of prot^blc -ptinn a;.;e* JL&rSs-cray to 

lacl^i, crj?ber»aceone , pr.rtly rccryc tallied crxlcllutito , 

xamined In tliln eectien by .\ 2onot t vho reported the

o of alftmSant ir*£iviC;«Al& of £ol^4£lln. r 

arkl ccnrcc tpeciaone of l.^^.^Mrorlrm op*

p on the Bortlim50t Hr~r& of Cerro

33*30 n« BV 72° V, of £a» 9X of tho Cuornav&csv* Xaaci 

c fodor^X MgJitriy (t*cetorn c«ac of two) (shoot 1»

if-S)» -^c.11 Icncotto &tocS; intruded Into ttio

forr^tion; of probable cononanlnn &£e f t?ut 

of ecrl^ TcrfcJUry «i©e* Llc^^03^2"*

Igneous rod** ts^nlnod in thin goetlos by E* 

r§ Kho reported the emjor constituents to connlrt 

of qutfirts» ortt^ocl&8e f an^lesliio, olic^oclnso^ and blotlte* 

vlth zircon SA en acocsnor^ nlncr^l; classified as porr^'iT 

Itic quarts «or*zonitc«

5-100* :>,ilror:d cut in the ioop aorco 1900 a. II, 5£° £. 

or t^o canter of ^1 JferRnJOi nensurod £ror,a 3-^3. loD of the 

20Kco~Jf;ttCLLa hic^'^7 {choct 5, quad, ^Z-n)« lo^-or pnrt of 

tho :x>rolc& farEsation; Of proloble tsiddlo Mfcirm r 

t dence calcilutito or c?.lcarcnlto vith cp

rrinljjlfora* Ihin cections of c&ipc 

t Applin revealed tl^ prosenco of ; Ai^

ftbundant gpiro^lect^plna cf » 2* £2fiSJ£fiS

i > and

trover rtout!iof.ctoi*n clopc of Ccrro Aix^an, ^500 n*
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**» 73° '- '   of the con tor of too tovn c£ xuxp?»n (ishset 2 t

J* -'£11 £o*tt in tha Xechlealeo forrntlon; of 

.\ptian or :,crronian ago* Lwerk-£.rr-y ^> black t

ed calcllutlto

of thin, &ooti<mc of chips by r« 

rovoalod ttoo presence of ]j$^&Q$$i£Q£%^ ^p# > colcl-

other unid^ntiriabl^ £&ua~-» 

cut 330 st« dtio eouth or tho couthomnoct tip 

(choet £t <road« ^-3)» tavn ee^ain^l^ rfc&tx 

-unconTomabljr on tiio Dalc&fi clastic G^^upf and thus of

to lato *crtl»ry «co| eacact 

not ctudi^i &nd tho rocit unit Kaa not sapped 

17 frtsn the I&1&5.& croun* r;iac^f ftoo-^ra 

por;li7ritlc lava c}ACDifieKl c^a the be,r*io of thin-eoction 

ctoly by : :» ^cl'dittcr ac oXivino b^sxlt j contains olivixio 

^cnoci^nts In ?. riatrlj: of latoadorlto c.rU au^llo n 

litcu*

F5S-107. Dilt^ at tho northvoct c^e cf Tcpocx^xcullco 

Another £i!:e rr.bout £000 rs. nortlivcct of tlioro (clicot 

CJKd* J>3}» Dilxec cut tUc ^nlc^.c clretlc 

of taicdlo Tertlorj ctcc« ?-pccir*cns r^r^ o^ir^incOv in thin

7;^ "emitter, v/ho r&^ortod that they consist of

ua rock with hyalcpilittc r»trix# Cno

contains esfsontira quarts ?jr*d K.n»Ioeinc f but the other lr,c^u 

<S^rt£| Es.fic constltuontc? nre altered to eerp^itinc, ohlor- 

itot and hydratoei iron oxides, Tho roclict «ero clr-csificd



as a -cite and «a«ite.
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iy (sheet £, crate*. J.-D* Sojxaoet beds 

of the morales forsatio-.i; of probable osrly Cor*or^*mlan 

r£c 4 Dark-gray £eaeo calcsrenitc with abundant forardn- 

iferaj firos within 3 a* of the contact of tho Mereloa for- 

nation wtt& toe overlying   :#seal& formation. Chips exs:>» 

In t&m eoctlon bj S* H# Applla revoalecl tli

t '::ulnquoloculina« eoveral
* ^iHmKUm i «ii»»i M«H i ii 1 1 IK u>»i»iTi "m   * *

nlllolld e^^^^r^f a^* ^ ^<*v IrRgpont* of

Hoad out -^t :*a t 177*5 of the ?oxco~l£ual<* 

(shoot 2 f eur-d. X^^J* £a^al 3X*3estotio bo4s of 

of p^oteblo lat^at lUronlmi or 

BlaC% to Sark^gr&Jf thla-be^de 

cilutlto froa vltliln 30 &» or the contact tilth the under- 

Moroloo formation, I^fyalnatioii of thlB ^ectlo^a of

chlpts froa tho loccillty bj F. Bonot ro'/^.alca teo 

proconco of £lQbl^rlna(? ) nnd ot^ior unldontlflablo

HcocI cx^t at Kn» 177*5 of tho Tnxco-I^uala 

Sr, qmd« i-D* l>a^al llnoatono botlB of the r 

fortx^tion; of probnblo latest Toroaliui or earliest woni&- 

clan a^c» Black, carbo^r^ooou^^ lanlnat^ ce>lcllutlte fron 

vlthin ID n, of tho contact vlth the underlying iorelos 

forsmtion* ..xaclxtatlon of thin sections of ©ovoral c&lps 

tlio locality by F* Borvot revealed tho presence of Si 

^ and parolXef oriented  s?,lclflod

. 3oad cut noar El Ocotlto, Guerrero, at i^J, 323 of
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the i-'oxlco- \er*r<uXco hi^hvrj, about 30 krs. airline south or 

Cillpanclrco, Gucrrero (locality 2 in pi. 3-'.); about 115 

to. duo couth of the edge of Uio tecloslc swip in pl&to 1 

ln&lu£$& h£ro because of t*ne pertinent information It 

El Ccotlto graaito, ^Mch Intrudea the j-:ordlc-o 

of protoble lato C&nonszilaii ae©* A 

tlon of a slrccn concentrate by tho 

do by H« vr. «fo*ro aud eoUoi^uee

of 9^ ullLlon jocir^, £be cmaple ^SB collected firijl ccrw 

ed by '^« do Cserna aM J. r&ntoj&^Mcr* 

Head cut near* Xaltlanc?tle» Gutrrrero, at i3a* 3^0 of 

j-:&dLc0»*c&pKZlco hl^isfsgr* about 57 ta* airllno 

of S3. Ocotito (co« <!0i5crlptloa or spoci^on F5^-19 

3*"»)S about 1-M> to. ncutii^eouth'tfeet of too e-lgo of tho £©^ 

olorjio taxp In plate 1 nn£ included here l&ca&Ge of the por- 

tlnont information It provi-Ios* ^iiltl^^uia Gt^nitei of 

probablo Into Conc^iftnlfm e.£.e« A rsdionotrlc ac® dotornina- 

tlon of ? clrcon concentrate by the load^alplia rtoth^a^ nado 

by n, i>'* Jnffo araa colloa^uco t c*vo nn a^o of 9& Billion 

ycar»* 2!\o r«aple '..ftfc collected ?.»a concontratccl fcy 2. ae 

end J« I'nnto jn- * lor,

P.oad cut?? at tlie north edge of &capulco» port on the 

coftn stout 165 kn« by ^Irllns south^fjouth^eet of 

of tho goolosic nap in plato 1 (oco pl« >*A); In- 

cluclod licro b^c^xico of tho pertinent Information It 

video. Acni^ilco £rvinit«; of probable Into Cenasnninn
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?, r&fULOnfctrlc a^.e do termination of n silrecn concentrate "by 

tho load-alpha method, aa3c bj M, '-.". Jnffe an& colloacuos, 

an &~o of 94 million yc«\ro. Hie cnrsplo ins collected 

concentrate^ by Z, cte Cscrrai .?nd J, Panto J£~A 

556-27, RoM cute at £n* 129.5 of the 

 &&21 (cheot S f qt^a<l« 0^-3)* 7uH* Iron the Tllsa 

Uto e^rio^i of probable lat^ CGLlsoc^no or early I 

-* ra^llos^trlo £^e determination of G circoa 

by too £<md»&lphR tiot^Ksdt nado by H. W 4 J&fte ex*& 

£&vo an a^o of ^3 million yenro {litrdts of 

ssay exc^^iS 10 per cent) f Khloh Is noai^ tha Oligocene~

boundary*

to S$6*»lO ^Jtd ng6«a^« -Mons tho ol& loss^^S railroad 

grade r,bout 4 fesu IU 20° to 30° n. of Cc-rro chiohinautsin, 

end 7*3 T^3« 5. ?0d K. of Corro chithlneutsia (-5^-^), bo- 

yon^l the northern li~iit of the geolosy chows in plato 1 

(&he$t 1, qiaad, _-7 an:l A-S). Lavn ^ro:1: Cerro CMchinatit- 

sliit part of th© ChichinautrJji basalt cdriosj of ;ieeont ac

olivlno tea^lt vlth pilotoxitlc to ^^ 

; contains c^aree corrodoOl c^uartrs scaaocryBte Kith 

notion ria0 of ax^ito, ^^stdLned in thin eectioa by «» 

Schsitter; collected by Ochnitter r^d the writer* 

to C56-C3* ^10^5 taio old loe^i^s railroad 

tha tuo points cited under ;S56-16 to H56- 

bcyorid tho northara lirdt of the goolocy oihown in 

1 (shoot 1, qu^t» A~7 wia A-8). lava iVora different



volcanoes* part of tlva CMchinautcin ter.calt ccriec; of la to 

rielstoce&o a**o. ;-xr»r;iK.aX in thin ccction "by L» schrsltter 

-:..na classified a& fcyr^rathcao bcuraltie nndeeite, onctatite 

;, olivlno-aiv;ito tncaltf oil vino teealt ^ith intox>- 

L toxtxsrot &nd oil vino tes.ralt f respectively* Collect*

ed by Cchsittsr and tho vrlter*
i

>6«*2$ to S5-6-2T* ^.lons tho old locslios yallroad grado bo-* '; 

t^e^n points T*5 fcsu H* T0° n» of c^rro Chiehinantsin end li 

7 to, 3, S^° E» of Ccrro Clxlchimutrln, "beyond thcj

lirdt of fee ^eolocy sho^ni in plato 1 (choot l t <:«£ 

Lava fron ^irfcrent eruptive couture, pert of the Chichi- 

nautsin to gait «?erien| of late ?leictocone ^o* Idotitlflod 

in thin section l>y X* ^chnlttor na oil vine fc&eait in each 

eacc^ Collected "by rctalttor rx^l tho vriter. 

?£-£3» 7;oad exit nenr 12s. 33 of t3io ::&lco-Cuorar.vricfx toll 

juct beyor.l tlic northern Unit of tee s^olccy
rtmm   wi -»^trt4-«»i ^ f rv*T'»^\ fc 1 ff* *'n -"^ 'am'"; ^ * «* 1*"O « » **^ *7 ^ -"T^'t^j^ '?./"i fjrTi J,n p,iTlL(C j. t^r^iOOu 4. j, C^v*.^** »,.'*  -*- »£>  >,+vJ*Aw.^*iVx* wO

4^> 1 t**^'*! rv-"?»* '"^ ^"> %*%* * ! "* * ^^s-Mt^t ri«1! * #S-*i* 1 . * f'^S V: *? /\f ** I" JNlt> '^TiJpi i^f'tri^V«-JULV^»i4>l4i,s.^ v«^J.*i v^ui*'v->-i. v >. <-<*- JI.*.-*A j t/-. ^.v-v.«*v< x .*V4JU » w-^^ »-*iv 'j.^,^*  

JL in tliin tocticn 1/y ."., .7c*fitter an ollvluo I 

nltj colloctod by \cl^lttcr .r,nd the vritor. 

>C-a9 to -5C-31* ::i£:Ai lava front, froa n03 <s+ to 31CX? - 

-»- 53° *"* of Cerro IVurtopec (cheot l f ciuad. ^.*-:;; }» i^vc 

to tho C^ichinr.xitcln bar>.lt torlcDj of ".Locont 

viccoucj fianc-lllco cr.tnision of ^cdixsn-.^rrvy to t 

p^orphyrltlc l&va t . iclontifiod "by II, JjChrJLtter r.a :i

2ho roc!i contninc xonoorysto
, * 

i.
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of olir,oel^Ge~&nde£lne; hyperctftono phanocrysta have re­ 

action rir».a of horribles itta iiceules« collected by .C.clu^itt 

orvl the t-sritor.

?-*35» Hoa^-ssctal pit north of tho road at tho northwest 

entrance to TZaquilterinr^o (sheet 2, quad* £-7)4 

siost port of the CUcrna'^nR-ca for^ationi of probc.bl<?

or enr3jr ricietoconas ajjc, C&lc.%roouo« tuf f accous s

r^orly induratol 01 It intorbed in tho top­ 

most part of tba Cu0raavac5, jTonsrtlcnj sample

Jtsictloa of the tr^c

ac&haaallpa^.iljn^yeca, hi^/ny ct

about 2.3 lea* bojor^L the e.;?:o or the £fiolo£lc nap (cshoct 2 

quad* £-3}» flue north cf ::-?. I>3 of tlxe Anncii^^c-^.^co 

lii^hi^y* Ici/cmoct bode cf tlio :;cxcala *crnr-tion; or 

probable Into Turonicui ^;;o. V;iir>bodvtod f r-.r'z-^r^.y, hl--;h- 

ly ccilc n-ouc arid ccrlvoinceous ciltctone or cllty cnlcllu- 

tito IVorj vitliln 3 rs, cl>ovo tlio contact v-lta the thictier- 

beotclcl, »vonco cnlccircaiJ to j contr.liir, very c^rco pjid poorly 

ps^ecorve.-! nlcrofaun-1^ ^:i*lch IKO rtudlc-d in thin section 

i:. ;:, r.nplia rail Identified as ccanlctina or T yr^^

nd poeftibly >:tpr:icpr}lir-cr^( 7 ) ,
»

ion pf t:io Zarcco-C



304

2,5 to« "beyond tho cnl&o of ths ceolCQlc 

J-3)n Sue north o£ £=u 13-3 of to& '.-a 

Topsoct beds o* the Cuautla formation, o£ prob-

a fco&etfhnt different In 

ftxsa tho norail Cu^utla rorss^ticzi In the 

they lacH: tho clmrnoterl»tlc n^cro£auna* Th» sd' 

* distinct fron t'nat of thc> una 

however; It VO.B studied In thin fcectlca t^r 

T^» Appllnf vho Identl*io4 tJss follovlr^ ^ 

'  Bp» clo^c to t̂̂ ^p>jLli^ j^sMfiSiSSfe toebUch and

and Applln} f

p» close to j

and

of or

Vtond c^it juct uiiclor "basalt on old roe/1 £rca "^ 

lr,r* to lalpfia and Ctol^a, about 300 a. east of ialo GrrJCflo, 

or 7 to, i^ 42° i-^ of ;^s» 14 of the ; < lp\grco-r.-CacaIxu«i:llpa 

tie nortliecict c--^;o of I Is cation {sheet 1, cxiid. 

i:l tlxe Halt of the ccolosy cho«n In plate 1, but 

LoZe'l hore because ot" the pcrtlnout Infor^atlcxn It pro-* 

m, rron al/out 150 n* obevo tho toso or tho /exc^la

:.j of Conlaclon igo. ; :<xlltsn-«ray &"v\le InterbcO.c 

In c, calccireous clialo-clltstonc^s^^l^tono cequenco la tho 

lower p rt ol tixo foraitlon; car^lo \axs \,ACiie<5 ?j^l ctudlod 

py **« Hosiot jityi collcts^xxoc 9 ^*Jio i^OTJoytcS. tiio £<
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7-^8 » *,uarrlci5 at Tzi. 133 e? the "i^eusr.c-'£~sco 

on tho tract &1.3& at tho road (isheot 2, cvvid. .lh~>« ~^a&H 

part o£ th« rilcnpotla ri-^ollto pori^ssi of probable Ir.te 

or1 oarlj i^oconc ago* BLac!-t ^pitchEtou^''1 coo* 

of eni^<nslte firssjSEifinte and fay^lltc, dlopsldo f aasl

crystals, rot In & partly dovitrifioS voided da- 

cltlc 01ass$ sxstrix Is naJe up of voided, coilapcod sitirCB

«m?5 t^-slce fr^e^enlt: vlth e refract! «r -.rules: o* about 1*51
*

sad containing "by osrilyeis 69 per cent eillca (pl« 8-ug 

pi* 9~C and --)* I^sttEslnoc! by C* S» F.os^ and tho wlter. 

7**^* .uarrloo at Kfes. 153 ot t}io y.svacus^c-Xaacco Iil^hx^ay,

on tho Kcst si^o o^ tho road (r&c&t 2> f-uai, j>»2}« l^octl
i 

T>-rrt oT tha 'JllE^^tla rS^rolltc series; of r-rol>tiblo lite j

 JHcocono or o.:irly ;loo<?na ^ro. ;j3iiair:i-brown io li-.tht-
j

trcvT* f nottle^t dcnso, ^ovltriflol \:cl^o*.l Celtic turf 

Iron a l^.ycr 10 to X"» ~«, tlilcl; r/covo t!xc :i pltc!j3tor.o^ cl*:r> 

cribc-' under cpoclr^u >v7-^-> (pi* 9-"). ilicnqcryeto nr^ 

anr;c*E-inc t uy> to 1 :nn. In lerxjtli, rcid Cccrwl»ra'«7i .altorccl

j?) or pi£TOialt©(?}, tocculior wlt^i nuch opnquo Iron

s* D-,r;c lent! It are tev-lllco fcldcpar p^^rc^-^.toe In A 

ll^tca-wcoloreKi  'IcvitriJlc-'d aatrix* 'i^io roc.li nr.y bo ^nl- 

csltc or daclto. 

-30e .: iuan*lc3 ct ;::a* T53 of tho A::!rxcn2:.-\c-'^xco Iiic^'-r.y,

tho voct r.l-"sO of tho road (tlioct r f <;ur.£. »r. ). Icr
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pcr-t of th# Vlls^.potlrv rhyollto ccrioc; of ^rc&Ablo late 

vll;~ocono or early .Mocveno &£O. lv*,r£-plrL% :> coftrscw^^-inodj 

deufco, almost totally u©7itrifled voided rl^clito tuff* 

Vhenocr^ots cafco up ^bout 4O por cent of t*io roclc, cone let 

of ^i\iartst riuS^ninc?, esuJUline, and blotito, vdth opaoue 

CniirtS of iron oro vhlcli ;aay have bocjn a^ito (pi. 8-C 

pl» 9-J and *F}» shards &re coc^jreseod and coaforsa to 

outlines of tho pl'ioaocrystp &r*3 lithlc fracpaents, 

cryctr.ls ^.ro up to 3 CT* lon^, and blotlto In AS 

0#3 ss»

^5T-*50* nivcr bcsl 6-00 s. ! "» 72 S» of r^^cco 71ojo (ehee-t 2t 

qa«ui* JI-1)* Xzixco echiet series near en -jjnc 

contact vlto the sver-lyltig l rcxcala forrmtlonj of p

el tic schist (pi. 3-.^ -ir^ pi. 7- 4 )» :-iitrls concicts of 

eerlclto trlth finely crytt^lllKCd fclcir.par, contalrin cent- 

tc«rod t'.rlr^toCi plcu'loclr.c-c crystilc, pocslbly ollcccls.se t 

&s woll p.f- cntxiyo--! nn-l S'curkllca ^.urjrtr, ^raii^s, but no rcc- 

ccrii^aTjlo rxflc constitucntc except poscibly Iron ores. A 

rxulo ' '";:c-:.:'r..l:vx" cuts ,\crosr:- tho foliatic-n t rjn nn.jl© of 

DO-150 -n-;l rja^ rc-prosent tixo orlclnnl »tr:.tlfiction* itic 

lt ctlco co:it/:inc Irregular elor^ato-i lentils of crypto-*

no quarts-foluc^.r a^ivj^toc up to 1 csi. lor^» 

It vac proTofibly ori.-ir^lly , fli;o-rr-/Ino-i cr^atnl-llthlc- 

vltric rhyolltc tuff* .v-or.nnrc ',:ith e:»ccincri ^-71-^4,
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ULct of circles collected frcra the rocl: f or:n * tions 
In t:vo area rapped an-1 el tea in the text

Xoxco 
schist 
series

i£r-5?

.

jo erecn 
volcardc
corir-s

F-67-54

xochlcslco 
formation

*~~»

97
104

£'56-2
4

Koroloe 
formation

'"l?

25
33

1-19*52
F~r5*»53

26
27
23

F-C«54
7
15
P9
37 
41
54
65ce

1-53-11
12
15
31
33
39' o
C7
79
9?
100;-T:£  3
11

Cuautla 
formation

"13^

22
23
34
44
*5
63
83

F-23-53
7«»A 54

12
£2
23 
31
33
64
66

*55-4
13
42
? **^

H37  43

r'cxcnla

F-g«0

33
53
57
59
60
61
67
68
90
91

- 92«
*~2 to

15
17
18
$2

r-20-54
23

^5^-10
10
49
£3
70
01
96

»S6-»12
13

1-57-42
44

1 I

If*
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- i ruts 4   ' ,
OBLIQUE THI^TBOGCH AIR PHOTCGPAPH LOOKIHQ K* 33° E. FROM 

A rOSITIQB ABOUT 4 El. SOUTH OF TUB A&ACUZAG RXVSR

fiote the three lakes Tequec^uitengo, Coatetelco* and El Ro­ 
deo* that occupy pelJoe In the Cuernavaca ferretion, of Pli­ 
ocene &£ej the poljes were formed by solution of the underly­ 
ing calcareous Cretaceous rocks, The Asacucac River» in the 
lower right corner of the photo&rapht has an altitude of a~ 
bout 835, su &bove 66& level t in contract to Popocatepetl Vol«- 

ia the upper right comert vhich riees to 5^52 nt« s giv- 
a total relief of 461? m» the riage from Fopocatlpotl

to Cerro Zetapoaln cotifiicts of the Chichinautsiin bas­ 
alt series, of Pleistocene age f which cuts off draina^s from 
the north and forsieS the om5oreic Hexlco Baein* Cerro Chi- 
chiruxutsin hft« an altitude of 3^76 rs* an<l IB one of tho high 
pea&B in tho FleiBtocen© Keo~volci*nic Belt that travcruee 
''exico froa vest to eaet at thlB latitude. The foreground 
ef the photO£rnph lies south of the volcanic belt, and the
 '.exico F^ein (beyond Ccrro Chichiimutsin) lies in tho uorth-
 tu part of the bfclt. Thin volcanic belt, s&inly of Pleis*. 
Eocene &gc f here forr^s the southern border of the Mexican 
Highlands? ^nd the northern border of the L^leas I^nsin phyeio- 
graphic province, of vhlch the ar#& napped forrac a part, 
VFfcotograph ta^en by the U. S» Air Force, for

refer to the geologic nap in plate 1»)
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5
33°02Li: UE THIi'^noCC:? A!?. IHOTCXSRMM tOO-UKS H.

A rccmci: ABOUT 4 K:I. SOUTH or.xiccEL
Gil THT. AI;ACuiAC SU'/SH

She nltitu^e at tho junction of the ?.m&cu&$c and 
Rlvorr IB s,boiit 775 n*» In contraut to the top of lcpoc&t& 
petl Volcano, vhlch Is 5^52 ~« above ren level. Ihc hills 
betvoen tho Ar^tcueac Elver end the city of Cuautia, to the 
northeast | are conposed largely of Cretsiceotis rocks* (For 
geoloslc dotalle, x»efer to the £®t>lO£ic zsap in plate 1 and 
tho etructure sections In plate 3~r;, rhotoerciph taken by

the U. s. Air Fore©*)





etc



trur/ricco:: /UE s noToaa^ft ixx>::ir.a c. 33° w. 
A^OUT 5 K:-;. KORKI CF SAKTA jy ALON& T

A!i*-.CUi*Af--TOUAL.^ TOLL HO-::

toll roid £onfcrally narke the tone of contact l.etveen the 
roundel hlllc of Crotaceoue rocks on the right , an£ the 
tic and volcanic rocke of Cenocolc nge on tho loft. Tills 
glen drains eouthw^rd to the great i&lsac rdver« which 
on tho nc^r Bid© of tho countnin rcmge on tho horizon and Is 
oriented $aet~w<6£t, ifce mountains for^ the riorthern part of 
the Elerra rudre del surt vhlch llea couth of tho Ealeae Hlv* 
er» The river flows ««et\$s.rd to the Ouorrero-»^ichoacAi ctato 
Isoun^ary llnej vhere It tiirne sharply southwara- an£ ©nptlee 
dlroctlj Into the luclflc ocean* (For geoloalc detaile, re­ 
fer to tho geologic and structure imp? In platcfi 1 nnd 

Photograph taken by tho U* S« 'lr Force*)







* '***'*

7- T *.-   - ! * -» T
iiLI'- vU^ ^;\

* *--'"\ " TT'Tr1 *'* * . »>^"H'"'rf> /  I."'* f!r-«>"5*»» r\T'- .*  rTtWI^T * ^» --. JL'O JL*iL'i^ .-'i JC-V i *»  r-..^* ji-«C/xvi.: C.U jiwuI^JUM it
o;; K

rounded Mllci on the lort Ere composed of Cretaceous li^e* 
e tone \ the ri^ht el^e of the photograph, frees the foreground 
to cs fr,r eouth as Taxco* conDlcta^of Tort! cry clastic find 
volcanic roc^c* icyojod Tcixco «re folded Lover F*n3 Upper Cre*.

oc!c0 of tho : orelpB e.nl r$excnln forsatlo/i^. i-*roln- 
fror* this entire region le 6cut!tt#ird to ths c^^^t veet-

nlrnfi l*Uvorf vhlch lie^s on the near f?l£c of the moun­ 
tain r*inge en the horlecn, viiich Is the aortbom part of the 
Sierra I&dro del rur, IMt rcc4'<xn- *e port of tiie X^l£a« £451* 
sin physiographic province, (ror e®olo^ic dot3.11e» rei'cr to 
the geologic and structure tsaps In pl«,te» 1 cn5 3*3, Photo­ 

graph ta£en by the U* t. Air
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PLATE 8 

GF IOV-GHADr. SCHIST". AKD VIXDED TUFFS

A, Chloritis^d ctilcltlc andcmito graeinstono trost the Saatco 
Vie jo gr®£n volcanic serioe. Original rock vats probably a 
coarsc^er&ixiod, andesltlc* lithlc tuff, Tufface*oue and 11^ 
thic fragments are coraproccfcd end calclts is rocryctalllssod 
theeo fe^tureo «mcl dovelor^ent of chlorlte incllcato 2 very 
low sracle of oyriiasilc setnnorphiora. I(l£ft calcita content of 
cetrlx tJi^costs rsarlno tSopocltion, Hpcclnen F-67-^4; 
polariced light,

i; f noc^: fron efuac formation ac A f but finer in c^fclsi ciso and 
t:lth cr^^'tcr proportion of c.ilclte (lirM nntrix),

|r .1 otf-gr?t- - eerlcltlc echlct fra-i th© XELXCO echlet oerlee. 
Koto relict onbr^d igneous QU&rtc cryet&l in upper left 
comer of photo^rarh, Fioclc nppe&rc to be £*id© up of llthic 
fraifpaontc and eono quarts and fel£epar cryetale 9 eue£eetins 
that it i^s originally a crystal- llthlc rhyollte tuff* Zark 
veinlct cone It to of cuperc>c?ao hydrous lroi> osidee,

§ 7ery fine eralne^ eericitlc echl&t frora the 'jfeixco schist 
»erie&» Koto 0:^bayc4 quarts crjretal In lover right corner 
of ptetosrriph* A faint bidding appears to fora a 20° 
with th*> sehlotosity* Ortsinal rock vaa probably ^L flno?« 
grained rhyolit© tuff* Epecliaen ^37-

Et Dovltrifl©5 f voided, coarc^-s3^^^* cryctal-lithlc-viV* 
rlc r&yolito tuff froa the Tilsapotla rliyollt© eeri«e« 
Shards cmd pusdoa frrignonts are collapeoci ni»d tent around 

azuS lithlc fragnonte* npecliaen I57--50I

^ Black Wpltch6tonaa # or vold*4t cry «tal-llthio*vl trie 
cit^ tuff» from l^^e of tilx^spotla rhyolita eori^E* 
jfra£?a0nte are collap£e£ and bent arouad diopeido, fsyalite, 
and ei^Leeino cryctnle* Incipient devitrification hae at-
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ri',TE 9
?HG7C:acaQ3HAFK3 OF lX>«m.'DL SCHIST ASD V^LD'.D T'JFFS

A, Sftae rock as in plate 6-D; enbnyed l^nooue quarts crye- 
tale appear In & fin0»r,rain<3£ corieite cellist fro-a the 
co sachiot eerloc. Crlelnsl rock vas apparently R 
tuff, r.pccinon J57-5G-J plfijnc-

1^ Fin0~£raine3 t b^ri^ed, alnont totally d*vitrl*led f voided 
crystal-vitrlc-llthlc daclte tuff fro,-2 the lover pr,rt of 
th)& £ilsapotl«v rhyolite eeriee* Black veinlcte aro Dupex«» 
£:cn& hijrfirbus iron oxides, specimen ^37-^9 > plonc*.polari2ed 
light*

C, Sftaae rock a« in plata 8-F; fayalite cryetal ^rappod in
lapsovl pucaico fra^nentc* r.r^ciriojt 757-4^1 plaae- 
light*

* Sane rock as in plate 8-H; d<* vitrified, voided t fine- 
er^inad, cr^ct&l-vltrlc^lithic rliyolito tuff froa the low­ 
er part of the 7il#apotla rhyolite ccriee* Cpecirscn i5

roclc ae in C t above j collapeed and welded pusdce 
te  ind ehardc wrap around fcgralite crystal * 

men *57^^3$ pl^m^-polarlsed light,

Ft E&iae roct ae in I), abovoi speeiisen ^57*50 1
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*-, ."lillolld-bearlas calc&rcnite, largely dolonitlco-1, 
the uyspcr t>art of the ;-.crolos forr^ation. Ulnck voinlote 
consist or" c^lcito fillln^fi of tectonic ftwicturor. ^ai^c- 
£.ray roundlrh ern.ins arc nllioll^c and calcr.roouc. pollcte 
all ooKpor.c-3 cf cryptocryrtalllnc c^ilcite* Licht-c**1^ to 
vMtlF-h natriz cone IB to ol flno-sralned dolorrdt^. 
ncn 55>«39| print of acetate peel of policho-d 

with dilute liydrocliloric &cl-d.

B, Itellctld coquim fron th6 upper part of tho Itoreloc 
aatlori, partly dolowlticoS, flni>--cyalned cray r:-«.trix 
elste of c&leilutito Kad ie cortpooosi of crn>toeryctftl!inc 
cslclto* : ore. coarcely cryetalllcod aatert^l conclets of 
eroSod i*rns=s«^te o? raCistldc %ihlch have bo<sn replrcoS by 
dolcc^lte* fi^cscissoa Ft^lS; print of acetate peel of pel- 
lehed «urfaco etched tfltli Dilute hydrochloric

C t l!e?*.rly cotaplctoly ftolor:ltic-cd llciottono fron the upper 
part of the r.crolos forr^tlon. ^&rk veinletc arc calcitc 

of tectonic fractures* Vcrj dark (jrfey dots cca>* 
ol calcite o&trixf the roet bolns dolonlte. "poclsie 
54j prlrit of acetate* p^ol of pollehed surface etched 
dilute hydrochloric acid*

Dt Highly dolossltlcod lltsoctono frees the I-orolOB formation* 
l^arl: mtrix ic unrepl^ced calcit<&« Dolomite forao about 
80 per cent of tho rock* Spoclncn F-5A»5^I print of &co» 
tato peel of poliehod curfac« etdiod vlth dilute hyirochlor-i 
Ic
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» 1Tf9 ** .* * f.

Kllloll£~bearlns calcarenito with ructions of partly
ehellc of Toxicajgjia ep» fron the uprer part of the 
for^t.tlon* ihe for&slnlfera nr.y bo ceen vlth n

2he tSilii rudlr-tld shell (Touca^la ) Is cocpcscy 
of calclto, except v^hore clllcn, has replaced it trrerulii 
Igr (structureless blacfc patches); tho ehell It sonmrhnt a 
bradcfi* Tectonic fracturoc are healed by calcltc (dfir5:-» 
£rny velnlcte). Iloto pointed ^col cf Jjoucaclr In lo\ior 
ripht corra&r* r:peclacn ?-6-5^l print o"Tl?cotcvEc peel of 
pollchod cyrftice etched vlth dilute hsrdrochlorlc

fine* er^lned r»ilioli^«bec,rlnG cnlce.rcjiito frois the 
10 n» of tho I'oroloe formation, rtundant indl-. 

vloualfc oi1 j^^olcci^m h£igl lionet my bo eeen vlth a 
tend lirno, as volf'S" 'iSsaer Iforssslnlfera. Tectonic fr*c* 

are healed by cculclto. EocJ: Is not clolo^lticed,
print of ac&t&tc peel of pollehi^d curf^co 

dlluto hydrochloric acid*

c ?   Xrrogwlarly ^oloniltltea llr^stono frosi tlio upper part of 
the 2&rolo& forrr.tlon* Bluclc matrix 1« unroplaced cal*
cite; th© r*mt IB ^olc^lt^* nool? contains about 75 
o«a*t tolocdto. Speelcsen I^33*DOj print of acetate peel of 

eurf^oo itched tilth dilute hydrochloric

up*
per part of the KOorolop foroatioa* ^h& dark p&tchoe ere 

11 ; \mroplaced cr^ptocrystallls^ culclte, and the ll^ht prxtcho 
are ne&rly coapletoly replaced .Vy dolomite* 2ho rock coa* 
tains feo^e 40 por eont £olosdte» T^e tonic rraeturee are 
healed b^ c&lclto (<5arat-erey velnlet^)* Orlglm* eocllmont 
%?ae a fino-cr^lnM calcrwrcnlto containing nuch cori^lnutod 
blo^enle matter « r.peclaen F-37~5^J print of acet&to pod 
of polished surface etched vith dilute hydrochloric a
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PIAIL 12

PHOTOGRAPHS SHOVX&3 TfcXTUItt, OF UK5.SX014S FROM
TitZ

A f Caicarenite frca the upper part of the El Abra formation 
in the quarriee along the railroad eacit of Ciudad Yallee* 
easternmost Can Luic Potoef , a veil <mo>m "reference11 lo~ 
callty. ThlG ic equivalent In age and litholo^y to tho up» 
per p&rt of the i'oreloe formation, although it lies 350 ka» 
to tho north imd ie not connected by continuous outcrops. 

with a hand lens the abundant Individuals of
culinn heisi lionet, which characterises the upper port of 
both the ^l~Abra and Korclos fornatlons* bark matrix IB 
clear calclte, ^peclcien F-19-52| print of acetate peel of 
pollened surface etched vith dilute hydrochloric acid.

l« f ;'lllolid-b«jarln£ Cfilcarenlte from the top of the /orcloa 
formation* l.ote with a hand lent* the abundant In3ivI3ual» 
of Kuaaojlcculina hoiaii Bonet and picyclina cchlu^berg:c-rl 
Kunior- ChAlmas « wni ch characterise this part of the fora&- 
tion end indicate an early cenom&nlan as«. Specimen 
F-7*-54j print of acetate peel of polished eurface etched 
with hydrochloric acid,

C. Kiliolid-l>earlng calcarenlt* vith partly filliclfied ru- . 
dlBtld fraer^nte from the uppor part of the l^orelos format 
tion« ;4ote vith a hand Ions the foramlnifora and the in­ 
complete cllicificatlon of the calcareous ehcll rasttor, 
with destruction of Bhcll texture and atructure, tho cili 
ca appeare lighter in color in thia print than the black t 
clear calclto* Spoclr.cn F-5~50s print of acetate peel of 

eurface etched with dilute hydrochloric acid*

D, Klllolld^bearlne; calcarenlte vith a partly ellicilied, 
abradod frastnent of pptreft ep« Kote vith a hand len» the 
irroe^l^P Blliciflcatlon of the calcareous shell raatter and 
destruction of tho ch^ll texture* Dark-gray veinlete are 
calclte-fillod tectonic fracturee. Specimen F»c5-*53} print 
of ecetata peel of poliched eurfac© fftched %dth dilute hy­ 
drochloric acid.
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» rartly Dili elf tot- arv^ partly ^lolonl ticca, rudietid 
nentc In ollr-htly uolonltlsaM c^lcarojiitc fror. vx^ll do^-na In 

forraatioru I?cth rilica and mctt^&l^ r0plr*cofl 
t2ao cr.rboin.to of tho rujilr.ticH chollr,, rather 

of the c,ilcr,renlte taatrir. rocclrsen ^5S-31| 
iit of aoctatc? peol of pollchou «?urf*?7co ctchod vith dl-* 

Into h^uroclxlcrlc aciu»

oloratl^od bod In the? rxiroloc 
d 1x7 tectonic novon$nt& euai re-ccncnted by 
(blac!r} 9 giving a brecci£to£ ''paYorsont'* 

to Uio rock In outcrop* Spoclac-n F^l-54; print of GCO- 
t&to pool of pollRhe-i curfaos etclied vrith dilute hydro- 
ciiloric

Very flr^ gralnod carboimto conclonorate foroing bacal 
of tho CuautlA formation* Ci&rbonato grains ar^ sub- 

s.njsuls,r to rcpur^le^ assnd consist xminly of lines tono end 
caleite, but tj«£sa& urs of dolcoitc ixncl rrjro ^P^i^^ ^3ro of ' 
cbsrt# Scspae pobblot^ coatrdn for^Dlnlfera ctei^icterlstic 
of th« £oreloa fom^ti<m* Geaentinc matter is clear cal- 
el to (dnr& natrlx)* Cctf^Lo&erate coastituontc voro orodod 

various beds In t!io -ypp^r part of the roroloc roma*» 
pocinon ?*33-5^| ^rljxt of acotato pod of polished 

vlth dilut® hydrochloric acid.

f f but * * 
Ion0 tho foranliilfo^v in the lor&ost pebble 

^peclnen F*3>-54| print of acoteto pool of poli«5h»d 
etched with dilute hydrochloric acid*
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, Baep,l carbonate cle^tlo bo^l fron.tho Cudutla fornstton, 
coGpor-cd Xaiv:cly of doloalto gr^ins orcxlod fron tho rx>re- 
Ion formation* Groins aro eu'bfxncular to cuTjrounded nnd 
consiet of finely cr?"ctaZliseKS f turbid ^.olo^itc^ of various 
sJ^ador of crr..y to brown   Cc?nt>nt lr, clear cr,lcito {tlnc> 
nr.triz}^ r-pcclncn I^S-^j print of ncct^to nec-1 

co otche£ vdth dilute fcyd?oc}iloric

CUTJ>.CO -c- A f ntove, ljut etrotc^r etchocl vdth hydro­ 
chloric nciC to o:.^>lmt;lDc calcltc matrix (blac::), wrr-lras 
:8y'1 and ''c11 firo co;r^on to both A an^l ;;. »? :owc r£C&e£ border 
of- cany ^.-rains, otdn^: to n^v cr^staiiis^tion of dolomite a- 
rouz^l claatic sroinr.. rpoeinon i-l;3  ̂ 1 print o* r^cotato peal 
of polieh©£ surf r, co ctronsly etehcxl *,dt!i dilute 
Ic kcid*

of lliTOiyl.tets ^ocectus. var» go^^gnua In 
tho uppor jrs,rt ofT2£""JCuautla TorSrSEoii, 

Slse t!irec pronss extending tcnaard tho central chtcsber sro 
ch&mcteriGtlo of Ifcp^rl^g. is trstn&verco coctlogi nuar tho 
top of the larger voSve. SJb matrix ie conposod o* carbos>» 
at<5 ^r&in^ ana £ra&3ont£ of blc^^ni^ natter* Spoclnen Is 
not &lllelfied» Cor^^ro vith photosr^ph, In plate 17-B* 
CpecissETL F-E3»54i print of ncota'U pe^l of 
etched vith diluio hj<2roc!tloric

Section of £h®H of ^oaggglxi en, in calcaronite frora the 
smrt of tb& cuauila' ToSJatlon. itote tfith a band lens 

tha toxture of USD iznclllcifle^ Blioli, TUbe zns,trl:< ie coia* 
po&0d of bioconic eJ^^^ c^^ unidentifiable tiicrol^unr** 
l-'dlioli^e cterojctori»tlc of th0 l^reloo fox^asitlcn rro total­ 
ly lac£tn£ in tto cuautln formation* except in thft lovor- 
no&t tsed^ as clatstic eraiiie eroded ^ron tlxo I^rolos 
tion* Dolomite is rare? to gvbeont in the Cisautla

n F"62?-SOj print of acetate pool of poll^hod 
-Kith dilute hydroc&lorlo
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r ^fVW'"* ~ T/«?~* """.J/virryt. ^"yiTTV'r* ^v *     'rYft '*"»"t**Tyy  rr.^--»---~=
i J»V *».*. ' '%  >«.?.,' -**U.-J.li^r 4 W« A U.i. i^ i,?j? «-- T -A^JL, »  c-ini. i<J. Iv^vjr*.'

TA »fs-' *^*-«*- /"fi ^ »7".'^r p. .^*''! r'\ *- r^ '*r«» T *. l?-f*\rf f * fT ̂ »7'*-
A'iiV . Jt»^.- wv^.'vi* AJ.*-. : 1«^< {.£*.- *.t*-  £* A Jf VlU'^'' iiU-f--'

n *'  « * >»*(-> »t* « ,.'. ,«. j-i|  . < ~> r>i«*".,«» JWT^J^'*..-
-.iiv i.A*L jr.i.i^  ,-.,> Vl*».   AJLw \JiiVUi

A f I»nc^l tLrGillAcccRis calcnrorilte frai thcs : e^*.cala t
liote with a hrsnil leno tho choero'l sane cranttlnc tho photo* 

di££onr>lly, xhis 'Mid liter t&ctccdc cror^

aro a.
Of polished earfoes ctchoa vlth dilute hydrochloric

B, ^pt3y ftilicifieg coral colony o* tho gams
a {7} ft»ca tin* uppor prt ot tho Cunutla fom^tou 

caleilutite or cale&renite t vith eo
toctonlc fractxxroe oon^nt^d t^ c&ielta black vein- 

lete)« £poci:^Dn F-85-^0| prir.t of fteot&t« pool of polished
idth dilute bydroci&orle

to
of linos tono* dolor3it0 t «md chert ero­ 

the CrotciceoR^e formations* Koto £y©fxt v^srl^
grnlna* ! satri^ la rd^turo of cl^j, calclte,

Spoci^on F-36-*5^i print of ecctato 
Vit^i cliluto lajdroc&lorlc cxcld.

tlmt ^ ie
tho e^*r:o s^ai» in both C and S« ISxiu f&nsXotacrato. ie 

, acs indic^t^d ty tho c^lclto-*h^aloc!l tectonic 
In feomo of tho exains* She roeli is firtsly 

o&lclte* s: pocl?a0n F*»56-5-^| print.of acetate peol etchod 
dlluto hydrochloric
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rcrxvcrro rjtxil IcnGiturUa'xl poctlons of luAlvIdunlr, of 
ctpyA^ in treathorc^l outcrop ol t?iO u:r?cr pr 

'? forrStlou. note tl-ic ncr.rly nc<lir,l lonGltxid 
or the iiyllvidual In tlio upper rlc^ corner, 
illed tr-,11 nn£ living ch^rabcr of the larnor 

» anrl the n^erl^ flnt or^rcxilir>-lil:o ftcallcr vslv© in 
place* Chc-11 torture? find c.tmcturc arc not vlelble "boer*ixc 
o* t2se £refet plootocraplilo enlarsoEiont, A . trriurvcroo coc- 
tlon near tho top of tlie lar^or v^lvc of another ln&l** 
ftpr>cja*B nesir the center ot the pbcto^rr.ph, tihovin£ the 
actcri^tic cro0p,*-f5ecti<m of tho HviSg ciinnbcr* Shells are 
In a blontrcno of this ©peci<;B t tcc^tiior vith othor 

said son©

oriented noctlcms tbrousli Inllvldxtalc of 
r-poclcB of ru£lct5/ls In v»*itherod outcrop of tlio upper 

of the OifMstls
rudl^tlde &r© &c£lvl£ttal& of 

of the
in tho txppor and lover right corrixsrc, nro of th#

v?jp« xlctttus Othqr
acls reprceon* eiotho genue 

tbc? bottom asi^ in tho lov^cr loft coi^or are

acton Ibc f oro deposition but miEt bo vorj near to tb 
the sninalB actually lived ̂
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*.   t « -.»*-*.«'»  «7»-r~y«- *r   * v- -?""*  *v*'. «*  VM' " ;  
^;* ;»u vi^:- ^.a ./o 1,-, «!-»-» i*i:..-.iV

, Bioctrccsc of slliclfloi Ina.ividu'xlB ol Toucnclr* cp. Theco 
arc Cisartlcul^tod sn'4, coneist almost ^^liolT^"^" iho X-.rs^r, 
left -mlve* A^O ^mller » inccxncpicucniB ( nearly flrvt, op$5>. 

rl^it valve 10 not di^tlixsulelmbl© In the photo- 
o psrticulr.r spooloc forafc blostro^eci in tho loif- 

part of the Cyautla forn&tion cin^ is present
in

eoctloa noar tiio top ot & colony of
fiSSSS^S, var. o^cariUBa as it appears in a" "

tlon*
oucrop i " the nido jmrt of the C

neary Ir^llvlduals rct&in in place t2u> nearly IXut,
ri^ht V^IYD» Shir- species occxaro in bicmtronoe ot
and

n0j| ep,^ ^jsSffig 0P«» urrmf. jg<>t^^^f>DrfT * 
"Usreo Bgc>cl'bi&'' of 'ISni'^A^* '''aad'" porSaps t^o otSor
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*?«?  t^ T "  -r r" r-r » f«** 
f «; L~4 AJ 4.^-v. i vjU. ..-X

" »"    * /«   ? -"".'?» T >. ~< ^ ** -V '

, -i v&li OT in tho 2:cxcalr foiv- 
' c roc!.: ic corpoccci of crainn" bf llncstone t cal-

- to ehlorito nru iron O2v-o» Ccj^cntir^ r,attf/r la 
cnlcito* Lpoclncn rsn-^3j plano-

^.h-\;"tor linos tone or travertine fro:.^ tho Cuc 
tionj corsponcd cf Irr^^^alrri f.oncrally curved 

r»or»tn of turtle, cryptocrystalll^o calcito cV.inod t,*it:i 
uroats Iron orJl^o^^ in a n&tris or clc^r, c-oarner-^rr.inovS 
c^.lclto. jSiti roc*: ic YUcV/T" «n^ Jv*o sorac CD per cont por-o 
rpr.co* It \.&c prob"tCly *orr^d t->y line --ccurral^tlon on 
plant r-tor.w cr»ti"rootcp v*-iich vcro ciibK 
by oxidation* '.

f - >

up the creator pr*rt ct th& rocJc, cu^rtc lornlr^ anlr about 
15 p®^ cent. BelJcpar ens! mica crjetals oro t«re f rjnd
chloritc? ret>Xacos the relatively rev r,mllc conistitucntc »
Cpocisscn ?«*21-

v f lia^-rerino CJ-pmm intcrbc^de^L tdto eX^r>tic Ixsde of the 
scn formation. ?ellot-»li)is& clear areac p.

px^ro gn^u^i suryoisifiiixG natorlnl ic DOTO 
ly crjetallir*od ««i5 ccntaiim c^lcitc duct enl ta^obably1 
clay, Calcito nr^fccfs up s»^»out 15 per cent of tho rook*

occurred In n l&jce probably Dto ncsro t&rn & few 1si*» 
in

T, t Carboatiooourj eilt^tono froc: the lo'v?or part of tbo Z
m» '^o roc^: co^iete donlimntly of ^imrta s,nd 

lees li»&ot.nne t fcld«sparf ^n4 altoroa'safie coustitu- 
rith tjar'bosr^coouc t,rsinr, (blse*: srap!iite(?)> in ru-1© 

lay ore* It ic rincly crocc-boa^od^ Pynaaie 
rocrystnllisod cccic constituents mi* developed E littlo chlo- 
rito'

F, OlobulrT'-liko sr-iins of opaline clllca in non^rtftrino CTP**
intcrboddoi vltli clr.ctlc bo-ao of tho Z>7.lF.n.c clastic 

oup, 12ii& p.ppcsr.r6 to "bo s. tonoc clicrt noiuid in 
rion r but it actually hat. ?v ar.trix of Q







, 4 _A5ii.u'j.wi* of erivioelte flov rocks ta!:en Iron blocl^e that 
Efface up the '^t-po^tlnn formticn, Moot of tho^c ravici 
contain both aap^ilbolo &ud pyroxene-» In nose tho 
»oc 1"n tsinoralo" have boon pertly chloritised, r^ul In others 
too alteration 1ms produced much iron ore. 2bo

.> but soae ph0nocr r̂&tr' 
Itc <ipre^- tuid noro 0odlc 1x>2*dore* Shin cectlons o*

r blocks ^rorji this Hofrt2&ti<m were nlso all of

F, Cr76tal~llthlc rS^olito tuff vith eoao
*on tJi« upper pr^rt of tho Baless cl&otlo 

frayed ana l>eat Motitc crystr>lja* Hate tuff 
tho ^"Oldea tuTlfe In plate <U-E Risfl pl?,to 9*-^ «wviS -r, In

collnp&M wftS tent clwrd^ and In containi^ bent 
Motltc cr^Qt^OLfi. It «as probably air dcpo8lto£» 
It nay hava boon re^^^rlcod bj
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'., \ltcro3 difttw-BO froa cnr.ll etoch
fom"iticrt* ;loto ceaplotcly altered pyroxene cryctale, 
pcned sntnly of iron orctc aafl clUorlte. Il«trix convicts of 
l^bre/'orlto 'aicrolttos emi auslto s^-3L^-» Chlorite per- 
vnder t!i& roc!; t protonfcly r.B t. Ir^lc   enteric 
cnlcltc ctctirr in rltcro3 lolclpprr phenocryrts.

, .v Itc-rc-.! at-Vbarfr fror, crv?.ll r.tock ptni^tmtin; the a

. Texture *.c
and pile tr^l tic* :iock contains rltercd ollvlnc 

p;ienocryr,t,B ccrspor-ccl nainly of nontronitct^} r^nd cn.lcitc« 
*ifcfic sjatrix cc^r.tltuontc connlct of hypcrstheno and feufr- 
ito> ©coo of vhlch r,rc oltcaN&rl to noraronltc*(*)» Plaelo- 
claeo nlcrclltee; arcs "bytovcalte* rpocinen F-J?1»5^J piano- 
polarized ll£ht»

T;t tatrilt Tlov rocl^ Intoi*bedde4 ^Ith clastic b ?dcs of tha 
oleetio s^cr^P* Hock has porphyrltlc and ophltlc tex~ 

:>.flc pbmocryrtB v?cro probably oil vino but arc 
rovn iddlxv^lte(?)« Jlr.Jlc raitrir nlnoral ifc 

Chlorlto rcplncec nuch mAfic £2*Ltr4rlnl and perv 
*£, evoa in fr^otutroe In feldsp&re. Feldepnr nlcrolltee

St Flri0~er&lnfe& ollvliw b^.^ftlt trot! tho Cerro do la 
v&lcsxilo neck* %&leh cute tbo Crot^ceouc rocfcc. Hock 
porplxjrrt.tlc r^cl pllotmxltlc ter,ttalo» rhonocryetc arc 
orcthont* Rn-^ cllvlno, tl^o Isttor cos?letely altor^d to 
trorJ.to(7) t vhlch nlco porvi^o^ th® 5*ock and replaces the 
aaflc mtrlx coartltuontft, *'elCfcpr\r rAcrolitcs r^ro

crt r«-7»!>0i planc-pfelarlsod l

l*" t liaervlt floxf roc): free: fco lo%K?r part of the Btilcas 
tic ^roup* Hock lii& pcrp^rltle nn-l pllot&xltlc texture. 
T-hciioeryct? nro rmclto| d^rk-broT^n hcrablcnuo jconocryetr.t 

pr^cent, r.c c>hom In the lover rtcht corner of tho 
%fhcivo the horriblon-le hr\p "been ilr^oct entirely 

out, lc*7ltJ£ only e&rc-c alone tho ^10:cr.» 7he.ee 
xonocryr-tn li^.ve reaction ri-:rs of clusters of tiny riu-rite 
cryctals, roluspar nlcrolltoc r.ro latradorltc# Chlorito

the rock. LpoclrriCU 1^-^.2; plane-polarise. 4 light*
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TiOG?.\;zr. oi? u CITE, AUK-SIT::, ^i;^ BASM.T io.er RQCXS

t rorrhyritic fiscitc- fron the Ur&if forenti&ted volcanic cor** 
IOG of iiid-21e Tertiary cce, ir-re* cryct^l eecsrjo to be R x&- 
nocryr-t or r.iiiicrlno, **rit!i r. r*orc calcic border* Fcldt-p-r 
alcrolivcc arc l^bradcrlto. rfic constituents arc altored 
to nontronltc ( V } uivl Iron ores* '",u°rts occurs rr.rely. 
cinon F-»'vr'-^

t Cllvino «n-l hy]-»crathone br.or.lt Iron tho uppt*r pnrt of the 
-'.filoo.B clrxtic r.ro'ap. ;-:o^t of Uio oil vine h«.s £one to Id- 
<llnc^ltCf ra;-'3 Rcrr-tmtine^ ::^^>crr>t:i©nr» occurs as 
vith r.itorcx\ oil vine ftrvl feli^pnr; au^ito lev

the rv?trlx, F«l<lcpf»jL* phoiiocryetft nro nr» cnlcic a
, but nicrclitcB r,ro inbradorlto, Chlorite IG 

non In the nitrix. ^T>eclrjon

C» :or:»hvrltic incite einil&r to A, above t jfrorc tiie 
ca\ tiio rlcht Is quarts, ^pecinon F«*
light*

nttloaito dike rock cuttinc the ?il£apotlA r^xy*- 
ollto eericsu Hock contains n fcv cc^ttored phenocrycte- of 
lii^hly r.ltcre-^ horriblcmfie, liko ttot c,t the bottom of 
photograph, ;atrix Is cicvltrifled G^-**? vith

{ plAn0-»polariced

i flow rock froa tfafe bat^fe of tJie Duenavicte. volcanic 
Hock contains ^Uuvlant &orrxbl©ttdc tablets, Altered

to iroa ot*0. Fcldcpar nkicrclites cxro labre-dorltc, 
In a isescBtaeic of &ewltrl£U>&(?) elUx

F» laeir^Dito Is&fi&lt overlylne or intorboddod >rith tlio Bal- 
»<\e el&otic Groups ruxfis contains rr^ro cc^ttoroQ quarts 
cre,3jae« ciiTine* plicnocrj&te have so^e to icldinslto and i- 
rori ore* Scldfcpar ^ierolites aro Itibradorite* T^trix 
tc.inn j>rier»o of n\i?£ite and hyr»er8t3vMMj(?). Chlorito io 
<?nt In'^lnor ncovnit. \peclnch 155-33 j





t-  -»yvr'yv -T .   'i/".?*''} t -*-\'f ft'f^ f"'J 1 *-T*'''*' *". * *"* * 1t *"> t* JT  "'' *"-; ». <"t*"*""» ^CjvX.'I^lC^.vwi; ii- Ci- OLlvla-. *; » t ,: il.,- **iA*w xiX'V.-L.-

f Clivlno iwcalt Iron the UalchlJiautsin bass.lt eerier,. Part 
of tlis oil vine is &lteroA to idcl Incite.. Felrtopar rtlcro- 
lltcs are by tovnlte , Vr-trls: contrlriC n, little i.lEfs 
btci-lrJit ccattc-rod t"3^?.ir«s of 
polnrlced ll^ht,

jC f Clivinc basalt froi tlic C-bichlnRUtsin T^.cnlt ccricE, II 
otr»xitic texture chr.rr.ct4:ris:ec tJic £:roun:li3r=cc f v;Mch cc;i- 
t-^irx r.bunOmt rcr.tterc»l nucito ermine, ninr of r errant Ino 
curroun:1. noet of tho olivinc rfl-jcnocryptt-, but roct ^pnc 
c2io^fD little ^ItGmtion. .-cldeixir r.icrolitcc arc lr. 
itc, ' pecinon l-^l-DOj pl^no^nolarlaei li£.ht.

c, Clivine tesr.lt fron tlic C:i5.cliinr.utt:in b^r^lt 
iviiic md pTTO^onc phcnocryctG arc present t ttie Tomor al 
torol to iddin£Bitc around too rlnc, «nd tlic letter al 
to dork-broi/n pic^onitc(< )* Fcldr-p^r cicrolltcc r.ro 
ito aau oocur vith ai^it© cralnc* "7-oclnen F-10-5O}
pOlCPiCCH.1 light,

") t Ollvino an:; r.u^itc tr,Bf*lt rro^ tho chichlnautcin 
eerier. Both olivinc tn£ aunito occur -r.fi obonarait 
cryistc raid arc- Gcncrc-lly frfcfch* '-flio roclc h^t- r, 
pilotardtie tcxturo, !>»trlr fcldnwr rJLcrolitce nro l«, 

^ occ\tr* vith abundant auito isxint?. Keel: ir,

t Olirino Tner-lt rrcci th© Chichinautrin baea.lt series* 01-
lirino ^honocry^'ts Kake up about ono^fciirtb of tiho rocli tuvd 
giro perfectly fresh* Eoc't tee porpisyritic end cphitic to 
pilot&scitie tojcture* Folclcps.r nicrolitce are Ir^bradoritc* 

occur ^ith nUm&in 
i sod li "it .

F, Olivino bnralt frca tho UUchimutcJLn xvc^ltr ccriess, lock 
coutninc ^ItneroplionocryRtn or olivlno c\nd rocno plsr.5oelr.re*
Tcaiture ir^ r»orp^Titic t byniopilltlc. i>rounl::/iDr> 
nicrolitcc rro brtovnite to l^.brr.^orit.ts rji« occur

» ;.;ocl: is ^
ric^2. lie'' it,
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