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Geology of a Primary Disseminated Copper Deposit Near Cerrillos, New Mexico 
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Certll os Lead District , N. M. N Central N. ll., between Albuquerque & 
J;. --:{f;" Ii. -

Sta. Fe, on hI suE!: EH"SS"l;... of New Iiexico arch, and on S extemsion of SRBgre 

de Cr i. sto lilts. Rocks olde st ss , sh, Jura- Tri a s. Smal l exposure s Fort 
sh 

BentonjUa l<ota (base of Upper K) . Fort Pierre middle Ku, 1000' s h , ss. 

Madrid C0al form . Ku,lOOO ' plus . Lower 300 ',coa l seams ,sh . Up er , massive SSe 
Galisteo s a nds Laramie?unp prmost Cret e 
Sqnta Fe marl roup , Loup Fork u pper Miocene,to recent. 

- ~ -
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Douglas Johnson,Geology of Cerillos Hills , N. M. (Columbia)School 

of !~ines Qnarterly, 24 , 1903, Pt I . Geheral Geology, 303- 350 , 456-500 says: 

11 Alon the eastern border of the Cerillos district erosion has removed 

the Sta . Fe marls , exposing red sandstone , dipuing east . Tbe tbickness 

is probably 1500' to 2000 ' ;the upper limi t is not seen because rior to 

the deformation of the Sta • .tt'e marls there was a long period during which 

the regi on was elevated, peneplained,reelevated,and again subjected to 

erosion. This erosion period probably date d back to t he close of Laramie 

time,the great upheaval which tilted and elevated these beds XkE~ XEB 

being the same which inaugurated Tertiary conditions . This uplift re -

suIted in much faulting of the beds . Along several of these [Sreat N- S 

str ike faults the beds on the downfaulted side are turned up until they 

stand vertical . " 

T'~cept where humped up by laccoliths the pre - Sta . Fe beds all d ip E 

o 15- 20 • E flank of great Sandma uplift (part of N. M. Arch) 30 miles to 

SW. (Sandia is a monocl i nal uplift on E side of great Ri o Grande graben; 

as Jonnson:this uplift hasresults in a great 

series of N- S faults . Sandias graben fIt 

shown on map for over 100 mi . Disp . 4000' plus. OJposite fault ~graben) 

traced for 25 mi . Tertiary or later plugs and/or necks , N end of graben, 

radial dikes. 

Laceo hills of which Cerillos is n orthernmost along N-S line , all prob 

ably along one of thegreat N- S fractures . Fracture died out bE!' T e reach-

ing the surface , so t he jlava spread laterally and arched overlying beds 

to form great laccoliths . (Authors of Ore Deps . of New Mexic o think 

C '1' erillos "andesite ll is monzonitic and early ertiary;thisie evidErce for 

Laramide age of at least the ince tion and very considerable deve16p-

ment of the reat central N. M. north-south fIts . and therefore for the 

great N. T'!T. arch. 

- ~-



This of course is ·ust what I ta ked abo1lt the other day ;but NoeJlIlll at 

that time I had n ot read this paper ~or years . 

Jura - T"rias and Cret.beds dip E in general,but are tilted in all 
v 

directions close to local erillos intrusi ons. 
3 

Radiating outward from Cerillos hills (:tWE merged intrusions of 

sl ightly differing ages) is a system of vert.dikes.Intrusive sheets, 

mostly in beds dipping s ha ply away from the laccolith. 

Drag OPenings. 

Ore D~ p osits: Lead-silver and zinc ores,another indicationof Laramide 

age for the intrusions. Along sheeted zohes a little E of N;connected 

by Johnson with continued activity of Sandia uplift.Some are true fissure 

veins . 

Structure is from 2 phases of defornation: tl) general Sandia up­

lift;region on E flank.2. Laccolithi c verillos uplift imposed . The N- S 

fr a cture s ystem consists of antithetic faults ris i n from the Sandia 

uplift; the partial radial system, from the Cerill.os mplift. 

This illusnrates e ff ect of preexist i ng f laws on a later deformation: 

comp osite lacco.elongated N-S; S of i t all N-S dikes md f r actures;no 

r adial . rtadial sy stem to W and E where N- S system less deve loped. 

Hadial system suppressed Wh ere they would make a small angl e with older 

N- S b r eaks . On VI and E,radial direction '{ould be nea:'ly at 90
0

with N- S 

so ra dial fractures f~rmed . 

Laccolith invaded the Madrid and Pierre shales , which 8rade into one 

- 3 - another; as Johns on said , fis ru re stopped ("oing up b eneat h these shales . 



FigHt'e 16 illustrates th1s princ1ple;lt combines 
n 

bv Ekker~amp(l939_ Fip,s.~,:r..4.5) which 

preexist .. g notches out in a oJ ay oake on pattern of tension fissurae 

arched cake. 

rant of a dome, 

pa:ra,llel set of 

~here the 

tural grain 

\ 

vertical fores.a consequent st:retching of the 

experiment i olvecl arching and not d01!1ine,COlll­

",ents rep!' (luces radial fissuring aronnd one qbad-

fracture patteI'n of a 

or old fla s. 

swing arollnd and bep,in 

right an~les to the olt1e~ struc­

no 1nf'luenc6 on them. As the 

pproach the tr'en,l of the 

they adapt themselves incraeasingl,! to these preexisting 

eakness. A tteld example of thl proae A is rdrnished by 

~he Oeri~lR ~!ning district. New __ ~M:e~x~i~c~O~. ____ ---------------

C6r1110s Hills District, New Maxico 

Sources.-
• 

Douglas Johns on,1903).Geolop,z ££ ~ verillos Hills.~ ~ex1co, 

School of Mines Quarterly(ColurQb1a~,vol.24.Pt.I. 

General geo10eY.pt303-350. 456-500. 

VI • Lindr,l'en L.O ,G:raton, C .H.Gordon( 1910), ~ deposits!!!..!!!!! ~oxico. 

U.S.Geol,Survey Prot.Paper 68. p.57-58,60.l6~-167. 

~he mIno~ silver-lead~?'1nc rl1striot of cerillos Hills l1e8 in north 

central New Mexico,east of the Rio orande and on the eastern flank of 

the Corona or New Mexico arch, a broad uplift thRt roarks the southwa:rd 

ext.ena!.on of the nal':row anti very hlgh Sanr;re de Cristo uplift (Plate 1). 

A series of ~raben fo1iow the eres t of th arch, some of which define 

the valley of the Rio Grande.a1thongh the lar~est graben,that of the 

Tularosa Basin,li s east of the rIver. 



The nature of the tore s p:roducing · the Ne Mex1co arch and its 

• acco~pA.ny1.nr; struotural features is disoussed by Lindgl'en. Graton and 

Go:pdon (1910, p.25-26). After sub!'1el'r;enoe of th6 reg10n at the olose o~ 

the M1 .... RRip _an sedimentat10n went on continuously until the close 

• 

or the Cret:aceous. At the start of the Tertiary epe11'ogp.n~. o uplift set 

in,accoFlPan'.ed by orogenic movements whereby the. prino1pa.l mountain, 

ran es.ris1ng above the browing cont1n6nt,began to take ~ape. 

Thus along the southward prolonp, '.t1on of the Colorado Rockies 

It •• ~the sediMents were domed and then cnt b~r ve:rt1cal faults.a.long 
hich subsidenoe took place .So lth of Glorieta.where th oCky Moun­

ta.1nR })roPflr dip below the Cretaceous sed1r.lsnts.thQ beds ere subjected 
to stl"esses 11ch produced l!lonol1nal )100 B ~ith more or 1es8 pronouna8 
fault soarps The principal disturbances probably 0\. tlihed t 16 present 
valley of. t e Rio Grande and a1'A ntrked by a. series of sharply scc nte 
horth-sollth !'f\nrrea of appapently tilted blocks.suoh as the Sandia, an .. 
zano,Osoul'a,S~ Andreas.and or~an ranges on the east s1de and the Na­
cimiento, Ltrnltar, Magdalena, 1'1 tobsl, CnballoA.and Ouch111o Negro 
rang~s on tho est. Some of the Sef\~pB fRoe east, others wast.H~re al-
so the a~ l'Gnt tilting mAy 00 the 1" suIt of dOl~ng , faulting and sub­
sidence. (Llndr,ren. G1'aton and G01'don.lgl0~p~~5) • 

or the fa \It-hlock l"nn~Ml on the east side of the Rio G1'ande Val­

ley, S'he Sandia J..!anzano ~mcl Osoura. have the1r fault sca.rps on the 

est, racln~ the graben valley and the a~1s of the arch. rt'he San An­

dreaa-01'ean block hag its scarp on the 6~8t.but the soarp fa09s 

the Tularos ~as1n Braben. 

West of the axis of the new !-leXico a.rch the Nnc1nd.ento sOR,rp faces 

west but the LindtsI' SCR:rp faoes e st to ard tho axis of the aroh,as 

does that of the Mar; alena RanBe. lith a sCal'p on the est side as welJ 

While ths Oristobal ~nd OabR,11oa Ranff~B l1e SA t of the R'-o Granda 

they lie waRt of the arch axis and t heir oar!)s feqo 9ast,the normal 

faults reflected by t sc rpe 11 ping,like most or the others mantlo: 

edt toward tho tlX .'. S of the arCh in th~ manner of those shm n in igure 



4A. The New Mexioo arch 1s therefore charaoterized by a series of 

~ major lone1tudlnal faults most of hi h dlp toward the arch axls 

•• 

tth the ito nt rown blocks to ard the 'orest of the arch. Whe1*a two 

such faults op)Os oach other e;raben lias batw~en the ;most of the 

graben 11 alon · the erestal portion of the arch. ~~G fault-blookS 

associated ~ith thea faults are tilted for the most part away from 

the arch ax1s do n the flank of the sX"-eh .. Tho faults a.re mainly typl'" 

cally ant ~.thet1c (Flg.4A) If' the notions of H.Cloos are valid (p. 
1'1--" 
~ fOl'mation of the antithetic faults and initial sinking of th 

• 
C;l'aben A.ooornpaniEld the uplift that fopmed the 'New Mexico arch . 

AS sho qn in F1gnre 14 the Car1110s HIlls 11e on the eastoru or 

dip-s .. ope flank of the S"ndia uplift. The Santa Fe ruarl beds of rel­

atively l'8Cent age coval"'" lUuoh of. the aree.,obacurinr; much of the 

at 'uctural pa1;tf)Fn under 11 acusA'.on (Fig" lr/A). The rocks below this 

oover consist of Upp~r OretaceouR shale And sandstone totally about 

3000 f~et in th·cknass The formations, Jura-Trias sands~one and 

shala,that underlio the Cretaceons strata are exposed in t~le ext:r'eme 

wes tern part of the roo.pped Q:r6a.. 

All PI' -Santa Fe beds dip east at 150 -200 ,except where disturbed 

arOlind th~ l1lal'gins of' laoooliths (F1g.1'7A). Aooording to Johnson(1903. 

1'.457) the Sandia· anzano uplift produced a series of reat north­

south fraotures (Fig 14B.cross seotion of Sandia uplift.. including 

'r-hat along the west; rn et'lge of the :range and I"lRny less conspicuous but 

SiMi- .AV fRul t s. 

he Broup of lacooliths of. ~h1ch thR't; of Oer11108 Hills forms the 

northernmost mambe!' l1e alone; a nOl"'th-Routh line whiob c02'responds in 

all p:robabil~.ty to ona of the north-south tension fractures. The f'itac-



' ; 

• 

• 

• 

tUl'e pras'Ur'l8.bly d1ed out before reaohing the then surfaoe; 1 t as pro-

ably dissipated in the soft shale oVerlylng the co~ etant Jura-Trias 

and bas rnant rocks. Monzon1t10 lava A,scending th fraoture spread 

laterally in th softer rock above the tap of the f.racture and f ormed 

a s81'1es of laccoliths wh1.oh domed their cover. Intrusion took place 

in Reveral stae:es. According to JQhnf'on (190~ .. p.4f)6) the main laocolith 

of Carillo Rllls oonsists of an ear1161' "hornblende Andesite" on the 

east .. and a youn 9r "auplte andesite" on the west. Graton at s111(1910, 

p .165-1.66 ) found a variety of Intl'lSlve :rooks preAsnt" lth the domin­

ant type monzonlts porphyry. 

A system of nearly vertioal monzonite poraphyry dIkes l' cl!Bte~ 

C6!'11J.05 Hills laccolith in tbe s(')uthwe~t port" on of t 1e mapped araB. 

They. seem 1 eking in t.h~ southfla.st portion the cove!' of Santa C Iliai .. 1 

conoeals t'16 northern po:rtlon of the lRcco11th and thG :lnvfl<led raocks 

there. 

1'0 the dlkea,ln radIatIng llke the spokes of a wheel.swing from 

~11y nst- est,. on the no!'th to due south in th AJ"Oa SO .lth of' the 

laacolith. their ::Jtrikes jurop 8\lfi~enly it' S'10OW to S20
o • Dikes 

lith the lat,te~ strike oocur 1n other than ttsdlal relations to the 

laocol1thla focal mas (Flg.1?A). 

s.,rstern of' basalt dikes tollows the s~mow trand almoRt exclusively. 

This Rystem is so wIdespread as to preclude any rad~al relation to 

the lacoolith. The basalt dikes are vounge:r than those of monzonite 

pOI'phyray . 

Innnmtll'sble veins j aRt of hleh tol10 the S200W strIke,lle mostly 

1n th~ laccolith some cut acros the cont.aot into the adjaoent Or ta­

aeous bnkad shale The veins. hlah are nar~ow,are rnainlv mineralized 

sheeted zone ,They carry spotty sllver-lead-zinG ore in a quartz-cal-

• 



e cite gangue,wi th occasional dolomite , tourmaline or ankerite. l e tallic minerals cons istf of argentiferous galena, sphalerite, chalcopyrite and pyrite. 

The strike of the Cash Entry vein, N~70E,differs radicAlly from t hat of t he bulk of the veins and suggests a radial relation to the center of the southern, semicircular portion of the laccolith (Fig .17A). Ac cording to Lindgren et alii(19l0,p.167) t he Cash Entry vein tormed by 
raplac~ment of a sheeted zone in t he monzonite porphyry of the laccolith 

I 
and alongside a syenite dike. .\ 

" 
Tecton1c Analysis 2£ Cerillos Hills Distr1ct.- It seems 10g1cal to sup­pose that the north-south fracture system, regional 1n distribution,re­sulted from the Sandia upllft,and t bat the local, partly tadial sys tem 

originat~d through domical stretching of the oover above and around the e Cerillos H~lls lac coli th. Johnson believes t hat most lf not all the upliftform1ng the Sandia Range t ook place vefore the laccolithic intru­sion. The laccoliths of the region look as if they had intr~ded strata already 4ipping to the east;further, they lie along a north-south line which pre$umably reflects a fault or f& ssure produced by t he Sandia uplift. In detail ,the Cerillos Hills laccolith is elongated north-south and its we dtern margin is much steeper than its eas tern (Fig.l7B),sug­
ges~ing control of its emplacement by a north-south fractu~e. IqbO Cross (189¥,p.236),cited by eed(:l896-99,p .39l-392,Fig. 48) discusses 

I 

i 
th~ origin of a s symetric laccoliths with steep contacts along one side, a~d ascribes the shape to JX t he presence of a line of weakness formed Iby axial tens·ion,to a preexisting fracture of any sort,or to resi s tance /J IOffered by the side of an earlier intrusion. Cross's cross-section e t hrough the Mount Marclillina laccolith, reproduced by Weed as his Fig148 , 

I 

shQws the steep side of the laccolith bounded by a normal fault · dipping steeply away from the laccolith. Applying thi~ notion to Cer1llos Hills , 



• tl1e corresponding fault t here would strike rou.;.;>hly north-south and d ip 

steeply west, to a rd t he axis of t he Sandia uplift. Such an attltud~ 
, 

would be that of a long lt~dina1 tension fracture or antithetic faUft 

associated with a north-south uplift and 1y1n7 east of its pr$~t \ \ 
'\.\ , 

(Fig.4A). X', 
\ 

If the north-northeast fracture system of the Ceri1los Ht\~s region \ 
, 

is a result of the main Sandia uplift, the Ekkernkamp notc~~ng experi-

ment (Fig . 16) suggests that intrusion of the laccolith and for\~tion 

of fractures related to the laccolith could have taken place a~~ the 

regional Sandia uplift was complete. West of the laCColith,whe~ rad~ 

fractures related to it would trend west and make a highly obtu$e angie -
\ .-" 

with preexisting north-northeast rractures,such radial fractures would 

form fr ee ly and without deflection. This is the case. Toward the ~uth, 
\ 

where. the radial spokes a pproach i n trend the north-northeast fract'lfr e 
\ 

set, the latter would "take over" and enforce just the sudden \, swing i~ 
t7at is '\ 

strike show~ by t he radial fractures,which change from~70oW to 200 
\ 

in one swo.op. 

Time relations of various dike types and of t he veins tel .l ,h~i7er, 
\ 

a less simple story. The sequence of critical events at Cerll-lolS Hills 
\ \ , , ~ 

may have bken some'what as follows. 

1. Start of the Sandia north-south upl".:ft;development of ~ ma jor north-
\ south fault along its eastern flankjintrusion of monzonitic ma~ma along 

this tensional fault. The soft, yielding Creteceous shale str~t~hed du­

bing arching by flow;underlying brittle rocks cracked. The Ce il1~s 
. \ 

Hil~s fault made in the brittle rocks but was extinguiaaed ~n ·the , 8~ale 

I I \ - \ 
above them. Magma ascending t he f ault was halted by the shale \and t~rced 

• I ,\'\\ ./\ \ to spread laterally to form laccoliths. 
., 

'. 



• 
• 

2. The Cerillos Hills laccolith is composite and shows evidence of 

repeated intrusion wi thin the same relatively small area and presu­

mably under the same tectonic conditions. After the first intrusion, 

continued uplif t of the Sandia elongated half-dome would maintain ten­

siona l pull on the walls of the f eeding conduit. 

The doming cover above the growing laccolith stretched and broke in­
s 

to radial tension fi s sure . onzonite porphyry dikes invaded these 

radial fissures,but it is highly significant that they intruded fis-

sures of the regional north-northeast system as well;for if tension 

was needed to maintain radial fractures perme~ble to dike invasion, 

the same applies to t~e f ractures of the regional system and the most 

logical source of the tension Is continued uplift of the main Sandia 

Range. 

• Effects of re~ional uplift upon the Cerillos Hills fracture pat-

• 

t ern might continue to be felt after consolidation of the laccolith 

had put a stop to laccolith ic doming. Ekkernkamp (l939,my ~\ig.9) 

produced a radial fracture pattern by doming a clay cake i n which a 

hard kernel was ins erted (p.21-22). Similar doming by Well~s (p.5, 

Fig.3C) produced 6 or 7 local radial fracture sets,arranged about 

small hard lumps in the clay. The resistant ~erili l s Hills laccolith 

corresponds to the hard lumps in the experlments, t he enclosing shale 

to the yielding clay. 

If these experimental analogies are valid,radial fractures surroun­

ding hard plugs in softer material might be produc t s of regional 

u~lift rather than merely local phenomena connected with the plug 

alone • 

3. a ccolithts produce radial fractures in their covers and surround­

ings, h-;t not within themselves, since when they solidify and become 

able to fracture t he pres sure to bring about domin ceases. The hard 



• 

• 

• 

lumps that become foci for radial fractur~ng in experimental doming 
, 

are not th~ ~es ~ractured . It . is their resistance to any kupd of 

internal deformRtion that brings about the intensified concentric 

stretching around them which produces the ra~l1al fractures . The resis­

tant lump used in the Ekkernkamp experiment is however too resistant 

to represent a prototype in nature. No rock mass of t he size of t he 

Cerillos Hills laccolith couln resist fracturing under the strain of 

the forces producing the regional Sandia uplift. :rhe laccolith was 

intensely fractured , mos t of the fractures pertaining to the, reg ional 

north-northeast system. 

The fractures,IDost of wh : cg were mineralized to form th~ dominant 

vein sys tem of the district,are shee ted zones of the type s~own by 
1I/-1s-

balk to be tension joints I p.10-li). 

These short and discontinuous tensional sheeted zon s " i t hin the 

laccolith could hardly have furnished trunk channels fo r t he mineral­

izing solutions. The postulated north-south tension fl r sure ',r anti­

thetic fault up which the monzonitlc mag.a presumably ~ravelled ,pro­

bably carries a neck of intrusive rock beneath the laccolith ~xtending 
\ 

downward at least to the competent strata belo the shal e seri ' s. Ith ln 

t he .competent rocks t he tension fi ssure could by itself have stayed 

permeable enough to furnish a trunk channel f or ore solutions;above 

the com )etent basement, within the shale, solutions may have followed 

upward the contact of t he intrusive neck. 

4. A final reopening of north-northeast fractures,and of one or t 0 

radial fractures,to receive basalt dikes. This reopening may have been 

t he result of a Pliocene or later renewal of the Sandia uplift. Pre­

sumably the monzonitic intrusion and the metallization too~ place in 

m~ch earlier Tertiary ti e. 
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This type of deformation has long been recognized,for example by Spurr 

(1912, p.449-450; 1916, p.6l5,62l) and by ~arton(1928A).aarton's brief 

note on the subject merits quotation: 

"In the study of many parts of Arizona and New Mexico data have been 
obtained for the representation of the larger structural features by 
contour lines at the top of the Kaibab and Chupadera limestones. These 
lines bring out the fact that there are alternate zones of crumpling and 
block-faulting giving rise to basin-range ridges and broad plateaus. 
In New Mexico especially there are large elongated domes which are faulted 
along their higher parts but overarch more or less completely a~ either 
end. This type is to be called the 'Sandia' structure from the Sandia 
Mountains,where it is well exhibited." 

Figure l4A is a plan and Figure l4B a cross sect'on of the Sandia 
l1:>l i.~"t , Ne· j!8xico . The u~ __ ii.'t i.: rlhCu.;2sed in thE' ~e tion on +:he 
uplift, New Mexico. The uplift is discussed in the section on the 

Cerillos Hills mining district (P.~~6~. 

The so-called Mono wedge at Ophir(Figs.12A, l3A-B) is a minor but high­

ly significant feature associated with the Ophir dome. The wedge is formed 

by two radial fractures that join to make a V,open on the north,in 

plan. The wedge is shaped like the stern of a yacht,the fractures join­

ing on dip to make a "keel" plunging nmrthward. Beds within the wedge 

have been dropped 700 feet vertically with respect to those surrounding 

the wedge. Striations on the bounding fault are everywhere normal to 

the "keel" (Gilluly, 1932, p. ). 

Gilluly offers several mechanical explanations for the wedge but 

seems satisfied with none. The wedge is not difficult to account for 

on the' assumption that the Ophir half-dome swelled radially,i.e. it 

grew upward and outward from a focus of doming,like an inflated balloon. 

A given area of the surface of a balloon expands and in e-xpanding moves 

radially away from the center of the sphere. 

T~e wedge was much like a loose brick in the domical roof of a furnace. 

Just as the furnace " dome,expanding under heat would tend to move past 

the loose brick and perhaps cause it to fall out,so the Ophir dome,ri­

sing and expanding by "flow" woulcd tend to leave the Mono wedge behind, 
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SOME MINING DISTRICTS ASSOCIATED ViITH STRUCTURAL DOMES 

I Simple Domes,no evidence of compression. 

I-A. Fissure Deposits 

Cerillos Hills, N.M. Douglas Johnson, ueol.of the Cerillos Hills, N.M. 
School of Mines ~uarterly (Columbia) vol.24~190c,:173-246 ;303-
350,456 -500.vol.25, 69-98. 

CR Jura-Trias .red beds. Ku Bentdm,Pierre, shale, ss. Ku Fox Hills 
Shale,coal seams,upper part massive SSe 

On E flank Sandia uplift. This uplift accompanied by great series 
of N-~ fractures.Recent volcanic cones along N-~ line. 

Cerillos Hills nmrthernmost member of series of laccoltic hills alng 
N_u line. These lacoliths have superimposed domical structures on the 
eastward monoclihe. 

multiple 
Radial system of dikes around Cerillos/lacolithic dome. 

Ore Deposits of New Mexico, W.Lindgren, L,C,Graton,C.H.Gordon,USGS PP 
68,1910,166-167. Many but small veins,chiefly in monzonite plug.Radial in 
NE quadrant Sheeted zones,Balk tensio joints. Gangue qtz.,cal-. Cash 
Entry mine in NE quadrant,strike ENE. Replacement vein along sheeted zone 
following syenite dike.Ankerite,qtz gangue.PbS,yellow ZnS, ccpy -/ Silver. 

Map shows general N-S fracture system allied to Sandia uplift,with 
partial radial s~stem connected with Lerrllos domical uplift. 
Latter probably superimposed on former:laccolithic mass elmngated N-S,W 
flank, beds vert steep as if giverned by N-S fIt. Filling of N-S fractures 
with dikes and veins cutting the lacco suggests resumption of Sandia up­
lift. 

However, see Magdalene Ekkernkamp: Zum Problem der ael~teren Anlagen 
in Bruchgebieten. Geol.Runschau, vm1.30, HHeft 7/8,1939,713-764, Clay 
experiments, controlled deformation acting on notches representing preex­
isting fractures .• Tendency toward radial fractures would be inhibited 
where they would make a small angle with older N-S fractures:renewed train 
would use these. Only radial are E and W of the uplift,where the angle 
was too great,so radial fractures were f6rmed. But renewed uplift along 
Sandia lines would not re open N70 E and W radialf fissures, but only N-S 
fractures. 

-~I 




