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PREFACE

The Covernment of Japan, In response to the request of the Coverament of
the Estados Unidos Mexicanos, decided to conduct geological survey and other
survey works related to ore deposit exploration in order to confiro the’ po-
tentiality of mineral vesources in the Pachuca area of the State of Hidalgo,
Hexico, and entrusted its execution to Japan International COOperaiioh Agency.
Tae Agency, considering the naturée of the works to belong to special field of
the iﬁvestigation of geology and mineral résouices, sought the cooperation of
the Metal Mining Agency of Japan to accomplish the task.

These survey works were c¢arried out during four years from July 1979 to
March 1483, and those were completed as scheduled under close cooperatlon with
the Government of Hexlco and its various agencies, and especnally with El
Consejo de Recursos Minerales. ' -

This report summarizes. the results of thesée surveys for [our years.

¥e wish to éxpress our appreciat:on to the Covernment of the Estados _
Unidos Hexicanbs,_lts agenclés concerned and El Consejo de Recursos Hinerales
as well as the Ministry of Internatiénal Trade and Industry, the Ministry of
?ofeigﬁ Afféifs,'Embéésf of Japan fa Mexico and the persons concerned for the

cooperation and support éxtended to the Japanese survey team.

March 1983

(Gl fuite

Keisuke Arita
president
Japan International Cooperatlon Agency

'Hasayuki Nishiie
President
Metal Mining Agency of Japan
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ABSTRACT

The report is a ¢ompféhen§ivé compilation of the result of iﬁveskigﬁtidn
regérdiﬁg the ﬁinefal resources devéldpment cooperative bésic survey ia the
Pachuca District of the United Mexican Statés'conducted for four years from
1979 to 1982, |

The purpose of thé invésiigation was to make c¢lear the geology and geolo-
gxc structure and the relat;onshlp between thea and the mineralization, and to
obtald an effectlve guxdance for the explcrat1on and development of the mine
in the next stage;

| The Pachuca DlstrLCt is situatcd in the nﬁrthwestern part of the State of
Hidalge in the ceﬁtial part of Mexico, at a distance about 165 kilometers from
Mekico Clty, the capltal cnty of Mexico, to the center of the surveyed area
uhlch occupies an area of $,250 km?,

In thé'area, the‘fégioﬁal survey compdséd.of préparation of topographical
map,'phOtdgéological:idtérptetafion and field reconnaissance, then geodlogical
survey, geophysical survey and geochemical prospecting were successively
‘ cakried éﬁf steé b&rgtéﬁ. Thesé'su;veys resulted in to extract comtact meta-
sqiatiéitype iron and'¢0?§er §h6viﬁgé at three.lodalitiés, irregularly massive
to veiﬁ-typE'éil?et, lead éﬁd-;iné shbwings'aﬁ two localities and network to
disSemihatidﬁ typé'g&ld and sfl&ét Sﬁoviﬁgs'at one locality.

Among these, detalled geologicat survey, geochemical prospecting (soil
'samplxng) and electrxc survey {IP method) were catrned out for the silver,

eéd and ziné'shOHidgs. In the'PROVIDENCIA'atea, whlch is contained in the
above, dlamond drllllngs con51st1ng of two 300-meter holes was conducted

‘Ta the SAN CLEHENTB area, which is 1ﬂc1uded ln the area of gpld and
silvat shouings, géochémical prospecting by rock samﬁliﬁg vas carried out be-

side geological survey, raising successively the sampling density.



In the final phase, diamond drillings of three 300-meter holes was con-
ducted,

Thus the conditions of mineralization in the dépths were iavestigated
in Ewvo areés of PROVIDENCIA and SAN CLEMENTE,

.In the Sierta Madre Uriental zone of the centéal part td the aorthern
half of the 5urvéyed district, pre-Tertiary calcareous to pelitic sedimentary
rOcks are dominantly’ distributed and the scattering distribution of stock- like
dioritic 1ntrusxve rock 1ntruded the above sedimentary rocks is also observed.

The céntact metasomatic type mineralized zones are found ad;acen; to the
contact between these iﬁtrusive' rocks and the pre-Tertiary. Whereas, the
silver, léad'and“ziﬁc minétélizéd zones considered to be hydrothermal type
are dtstrxbuted 1n the pre-Tertlary sedlmentary rocks in a distant surrounding
part of the 1ntru31ve rocks, and the telation with the 1ntru91ve rocks and.
other lgneous rocks has not béeén made c¢leéar.

The netvork to'diSSéminétion type gold and silver mideralized‘zone is
_fouﬁd in a part of potash rhyolite mass which is dtstrlbuted only in one
'locallty in the dlstrlct,'aﬁd considered to be closely velated to the activity
of thé rock.

| Burlng the perlod of progect for four years, 946 stream sedioents samples,
443 5011 samples, 1, 706 rock samples, 300 drill core samples and 278 ore
samples from surface outcrops were analyzed for geochemical prospectlng.
‘Be31de thesa, research and anestlgatlon wvere made on 12 samples for K—Ar age
determlnatlon, 107 for uhole rack analy51s, 516 for mlcroscopy, 92 for macro-.
' 'f03311s and,?ﬁ& for nannofossils, which prov1ded with the basic data Fox
flnvestlgatlbn of geology and m;neral1zatnon.

These COnprehen51ve survey resulted in to make clear the geologic
structure of the dxstrxct, igneous actnvtty, mineralxzed zone, distribution of
sl.loviing{s y t'he'chatacte'ristics of mi,ﬂetall.izatiOn and the mutual :’elatio'ﬁship

between them,

- 11 -



BSPecially; the detailed gedlogical survey, geochemical prospecting and
diamond dfiliings_oh gold and silver mineralized zone carried out concentrated-
ly in the SAN SEVERLANO miﬁeta{ized zone ("200 m x 400 m) of the SAN CLEMENTE
area conttibuted.té make clear the teéndencies of zonal arrangemenf of gold,
éiIVer,_COpber, lead and zinc minet%liiation, and of intermittent distribu-
tion of gbld'showings in the geochemically anomalous zones on the surface.

In the PROVIDENCIA area;'thé result of diamond drillings led to elucidate

a fact that the oxides zone in the area extends to a ¢onsiderable depth.

- i -
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CHAPTER 1 INTRODUCTION

This is a cémprehensivé.tePOIt wvhich compiled'the results of each year's
_éurvey of the pfoject conducted for four years from 1979 to 1983 by the both
Covernments of Japan aﬁa Mexico in the Pachuca district.

- Siance the details of.the surveys have annaully been fépOIted, a general
susmarization ﬁf the resuité éﬂd the OUtliﬁe'bf the various kinds of suvrveys

will be described iw this report.

1-1 ngr‘ess of Survey

The progress of survey works in each phase is summarLZed as Fig. 1-1.

Thds'thé'SutVéy'prdcess of the pro;ect was to success;vely upgtade.the
‘density of.sutvéy works by nétfﬁwing down the target areas to dmaller ones
which seemed to be promising on the basis of the survey results of previous
phase,

Concietely spegkiﬁg, the main targets of exploration were (1) coatact
metasomatie iron and copper dépoSits-empléced at. the contact skarn zone of
Cretaceous livestone and the Tertnary qnartzdlor itie intrusive rocks intruded
jato the forwmer, (2) sitver béaring lead and ziae deposits in Cretaceous lime-
stone in a shape of 1tregular mass to manto (seems to be epithermal type) and
_ (3) dnssealnatxon type gpld and silver dep051t in the potash rhyolite which
occuts only 1n one locallty 1n the surveyed area, Comparatlve evaluation of
the potentlallty on these mlnerallzed zOones ‘was made every year, and the
PROVIDENCIA area of the (2) type and the SAN CLEﬁERIE area of the {3) type

vere SUccessively Sutveyed and prospected until the final year.



Fig. l-i Progress of Survey Work
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The following table 1-1 shows the members patticipated in the project.
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1-3 Outline of Surveyed District
1-3-1 Location and Access (Ref. Fig. G-1)

The surveyed district takes a rectangular Form having an area of 5,250
square kilometers exteﬁdiug from tﬁe'centtal part to the northwestera part of
the State of Hidalgo, uﬁich'is contained within 20°07' - 20°01' north latitude
and 98°51" - 99°32° uestIIOﬁgitude.

The following two courses can be used from the Hexico City to Ixmiquilpan
City in the central batt of the surveyed distriet; (1) after going ﬁp north
élong.the Haéioﬁal_Highway 57 for about 100 kilometers, enters the State High-
way-lééding to Tula, and reaches Ixmiquilpan through Progreso and (2) éftér
going up north along the Nétiona1 Highwa§'35 to Pachuca, héqu toward north-
west to geacﬁ Ixmiquilpan. Thg'distance by réad is about 165 kilometers
-through either course. The roads ave completely paved and can be ﬁﬁed through
the year, whi¢h can be driven within about two hours.

The means of trafflc and ‘transportation in the surveyed district havnng
an extent approximately 50 km in E—H‘by 100 km K-S are by the'ﬂational Highway .
85, as an only trunk road iﬁltﬁe di#ttict, and 6ther loezl access branched off
from it.

As shoun 1n Flg. G- l, the National Highway 85 ruans through from the
SOﬁtheastetn paft of'thé surveyed district dlagnoally to the northwest, then
turas toward ;ioftheas‘t ¢vossing the northera part of the district.

The eastera to the northern side of the Hiphway from Actépan in the
southeastern part of ‘the dlstrlct to Z1mapan ia the morthwest is mountainous
tegion df the Sierra Madre Orlental. Because of its steep topography, the
édursé:by car. is iimiiéd and it is tequited to Set_ub advance camps for the
Su:vey. on tﬁé other hand"ihé westein éﬁd the southern sides ave the regions
of volcanlc rocks, uhnch have made develop a relatlvely a great deal of road

teaffic making easy of acéess.



1-3-2 Climate and Vegetation (Ref. Fig. 1-2)

The topograpﬁy of tﬁe district is divided into two types such as the
stéep landfora belonglng to the mountainous reglon of the Sierra Madre Oriental
and the central plateau of the velcanic zone, and the clzmate and vegetation
are also dlv1ded into two categorles reflecting the dlffcrence of topography.
The anmal mean temperature of the former is about 17°C and the latter about
19°c, shoulng no great dlfference, though a great difference is shown in the
_ aﬂnuél;preciﬁitation; ‘that of the latter is 300 to 400 cm contrary io more

thaa 1,500 m of the former.

The snow fall in winter time is rare in both ﬂarts and it is reported to .

freeze several tlmes a year,

. The differencée of vegetatlon is recﬁgnlzed betwéen the tvo parts reflect-

ing the dlfference of these climates, especially of the vainfall.

The dlstrlbutlon of sparsely groun desext plants is ggneral 1n the plaln
_dastrlbuted in the southwestern to western patt of the sutveyed dlstrlct.
rTﬁey cbnsists of gfaSseé of dry land, cactuses, yucca, agave and mesquite,
all these being the low shrubs with prickles, On the other hand, in the
countains of the Sierra Madre Orlental increasing amount of shrubs con31st1ng

mainly of conifers such as pine, oak fir and rhododendron are found be51de
" the grasses of dty land mentloned above. Among these Bountaiaous reglons, the
;northeastern slope of the méuntaln Bore than 2 600 peters hlgh above sea level
is often covered by the conlfer wood, whlch is under the control the Forest
Gﬁnsérvation Bureau. Thus the vegetatlon of the surveyed district is shown in
the flora of xelophllous plant o[ dty tand found in the plain in the westera
t6 séduthern 93rt of the dlstract to the flora of Se.l—humld mountainous sparse

wood found in the mountainous region of the S1er;a Hadre ‘Oriental.
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1-3-3 i»:inin'g

The State of.Hidalgo is famous as one of the staté in which the mine was
e#ploiteé from thégéldesi'time, especially it was fep0rted that the Pachuca -
Real del Monte mine which is located adjacent to the surveyed district on the
-southeast had been developed ia 16th cent&ty by British people and that it
had produééd 33,006 tons of silver and 192 tons of gold (Geynre et él., 1963).
At pteéént,rhowevef, a small scale mining of the remained ore and prospecting
are being carried out. |

The ZIMAPAN area situated at the northwestern end of the Surveyed
dlstr1ct is one of the mlnlng district having the history of development from
old time, The area is séattered by the middle scale ote depOSLts of lead and
zine aécdmpéﬁiéd by gotd and silver. Because it is on the way of development,
it has a potential to be pore developed in future. Beside these, several
small-scale metal.mineé axe cu?réhtly being operatéd in the surveyed district.
Further,'@ihing and processiag of warble are being carried out, Although the
miaing is one_bf'the.im?értant induétry in the distriet as in the above, the

main industry is still agricultuve.
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CHAPTER 2 OUTLINE OF THE SURVEY WORKS

2-] Types and Methods of the Survey and Labogr"a'ti)r'y Examinations -
All survey works and lab&-'n‘atbry' éxaminla'tion's carried out dufing the four
years are compiled in Table 2-1 and 2-2.
Teble 2-1 Method 20d Trpé of Survey Yord
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Table 2-2 Laboratory Examinations

_ Number of samples
Type of examination _ ' :
Phas¢ | Phase | Phase | Phase Tht‘l.
¥ 13 111 v a
Microscopy of rock thin séction 177 148. 55 22 402
HiéroScbﬁy of pfe polished‘#ectlon 23 23 27 41 114
Chenical analyéis of ore sample 65 84 88 | 41 278
E.P.M.A. quantitative analysis 6 | 1 14 | 25 59
E.P.H.A. qualitative analysis 36 10 28 - 74
*yhole rock chemical analysis |
- {rhyolitic rocks) o ' - 45 50 93
K-Ar age dating'vith'whole rock 6 4 3 _ 12
chemical analysis
X-Ray powder diffractometry 1 15 11 - 37
Macrofessil deternmination 45 42 - - 92
Nznnofossil determination 10 244 - - 254
qhe?igél‘aqglysis of geochemical _ _ 443 _ 443
soit samples
*geocheglcal stream sediments _ a44 _ _ 946
samples : _ _ g
iGeOchéﬂical vock samplés - 379 302 1,025] 1,706
'Ttace ne;allié.elémeﬁté analysis _ _ 5 3 8
of rock samples - _
ZHéaéhtéméht'pf'tbck;resistivity - - 34 - 35
Peasuresent of rock frequency I 34 _ 38
effect ‘ : o :

N

Aﬁélyzea elementst $10,, Ti0g, A£2Q35 Fé,05, FeD; HnO, Hg0d, Ca0, Nap0,
¥,0, w004), H,0(-), P.0¢

Analyzed elemeats: Ag, Pb, Cu

W ek

Analyzed elements: Au, Ag



2-2 General Remarks of the Survey Works
2-2-1 Photogeol ogy
Photogeological interpretation was conducted as a link of the regional
geological éur#ey.éf'the first year hé#ing a purpﬁsé to make clear oﬁtiine of
geology and geological structure of tﬁe district.,
The result of interpretation was compiled as the preliminary photo-
géological map, 1 4 160,0()6 in scale, and
The results of interpretation were corrécted errors and modified by-
gtOuhd'check of thé_régionéi géqidgicél retéﬂﬁaiséance carried out con-
secutively, and were Cémﬁiied as a geological map, L : 100,000 in scéle
finally.
1) Topographic map and aerial photographs used
(n To§0grap5iérmap
Scéie :‘1}25,000, covering the whole distriet 6f 7,500 kéz,'pfepafed
in the iirst:iear.
" (2)  Aerial photOgréphs
Scale ; appréximatéiy'llSﬁ,ﬂﬁﬂ, 601 sheets in total
(3) Pubiishéd-géélégieél:&éta
1. Plano Geologico del Estado de Hidalgo, 1/500,000 (CRM)
2.' ' céoiogic Map and Section of the Zimapin Mining District, State
of Hidalgo, Mexico, 1/25,000 (Siwons, F.S. and Mapes, V.E.,
1957) | |
3. Cédibgic:ﬁap:aﬁd'seétion'of South-Centrat Hidaigp and Noxth-
'eaSterﬁ Mexice, Héxiéé,'lIQO0,000 {SegeréttO@ K., 196?) |
;. Hap and ééctiénrshowing the Réléfion of'thé’facﬁuca-kealzdel
ﬂﬁnte Hiﬁing Diétéict to the Reéioﬂél'ceology; 1/200,000 {Ceyne,
AR, et al, 1963)
5. Plano Geblégiéo Local Qe ﬁrea de Encarnacién Hunicipio de

Zimépgﬁ, EDO. de MOO., 1/20,000 (Restvic PEIQS.'L.V;; 1973)

~y -



Table 2-3 Classtfication Standard of Ceological Unit by the Photogeological Interpretation

Topography

Geological Photographic | Dragnage Resicn 2222225 Lithofactes
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2)  Classification Standards of Geological Units and the Results of Photo~
geoldgical'IﬂterpfetatiOh
The elements for preliminavy iatefprétation which correspoﬁd to each
geologiéal unit were determined by the correlation between phot@gfaphic.toné,
texture, drainage pattern etc. and geological data of the previous works.
These wére'appiied to the whole district to classify the geological unit and
tb.make‘iﬁterpfetatidn on strike and dip of the formation, Fault structure,
ﬁafi0u9 linear éftuétutés, and fol&ing structure. These vesults of inter-
pretation wére laid down on topographical maps of 1/50,000. Taking the re-
sults of regionél geological survey into cdﬁéidefa;idn, the elements fox
interpréetation weferciaésifiea wore in detail and correlated with geological
units at the {iﬂal'{ntérpretatidn,
- The eiementé.wéfe_claséifiéd into Cretaceous, Tertiary and Quaterpary
systéﬁs; and ingrosivé rocks, which were subdivided into geological fOrmatiﬁns

and rock types as shown in Table 2-3,

2-2-2 Geological Survey
Ceological sﬁrvey:iﬁ the fiyst phase contained ground check on the main
foutes for the:pféiimiﬂéfj photogeological map, and observation and descrip-
tion'éf:ﬁnOQﬁ ore depbsitsViﬁ the district. The survey results.weré compiled
as a geological map, 1 : 100,000 in scale with data of photogeology, The
sﬁfvey works wete cOn&ﬁcted by‘iivé parties consistiﬁg.of two geologists in
each. In the sécond o finai phaseés, small'simﬁle trénsits were also used to.
make'ééyigct p&sitioniﬁé of old mines, ore shoﬁingg-and samples.
As & rééult,‘variéus‘kihdsrbf geological map, 1 : 1,000 to i : 25,000 in

‘$cale were preparéd.

2-2-3 " Geochemical Prospecting

Geécheﬁiéél.pdepéétihg 6f the second phase was composed of a semi-
.detailéd'éufvéyrin an extent.of 750 kmz.éf.tﬁé notthefﬁ paft of the district
and‘détéiléd suiveys of four areas included in the above with stream se&iments,

and”a'detailed'survéy'uith rock in the potash thyolite mass of SAN CLEMENTE

-8 <



area, Stream sediments samples were collected at crossing of creeks with an
interval about 500 meters in the semi-detéiled sﬁtvey and about 300.Eetérs in-
the detailed surveys, Stream sediments were passed Lhrough a sieve 6f 80 mesh
to obtain each sample, Ag, Cu and Pb elements were analyzed chemically as the
iﬂdicatbré.

As a vesule of thé survey, large-scale A-class anomalies of Ag and Pb in
the EL TEJOCOIE and the PROVIDENCIA aréas, aud B-class anomalxes of Cu, Ag and
Pb in the SAN JOSE DEL ORO and LAS PIEDRAS areas were detected respectlvely._

In the SAN CLEMENTE area, sampllng ponnts were lucallzed with an interval
of about 200 meters éaéh along creeks in the San Clemente ronntain mass which
ocnupied an éktéﬁt'of ébbﬁt 2.5 km by S'km. 139 pes. of rock sauples were
obtalned in total by plC&lng alwost sawe amount of rock chips from each of
sevéral_ohtctOps Surrbunding a sampling position,

Gofd and silver wére of ih@icétor elemenfs. As a result of the geo-
chénic¢al ptéépecting, three geochemically anomalous zones of Au and Ag such as

'SszkiAHO niﬁing'afea and thE'eaStern side ¢E former-vefe detécted.
Gébcheﬁiééi préébééting iﬁ the thirdrphase was conducted in paraliel'with
the geological sutvey ia the SAN CLEMENTE area, and geophysical suevey ia both
.éfeas of‘the EL TEJGCGTB énd'thé PRDV[DERCIA beside gﬁolégical 3urvéy. In the
SAN CLEHERIB area, tock samples wéere collected 302 p1eces in total with 50
meters grid sPacxng. Two elements of gold and silver were determined as the
indicétors.. iﬁ both aréas_df'the PROVIDENCIA and the EL TEJOCOTE, soil'saa—
~ ples were Eakéﬂ'w[iﬁ an intervals of about 100 meters along the IP electric
;survey liﬁesi(?Oﬁtﬁetefs liﬁe4spacihg}. Thtee.eleaeﬁts of copper, silver and
lead were détéfﬁiﬁed:as the'iﬁdicators taking the resvit of geochemical pro-
sfe#ting in:the:bfékloﬁs yeér, and consideriag the 1jpe of meneraliza£ion ob-

served in those areas.



As the results of surVeys,'fhe'butlincs of silver-lead minzeralized zone
in the central part of the PROVIﬁENbIA area and gbld~silver mineratized zone
of the SAN SEVERIANO ﬁiﬁing area, SAN CLEMENTE were deleneated, and those re-
sults have greatly coﬁttiButéd to the planning of the next step exploration.

Ceochemical prospecting of the fourth phase was_cbnducted to the western
mineralized zone (200 m X 400 m) of the SAN SEVERIANO Mining area with rock
channel sampliﬁg'coﬁtingéa alang treanch lines, The treach lines were prepared
uith‘Sﬁ meters grid line-spacing haviag an extension of 3,500 meters in total.
"Bach rock channel samplé covered 5 melters portion along the trench. Number of
sanples reached seven hundreéd and tweéaty five in.total. Gold and silver were
indicator e}émehisiéé'saaé_éé the fhifd phase. All the assay values of sam-
ples were statistic;11y treated by computers to oﬁtaiq histograms, cumulative
frequéncy diStribuiibns, standard éeviatidns! etc. After that, geochemical
classiffcéiioﬂ parémetérs such as background, threshold values and correlation
éoafiéieﬁts were studied to deleneate geochemical anomaties.

Table 2-4 shéwé the details of geochemical prospecting works in this
proje¢t.:

Teble 2—4 Geochemical Prospecting in the Project District (Phase I—Phase N).

Sstie Area N'“'Bhf of seple - i&:sﬁ:x Iadicator Rerarks
. ¥ st _ (H) E:E{;_ﬁ"al, Seil Roek - (ger 1) elemenls *
Ad?:l'r:c‘iﬂé puct of the 627 416 0.67 1% Ca, b :sndm:; sacplirg
DOS DE EL AGUIA | 125 51 , KX ’ .
Prase Wlpyzavoie | 625 | 200 3z | o | ’
PECYAXA 3o | e |} | ss , ,
FROVIDEXCIA 1006 ‘69 - 69 : ’
SAN CLEMENAE 24.0 ' | a9l iss | Ae, A | ¢ _
. EL TEJ(L"OTB 27 R 213 1 789 |ae.co,w :::Isﬁf:.fa:f%ﬁ
¢hse BY ppoviDRCiA 27 230 852 s .
SAN CLEMENTE 0.64 302) 4719 | Ae, A |50m gnid semplin
Lo L : : charic? Vite-sxap
Phaie N | SAN CLEMENGE 0.68 o] vzs|essz | ae. ae |oE oniNEEST
. . . _ . ' eing
Total ~ Jasoaz|  aege 3] raos| -
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2-2-4 Geophysical Survey
The IP electric suibvey was éoﬁductgd, as the. geophysical survey in the
third year, in the t#o'areés including ElL TEJOCOTE and PROVIOENCIA to obtain
geophysical 1nf0rmat10ns on subsurface structure, mlneral1zed zone and ore
.deposxt for 15 1ine kilometers in each area (30 kilometers in total).
Although the IP anomalous zones detected in the two areas seém to be
caused by the m1nerallzed zone of copper, lead and silver, the values of IP

anomaly have not beeﬁ s6 great, As the results, following conclusions are’

~derived.

EL TEJOCOTR Atea

1) . Chargeablllty measured in this area has the range of 0.67 - 3. 83 mllli—
sec. Thosée values. are very small for anomalous values of hargeablllty,
but the values between 0 67 and 2, 50 m1111 sec. were conSLdered to be the
background generally endowed with the tocks in the survey area, and the
value blghér than 2.50 mllll se¢, were taken to be anomaly.

2) The values of apparent resistivity meaSured in the area were distributed
iﬁ tﬁé‘ii&é:range béthéh 200 and 3700 f-m. The area is widely underlain
by:litéétdﬁes,'éﬁd tﬂe range pf‘meaéﬁfed values desciibed above is con-
sidered to be a 'l'i't‘ti.;a'émall for appareﬁt"resistivity of the limestone.

3) Most of anonalous zones of chargeability in this area situate in high
apparént resxst1v1ty zone._ Namely, they form high chargeablllty and hxgh
'apparent ré51st1v1ty type anomaly, but the anomalous value of chargea-
‘blllty is only about two tlmes as large as background value. From this
fatt; it cannbt be LnEerred that those anoaalles in this area are caused
by éxistéﬁéé af:sﬁlfide ote_ﬁinetalized zZones.

4) 'it céﬁndtzbé concluded fhat those anomalous iéﬁes have possibility for

ore deposit.
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PROVIDENCIA Avea

1) Chhrgéabiiit& in this area has the range between 1,90 and 9.00 milli-sec.,
this range is about two poiné five times as large as that of BL TEJOCOTE
area. It was considered that lover valueés than 3.5 milli-sec. were back-
ground value aﬁa'higher than 3.5 were taken to bé anomalous value,

2) Appavent resistivity has the range of 170 - 3400 @-m, 1In this area, shale,
‘siltstone, sandstone and lﬁé’;’l‘are distributed at the ‘ends of all survey
lines and the Zones of thééé rocks coincide with low apparent resistivity
zone, Liméstone is distributed in the central zone in this area bétweeu
those ro:ks, éﬁd_ihé'apparent resistivity of this zone is telatiVel§=high.

3) In thisrétea,‘a ?endenéy ¢an be recognized that chaxgeability and apparent
fesiStivify become greatét as the increase of depth below ground surface and
it is supposed by tﬁis‘faét'that there may exist an sulfide ore zone in
the deep pé’;t; :fr()!a which an’ influence of mineralization comes up to the
near gr’ouﬁ‘d surface, |

'4) Anomalies A and ¢ have:ﬁigh chafgeabiiity and low apparent resistivity,
and chargeability and aﬁparent resistivity of B and E anomalies are high.

$) A and C anomilies are distributed iﬁ.thg Zone of shale - marl mentioﬁed.

- above, and ﬁ'éﬁd;E éﬁaﬁaléﬁs'zoﬁés coincide with the nmineralized zone
which ié_recdgﬁizable 65'tﬁe’gr¢und surface, In comparison with the re-
sult of geécheéiéal analfsis, B anomaly has relation to thé anomalous
zone of éilvér‘andﬂléad;'aﬁd E to the anoraly of lead.

6) B anomaly haé a iatge extént and is inferred t6 have strong possibility
of being-ote'dépdéit. 'Tﬁus;‘ihe results of 1P survey in the third phase

had gfeétly contributed to the planning of the next step exploration.
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2-2-5 Diamond Dri¥ling

After a comprehensive evaluation of the survey results until the thixd
phase, diamondxdtiiling were catfied out in the two areas of the PROVIDENGIA
aad the SAN CLEMENTE ﬁﬁich seemed to be most promising within the survey
district,

The dtilliﬂg in the PRQVIDENCIA area was purposed to examine the mineral-
ized sﬁlfide~20né pxesdmed in a depth taking thé results of surveys such as
gébldéiéél,‘géécheﬁi¢él'aﬁd-gedphysical works into consideration. Two verti-
cal ﬁoles with 300 meters depth of each hole were drilled.

The drilling in the westeérn mineralized zone of the SAN CLEMENIE area
was carriéd out with the purpoé;'o[ obtaining informations of subsuxface gold
mineralizatioﬂ'félated'té tﬁe surfacé:ggochemical anomalies.

" Three horizontal ﬁoies with 300 peter leangth of each hole were drilled.
in both areas of the PRQQIDENCIA and_ SAN CLEHENTE,‘I,SOO reters were drilled
with S holes in total.

| The'drilling opération was conducted by the El Consejo de R;CUTSOS
Hinerales under the technical cooperation of two Japanese drilling engineers.
“The d:iiling‘maéhines in these operations were of two L-38 of Long-Years and
“éne of JK-300 type.

The drilling operation were started on July 1982 and completed on January
1983 with a delay of two months'fhé9 the program. The reason of delay were
maiﬁiy of dfill_ﬁaéhiﬁé's“trouble caused by superannuation and other reasoas

‘excepting technical matter.
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CHAPTER 3 GENERAL GEOLOGY

3.1 Qutline of Geology

Ceology of the sdrvefeﬁ district consiSts of pre-Tertiary sedimentary
tocks oomlnantly distributed in the regioa of Sierra Madre ‘Ociental from the
northera part to the eastera half of the dxstrlct, the Tertiary effusive rocks
intermitteatly distributed in the Younger Volcanie zone from the southerfn part
té the.westetn'part foroing the mountain masses, Tertiary intrusive rocks
scatkered in the g)ré-Tértiary formations in the northern part, and the
'Quaternarﬁ'sédiments tiiliﬁg the eopographically lov 1and from the central
part to the southern part (Flg. 3—1 3-2 and PL; 1).

The Sierra Madrie Oriental zone corresponds té the southeastern extension
. of the Rocky Mountain Range which is positioned as the forefront of the Alpine
Orogenic Belt extending from the northera part to the ceat¥al part of the
.North Amerlcan Continént. On the other hand, thé Younger Volcanic zoné is
dlstrxbuted in the direction of B-H cutthg the Slerra Madre Oriental zone and
the main geologlc structures parallel ‘to the zone.

“Thére are evndences that the Younger Yolcanic zone was under watei-con-
necting the facific with Gulf of Mexico at the time Of Cretaceous submergence,
and at the'séme.time,”it correspénds to the part of extension of the Transforam
'fault extendlng [rom the bottom of the Palelc Ocean, Thus it is considered
that the zone is a gteat tecténlc zone since it fores a £1e1d of intense
voleanie activity contnnued to pre;ent.

: Ovéfiold,.intrafﬁrmétional folding, minor folding and intrafolial fold
E-COnEidéred to be the effect of the Laramide Orogeny which took place at the
.beginniﬁg of Teii{at}‘afé markedly Obgervgd iﬁ tﬁe pre-Tertiary sedimentary

rocks. Hheieés;;in'ihe Tertiary effﬁsive rocks, oniy sore éinor favlts and

© minor fold structure are observed,’
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3-2 Pre-Tertiary System
The pfe—Tertiary‘sédiméntaty rocks ave divided iato the Las Trancas
Foroation, the El Doctor Foramation, and the Mendez Pormation in ascending
‘order. The Las Trancas Formatiéa is the oldest forcation in the surveyed
disfribt and distributed iﬁ‘a zone'éléng the axis of a large ovafféld anti-
clinal structure. It is divided lithologically into the three seobers such as
Jt§ (alterﬁéiing beds of shate, calcaréous shale, sandstone and marl),.Jtc
:(altetnating beds 6f tuffaceous conglomerate, tuffaceous sandstone and ande-
_”éit{c tuff} and Jel (pelitié”limesténé and fliat Beafing lizestone), among
whiéh the Jts H’e.mbe.r' forms the substantial part of the formation, and’ the Jte
and Jt1 Mewbers are the intercalatory layers in the Jts Member.
it was made clear by'tﬁe combination of macrofossils that the foreation
was deposi;éﬁ'from Tithonian of the latest Jurassic to Neocomian of the
ea}iiest Cretacéods (Apx. 1, 2). The formation is correlated to the Las
Trancas Foreation and the Santuario Formation of Segérstrom (1962) (Fig. 3-3).
Thégthicknéss of the formation is estimated to be more tﬁan 1,300 meters.
Tﬁe”31 Doctot‘Fornati6n is widely distributéd from the northern part to
the central ééd.thé éastern part of the district, It is divided into the
'Hassivé Lizestone Hégbet (gdl) and the Flint Beariﬂg Hedium-Bedded Limestone
He@beg'(ﬁdf) wﬁiéh éfg‘iﬁ'the relation of contémporanéous heterotopic facies
each bthet...The former is intéfﬁalatéd_ﬁith the vock facies (Kde) such as
intramicrite, éalcirudite'aﬁd calcarenite, and the latter with those (Kds)
such as shale énd'méri..
:Thezﬁqi Hembér'éhdwg an exteénsive distribution in a form of bank in the
. #uéléus pérf';f‘thé.Siéfré Madre Oriental ione éﬁﬂ the'éeologic structure is
;lfelét{Veiy'stQSlé, u%ilé-thé Kdf Mewber shdwsvtbe'éomplex geOiOgié structure
in a marked contrast fé'thé formét;'béing distriboted in a form of zone on the

western side of the former.



Mineralization is observed in the Kdf Mewber in the PROVIDENCIA area, and
the irregularly massive to vein type oxide ore bodies containing silver, lead
and.zihc are found,

Although the formation directly vests on the lower Las Trancas Formation
seemingly conformably, the age of the formatiqn estimated from the fossils is
from middle Albian to upper furbhian (Apx, 1-4), showing a ticme gap of
sédimentatjon vith that of the Las Trancas Formation, The formation is corre-
lated to the E1 Doctor Formatién'of Segerstrom (1962). The thickness of the
formaticn is shown to be from 300 méters to more than 800 meters ia the Kdl
ﬁember and from 500 meters to 1,300 méters iﬁ.the Kdf Member.

The Hendez Fo}métiﬁﬁ occupies the-uppermoét ﬁért of the Cretaceous system
in the 5utveyed district and is widely distributed from the northeastéern part
to the ecastern part of the surveyed district, showing a small distrlbutxon in
the wéstefﬁ part.

The rock facies conéists'éaiﬁly of thick beds of phyllitic shale and
alternatlng beds of Eedlum—bedded massive calcareous shale and warl, which is
frequently Lntercalated with sandstone and siltstone in the mlddle to the
upper part’df'the formation,

The tize of Sed{mentation of the formation is esticated, f[¥om the foséils,
to be frdm late'Tufoﬁian';o Campaniau'(hpx. 1-4). The formation conformably
overlles the underlylng El Déctor Formation in geémeral, but it is in the re-
lation of angular-unconformlty io the northern part of the surveyed dtgtrlct
The formation ié corfelated to the Soytal Pormation aud the Mendez Formation
Of'Segerstrom'(IQBQ). - The thickness was calculated to be sore than 900 metérs.

3-3 Tertiary Systen

The Téi;iéfy rocks in the district is mostly composed of volcahic rocks
éxCépEing'the El Morio Formation. They are r:oﬁghly_'divided into basie
volcanie tocks (andesite to basalt) and'acildic'volcan.ic rocks (dacite to

rhyolite) and [utther'suﬁdivided by rock facies and rock types, their X-Ar
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ages (fig. 3-4 and Table 3-1) and succession of their effusion observed in the
field, The:déscriptioh will be ﬂadé'oﬁ'the main rocks in the following.

The El ¥oryo Formatxon shows an isolated dustrlbutxon in the northwestern
ﬁatt_of the dnStrlct._ The formation consists of poorly sorted conglomcrate
containing abundant angular to SUbaﬂgniat pebbles mainly of the uanderlying
Cretécequs sédiméntéry:fOCRS; The time of sedimentation is estimated to have
been late Edéehe to Early 6ligocéﬁe.‘

It seems that the formation is a continental 'sedimént deposited in the
~ depression loéaily'fﬁrmed in.thé_inlahd part, because its distribution is
focalized, sorting has not beea observed and because it has a‘relatiOnéhip of
aﬁgulaf.untbﬁfornity:ﬁith the undérlying Cretaceous and Juraésic'férmatidﬁs.

Among the b331c valcantc rocks, 011v1ne pyroxene basalt aﬁd quartz basalt
are wldely dlstrlbuted uhxch belong to Ibal and two pyroxene basalt to belongs
Lo Tba3; The former is dlstrlbuted in the northwestern part and the cenkral
part, and at the southern end of the surveyed district directly overlylng the
_El Morro céhglomerate bed and pre-Tértiary rocks wlth angular unconformity.

: They are generally sub;ect to altération mainly of argillization. The time
of activity is est1mated to have been éarly Oligocene. On the other hand,
the 1atter is dlstrlbuted in the northwestern part of the surve)ed dlstrtct
forming.a gentle plateau. Although it is difficult to estimate the time of
act1v1ty because of its isolated dlstrnbutlon, it is likely that the rock is

'the youngest among the Tettléry volcanlc rocks, because it 1s an unaltered
Yock and because it forms a flat plateau and has not been subject to notable
er0316n. |

Among the acxdlc voleanic rocks, potash thyolltes which belong to Trh)Z
"are large ina scale and the most iaportant. The rocks consist mainly of uassive
and compact rhyollte, rhyolite lava with distinet flow structure and rhyolitic

pyroclastic rocks, and partly oécur as dykes.
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Compact rhyolite is distributed on the southwestera slope of the San
Clemente mountain méss, rbyolite lava and the pyroclastic rocks on the north-
éaétefn slope. Tﬁe dykes are found in a scattered pattern near the San cie—
menté mountain mass and also found in the ?RﬂviﬁEﬁciA afea.. The K-Ar ages of
the rocks showed 27.1 & 1.4 Ha, 26,5 * 1.3 Ha and 25.5 ¢ 1.3 Ma (Table 3—1).
These correspond toflété.ﬁligpéehe. The rocks have a close relation with the
minefaiizétion suéh'ahlof gbld and silver in the SAR CLEMENIE avea and of lead
aﬁd éiﬁc in the PRGVIDE&CIA'atéa, and the iavestigation of these was one of

theé main themes of thé survey,

3-4 Intrusive Rocks

_The:intrQQiQe tbcLé iﬁcludé Dio¥ites (Tidi), Diorite pOrphyfies'(Tidp),
:feffhitelgraﬁitéé (Tigﬁ); Baséli'(Tiba) and Andesite (Tian). Among these,
.Diérifes‘(Ti&i) are the wost important in cornection with the mineralization.

Biorites (fiai) afé'BiSttibufed in'thé ndrthérn part of the surveyed
diéific;iiﬁ a_fbfm ofnifrégniat stbck arranged apprﬁximately in the ditection
of NNE-SﬁHf_'Tﬁis:tteﬁd ié concordant with the strike of the ﬁain faults
observed in the district.

“The rOcks.sﬁéw generally dark gfey to grey color and holocrystalline
grahﬁlaf téxcure and displays various facies such as hormblende dioritic,

' Biﬁtité4h§rnbléﬁde~ﬁﬁarti dibf{tié aad granodioritic.
. The K-Ar ages of the recks shows 40 - S0 Ma (Table 3-1), indicating the
tive of intrusioa to be eafiyffo late Eocene.

The:técks a¥e closely felated tﬁ’the contact Eetasomatic té hydvothermal
ﬁinéfaii?étioﬁ inﬁthé”ﬂiéffict; aﬁd"fhe'ore depdéits such as El Zaﬁéte,
Enéafnacién and Dos El Aguila afé found in the Sut?dundiﬁg area o6f the rock
mass. | |

Diorite bofphyfies-(Tidb) ave found in the vicinities of the Pechuga nmine,

the Boﬁéﬁza village and at San Clewménte.
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The rocks ave gen?raliy.greéﬁish grey to pale greyish brown diorite’
porphry té granodibfite.porphyty; Under the microscbpe, c¢oarse crystals of
evhedral blégibclase are characteristically obsérvéd, The rocks have been
hiéhly éltered; in which phénocrystic plagioclase has been chloritized and
sericitized, and'biotité has been chloritized. The ages by the K-Ar method
showé 31.1 ¢ l.ﬁ Ha,:iaaiéating.ﬂligocené.

Tt is considered that the Pechupa mineralized zone is closely related to
the intrision of these rocks,

Pegthife'granités (Tigd)'shOH a scattering distribution at several places
in the nétibefﬁiﬁafi 6f'thé:distfi§t. The fdck'ﬁaries in type from perthite
graﬁiié‘ié quartzlfbﬁzonite; granodioxite énd ﬁuértz‘diortie, ia Hhich_pefthite
is contained characteristically in general.

The result of the whole rock analysis of perthite granite was calculated
ISaged on the €.1,P.H. Rorm (Téblé ﬁ—?) and if ués_plbtted on the Quartz—

" Orthoclase- (Albite ¢ Anbrtﬁité)_diégrém. The fesult shows that the rock cor-
résﬁbndé to qha}tz'monzonoSyéhite (Fig. 3-5).

Although the rdcks havé an effect of coatact retasorphism on the sur-
fﬁundiﬁg Cretaceous récks,‘ﬁo mineraliéatién can be oﬁserved.

Easalié (fiba) and Andesites (Tian) are found as small dykes mainly in
~the CtétaéedUs‘Sediééhtétf rocks in the northera part of the distriet.

3-5 'Q)'étéfh.arjy"systén:

. The Quatermary system shows a ;ide_distributiOn'fréh the ceatral part to
the sqﬁthetn part of tﬁé'éufveféd district, It consists of alteraating beds
ot'pbofly éonéoliaéted'gravei, sand, silt aﬁd'volcénic ash (QTcg); and basalt

as well as sand, gravel and clay. : ;
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Table 3-2

Chemical Composition and C.1.P.W. Norm of Igneous Rocks

Sample No,

caalbr

Ba?ﬂp

| cbl1ot

€b20DTC :

DbSIDT

Cd134DT

B500DTC :

C102DIC

D52DTC

G483DTC

- ASTDTC

BQQDTC

Coofdinates

| 487525

2292775 -

Out of
Out of the
SUrvVey area

area

478800

485075

479700

478210 s

479975

485725

476472

483500

488385

2307650

2284300

229103%

2315525

2304805

2309845

2299916

2287728

2310810

2284625

Rock name

Andesite

Aﬂdésite

Quartz

diorite

Rhyolite

Rhyolfite

- Quart2
diorite

Quarte
diorite

Quarte
diorite

Quartz
monzeonite

Diorite
porphyry

Quartz
diorite

fhyolite

Stratigraphic unit

Flan

Tan2

Tidi

Trhy?

. Ttﬁj?'_;

Tidi

Tidi

Tidi

Tigd

Tidp

Tidi

Ticth

$i0;

51.81

60,24

59,11

7231

75.40

$6.95

60.41

61.61

61.38

62.4

73.8

Ti0: .

125

0.82

1,00

- 0.28

9:10

S 1.34

- 0.83

£ 0.83

1.19

- $8.34
. 0.66

0.76

0.25

Al20;

- 15.85

18.66

T17.20

RN

13.22,

17.82"

,:1?25?

16.34

116.73

- 19.94

16.4

13.1

Fe203

0,49

- 2.32

_'3;3§:

2,06

. ﬁyéaﬂ

3,80 -

3,41

2.83

0.97

'lisﬁ

2,75

1.38

FeO

5.42

1.58

72.80

10.33,

6.6

0.08

0.4

002 |

- 0:58

359

2.03

2.73

4,58

2,35,

.30

0.49

0.02

0.15

0.12-

0.13

0.1

- 0.05°

0,09

0,07

Hgo

. éig?'-

2.15

2,58

0.15

Coas |

3.36.

2,00

2.44

1.75

2.13

1.76

0.30

Ca0

8.84

4.34

'5.99°

1 0.10

0.57

6.61

4.85

5.00

3.48

4.96

4.80

1,52

Na O

3.4

3,85

0.75

2559 |

3,25

4.4 |

348

.76

4.93

3.50

3.47

K20

Chemical composition

4.10

1.9

2.718

£ 9.06

_49§? 

2,02

354

H20(+)

3.02

3.7

0,60

107

'l-;si

0.65

H20(~)

0.19

1.0

o

. 0.22

P20s

0.49

7045

0.05 |

Tew

0,10

2.99

4.09

1.94

. 2.46

4.08

0.73

0.50

- 2.08

0.72°

Q.49

0.51

0.26

0.56

" To.s1

0.60

0.02.

0.31

',6;39

0;32

0.25

0.39

0.13"

Total

100.50

100.01

7 99.95

100.01

100,12

99,73

99,04

99,68

99,73

99,98

100.16

weight

in percent

apatite

1.13

To.a1

104

" 0.0%

—es]

0.

0.90

© 0.58

0.91

0.30

orthoclase

24.30

Ejllﬁﬁif

16,43

53,46

26.53

. jllﬁg%{

1 17.67

26.14

11.50

- 14.68

24.19

albite

20.86

nepheline

3.13

'1-32;41 
B ¢ I

32,641

-0

1 6.38

21,91

. 27.51

29,44

40.23

41.83

29,90

29,40

"0

. 0 . -

0.

0

0

o

o

a

éﬁorthite

17,09

20.26 -

024

S 270

- 28.09 |

20.13

12.19

7 23.05

21.50

6.72

corundum

ry

2,74

.0

_ 2:64°

3L

o | R

o

o

: ]fjl

0.18

0.52

ilmehite

2.38

1455,

- 1.90°

0:53

09

£.58

2;26

1.26

1.46

T 0.48

pagnétite

o.n

“f;?#?ﬁ?

“a.92.

'l”ﬁnjiu

0.87

551

4:10

1:40

2.26

.4.03

1.08

dlopstde

.19.32

:_Of'ﬁ

RT3

o

A o

2.5

1.7k

2.49

’0

0

0

hematite

G

:;b.ji}

1.84

. 0;; B

0

~ 5

0

0

0

 0.64

hybersthene"

"o

5.33

By

0.37

o

§.87

6.81

8,94

"~ 7.37

5.67

0. ?5

6li§iné

C.L.P.W. normative caleulations

7.86

0

ry

L N

0

0

0

0

-0

0

0

QOéiiz

0

is29

T

32,94

_f,éi:sﬁ:

11.91

16.43 |

’6.35

883

" 20.45

345.78

Tbﬁal

96.77

B 95}?5” R

T59.29

98,72

KNGS

T 99,35

98.77

99.24

97.37

98.76

98.91




3-6 Geological Structure (ref. Fig, 3-6)

The most charactetlstic structural-features observed in the survey
dlstrict are folds and faults in the pre—Tertxary sedimentary rocks.

- Occurrence of folded structure are more of less controllgd by lxtﬁofacies
ﬁf strata, However, generally speaking, folds are severe im the district, and
those of vétibus size$; largé and small scales, are often observgd. |

Among them; ﬁaﬂy overturned folds of large scale are the most character-
istic ones in the survey district.

Two systems of fauité such as strike faults of NH-SE system and Trans-
verse faults of NNE-SSW system are observed. These faults are large in scale,
but small in nusber.

As compared with thése rémarkable peologic stiuctures developed in the
pté-Téitiary #ediméﬁfaty foéké, 76 notable folds and faults ¢an be observed in
‘the ‘:l‘eftia'ry'system. The Tertiary intrusive f&cks, however, show the distribu-
tion treﬁding: in two directions and it is possible that it veflects the faults
" or the structure bf:thé basement . The details are as foiiows.

_[Fbid‘étfuctprel

Thé 15rgést oﬁé is a coﬁpie‘éf overfold anticline and syncline obséfved
in the north—central pért of the d1str1ct. The axis of the overfold anti-
c11n31 structure extends in’ the dlrectlon of NH SE from the northwestera pact
to the central patt, vhlch sllghtly turns 1ts trend to N-S toward the south
ftom there, show1ng the axlal plane dkpplng 40° to 70° southuestward. The
fold axls "extends toward the southeast passtng the westera side riot far from
the Apesco and Las Trandas v111ages ia the northuestern park of the district
'and Further runs southwatd through the Taxhal vxllage in the centtal park.
.The Las Trancas Format1on, the lowermost one in the dlstrxct, is dlstrlbuted
along the fold axis, and the ‘Cretaceous El Doctor Formatnon (Kdi) is arranged
“on both 31de of it, ia uhich an apparent monoclinal structure is shown be—

causé of westward dipplng of the axial plane."
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On the other hand, an ovérfoid'synclinal structure vhich forms a counter-—
part to the above anticline oécuts'0n the eastern side. The structure has its
synclinal axis in the area of distribution of the Mendez FoimatiOn, the ‘upper-
zbét’fdrmgtion arong the Cretaceous sedimentary rocks. The syﬁclinal axis,
which has a westward dipping axial plane, exteads southeastward from a point
about three k:lometers to the east noithéast of the Las Trancas village pass-—
1ng through ‘the v1c1nnt1es of the villages such as Pajeadi, Nicolas Flores,_
El Bocua and Tedta, and further runs toward the south, The eastérn side of
the:overfdid éyﬂcliﬁai‘sfruéture is ecut by a fault, and the Mendez Formation
is in fault contact ﬁith'tﬁé undétlying El Doctor Formation (Kdl merber).

In the wegtern'wiﬁgs,'Eormatiohé'afe upturned,

Ia the Hén&éz bematién which is distributed from Hezduite vitlage in
the aorthern paré of the district to the east of Las Piedras village in the
southwest, other overtutned'éyﬁélinal structure is'0b§érved. The synclinal
axis of the structure is in the direction of NW, and the axial plane inclines
 to3tHé sﬁuthwest vi£h a gentle angle from 20 to 40 degfees.,.fh the area, the
- structure ;hOwé tﬁqt the.Hgndéz Formation is Urappédlin the lower K3f and XKdl
¥ké§éts 6f'the:Ei-Doétot Formation, and Suggesting a possibility of the
existence of thrust faule,

Besnde these major fold structures, nuwerous fold structures are observ—
ed ln the dlstrlct. anely; a tepetltzon of anticline and syncline with the
fOldlng ax1s of hR—SE syStem is observed from the southwest of the Las Trancas
V111age to the no:theast of the CUadaIupe v1llage. A part of the fold con-
tlnues to a po1nt about two kllometets to the west of the Bonanza village,
where the fold axis 1s_curved in the direction of NNH—SSE, which makes the
gédlogiCISttuctﬁre of tﬁé”éurfoanding aréa mbre'combiicated

“On the north-northwest of the Santuarlo village, the overfold structure
.having the ‘axis of NNH~SSE system and the syncllnal structure on the vestern_
'suie, make the dxstnbuuon of the El Doctor l‘-‘ormation to stretch out toward

. the southwest.
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A small-scale repetition of anticline and syncline having the axis of
NU-SE system is observed in the Mendez Formation on the southwestern side of
the Itatlaxco village ia the nbrtheastern part of the surveyed district,

.In respect with other minor fo1d structures, abundant steeply-dipping
'intrafoliél fold# c¢an be observed in the Las Trancas Formation {Jts), the
Black Flint Beariug Mediun-Bedded Limestone Mewber (KdE) and the Mendez Forma-
tion. Ina the}{assive.himestone Hember (¥dl) distributed in the northem part
of the area, however, only the gentle anticlinal and synclinal structures
‘showing the dip of strata of ‘about 20° are obsexved.

Thus the difféféﬂéé of fdid structure due t§ rock facies and rock types
seess to represeht'that'of'cbmﬁetency againgt the teéectonic moveoent of each
stratﬁm,'and espeécially thé incompetent pelitie bed more tends to show a re-

markable fold structure,

The axis of fold structutés @éntibned above have the trend of NW-SE
-systeﬁ in the northernmost part of tﬁe'su;veyed district, while on the southera

éidg of a liné‘jdining the Cuadalupe village and the Nicolas Flores village,
the fold axis teads to tura its direction to NNH-SSE and further to N-S.

[Fault'#;ruﬁtute]

Two systems of faults such as ;ﬁose of NH-SE system and those of NNE-SSW
syé:ém oSlique to the foiéer are found in the sutveyed area, ihefg are two
Eaﬁits_belonging_to the NH-SE system. The ofe is that which divides the
ﬁaékiﬁe Liﬁéétoné Hember (K&l) E?OE the Mendez Formation. 1t is a large-

_.sééié one to extend to the outside of the surveyed area, and is estimated to
ﬁaﬁe'é great thow. The‘gtﬁer_iS"fhat of NY-SE system which runs oﬁ the north-
east of thé'Lasléieﬂfas Qillégé, cutting the notihéas?ern extension of the
Black Flint Bearing Medium Bedded Linestone Meaber (kdf).

Two faults Belﬁng‘to SNB—SSR system. The one extends from the east of the
Dutango vnllage in the rorthernmost part of the surveyed district south—

southwestuard to the Las Trancas village, and the. other extends touard the
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south-southwest from the Las Piedias village, Both of these are the trans-
fetse favle cuttiag the pte-Tefﬁiafy sedimentary vocks, The faults of.N-S
system are found as s@all favlts stemmed from the fawlts of NNE-SSW system ia
the_vicinity of the Dos de El Aguila eine and on the sou;h of it.

[Arrangement of Tertlary 1ntrusxve rocks)

Intruded positions of the Tertxary DlorLte (Tldl), Diorite porphyry
(TidP) and perthite gfanite (Tigd) are roughly lined on the two dlreCtlons;
nacely, NNE-SSW and ﬂR—SE,. Concretely speaking a line of NNB~SSH-aifeciioﬂ
is traceable from the southeast of Agua Fria Chi¢a village in the north of
the survey district then, to the vicinities of.thé Encarmacion and El Zapote
‘mines, small vock bodies 1n the north-northwest of Taxh31 vlllage, hWE of
Bonanza VLllagé and Lo the vicinity of the Pechuga mine, These 1ntr051ves ‘of
stockform, 15rge and sméil, ére straight*linéd'in the ditectlon of NNE-SSH,
Another line is in the .;l‘ire'ctioﬁ_d NW-SE, and is also tracéable from the
§iéinity of Colorado filiage in the notthvést of the survey district, passing
'through the El Zapote mine, northeast of Nxcolas Flores village and to the
northeastern patt of El Bocua v1llage in the direction of southeast. These
two llnes rougbly coxnc1de with the trends of faults in the’ dlstrnct and are

considered to reflect the geological structure of the basemental rocks which

exist below.

37 3'&olog‘ica'f n.‘gzory |

The Survey dlsttlct is located at the southern end of the Mexican

. miogeosyncline which started to form from the late Jurassie perlod in ?elatlo1
to fhe Revadan'orpgenj of the westera part of American Continent. In the

. district, the ma%ine gédiments belbhging'ftom'the-Tithoﬁian stage of the
uppe?&bSt,deéséi;lto‘tampéhian stage of'the:ﬁppei Cretacedus, are predosi-
‘nated. Thésé-straté had ﬁéen dépo#itediiﬁ péfailel'with the development of

geosyncliné above mehtionéd.
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' The lowermost strata distributed fa the area is the Las Trancas Porma-
tion, which is corrélated to Tithonian of the uppermost Jurassic to Campanian
of the Upper Cretaceous.

The formation is'chiéfly.compbked‘of alternations of homogeneous phyl-

litic shale and sandy shale, however, thin layers of andesitic tuff, tufface-
. ous sandstone and tuffacedus conglomerate are oftén interéalated; Conseguent—
‘ly thesE'lithoibgic features indicate that the sedimehtéry environment at

that time was in shallow sea,. répeating small-scaled volcani¢ activity, trans—
gression and regréssion. Since the distribution of mariae strata which belong
to éhe age [¥om Aptiaﬁ to éarly Albian is not obsefvéd, the diétfict'is thought
té havejbeeﬁ in repressional environment duting théé periéd.. After tﬁét,
transgression bégaﬂ'from middle Aptian, and the sedimentation of marine deposit
 ptédoﬁin5ted until late Turénian.

In the nofthetn_tq the ﬁortheéstefn part of the area, the El Poctor
FbrmaE{On which i§ éotfelated to the middle Albian to the upper Turonian con-
sisfszof the Kdl Mexmber of thiék—bedded licestone, whereas, in the north-

western to 'the céntral part, the formation consists of the Kdf Mesber composed
of medium-bedded limestone often intercalated characteristically with thin
iafef§ of biéck fiint and calcétébué sﬁa]e, and both of fhem are in the
relétioﬁ_ot cdntempotéheous heterotépic_facies. Therefore, it seems that
there uéé a notable 8§ffetence of sedimentdty enQiroﬂmeﬁt between the
northein to the ndrfheaéterh'part zad the northwestern to the ceatral part.
 Taﬁihg the trend of the distfibution of the underlying formation and
the exfenﬁ'of.distfibﬁfion into account, it is considered that the differ-
énce waézféraea under.the ébntrol'bf situétute'of the basement at that tive,

Thea Tbildwed'the 6ép69ifi6n'of the:Hénéez Formation which is cérrelated
to the upper Turonian tozihé Capﬁanian.

Aécording as th§ $édimeﬁtary basin was filled up with the sediments,

frequency of transgression and regression increased and ‘abundant terrestrial
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clastics were supplied, having resulted in to be predomninant with pelitie and
arenaceoﬁs deposits. Therefdre;'the telation betwéen the formation and the
El Doctor Formation is partly conformable and partly unconformable.

The Laramide ofogeny wvhich took place froﬁ late Cretaceous to earlj
Eocene of Tertiary caused an intense compressive force to the sediments in the
gedsyncline of the area to be folded and to be uprised above the sea level.
The folded Structuces observed in the pelitic strata of the Las Trancas
Pormation, Xdf Mémber of the El Doctor Formation and the.ﬁendez Pormation, are
‘ thought te have béen dévélbpéd by the compressive force went through thosé
strata:agaiﬁét the Kdl Member of the El Doctor FoimatiOn as a fixed wall.

After the end of the Laramide orogeny, the lgneous activity of the dis-
tflct initiated Hlth the 1ntru31on Oi Diorites, Dlorlte porphyrlses and
Petthlte granites, and éhese vere arranged in the dlréétlons of NW-SE system
aad NNE-SS¥ system cbﬁtfbiled by the structure of basesmeat.

Pyrometasomatic¢ — hyéfothermal arée dépoSits in the district have been
: developed under the iatimate relatnon to the xntruszon oi ‘those igneous rocks.
VAge of intrusion ‘of the Dioritic rocks is in between 40,5 £ 1.4 Ma and 50.9

2.5 Ma and is EBocene, Tertiary in age.

.in'a petiéd between léte Focene and early Oiigocene, conglomerate bed of - -
. the Bl Horro Fbrmatlon has been locally dep051ted utth an unconformaty upon
the Cretaceous sttata below. From thls period, Lgneous activities in the
' dLStrlct were gradually gettnng brisk and the altered andest1c rocks (Tan 1)
1n the east of the dlstrlct Vere erupted in late Eoceae, After that, igneous
act1v1t1es tepresented by the basalt, andesite, rhyorite and dac1te took place.
- The tlme of these 1gneous actlvxty shown by the result of X-Ax datlng is 31.1
.i 1 6 Ha to 26,521, 3 Ma, showlng_a characteristic that these are wos5tly con-
qéntfatéd té’Oligpcene. The iﬁpoitaﬁﬁ oné among these is the acti§ity'6f
_rhydiitiézrﬁéksrfffhy;é) ﬁhiéh‘éonstitute'the San Clemente mountain mass, In

association with this activity, the mineralization of gold, silver, copper,
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lead and zine is observed, which is one of the principal themes of the survey.
From the énd of Tertiary to Quaternary, jnland lake deposits in the struée-

toral basin at the south of survey district were deposited.
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CHAPTER 4 ORE DEPOSIT

4;1 Qutline of Mmeralized Zone
From the v;ew of mctallogenic province, the survey district belongs to

thé'Sierfa.Here Oriental province and the Y0unger Volcani¢ province.

The mineralized zone in the $ierra Madre Oriental prdvince.is related
intimately té'the'Tettiary inttusivé rocks of dioxitic nature and occur in the
Cretacesus sedlmgnta:y rocks.

As mlnerallzed zone belonging to the Younger Vblcanié provnnce, gold orxe
deposits in rhyolitic rocks in the southern ceater of the distriet are kaown.
The 6fé=6epésits and showings in the survey district ave grouped in

several minéféiized 2pnes és fqiléws owing to theit geographical position,

kind of host rock, kiad of miin ore minerals (ref. Fig. 4=1, Table 4-1).
Hinetélize&'zohe.observed in this district are diQided into.fbllowiﬁg

three types by their metallogenic¢ natures: |

(1) Contact petasomatic type Fe- Cu—(Pb Zn—Angu) (represeated by EL TEJOCOIE,

| _.ENCARNACI(‘)N,' EL ZAPOTE, nos DE EL AGUILA, LA LUZ and ZIMAPAN mineralized
" zones) which 6r§gina£eé in contact zone between diovite stocks and
calcareous rocks in the aorthern part.of the dlStflCt;

(2) Hydrothermal type Pb- Ag—(Zn -Au-Cu) (as represented by PECHUGA PROVIDE&—
CIA aad EL TLJOCOTE mlnerallzed zones) that occurs in the form of irre-
gular massnve—manto vein in calcareous rocks near the diorite porphyry
_(T;dp) and dlornte (11d1)

(3)-”H)drothcrmal type guld deposit (as represented by the SAN SEVERIAhO aine

; in the SAH CLEHERTE) as obsetved in the compact rhyolite whlch foraxs the
VSan Clevente mountain mass ‘in the southern part of the dlstrlct.
: Ore de9051ts of the type (N take various shapes such as vein, hlrncy,
naniog pocket and lens.- The are minerals obsérved in the zone are mainly o[

mapactite, pyrite, chalcdpyrnte, pyrrhotite, sphalerite and galena as primacy
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ninerals and hematite,'goéthite; malachite and various oxides as séCondaty
minevals, As gangﬁe minerals, garaet, wollastonite, epidote and calcite ave
ggnerélly.iﬁcluaéd.

Ore'depésits of the type (2) ave vainiy compbséd of oxides ore such as
goethite, hemétité, limbnite and javosite. But under the microscope, cerussite
and smithsonite are 6Eten bbéetved.

The gold mineralization in the compact rhyolite 6f the type (3) is
thought to be of irregular network to dissemination of eleétrum and sulfosalts
grains aSSOQiated with no vemarkable hydvothermal N alteration such as silici-
fication, cérbbhifiiétidﬂ, étc;. in’ {-:he.éciun'tty'rOck-.

42 EL TEJOCOTE Mineralized Zone (Ref. Fig. 4-2, Tadle 4-2)

EL, TEJOCOTE Avea is 1n the northeastern neighbourhood of Enacainacian
_Villége situated in ‘the‘.nouhém patt of the préoject di“suic't. Geology of -
ihe EL TEJOCOTE area including the thle'ueigthfhood of Encarnacién is
éhatactétizéd.ﬁj the prédémi;ant distribution of the thick-bedded to massive
1im§st6n¢ (¥di Héﬁbér)'éf tﬁé 21 Doctor Formation, and quartz diorite intrud-
ed iﬁtd:linéstone in the form of-StOCR in various sizes,

The ofe deposits scatfered_iﬁ'this areéa afe_généfally divided into two
types such as ébppéi'éﬁd itbﬁ_d?e'dePOSit‘of contact metasomatic type emplac-
ed in thé Ekain ionéqﬁetégén?liﬁéétone and quartz diorite, and silver, lead
éné'iiﬂé dépdéii 6f'hYdf6thérmal type émplaced in limestone in the outer
su'frounding part of th.e former.,

'Tﬁe cqﬁtaét métasomatié;ﬂepésit represeated by such ore deposits as Las
" Delicias, saﬁib,nomingo, “El Cambio and Piedra Iman, is furthermore divided
iﬁto‘thféé:tyﬁéé; Ehat is, (1)'thé irregular ﬁassive to ienticular_and vein
typeélcOnsisﬁiﬂg:mainly of'ﬂégdétite accémpanied by some amounts of ivon sul-
fide an&rchaicob&ritejeﬁpiaced in garnei—epidbte (rafelylwpiiéétOnité) skarn,
(2) t‘l‘n_é‘lér‘i‘tic'ulat‘ type with dissemination of m;gﬁeti'te, pyrrhotite, pyrite

‘and'chélcoﬁyfifé'iﬁ skara zone, and (3) the type which contains galena and
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Table 4-2  Mines, Prospects and Orée Showings in the EL TEJOCOTE Area
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Table 4-3 Metal Contents of Ore Samples from the £EL TEJOCOTE Area
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sphalefite in addition to those of the former type. These deposits ave
subjeciéd to éxidation'On'the suiface, The size of skarn varies from several
meters td.aboﬁt QO}méters in width, and the extension reaches up to several
hundred meters,

These skarn Zones are intermitteatly arraiged along the contact betveen
intrusive rock and limegtbﬁea Therefore, the size of mineralized zone emplac-
ed in the skarn is about 15 métérs width in maximum and up to several tens
metefé.iﬁ eiteﬂsién.

In teres the grade of 6re, those of whlch composed mainly of magnetite
show ivon content of 44 to 66 percent of total irén, and iron sulfide dis-
semination-type skarn ot thése composed of lironite, jarosite and malachite,
shb;vt the values Such as Cu 1 - 2%, Auv 0.2 - 0.3 g/t and Ag 20 - 30 g/t con-
ta{ning subordinate amount of lead‘And zinc.

As an uﬁusﬁél example (ﬁuevo Encino Prieto mine), such values were shown
as Au 76'.? glrtr, Ag 130 g:ft, fs:é.ﬁl, énd Zn 5.,78%1. Beside these, thére found
the ore rich in zin¢ as the result of secondary enrichment._

On the other hand, the hydrothermal type deposits have been emplaced im
limestone at a distancé fvom the 1ntru$1ve rocks, being mainly distributed in
© the Suffounding aréa of.Piomoéas; to the southeast of Pena Blanca and to the
:west—nOIthwest of Facarnacidn., These show the shapes such as irregular veins

or gently dlpplng mantos havlng fllled the fissures and cav1txes in limestone.
The veins aré accompanled by weak to underate 5111c1f1cat1on in the hangiag
and foot walls, hav1ng the thickness of one to three meters and lateral exten-
sion of about 15 meters. Slnce the deposxt has been completely oxidized, ore
mlnerals cons1st malnly of liconite and Jarosnte and sometimes are accompaaled
by small amount ‘of malachlte and magnetlte. The ore grades'ate generally
Ag 20 - 65 glt. Pb nX, Zn A-n X 101 and Cu 0 nl. |

Fig. 4-2, Table -2, 4-3 show the outllne of each ore deposit in this

area.
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The results of geological, geoPhy51cal surveys and geéochemical porspect-
ing of the prOJect reveal that ore deposits observed in this area, are rathet
small on a scale and also not so high grade.

Takidg the ¥esults of the expldration works inte consideration, this area

cannot be ranked as a promising area,

4-3' EL ZAPOTE Mineralized Zone

The EL 2APOTE Afeé is located to thé south of the EL TETOCOTE area in
the novthern pact of the project district (Fig. 4-3).

The villages of Puerto de Vigas and San Jose del Ore are situated in the
ﬁétth#éStetﬁ part of the area, Las Milpas in central-northéra end, Ytatlaxo
and Santo Domings near the northeastern corner, Las Piedras in the north-

' central part, Pajeadi in the southérn end. Nicolas Flores is located to the
southeast of the area.

The major ore debosité, observéﬂ in this mining area, are réspresented
by the contact métasomatic type, mainly productive of iron and copper associ-
ated wifh-leéd, zinc, gold and silver in minor, and occur near the boundaxry
of sédiaenfafy and dioritic iatrusive récks. The skarnized zones, 30 to !50.
meters wide, are well-develéped in the periﬁhéry'of the diovitic i@trusive
rock in the ceatral miﬁiﬁg area, Some roof-pemndants of skarnized sedicentary
rdck; pfabably Originated from the Mendaz Formation, are observed in the
ceﬁifal pétt of'the intrusive mass, B@tﬁ the E1 Doctor and the Mendez Forma-~
" tions are skarnlzed and they show preferably stronger skarnization in more
muddy parts (F1g. 4 ﬁ)

Falrly wider ‘skarn zones are well developed in the 5fea, where the Black
Flinthea;iﬁg Medium-Bedded Limestone Member of thé Bi Poctor Pormation and
‘the Hendeé'Pbrmation are vidéiy obéetved._ Some skarn zones, considered to be
orlglnated fiom dlor1t1c rock are rarely observed along the road, eastwards
'irom the Trlnldad mine, where a lot of velics of dioritic rock texture, that °

is, pebbles léss tham 10 centimeters in diameter or breceia are observéed in

- 30 -



\“ =’ ‘\\ ;‘\\-’/"/- ‘\\
F \“ :

( [ {
i ll\\

\\\ \\\ E ,= \.‘ l.\“ ‘>

\‘s.. ‘i " ‘-f' | FOUTE 38

N/ 4/
N 4 S
PR VAR TS
] ;s

Kis,

€ fLcEia,
A

2 (@) ENCARNACION

&ciavienn ﬁ

F|g4 3 Locm|on Map of Metol Mmes in 1he Encarnocwn— El Z'dpofé Area

AN \EEEEER

LEGEND

. TeFory edes™e kv
Tectorf efrevst moct
G xans tanr- e el T ety e
Cra‘acens s*2™e
Lrevcens = kois'ort
Sxzen
Fert
Vs
ey
Urgtaad =08
TecA

Ceorege

Ercornita mine
ety

St Dcrpy
Sareess)

€l Comkia

Azsta Fops

L Coe2a el Teca
Soia P

QENPNIN -

[ 1]
1]
2

Cu'cts Nooh s
S Frendsze
Soeecra

Rgel

Lol Yep

€1 Zo;-ah oite

13
W
5
w
LS
-3
9
20
23

e Trin 223
Corexd s

Sorta Eeiore
Caccen

Sia A=f fer Ou
Los Ga™c

1grcca Torrpena
Noretersd

£1 Coree



LEGEND

N
[ 7]
B3
-

=4 7w

&y Frmcoe L ewTItoR of pold 6 Sfra
Func-axl Fut- Fu-cet Lrotow, el

Siawred m
i Lo e N £ all
: 1
Cucr Func
€1 o P siven moae KLresfve
: ;-ujsd -

A peaeed e

=

e =
F i

505

S £

S\

AN

e

" sketch. of ihe "EL ZAPOTE Mining Aréo

Geological

Fig. 4-4



garnet skarn at the boundary of the dieritic intrusive rock and massive
‘limestone bed.

Ore body is formed in skavn zone and is concentrated by magnetite,
chalcopyrite and boraite in aﬁ frregular or lent{cular form. 1t §s small in
scale in genérél. The general dimensions of an ore body in the-Cotcus, Santa
Eleanora and Trinidad mines, where the ore bodies have been fatrly scrutiniz-
ed, is estimated té bé 5 to 10 ecters thiék and some 100 meters tong on strike |
and 70 to 130 meters long on Jip.

Type of the ore is classified in two groups; one is dominated by mapne-
tite, associated with dis'se::ainations of chalcopyrite and other é'ulfiqie miner-
ais; the other is aleoost composed of sulfide minérals, The Former has been
more productive miinly in thé area and the latter has beén cbproductive‘in
thé'lgﬁééio Zavagoza, Saﬁ Jose del Oro, Trinidad and Los Callos mines. :The
ores are 6#idized by weathering near the ground surface.

Primary ore minefélé ;té composed of maénetite, pyrrhotite, pyrite,
chalcopyrite, Boiﬁité,'sphaierité,'and native'goid;.etc. Secdndary sulfide
minerals are coieiiiig éﬁd'chalcocite. Oxidizéd minerals afe composed of
heﬁétite, goethite, hisingerite-like mineral, malachité, chrysocolia and
azurite, éfé@. -

Results of cﬁémiééi aﬁ&iyées of ore samples in tﬁis mineralized zone
‘range in the grade (f)f 0.02 - 43.4 glt. of Au,.O..O:Z - 313.9 gft of Ag, 0_.-.26 .
23.7% of Cu, 6.00 - 3.18% 6’_{ Pb and 0.04 - 5,201 of Zn.

 Some sémples‘EtOE tﬁe San Jose del Oro and Los Callos mines éohtéiﬁ
ébuﬁdéﬁt gold, fangiﬁéfftomfl3.3 to 43.4 glt. Some sémplés from the.lgnaéio
Zatagpsé,ffrinidéd'aﬁd Los €allés contain séme amount of silver, raﬁgiég from
167 to 313 glt. iﬁe'avétagé céppet.gréde of common copper ore, produced in
the aréa, ig_cOnsi&éiéd”tO’range froa'l;s to 8.6 perceat cﬁppéi atnng some
fluctuations of figufes'iﬁ Ehé table, 1t sﬁows generélly low grades in lead

_aﬁd'éiné. The avérage grades of the ore, mainly composed of magnetite aad
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produced in the mining area, are estimated to range 55 to 60 perceant total
iron-and 1.5 to 8.6 percent copper. -

Central part of the EL ZAPOTE Mining area is explored in detail by
privﬁté companiés and also there are éctive mines such as Santa Eleanora,
Corcus, Triﬁidad and Ignacio Zaragoza,

But, in the northern half of the area, e#peéially to the west of the San
JoSe_dél Ofo; it is presumed that lateat skarn zone emplaces in the massive
limestoné b} the QQOChémical Ap anomalies,

Furthércbfé, a similar occurrence of dioritic intrusive vock to that of
in the EL ZAPOTE wining area,'ls observed l kllOzgter northeastwards from Las
Pxedrasf A skarn Zone, some 80 meters Hlde, 'is obsérved in the pet;phery of
the_didtite. They are situatéd under the sigilar geologicat conditions to
Ehat'of ian the EL ZAPOTE ﬁining area, Future exploration programs to investi-
gate any botéﬁtials'df metal concehtratién in the environs of Las Piedras and

San Jose del Ore,'Shéﬁld be récomménded.

4-4 DOS DE EL AGUILA Hineralized Zone (Ref. Fig. 4-5)
.The zone is situated in the valléy of Barranca de Los Sdréoles to the
west of incérhééién village.
Thg Haséivé.Limestone Hémﬁér'(kdl), intrude& by dioritic small bodies,
~is ébsﬁpve& in the mine area. Fbﬁf bodies of the diorite are known in the
wine a;éa. The intrusive bodies are rather small in scale, some 300 meters
1053 and some 60 meters ﬁide. They are medium—gréine&, holocrystalline and
patfly pdtpﬁyfitic.éuing to.euhedral plagioclase and quartz. A large amount
of blotlte and small amounts of horablende and pyroxene are obsetved Host
; of plagnoclase phenocrysts are argtlltzed and aitered cloudy by weathering.
Chloritlzatmn and epldotlzatlon are also obse:ved at the contact to the lime-

stone beds.
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Pyrometasomaiic ore deposité are observed in the area at the contacts of
the limestone beds and dioritic intrusive rocks. Reddish-brown oxide ores by
weathering are generally observed on ground surface, It is; however, con-
.sidered'thaf the ores ave primafiiy composed mainly of disseminated magnetite,
épetularité {primary hgmétité)s Baiéﬁa, sphalerite, chalcopyrite and pyrite,
associated with.géﬁgué @ideréls, ma{nly'garnet. Privary ofe Einefals'are only
discernible uader the'miér63cope in most cases. The major mineralized skarn
zone in the adjoining area of the Dos de El aguila and the.Esmeralda pines is
kéil~develop¢d on ﬁo;h sides of the dioritic intrusive body. The skarn zoﬁe
is:consideted télbe”iﬁ EO'AO:méteté wide, géme_iﬁﬂ teters loag in the eastern
side and 15 to 25 meters wide, some 200 reters lﬁng in' the westera side, re—
spectively. | |

The ofes-éfe éféperly oxidized by veathetihg. Chemical analyses of the
ore samples shou 0 02 to 2. 7 elt gpld 4 to 140 gft silver, 0.00n to 14.492
coppet, 0. 004 to l 591 lead and 0. 093 to 1.62% zinc. Not so many results of
high— grade sho¢1ng were obtalned that only sowe samples showed 126 to 140 gft
silver and 14.&91 copper. A well-hematized sample shows 27.6% total iron.

Piiéafy hematite (Spéculafité),'galena; pyrité and chalcopyrite are
0béef§éd véfy raréely and otherwise heéatife, maghemite; goethite, jarosite,

_ cetuSéi@e'aﬁd'ﬁé;écﬁife‘afe mostly observed as secondary minerals,

The ﬁiﬂerélizé&-iénés-iﬁ thé‘amplification of the Esmg}alda mine are
“observed néear the bottom of stream. They oééﬁr on both side, east and west
of the dnorltlc intrusive rock 50 meters wide in maxisum and some 100 meters

long.' The eastern zone OCCurs as a'blacklsh-browﬁ to reddish-brown, vesiculax
ox1dlzed ore body, heunnng round the dlorlte jatrusive rock of irrepular
:téngue—likerfotm. It is observed in an open plt 50 meters long and 15 metexs
?high._:The wesStern zone is observed as a hematlttzed.magnetlte ore body,
',_ﬁhicﬁ is 3 - 7 meters wide, some 30-metefs.iong, 10 ¢éters high, N10°K-striking

and 80° té Q0°NW-dipping. It contacts itself to the limestone beds, Ore
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samples for assaying were collected from both of eastern and western zones.
It 15 Iateresting that a medium—;anked geochenical anomaly of lead has
..beén revealed by strean-sedimeats in the northeastern end of the area, It is
possibly conjectuted that é'blind ore mineralization of the Dos de El Agutla-
Esmeralda minesétype'dr Cobrecito prospect-type may be expectable in the
vicinity of the geochemlcal anomaly. Occutreénces of dioritic iﬁtrusive Yocks,
similar Lype to that of the Dos de El Aguila and Esmeéralda mines environ, are
observed in mountainous part in the southwestern neighborhood of the area.
They are considered to be generically related to the mineralizations of the
La Luz, San Antonio and Bonaza mines. Some possibilities of new occurrences
6f'ﬁinefaliz§tidn§ may.bé ékféttéd. I is likely proposed that the futther—
detailed investigation should be carried out in the southern area of the Luz
° mine, where dioritic intrusive rocks are observed, to exaniné the source of
:the geochenical leéd'énbgéiy and possibilities of new mineralizations other

_than that alréady kaown,



CHAPYER 5 MINERALIZEO ZONE OF THE SAN CLEMENTE AREA

5-1 Gerieral Remarks

The gpldQSiIVet mineralized zone is comporised in an extent 300 n §in N-S
by 600 m in ﬁ-H at the western ceatral part of the San Clemente potash rhyo-
1ife mountain ma§§ (vef. Fig. 5-1, 5=2).

“The SAN SEVERIANOIminé which composed of two open cuts and many small
pits and prospects, is located in the eastera part of the mineralized zone.
Iu those days of the first phase survey, the mine was under mlnlng operation
by hand and pxck on a small scale, and oré from the open culs was being stored
in plast1c bags at mide 51te after crushing by a small jaw crusher. ﬁfter
that, mining operation had never been obsérved uatil October, 1981, Then, E}
' Cons$ejd de kécursos Minerales staked oui a mining concession as national xe-
serve in this aréa on November, 1931.

The suxvey VOrks for Fbur years con51st of geological and ggochemlcal
(rock sample) sutveys of the second phase to the all San Cleﬁente mountaln
mass (2.5 km x S km), géélagical and gedchemical (rock sample) surveys of the

.tﬁitd’phaSéftp"thé three geochemically andmaléﬁs zone ﬂetected in the previous
.ﬁhése;'aﬁd geolﬁéicél—gébchémiéal surveys by trenching and channel sampling
and dlamond drllllngs of the’ final phase t6 the western mlneralxzed zone which
seeced [ he most proaising within the geochealcally anomalous.zone‘

"On the basis of the results of geologlcal—geochemlcal surveys and
.laboratory examlnatxons such as c¢hemical analyses- mlcroscopy EPMA aualyses
and X~ Ray dl[fractometry, scale, gtade and dlsttlbutlon of the mineralized
zéné:ére dgleneatgd, “and alsq methods and area for next step éxploration ére
#ynthétiééilf'gtuﬂied. Outiiﬁe of tﬁe results are described in following

‘clause,
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5-2 Disteibution (Ref. Fig. 7-1)-

Within the geéochemically anomalous zones, somé portions are subdivided
into the minéréliied'poffioﬂs"ﬁhich contain Au 1 gram per ton andfor Higher
than it ia évérage'value. Extents and average grades of those are as follows:

Table 5-1 Extents and Average Au and Ag Contents of the
Hineralized Portions '

Location Scale - 33',1e Contents Remarks
i _{gft)
) S Au Ag )
SAN SEVERIANO '
Hi:lﬁr":g Zone
Open pit-A| 10m x 40m| & ] 1.95] 2.32] channel sanple (Ro.2Wo.5)
A-tuaiel | S = 2 | 1.43 4,40 ) chip sample (No. 6, 7)
{open pit-B| 30m x 40| 10 1.31|  2.41| channel sample (No.10Wo.19)
B-tunael s5m | 2 4.05{ 2.45| chip sample (No. 20, 21)
Central Zone
c-1 ;unnéi 0.5 B 18.6 | 728.2 chip sample (No. 24)
¢-2 pits | 20m x 0m| 4 1.02| 5.75| chip sample (No. 31~ 34)
Hestefﬁ'ZGne '
; oL . _ O . 'chanﬁel_sémple (No.43,44%,
B 17 10m x 20m 5 0.90 0.32 48,49,50)
_ N . S _ éhannél sample
K-2 15a x100m 11 1.18 0.85] B 45,46,47, 1 36441
- . - R’ 35,36
. ' _ N ‘ - _ .. | channel samplé C797 81,
W3 rzmxsoal s | orsol 0.z} SN0
w-4 ' 155 x? 3 2,591 0.13] chaanel sample F 44746

In these mineralized portions, (1) ¥-1 to ¥-4 belonging to the Western
zone and {(2) the other 6f.the:Ceﬁttal and the San Severiano Mining Zone were
dotected uith chanhel-sampling of the final phase for the former and with

‘éhip;Sam9ting of the second and the third phases for the latter respectively.
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Accordingly, it is considered that average values of ¥-1 to ¥-4 portions are
more reliable than those of the other.

Taking a wide view of the distribution, it can be said that gold mineral-
ized #oitiéns are intermittently arranged from survoundings of the San Severi-
an0 miné €6 the west about 600 @ in length.

E#cepting the Westeri zone, ﬁhefe {s need to clarify in detail geochewi-
cal behaviour of Au and Ag‘in the Central and tﬁe San Severiano zones by

channel-sarpling method as same as of the final phase.

'5-3 kode of ccurrence of Main Ore Hineral
The gold m1ner3112at10n of this area OCCUIS in weakly argillized zones,
aIOng some conjugate ]01nt systems and rathet [resh parts of the compact

thyollte showlng a mode of irregular network to dissemination of fide electrum

and sulfosalts grains wlth ao temarkable hydrothermal alteratlon such as
quartz vein, 5111c1f1cat10n and carbonatization etc. which are cormonly
asséciated with ordinary gold deposits.

 Because 6f abseﬁce of charactéfiStic indications for prospecting and
miniﬁg'SQch‘as'ﬁuéttz &éiﬁ or silicified zone, it is very difficult to observe
the gbid:gféin in tﬁe fiéiﬂ.&irectly.

As the resﬁit'bf:bbsefvétion of a nusber of samples containing gold
'gréiﬁé to be obséivéd uith'tﬁe aid of leﬁs'téken from the float ore scattered
ia the v1c1h1ty of old plts and the pouder samples reaalned after chemical
analy31s, the occurrence of gold ore can be classa[ned as follows,

i) Bematlte fiim type
| Gold is obsewed as uregular to potato hke graias (0.05 ma - 0.2 oa
actdss) oh’btown to chocolate-colored hematite film along tiny joinat
- ¢rack or fine netuork fissufes. Sometimes microcrystals of quattz are
rbbﬁervéd on hemétxte fllm. In mést ¢ases, no crystal plane can be

observed On the 5urface of gold grain.
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Clay-hematite network type

It is the gold grain (about 0.05 pxd across) which can be observed in
clay of hematite network veins actdmpanied by gfeenish grey clay

(montworillonite and kaoline) cutting the fractured part of rhyolite,

The gold grains of typeé (i) and (ii) show a golden color, which can

-obviously be discriminated with the aid of lens. These are abundantly

observed at the'pits'Of A and B of the San Severiano mine,
Quéﬁtitative analysis of thesé'gbld'gfains'by EPMA révealed the cOc}
position to be of atomic rate of 65% = 67% in gold and 35% - 332 in
silver, showing that they ave electrum closée to native gpid'(fef.
Fig. 5-3).

Dissemination type

The gold and silver mineralized zone confirmed newly fn the third phase

at the position to corréspond to the western end of the rhyolite bedy

about 500 metérs to the west of the San Severiano mine, is of the

' higheSt gradé and of the largest scale in this area. This portion was

_ named as Hestern Zone.

In order to 1nvestlgate the occurrence of ggld sluicing was conducted
on a smali amount of powder sample obtalned from the remains of the

sample used for chemlcal analysis which showed the highest grade in the

fmineraltiéd zOﬁe (No. cr-175, 17.0 glt Au, 870 g[t Ag). As the result,

a conslderable anount of partlcles (0.05 = - 0.2 m across) of heavy
minerals of dark snlver grey u;th metalllc luster having irregulariy

granular to potato-like shape, was obtained,

.‘.38_



As the results of E?Mﬁ'examination, those of heavy mineral grains were
determined as the complex sulfésalts which consist of silver, copper, tel-
lurivm, antimony and lead as main components, and bismuth, seléﬁium, arsenic,
nickel, irén abd sulfur including gold as accessories (ref. Fig. 5-4, 5-5).

A; and ardund tﬁe sample position, no remarkable joint system, hydro-
thermal altévation nor old prbspeéts are confirmed. The vesules of qualitative
analﬁsis by FPMA is as following table,

Iable 5-2 Qualitative Analysis of Complex Su]fosalts
Mineral by EPVA

clolslpelnilculzn]|as| se|ag]se|velrn]si]au}others
mype alalaflolajalslals]sqsts]slela)x] x
type s{a|aflalalo| s x|o|als|s]s]s o {2 x
Type ClA| A Al 2]l ol $]| xjo] ] $ $ f $|o| A x
$ : abundant "0 : Comon A : rare x : not detected

7 i difficult to identify
Beamzspbt:siZe : approx. B0 umd
The ratio of silver to gold in average contenfs in each wmineralized
portions shows remarkable diffefencé each other as seen in the Table 5-1.
For example, oﬁe éagple from the C-1 tunnel of the Central Zone has a fatio
.of.fiftyhto one s éﬁ'éxéeption, but those of the Western Zone and the San
_ Severlano Hlnnng Zone are of one té two and also one to two or three
xespectlvely.- This diffevence seems to be attributed to the [act that the
principat oté'mxhgral )n the mlnerallzed zone is of electrum which is close
to native gold, and éﬂlfosalts.mihetals'are of accessories, wheréas the sample
..df_ihe c-1 tunnel contains mainly the sulfosalts minerals éhowing directly a
carked difference. | |
In the maay portic‘{ns of drilling core samples of HiN-1 and HIM-2 in the
final phase survey, base wetal mineralization such as copper, lead and zinc

is clearly observed vxthtn the tuffaceous conglomerate fdrmat10n laln undex
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