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DESCRIPTION OF UNITS 

Sedimentary deposits and rocks 

Intrusive 

Alluvial deposit (Holocene}- Cros:bedded to planor-bedded sane a nd 
pP.bbly ccnd onrl thin b,3d::, ot ~11t·1 ::,::m::1 s.~po:,erl along th e Ric Gro 0 ,de, 
ulvr,~ ud 1'1\::l d 1u1111 el~ d lr iliul rny u riovo~ ur ,J JJ I ud iunm l VN 1<4 11 , 

< 13 ft) su rfcces Bed s genera ll y <O 5 IT l< l 5 ftl !hid lncluces cireas of 
late Pk, st:x;,3 nc ::bpos11s ,n uploncs wc:;t cl the Ric Gmn:h Expoccd 

tl 11d,1 18So 2- L1 ,11 16 5 - 13 fl) . Ac luu l l l1i ckr1 es~ f-' ruLublv > 10 I ' >JJ fl) 
alon:i r-,e Rio Crcnde end Canada Ar cha E',ase nc,t e>:;::,xec . .Se ib thi n 

(<C, . .'.; 1; ~- I _; i -1 v.,. 1th P./C o r Bw hori zons en low terraces 'Nest o' 1he 

Rio G ra 11:J9, s·o9 e II ,:orS011ote in the easle1n p rnt of the m eo (rn I 
cmhona te : tace:. b l low Mc1ch2tte, l C,8 ~I 

A lluv ial and lacustrine deposit {Holocene ond lote PleistoceneJ-'v\!ell
so · t,:cd cobble to louldcr g rav,31, crcssbcdd d scnc, ord 1-, 1n bedded 

sod anJ s1 ty sa 11J be 1ea+ ter r:J Cl::'5 ,J lo ng tl 1<1 F~io G c:m J<1, colb le 
g ravel '."l h -,g Lm 1\bm:,:, C::a11yx m ,rl :-> t1Fr >IP-e r tnb1 1;nr F\ ,anrl n11rl 

sil ly ~u- ,,J 11eo1 CoiieJJ P 11c ho, u , J g rave ll y ~or1J T ,J ed1rn1 s 11 0 11 

upland parts of ,he Ce rros del Rio Lies beneath su rf,a:es 5 - 20 m I 16 - 6:':i tt) 

above present dra inoges. Thick11,m probobl1' 4 15 IT 113 5,J fl] . Cverlics 
and t·uncoles rcchof the Sa1tc Fe G ro up, 'and51ide cer::c-~i,5 and older 
o lluv u111 3u1b ere C•.5 - 10 111 ( 1.5 - 3 Ii) lhd, u m;' c'bfJlcy ~lus<c II :_,1 ~lusie 
Ill caabono te a t d ·y :;1t8:; 011d Bw or Bt horizon~ at wct'er 3i tc~ 

A ll uvia l and lacust ri ne deposit (middle? Pleistocene) Wcll-5ortcc 

cobble tc bou ld1c,r 3rove an:/ rhy,hm1col ly bedded fine :;end, sill, crnJ 
silr1 d:i/ expo5cc bencat'-, terrace rc-nanfa 25 -L5 m ISO- 150 h) :1bo,1" 

the Rio Gi awJe Co1 rnct re!c ti:_in5 J8'>1 8., pc>8d 11 eu r Ifie 111:_,ull1 of C ullcJu 

Pnrha (~ecti:,n El ,,vhere 15 rr 158 ft) cf g ra ve lly d eposits fi ll ::hornels 
u .1 111 t.• lh c1 Ju r1lu Fe G ruu:_, br r1iriul \:! .J ·c lh i· -bedded sEd iment 15- 20 Tl 

(5(1- 6,') f-: th ck li es :::,,er tr e grcvel. Th1c , ness mainl y 10- JJ m 133 - lDJ ft:,. 
Cverl1es ond truncc t<2s $011!0 =e G -::iup and lends l1 cb dq: o5ita. One 

surface wes t o: Ch ir o ,'Aeso is O'terlJ 1n by El Ca1ete ·eph1 u ( -5(•-68 ~u, 
RP.n-"':11.1 P. t :i i , F?Ot: : So il a · if. c t loccli t/ ,s O 8 - 1 3 m (2 5- 4 ft) 1h1 :: < 

ar id :,xlui11s weuk olusic1 l\1 l. '.J :_,:_, u le, :,dL on T her rem rents are thinner, 

and carbona te developmen t 1s stase Ill 

Alluv ial-fan deposit (Holocene and late Pleistocene)- Crcssb8do8G, 

poorlv s:irted cobble to b:, ulde1 g r,J,e l d<1posi·ed rn,_rn ily u lu1 1,:1 W l 11 lc 

Rae< Canyen by h1gh-9ro dic,n t, PphemP.ra l ~hc:nnc,I., nck des dw:i ns flov-15 
along chrn 1ne s lho l d1u 111 Bu11 J e li;, 1 TufL Mo:;I smal l /en de::ioo:1!0 wes1 

of thP. R1n G rcndA cm"' 11r.rr er! as Ocr3 or Oc Th ickness 4-8 m ,:13 - 26 ft,1 

Gen,rn ly overl ies landslide de::iosns nterf1ng<2 rs w ith end m:;rg:::,5 laterally 

w ith al1Lv1::i l deposits. Soils :ire th m b absent 0 11 J C11ve ,oreo~ d fans and 
<C.8 m (<2.5 ftl thick w ith rngc II er w eak 51:Jgc II co rl:oncte 8l -;ew1nP 

A lluvial-fan deposit {late to midd le Ple istoce11e)-(>·rnhPrl r-J c<rl rx:n+, 
~or· 8,J euUUle lu Lu,JCer :,iruvi::1 1 ur 1J pucr lv s:.i rled, rrm lr k 11 ch deb1s

Ro·,, Cepos 1ts -hct brm ·em11an f3 5 - 15 m ( l C- 5D ft l ,Jb:..,e cd1ace 11t ·Y2 
depo1ts Thicknes:; 4 15 m ( 13 5,J ft), but most confo::15 obscurcc b,, 
col luv1um '.Jverl1es landslide depc,,11:; cmd Su11lo Fe G r<.:·up Overlu111 LJ,,, 
El Ca1ef;c, 1P-phrci (-.~O- t:0 h Reneci11 Ptol, 19961 n :nnn Water Ccrrr~, 
Soi l, pocr ly i:! ~pvseJ liu l k:cdl,' 1li1~ke1 lhu n I O 111 /C ff), e,,:x)s1n;:i 2tage 
Ill o r we,ak sta::i e 1\1 co rbonote 

Colluv iol deposit (Ho locene to middle Ple i~tocene)- RocHo ll, deb1s

flow, and poorly :;ortc:d al luvbl dcpo'i1t3 at r-,e f: nse~, of d ff:; ro-t1n 1h+, 
ab119 \V hite Ruck Cuny::, ·,, TcJxlurcJ ur ,J c u~I l1l l 1:_ilu::3y ·1u1 1ulle. l ·,cluJe, 

th in (<2 m <6 5 fl) al luv1o l der:;cs1ts v-;est oft f. e R1::i G ra nde a -,d, 1n paces, 

1::1 C..:c jele !8p-11u :--',,0- oC, ka , ker eau et a l. 199:'.:i). hckress genera lly 

4 - 10 m ll 3 - 33 frl bu· local l'/ clong Wh ite Roel Ccnyon 8.~cee:Js L'S m 
(8 '2 ·t i Jverlies Bonde lier Tuft wect o l ',Vh1te Rock c ls~0.+cre ovc:rl1::::c 

bocdtc fiov15, ph reatcmagmotic depos1b and lar1d~ldes. So :ls 1l 11r1 (<C.5 11-i, 

< I .5 ft) a11d weo<ly d ':' veloped at m::ist lo-:,Jl1ons, bul le nses of El Co 1ele 
l;,;.i ,1u, :; t1c r1g l:,i (w;,J of kic Grur1de) er K horiz:;,ns (Wh te I<=< Can~'on 

and ea< enc buri ed s:::, il s (Birkeland, l <;G4 ) dern::,nslrate tho- de;:,051ts 
are pclygenc,·ic and loco ll'I cide r than lo ·c Fleistocene 

Landslide depo5it (Holocene to late Pliocene)-'Aoss1ve slu ,,- ps end 
Jeb11~ fluw~ 1icli n licsu llic-ln u J t r gr:ivel rn:m1ly exposed along '0/h te 

Roe <. C.~11yon, north cf Choqueh . 1 Canyo 1, and along Cai'iadc An:hc. 

1,11:::ist s ides ore 111 ::i c 1ve . Deposit:; con sis- o f rnoat1ve slu m:::i blocb w ith 

c:, l· erent 1nterrcl .o trat2r0Fhy 1·ecr CO<TyC ll 11ms and prog1e~~iv2 v defo 1--ed 
sl11m::,:: and dP.hr1s fl o,vs close r ·o th':' Rio G ran de Uppe r surfaces cf 
nuw ~IUITlf-'~ : -,ea 1 Pu1u 1ilo ~µ111195 uriJ ~uu lhw;;,I o f C tcwi l:ir1dge, for 

exomplel ore s Jes cf adive flu,iol and col lw ,a l processes o,-d are covered 

w ith ·~4 m ,'·> 13 It) ct l lu~1cl, eclion, a11d co lk •vial dcpos ts Such tlat to 

genl lv slq:1ng areas o re , o p :,ed o:, O's,::r D1po i1, mas.sive slu 111 p blocks 
range tram 8° t:, 70° taw::i rd head s::ari=JC. Fai'urcs oc::1 m"d :1 lon·J ( ·1 ) 
sleeply d1pp1 1g p lanes rooted rn tf. e Sartc Fe Grc,u,::, (2 1 subh,::,ri :z: :,nrol 
pbnes 111 ::: lavey s1l1 la'lers fo und a t severa l le,elo: of Flio::e, e flu,,icl and 

lxus l-ire de:x,s1tc (To i, and (.1) , tee;, walls of m::iars L1m1ted arem of 

aulochthxous ro:k~ ere included 1n c reas mcpr::ed as QI:;. Slice mote·1c l 
overlies r:,::,s of the Sanb Fe Group cl mo5t si,es At s2verol locoho11s 

und1st_,rb8d l:i t8 Pl1 ecene der::0~1·s l1 ,3 ctra ti 9 raph1:::o ll1; above landslide 

depos it s [S ect ion 1-1 ) Mo1p ho l,::r9y c,t most ca lu16s u 1d irdus1011 of 
Bande l1 e· Tuff 1n same sugges· that slides ·,vere cch,'t 111 Pmly to m1cCle 

Pl e1~luce11cJ lime bul 1110 1 -- u -,,, b cJeu rri ;;;, ~lul..il;;;, 11 1 i l1e 111iJJ lt l :.i lok~ 
Ple istocene El Co 1ele tephr::r ( -· 5C - ,'.:l8 ko ~eneou et al 1906) lie, c11 

Lmchlide J ep'..lsils sculh cf -I t ,V h 1t ~o:::k Tela. ::: eds me ge ne ·::i llv 

0.8 - 1.4 m (:2 5 - 4.5 f t) th ick. Corb :in::ife mcrpholcg-; (81rke lard, l9f.34) 
i, otagE 1\1 01 some cites, bu t s·oge II carlcna·e is ::irese 11 1,- m::ist 

expo;,u res. Cahon ralbo in ::;,::, v::i rn1sh (Detl 1i,:1, et a l. , 198[1'1 at tvv::;, cites 

cuggesl ·hot th::ise la11dsl1d es stobi 1zed >::SO La 

Fluvial and lacuslri ne deposit (early Pleistoce11e? and Pliacene) 
C -::is.,be::lde r-J sane, pove1 1·1 san::l n-:h 111 l1thclog1es from the Sangre de 

C- s:o Ro11ge, thin bedded cili and sil t'! crnd, Jnd Cees o: r:;hrcat::i 11egmat1c 

c ,riders mid deb ' 1s flc,w~ 6Xpused o 0119 Cuiiadu A ·cl1u (Secli u 11~ F e11J 
G) a nd north :, f \Nc te1 Can1:o,- , we'it of t1<' Ric Grnnc1c (Secti ons P oncl 

[_:,1 Mux11 11u111 l l11ckr e :;:; -3-J 111 (- 100 fl ). Overli es ph·eoto rna gmof c 
clP.rr.·;i-s n lo11n C r.node Anchn rnd P1c·,A Frrmo l1 011 er hm.Jihc rock~ 

ffm r the Rio G ·ande. Overlain by md 1nte1 a•,-ered w ith phre atomagmot1c 

dep:is1t5 and flows :, f basa ltic a 1de5iJe (Tebo) or bosch (Td_..2: Po leocu1 1e,1t 

direcl1or s measured on channe l~ or d gravc llv crocsb 2d~ ra ng8 lrom 

180° t:, 270° c11d cve108e ubout L28° Cori elu te:; will1 ul de1 u ll _v<l'lll 
of Grigg~, i 19'.A) a nd, 111 r'.l rt. w ith thP t ,n,~hr. Formot1nn of Sp11cr;PI r. ncJ 

Bu ldw i11 ( IG6J) r'.el ul iu r1 ol1ip le..: :.:iu 11 lu Fe G ruup :;;;d 111e r1I unk,1ow11 

C::,·,tcin5 lenses of da:: 1tic tephrc c lc ng Canada Ancho . fia1 ley ( 1976) 

rep:,rt3J on cge cf abcut 2 7 Ma (Tobie l I for c ne lers som,e 8 km 15 mi) 

emt cf Co 1:i del Ro •:anyo11. Age ebewh e1e n,::rt 'A>e ll ~,ncwn 

Puye Formation fang lomerute (Pliocene, Griggs, 1964)- ,Ve:.ik ly 
I th1 f1ed pebble to bculder si ro,el, bculder-rid' deb ris flows, m::iss1ve to 

p luriu r-beJJ ,; j :;u 11 J , thin I< I 111, <3 I t: bed s o f dac1 t1c tephro and 

pur,1ceous a l1L, ·,1u,11, 011d bees of f ne s::ind ::ind s1I· Exposed ,vest of ·he 

Rio G rmde <2xc,ept lcr en isolate d ::iu-ctop south of the moutn ot Canada 

A11cho (S,::,chon F) G ra,e l beo ge1 1era ll,,- 05 - 3.0 m 11 5 -1 0 ft) 1l 1i c , . 
Debr , A::iws ra11g1c /rem(;, 2 , 1: l ft) to about ~ 0 rn ( 16 ft) th 1,:k Clos! 

rn ,J 11,u l1ix ill dJ:,J:,' 111Ginl•r s;udlc1 Jeri,c1J fr u r11 ti e lsch i,~0r11c Fo rm ut er1 

of the, Jemez Mou ntams, bu t Pre,::ac-br1o n materia l com:,oses >30~; cf 
some l luve l unit~. Thi::: '<nes~ .:-JC m ,:16 - 100 It). F1 Is :: 0 ,a nne ls cu- 111 

rocks of lhe ,ncivded Santa FE Groc,p a nd a long .os A la rT Os C:my·cn 

(Sec1icn A), htc cobble c] ' ::i,el of· ·he Pu~·e Fo rmction Tok1, i Lent I (Gri ggs, 

IYCL ). l::xposeJ Ler t u-h q_u -rz ite-r1::: ·1 cob b le grave l ( lo·o ,i Ler til) or 

phreatcma,1 rnat1 c cer::osts at r as l b cmons (SeCilons C and JI Paleocurr ent 
di rcdo ",s meosurec :::in chJw,o ls grave l ,, crmcbcds, end 1mb 1ce ted 

cobble;, 1ang e fr,::rm about 9C0 lo 2D0° ::i -,d a ,e1ag<1 ubcul 50° sl19 l1 111 
so1_1th of the (·end of present con·1c,n s Fa ul tc> ::J k ,::,J II,; nern th e mou+ o f 

P.11d1,_, Cc 11:,u 11, u l1 .,;rw i:;;e u ,J fcfc rr rn:d. f-'u11,iceuu :; Pv1e :,iruvsil 8 k111 (.J 1111) 

north - no rthwesl o f 8tow E',ridge gc,,·e a fiss o n-trod age o: 2.<; Mc 
I- ::i ble l ) Turbevi le et cl. ( lG89) report that the .,p::ie ' par1 ot the PuyE 

For,.,,clion TIC'/ be as vcun~ ::i~ l 7±0 I Ma n::::,r th·,-.,esr of the V\1hite Rod 
quad rangle 
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Puye Formation, ancestro l Rioi Grande focies (Pliocene; Totavi Lenti l 

of Griggs, l964)- S1i ~hr~1 l1th i"1,e ::J pebb le r::i c,:::ib bl':: qrnel ric·-, in d ost:: 

,:; f r' r;;~u·· bic 11 rock, s:.ird amJ t·,111 Otc1.L cl oll tv s:.inJ wect cf the Rio 

·3rande ::md ::i t :,ne o utcror= so1dh o f th e -io uth ~f Ca 1lado A ncha , east 
o f the C: 1c G·:m:lc (Scc\1ur Fl . ,ca:i re>ec unit, cm O 5-3 0 m 11 5- lC !1 ) 

1l1d, <.. 1uo~l<oJJ;;;,J u1 i,J k "~u lly f-'lu r1ur Uec.;JtoJ Clus 1~ ::3 e rie rulv >Bi);; 
quartzite and other res sknt l1 tholo9 1':'s fro m 11orthe rn New /\1ex1:::o :, , t 

closts /rem the s:::uthe rn ::Ja n,;ire CE :::.: r sf:::, Range ore :::ommon lcca ll y•. 

Thd-,11 <::J ~S 5 -L5 Ill ( 16 - 150 ft). MJ>111nu -,, thick11es; urid 1nu~I exlenc.i,<1 

Pxrm11re;, i11 Sand1'.l cin:-l Mnrnmh:-l C: Tvnn:, (SPrt1:->11 D) Fills c:hw,neh 
i11 c11c lo:::u llv 1r1l e rbeJJ;; ,J vvi ll h f'uy;;;, fu r1 glomero te ex ;..;;::i t along Los 

Alamos ''.:anyon, w here 1! o,:erl1es Sa ntc Fe .:C,r:;,up L,es beneclh la,- dsl.de 

dci::os·ls, Pl1oce~e ol luv um er phrreotornagmot1c depo::,it~ a l mosl c~r::cs_,res. 
Fo leuc u11 ent d 11e,: tiun~ measured 01 1 ch::111-,e l~ g rove lly c -:,~sbcd~, 01id 
1mbri ~o-F<l cchh!P-:, m noc> lrnm -6':f> to 22C0 a11 ::J c1 veroo"' crb:->w l 8D~ 
,\'1uir1 l·y u11Jek::1111eJ. Neo1 I ,e 111 :.i ul l ,:.,f A11cliv C, ,; 11•1011 (Secl i:_, 11 JI li eo 

under a bcsahc flo""· ITcb,,:, rep,o rted bv Bachmar and rvlehn2rr 1: 1978) 

to have a n age cf a l:out 2.(. ,Vo : lcble I 1 

Sonia Fe G roup, undivided (,: early? Pliocene l o middle M iocene)
ModPKIP.11· 11th1h,c,,J, rlanrn-he:fr:'Fcl re, mo~SJvP, sil ry .1:mcl,tonA ,1 lr~tn ~r, 
011d c:1os~~;;;, .J JeJ !-'eLLlv :;u ,,,J ir apur:;;; :.., 11rn111eb Sur,J , tum::1 lieds '.l> 

much m 4 r, (13 tt:, thck; rhc nne ls <,l m 1,<l (1) :,..,,..,,r Cu:rs,c, uni ts 

cs; 111 e r1led 1,v1I , Of)e1ry co l- 1l e Clu,b ;1cirily ( I ) 111le1111ec.Jia le volc :.111 c 

ro,: ks cnr1 quort: 1te from so 11th e11n Colorado ond th':' n,Jr·hern So11gre de 

C ri ::: to Range a nd (2) Precomb·1a11 ;irc:m 1te and ossoc1med rc,cks from lhe 
sout'- er 1 Son ,J re de Cr15to ~o-,ge Moir :<. o r~m c:. Th11 ,:<D 3 m, <1 11), 

d1s:::or linu,::,Ls beds of a lte red d,::i:::1tic [bi1Yite, h:::i·nb lc ndc) tq:hra loca llv 

abunda nt. Thck,-e&'> > I 8S m (>,607 ft) a t th 2 suulhe1 n e,nC of Lo r,} esilc, 
b,_t the 1-:osCJ I', ncw1FrP e,xro,pd, an:-l ;hP. w;c,II fplr-J ot 8 ckmr:n rPnetrr.lAo 

>~CO 111 (> 1,9/C fl) o f ihio 1u r1i l. Lie, L,,:11 1;, J lh ~u ve f- ::i rrnu ti on o r 

p h·e::i tomogma t1 :: depos1ls of 11cst locc1t1ons, but lands lide deposi ts 
o '::isc .,rc exposur2s ::i lo, g W hii€ Rock Cony::i11 D,ps 98111,' 1<8° ) nc:irth·,vc:;I 

111 th e 10 h e1n map ar<10. P::ileocurrerr d ireclio 1· s meosu ·eJ u r, cl-- urnel, 

or e' grave ly crcssbecls range from 17(:0 to 278° C:,rre l::i tes, m port, 
vvith thP. fo ,11q11e: Fnrmr. t1 M :-if C";a lu :ha and Rli r k ( 197 11 :-md th8 Anrha 

1-crrnali•Tl of 2µ1egel ar id 1:>a lJwirt [ I Y63 ). A•je r u l we ll J t fi r1eJ but p1ce-
111d-Pl1ccen? 

Volcanic deposits and rocks 

El Cajete te plua (la!e? Ple lstocene)- Pu,· icecu~ lui,; ill 1 t.' r 1hyJi ilic 

ccmrn:.1tion F0rns s11rfmp loy~r in 1.sobt;,, 1 011;cr0p3 ns -hid 03 40 cm 
i11 teulliw\:!s l :;,u1 I of 11 op :.1,\:! ·J u:11J <;; cm 11 , ncrlh eost i:;c i, of map orea. 

,\;105( exp0s _ res h,a,·e been re¥,:crkerl by slnr:,e p rocesses Den,ed from 

the El Ca1e·e ,en t i ·, rh<2 Vclles c:J ldero; previous v thoug ht t::i be about 

150,000 y 1s old I Se lf et cl , 198G) but rnv 1 bc1 cs yuung as 58 ku 
1,Re 11ern1 et n l, 1998) 

Bandelier Tuff, upper part (early Pleislace11e)-S 1!,'.)htlv wel ded pyrcclasf c 
flows (T~hire :;ie Member) enc a thin 1<1 m <"3 ft: pu r icceus fa ll ur it 

,:T5onbw1 f'u m1ce Ged ), both o: rh,ydibc c::,mpos1t1011 c,c,rni rrn les <,u 1foce, 
•1,cst ol the Rio 8ronde and m·m3 one promirent 0 111,~rr.p PO ,t :->f tf' F Rio 
1:C, 1;:111dc1 (Seel 01' 1-1 ) - "'l.' le· l1vc1 f-'y1:_,cl oo l1,_ flew:; sepu 1u leJ L,y pum ee 

.-.onc:Pn trot10n, or 1h1n, s:-irtP. d r n rt1n ns T's r rP.sPnt nlong clee i:, cr.nyn11s 
west o f the Rio G1ande -- h1ckn2~s gened v <60 m :<200 11: but about 

90 11 j~O,J :-: eost of the Ric G rande As mapp ed, may nclucc e>,p·::rsures 
oi lower 3::111dd1cr Tuff, wh ich it lies abevc Pa lcd low d1 rc:tio11 to the 

east De1·i,ed f1 om -he 11olles c::.i llde10 \Ne:.t of the 1nap 01ea. A9c 1.L ,\'1u 

l lzctt and 01-:rodow:h, 1994) 

Bondelier Tuff, lower port (earl1Y Pleistocene)- Sl1 gh1~ ,-.,eUed Yrroclast c 
flows (Otowi Menler) cf pulT icceous rhyoli te me c comp::, une pum:ccou:; 

fell u11 it (Gu::i1e M e n l:er) as th ck as C 111 :20 it!, ab :,f rhyolitc com~cs,110 11 . 

52,t expo~,r. r1 1n dP."!:-> c:any•or 5 wP.:,· :, f t~F R·r. ·~ranrlP., rr.nc:u lorl ~· 1n 
b~ A l:.i rr 1:_,~ 13;;;..tio ri A) and S::i11 dio Coriy::ins. O ne:;, · two th.ck flows 

ove rl ie the ,:;_101e M e,ber, whch 15 absent at many exposures IV\:ix1ml ,m 

1hickncss cb:::,ut 50 m 1165 ft) Lice b:)rco+ _,pp:cr Bonde lier Tuff Fill :; 

c:c 11yo11s os deep as 50 1Tl I 165, ft) cut 1nb th d e1if c olivi11e basa lt (T~LJ3), 
hw,a lt ir- 0 1de,1fp [Tcbc:1, or <l phr8at11m cig mnt1c r-J P.r :->~11° DerivprJ frr:m 
il1 e Vul le~ eu lJ e1u w e:;! ,_,r lh <.,; · u::i e reu Au ;; is 6 Mc (lzetl and 
O::i· ::i dovch, 1994) ~ 

Cinder cone depo~it (PliocenE]- Jxdiz:ed c 111 d e1~, c sg '01 11e1u le, u 11d 
minor arem 01 phr((J lomacmatr:c Cr.po,1;:, comp :,:ec o f nl 1Y1r1c hn,alt1c: 

c 11de~ le cr1J bu ou l l Ccril o1 ,, 2 - 8~,;, ;.iuu ilL XC:lnucryoh. Exposec rnoinv 
a long the Rio G rn nr'.P 0nd ot th:=: C"n,n clrl Rr:, Cn,-yon G'nn~lor sur/c r,e 
depoo1's d,ss,.."Cted cinder :o,~es;, and ;l,gh\1,- lil'11f.ed expcs.ies in c:an,-cn 
wall s, beet expo~ed ~ear la ~\'1,dta ISe,:tic11 C'1 /,/,ass1ve to p lanar 
bedded loco llv rich ir lava o nicl acciclen r::i l bombc <O 2 m (<C 5 i· ,1 ,n 

d 1ame-•c" r Ma ><:1mum thic< ne3s about '.'.JO m ( 197 fr) Lies Jbo'!e 

Fhreolom::igmo,ic depo51b cl 1wany exposures. Age 11d c osel y· l:ounded 

l:: ut prol::ob lv late Pl1oecne 

Phreatomagmot ic deposit (Pliiocene) -Bedc'ed t0 mc1c,,1ve fa ll surge, 

ci 1J lluw J epu~il ~ cc rnpcsl::'J :J IT Uo~ :.i llic ldf e 11J ci11.J e1~ u11J ucud;,riiol 

fragme-,ts of the Santa Fe Crcup Thickest exposures along the P. 1c, Grande 
e nd Cc ilCca Ancha /Sedar G). Fall beds,0:::-3.0 m ( I - O ft)th1 ::;k, 

ere c::,m posed mrnnl,, of asr OJncl l,::,p1ll1 cor tcrn 1ng sparse bcmbs of 

cccidenla l fragme -,b ,and b,JJalllic WjrTent". Surge bed.:: ore p lanar a nd 

crossbe Jded, lo::a llv ri pp led, coarse si 1 b pebbly w11d, ge ne rol lv 

0 l - 0 4 m 10 3 - I 3 ft) th ck Fbw depcs1ts ore morn I·, m:i t- 1x-rich pel l:: le 

tc ::,::,u ld2r g1ovel in d 1sccntinu1ous beds l L m (3 - 13 ft) th 1:::< '~ car 

rnoais lh2 t.01E8 111iuliun u f ucci Jentol fro:;rneril s cecrecw~ upcJe l1c11 
l ,xol ly sheared, slumped or br~rno·ed. As m11 ch as 60 m [20(, f1) thick 

near moors ~u:::h cs La Mcaito ['.Section CJ, ' 3uckma n moor" (Scc 1cn G ; 

Au ~co le l Y7 8 '1, ::llld ",',Ao11lum rnuci'' (Au!Je le Vi78) Gc:11e1e lly li e:~ 

o h:,ve Puye Fo·matirn, und1vrJer1 Snn l,J Fe G ro Jp anrl 1nte rl::iy<?-red 

bmolt and ph ·eo t::imagm011c dei:;os ifs. Lies beneath flow: ::i ' bmJltic 

cndes le, bmdt, or c1nde · a-id ogsi lcmerote depos1b In Anch::, Co -,von 
I s~: t1 cn J 1, li es an Tcb2, wh ich g,J.,.·c or ,Jge ol 2 6 /,~o (T :ibl ::: l ), l::ut 

sl ,a t1g ruphi .:, 1cJ l,::, t10ns SUQ'.:;J<cSI ::deposi t:, cl0119 Co 1~oda And 1u 111uy Ue 
:,om,-whct o lcfor //,1nirn1 1m nge ro: 'Nell <nown 

Basalt and interlayered phremtomagmatic depasl t5 (P liocene)-Th n 

1< 10 ·n, <J :3 fl) Casa 11c flov,s int,e ,lo·yered vvi:h basa ltic p -,reatomogmot1c 

roc l.~, ma in ly sur~e o ne flow depos its, and mappced 11 the so.,thern port 
of ;he map ar:::::i n:c::i r the Rio G ror d,:c ,'Ault p ie bo,c:d lovcr5 ,J.<J=Oacd 

111 C '1aquel, ui Conyo11 13ecti u r1 K: •J 11 d a la -,g the ncr lh 111ursi11 1 or C 111 u 
MP~n (S2,~t1c:n I) Max1n 11m thicknP~> o h:,11 t 50 m (16':i f· : l1 A~ o n 

p-1 i:!Ulu 11 u:,1 11 1u li c J e fJ:.m l:; (ll 11 d Jun ie · t G oup. Lies brneo th 
pheo·o rro g 1T a11c d ep x1ts a nd bo~c lt flows. O ne fl ::>-A' 11 Chaque l-- u1 

Ccny::i11 c1ove o·, cge ::i f 2 78± 0 .0 11 ~Aa !Table ) 

Basaltic intr usion (Pliooone)- O lwin:::, pyr::,:,enc bc5olt1c cn ddtc co11tc 1n•ng 

quo1tz XcJ llOu 1sls. 10nm l incJ-y rn11ed di~es ard sma l , sl icllU\'V ,nlr u~iu11:;, 
w 1t1 sra rp chi lled ma ·g ,ns, ossoc1o ted with ~oors 1J nd c1nd? ' cones along 

lhe ec~t nu rg iri of Whitci l\:Jck. Ccr11y::ir1 r,~ost p ro 111inem wtrus1on s a 

sma ll Flug capped 11Y11~ agg lo '"Tl erate cit r-,e ·p,,esr edge :::,f C 11110 Mesa 

A ubEle I 1078: suggested that a s II lies beneath cinde rs and aggbmcrctc 

along th e west rrcrg1n d Sosebru:,h f lats a nd ;he cndes1t1 c exi:,osu e 111 
1vVoter Cc11y::in (b :o 1ly I 00'1 rmay be 1nrr _,sive. D ikes ge-,era lly ve rt1 ccl 

ard < 10 n 1~- .:(l hi 0,•1ce Unit 1rntrudes i:hrectcm::1gm::1t1c or cincbrconc 

deposits r~ot do ted but p robcbl:,' midd le or late Pliccene 

GEOLOGIC MAP 73 

Geology of White Rock quadrangle, 
Los Alamos and Santa Fe Counties, 

New Mexico 
by David P Dethier, 1997 

Depflr~men t of Geofo;f1, 1N,l/wms Coll.:ge, V..'rlliamstow11, ,\111ss,1chuselis 01267 

1000 0 

G,an1, 
0 

N lJ W 

' 

' a 

D::ming \ 
0 

i 
.~ 
i 

1000 

.5 

105° 

~Tala 
-,:<' I 

~,/)®SANTA FE 
,,/ I 
t,Albuqu~1c1u~ 

) M 1, X i (_' u 
':oca,w I 

I 

Scale 1 :24,000 
G 

2000 JOOU 4()()0 

0 

i 
' ' 

3UUO 

l 
Id 

I ;-

§ ;f 
~ ;J 
~ I~ 

~mcel j .~ "i" 
11 
1 

- 10,' 

41'1'~0XIMATE M[Ai'-1 

DECLIN,\TION, l ',93 

6000 

INDEX MAP OF NEW :MEXICO 

Andesite (ea rly Pleislocene2 ond late Pliocene)- Mass ve, steep-sided 

fl ov,,s, 09;i lomerot:::, and domes o: hy p ::r~thrnc nnde:,1t8 (Tc1h!P 2] exr0'>P.cl 
111 the s::,u-hem, part of 11 1'=' 111c..:p rnec. S11ur1::3 I, :; l1 <:>i:; leJ 11eur no,,., surface, 
h rc>-:,-1ate<1 r. l hmP~ Thic:knp, ; d flovv~ ;-. )() m (>t:6 fl) Totc l th 1::<ness 

ur1kr1:.iv,, 11 IJ,, 1 l1kt ly e>:·~ttds 15U m 1~0C1 ft] 1n the sou,hemt mop area. 

Lies nhnve b::isolt1-: o r des1te ar d kv1rn1te ar d lies berecth Guoternarv 
G . a1e P1_m1 :e Bed (GCl/1 Manie,; ( ??'.:'.:>) rcpo -rc:d en age ol- ::i bo 11t 2 Ma 

·:Tcble I : rro rn en rndes le flow 5 km I 3 n1i) ec:;I ,.> f l it ecsl i:1 111 e,J::3 e of 

the mar arP.a i\.Je :->f /0LngP~t d ::ire.; unk11nwn 

Basa lt (late Pliocene) Tho le 1it1 ::: o li•; ine basa lt fo•,v:, 1- :1b lc, 2), r rllGw 
h asclt on:1 polonon1t1,: b :':'cc1a exposed v,,'est of the R,o '3rancle north 
,:;/ Cl1cy1. <:hui Canycn. Flo•,vs th in (< 10 m, ,-33 f t) w 11- ;h::i rp tc rul:;b lc 

rrh contacts Suhcerd thi-:1, ness <.?Om (< l CO f-'.1, 11a(1m,_m thi::1<ness 

-CIJ ··1 I-L60 ft l 1n Morta ndod Cany'o111Scctian )). Ovcrl.cs locustrincc: 

o r sord·y :luv1o l sed iment (Tel north of 'Nhi te Rod and o lder basa ltic 
flews ·o tho :;cuth (Section JI Thin :<:3 m; <", 10 In H1 v ia l anrJ loci1<lri11e 

de ::i:..>s1t; seprno le ll1e Lco;, II l1 c 111 uveilvir1 ~ ,c,wer l:k11cfo l1 ec luff at o:cme 

:,i·e:, (Sanrl io C.1n-,,on, hr i1:, tonce : Flow d 1rP.d1ors measure d on foreset 

J i:i :_,:_,oil o cf i:; ill ov,,· bo,a lt i-, Lx A la mcs S011::l 1a Mcrlorcod 3ucv, and 

,r , unnc med ca n'fOfl rong2 from a bou, 70" tc 15::)0 (overage ::ibcut 
110"). Tcpsei br2set :::0 °,tactc 111 cbtas of b ,J-;all c: dehi;, c l <\IOO±?Sh 
elev,Jt1011 cugge)I tl 1u l ,::, uke dui n,"eJ 11ecir C l1 u :_i L;;liu1 :.::cny::ir1 ::ie1s1sted 

1n \Nh it8 Rock Cc nyon d ur ing ;,, rup t on o f mur.h of th e b ,Jso lt Bosch 

o 1g 11uleJ fr om ,eritc !::uried by B0nde l1 er Tu ff 0.'cst a nd ror1 · ,:,e5t of th e 

mcp area. ?. scmr:: le from the basa lt exp:..sed nea r the inte sectio11 uf 
FuP.hlo rmrl Lm Alam '.)~ Co nvons (Sect10- A) 11 the north,vest map o reo 

gave on Ar/.4.r a;ie of 2 3:)±0 08 1\;\a J ob ie l ), 011d flcw5 cappin g 

A nchc Canyon end un:Je rl v1n;i \l\lh1te Rock ga-,e ages b etv,een 2.5 and 

2 4 Ma 

Bma ltic andesi te and related flows (Pliocenel - lv\ass1ve flovvs of 
o liv:11e-hy:::,er&the-,e Cosah1c on::Jesif,::, o nccs1tc , and ho "'·a 11 fc, ccn t:11n1ng 

as m~ch as 7% qlortz , exp::,sed a ens the R1 ::, G rande 1-:ib le 2) r o rm;, 
!hick 1-, 30 m, , lCO ft lccc ll/1 Hods w 1h hrPcc:icit;,:-l hmPs oncJ rr.nling 

jc 1nts 4 m ( 13 ft) in diarneter h much as FD m [56C, ft: th1 - < o lu1 1si ll 1e 
Rio Grnr dP m th8 sc:i111h Rnrl nt thP mop rner. Fill s ,-::,r,vons as deei:, as 
LO r!I I IJ'.J fl) rn ulhwt~I ::if '.Jtow !:ridge [Sec11cn Bl, wh,3-8 f ows lie on 

lr.p o f phreatcomagmot1c deposits (Tern ) a 11 d th ':' Puye For-at1 on (~J and 
Tpl) and 112 bene,Jt1 flu,·1cl and laeu5trin,J sedirnC11t (T::i) 0v,c.· l18:> b'."l:r.lt 
ITcb:, I, ph·e::i to magma t1c Cep:,s1'5 anc agg lomera te, o ne th e f'u ye 
Forma tnn :,c,i1th o! 'v\/ntP. r C,r',<~11 WP.St nt l ",P Rio GrnnrlP 1S':'·~t1 cons J 
ur J K) 011J ,:_,ul l , :..i r Sugtbuth ~lo l5 eusl of ,he ~io Gra nde. Ou t:::r::ip 
paiP.m ::md ,~ha11 nel r. r1 P.n (at1on cuggest th::i t lav::i f cwed ma1nl:: s'_,uthvvest 

uric s0_1tl1 from ven·s -ear Lo Mes:!o, on Sogebru~h Flats, betwe:::1 1/vater 

one Ancho Convons, :md p·o:iably 1n -he v1cin11y d Chho /v\esa IA Jbele, 

1978 ). The Otcwi fl ow of Go usho and e lid 1197 11 gow an C(J"! of 

2 57= 0 02 /vb (locali·v H 5o), end •J 11,us:,1v'=' fl ,:.>v,,· f.llubuL,I,; J eriveJ 
11c m La Me:itn [lwn l1 1'1 14 ~c] gm,P an '.lgP of ? ':i.'i±O 02 Mo ,:Tobi"' ) 

Tl ,e lluw Uelwi::1e r1 \V,:; I;; u riJ A 1d 1c lur1yons ·,J :l Ve an Ar/1',,r cge o f 

? 3±0 :1 lvlo Ao"' hrcx keted by the 2 6±,J 4 Ma age of slrcngroph1 cally 
lcwer lcb2 near .'\nch::i Ca ny'.)n (- ::ible 11 and the; 2 33 k',::i ai;c o l 

0'1erly1ng Tcb, c lcng Los l-.lomos Cc nyon (Tab !e 11 

Basalt flows (Plioce11e)-l 1111 [< IU 111, <33 t-1 fl :.iws o f '.) l1·, 1n e bmalt 

1ha•1voi1le, se':' Ta b e 21 -:ontc 1n1119 <5~£ C] l 'ar tz xenocrysts ar d exFosed 
mainlv beneath large crcas of Sci;cbru:;h Fla ts [Sec1cn~. = ond G) ancJ 

a lor s J-ie east bou1- drny of VVhite Ruel yuuc 1s; 11!:,I '<' B1ec:,;1u .;Jarid 
spar: e bake :J ;:one:, hFJv.!P.Rr, fl0,v-; ',kxi1111m thr-knes, -· 70 m (- 2JC ft) 
11eur Cr ,ir 1u /\~es;.i C,1,erli ce~ ::il 11 tl <J lc rn og rrrnic :lepos1ts (Tern I a r d Pliocene 

n ll11 , 1ol ::lP.poc1ts (T::i ) c:il,x ,r:i Ccriaco Ancha, at tl-- e Whi te Reck O,:erlcok, 

one i11 ~c1m ito Ccrrron A lati·e a1ce~1tc fb1v (Baldridge, 1070) indwfoJ 
y11th Tcb? lies ob:,ve the Totavi Le1 1t il :rp 1: 111 .'\11c,o Cu r1 ·yc·11. A1 1d e,il e 
o ne bmo 11c-ande:,it8 flc01c (Ire, 1,-ho] encl Q 11 <1tP.rnar i a ll u-11 um li e cbove 

huv,uiil ;;;, 111 II e :.:iosielr us li rle l~ u rea, w hereas lcb2 fl ::iv,,'5 11 2 beneath 

hn;nltc onrle~11e ,:rrho) o r o 1vire basa lt (Tcb3) at mo,t exp-Js-1res west 
o f the Rio 0ra nde. Probable ',e11\ ar2a~ arc 'Tlc r ,cd by c inder '.l nd 

o,39lomerate deposits from S:,qebru5h Flats coutt1 tc Ch nc IV1 eso, ycu r1 ':;ler 
basal t c and onde~ ti:: tlcv-1~ µ rob:JU l·r ccvi:lr :Jrher ven ts. A tlow e:<pcsed 
on the :,o .1th rim d C1 1n ::lP. I ~10 C r. nyo 11 (loca lity 122:, ,J•J v·e 0 1 age of 

2 4Gi0.:J::l Mu ( 1-ul>le I ). A ·, age '.)f cbout 2.(;, f,i,'.l (Tacle 11 wcs 
o h·omPrl l-:v Bac:hma -, 0°,d ~Aehnert ( 197 8:1 ,n A1cho Can1'01 

Boso ltic flows (Pliocene~I - O l1·,1ne b:i so lt :lov,s o ne mo1e evo ved rocks 
<cxpcsed w 1hi n 20 m 166 :1: of tf-, e prcxnr level :,f the Ric G·and 1c on:J 

Co ri c1do A ncha Flows ore thi 11 ·o mm;i, e u 11 d include u luvo uke (Cu1u 

de l Kia Ccny::::,n) and e · umber ol p,xxly esrospcJ 01 lc:rors ohn::i th1c 

Rio G a·,de /1::,rr, I/Vo ter Co11·,-ur 1 lo C l1rn.p.1el1u Corl'fJII I hick11es~ 20- Y..:: m 
166- 31 D --; The h hc!r fkw,;, liR nh0·.1A +\:Orm,c,cl phreotomagmcnc deposits 

I Ten ,", u1' d bc,1 eull1 ei1,Jc1 > 0 11 J occ lcmera te (,':c) . Scurcec of 1he ll::,v,,,5 

m"' bun2:J, rrr-;bo:-i -, d 1'1Arse (TahTe 2), end rr,a'f lie 111 c ~hoti ,;irc1Fhic 
fJO~il cr1 similar io sub surface ,·o lcon1c rock.: repo ·ted :'.l y• G r g·,J'i l 1964), 

som e as o ld as midd le M io ·~B1' € :\Vo J eGulmel el u l. , 1?961 A flow 
nPm the mo1_th cf I/voter C:::myo n gme an age of 2 50±(,.04 ITab E l ) 

Basa lt, undiv ided (Pllocene) - Oli,ii 1e basc..: 11 , l1 uwu 11l e or,J l> Jrn llic 

r.niPsltA cmtr.in1r q 2- 8~£ cuartz xenccrvsts o ne exo:::,sed 111 ·he soi_thern 
par- of t-,e mop or~::i [S8:::tion IJ. Thin 10 mm:,ve !low; Thic:knP::, horn 2C m 

to > 150 m (fro rr 6j ft I:, >490 ft! in ihe so_,thern lll:Jp c.; rec . Le~ uUcve 
phmatomagml f c r.Prosi;s (Tern) GP.nero llv 11,~5 heneoth Tebo end may 

be equi,ole1v, in part, to buso ll m,::,p,;eJ uc Ji.L2. Me11l o~c 111uor (P,uCe le, 
1978) w:is thP pobo::i le sourre for mu,: h of 1h1 s unit Age unknc¥;n but 

p1 0J:.ib l·1 middle to ate Flio:::e-,€ 

MAP SYMBOLS 

------ Con tact 

__:__ __ Normal fa ult- 1:!a ll and bar o n c'ovmth·::,0,n Cleek, 

cashe d w 0 ,ere o p::iroA1rn:i t2 lv located: ::bt·ed "'here 
buried er ccnceo lcd 

3,.v Strike and d ip of bed 

W,;7777;} Th in (<4 m,· <13 ft) fl uvial and eol ian deposit <4(,(j,'j:/ 

------

E f---__._, 

• 147c 

a 147b 

Q35 

®' 

Poleocurrent d lrection- A•roN tc 1I at meas u1 ed si t'=' 

Top of landslide block in slide comple.., 

Tro cti uf stratigraphic section 

Sample locality- 'J ,mbPr refers ID TorlP l 

Sample loco lity-'~Jmber refers lo Tob ie 2 

Sample locali ty of Ba ldridge [1979)-r~u mber 1elers lo - ::, b le 'l. 

Sample locality of Aubele [1978)- N ur11 Ue1 1e fe10 le lulile 2 

Unnvmbered sample /ow/,11e, o-e from Bcrld-,dge, 1979, cr~d WoldeGobnel ef er/, 1995 

7000 FEET 

1 KILOMETER 

1 MILE 

ft 
6400 

6300 

6200 

61 00 

6000 

5900 

It 
6200 

A 
Los Alamos Canyon 

+ ---- ++ ++ + + ~ 
++- - -- ++ +++ ++ 

+ ____ + + + + + + ·r O livine basa lt flows 
+ .,.--- ++ +++ ++ 
+---- ++ ++ + ++ 

'';~( :: " •. Tc~3 ~ ~*'-~ ::" Y Pillov. basalt & palagonitic 

br~a
0k I~ S'e~ifo11 ° · 

·-f ./::r (!~·m.:.:. .. · .· · :· · 
---= -~ -

Ta -:_ =-__ _ 

- - --- -= = 

0
~~--:·:?7~~~0

·~ .o / ··0 '~!4~: ?,":~)':.:_ 

covered 

B 
SW Otowi Bridge 

breccia; flow directio11 90'- 170c 

Deformed black cinders & ash 

Sand & pe"oble gravel (quartz:ite & 
docitc) ; flov, direction 140'- 1800? 

Thin bedderl s111y s,mct & sill 

Cobble gravel (qua11zite) 
Dac itic debris 11ow 

Bmmltic c1.ndes1tEJ y 

Massive flow of quartz

Tcba 
rich basalt ic andesite 

6100-
! 

6000 

5900 

/ 

.- O livine (& qua1 tz) basalt 

' -
I/ Black cmders & phreato

f.c,c,< .. !-. LkLT~c"m"·-.. ;c .. c .. :o' .. '.·:/-.s_.J •. ,. magmatic tall deposits 
Dacil1c dabns nows & alluv ium, 

flow direction 15ou- 170v 
Ccbbte gravel /quar1zi te) 

_ _ --....: ,Tp , " ' .o . -:, : Dacit1csand&grave l 

f:::;T pt ~ -- : -_'.·;. ,',:·. 'Cobble graval (quarlzi l!i) 
·:· ·.-. · : -;_: .. T sf ,:;:.<,··:_.:-. Si lty 5and. pcbb la gravel 

covered 

C 
NW 11 Buckman Mesa11 

(granitic) and thm beds 
o1 devltrifled blot1te
hornb lende tephra 

ft (La Mesita) 
6500 

6200 

I 
Teba 

I' 
' 

Quartz"rich basaltic
andes1te cinders- La 
Mesila cinder cone 

Quartz-rich basaltic 
andes1te 1." ) 

Quarlz-rid1 ba1:,;,.1!1c 
Erndes11e (?) 

Mm.:s1ve, quariz-rich 
basaltic andeslte 

6100- - -
Oli>,ine (& quartz) bal:> otll 

o _ 1:!'~ Red cinders & agglomerate 

-~:·· ·:··t:m :.-. .-.:,-;,.; Black cinders 

6000 - _ -- Ph1eatomagn1atic 
surge & fal l deposits ~ 

Black cmders +f:.:;~T0,".~m
0
; "~:':":~":'~

0
~~·-1~ 

~~ "o , e ~ ·'.' - 0 Cobblegravel(quartzilef 
~ ·']T',s~tcS:,";.,c· =:ei;;c=:=~ Sa11d and gravel (g ranitic) 

covered 
5900 ~ - -----~ 

& s1tty sand; flow 
d1rect1on 210"- 23()0 

D 
Mortandad Canyon 

II 
6300 - I + -1- + ++++ ++ + + 

+++ + +++++ ++ 

6200 

6100 

6000 

5900 

5800 

5700 

5600 

!·+++ +++++ + ++ 
+ ++ ++++++ ++ 
-'-++ ++++ ++ + + · 
- +++Tcb3 + ++ +-1 
- +++, , .,. ++ + + ·I 
- ++ ++ ++ +++ + 

I l +t- + + ++++ 
I l t-t- + + ++++ 
I I I I ~ I I I ++ -I 
I I I I I I I I I I I 

Oli'Jine basaJt 

iiif [i}JI :i~==~~: 
direction 190°-270°), 

~ ~ ~-- - Tif ::: _--_ --= basalt1cc1nders, and 
~ ·. ·'-- -_c::- :_ - ,, __ - - beUd!id sil t 

Basal tic andes1te 

b~t~+;-':?rH-l!-'+T'"a_• __ JJ; S ilt, day & b,:11:,altic 
0 r:1ndP.r.ci 

BasalliG and1:1r;il!l 

S11t. c lay & basaltic 
cinders 

Pebble to oobble gravP.I 
(quartzite) ; flow di!ecl1on 
1b0"-170° 

Sa11d & grave l (dacit1c), 
rleb ris Hows, ;mrl 
dacilic \eµhra, flow 
d1rec11on gou_ 130° 

Silty sand & lenses of 
yr-,:1.•,el (ir1 LarmE1di,:1.t1:1 
volcan ics) 

Strol,graph ,c ,edmns crnd /ext conl,nued oo bock 



E 
Mouth of Cafiada Ancha 

tt 
5600 Cobble gravel 

Thin-bedded silt & 
clayey silt, grades 
up into bedded 
sand &. silt sand 

Boulder gravel 
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INTRODUCTION 

The Vvhite Rock quadrangle (Fig. 1) exposes a diverse suite of Miocene 
through Holocene rocks that record volcanism, sedimentation, and erosion 
along the axis of the Rio Grande rift in the southern Espaii.ola Basin. Rocks 
were derived from volcanic sources in the Cerros de! Rio and the Jemez 
Mountains and from eroded metamorphic and intrusive rocks exposed in 
the Sangre de Cristo Range. In Miocene time, before the Rio Grande developed 
as axial drainage for the Espatiola Basin, the map area was on the west and 
southwest margin of a large alluvial-fan complex. Sometime before about 3 m.y. 
ngo (Ma), perhaps in early Pliocene time, the Rio Grande began to run through 
the vicinity of White Rock Canyon (Manley, 1979). Since middle Pliocene 
time, the river has flowed near its present location, shifting less than 10 km 
(6.2 mi) laterally in response to volcanic activity along the river and to the 
construction of a volcanidastic fan (Puye Formation} from the Jemez MoW1tains. 
The symmetry and age of slump complexes along the Rio Grande indicate 
that the river has not changed course appreciably si n ce before middle 
Pleistocene time. :Middle Pliocene fan construction; location, age, and chemistry 
of volcanic rocks erupted at maars and other vents along the Rio Grand e; 
and the Quaternary history of White Rock Canyon are discussed below. 
Miocene sedimentation and tectonics of the Espafiola Basin (Manley, 1979), 
evolution and petrochemistry of the Cerros de! Rio volcanic field (Aubele, 
1978; Baldridge, 1979; Duncker et aL, 1989), and evolution of the Jemez 
volcanic field (Gardner et al., 1986; Self et al., 1986, 1988) have been discussed 
in detail by previous workers and are not examined here. 
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PLIOCENE AGGRADATION AND CANYON CUTTING 

Sediment of the Santa Fe Group (Griggs, 1964) and overlying alluvial-fan 
deposits (Puye Formation and Pliocene alluvium) record alternate aggrad.ation 
and canyon cutting centered near White Rock during late Tertiary time. Rock 
types and sparse paleocurrent directions in the Santa Fe demonstrate that it 
was derived from eastern and northern sources and deposited on low-gradient 
su rfaces, probably as a bmad alluvial plain that extended beneath the present 
Jemez Mountains. This thick basin fill c1ccumulated in and filled the sagging 
·western margin of the Espaitola Basin to a local elevation greater than 6,100 ft 
(present) from ot least middle Miocene until Pliocene time. By middle Pliocene 
time (-3 Ma), however, a southwest-flov..ing arroyo complex and east-flowing 
drainage from the Jemez Molllltains deeply eroded the fill to a base level 
apparently determined by the ancestral Rio Grande. Ensuing volcanic and 
volcanidastic activity filled and built broad areas of low slope near what is 
now White Rock Canyon. 

Evidence for the principal southwest drainage is exposed best along 
Cafiada Ancha (Sections F and G), where phreatomagmatic deposits fill a 
deep channel cut in undivided Santa Fe Group and are interbedded with and 
overlain by Pliocene fluvial and lacustrinc units (Ta) deposited by southwest
flovving drainage. Spiegel and Baldwin (1963) mJpped the southwest wall 
of Canada Ancha east of the White Rock quadrangle as Pliocene Ancho 
Formation, and it is likely that some undivided deposits in the Caja del Rio 
area are equivalent to the Ancha, I follow Griggs (1964), however, ond include 
all sediment beneath phreatomagmatic deposits as undivided Santa Fe Group 
and map overlying nonvolcanic flu\'ial and lacustrine deposits as Pliocene 
alluvium. Aggradation recorded near Caja del Rio and in canyons west of 
the Rio Grande (see Sections D and J) followed middle Pliocene down cutting. 
and fluvial, volcaniclastic, and volcanic rocks filled the area of White Rock 
Canyon. Canyon-fillin g deposits included fluvial deposits and debris flows 
(Puye Formation) derived from dacitic volcanics (Tschicoma Formation} in 
the northeastern Jemez Monntairu; (suutheast paleocurrent directions), cobble 
gravel rich in Precambrian quart:.site deposited by the ancestral Rio Grande 
(Totavi Lentil of the Puye Formatio:1; south paleocurrent directions), and 
phreatomagmatic deposits and basaltic rocks mainly erupted at maars along 
the Rio Grande. 

Griggs (1964) described the Totavi Lentil as a record of the initiation of 
the Rio Grande in the White Rock area, but field relations ond studies by 
Waresback (1986) show that the Tota vi is time transgressive. Outcrop patterns 
suggest that the aggrading Rio Grande flowed as far east as Buckman Mesa 
(La Mesita) and along the north edge of Sagebrush Flats (Section F), ye t the 
thickest deposits of the Totavi Lentil crop out 1-4 km (0.6-2.5 mi) west of the 
present river. Waresback (1986) demonstrated that the pre-Puye Rio Grnndc 
flowed some 10 km (6.2 mi) west of its present position and migrated to the 
east as the Puye fan expanded and possibly in response to tectonic tilting. 
Griggs (1964) concluded that the Totavi Lentil vvas interlayered with flow s 
of the Tschicoma Formation in the subsurface near Los Alamos, near the base 
of a volconiclastic sequence in the subsurface of Guaje Canyon. South of Los 
Al.imos Canyon, however, Totavi grat-·cl rests on Puye Formation deposited 
by east-southeast paleocurrents (Sections D, F, and J). In Water Canyon, for 
instance, the Totavi forms a thick layer 30 m (98 ft ) above the base of the 
Puye. Puye mudflows and fanglomerate exposed at Sections D, F, and J were 
deposited when the Rio Grande flowed to the east of these areas. Subsequent 
aggradation and volcanic activity near Otowi Bridge forced the Rio Grande 
west over the dacitic deposits. Thfrk 'lotavi gravel exposed along Sandia, 
Mortandad, and Ancho Canyons suggests that the Rio Grande may hilvc 
aggraded at these locations for an extended period of time. If the subsurface 
interpretations of Griggs are correct, models for deposition of the Totavi Lentil 
include: (1) the early Pliocene Rio Grande flowed along the eastern margin 
of the Jemez Mountains, moved east as Tschicoma volcanics \Vere emplaced 
and the Puye fan expanded eastward, and shifted west in response to the 
growth of the Cerros del Rio field; (2) the early Pliocene Rio Grande flowed 
along its present course, shifted we:,t in response to tectonic activity, and 
returned east as the Puye fan expanded; and (3} little stratigraphic significance 
can be attributed to the presence of gravel rich in Precambrian rock because 
lenses and channels are present at several horizons within the Puye Formation. 
Extensive radiometric dating of the La Mesita maar- cinder cone complex 
and subsurface exposures of the Puye Formation would greatly aid choosing 
between these oltematives, but stratigraphy in the White Rock area favors (1). 

The apparent pa leogradient of the Pliocene Rio Grande in White Rock 
Canyon, 0.50%, is more than twice th<' present gradient and may suggest the 
influence of tectonics or changes in hydraulic geometry. The basal contact of 
Puye Formation fluvial deposits near White Rock Canyon closely defines the 
elevation of the Pliocene Rio Grande and permits calculations of paleogradient. 
Basal Puye Formation is behveen 5,800 and 5,900 ft along lower Los Alamos 
Canyon (0.5 km [0.3 mi] north of tile White Rock quadrangle), 5,750 ft in 
Sandia Canyon and southwest of Caitada Ancha, and about 5,500 ft at Ancho 
Canyon, the most southerly outcrop in White Rock Canyon. If this contact 
is isochronous, the o1vemge gradient of the Pliocene Rio Grande was more 
than twice the present grade of 0.20%, and there is an apparent steepening 
of slope between Ancho and Sandia Canyons. Post-depositional tilting to the 
southeast may have produ1..--ed the steep gradient, and local, unmapped foults 
could be responsible for the slope discontinuity. It is also possible, however, 
that the slope of White Rock Canyon ·was determined by d ifferent combinations 
of hydraulic variables in m iddle Pliocene time, that the age of the basal Puye 
Formation near White Rock Canyon 1s time transgressive, or that there was 
a waterfall or other knickpoint north of Ancho Canyon in middle Pliocene 
time. 

From White Rock north to Los Alamos Canyon, paleocurrent data and 
clast types in Pliocene a lluvium (Tri ) demonstrate that a west- and southwest-
directed fluvial system (including Griggs' type Totavi Lentil) was active 
during deposition of the Puye Formation and persisted during and after 
eruption of basaltic flow s (Section D}. In the northern map area, fluvial 
deposits (in part the older alluvirun of Griggs, 1964) are exposed near 'JOtavi 
(Section A) and near the intersection of Buey and Mortandad Canyons, 
demonstrating that the Rio Grande flowed \vest of its present course at that 
time. The Otowi flow (Galusha and Blick, 1971) caps the sou th rim of Los 
Alamos Canyon and flowed west to the ~·icinity of Totavi at about 2.6 Ma 
(Table 1). Tholeiitic basalt (TcbJ that fills canyons in Pliocene alluvium (Ta) 
flowed cast and southeast from vents west of the map area into a lc1ke 
(elevation 6,200 ft), indicating that the Rio Grande had m igrated back to the 
east by about 2.4 Ma (Table 1) and that a period of canyon cutting occurred 
behveen deposit ion of Ta and eruption of the flows . Lacustrine sediment, 
best exposed near Sections A and D and mapped by Waresback (1986) north 
of White Rock Conyon, demonstrates that White Rock Canyon was repeatedly 
dammed by volcanic activity in the Cerros de] Rio field. Thin ( <4 m; <13 ft) 
flu vial or lacustrine deposits that cap some Tcb3 flows suggest that high-level 
alluvial deposition persisted briefly after eruption of the basalt. There is no 
evidence, however, that sed iment from the southern Sangre de Cristo Range 
has been deposited west of the pres('nt course of the Rio Grande since Tebo 
time. 

PLIOCENE VOLCANISM 
ALONG NORTHERN WHITE ROCK CANYON 

The Pliocene volcanic sequence that comprises the Cerros de! Rio field 
(Smith et al., 1970) includes flow and phreatomagmatic rocks erup ted from 
maars and cinder cones near the Rio Grande, a dome complex in the 
southeastern part of the area, and buried vents on both sides of the river. 
Sources of basaltic rocks (Tcb-1 and Tcbm) that crop out dose to the Rio Grande 
are not known in detail, but at least some flows originated at maa rs along 
the Rio Grande and at buried vents to the ,._,est, probably at J strntigraphic 
level similar to a flow-rich interval noted in the subsurface by Griggs (1964). 
Many slightly younger flows also originated at maars and from cinder cones 
nea r White Rock Canyon. Field evidence indicates a widely variable 
magma-water interaction at those vents. A number of cinder cones (La Mesita 
and the cones at Caja del Rio Canyon and north of Chino Mesa) ove rli e 
phreatomagmatic deposits erupted at the same vent, apparently as pa rt of 
the same magmatic episode. Other maars do 11ot display evidence of oxidized 
deposits. A vent complex located between Water and Ancho Canyons and a 
probable vent along southwestern Sagebrush Flats expose only minor ainow1ts 
of phreatomagmatic deposits and relatively large volumes of lava. These 
vents and one at La Mesita apparently produced massive flows of basalt 
(Tcba) exposed near the river. Montoso m aar (Aubele, 1978) may have been 
an additional source. Hawaiite and related rocks (Tcb2) that form gently 
sloping surfaces at Sagebrush Flats, at eastern La Mesita, and at Chino Mesa 
(Aubele, 1978) originated, in part, from vents near the Rio Grande. Other 
vents probably are buried beneath andesitic rocks. The youngest basalts (1Cb,) 
flowed east from vents buried by Bandelier Tuff west and northwest of the 
map oreo. Most of the basaltic rocks were erupted between about 2.7 and 
2.3 Ma (WoldeGabriel et al., 1996). Andesites (Tea) that crop out south and 
east of Sagebrush Flats erupted from vents and domes in the southeastern 
map area and in the vicinity of Ortiz Mountain on the Agua Fria and Montoso 
Peak quadrangles. Stratigraphic relationships dcmonstrotc that the and esi tes 
are younger than all the basaltic rocks east of White Rock Canyon and that 
some andesite flows are younger than the 1.60 Ma lower Bandelier Tuff (D. P. 
Dethier, unpubl. data 1986). 

Chemical analysis of 40 flow s from the White Ro ck quadrangle 
(WoldeGabriel et al. , 1996; Baldridge, 1979; Aubele, 1978) shows that 
compositions range from basalt to andesite and suggests the influence of at 
least hvo parent magmas. With the exception of sample 5 (Table 2), all analyzed 
rocks from the map area are hypersthene-normative. Rocks mapped as Tcb1 
include hawaiite (40, 104) and basaltic andesite (137). A flow interlayered 
with phreatomagmatic deposits (Tcbm) in Chaquehui Canyon is an o livine 
tholeiite (129}. Two analyses from Tcb z are of hawaiite composition, as is 
sample 5 (Aubelc, 1978) from the undivided basalt unit (Tcbu}. The "early 
northern hawaiite" of Aubele (1978) may be equivalent to Tcb2 and, in part, 
to Tcbu. Thick flows of basalt and basaltic andesite, both rich in quartz 
xenocrysts, are included in Tcba, \vhich crops out mainly within 1 km (0.6 mi) 
of White Rock Canyon. The diversity of basalt compositions at each of S€vera1 
stratigraphic levels suggests that closely spaced vents tapped diverse magmas. 
N ine flows and palagonitic breccias mapped as TcbJ, however, are all tholeiitic 
(WoldeG..ibriel et al., 1996; Baldridge, 1979); the isolated basalt outcrop at 
sample locality 141 is the most evolved of th is group. Flows from the southeas t 
map area are andesitic. 

The range of composition and stratigraphic context suggest that magma 
composition changed over the million years of eruptions in the Cerros dcl 
Rio field, but rodiometric ages do not clearly separate different eruption 
chemistries (Table 1). The relatively young tholeiites of Tcb3 are not re lated 
simply to the older, more alkalic rocks of Tcb2 or to the basaltic andesites that 
the tholeiites cover in the White Rock area. Hawaiites and more alkalic flows 
exposed south and west of the map orea (Ba ldridge, 1979; Aubele, 1978) 
suggest early and probably extensive eruptions of alkaline basalt east of the 
Rio Grande; however, large areas of alkaline rocks are not exposed in the 
map area. Andesites in southeastern White Rock q uadran gle could have 
fonned. from crystallization of tholeiitic magmas. The andesitic flows, however, 
res t on a platfonn of hawaiite, from which they could not have evolved. If 
the average thickness of andesite is at least 60 m (200 ft), the minimum volume 
of andesitic rock exposed in the White Rock quadrangle is 2 km3(0.5 mi3), 
and larger volumes are present elsewhere in the Cerros de! Rio field (Aubele, 
1978). Stratigraphic and radiometric evidence suggests that in less than 
500,000 yrs basalt, hawaiite, and basaltic andesite empted along and east of 
the Rio Grande, follmved by eruption of tholeiites from upland areas west 
of the canyon, building a flow sequence >200 m (>700 ft) thick. Finally 
andes.itic flows emerged from centers east of the Rio Grande, probably in 
latest Pliocene time. More detailed dating and chemical ana lysis may help 
establish the tectonic and petrologic significance of the temporal changes in 
the locus of volcanism. 

FAULTING 

The near absence of faults in the White Rock quadrangle is striking, 
considering its location along the axis of the Rio Grande rift, extens ive 
volcanism, and the proximity to structures such as the Pajarito fault (Smith 
et al., 1970). Poor exposure and lack of Quaternary activity are p robab le 
explanations. If faults are present near the Rio Grande, they could be buried 
by landslide or colluvial debris, and faults without post-middle Pliocene 
motion would be covered bv basalt, andes.i te, or the 13andelier Tuff in most 
of the quadrangle. It seem~ probable that Pliocene volcanic acti vity was 
localized along fault zones, but I mapped evidence of latest Pliocene or 
Quaternary faulting only in the area south of Ancho Canyon. Dips in the 
Santa Fe Group are re latively constant in well-exposed areas near Buckman, 
which suggests that m ajor local faulting has not occurred there since Miocene 
time, In addition, iithologic units can be broadly correlated across White Rock 
Canyon in most of the quadrangle. Field evidence thus indicates that faulting 
has not produced major offset in the White Rock area since before middle 
Pliocene time. Buried faults, however, are probably present. 

QUATERNARY EVOLUTION OF WHITE ROCK CANYON 

Field data from White Rock Canyon suggest that a deep canyon was cut 
by the ancestral Rio Gronde south of White Rock between middle Pliocene 
and early Pleistocene time and that the river cut the modern canyon sometime 
after e ruption of the Bandelier Tuff (- 1 Ma), perhaps during the middle 
Pleistocene (Reneau et al., 1995). The Rio Grande has cut canyons near its 
present location since at least late Pliocene time. Paleocanyons filled with 
palagonitic breccia demonstrate that the Rio Grande flowed at an elevation 
of less than 6,020 ft before tholeiitic flows entered a lake dammed in the 
canyon at about 2.4 Ma (Table 1 ). Field relations show that this ancestral 
canyon was at least 250 ft deep at White Rock but do not provide dose 
estimates for the maximum depth of incision at this time. Exposures of the 
Bandelier Tuff in Chaquehui, Ancho, and Water Canyons fill a paleocanyon 

TABLE 1- Agcs of Pliocen1c ~trat:igraphic units, vVhite Rock quadrangle and adjacent areas. Samples 21 and 14 are from Dethier's DN-93 series, 
and samples 147c, 145c, 145a, 122, and 129 are from Dethier"s 0-85 seri~ 

Rock unit 
(this 

report) 

Tcba 

Tcba 

Tcbm 

Ta 

Tpt/Tp 

Age 
(Mal 

2.0±0.1 

2.33±0.0S 

2.46±0.03 

2.55±0.02 

2.57±0.02 

2.49±0.03 

2.6±0,4 

2.78±().04 

2.50±0.04 

2.7±0.4 

2.9±0.5 

Method 

K- Ar 

40Ar / 39Ar 

K-Ar 

40Ar/39Ar 

fission track 

fission track 

Sample 
no. 

21 

147c 

145c 

145a 

122 

129 

14 

Location 

Caftada Ancha, HClrcado Ranch quadrangle; 
35°46.63"N 106°7.31 'W 

Reference 

Manley (1976) 

Intersection ol Los Alamos and Pueblo Canyons; WoldeGabriel el al. (1996) 
3SW52.12'N 106°11.83'W 

White Rock south of Buey Canyon; WoldeGabriel et al. (1996) 
35°49.61'N 106°10.99'W 

Massive flow from La Mesita; WoldeGabriel et al. (1996) 
35''51.65"N 106°9.61"\V 

Otowi flow southwest of Dlowi Bridge; VVoldeGabriel et al. (1996) 
35c52.56'N 106"9.33"V\1 (Puye quadrangle) 

South rim of Caja del Rio WoldeGabriel et al. (1996) 
35"48.13'N 106°8.33"W 

Ancho Canyon, 1 km (0.6 mi) upstream from 
Rio Grande; 35u46.SO"N 11)6°13.48'W 

Chaquehui Canyon; 
35"41.91 'N 104°14.63W 

Mouth of Water Canvon: 
35°47.0S'N 106"12'.30"W 

Ca:fiada Ancha, Horcado Ranch quadrangle; 
35°46.42'N 106"7.10'W 

Southeast comer of Santa Clara Reservation; 
35°57.02'N 106°8.04'W 

Bachman and Mehnert (1978) 

\oVoldeGabriel et al. (I 996) 

Wold eGahriel et al. (1996) 

Manley (1976) 

Manley (1976) 

TABLE 2- Sdcctcd ntaJOr-elemenl analyses from the Cerros del Rio volcanic field, White Rock quadrangle. Total Fe is reported as Fe20J; and. = andesite, thol. = 
tholeiite, bas.= basalt, bas. and.= basaltic andesite, haw. = hawaiite, oli. thol. = olivine tholeiite, and na = not analyzed . Analyses of samples 4 and 5 are from Aubelc 
(1978), and analysis of sample 36 is from Baldridge (1979). Sample la iH from Dethier's D-86 series; all other samples are from the author's D-85 series 

Tea 

and. 
Sample no. 4 

Si02 60.09 

Ti02 0.78 
Ab03 16.92 

Fe20;. 6.02 
MnO 0.09 
MgO 2.80 

CaO 5.21 
Na20 4.22 

K20 2.60 
P2Ds 0.45 

Total 99.18 

and. 
36 

64.12 
0.75 

16.20 

5.o7 

na 

2.74 
4.78 

4.17 

2.83 
0.37 

101.03 

Tcb~ 

thol. 
131 

50.03 

1.49 
16.38 

Il.89 

0.18 
6.75 
9.34 

3.42 
088 

0.34 

100.70 

thol. 
141 

52.04 
1.51 

16.42 

11.2'7 

0.16 
6.02 
9.0"! 

3.29 
1.14 
0.32 

101.18 

Tcba 

bas. 
72d 

52.85 
1.72 

15.12 
9,40 

OJS 
fi.()6 

7.69 

4.10 
2.64 

0.74 

100.47 

Tcba 
bas. 
and. 
147b 

52.65 
1.53 

17.39 

8.87 
0.14 

4.66 

7.54 

4.75 
2.10 
0.84 

100.47 

Tcba 
bas. 
and. 
145c 

53.23 

1.53 
15.52 
8,83 

0.14 

6.00 

7,80 

4.17 
2.44 

0.73 

100.39 

cut >120 m (>400 ft) through Tcb3 flows (Reneau et al., 1995). The only outcrops 
of upper Bandelier Tuff east of the Rio Grande suggest that the ancestral 
White Rock Canyon was probably cut in colluvial debris to slightly less than 
5,800 ft, when tuff flowed from the Valles caldera to the Rio Grande. If the 
canyon had been as deep as at present, significant amounts of tuff would not 
have reached southwestern Sagebrush Flats. 

White Rock Canyon has been deepened by approximately 120 m (400 ft) 
since Bandelier time, but only sparse geologic evidence about the timing of 
canyon cutting is preserved locally. Patches of gravel rest on Bandelier Tuff 
in the White Rock area, suggesting that fluvial systems were active on the 
canyon rim before renewed downcutting. Elsewhere in the Espafiola Basin 
(Dethier et al. , 1988), rapid incision along the Rio Grande took place after 
obout 620 ka, probably in response to climate change or regional uplift. 
Exposures and soil development in White Rock Canyon are consistent with 
cutting of the modern canyon in middle Pleistocene time, but terrace remnants 
are small and scattered. The highest fluvial terraces (Qa3) preserved in the 
map area are approximately 46 rn (150 ft) above the Rio Grande, are older 
than 50-60 ka (approximate age of the El Cajete tephra; Reneau et al., 1996), 
and are probably younger than about 300 ka, as suggested by cation ratios 
in rock varnish. Slumps stoble since before -60 ka have obliterated evidence 
about the timing of incisioo between about 1. 1 Mo ond middle Pleistocene 
time, Net incision during the past 60- 300 ka has been approximately 46 m 
(150 ft), but downcutting was interrupted brieAy by several separate episodes 
\•,rhen slumps dammed the Rio Grande downstream from Water Canyon, and 
lacustrine sediment accumulated at least as far north as Otowi Bridge. The 
clearest evidence for the oldest of these episodes is exposed at the mouth of 
Caiiada Ancha (Section E). Darruning probably resulted from landslide activity 
after periods of rapid incision, perhaps during climatic episodes wetter than 
at present. Lacustrine sediment also records landslide activity and danuning 
of the Rio Grande during several periods behveen 20 and 10 ka (Reneau et al., 
1995)-
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Tcba 
bas. 
and. 
139b 

58.78 

0.95 
16.43 

6.64 

0.11 

4.28 

6.52 
4 ,3{! 

2.10 
0.51 

100.62 

haw. 

" 
51.57 

1.49 
16.73 

9.27 
0.15 

6.47 

854 

4.49 

1.92 
0.94 

101.57 

Tcb2 
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122 

50.48 

1.52 
16.21 

9.43 

0.15 
6.93 
8.70 

4.32 
1.78 
0.92 

100.44 

Tcbm 
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129 

49.29 

1.44 

16.12 

11.14 

0.16 
7.33 

9.94 
3,26 

0.88 
0.48 

100.04 

Tcb1 

haw. 
40 

49.79 

1.61 
16.59 

Y.63 

0.14 
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8.59 
3.70 
1.75 
0.76 

98.86 
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104 

50.34 

1.67 
16.87 

9.63 

0.15 
5.43 

7.98 
4.79 
1.76 
0.78 

99.40 

Tcb1 
bas. 
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55.06 

1.46 
18.08 

8.36 

0.08 
2.31 

6.72 
4.47 
2.15 
0.62 

99.31 

Tcbu 

haw. 
5 

SU.18 

0.93 

15.61 

10.06 

0.14 
6.58 

8.67 
4.10 

1.72 
0.74 

98.73 


