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Preface 

Guidebooks have been part of the exploration of the American West since Oregon Trail days. Geologic 
guidebooks with maps and photographs are an especially graphic tool for school teachers, University classes, 
and visiting geologists to become familiar with the temtory, the geologic issues and the available references. 

It was in this spirit that we set out to compile this two-volume set of field trip descriptions for the Annual 
Meeting of the Geological Society of America in Salt Lake City in October 1997. We were seeking to produce 
a quality product, with fully peer-reviewed papers, and user-fnendly field trip logs. We found we were buck- 
ing a tide in our profession which de-emphasizes guidebooks and paper products. If this tide continues we 
wish to be on record as producing "The Last Best Geologic Guidebook." 

We thank all the authors who met our strict deadlines and contributed this outstanding set of papers. We 
hope this work will stand for years to come as a lasting introduction to the complex geology of the Colorado 
Plateau, Basin and Range, Wasatch Front, and Snake River Plain in the vicinity of Salt Lake City. Index maps 
to the field trips contained in each volume are on the back covers. 

Part 1 "Proterozoic to Recent Stratigraphy, Tectonics and Volcanology: Utah, Nevada, Southern Idaho and 
Central Mexico" contains a number of papers of exceptional interest for their geologic synthesis. Part 2 
"Mesozoic to Recent Geology of Utah" concentrates on the Colorado Plateau and the Wasatch Front. 

Paul Link read all the papers and coordinated the review process. Bart Kowallis copy edited the manu- 
scripts and coordinated the publication via Brigham Young University Geology Studies. We would like to 
thank all the reviewers, who were generally prompt and helpful in meeting our tight schedule. These included: 
Lee Allison, Genevieve Atwood, Gary Axen, Jim Beget, Myron Best, David Bice, Phyllis Camillen, Marjorie 
Chan, Nick Christie-Blick, Gary Christenson, Dan Chure, Mary Droser, Ernie Duebendorfer, Tony Ekdale, 
Todd Ehlers, Ben Everitt, Geoff Freethey, Hugh Hurlow, Jim Garrison, Denny Geist, Jeff Geslin, Ron Greeley, 
Gus Gustason, Bill Hackett, Kimm Harty, Grant Heiken, Lehi Hintze, Peter Huntoon, Peter Isaacson, Jeff 
Keaton, Keith Ketner, Guy King, Me1 Kuntz, Tim Lawton, Spencer Lucas, Lon McCarley, Meghan Miller, 
Gautarn Mitra, Kathy Nichols, Robert Q. Oaks, Susan Olig, Jack Oviatt, Bill Peny, Andy Pulham, Dick Robison, 
Rube Ross, Rich Schweickert, Peter Sheehan, Norm Silberling, Dick Smith, Bany Solomon, K.O. Stanley, 
Kevin Stewart, Wanda Taylor, Glenn Thackray and Adolph Yonkee. In addition, we wish to thank all the dedi- 
cated workers at Brigham Young University Print Services and in the Department of Geology who contributed 
many long hours of work to these volumes. 

Paul Karl Link and Bart J. Kowallis, Editors 
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ABSTRACT 

This field guide describes a five day trip to examine deposits of Late Pleistocene-Holocene cataclysmic 
eruptions at Nevado de Toluca and Jocotitliin volcanoes in central Mexico. We will discuss the stratigraphy, 
petrology, and sedimentological characteristics of these deposits which provide insights into the eruptive 
history, type of volcanic activity, and transport and emplacement mechanisms of pyroclastic materials. These 
parameters will allow us to discuss the kinds of hazards and the risk that they pose to populations around 
these volcanoes. The area to be visited is tectonically complex thus we will also discuss the location of the 
volcanoes with respect to the tectonic environment. 

The first four days of the field trip will be dedicated to Nevado de Toluca Volcano (19'09'N; 99'45'W) 
located at 23 km. southwest of the City of Toluca, and is the fourth highest peak in the country, reaching an 
elevation of 4,680 meters above sea level (m.a.s.1.). Nevado de Toluca is an andesitic-dacitic stratovolcano, 
composed of a central vent excavated upon the remains of older craters destroyed by former events. 
Bloomfield and Valastro, (1974, 1977) concluded that the last cycle of activity occurred =11,600 yr. ago. For 
this reason Nevado de Toluca has been considered an extinct volcano. Our studies, however, indicate that 
Nevado de Toluca has had at least two episodes of cone destruction by sector collapse as well as several 
explosive episodes including plinian eruptions and dome-destruction events. These eruptions occurred dur- 
ing the Pleistocene but a very young eruption characterized by surge and ash flows occurred ca. 3,300 yr. BE 
This new knowledge of the volcano's eruptive history makes the evaluation of its present state of activity and 
the geological hazards necessary. This is important because the area is densely populated and large cities 
such as Toluca and Mexico are located in its proximity. 

ITINERARY and geological setting of central Mexico and its volcanoes 
(Fig. 1). 

The trip will begin and end at Mexico City's internation- fie second d , we will he summit crater of - 

airport. From the airport we will drive directly to the city Nevado de Toluca, where we will discuss its present rnor- 
of Toluca. There, we will have an overview of the tectonic phology which has been frequently modified by volcanic 



and glacial :xctivit): Fronr its Io\ver crater riin volca~~ic lantl- 
fori~ls and toetoriic features around Nevado de %)Inca can 
be ohsc~ued. 111 ;dditiorr, we will eximiint. proximal deposits 
ex~x~secl on the norttr\vcstern flanks of ttse \.olcano pro- 
duced by Plinian ilntl (i~)rt~e-ciestr~ictioi~ st>le explosiorrs 
that occurrcxl during the last 40,000 yr. UP ih visit to tlir 
Pre-C:oluml)ian I-uirts of Teoterrarlgo 1oc;ttecl on top of :I 

young andesite lava flow at the eastern l)ase of the volcano 
\\rill concl~idt~ onr c-l'y. 

IItlring the third r l a ~ ,  we will visit pyroclastic deposits 
cxposcd at tltc 11ortlic:tsteni and ('astern flanks of Pu'r>\riido 
de 'Toluca. 'These proximal to medial outcrops conlprise 
~srostl> t~nits s,producccl I)y rnajor plinian, tlorrie-dr,str~~c- 
tion, and nrinor sector collapse cvents. The plinian events 
occrtrrec! at iil)out 24,000 and 11,600 yr. NP :tnd covcrecl 
thc 11orthe;tstctti volcano \lope\. Fkllout dc.posits of t l ~ c  
younger cvcnt underlie the city of Toltrc;~ and liavc also 
I,cc~i found as fir as Sfcxico City ant1 Chalco (at a clistancc 
of Inore tlua~r 80 Ian), The major clorne-destruction erup- 
tioris occurrt.tf circa 37,000 ancl 2X,000 yl: Ufi  procltlcing 
block-and-as11 flow tlc.ptrsits ttlwt rcitclicd nrinirnurri dis- 
t'tnces of I5 knr fiom the crater. 

On the fourtli day, we will visit an irnprcssivi, sc~c~rit~ticbc 
of volcitnic, fllrviatile, ant1 laci~strint~ deposits \vidcly clis- 
tributect to thc south of the volcano, \vlit~rc> t11c) tilled a 
tc.ctonically controllet1 N\V-SE oriented hasin. The ont- 
crop, exhihit two dchris-avalanche cleposits that cap a 
tlrick sequcAncca of laharie 'ind flitvio-lacrrstrine heils. tit 

the end of tlir clay, me \\rill cisit tlic Pre-Co1urnl)ian ntins 
anel rnona\tcq of Mdinalco. 

On the I,15t clay, Jt)cotitlBn composite \~olct'~no will he 
visiteci (Fig. 1) .  Recent studies (Siebe et al., 1992) have 
~ho\ in  tliat thi, volctano, formerly 1)elievetl to be extinct, 
was active iri Prc-Colrtrnl>iati ti~nes. Ileposits for~ned ,tftcr 
tl~is activity will 1)e inspected rre'tr the suninlit of tllc vol- 
cano. A tn'ijor FIoloccnc ernptio~i of Jocotitl611 emplaced a 
large debris-itvalanchc cleposit with a pronottncect Irt~ni- 
rriochy topog~y~hy. 51itny ofthe etittcropsto I)e visited ,ue 
related to this debris-avalanche tieposit, tlie emplacc~tient 
of which Ins) have lrteen triggerecl by an citrthqtiake in tllc 
riearhy Acnrrik)ay graben. 

THE TIlrlNS-MEXICAN VOLCANIC: RELX 
(TlIVB): AN OVEll\TIEW 

The Trans-Mexiaui Volcanic Belt (ThIV13) is an andcsitic 
continental volcanic arc (Fig 2). It is al>otit 1200 k ~ n  long 
atici rtisis from the rnotltlr of the Gulf of C:alifornia across 
ccntral llesico to Veracrnz. Volcanoes of the 'TMVB arc 
rclntecl to thc, snbduction of tlic Cocor ant1 Riverit plates 
I)enc.;rth tlre North American plate along the Midclle 
Anrericarl 'Trench (XIAT). Other theories explain the oriqin 
of tlic- 'rSl\'U 1)y invoking .t cr~rstal fractrtrt, ~ o n r  or 
mega-,hear (Verma, 1983, 1987). '1'11e TMVB is only 80 to  
200 knl frorn the trcncll in t'tir, Colirrra region but it is 350 
to 100 ktn distant fro111 the t r ~ u c h  at its eastern cmct 
(Robin, 1982). The variations in the volc~anic arc-trench 
gap distances are rebtcd to the depth ofthe Ucnioff Zone 
beneath llcxico. The inclinatiotr of the Ur.nioff Zorze in 
the vicinity of Colirna \,olcano is about 30°, it is as little as 
20" brncaatl~ 'Iblnco arid Scm AncfrPs Tuxtla (Nixon, 1982), 
a~itl  the dip is alrtout 30" beneath El Cliichhn \olcano 
(Stoiber and Car, 1973). 

The initiation of volrntric activity in tlrr TMVB is a 
nratter of eontrover\~. Iir the wc\tern part of the TMVN, 
Gustil et al., (1979) rsti~n;tted it to be circa 4.5 n1.y.. but 
illlan (1986) placed the oldest calc-alkaline volcanism at 
10 n1.y. In tlie central TIIVB, volcanisni started at 30 111.y. 
according to hfooser et .t1.. (1974), anel in the eastern 
'TMVB, Calltagre1 atit1 Kobin (1979) suggested that vol- 
canism initiated 20 n1.y. ago. 

The TMVB is dominated by huge ;anclesitic stratovolca- 
noes, wine of \vhich forni north-soittl~ volcanic chains tli,~t 
becort~e 1ouuge.r to tlie south, tliiit is, t ~ ~ i t ~ d  the trcncti. 
Examples for thrs type arc. C'tittaro-Colirna, Iztacciliuatl- 
Popocati.petl, md C:ofic, cle Perote-Pico dt> Orizal>a. K-Ar 
dating of the ~t~iclesitic calc-alkaline. volcanoc~s Sangangiley 
ant1 Saii Juan in the western TMVB indicate tl~itt coneb 
cntrftructiori l)cy,an circa 0.6 anrl 0.2 m.y , whereas in the 
ct~ritrall T11V13 (Iztaccifirtatl and Ncvado c1c ?bluca), cone 
grow th heg,in 1.7 n1.y. ago. This ngis variation hehveen thcx 



Figure 2. hfup sl~otoiug i11(" Zo~irtion Of'tfw Tru~~s-blexic~~r~ 1blc(iitic 
I$c.lt in ci~iztrrrj I\f~xico, ci11d its r~lat irr  poaition to Los lilstin~ rol- 
ecrrzrc urea. X4'r = Mirltllt! ilrnericc~ Trr.~zc!i, irrd RP = Rh em Pl~te. 
Sotne ()z~atrrttar?/ t~olccirlo~s. Ce = Ce1~ortrc.0, Co = Colirna, 1'0 = 
P(zricr~tii~, PO = ~ " O I ) O ~ ( I ~ ~ J I : I ) C ~ ~ ,  Pi = I'ico (It' Oriz(ih(i, cinil C'h = 
(,'hiekcin. Cities. G = GrrurlukIjc~rr~, = hlorehcr, $1 = hnk.xico Cit!y, 
O = Orizcd)tt, P = Prrc.bka, Te = at~ir., I?)= 'Ii,ltu.ir, V = \i.rclc.niz, 
nn(1 Vi = 17i'illihcn~rosa. 

birth of the a~ldcsitic volcanoes in both areas ant1 the 
trenchward rnigratiori of the volcanic activity may be related 
to tlte different sultctrtction rates 1)etwecn the Cocos ancl 
Rivera plates (Nison et al., 1987). 

Thch TMVH consists of thi-ec distinctive proci~zco related 
to their tectorric, volcanological a~rtl petrological clzaractcr- 
istics. These zones are: (1) The \vestern TMVB, tlotninated 
by the C:olima-C1za~~ala-Zizcodco triple jttrictioit where 1)otIl 
alkalinc and calc-iilkaline volcar~io products are prcscnt. 
(2) The cerltral TMVB, \vhich is characterized by huge stra- 
tovoleanoes that forrrt a general E-\V trending volcaliic 
chain through ccrrtral Mexico where calc-dkalirie volcanism 
is doniinailt. (3) The eastern TMVB, which is characteri~eci 
hy ntlciesitic stl-atovolcanoes where calc-alkaline products 
are clominant. In this guideltook we will focus only on the 
ccr~tval part of the TXlVB ancl spceifieally on the cfrarae- 
tcristics of Nevado cir Toluca and Jocotitlrin volcanoes. 

Tectonic Setting of Central Mexico 

Accorcling to thc tcctonic ~notlcl of Mexico prc5entt.d 
by Jolinson ant1 Harrison (1990), Ncvado dc TToluea and 
JoeotitlBn volcarroes arth locutrscl \vitlrirt the Gucrrero L3loc.k 
(Fig. 3).  This I)lock is cot~fitled to the 11c)rth by thc (:hapala- 
'lilla fault system :tnd to tlie south by thc O;~xitcit-Chupala 
fitrtlt system. In this scheme, h'evado cle Tolitca overlies ;t 
scanes of NNLV-SSE trending nornral fi~ults, aligrlcd in a 
Hasin-and-Range like pattern (Uemar~t, 1978), and a series 
of E-N' trendirtg riorrrial fit~~lt\. Tht%sc, two fiittlt \ystc,rn\ 
cvt-re originally idt~iltified as major fractures in the 1i)luua- 
'l4oxico area (llooscr, 1969). Tlre existence of  a NE-SLY 

Middle America Trench &> r a l d e r a h  * I/ High angle fault A Volcanoes TS? Lake 0-lSO km / 

fracture system itz the I,errna Basin \\as pointed out Ity 
Zloo\cbr and Malciorraclo-Koerdell (19Cil). This systerrr ,il\rr 
seems to be present it1 a regional corrtr%xt since the so-ciilled 
"Terroc~lititliiir Fartlt System" (De Cserrta ct a]., 1988) luzs 
the same orientation itc~oss Central hlexic*o. 

NEVADO Dl3 'TOLUCA VOLCANO 

Locutiort cz t ~ c l  Present hik,q,liologlj 

Nevado de 'Ioluca volca~io (19O09'N; 9!)"15'W) located 
23 Krn SLY of thc City of Toluca reprt.sents the forlrth 
highest peak in hlexico reaching an elevation of l,(i8O 
rn.a.s.l. Nc\iatlo de Toluat or Xinant6caatl ("'h'ucfe 5I,i1< in 
the ~nahi~atl language) is a large andvsitic-dacitic stratovol- 
cano of Idate Pleistocerte age (Bloomfield and V:ilastro, 
1971; C;tntagrcl et d., 1981). Nev;ttlo de Toluca rises 2100 
n~ above the Lernza River to the nortlr, atrd 3100 m alto\e 
tht  plain\ of Ixt,ipair tle la S d  ,tntl Torr:ttico. The cratcr I-r'is 
a11 E-LV clong,ttccI film1 (1-I.5 klrr in cliclnlcter) witfr it 

Irorsc-slioe shaped openitrrr; to\vards thc cast. It contains 
two lakes (krio\vn <is tlre I'tkes of the Sr~rr ,rrtd the Zloo~i), 
which are aeparatecl by a claeitic donre irrtrrrsion. The floors 
of tlrcse lakes are at 4,200 1n.it.s.1. The oval central crater 
is emplaced ~ I I  top of t\vo older dnrplzitlleater-sll'ipetl 
erdters \~hosc, reniai~is arc still \i\il)lc on tli? SE ,i~id YE 
fiarrks of thv volccmo. C:l,trai,d aclvancn5 oecu~l-ing chiring the 
t Iolocene also aft'ectccl the \7olcano's rrnolphology (Ifcine, 
1988; Ace\ cs, 1996). Rock glaciars iiilci tleltris flows cicri\atcil 
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Figure 4. Aerial photograph of Neuado de Toluca (INEGI, 1989). OD = The Ombligo Doine, RG = Rock Glociar, M = Moon Lake, 
Mo = Morraine, S = Sun Lake, GV = Glacial Vallezl. 

from glacial activity are well exposed on the external the purpose of this guide book, have been grouped into 
flanks of the present crater as well as inside of it (Fig. 4). four main sequences (see geological map and conlposite 

stratigraphic column in Fig. 5) .  These units have the fol- 
Local Geology Overview lowing characteristics: 

We have mapped and recognized at least 19 strati- 1. The first sequence is composed, from the base up- 
graphic units around Nevado de Toluca Volcano which, for wards, of the volcano-sedimentary metamorphic 
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Figure 5. Ccrzcrc~L ge,ologic. map of Yerc.rc~do tle Tolricc~ W)lcc~~zo ar~cl its lithologic. src/rtcnc.e. Profile C-D is shotcrt in  Fig. 7 

Ixtapaii-Tcloloapan Formation (Cnnlpa ct ;d., 1974) 
which cortsists mostly of Late Jurassic-Early Creta- 
ccons grcAcbn schists. This sequence is poorly exposed 
in the southeni portion of the area, wherc it consti- 
tutes the core of horst strttctures oricrlted in a NW- 
SE direction. 'The Morelos Fol-rrtation inconforrna1)ly 
overlies the Ixta1)an-Teloloapa~i Forn~ation it1 the S- 
SE portion of the area. The Morelos Formation con- 
sists of' rnitssive to thickly bedded lirnestoties and 

dolotnitic lirnestories rich in fo+\ils of Albian age 
(Uonet, 1971). The Mcso~oic-Tertiary l)a\enient 1s 
cappet1 1)y the Balsas Group which consi\t, of con- 
glonlerates, lava flows, sand\tone\, \tltstones, ancl 
lactr\trine deposits of Late Eocene-Early Oligocene 
age. 

2. 'The scconcl secpience consists of Tertialy volcanic 
inid tolcalticlastic rocks. The b'tse of this \equence 
ccttisists of rhyolite\, rhyodacites, dacitic lava flows, 



.trrtl p~roclastic flow (ctc~po\it\ helongii~g to t l r t x  
Til~apotl~t Ijormation "Riolit,~ 'I'il~apotla." The ;igc of 
this hrrriation Iia\ Iwen deterrniiic~tl I)y [hi. K-Ar 
method , ~ t  26 n1.y. (Earl! Oligocent.), 'trrd hy its 
stratigr,tp1tic positioir in tlre Ollgoccrrt~-211o(~e1it~ 
(Fries, 1960). The Tilzapotla tictrr~ratioil is cfi\contrrtli- 
ously o\rcrl:uti 1)y the Tcpo~tlAii fir~ti~ttiotl. I t  ir ta\- 

po\ed In the area surrout~ling tlic vrllagcl ot Llalinalco 
;lad it1 soine scntterr~cl site5 jo~rthe'tst of Nev'tifo dl' 
Toluc~t. 'The 'Tepo~tlan Formation ci)ilsists of I~~lr,us 
dcposits rich ill suhrolrntirtl porpl~yr~tic. aaderrtc~ 
cILtsts iiitercalated with flr~viatil~ cfcposits. a4ccording 
to Fries (1960), t l ~ c  age of this ft)rrnatiolr is probahiy 
F,,rrl! \fiocene. Tliis unit is cappe~f by '1 scqrrcncc of 
basalt .tritl artdesite I't\a flows, tt11ieli ,trc> \.crclcl> tlis- 
tr111nted aci.oss tlie \oritht~ t.stc>ri \lope\ of Y 6.1 atlo 
dc rI'olr~ca. 'The exact ,tgc of thi\ ulrit is still tin- 
known. 

3. The third seiluerice is c l ~ ~ v ~ t c t e r i ~ t ~ d  1)y (?~r,~ttxrn,tr! 
rocks that constitrrte the \olc,tnic etlif?ec% of Ncvatlo 
de Toluc'i volcai~o (Bloou~ficlti, 1974: C;:u~t,~grcl ct ,I/., 
1081. tirce. 191-16). 'I'hc~! art, cirscrrl)etl in clctall in t h t  
next section. 

1. Tht, four.tll srcl~ience irlcllides prodrrcts of einclcr 
cones and l,wa flows eaiittetl froni fisslrrt>s foc,ttccl rn 
tlic, eastcrn part of tlie anh:t. The forrtl~~tion of ttic.sc 
\olcctrric features occurred I)et\vecii 38.000 ,~nd  
8,000 J r. UP (Bloo~tlfic~ld 1974, 1975) 

Stnu.t~~~-cif Geology 

Oirr studic~s indicate that Newdo de 7bI1u.a is ~restxntl) 
;rfkcted b y  ti~rcbe fault systc~r~\ tl-rat intersect at. tlrc \,ol- 
~ C L I I O  (Fig. 6). The oldest of the\(> is tlrc, ?:rr~co-Qtrc~ret;rro 
f'irrlt sy\tcAin (TQFS) tl~scribtsd h) Ilc~munt (1978). LVe 
h,lve called the other two more rcctwt ortes, t h c b  S,tn 
iintotlio fattit sj, stern (SAFS) and the Ti>nLtrigo f:,\till systiArn 
(TFS) i(:nrcia et d . ,  1996). 'l'hcse ihrilt 5ystun-ts fi,i\c tlrc. 
follo\virtg cli,uacteri\tics. 

Ftgrtn. 6 ?i,cto~trt. tc2itt,lg i)/ \i,r ado rlc ?i)Irl t . i i  lit& nno Iliicc. ( /t ic- 

grcitt~\ rcJpr~,$iB~it the* o r ~ ( ~ r i t ( i f t o r i  ofitii~/ot / z i t (  t l t j i i - * i f $  { t i  f / t i  ({rvtl 

AI, = Atlmtlmlirrtrc,c~ ?tor\t, cr~zd 'I'G = li,rztr,tc,~tigo gtcibr'ri 

C L ~ V  ~ ~ o ~ t q ~ o \ c ~ i I  of iir~tt~stoi~v 111 !>i>tl~ c'iw\, the>\ ' i ~ e  cL~i~l)cx<j 
I)\ ) oungcsr \ olcartlc roc/\\ fro111 \c\ ,tdo dc "Er~ltic~l I ' l~t '  
cre11x~rts li<n t ,  'ti1 'txtLrc~ge 1cit11 of 4 k111  c i t~c j  ~ 1 1 - t ~  illlt,(i I)\ 
~~olcdnicl't\tte sctlirnrc,rtt\ t ~ p  to 200 111 thrck Sl~cki~~l\tdoi 
011 the flank\ srrggchit ti. ctirr1p1i.x \et of rrro\i~trrc~11ti \rncxcx 
I,,ttt. \fiocc~nt. to the, Vuattv ilar\ 

b,ln L ~ r ~ t o ~ r ~ o  yk1tl1t s\ \ttb1ll ($J'$.FS J 

Tlrc SAI'S tr.c>t~tl\ hE-SLY l~t,t\\c~c~rr thct S,trt .trrtitrtlo 
arrtl the Ntv,rtlo dt, 'Tolrrc,i \ olc~,ilroe\ On ,r rc>q~or~,tl \c  

this svstrr~r is, eirar,tetci i~txtl 11) Xine'u fc,irrr~ cl\, H,itlr o~l r ,  
rl~oinboid'tI strrrr-tr~rrs, ,~llrgi~iiicrlt 01 seorr,l corIr1c ,irttI ilc- 
fbrnled l,tv,t iloms. A5 ri c m  he ot,+cntltl 111 tl-ic. rtlt.,llr/tbct 

cros\-\ccttotx c t i  Fig~rrcb 7, d i~(~thplex q f ; i l ) t h r l  5trrlet11r-iL itcrc 
callct! S,ur \ligrri.l, tic! t~ lop t~ l  I ~ I  ,niocr,itiort n~t l r  11ic' f,krril: 
4% stem r l l .  '1 locd ~ c ~ i l ~ ,  tllc S4FS I \  c\~tlcncccl b\ Iliglrl~ 
dcforxrtetl roch ni,~sst~\ icrtrsltc~rt 'trlti rcc.r\ it,illrrc~tl) ,irkti 

txt o $t,tgt.\ of rnovc%~rrrrit, rrlit~all\ left-1atc.r a1 iollo\t cil h\ 
Tllr. 'I'QSF 1s a tectoliic ft~~tture of regiolral cLxteot .tiid 15 

rlor111~~1 (Fiq (5) 
the olclcst system in thc region. It 11,~s irtiport'tnt tc1ctoir~e 
,tnd \ olcanologicd implications I)t~c~,~usv of tllc alig~~ilrtrrt 
of many stnictul-es incluclirig the hnlnc,tlcc~ C:,dclc~'t (SIi~rc1~t'~- 
L'tultio, 1978). the \/Inzahrua Caldcra, (r\ngrxita cht a]., l99X), 
,~nt'l the San Antonio ,mci Nevaclo tle Tolue't \ ~o l c~u~o t~s  
(Fig. 6). 111 the. \trrdy area, tt i5  rc-hpri.ce,rrtt:d 1)y ,t sc3rrcL\ of 
horsts ancl gra1)errs trending N2S0\C' aiid tlankcd I)! f,krxlt\ 
dippirig 70" to 90" ,trid foririinq cliff\ rrp to 100 In irr Irr3rght. 
Itr ttrc wester11 region, the cores of tltcx horsts consrst of 
mt~t:tnlorpllic rock\ froln the ln t :~~)arr -Tt~lolo~~~~~ts~ \ olcltrirc- 
sctliincwtar? secluenccl, while i ~ i  the ecistci~i region tlrc cores 

7'1115 fitttlt svstvrrt tr-~rttls E-\\ anti f i ~ r n ~ i  tllc \o-e,rllr~rl 
i\tl,ttl,tl~~i,u*,i Itor\t 'This Iror-it schp,tr,i.fc\ tllc. s i  s t t X ~ n  lrtto 

two 51d)\ct\ { E k ,  (<) I i t  oiitvet, tflc i,nilt p1ant.i rirp to t11c 
riortlr tcniard5 tilth 7i?lucu !),t\rrt, in tltt. o t h t~ .  c>asu khc\ dip 
to thc sotrtl~, fi)ri~rrng tlrrx flctrik\ of t h ~  'fc~n,tttc.rllqi) f : i  ,~ l l c .~ -r  

h scric,s of e~i-ttltar conr>\ ~ 1 1 t h  th15 orrerrtatrorl \eht>rlri io !rcl 

,rssocl,~trrl rtlr this f,urlt 51 stew At lc,,til t l ~ r r * c ~  ht,igcb\ 01 
f'tult ,tcti\rt\ airk rreoidecl 'I'IK* flr,r mo\ci-rlt>~rt I \  c.1 I- 
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denced to the south of San Miguel Banderas by a set of 
"en echelon" fractures trending N35"W. These faults are 
at an angle of 45" with respect to the trace of the TFS 
forefront, indicating right-lateral motion from slicken- 
sides. Other structures with' the same arrangement but 
with a N55"E orientation at an angle of 20" to the fault 
trace, mark the second stage of movement with left-lateral 
motion. The last stage of activity is of normal type as indi- 
cated by the slickensides on the fault planes and the align- 
ment of the cinder cones and dikes. 

ERUPTIVE HISTORY OF 
NEVADO DE TOLUCA 

Previous Work 

Since the beginning of the century, the truncated crater 
of Nevado de Toluca attracted the attention of geologists 
who described general features of the volcano (Ordoiiez, 
1902; Otis, 1902; Flores, 1906; Waitz, 1909). The first studies 
that tried to define the volcanic events that occurred at 
Nevado, as well as its eruptive history, were those by Bloom- 
field and Valastro, (1974; 1977), and Bloomfield et al., 
(1977). In these studies the age of the volcano was deter- - 

mined as Late Pleistocene and two large volcanic erup- 
tions were recognized: A vulcanian eruption that occurred 
~28,000 yr. BE produced extensive blue-gray lahars, and a 
plinian eruption that occurred 11,600 yr. BIj emplaced the 
Upper Toluca Pumice. Between these major episodes of 
volcanic activity the authors also recognized deposits of 
other eruptions: A plinian eruption produced the Lower 
Toluca Pumice fall ca. 24,000 yr. BIj and minor events de- 
posited what they called younger lahars between 28,000 
and 20,000 yr. BE Cantagrel et al., (1981), proposed that 
Nevado de Toluca was built in two main stages of activity: 
(I) The first one started ca. 1.5 m.y. ago, with the emission 
of andesitic lavas that constructed the primitive volcano 
and the emplacement of thick epiclastic sequences of 
lahars and fluvial deposits on the southern flanks of the 
volcano, (11) The second stage of activity started =100,000 
years ago and was characterized by the intrusion of cen- 
tral domes and their explosive destruction which pro- 
duced "nukes ardentes pkl6ennes" (blue-gray lithic lahars 
of Bloomfield and Valastro, 1977). These authors dated a 
paleosoil below these deposits and obtained a maximum 
age of 38,000 yr. BE This stage continued with the forma- 
tion of "nukes retombantes" (probably corresponding to the 
young valley-fill lahars of  loomf field and Valastro, 1977), the 
two plinian events of 24,000 and 11,600 yr. Be and ended 
with the extrusion of the dacitic central dome known as 
"El Ombligo." New stratigraphic data obtained during the 
last three years demonstrate that Nevado de Toluca has had 
a more complex volcanic history than previously thought. 
Episodes of cone destruction by major sector collapse, 

Nevado de Toluca Volcano 

Figure 7. Iakalized east-west geologic profile through Nevado de 
Toluca Volcano. Vertical exaggeration is 3X. Major faults repre- 
sent relative movements along the Sun Antonio Fault System 
(SAFS) and the Taxco-Queretaro fault system (TQFS). SMG is 
Sun Miguel Graben. For section location see Figure 5. 

dome-destruction events by large magmatic eruptions, 
and plinian events of variable intensity have been com- 
mon scenarios during its volcanic evolution. A correlation 
of the stratigraphic units and events described by previous 
authors with the new reported units (Arce, 1996, Macias 
et al., 1996; 1997) is provided in Table 1. 

Repeated Sector Collapse 

Since the May 18, 1980 eruption of Mount St. Helens 
eruption during which the volcanic edifice collapsed lead- 
ing to the emplacement of a debris-avalanche and associ- 
ated blast, fall, and pyroclastic flow deposits, a large num- 
ber of similar volcanic deposits have been reported all 
over the world. In Mexico, the best known examples of 
these kind of volcanic events are Nevado de Colima and 
Volckn de Colima (Robin et al., 1987; Luhr and Preste- 
gaard, 1988; Stoopes and Sheridan, 1992; Komorowski, et 
al., 1993), Jocotitlb ((Sebe et al., 1992), Pico de Orizaba 
(Carrasco-Nuiiez et al., 1993), and Popocatkpetl (Robin 
and Boudal, 1987; Siebe et al., 1995). Although Nevado de 
Toluca was the subject of several geological studies the 
deposits related to edifice collapse were not recognized 
before. Today we know that Nevado de Toluca as well as 
other andesitic Mexican Quaternary stratovolcanoes, col- 
lapsed at least on two occasions during its evolution. 

Our stratigraphic studies indicate that the old Nevado 
or "Paleo-Nevado" has been destroyed at least twice by 
failure of the volcanic edifice, producing debris-avalanche 
deposits during the Late Pleistocene. On both occasions 
collapse of the volcanic edifice occurred towards the south. 
Other Mexican volcanoes have also collapsed towards the 
south (e.g. Popocatkpetl, Nevado de Colima, Volckn de 
Fuego de Colima, and Pico de Orizaba). The preferred 
southerly direction of collapse seems to be related to the 
general tectonic stress pattern within the Trans-Mexican 
Volcanic Belt. 



Table 1. Correlation of stratigraphic units and volcanic events described by several authors at Nevado de Toluca Volcano. 

Sample No. Age (yr. BE) Material Dated Location 

NT951403 3,140+ 1951-190 Charcoal in pumice flow deposit 
NT96144B3 3,435k50 Charcoal in ash flow deposit 
KBC-381 11,580-170 Charcoal from thin layer at base of UTP; average of 4 samples 
KBC-40a1 13,620-1150 Paleosoil (Figure 6) 
KBC-40bl 13,870-1180 Pdeosoil (Figure 6) 
KBC-40cl 17,OgM20 Humic horizon in Paleosoil just above reworked LTP (Figure 6) 
KBC-251 20,1m140 Paleosoil on Pleistocene lavas below KBC-9; contaminated by modem humus 
KBC-201 21,030f430 Paleosoil on valley lahar (between 2 and 3, Figure 4) 
KBC-19l 21,17W170 Paleosoil on Tertiary lavas overlain by lahar: ?= KBC-17 and -18, contamination suspected 
KBC-26l 21,790B00 Paleosoil on valley lahar overlain by fluvial sand and gravel (between 3 and 4, Figure 4) 
KBC-9l 23,80W490 Charcoal fragments in lithic ash at base of valley lahar (3, Figure 4): 2 samples 
KBC-7l 23,94W600 Paleosoil on lahar to E of Nevado: mean of 7 samples 
KBC-42l 24,16W420 Thin peaty layer at base of valley lahar, W of Nevado (between 2 and 3, Figure 4) 
KBC-81 24,260-1670 Paleosoil on lahar to E of Nevado: mean of 7 samples 
KBC-15 24,4m430 Paleosoil on Tertiary lavas; Sierra de Las Cruces 
KBC-2l 24,410+590 Paleosoil on lahar to E of Nevado: mean of 7 samples 
KBC-lB1 24,44Q5+ 50 Paleosoil on Tertiary lavas and old lahars to W of Nevado (between 2 and 3, Figure 4) 
KBC-17l 24,590+280 Paleosoil on Tertiary lavas and old lahars to W of Nevado (between 2 and 3, Figure 4) 
KBC-4l 24,930-1670 Paleosoil on lahar to E of Nevado: mean of 7 samples 
KBC-5l 25,02W590 Paleosoil on lahar to E of Nevado: mean of 7 samples 
KBC-61 25,250-1760 Paleosoil on lahar to E of Nevado: mean of 7 samples 
KBC-31 25,620-1680 Paleosoil on lahar to E of Nevado: mean of 7 samples 
NT95453 26,275+ 12101-150 Paleosoil below the white pumic flow deposit 
KBC-41' 27,590-1650 Paleosoil on fluvial gravel derived from lahar (1 in Figure 4) 
NT9535B3 28,140+ 8651-780 Charcoal in block-and-ash flow deposit 
NT95213 28,925+ 6251-580 Charcoal in ash flow deposit 
NT95503 3 7 , W 1 1 2 5  Charcoal in block-and-ash flow deposit 
EN 122 38,000 Paleosoil at Jaral gully 
NT959S3 42,030 + 35301-2445 Charcoal in ash flow deposit 

Complled data from lBloomfield and Vdastro (1977), ?-Cantagre1 et al (1981). and 3 ~ h ~ s  work 
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Age 
(yr. B.P.) Description 

White pumice flow rich in subrounded dacitic pumice and crystals and thin pumice 
fall and surge horizons at the base 

mposed of three main massive units and minor 
uvenile gray dacite clasts, red altered dacites, 

typical jigsaw fit structure set in a sandy matrix. 

Ncvatlo de 7Eri,l~~ca volcano has st~ffered him rriajor sec- 
tor i'ollagscr during tlrr Plrhistocene. Rent.wclc1 volcanic 
rtcti\,ity cb11;iracteri~ed l ~ y  Plitliarr ant1 dome-tlcstrirctio~~ 
stage,, took place at thc central crater of the volcasro clur- 
ing the Late Pleistocclle. Apparently orily onck rninor 
explosive czvcut occrtrrcd clrlrirtg tlre IToiocencl. A dcscrip- 
tiorr of t h c h  rrrain err~ptive urrits is sho\v~l irr Figurc. 8 ,  Fro111 
thc bttsc to top the ltrritr ;ire tire hilo\ving: 

Dcl~ris-avahnche clepo4t 1 IDAD1) 

This cleporit is a massive light-brown unit, up to 10 m 
thick, \\ it11 l~locks sliowing jigsaw-fit structurer embedded 
~n art i11drlratc.d coarse s,ludy rnatr~x (Figs. 9 ant1 10). 'Thic 
deposit consist\ of two type\ of blocks. a porphyritic graj 
ju\.enile cl;ic*ite rich in plagioclase and l~ornl,lerlcie pheiro- 
crystr sct it1 at1 'tphanitic matrix, anrl red, altewcl old dac.ite5 
from the volatrlic edifice with the sarr~c mineral cottiposi- 
tion. C>v;d-rhal>eti tree casts sevcrtil centiineters in ctiiuneter 
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jigsaw-fit structures and some of them have conchoidal 
fractures. DAD2 does not have an indurated matrix as 
does DAD1, but it shows the reddish alteration zones typ- 
ical of debris-avalanche deposits. The deposit rests upon a 
pale brown paleosoil and is topped by a poorly developed 
paleosoil. The extent of this unit is similar to DADl al- 
though it is better exposed (see Fig. 11). It covers an approx- 
imate area of 500 km2. Considering a minimum thickness 
of 10 m for this deposit, a volume of 5 km3 was estimated. 
Around Coatepec Harinas, a 37,000 yr. old block-and-ash 
flow covers DAD1. Therefore DAD2 must be 237,000 
years. 

Gray Block and Ash Flow Deposits (GBAF) 

Two violent eruptions occurred at Nevado de Toluca dur- 
ing the last 40,000 yr. These events produced large mag- 
matic explosions that destroyed old dacitic central domes 
and excavated the crater that we see today. These domes 
had volumes ranging between 0.5 and 1 km3. The explo- 
sions emplaced dense block-and-ash flows and minor surge 
deposits around the volcano (Fig. 12). Because of their 

Figure 9. Topographic map of the excursion area. Contour lines similar appearance and components, previous authors 
e v e y  200 m. Capital letters mark selected stratigraphic sections described both deposits as a single unit which they referred 
shown in Fig. 10. to as either "older lahar assemblages" (Bloomfield and 

Valastro, 1974; 1977) or "NueCs Ardentes" (Cantagrel et al., 

attest to the incorporation of trees during emplacement. 1981). Bloomfield and Valastro (1977) estimated the age of 

The deposit overlies, with a flat basal contact, a poorly- the at 28,000 yr. Be based On a date 
developed paleosoil and a thick sequence (up to 100 m) of from a paleosoi1 that covers the deposit. 

lahars, lacustrine, and fluvial deposits. DAD1 spreads south At Barranca Zacang07 these are a 
from ~~~~d~ de ~~l~~~ up to a distance of45 km from the lacustrine sequence interbedded with paleosoils (see sec- 

volcano. It is well exposed around Tonatico and Pilcaya tion B in Fig. 10). Charcoal within the older flow deposit 

villages (Fig. 11). Assuming that the altitude of Paleo- gave an age of 37,000 f 1125 Yr. Be which correlates with 

Nevado was similar to the present volcano (4,680 m.a.s.1.) the date of 35,600 +2600/-1800 yr. BP for the ''gray lahar" 

and that DADl has a maximum runout distance of 45 km of Heine (1978) and an underlying paleosoil dated at 
we obtain a coefficient of friction (Hsii, 1975) or height 38,000 yr. BP by Cantagre1 et al., (1981). Two charcoal 
(H)/length (L) ratio of 0.07. This is one of the lowest H/L samples within the younger flow deposit ~ielded ages of 
ratios for this kind of deposit reported in Mexico. It is 28,140 +865/-780, and 28,925 +625/-580 yr. BE These 
similar to the values of 0.04 reported for Nevado de Colima ages correlate with the upper age limit proposed by 
Volcano (Stoopes and Sheridan, 1992), and 0.06 for Popo- Bloomfield and Valastro (1977) who reported an age of 
catkpetl Volcano (Siebe et al., 1995). Its age is unknown but 27,580 f 650 yr. BP for a fluvial gravel on top of the flow 
it underlies DAD2 and a gray block-and-ash flow deposit deposit (Table 1). 
dated at about 37,000 yr. BE Block-and-ash flow deposits (up to 30 m thick) are mas- 

sive and consist almost entirely of gray porphyritic juvenile 
Debris Avalanche deposit 2 (DADS) lithics with minor amounts of pumice, glassy lithic clasts, 

This deposit is a massive light-brown unit comprised of and red oxidized dacite clasts from the volcanic edifice. 

shattered blocks embedded in a coarse sandy matrix. In The juvenile lithic clasts have mm-sized phenocrysts of 

section E of Figure 10, DAD2 is at least 5 m thick.  hi^ plagioclase, hornblende, augite, and minor h~persthene, 
deposit is heterolithologic and consists of gray porphyritic quartz, and biotite embedded in an a~hanitic groundmass 
dacites, old red-altered dacites both rich in plagioclase of the same constituents. Pumice, as well as dense juvenile 

and hornblende, older ygeen-altered andesites, basalts, and lithic clasts have a uniform chemical composition in the 

schists from the local basement. All these blocks display range of 65 to 67% in SiO2 (for further details see Table 2). 
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Fr'gztre 10. Stt-iitigruphic rorrelation of rilcrira Late Pleistocerte- 
floloc~7le ?J yrocla~tir deposits ,fro~n NecarEo rlc Toluca. Location 
yfsrcfioras is shown in Fig. 9. 

These deposits cover a minimum area of 630 kn9. Assum- 
ing u corlse~vative average tlzickness of 5 rn, ;t miriinlurn 
vol~rme of 3.15 krnJ is estimated for both deposits. These 
figures attest to hvo of the largest dome-destructior-1 style 
eruptions within the Trans-Mexican Volca~~ic Belt. 

Lower li)luca Pumice (LTP) 

This dclposit is composed of a11 ochre &dlout cieposit with 
itlvcrse grading and an average tl~ickness of 55 cm. It is 
separated from the CRAF by at1 asti flow deposit ctntl a 
dark-brown paleosoil clatod at 23,260 + 670 yc UP by 
Bloonifield and Valastro (1977). The planar contact between 
the 1,TP and this paleosoil is observed it1 sectiot~ B, Figure 
10. 'The I,TP is clast-supported and rich in ochre pumice 
wit11 lesser amounts of gray denw juverlile dacite, hydro- 
tl-tcrn~ally altered lithic clasts, and schist fragnlents from 
the local basement. Acoortlirig to Bloornfield et a]., (1977), 
the LTP fallout contains approximately 62% pumice, 27% 
lithic clasts, arid 11% crystals. It covers an .ip~roxiniate 
;trca of 400 km2 and it has a dispersal axis trending N E  
from the crater (Fig. 13). The above autltors c;dcrtIated its 
volume at 0.33 kin3 (0.16 km3 D.H.E.). 

ln  sorile outcrops tlle LPT is overlair1 by cross-stratified 
surge deposits rich in ochre m~mded to wbroundcd prrlnico, 

Description of deposits 
I i I Ash Flow (AF) White Pumtce Flow (WPF) 

L L L J  
Debns Avalanche 
(DAD 1 and DAD 2) Lower Toluca Pum~ce (LTP) 

Pink Pumice Flow (m) 
Upper Toluca Pum~ce (UTP) 

Gray Block-and-Ash Flow 
(GBAF) 

Lacustnne Honzons (L) 
EZEl Surge (s) - 

Paicoso~l (PI 
Reworked (R) 

Comaonents: 

@ Juvenile Lithic @ Banded Pumice Shattered Fragment 

1. Accidental Lithic 0 Pumice 6 Charcoal I 
Figure 10. ((;;.)ntinuc~cl) Explani~fio~r of N~t.n(lo cle Toli~cn thliositc 
cmc1 their cotnponenfs. 

and a pale brown ash flow deposit, These cteposits have :L 
total thickrress of 60 cm. 

White Pumice Flow Deposit IWPF) 

This deposit consists (froro 1)ottorn to top) of a11 alterria- 
tion of thin f:illout and surge cleposits with a tot;~l thirk- 
ness of 1 In (see location in Fig. 9 and section D in Fig. 
10). 'The ftillout horizons (9 and 28 cm) 5ho\v nonrlal arid 
inverse stratification respectively and are rich in a very 
fibrous whitish pllrnice with a1)undant plagioclese phelio- 
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Figure 11. Landsat image of Nevado de Toluca volcano and surrounding area. The solirl line inarks the rlistril~ution of r1eln-i.~ a~alnnche 
deposits on the southern jlanks of the volcano. Arrotus shotu the main pat11 of ~lebris-avalonclz(.nc1~ deposits. WT = Neuclrlo rle Toluca, 
SA = San Antonio volcano, TA = Tenango Anrlesite, T = City ofIli,luca, IX = lxtapon de la Sol, V G  = Vilkr Crierrero, C = Contepec, 
M = Malinalco. 
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crysts and minor amounts of disseminated biotite. 'The 
srrrgc laminae consists of gray silt. On top of the fillout 
and surge sequence lic~s the white pumice flo\v deposit. 
'Thc flow deposit is massive, has a minitilurn thickness of 7 
rn and contains put~tice alrd lithic fragments up to 35 ar~d 
20 cm in diameter respectively. The pumice is dacitic 
(65.67% in Si02) and rich in phenoc~ysts of plagioclase, 
hornblende and quartz. ' h e  WPF has been fonncl ~riainly 
on the SE slopes of the volcano with very thick exposures 
close to Villa Gtlerrero ancf Te~~iirlcir~g~. It ~ovc~rr  a mini- 
mum area of 62 kt+. We have not olttained enough data 
to provide a vo l~~me  estimate. The WPF is untierlain by a 
paleosoil dated at 26,275 + 1210/-150 yc R E  

Upper Xtluca Pumice (U'TP) 

Bloomfield and hlastrrt (1974, 1977), described the 
Upper Xoluca Pumice &om outcrops located 011 thc rrorth- 
ern and eastern slopes of Nevado de To'oluca. TIlese authors 
stiI>di.rrided the UTP into hvo rnenlbers (Lower and Upper), 
which were divided by a thin band of (lark ash. Bloonr- 
field et al., (1977), descrit~ecl the UTE giving additional 
details of the two fall n~etnl>ers plus some descriptions of 
associated deposits. \W will next describe the characteris- 
tics of the rather coinplex UTP (colutnn C in Fig. 10). 

Born base to top, the UTP is composed ofa purnice fill 
layer up to 1.m 1x1 thick, rich irr pink pumice, gray juvenile 
dacite clasts, red-altered andesitic litlrics, and I)atrded. 
pumice. This unit is overlain by a tliick sequence (Sout  
15 n ~ )  of pink, prtniice-rich pyroclastic flow and surge de- 
posits with cross-stratification, dunes, an~f antidunes. These 
deposits are cornporrtl rnostly of putriicc with rrlinor 
anlounts of gray juvenile dacite, red-altered aridesitic lithic 
clasts, and green-alteretl dacite clasts set in a saitdy matrix. 
This pyroclastic sequence (fall, flow and surges) is well 
exposed in barranca tlel Zagrtan on tlte eastern flank of 
Nevado de Toluca where it is found underlying the lower 
,Vevnher of the ZiTP Since no hiatus, erosive surfice or 
p;Jcosoil is eviderrt between 110th units we I)elievc that 
these deposits were emplaced during the initial phases of 
the eruption that eniplaced the UTI? These deposits are 
probal~ly those described by Palacio-Prieto (1988) at bar- 
ranca c1c.l Zaguan as pumice-rich lahars, and by Bloom- 
field and N~Iastro (1977) SE of Tlamisco as "pink valley-fill 
lahars." Caritagrel et al., (1981) also saw sinlilar clepositr in 
some cuts of the Rio Gra~tde and correctly catalogued 
them as "coul6es pyroclastiques ponceuses" altliough they 
considered them as an independent event with respect to 
the UTP eniption. 

Overlayitig this sequence is the UTP as describetl by 
Bloomfield and Valartro (1974) with only sornc slight dif- 
ferences. UTP consists from hottorn to top of it dark-graj7 
mecliurn-sa~id surge deposit 21 ciir thick, mi eroclr~d p~l~tlice 

1Jigetre 12. A~.rit~l tlistrilnction of block-c~r~[!-rnlzfrotc deposits urozcntl 
Xe.r-cu!o loft Tbltrca entplnced Cn. 37,000 czrrd 28,0011 years B.!? 

fall (maxinlur-fr thickness 10 crn), a liglit-hrotvn silty surge 
(4 cm thick) with \vcll-developed purtiice lenses, a punrice 
fkll 1.4 rtr thick, cornposetl of white arrgular prinlice tliut 
corresporzr-ls to the Lower itlrenlher of Bloomfield and 
Valastro (1974; 1977), a seqtleuce, up to 54 cm thick, of €;ill 
and surge l,edr, and a pumice kill rtp to 1.78 In tliick or 
t h ~  C7pp~r  M~rn l~s r  of Bloomfirlcl and co-workers. The 
sequence continues with a series of pyroclastic flow ancl 
surge deposits of pink color with variahle thickness be- 
tween -$ arid 10 m (Fig. 14). According to Bloonlfield et al., 
(1977) the fiillottt members of the UTP have a main dis- 
persal axir oriented N6S0E covrring an area of approxi- 
mately 2000 km2 and a mitriniunl volu~ne of 3.5 km3 (1.54 
kni3 D.R.E.) (See Fig. 15). 

The clifferent fall horizons comprising the secpence art% 
white in color and consist of the following components: 
pumice (ca. 85%), dark gray juvenile dacite and minor red- 
altered dacite litlric clasts (lmth ca. 15%) and crystals (1%). 
The maxinrunl diameter of the purnice and lithics is 25 cm 
and 15-20 c~rl  respectively. In psoxirnal areas these meln- 
bcrs are separatecl by surge horizons 10 to 30 cm thick and 
covered Ity as11 flow deposits of variable thickness. 111 clistai 
areas they ltecome thin sandy layers rich in juvenile lithics, 
accidental lithics clasts, and crystals (tlrickness <5 crri). 
'The c4iemiatl conlposition of juvenile components r'inges 
from 61 to 65% SiOz (see 'l:iltle 3). Bloon~field and Valastro 
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Table 2. Summary of C-14 and K-Ar dates pelformed on rocks and organic material of Nevado de Toluca Volcano. 
8 

Volcanic Event Type of Deposits Bloomfield and 
Valastro (1974) 

Construction of the Andesitlc lava flows Late Pleistocene 

Bloomfield and 
Valastro (1977) 

Dacitic lava flows 
Late Pleistocene older 
than 28,000 yr. B.E 

Bloomfield et al. Cantagrel et al. 
(1977) (1981) 

Andesitic lava flows 

(This Work) 

primitive volcano 1.4 m.y (An average of 
four K-Ar dates) 

Generation of A sequence of lahar, 
volcaniclastic fluviatile, and minor 
sediments lacustnne horizons 

Older Lahar Sequence 
Related to construction of 
the primitive volcano 

Older lahar sequence 
>42,000 yr. B.E 

Cone collapse Debris Avalanche 
(DAD1) 

Cone collapse Debris Avalanche 
(DADP) 

Column collapse? Pink pumice flow (PPF) Pink pumice flow, 
= 42,000 yr. B.E 

Dome destruction Grey block-and-ash 
flow (GBAF) 

Pumice flows (Caldera for- 
mation = 28,000 yr. B.E?) 

GB AF 
= 37,000 yr. B.E 

Dome destruction Grey block-and-ash Older widespread lahar 
flow (GBAF) I 25,000 yr. B.P 

Grey older lahar 
assemblages = 28,000 
yr. B.E 

NueCs ardentes (destruction 
of dome = 28,000 yr. B.E) 

GBAF 
= 28,000 yr. B.E 

Plinian eruption Lower Toluca Pumice LTP 5 24,500 yr B.E 
(LTP) 

LTI: = 24,500 yr. B.E 
Area: 400 km2 
Volume: 0 25 km3 

LTI: = 24,500 yr. LTP = 24,500 yr. B.E 
B.E Area: 400 km2 
Volume. 0.33 km3 
(0.16 km3 DRE) 

LTP 
= 24,500 yr. B.P 

Plinian event? White pumice flow Younger lahars? 
(WPF) 

Younger valley lahars? 
= 21,410-27,590 yr. B.E 

WPF 
~ 2 6 , 0 0 0  yr. B E 

Plinian eruption Upper Toluca Pumice UTP = 11,600 yr. B.P 
(UTP) Area: 1,700 km2 

Volume: = 0.125 km3 

UTE = 11,600 yr. B.E 
Area. 2,000 km2 
Volume: 3.5 km3 

UTE = 11,600 yr. UTP = 11,600 yr. B.E 
B.E Area: 2,000 km2 
Volume. 3.5 km3 
(1.54 km3 DRE) 
Column hieght >40 km 

UTP 
= 11,600 yr. B.E 

El Ombligo dome Central dacitic dome I 11,60 yr. B.E 
extrusion 

I 11,600 yr. B.E I 11,600 yr. B.E S 11,600 yr. B.E? 

Minor explosive Ash flows and surges 
event 

= 3,300 yr. B.E 
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Figure 13. Isopach map of the Lower Toluca Pumice (Afer Bloom- 
field et al., 1977). 

(1974; 1977) provided a minimum age of 11,600 yr. BP based 
on C14 dates collected at the base of the unit (Table 2). 

Petrography of Products 

Despite slight variations among products of different 
events, both juvenile lithic clasts and pumice contain the 
same mineral assemblage, which consists of euhedral pla- 
gioclase phenocrysts, hornblende, two pyroxenes (augite 
and minor hypersthene), and biotite in a glassy ground- 
mass composed of the same constituents plus oxides (magne- 
tite, and titanomagnetite). Plagioclase phenocrysts represent 
the most abundant crystalline phase of the Toluca products. 
They are up to 1 cm in length with an average size of 2-3 
mm. Their chemical composition varies from Labradorite 
to Oligoclase (An30-An55) although the average chemical 
composition is Andesine. Dark-green calcium-rich horn- 
blende crystals (up to 3 mm long) are the most abundant 
mafic phase in the Nevado de Toluca products. Minor 
amounts of dark-green augite and hypersthene crystals are 
present as phenocrysts in juveniIe products; they are more 
common as microphenocrysts embedded in the ground- 
mass. Biotite crystals are not present in all Nevado de Toluca 
products. Crystals, 1-2 mm in diameter are common with- 
in the 37,000 yr. old block-and-ash flow deposit and as 
microphenocrysts within pumice of other deposits. Minor 
amounts of magnetite, titanomagnetite, and apatite are 
present as microlites in all Toluca products. The composi- 
tion of glass in pumice fragments is commonly rhyolitic 
(SiO, 70-76%). 

Figure 14. Photograph of an outcrop of the Upper Toluca Pumice 
on the eastern slopes of Nevado de Toluca. PS = Pyroclastic surge, 
PF = Pyroclastic flow. The lower (LM) and upper member (UM) 
as described by Bloomfield and Valastro (1974). White arrow points 
at person standing on the edge of gorge. 

Chemistry of Rocks 

Chemical analyses of 65 rocks compiled from various 
authors are shown in Fig. 16. Nevado de Toluca rocks are 
andesitic to dacitic in composition and plot in the field of 
the calc-alkaline magmatic series in the SiOz vs. Na20+ 
KzO diagram (Cox et al., 1979, Fig. 16a). Nevado de 
Toluca rocks have chemical compositions typical of calc- 
alkline suites of continental margins (Whitford and Bloom- 
field, 1976), and particularly of the TMVB. Fissural lava 
flows and scoria cones are andesitic to dacitic in composi- 
tion and fall in the field of the K-rich alkaline series 
although some of them plot in the calc-alkaline field. In 
Figure 16b is shown the Si02 vs. K20 diagram of Gill 
(1981), all rocks of Nevado de Toluca plot in the field of 



the I;;-meclirim calc-alkaline series while tlic peripheral 
group extends over the calc-alkaline fields wit11 ~xltdiurn 
and I~igll I< concentratiot~s. 

Two stages of construction at Nevado de Tolucn: 
A simplified model 

Cantagre1 et .rl., (1981) coixcltitlerl that Nevado dc 'R~luca 
was erectcd in two maill stage\: (1) Rtrtrlation of thv prirrl- 
itivc. anclesitic voloatio (sorr~e 1.5 llrillion \ears ago) with 
the emission of lava flows nncI lali,u deposits. (2) Pyrocl<n- 
tic activity during tlle la\t 100,000 years. 'The authors based 
their divi\ion or1 prcxious studies of' Bloonlfield ,11ic1 ro- 
workers, anct their own petrologic data cirrd field obscrvtr- 
tions. IIo\s ever, our prelinlitlary rrs~dts intlicntc~ tll;tt Ye\ ado 
dt. X)lnca has had a more eorirplev evolrltion, wit11 icvcral 
stage\ of con(. construction aricl sultscclllrwt dc\trrtctiitn 
tlxat \irere previously not recognized. tZ hvo stage \olratxic 
hi5tot-y of Ncvado de 'li)luea is trt~rclr too ovc~r\in~ylificd, a\ 
detluccrl frolti tl~rb following consitfcr,ltiorr\. 

1. ,it kh,~\t folir <,cent\ of pat.ti,il collclp\c ha\ e oecrti~c~d at 
he\ ,ido dc li>lrtca clilrirsg tllc Quittc~rn~~ty Cle'tr evi- 
dr2ric.e for hvo events exists oii t h ~  \outlrert~ flanks of 
the volcano n here delrris-avalau~cht. t.lcpositc urrclerlic. 
depoiits t11at arc 97.000 yclnr\ olcl. l ' l r t~c  dcposits 
h a  e not I)eet~ reported previously. At this tirlic, we rlo 
not I\lio\cr wl ie t l~~r  tllc collaq~ses are related to r~xdg- 
niatic xtivity fn~t  tt is that each collap\c eonrtitutes 
the c r~d  of a constrttctiond (y~clt~ 

2. Precior~s workers focused their strrdics oti the reccnt 
\tr.atigr,~plnc \chcjuetlct, (<40,000 \ic-.:trs). 1)caspitt. of 
exterrsive field work, thcoreticbal ccmsiclerations 
(Bloomfielcl ancl Ihlastro, 1974: 1977, Blotrinfit~lc! tbt 

a l ,  1977), and petrologic c b a  (Calrtagrc,l cAt dl,, 

Our prclinrmary reiiilt\r r ~ ~ t l i c ~ t t ~  tll'it ?re\ 'ido de TOIIIC'L 
is locatrti ~ r k  ,I corttplrk trctorrtc fr,trl~cxwork cton\r.itrng of 
tl~rec. fjult i)sterrr\ that tr,rnieut tire volcanic stmcture. 
Tlrc\t, f'iirllt iyitt>rrr\ h,nc I)c>i.rl ,kctit t, sckcral t~rnci Irt the 
p:~st, cfrsldac>itrg Fiolocc~nc-2 pyrocl,rit~c~ dcpo5ih 'Tl~chrefot c, 
it would riot 1)c surprl\~tlg if tc>cto~usm pll1?ed ,\II rnrpor- 
tnrit rolt' 11 the mlgt-atiorl of nragrnatic nleils ,ilollr: theic 
r~~; ic t t \~~ted  fault pl,~nei. 'Tlrcie ~ncllt\ tirtllcr \t,~gnatcd 111 
t l ~ c  tr~agt-rr,tiic rcwrt orr ctf Nt~v~rtio rle %ToI~rca .n 11c1 c. the! 
cvolvecl into nndes~tic nntl clnc~tic caorn~~osrt~orr\ (55-li8G 
S i O )  th'tt ge~~r%r,tted c*\ploii\r tAruptrorls ,it tl-it. tolr.ax~o 
stttritnit or they rose r,tplcilj klrro~xgll Lonc\ of wcaknei\ 
erulrtirrg K-rich b,r\,rltrc .tntl~srttas to antlc\rtle protlucti 
(52-619  SIC)^) tlritt l~~rv(> fortllrct crridtkr cone\ arltl i i \rt~rth 

lava flo\vs drori~id thc \olcano (Frg fi). 'l'he most rectAnt 
example of fisiurc actii it) I \  rel)rrirrrtt.el Iry the " 'T~II~LII~O 
Ande\iteW tli'tt cruptrrl ttlrorrgh t l ~ ,  E-\V 'krianqo tarrlt 
~ystet-ri onl) 8,500 ?c  ago (Bloomfieltl, 1974) In 19140 ari 
eartlxquakc swario occ~urtccl just S E  of  the fctult pl,ine 
(Yanran~oto dtlrf M ~ t ~ t ,  19148) Thwr  c ~ t i t l ~ o r ~  ~ritcrl~iettld 
theic rtxo\ctnr'nts to 1~~ d\\oci;~tecf \z ttit t l t ~  E-W f,tult $1 \- 

t t ~ .  Thir cvitle~tcc rnggesti th,it thv 'li.r-tcirlgo f;nrlt s l  itcrrr 
IS activc. Thi\ fliot I \  ~ ~ o t  s l ~ r j ) r ~ i ~ ~ ~ g ,  \111ce tht, E-\;lr l'1111t 
sy5trrn is tjplcal of the. TCIkFk3 dnd 1ld.i been corlircierect 
acti~e, .llorlg txt,iny of ieutiorls (e g tlrc "ie,it~tba\ ~t %d>cm, 
Srtter txt a1 , 19!351, 

A cornrnoir ic?rl,trro cluriug r l l ~  Qlratrrrl,~, \ oleit~rle 
histot77 of Ne\ 'iclcl dt 'lbll~c'i hc%\ hce'ii thc part~nl cttllapsc 
of it\ cone. Late Pleistouc~rie ,rc.ti\~t? <kt h e \ , do  c 1 t b  Xrlaca 
cttt~riitetl of 1,rrgc tlornc~-t!cstr.uciio~~ cruptroni ckrtccl ,it ca. 
37.000 , ~ r ~ r l  28,000 \ r BFi a r~d  ~ t l i ~ l r , t ~ ~  tlrrtptror~\ clatcd at 
ca. .12,000, 126.000 24,000 and 11,600 \ r  BX' 'TI-rc 1,ittrr 
c\ret~t forrt~rci a plrrri,~sl cohllrsil i11,tt row to \tr,~tosph<~rtc 
hebrglits dtipct sittg I,llltrrrt I>edi In the tlrrc~ctlo~~ of pre\a~l- 
tng wirit.ls to the NI;: (Ulotmlf~c~lcl ct '11 , 1977) 7'111s /ion- 
zori has 1,ce11 tdenttficd $11  the tl,isln of \.lexica (:it> ,nrcl 
1i;lmcd the "Eilrar-t~tc i%rx~lrer~" Clooicr, \ l9h7) T~II \  ~lr-rtt  

curt 1 , ~  trc~ced ,n far as Cii,tlco rrmrt, t11,ln 80 kriii koni t h t ~  
\ot~rcc (Lo~ano-C;arcia and <)ulcg;%-C:r~cr~t~ro. 199-1) Rrturck 
pllrzt:rli ac*trvitv ,it Ncr ,do  i l t b  To1rrc.r corllti eriddngc.1 f ~ l t r , -  

drecis of to\i7ni inclrrtlitlg the e i t ~  of 7blrteri, j r t \ t  22 krn 
&otn tile volc,ix~o. 

Ueeausc~ previou.i worker\ conclrtdcd ~Eiict ttic oungc.it 
<lcti\rit> 'it Nlevado tlc 'Er1rlc.n tool\ p l ~ e  1 1,600 r,lrs 'lgo, 
tlit~ colcdno Irai b t ~ l l  rtqir deci ai tXxtlnct 't'l-rr ct~\crn el-\ of 



Table 3. Selected chemical analyses of rocks from Nevado de Toluca Volcano. 

Sample NT9511 NT9532 NT9533b NT9533b NT9558 NT9558 NT9562 NT96151 NT96152 NT9562 NT9596 and-ne16 and-ne2O KB89-72 
Unit WPF C. Gordo GBAF(o) CBAF(p) UTP (1) UTP (p) GBAF-37 GBAF-28 GBAF-28 LTP (p) Ombligo Lava Lava And 

Si02 65.67 
Ti02 0.59 
A1203 15.95 
Fe203 3.78 
FeO 
FeOT 
MnO 0.06 

MgO 1.51 
CaO 3.9 
Na20 4.21 
K 2 0  2.12 
P205 0.13 
LO1 2.6 

Total 100.53 

KB = Bloomfield (1974) 
and-ne = Cantagrel et a1 (1981) 
NT = T h ~ s  work 
Letters are 1 = juven~le l ~ t h ~ c ,  p = pumlce, and o = obs~d~an (vrtnc hthlc) 
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Figure 16. A: SiOz us. Na20+ K20 composition diagram of 62 
volcanic rocks belonging to the Nevado de Toluca volcanic com- 
plex (circles) and peripheral scoria cones and fwsura2 lava flows 
(squares). Gary-filled diamond is the Tenango Lava Flow. Data 
compiled from Bloomfield (1974; 1975), Cantagrel et al., (1981), 
and this work. B: Si02 vs. K20 diagram of the same rocks (Gill, 
1981). 

deposits of an eruptive event dated by us at ca. 3,300 BP 
invalidates this assumption. Is Nevado de Toluca really an 
extinct volcano? If not, what are the potential hazards that 
the volcano poses to the nearby populations in case of 
renewed activity? 

FIELD TRIP STOPS 

Road Log 

Day 1. Tuesday, October 14. 

We will have introductory lectures on the geology of 
central Mexico, and Nevado de Toluca Volcano. 

Day 2. Wednesday, October 15. 

This day we will examine the morphology of the crater 
of Nevado de Toluca. In our way back, we will also visit 
outcrops on the northwestern slopes showing Late- 
Pleistocene-Holocene pyroclastic deposits (Fig. 17). 

.O From the city of Toluca take highway 134 west to 
Temascaltepec. After 17 krn, stop at an excellent 
spot with a general view of the northern slopes of 
the volcano. Continue on the same road until km 
29.7 and make a left turn on road 10 to Sultepec. 
Drive 8 km and after the town of Raices take a 
left turn into the unpaved road that leads directly 
into the crater through its eastern opening. Here, 
stop and have a look of the dacitic central dome "El 
Ombligo" and the northern crater walls (Fig. 17). 

.8 Stop 2-1. (N19°06'31"; W99O45'28") 
Nevado de Toluca crater. 
The Nevado de Toluca crater contains a dacitic 
dome dubbed "El Ombligo" that separates the 
crater into two parts. These two areas are the seat 
of two lakes called Laguna del Sol (Sun) and 
Laguna de la Luna (Moon). The surface of the 
lakes have an elevation of 4,200 and 4,220 m.a.s.1. 
respectively. The "El Fraile" peak (4,680 m.a.s.1.) 
located on the southeastern rim of the crater con- 
stitutes the summit elevation of Nevado de Toluca. 
The internal and external walls of the crater show 
signs of intense erosion by glacial activity (Heine, 
1976, 1988; Aceves, 1996). Another common char- 
acteristic is the presence of rock-fall debris aprons 
from the unstable upper parts of the crater. 

Stop 2-2. (N19O05'59"; W99O45'07") 
Hike to the southern lower rim. 
Hike to the southeastern peak of the crater (4,400 
m.a.s.1.). From this point, enjoy the view of the 
southern slopes and recognize major volcanic and 
tectonic features in the surroundings lowlands. A 
series of furrows produced by glacial activity can 
be observed nearby. 

Return to the bottom of the crater and take the 
unpaved road back to Raices. After 2.3 km, a 
great panoramic view of the Lerma Basin that 
circles the city of Toluca and surrounding towns 
can be obtained. 

60.1 Stop 2-3. (N19O05'59"; W99O45'07") 
Panoramic view of the Lerrna Basin 
Volcanic and tectonic features including the Holo- 
cene andesite lava flow of Tenango can also be 
observed. At this site the Upper Toluca Pumice 





'The lava flo\q constitutes the s,ults,trate on nliic41 Ron) thrc \ ~ t u .  rrttlrtl t r n  I c t ~ t l  53 to\\ rl\ tlrc 
the fortified Prc~-IIi\p~nic city of 'Teotenango was cblty (II  'li)lt~c.,t, tixln r igllt ~ l t t o  r-o,ic1 1 3 1 ton , u t l \  
built. Illis, site was firs,t inhd13itt~cl  round 10OO U.C. Xle~ruo alitl rt*,tcli , i~~utl  t l ~ c  1 Iol~cla\  l r l r l  I1oti.l 
(Prcl-C:l,ts,s,ic Pt%rioct of the \lt.~soatrtericair ,~rcl~eo- 
logical time scale) Ity the "'Tc~otenancas," a tribe Day 3. l'hursday. October 16. 
rcl,ttcd to the Otorni anci Toltec cultt~rcs (fifi'l 

This d , ~ )  will Ile rlc\ otetl ttr thc xrt\pcction i j i  p\ I ou'i,i\ttt~ 
Ch,ui, 1972). Archaeological cauc.avations rc3vc:~lect dt>po\rt4 i11i tilt' 11oltI1 rlrlel I I ~ I  t I i ( ~ c ~ ~ t ~ ~ ~ ~  'rlol>t+ 01 \ i t ~ ' 1 ( 1 0  
that the city its,elf was coxistrtrcted around /I.[>. 

cic 'Ihlr~c-,i (Fig 21) 
"i5O-900 when inhabitants tlrnt used to li\c~ in 
siriall agricultural villages niovrtl to tile 'Tc'tt:pc>tl kin 
lrill. Betweeti A.1). 900 and 1200 the city re,~cl-~ecl 
its, tndxiinnnr arehitrctot~ic ctc\,elopinc~nt when 
iniport'lnt portions, of thc' city ruth as, the I)all 
court, were constrlrcted. Aroutrd A.D. 1200 thc 
Tc>otcnancas were concpcretl Ity thc ,\fatlazincas, 
w l ~ o  dorninatcd tlir ToInca basin. aitd constrrxctecl 
important cities. Uehvecn 1474 arid 1.1763. 'leotc- 
11,tngo w,ts conqrt(~red by the iiftecs, (dnrlng thc 
rcigr~ of the crnpthror ha)Bcnd) .  Aftcr the Spanish 

From the cr t) of Toliic ,i tnkc h ~ q h \ \  ,t\ Is$ 4 \I c.\t 
wll~eh Ic$,icis to X~lrt,~sr~,rlit~pcr' iilrrt (1 13 ti I,rn ,ulrl 
nl,rl\c n left trrnt to t,&c tlrc r o , ~ t I  to S,ul I ~ t ~ i t r  I ' i l a l ~ , ~  
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Figure 19a. View of outcrop 2-6 showing the 28,000 B.E gray Figure 19b. Close view of the 28,000 BP block and ash flow 
block-and-ash flow deposit (PF = pyroclastic pow, PS = pyro- deposit (section 2-7). Arrow points at carbonized tree log which is 
clastic surge) on top of the pink pumice flow deposit dated at 50 cm long. 
42,000 years BP 

the top, the LTE a brown matrix-supported lahar 
with embedded subrounded pumice, the UTE and 
covering the sequence the modem soil (Fig. 22). 
At this location, the UTP consists of two main fall 
members (lower and upper fall members as 
described by Bloomfield and Valastro, 1974) sep- 
arated by thin surge layers that can be correlated 
to those surge deposits observed at stop 2-4. 

Continue 1.2 km on the same road and amve 
at the Zacango Zoo. There, turn right, and take 
the road to San Marcos de la Cruz for 0.8 km. 
Turn right again and drive 1.7 krn on the dirt road 
that leads to the Zacango quarry. Take the little 
entrance on the left which leads to the quarry. 
This is stop 3-2 (Fig. 22). 

22.9 Stop 3-2. (N19"111 18"; W99'39'29") 
Late Pleistocene Nevado de  Toluca products. 
This quany exhibits an amazing outcrop of pyro- 
clastic deposits produced by Nevado de Toluca 
during the last 40,000 yr, BP (Fig. 22). The base 
of the quarry exposes a thick (10-20 m) gray 
block-and-ash flow deposit composed of several 
flow units rich in porphyritic dacite lithic clasts 
in a sandy matrix. The upper flow unit shows gas 
escape pipes. Because of its stratigraphic posi- 
tion, an age of 37,000 yr. BP has been assigned to 
this unit. Overlying the flow deposit, there is a 
sequence of lacustrine beds interbedded with 
dark-gray paleosoils. The section continues up- 
wards with a gray block-and-ash flow deposit (5 
m thick) composed of gray dacite and pumice 
lithic clasts embedded in a sandy matrix. Because 

of its stratigraphic position and base on a date of 
27,590 + 650 yr. BP from a paleosoil on top of this 
unit (Bloomfield and Valastro, 1977), we have 
assigned it an age of 28,000 yr. BF! Therefore, this 
deposit correlates with the younger flow deposit 
observed at stop 2-7. Further up section, there is 
a thick, well-developed paleosoil with desiccation 
cracks. This paleosoil was also dated by Bloom- 
field and Valastro (1977) and yielded an age of ca. 
24,500 yr. BP (Fig. 23). On top of this paleosoil 
rests LTP and associated surge beds. The sequence 
continues with a thick paleosoil on top of which 
rests the UTP that comprises a pink ash flow de- 
posit as well as the fall members. 

Drive back to Santa Maria Nativitas (4.5 km). 
Follow the same road and drive through the towns 
of San Lorenzo (2 km) and Calimaya (4.6 km), 
and at 8.3 km reach the road that connects the 
towns of Tenango and Putla. Turn right and drive 
3.8 km to the town of Putla. Drive through the 
town and take the road towards San Cruz Pueblo 
Nuevo for about 2.4 km. There take the road to 
the right to San Miguel Balderas for another 1.1 
km and cross the town. On its northwestern edge 
there is a dirt road to the Zaguan gorge located 
on the eastern flanks of the volcano. Drive 8.8 km 
until the end of the dirt road. There you will ob- 
serve the Upper Toluca Pumice which is made 
up of a thick (20 m) complex sequence of pyro- 
clastic flows and surge deposits covered by the 
fall members as described by Bloomfield and 
Valastro (1977) (see Fig. 14). Take the same dirt 
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Figure 20 A. Plzotogrrrph of the upper prrrt of sc.ction 2-7 shotoing 
the 3,300 yr. ok! deposits of Ncwado rle filztccr Volccino. Figure A 
shows (1 general nspect of tlze oufcrop, cirrow poinfs clt fAe l)(tse of 

_ - .  the deposit. B: Close-up of the deposit showing from hottorn to 1 - - I 
tlze top rr thin la!lered sequence of pyroclr~stic surges, n clast-sup- ' 
ported lr~pilli-sizerl surge hed, ond a inn~sioe fine lnpilli to sanrly 
nslzflotc; rich in chnrconl (arrow). Scale bnr is 40 cin. 

road back to San Miguel Balderas and at about 1 
km park your car on the left side of the road at a 
little gully. This is stop 3-3. 

L 

56.4 Stop 3-3. (N19O06'36; W99"41f33") I 

Upper Toluca Pumice 
This outcrop (Fig. 22) shows at its base a sandy , 

brown bed overlain by a pumice fall layer rich in 
white angular pumice, banded pumice, gray dacite, 
and hydrothemially altered lithic clasts. This I)ed 
is covered by a sequence of pumice-rich pyro- 
elastic flow and pyroclastic surges deposits dis- 
playing regressive du~le forms. The uppermost part 
of the section is composed of the three fall mem- 
hers of the UTE Because of no clear discontinu- 
ities have been ol~served between the basal part 
(fall bed, flow ant1 surge deposits) and the upper 
part (UTP fall meml,ers as descril~etl by Bloom- 
field and Valastro, 1977) we do believe that 1)oth 
parts represent a singIe sequence associated to 
the same eruption that proclucecl the UTP ca. 
11,600 yr. BE 

Continue on the dirt road and after 1.8 km 
reach a gully. This is stop 3-4. 

.O ' Stop 3-4. (N19"07'16; W99"40157") 
Debris Avalanche Deposit 3 
This section (Fig. 22) shows from the base to the 
top a thick gray block-and-ash flow deposit rich 
in dacite clasts embedded in a sandy matrix, which 
is overlain by a debris-avalanche deposit (DAD3). 

DAD3 is co~iiposecl of shattered gray dacite clasts 
antl m-sizctl red hlocks. The 1)locks display jig- 
saw-fit antl are more frequent towards the top of 
the deposit. Because these units are not separat- 
ed by an erosive unconformity, it is possilde that 
they were emplaced during the same eruption 
whose age is still unknown but might I,e relatctl 
to the, 37,000 yl: UP or to the 28,000 y1: B.P events. 
On top of DAD3 are the fidlol~t la!lers of the LTP 
and UTP units jvllich are separated 1)y paleosoils. 

Take the dirt road to S;tn Miguel Baltleras and 
Putla and continue 10 km until junction with road 
55 wvliich connects the cities of Toluca and Tenango. 
Turn right and after 0.6 km make a right turn antl 
take the toll road to Istapan tlr la Sal. Drive 14.2 
km and at a narrow curve, pull ovel- and park on 
the right sidc of the road. Stop 3-5 is located on  
the left side of the road. Be careful when crossing 
the road. 



86.0 Stop 3-5. (N1Y002'48"; W9!I0S9' 45") 
White Pumice Flow Deposit 
This orttcrop shows frottt the Itasc r~p\\;trtl\ '1 gr~iy 
Alock-and-a\h Ro\\ tlcporit t1r;it is c,lgpccl by a 
paleosoil. 'This palcctsoil w'is datcscl at 26,275 
+ 1210/-150 yr. BP (Figs. 22 ;ulcl 24a). Tlte Flilritc 
Pun-rice Flow setllrencc rests or1 top of this p'lle- 
osoil. It is composecl of a ~].iitt>, clii\t-st~pportetl 
prtmicc, fill layer c o ~ e r t d  11y gr,i> \andy-silty 
surge horir.,or~\ ar~d ptrtnice-rich flow unit\. 011 

top is a nmsive punlice flow dtyosit conrpo\etl 
of lapilli-to-gravel siztxl punrice elasts etnltc~rl(1c~d 
in a sarlcty rn'ttrix (Fig. 241)). 

Continue on tlic s:irntA road fitr ctriotlrc~r 2.5 knr 
'tncl park on t l ~ e  right side of the road. I icrc', ;t 

debris-avalanclrc tlel-tosit is cy-tosect on a t'ill roatl 
cut on the left side. This is \top 3-6. 

88.5 Stop 3-6. (N1Q001':39"; W99O38'44") 
Debris-Avalanche Depo\it 
This exposi~re slrows :I pirtki\lr monolitl~ologic. 
clebri\-a\~~ralanclie dtpo\it cornpct\etl oi' g ~ i )  d'iriti' 
I)locks \\]rich di\play jig\aw-fit \trilctl~rt~\ sur- 
rounded h) a sa~lcly matrix. ?'lie age of thi, deposit 
is still nnknown. 

Cotltirr~ttb or1 thc \iuntc roatl mtl  ,tftc.r 3.7 krrr 
reach a large quarry on the right sicltx of tlrc roatl. 
This i \  stop 3-17. 

92.2 Stop 3-7. (N19°00'09"; W9!4"3Xr56") 
Block-and-Afh flow deposit 37,000 years old. 
Tlii\ clrlarry \lrow\ a great biew of a pondctl gray 
1)lock-inid-ash flo\v cft>po\~t nrore thctn 20 m thick 
{Fig. 2 ) .  T l ~ e  flow tityosit consists of rrrore than fi 
floct~ units and it is conlpostd of gray 130rplryritic 
cl,lcitc, nrinor prrnrice and '~ccidental lithics set in 
coarse \,uicly rnzthia. ti et~arcoal s,ir\rplc founcl\\ ith- 
i r ~  tlris tl(yo\it yieltl(d arr agc of 37,000 $ 1025 yl: 
13 I? 

Corrtin~te 21.8 knk on the iarrre road and arrive 
at Ixtnpan dth 1'1 Sixl, whcrc we \\-ill s t ~ y  at Hotel 
Villa Vergcl. 

Ilay 4. Friday, October 17. 

'I'hi\ day will l ~ r  clcvotcd tct the inspection of the south- 
c.rri \Ictpc\ of' Nelado dc 1i)luca where features related to 
rr1~1jor \petor collapse of the \ olc,ir~o c!ornin,tte thc 1;uicl- 
\e~tpc> (Fig. 25). 

0.0 Fro111 Ixtapa~r tlch lit Sal t'lke 1111' ro;lt1 to Chatepee 
tiarinas ctrrd drive 10.8 krn ~ultil you reach a 
triple road jlurc>tiori. X ~ r n  IcA into road 7 to 
%acualpari, riri\lcl tlrrouglr Put-rta Grande and 
;tficr -4.5 krn stop at~tl  enjoy the. ~>:~norarr~ic view 
of the Coatepee grScm. I'rocccd 2 krrl on the 
sitrrrcx roiid ;11i(1 rtbacl~ \top 4-1, wlricll, is lociitc~d 
on tlre right side of the road at a d;ingcrous cun c. 
Stop y011r car at thc entrance of a dirt road. 

7 . 3  Stop 4-1. (N 1N045'32"; \V99"41143") 
Debris-Avalanchc deposits (DAD1 and DAD2) 
T11is clupo\t~r.c cxhi1,its ;it tl i t i  Ilasc, thc. o1dt.r lahar 
seclircnce mentionctl 11): Cantagrcl et a]., (1981). 
'Slrc\ secl~~cerrcc i\ eotrrposc.d of fllrviatile becl\, 
d&ri\ flow dcl-to\it\ ,ind run-out lali,ir\ (Fig. 26). 
The scSclnencc is ott~rlaii~ b y  a poorly (leveloped 
l>rown soil. /iho\e tlrir is '1 pinki\lr-red dchri\- 
,t\~,tlanclrt~ deposit 1 iDADI) wlliclr is 1 0  rii tlriek 
anti rest, nith a flat non-eros~te contact above 
tlre ~xdlco\oil (Fig. 271)). 13.Anl con\ist\ of gra> and 
read-dtc*r-ctl tlcicitcx block\ \et i r ~  a coarw \and! 
mutri* with ,i ti.\+ trce c;i\t\. Block\ 'ire gravc'l to 
l)or~ltlcr ir r  \ i ~ t .  and \lri)w )igs.t\v-fit s t r~rc t~ t r~s .  
I)ADl ii, o\erlain 11) a browtr palcosoil which in 
tlrrri i\ olcrlain lty the tlcltri\-a\al,mchc deposit 2 
(llAI32). Iri p,u-ts of this outcrop, DAD2 lies direct- 
1) on top of 13,4131 (Fig. 2711). DAD2 i\ pinkisli in 
mlor ancl has CI rr-ra\imoni thickness of 5 rtl  in this 
5cctio11. I t  is hc.tc~rolitlrologk ,md has the s,uiicb 
litltic~ cornporittr~ts '1s 1)XI)L. In ,itidition. it cort- 
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Figure 22. Stratigraphic correlation between outcrops at stops 3-2 to 3- 7. For legend see Fig. 16. 

tains a wide variety of lithic clasts picked up from 
the substrate (e.g. schists and highly altered dacites 
from the local basement). Gravel- and boulder- 
sized blocks show jigsaw-fit structures and con- 
choidal fractures. This sequence is older than the 
gray block-and-ash flow deposit dated at 37,000 
yr. BE! 

Take road 7 back to Ixtapan de la Sal and after 
7.7 km reach the junction to Coatepec Harinas. 
Proceed to Ixtapan de la Sal and after 0.2 km turn 
right into road 12 that leads to Pilcaya. Drive 
through Coazusco and after 9.10 km reach La 
Concepcidn. There, turn right on 
La Concepci6n quarry. Drive 1.1 
ry, which is stop 4-2. 

the dirt road to 
km to the quar- 

35.4 Stop 4-2. (N19"5S135"; W99'42'53") 
Sequence of Lahar Units 
This quany shows a thick sequence of fluviatile 
cross-stratified beds interbedded with lahars and 
lacustrine beds. The lahars contain rounded peb- 
bles of gray and red dacite clasts embedded in a 
homogeneous sandy matrix. A lahar unit in the 
middle part of the section filled a small channel. 

This deposit thins out towards the channel walls 
where the deposit grades into a massive homoge- 
neous sand-sized horizon. In the center of the 
channel it is much coarser with gravel-sized 
clasts in a sandy matrix (debris flow). The age of 
this deposit is not well constrained (Fig. 26). 

Drive back to La Concepcidn and make a right 
turn into road 12 to Pilcaya. From this point, drive 
1.8 km until the detour to the dirt road that takes 
you to Tmco. Drive 1.5 km along this road which 
runs parallel to a gully. Stop 4-3 is located on a 
curve on the right side of the road. 

39.8 Stop 4-3. (N18'44'48"; W99"40148") 
Debris-Avalanche deposit 2 (DAD2) 
This outcrop exhibits 5 m of DAD2. The deposit 
is pale-pink, heterolithologic, and composed of 
blocks up to 1.5 m in size. It consists of rhyolitic 
clasts from the Tertiary Tilzapotla Formation, 
olivine-basalts, and gray and red-altered dacite 
fragments. A complex sequence (210 m thick) of 
lahars, paleosoils, poorly developed lacustrine 
horizons, and distal fallout tuffs covers DAD2 
(Fig. 26). 
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Figure 23. Lower Toluca Pumice on top of paleosoil (notice desic- 
cation cracks). Spatula is 20 cm long. 

Take the dirt road and 1.3 km ahead is stop 4-5 
on the right side of the road. There, enjoy a great 
view to the south overlooking the distribution of 
debris-avalanche deposits from Nevado de Toluca. 

41.1 Stop 4-4. (N18'44' 21"; W99"40156") 
Debris-Avalanche deposit (DAD2) 
This site exhibits from the bottom to the top (1.10 
m thick) a pinkish distal fallout tuff covered by a 
white lacustrine sequence composed of alternat- 
ing beds of silty massive and laminae horizons. 
Laminae horizons show cross-stratification and 
load structures. The whole sequence is overlain 
by DAD2 with a flat contact. DAD2 is hetero- 
lithologic, and includes blocks of gray dacite, 
basalt, schist, and conglomerate fragments (Tertiary 
Balsas Group) embedded in an indurated sand 
matrix (Fig. 26). 

Take the dirt road back to road 12. Drive 
through La Concepci6n and Coazusco and con- 
tinue to Ixtapan de la Sal. Here, take road 55 in 
the direction of Toluca. Drive through Villa Guer- 
rero and Tenancingo. At Tenancingo, take the 
paved road to San Nicolis. At San Nicolis, turn 
right into the road that leads to Malinalco, the 
site of Stop 4-5 (Fig. 25). 

110.5 Stop 4-5. (N1S057'08"; W99O29'05") 
Malinalco Archaeological Site 
The village of Malinalco is located at 1750 m.a.s.1. 
The archaeological site sits on a terrace above the 
base of the mountain known as Cerro de 10s Idolos. 
This hill is made out of a thick sequence of lahars 
(debris flows and lahar-runouts), and fluviatile 
and lacustrine beds that belong to the TepoztlAn 
Formation of Early Miocene age. Prehispanic 
Malinalco was originally inhabitated by the Matla- 
zincas until 1469 when it was conquered by the 
Aztecs under the reign of emperor Axayacatl in 
1476. The beginning of the construction of 
Malinalco buildings (present ruins) was ordered 
in 1501 by emperor Ahuitzotl, and it was contin- 
ued during the reign of Motecuhzoma 
Xocoyotzin between 1503-1515. The construc- 
tion of these buildings ended with the occupation 
by the Spaniards in 1521. The ascent to the ruins 
is made through a narrow stairway located at the 
Santa Monica quartier. The construction of the 
Monastery located on the main plaza of the 
Malinalco village was started in 1537 by 
Augustine missionaries (INAH, 1969). 

From Malinalco take the highway to the north 
heading to Joquicingo and Tenango. 

141.5 At Tenango enter highway 55 north to Toluca. 
197.5 In Toluca follow signs to QuerCtaro and exit the 

city to the north on highway 55. After 37 km pass 
Ixtlahuaca and after another 29 km arrive in 
Atlacomulco, where we will spend the night at 
Hotel Fiesta Mexicana. 

Jocotitlin is a composite volcano with an altitude of 
3,950 m that rises 1,300 m above the lacustrine, fluvial, 
and volcaniclastic sequences of the northern Toluca basin, 
10 km south of the Acambay graben (Figs. 28 and 29). A 
Holocene, northeast-spreading debris-avalanche deposit 
(DAD), which is characterized by numerous hummocks, 
exists on the northern flank of the volcano (Siebe et al., 
1992). A prominent, horseshoe-shaped escarpment, which 
opens to the northeast, is associated with this DAD. 14C- 



518 BYU GEOLOGY STUDIES 1997, VOL. 42, PART I 

Figure 24a. Base of the White Pumice Flow deposit at stop 3-5. F 
= pumice fall, P = paleosoil dater1 at 26,275 Be PF = base of the 
pyroclasticflow of Fig. 2313, S = surge. 

dating of the youngest pyroclastic deposits from the sum- 
mit region of Jocotitlhn volcano yielded ages ranging be- 
tween 890 + 70 and 680 + 80 y. BP (Siebe et al., 1992). 
Therefore, Jocotitlhn volcano should be considered poten- 
tially active and should be monitored. 

The morphology of Jocotitlhn is intermediate between 
that of a stratovolcano and a dome. The present edifice rests 
on an older Tertiary complex of dacite domes and ande- 
sitic scoria cones. The first constructional stage of the vol- 
cano was characterized by the emplacement of dacitic to 
andesitic lavas, which created an edifice with shallow dips 
and a concave-upward profile. It ended with a large explo- 
sive eruption which led to the deposition of an obsidian- 
rich, dacitic Plinian pumice-fall deposit of regional extent. 
At several localities, this deposit is more than 10 m thick 
and is commonly intercalated with pumice-rich pyroclastic 

Figtire 24h. Mrrssice White Puinice Flotu rleposit (stol~ 3 3 )  

surge deposits within proximal areas of the volcano. This 
catastrophic first stage was followed by the construction of 
a large dacite dome complex with a steep convex-upward 
profile. This second stage was accon~panied Ily the e fh-  
sion of several extensive lava flows slid minor pyroclastic 
surge and pumice-fall activity. 

A major Quaternary collapse of its northeastern flanks 
abruptly ended this second constructional stage. A breached 
crater with a 90" sector opened to the northeast and the 
collapsed products formed a major rockfall DAD (Fig. 29). 
The avalanche covers an area of 80 km2, has a maximun~ 
runout distance L of 12 km, and a maximum height of 
drop H of 1,300 m wliich corresponds to an H/L ratio of 
0.11. Its estimated volume is 2.8 km3. The extent of the 
deposit is farthest in the east where it was least impetled 
by topographic barriers. The surface morphology is char- 
acterized by 250 hummocks of varying shape and size, and 
a series of parallel transverse ridges separated by closed 
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depressions. These features are typical for many DADS 
(e.g. Glicken, 1986; Crandell et al., 1984). However, the 
large topographic dimensions of the Jocotitlhn deposit 
(conical hills up to 195 m in height, elongated ridges 205 
m in height and 2.7 km in length, and a pronounced ter- 
minal scarp up to 50 m in height) distinguish this deposit 
from most others of this type. 

The deposit is extremely heterogeneous with respect to 
clast size (5 cm pebbles to megaclasts several decameters 
in size) with the majority of the clasts between 1 and 5 
meters. Sand-size and finer material is also present, but 
constitutes only a small fraction of the total volume. 

Another remarkable feature related to this catastrophic 
event is the intense deformation of the underlying vol- 
caniclastic and lacustrine sediments by faulting and fold- 
ing that occurred during and after deposition of the DAD. 
The debris-avalanche bulldozed these soft sediments where 
they formed preexisting topographic highs. In addition, 

Figure 25. M~~ &owing thefield trip stops to be visited during these sediments were faulted and bent due to differential 
the fourth day. loading where they lie directly below the DAD. 

Flank failure may have been triggered by a major earth- 
quake in the Acambay graben, 10 krn north of Jocotitlhn 

4- 1 

Figure 26. Stratigraphic columns of exposures to he visited during Day 4. 
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.J pi", . 

Figure 27a. Old lalzar sequence (OLS) and the rlehris aoalanclze Figure 271). Dehris-ouoinnche rleposits DAD1 ~ n r l  DAD2 at out- 
deposit (DAD1) at outcrop 4-1. Arrow points to the h u e r  contact crop 4-1. Lower arrozc shotus (1 trocJ c.o.vt within DADI. Upper 
of DAD1. arrow depicts the flat contc~ct bottuc~en tho cleposits. Exposure is 

21 vn. tl~ick. 

volcano. Explosive activity contemporaneous with flank fail- 
ure is recorded by pumice and obsidian-rich pyroclastic 
surge deposits and pumice fall-out layers emplaced directly 
above and between large I~oulders of the DAD. Organic 
substance from these deposits related to the debris-ava- 
lanche deposit yielded a 1%-age of 9690 f 8.5 y. BP (Siebe 
et  al., 1992). 

Following the formation of the breached crater and the 
emplacement of the DAD and its associated pyroclastic 
units, a stage of repeated dome growth slowly infilled the 
crater, partly obliterating its outline. Field evidence sug- 
gests a long period of repose between this latter dome 
activity and the most recent explosive event, dated at 680 
f 80 yr. Bl? This recent event produced thick hyclromag- 
rnatic rim breccias, obsidian and pumice-rich dacitic (SO2 
= 63-64%) block-and-ash flow deposits and pyroclastic 

surge cleposits which were confined to steep ravines west 
and south of the present summit. 

Petrological and geochemical data indicate that Jocotitliin 
has erupted very Iiomogeiieous products throughout its 
history. Almost all rocks are two-pyroxene andesites and 
dacites with SiOe contents ranging between 59 and 69%. 
The most common mineral asseniblage consists of plagio- 
clase, hypersthene, augite, and titanomagnetite set in a 
niicrocrystalline to glassy grountlmass. The extreme liomo- 
geneity of these rocks is confirmed I)y consistent trace- 
element almndances. 

Rare earth element (REE) pattenis show no europium 
anomaly and only slight enrichment in heavy REE. These 
data suggest a cliemically stal~le source for the magma and 



Figure 28. Geological setting of the Jocotitldn volcanic complex, 
State of Mexico. Box shows location of Fig. 29, arrows indicate 

field trip route (ajler Siebe et al., 1992). 

eruptions from the same level within a long-lived magma 
chamber 

Day 5. Saturday, October 31 (morning). 

Pre-Columbian pyroclastic deposits and Holocene 

After a driving time of ca. 40 minutes and at an 
altitude of 3470 m we will reach outcrop 5-1 on 
the left side of the road. 

32.0 Stop 5-1. (N19O44'52"; W99O46'24") 
Exposed is an excellent sequence produced by 
Jocotitlhn's most recent eruption (Figs. 30 and 31). 
Brown sandy surge deposits are intercalated with 
pumiceous block-and-ash flow deposits, as well 
as a conspicuous layer of orange-colored airfall 
pumice. The pumiceous flow deposits contain 
charcoal, which was dated and yielded radiocar- 
bon ages ranging between A.D. 850 k 70 and 
A.D. 1270 f 80. 

Continue for another 30 minutes and reach 
Estaci6n Microondas close to the main summit at 
3950 m (stop 5-2). 

39.5 Stop 5-2. (N1g044' 18"; W99O45'28") 
From the summit, an excellent view of the area 
covered by the debris-avalanche towards the north 
can be obtained (Fig. 29). 

79.0 Return to Atlacomulco. 

Day 5 Saturday, January 31 (afternoon). 

Debris-avalanche deposit at Jocotitliin 
Take the highway from Atlacomulco to the east, in direc- 

tion to Villa del Carb6n (Fig. 28). About 10 km east of Atla- 
comulco, at Acutzilaphn, the road reaches the debris-ava- 
lanche deposit (DAD) from where it passes on its surface 
for approximately 15 km. Here is stop 5-3. 

debris-avalanche deposit at Jocotitlhn volcano (3950 m.a.s.1.) 
During the morning of the fourth day, we will drive to 90.0 

the summit of JocotitlBn volcano and inspect young pyro- 
clastic deposits, which were produced in Pre-Columbian 
time ca. 700 to 900 years ago. In the afternoon we will focus 
on a 10 000 year old debris-avalanche and associated 
deposits which extend to the north of Jocotitlhn volcano 
(Figs. 28 and 29). Some of the outcrops related to the 
debris-avalanche deposit were visited during a 1991 field- 
trip of the Geological Society of America and previously 
described in Suter et a]., (1991). 93.5 

Road Log 

00.0 Take highway 55 from Atlacomulco and drive south 
in direction of Toluca (Fig. 28). 

16.0 Exit highway 55 and drive 4.4 km northeast to 
the town of Jocotitlh (2650 m). At the main square, 
take the street to the north, which leads to an 
unpaved road to the summit of the volcano. 

Stop 5-3. (N19O47'54"; W9g045'37") 
This site is located 1 km north of Acutzilaphn (Fig. 
29). It provides a good view of Jocotitldn volcano 
and the hummocky topography of the DAD. In 
addition, the limits of the breached crater, which 
is now partly filled by a dome complex, can be 
recognized (Fig. 32). 

Site 5-4 is located at a road cut.3 km east of 
Acutzilaphn (Fig. 29). 

Stop 5-4. (N19O46'56"; W99O43'55") 
This is one of the best outcrops exposing the inter- 
nal structure of the DAD which consists predom- 
inantly of a very poorly sorted, clast-supported mix- 
ture of angular to subangular clasts of almost 
exclusively dark porphyritic lava (60-67% Si02) 
with plagioclase, hypersthene, and augite pheno- 
crysts. Jigsaw-fit of clasts from blocks of the for- 
mer edifice can be commonly refitted across frac- 
ture planes. Jigsaw-fit structure is a diagnostic 
feature of DADS (Shreve, 1968; Glicken, 1986). 
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Figure 29. Map ofJocotitlin oolcano and debris aoalanche deposit (after Siehe et al., 1992). 
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Site 5-1 

$:\B 
sandy soil. 

block-and-ash flow deposit. Dense subangular dacite 
blocks up to 85 cm in 4 embedded in a sandy 
matrix. Charcoal present. 

7 

-a+ brown silty-sandy surge deposits, cross-stratified. 
85 cm 11% T- ---I Contain few pumice clasts. 

1 -----4 . - a' 'a; lone& * A  
c-14 = 680 Y. B.P. 

C-14 = 890 y. B.P. 

rich in orange-coloured pumice. 
Flows are faintly stratified + graded. Maximum 

680 y. B.P. and 890 y. B.P. 
orange pumice fall deposit; maximum pumice 

,>*- \= 3 cm in 4. 
120cm light brown, sandy surges, cross-bedded with few ==- ballistic bombs embedded. 

Figure 30. Stratigraphic column of outcrop at site 5-1 to be cjisited 
during Day 5. The outcrop is located on the southern upper slopes 
ofJocotitlrin volcano, where the youngest pyroclastic deposits are 
best displayed (see also Fig. 31). 

Site 5-5 provides a good view of a conical hum- 
mock located 300 nl to the southeast of Site 5-4. 

93.8 Stop 5-5. 
The conical hills, in general, consist of huge piles 
of large clasts and blocks (1 to 10 m in diameter) 
apparently cored by megablocks (10 to 20 m in 
diameter). No feature of this DAD is more striking 
and invites more speculation than the remarkable 
conicity of its hummocks. Their steep slopes are 
caused by the accumulation of angular coarse - 

material at the angle of repose surrounding the 
core. Therefore, the conical shape of the large 
hummocks is regarded as a primary transporta- 
tion feature rather than the result of erosion. 
Farther away from the source, the hills become 
smaller and less conical, due to continuous frag- 
mentation and longer travel distance. 

Site 5-6 (Fig. 29) is located at the junction with 
Highway 10 to Ixtlahuaca to the south and Jilo- 
tepec to the north. 

Figure 31. Sequence of deposits at site 5-1 produced in Pre- 
Columbian time from which charcoal was obtained for raclioinet- 
ric dating. Charcoal bearing block-and-ashflow deposit B, puinice 
fall P, and surge deposits S, are best clisplayerl at this location (see 
also Fig. 30). 

laminated layers of water-laid material of volcanic 
origin, such as pumice, obsidian, and lava clasts. 
The rocks have been tilted and faulted due to dif- 
ferential loading during and after deposition of 
the debris-avalanche. The amount of deformation 
suggests a tectonic origin; however, it was the fri- 
ability, porosity, and water content of these deposits 
that made them especially susceptible to load de- 
formation from the avalanche deposit (Fig. 33). 

Continue east, past the junction with Highway 
97.0 Stop 5-6. (N1g047' 07"; W9g042' 08") 10, until the next intersection, where you turn left 

At this site a small window exposes pre-avalanche to San Bartolo Morelos. Turn right after approxi- 
volcaniclastic, fl uvial, and lacustrine deposits. They mately 1.5 km and drive 2 km on an unpaved road 
consist mostly of a sequence of finely to coarsely towards the quarried hills to the east. 
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Figure 32. Jocotitlrin oolcano as seen from Site 5-3 looking soutlz. In the foregrounrl are the coniccil hurninocks Cerro Son Mignel, Cerro 
La Cruz, and Cerro Xiteje'. 

105.0 Stop 5-7. (N19'46'22"; W99'39'30") 
This outcrop (Fig. 29) is located in one of these 
sand quarries where several splendid outcrops of 
intensively folded and faulted fluvial and lacus- 
trine deposits can be observed (Fig. 34). Originally 
horizontally water-laid, light-colored, coarse 
pumice-rich layers alternate with dark-gray, 
sand-sized ash layers that are now folded and 
faulted in a chaotic pattern. The soft and friable 
sedimentary layers are older than the DAD. They 
acted as a topographic. high which was impacted 
and shortened horizontally by the DAD causing 
intensive folding and faulting. The intensity of 
deformation of the soft lacustrine sediments at 
several localities indicates that the mass of the 
debris-avalanche moved coherently and was capa- 
ble of transmitting a substantial part of its momen- 
tum to a sedimentary pile several decameters 
thick. The lacustrine sediments below and in front 
of the propagating debris-avalanche were deformed 
by thrusting and folding. Gravitational loading most 
likely caused subsequent normal faults which 
cross-cut the thrust planes. Differential deforma- 

tion of coarse pumice-rich layers and dark fine 
ash layers was related to their different water 
content and grain size. 

106.0 Stop 5-8. 
The marginal scarp of the DAD is well exposed 
at Site 5-8 (Fig. 29). At this locality, the strati- 
graphic relationship between the distal margin of 
the DAD and the underlying lacustrine deposits 
is best shown. The marginal scarp is up to 50 m 
high with slope angles up to 30' (Fig. 35). The 
steepness of the marginal scarp indicates that the 
moving mass became suddenly rigid implying 
flowage at high shear stress as described by Hsii 
(1975) and Davies (1982). The occurrence of small 
hummocks as well as large blocks enibeddecl in 
die lacustrine sediments beyond the marginal scarp 
indicate that the avalanche was "spraying out" at 
its front during emplacement. Deceleration of 
the main avalanche body was evidently sudden, 
but some \docks on top, whicli were bouncing 
more freely, continued moving further due to 
inertia, and impacted and disrupted the lake 
deposits beyond the marginal scarp. 



MAC~AS, ET AL.: LATE PLEISTOCENE-HOLOCENE ERUPTIONS, CENTRAL MEXICO 525 

Site 5-5 Site 5-9 Site 5-10 

Figure 33. Stratigraphic columns and correlation of older pyroclastic units below and contemporaneous surge deposits al?ove the 
debris avalanche deposit at Sites ,5-.5, 5-9, and 5-10. (After Siehe et al., 1992). 

111.0 Stop 5-9. (N19O46'03"; W99O39'48") 
Site 5-9 (Fig. 29) shows a stratigraphic section of 
pyroclastic deposits associated with the emplace- 
ment of the DAD at a roadcut 1.0 km southwest 
of Site 5-8. Scarce outcrops of pyroclastic deposits 
with a maximum thickness of 3 m occur directly 
above the DAD in the marginal areas of the east- 
em sector of the DAD (Fig. 33). In the lower part 
of the pyroclastic unit, the alternating coarse- 
grained pumice-rich layers and fine-grained lith- 
ic layers are characterized by an hour-glass strati- 
fication which resulted from their deposition 
between large blocks of dacitic lavas protruding 
from the irregular surface of the DAD (Fig. 33). 
The field characteristics of this entire unit are 
compatible with an emplacement by a pyroclastic 
surge above the bouldery surface of the DAD, 
most probably by turbulent tephra-ladden clouds 
moving down valleys away from the volcano. 
Although the lower pyroclastic surge unit has few 
textural similarities with the May 18, 1980 Mt. 
St. Helens "blast" deposit (Hoblitt et al., 1981; 
Waitt, 1981), we believe that the entire sequence, 
including the pumice fall unit, represents the 
products of explosive activity that was contempo- 
raneous with or that shortly followed the em- 
placement of the DAD. 

From site 5-9 drive to the junction with high- 
way 10. Drive 200 m north, park the car and walk 
5 minutes to site 5-10 at the base of elongated 
ridge Lorna Alta (Fig. 29). 

116.0 Stop 5-10. (N1g045'46"; W99041131") 
This exposure also shows a stratigraphic section 
of pyroclastic deposits associated with the em- 
placement of the DAD. Ash and surge layers on 
top of the DAD form a laminated sequence char- 
acterized by dune structures and U-shaped chan- 
nels that can be correlated with the deposits at 
site 5-9 (Fig. 33). 

232.0 From site 5-10 return to highway 10 and drive 
southwards. After 23 km reach highway 55 and 
turn left in the direction of Toluca. Drive to 
Toluca (43 km) and from here continue to Mexico 
City (50 km). 
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Figure 34. Strong/!/ folded and faulted lacwtrine deposits at Site 
5-7. Arrow points at Swiss Army knijie for scale. 
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