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GEOLOGY OF THE MANGANESE DEPOSITS OF CUBA 

By FR.\N l( 1 :ro~ and J on. ~ . 'l'lU zEr 

ABS'l'RACT 

Der sit f mangane e ore ha1·e b o found in fh of th .·ix prol'incP. of 'ubn 
and have b en reporl d from the ixth. Only Oriente and Pinar del Rio province 
have more than a f w known depo its and only the depo it of Oriente have 
yielded any appreciable amount of ore. 

Depo its of I rovincia de Pillar del Rio ar in four di trict , near Bah fa Honda, 
Gramale , Mendoza, and an Vi ente and La Palma; they are bedd c1 depo its 
in edimentary ro l; ·of Jura i or rctac.:eou nge along the flank · of the i rra 
de los 6rganos and ierra del R o ari o on lhe north coa t of the province. 

Pinos, a large i lane! ju t outh f the main part f the provin e. 
are probably vein cutting mclamorphic rock of Pal ozo ic( ?) or Jura 
age. 

Dcp it in Provincia de Las Villa . nr at Amaro, Quemado cl 

1·ein in m tamorphic rock or 

i rTa de Jn ubitas, 45 

lara are pockets in 
ierra cl Ia ubita are r sicl ual, 

Th oil t roc!; in lhe manganiferou a r a of utbll' ·tern Oriente are pper 
r tac ou ( ?) vol ani r k and , uborclinate mar ine climenlary ro ks of the 

Vin nt formation, which i expo eel in the i rra l\Iae tra and i at least 1,500 
m ter thick, a ncl ~'<hale, and ton , ancl conglom rate of the UII er reta eous 
Ilabann ( ?) fo n nntion II' hi h i. cx1 o.·pcJ in the i rra clc :\'ipe and 'ierra dC'I 

ri ta l and is al least 500 met r thi k. Bedel d man nne c depo its oc ur i n 
the Viner t f nnation a long th outh coa t bctwe n Pil6n and La Plata. 

The obrc formati n, of lal relaceous( ?) to midcll Eo ne ag, overli " 
the Vin nt formati n but th ir tratigrapbic rclfllion are unk nown. rrb Cob r 
m·(' r·Ii ·s unconformnbly l li Uabana( ?) formation. Th bre formation con­
si t ·of at I at 4,000 meter of and itic, ba altic, and dacitic tu ff. ao-gl m rat , 
and lava l'litb minor amount of marine cia t ic an 1 lim lone clepo it, and A 

prom in nt Jim tone bed , the har o R cl ondo lime tone member, at the t p of 

1 
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the formation. All productive mangan clep 
formation, u ually wi thin a few ten of meter 

barco R donclo lime tone memb r. 

obre 
of lh · 

Ov rlying conformabl y the obre formation ar · limy tufiace u ·hal ond 
and ton trata of tbe miclcll to upper Eoc ne an Lui. for mation . This 

formation may b a much n 1,500 m ter U1i ·k. :-< o nHtn an ·e d P ha ,· 
been found iu it or in a tlY of th y uuger roclc . It i overlain conformably in 
the Rio auto '"a ll y by 100 meter r more of unnam d Oli""O<: n marl a11t1 

·rop out thr U"llOut ·outhwl? l r11 

tratn in many place in the mangan e eli trict ·. Th 
Sierra Mae tra i probably of Eocen a e but may b a 

Regiona l tructur of outhw ·tern Ori nte trend ea 
tur , from outh to north, ar t he ierra Mae tra, e 
Tertiary rocks dipr ing northward; the ynclinal basin of th auto and luanini ­
cun vall ys: and a broad anticlin compo ed of two clomi ·al uplift,;. th Si rr:l 
de ip and the ierra del Cri tal, parated by the ynclinal trou"h of th 
northward-tr ndin" l\Jayarr valley. Ten mall circular or ell it tical domes lHl.\' 
be n found on t he north flank of the ierra :.\Iae tra . 

in th r e general a r a : the Gi.ii a-L s Xegro ·area, where there a r .-t p n rmal 
fracture ,·vith di plac ment a mu h a 200 met r ; the foothill of th ierra d 
Nipe, where ther are teep-dipping normal and r " r e fault with eli placement. 
of as mu h a 200 meter·; Hncl tile anti ago ba.-in-Do Boca va ll y a rea, wh r 
everal oblique- lip rever e fa ult with clip- lip eli pla em nt a large a 1,500 

meter have be n r ecoo-nized. 
The ore depo it may be divided broadly into two type : bedro k or urfi ial. 

'l'ho e in b · clrock may be ·ubcl i\·ided into bedded and nonb deled d po. i · and 
f urther s ubdivisions are ba ed on mineralO"'Y, country rock, and a ·ociation or 
nonassociation with ja per. Bedro ·k d po. it· have been much mor produ live 
than. .- urficial depo.-it and bedded deposit ha" yield cl all but a very small 
percentao-e of Cuba' mangane e ore. 

The principal ore mineral. of the cl po it a re var iou.- mangnne.:e ox id e,.;. 
Psilomelane-type ox ide are the most abundant primary minernl. and are fOBII (I 
in almost all bedro ·k d po ·it ·. Pyrolu ·ite oc urs in an clcpo>; its; it appear.- to 
be derived largely by ·uperg ne ox idation from psilomelan -lyp ox ic! a ncl 
variou mangane.-e ·iiicate a nd i.- the principal mineral in th r .-idual r . . 
Han mannite, manganite, rancHHte, and wad have been found in small a mount.. 
Variou mangaoe ·e ilicate ar fo und in many clepo ·itl and are the prin ipa l pri­
mary mineral in a few. 'l'he hydrous ilicate.- bementite a nd neotocite are the 
mo t abundant ilicates; braunite i fairly common, and ines ite, orientite, and 
pieclmontite are kn own at a very few localiti e . Gangue minerals are largely 
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a lte rati n pr ducts of a ndesitic a nd ba altic tuff. The roo t abundant are mont­
morillonite clay mineral , chlorite, and zeolite; hematite i fairly common, and 
blacl> calcite is the only abundant aa ng ue in th nonbedcl ed depo its in lime ton 
a well a being rath r omm on in the b ddecl limestone depo it . 

'l'h bedd d depo it a re tabu la r bocl i · lying a long certa in b cis of a py rocla ·tic 
seq uen e or along pyrocla. ti c b cl in lime tone. They r :mge f rom a f w c nli­
meter to 15 meter in th i ·kn s a nd a re a much a 1,000 meters l ng. i\Jo t of 
them ap] ear to be rough!~- ellip t ica l in utline and co nsist of mangane e oxide 
in a matrix of tuff or ag"'l merat , but a few, including one Ye r.r La rge clepo it 
( igua), are made up f varying proporti n of man"'an e ·ilicat in a tuff 
matri x. 'l'h ore range in grad from e entially ·olicl man;.:-ane"e oxid e co n­
tain ing 4- 50 percent mangane e to par ely mineralized tuff that may contain 

nly a f w p 1· ent mangan 
The depo its in lim ·tone ordin a ril y a re ac ompani I by Ye ry little ja. per, 

wherea tho e in a pyrocla. ti qu nc often have Y ry exten h-e I n or heet 
of brown, r d, or black ja per. The jn p r u ually underlies tbe ore and almo. t 
invariably the ore of highest "'racle is n ar st the jn p r. 

Becldecl ore , particularly tho e in lime tone, a r e O\' e rl ain in orne place by in­
traformational conglom rate conta ining fragment of mangane e oxide clerh·ed 
from tbe underlying ore b d. Cla t ic dik s f tuff or lime ton , many con taining 
fragment. of manganese oxid , ha ,·e been obsen· cl at a number of d po. it . Both 
of tbe e featur indicate that the or b cl which they overlie or ut wa depo ited 

I po ited. 
in harco R clonclo 

I i me .. f one, though a few a r found in tuff, ago lnll\('ra t e. or oth r ro k~. :.\lo>:t 
of th m app ar to be control! d by premin ralization faults. The only mangan se 

llOl' 
nr 
abl to con entration by 

a a h mi nl pr ipiLate. 
·yng netic; a numb r of 
·onglomerate, cla 

of sucban origin. Th 

nly a f \Y notably proclu tive 

it , which have been 
mnngon e oxide c m nting 

clepo. iff; of gra nzon nnd mnnganifprou · Ia~- on floor 
i very h i"'h gl'acl , but depo it are 

th type. of mangane lepo its 
T h b drock depo it · of Or iente 

non of tb ba n1cteri t ic att ribut­
s a nd on the other ha nd , b w I cn l 

Mo. t of the cle-
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formed at ab ut the sa me t ime a late t oC th yngcn ti 
ource of the mano-ane e i thouo-ht to b warm spring that b 

of 

of Pinar del Rio, La Villa , and Oriente 
pre. ent ~·cl of " eathering ancl ero i n. 

The mo. t importan t guid to pro.·p t in 
\Yith ·alcareous r ock , parti ·ularly th h !ll'C'O 

and th very common a oc: iation of monganc 
ea ily recognized bro\Vn or bla k ja p r. Fau lt 
ful guide·. 

Cui a ha ex por ted Ia rgc amount· o( mangane or tll 

~l'h 

po. its 
f 

1 a rti cularly duriog th period 191G to 1919, 1937 lo 19-16, and 1950 t th p re ot. 
':l.'otal production fr m th inception of minin "' about 1 un til 1953 i timat d 
at nea rly 3.5 milli on ton.. The la rge t pr hl r hav b u the har n dondo, 
Ponupo, and Quinto mine· in Orient . 

Reser ve in Ori nte were belie,·ed to b m re than 1 mill ion ton. of con n­
trate from high-grad and millin"'· ra 1 ore and about 4.5 million t ns of low­
grade crud e ore in 1946. Depo it in other provin ·e. ha,· b n to little d · 
Yeloped to permit any soun d estimate of r e rY , but almo t ertainly only 
Pinar del Rio and La. Villa lut ,·e appreciable r serv . 

On hundred e,· a re descril eel . 

INTROD TIO 

uba the large t and w ternmost i land of th W e t I ndies, lie. 
between parall l 19°±91 and ~ 0 1 1 nor th latitule, and meridian. 
74°0 1 and 4°57' 'Te t longitud . T oo·eth r 'ri th Jamaica, Hispaniola, 
Puerto Ri o, and a number of mall r i land , it is part of the Great r 
Antill s, an i land o-roup at th n01·thwe t end of the \Ve t Indian 
i land arc. 

The islanfl. mea: ure about 1,2.00 kilometer in length alono· it arcu­
ate axi from abo an ntonio at the we t to Punta t(ai i at the 
ea t. Its width ranCYe from 37 ki lomet r in ea tern Provin ia d 
Pinar del Rio to nearly 200 kilom ters in we tern Provincia de Orient . 
Accor lino· to the ficina del Cen ·o of uba (Marrero, 194-G I. 3) the 
main i. land 'Yith I lade Pin o. (the I Je of Pin s) and the oa tal 
i lets, embrace an area of 114/2.4 quare kilometers. 

COMMUNICATIONS 

Mo. t of the principal cit ie of Cuba arc onnected by railroad and 
by a y. tem of hio-h,Tay and . urfaccd roads. Dome Lie airlines 
utilize air fi elds throughout th e i land and provide tran p rtation to 
to,,ns andlo alitie not onnect d by rail or by surfaced road. . The 
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o-reat airport · of La IIabana and amagiiey are u d by international 
airlines. 

The main rail line exten 3 alonO' the axi of the i land, from the 
city of Pinar del Rio to antiao·o de uba, in Ori nte. Th ea t rn 
half of Cuba i rved by the F rro arrile on olidado d uba 
( on olidat l Railroa] of Cuba) ; 1\ t rn uba, by the Ferro ar­
rile nido de L a Habana ( nited Railroads of La Habana) . 
Branch railroad ., like the Guantanamo y 0 cid nte (Guantanamo 
and V\ e tern) between an Lui ~ and Guantanamo in Oriente, onnect 
the main line \Yith the flanking area . 

Th mo t importan roa l i the arrctera entral ( entral Hio·h-
wa.y), whi he ' t nd from Pinar ll Rio to antiao·o d uba and 
roughly parallel the main railroad line. fan town and village 
in the hinterland are rea he l by improv d and unimpro 
many ettl ments parti ularly in th ea tern pro,·in e ac e-
. ible only by trail or ea or air route . 

Regularly ch du 1 d air en· ice to mo t of the large iti . 1 offered 
by the Compai'iia ubana cle viaci 'n; in addi ion ai r ervice to four 
tow11 on the north oa t of Ori nte not ac e ible by eith r road or 
railroad i availabl . 

Th r are mor than t\Yei t r int rnational caport in uba; the 
]a,rO'e t an] mo. t important, arc L a IIaban,, in Provin ia de La 
H abana, and antiago d uba in Ori nte, bo h of ,,·hi h an accom­
mo ]ale hip. of laro· eli placem n . 

L OCA TION OF THE MANGANE SE DISTRICTS 

:.\[angan d posit o ur in Pi11ar del R fo, La IIabana La ill a 
amao·(i y nntl Ori nt provin es an l have b en report d from 

Provincia d 1\faf amm , bu nearly Lhe en Lire produ tion of mangan . 
ore ha com from Ori nte. ll af 1 i an index map ho,Ting the lo a­
tion of th various manO'ane. eli Lri ts. 

The mano·an . c d po it of Pinar del Rl ar in widely epa r ated 
nr a in lh noltlH'rn and we tern part of the provin e. D po it are 
f und oulh o-f: :\1 ndoza· in the vi ciniL. of ramale , 30 kilometer 
w t-nol'!h"· . t of th if y of I .inar del Rio · n ar an icente and 
La Palma north f Pinar del Rfo ; and outlnv , t of Bahia Honda on 
the north con t. 

On th I ·lad Pino , a part of L a Habana provin e, manO'an e ha 
b n found in t ·wo localitie , one '" t and the other north ast of 

antn F . 
In Las Villas (La. Vmas j now the offi ja,l name :for th province 

formerly lmown a anta lara, th nam :found on mo. t availabl 
map ), th only lmown manO'an e cler o if· are on the outh oa t, 

42 47 (j - 2 
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about 10 kilometer w t of the town f Trinidad anl n ar th north 
coa t at maro, Qu mado de Giiine , and i rra Mor na. 

The manga.ne e depo it f < magi.iey arc on th north lop s of the 
i rra d la ubita about 45 kil m r n rth of the ity of 

Camagu y, an l at Finca anta lara., about 25 kilomet r uth a t 
of th city of amagiiey. 

All productive mano-anc e clepo it t r.i nt hav b n foun l in 
the . outhwe tern part of th I rovin alono- an ea tward-tr ndin 
bel t extendino- fr m Yara and Pilon at th w t to Ram 'n d ]a 
Yao-ua at th ea. tan 1 embra ino- an ar a of about 7, 00 quare l ilo­
m ter . Th prin ipal town , from we t to a t, are J\Ianzanillo, Yara., 
Bayamo Giii a, anta Rita Jiguan1 Bair ontramac tr Palma 

oriano, El obre, an Lui. El 1·i to Alto ong and La Maya; 
the hipping point i the eaport f antiago cle uba. Th ar a i 
ened by the main rail line of the F rro arrile on. olidado de uba 

and b branch line betw n an Lui , Bayamo, a,nd Manzanillo and 
between El Cri to and La Maya. In addition th ea tern di trict 
are erved b~r the rail line of the Guantanamo an l IV t rn R ail roa l 
conn ctino- an Lui and uantfinamo. portion o:f Lh an l ra 

entral xtcnd from antiago de uba to B a)'arno H olguin , an l 
north war l, and pave l road lead to i\Ianzanillo, u1. a, o amino , 
El ri to, and _ lto ono-o. ~Io t of th mine are reach d by dir or 
g raveled road , but mine. in the P ahmn-it a11Cl abanil la li tri t 
or linarily ar reached only by rail. Many mall min and prop ·t 
<"U' ace ible only by trail. 

Minor deposit ar s att reel along th outh oa t of Oriente 
bet"· en Pilon and La Plata, an l a few depo. it are in the io-un. 
eli. trict, we t and outhwe t f Ramon d ]a agua, and about 4-0 
kilometer ea to£ antiao-o de uba. Oth r d po it ar r ported in 
Lhe vicinity o£ Guant;1namo. In the nor th rn part of th provin e, 
. mall depo it ar known east and northea. £ Holguin , and other. 
have been r epol't cl n ar Baracoa. 

PREVIOUS W ORK 

The earli e t publi heel eli cu. ·ion of th g olo
0

y of uban man­
(Tane e lepo it · i. given by IT aye., Yauo-han, and I encer (J 901, 
p. 62- 6!:>) who xaminecl the Bo ton, Ponupo, and I abelita (Quinto) 
min es near anti ago 1 nba., deposit · near an Nicola , a depo it 
northw t of Portil lo, the i\Januel and o ta mine at Bueycito, and 
the .\.ntonio mine near Lo · gros, all in Oriente. The Bueycito cle­
po it are ]e. cribecl a. replacement of lim tone and impreo-nati.ons 
of breccia, the Antoni o depo. it as a r er la ernent of lime -tone, and the 

an i ola · depo it as replacement. by m<11gane. e arriecl in irculat­
i no- " ·aters. 
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In a later r port, er (1903, p. 251- 255) gave a more detailed 
de cr.iption of the mine near antiago de uba. He recognized th 
e ent.ial contemporane.it of n1<uwnne e mineralization and the depo i­
tion of ja per, th a ociation of ja. per and high-oTad or and the 
bedd d natur of the ja per ma · e ·. Ori o- in of the d po it i a cribe l 
by him to replacement of and tone or calcar ou trata by mangani­
ferou mat rial carri d in a endino- hot water . 

In 191 Burchard and Bur ·h macl a reconnai . an e of the mano-a­
ne ·e and bromium d po it of uba, dm·ino· 'rhich a number of man­
gane mine in th antiarro de Cuba, Bayamo-Baire and amar n­
cit eli tr i t of Orienl w r examineJ . In a eparate rer ort Bur hard 
(1920) al o mentioned depo it in La Villa and Pinar del Rio 
province . He po tulat d lepo ition of mangane e min ral fr m 
hot solution but beli ved that :om o:f th depo it may have been 
:f01·m d by urfac \rater . 

He,rett (Hewet and hannon, 19"-1) examine l the Ori nt c1 po it 
in 1920 and de cribed th Bue. cit o lepo. it in th ·our fa detailed 
el i u . ion of an ,,. m ineral found at Buey ·ito and Bane. . H e be­
Ji v d that t]l manrran e c min rnl · were <1 po iled from warm h po­
rrene wat r b , repla ·ement of latil t ufl' , <Ill origin imi]ar to that 
a cribe l to lepo:it in t iP antiao-o cle Cuba di:tri t by pen r. 

PRESENT INVESTIGATION 

tao·e of lh la . war, it b ame Yi lent that im­
or from eli LanL our e · mittht b curtai l 1 eri-

mm 



GEOLOGY OF THE MANGAN E E D'EPO ITS OF C BA 

Work of the Geological urvey beo-an in th ''in t r f 194 
are onnai ance of depo it throughout th i land b har]e 
Jr., and a brief r er ort wa publi hed in 1942 (Park, 19La). Inten iv 
tudy of the d I o it of outhw t m Oriente wa beo-un in D mb r 

1941, \Then L \\ . Cox joined th proj t and a proo-r r port on 
mines and eli tri t in par of th ierra i\Ia tra ba c1 on field work 
clone through ept mber 19-J. ... W<1 publi. h c1 in 19 ( ark and x 
19+.±). In order to tie too· th r i h t l g ologic min maps and t 
give a. ompr hen ive vi w f the o curr n f th vari u lepo it , 
reo-ional mapping of the Gii i a-L ~ ea ro mnngane e ~n a \nt c1 
out from De emb r 194:... to April19±3 by W. P. Wo lrino- and 
Davie , and th ir r port ,,.a publi ·h lin 1944. 

ucceedi1w work in lucleclrevi .ion and amplifi ation of ea rly min 
map , detail ed mappino· of many additional mine an l mine eli tri t 
and areal geoloo-.ic mappino- of that part f th mining ar <'1. a. t of th 

ui a-Lo --egro ar a. Fi lcl " ·ork \Ya b aun by tra zek in 0 tob l' 

1942 and continued almo t ''.ithout interruption until 0 tob r 194-. 
total of 25 month \Yfl p<mt in th tudy an l mapping of th 

mano·anese depo it , the r mainder of th time being d vote l o ar nJ 
mapping. ox ontinucd with lhe proj t untill\lay 1943 at " ·hi h 
time imon joined. imon pent 20 m nth in th field, 17 levoted 
to the tudy of mangane e depo it and 3 to areal mappino-. G. E. 
Lewi wa a · ign d to the proje t in January 1945. The final pha e 
of the project '"a devoted to th areal o-eologic mappi1w " ·hi h 
beaan in ecember 19-1:4 and ended in ptember 1945. The trati -
raphy and tructure of the new area cov r d by reo-ional mappina 
ar d.i cu d in a e1 a rate report by Le,Yi and traczek ( 19 5). 

nor Gui io ahache a si ted in the \York from t b r 19':1-2 Lo 
Augu t 1944. 

The writer too-ether tudied and mappe l th d po it of outh-
we tern Ori nte. tra zek examine l d po it in La Yilla , m 
that had earlier beeu examined by Park and o ". Deposit in oth r 
di trict de ribed in thi report ''e1·e not een by us : tho of 
Pinar del Rio were examined in reconnai ance by Park in part of 
19±0 and 19+1; those of 'amagi.i y by '1'. P. Th<t ·e r · and tho of 
n r thwe tern riente by Thayer and P. \V. Guild, both a .igned to 
the ·hromite project of the U. . Geoloai al urvey. 

This report pre nt an account of rtain a pect of the geoloo-y 
of the mangane e depo. it of uba but nece arily empha ize the 
re ult of inten iv mappi1 g and examination of the clepo it of south­
'"estern Oriente \Yh re by far the great bulk of urvey work ha been 
oncentrated. It i a compilation and expan ion of the re ult of in­

Ye t igation of uban mangane e depo it by all urvey workers a -
·igned to the project during the period 1940-45. Part of the result 
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has already b en publi hed but much information included in this 
1·eport has not been relea e l heretofore. Where it has been practical 
to do o, credit i acknO\Yledged ,,.ithin the report for pecific data 
not ollected by u but pla ed at our di po al by variou coll ague . 

Certain ph a es of thi s tudy have not been complet d in particular 
the laboratory inve ti o-ation of mineral gy and parag nesi , rock 
alteration, oxidation, an l ome theoreti al problem bearing on origin 
and localization. HoweYer, v•e fee] that a more u. eful pm·po e may 
be er · ed b)7 making aYailabl th laro·e amou11t of material already 
at our dispo al than by delayi:Iw indefi.nitely the publication of our 
omp]eted re ult . 'I he uncompleted portion of this study men­

tioned above will be pr pared for publi ation at a later date. 
Because of pa e limi tation ,,.e have not attempted to in lude a 

complete de cription of the Quinto cl posit at El ri to in Ori nte. 
This great d po ·it, which furni heel appr oximately one-third of 
Cuban production dminO' 19±0 6 will be the subj ct of a eparate 
publication to be pr pared later. 
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othenri . e not readily aY~•ilabl to u The uban J\linincY 'om pany, 
throuolt Mr. F. . Nor ro , Jr. , made aYa ilable to us I he many g o­
loo·i map. and exploration re ·o rd. it ha 1 a ·cumulated an 1 it parent 
organi£;ation, the Freer ort ~ ulJ. hur ompnny ha. giY n permi . ion 
for publication of u h mat rial in thi.. r port. 

Ofrl ial of many ugar companie '" r in trum ntal in furth rino· 
the "-ork by off ring accommodations and placino· tran 1 ortation 
fa ilitie at our eli po al, for which''" are everla tuwly g rn,teful. 

liVe acknowl io·e with plea ure the help oiv n u by the L te 
Dorothy K. Palmer a ncl D. \\". Gravell, both of f·he Atlnntic Oil and 
RefinincY omr any, La IInbana, and by J. F. le _\.lbcar, our uban 
colleagu and former chi f of the ' omi i6n G o16o·i a of uba, 
in the identifi ation of fo il . 

Through th generou coop rn,tion of th ·-nite l tnl ~avy and 
l -nited tat Army _\ it· For· , aeri al photograph of the outhw t­
ern Oriente mangane. e ficll " ·er tak n and made aYailabl e. The e 
fumi heel a mu h needed ba e on 'rhi h th many mine and pro p t 
could be locat d, the area mo t fa.Yorabl e fo1· prospeccing oulcl b > 
delineated and the 1·e ·ional o·eology ull be mar p d. 

GEOGR~PHY 

uba in o-eneral i ani land of low r lief. About half of the island' · 
urface lie at n,n alti tu 1 of le . than 100 meter and abou t 95 percent 

atle than300meter. Ori nteinclude thelarg tareaoflanlaboYe 
''00 meter in altitude. 

The coa tline, e -cept in outhern and ea tern Oriente an lin a mall 
·e tion in onthern Ln .· Yilla i low-lyi1w and in many place 
s" ·ampy. _-umerou i l ts dot the hallo'" \rater alono· mo. t of th 
coa t. Palmer (19±3, p. 1) ha hO\Yn that an em rg nee of r meter 
\YOullunite n arly all the i. land ·,in luclirw the I lade Pino , "·ith 
th main i land. 

T OPOGRAPHY 

uba may be d i "ide l rouo·hly in to ix topographic clivi ion . Th y 
are, from '"e t to ea. t: Pinn,r lel Rio; La Habana, Matanza , and 
\\'e tem La Yilla ; the I sla de Pino ; central and a tern part of Las 
\ ill a ; am a o·i.iey and the no1-tlnY t part of Oriente· and outhern 
and ea tern Oriente. Th · h,·isions c.orre pond clo ely to tho pro­
po. eel by Hayes, Vauo·han, and penc r (1901, p . 10) and by Massip 
(1942, plate opposite p. 44) but are more generalized than those 
propo eel by Palmer (1945, p.l- 5). 

Pinar ell Rio j laminated by a northea . tward-tr ndincY chain of 
two mountain rano-e , the iena de los Or()"ano. to the outhwe t and 
the Si erra lel Rosario f'o the northeast. The rano- s are es entially 
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continuous but are separated by a low area drained by the headwaters 
of the Rio an iego. 

1he i rra de lo Oro-ano i the ite of the pictur que, teep- ided, 
round-topped moo-ote , or knob , of lime tone · th e have be>n likened 
to the tube of a o-igantic organ, a re emblance that ha given ri e to 
the name " Organ Mountain '. The highe t points in the ierra de lo · 
Organo reach altitude of m whaL more than :1:00 meL r . The 
Siena l 1 Ro ar io, howev r i chara terizecl by o·entl lope and 
craggy ummit that r ach an altitude of 72 m t r in the Pan de 
Guajaib6n, he highest point in Pinar d 1 Rio. 

Along both flank of the ierra de lo Oro·ano ar lo"· hill. that o·ive 
way to low-lying flat land a the coa t are approached. 

The terrain of La Habana , Uatanza , and the \Ye tem part of La 
\~ill a i , in o-en ral, of low relief, althouo-h in northern and central La 
IIabana and in northw . tern Matanza , altitude of 2 0 mete r ar 
not uncommon. A belt of low hill xtend from La Ilabana, to the 
city of Matanza , an l a econ l b l t o-E hil l , mo. t promin nt in La 
Habana b twe n an Antonio d · la Y ga and an J o c de ]a J.-~<tjns, 
xt ncl from Beju al easbvard to Limonar. outh"·c tem La Yilla 

in Jude th I n:fn ula. d ZapaLn, ( ·ho ) and the gren,t icnao·n, 
( wamr ) de Zapata that parn,te the I nin ula from th mainbnd. 
The belt of low reli f e · lu. iv of a tal swamp , extendino- alonrr 

uba from we t rn Pimn ~ I Rio (·o en ral Matan ­
za , ha. been nam d th 'pen I lain of we t rn uba: by )la ip ( l 9:1:~, 
p . 73- 79). 

Th I 1a d Pino li about 100 ki lom t r. :outh- -outlme t of Bata­
ban6, the port of embarl·ation for th i land on th outh coa t of La 
I abana. It mbra an area of 2,126 quare kilom ter , and i clivi led 

inlo Lwo part by th C'icnaga Lanier extendinrr a ro th uthern 
par t of th i Jan l from th cl p r e<.>nl rnnl of En ·cnacln lc la iguanea 
onthe,Ye L oa. tloB ad laC'i6naga.onthc at ast. Th nor hern. 
part of th i land ri. c fron a ]o,..,- a .. ta.l plain loa ·omewhnt higher 

ntral plain doLt d by hill s a. much a 300 met r high. 
ntra.l and ca tern Ln Villa form ,. "·ell -clefin d topograr hie 

r gion wh mounla.inou terrn,in. ontra ( t1·ongl ·wi th th e en-
tia lly f aLu r le plain: of (aJanzn to the \\' C t and 
east. Low, nortlY'Ire t~Yard -trC'n ling r icl g ris to 
m ter. or le sin the northern part of the ]Jl'OYinc , and cxten l into 
northwe t rn amagii y. The. e ri<lg . nrC' locall y call d the' cordil­
ler a". In th e outh th i rTn, de nn .T\ran , iena cl e Trinidn,cl, and 

ierra de , n ti piritus, here coll C' ·tiYel rden·C' l to a the i nn cl 
Trini ~ ad, occu] .Y the 1 o. ition of th ' coa tn.l plain f r m n ar ienfu -
gos outhea twar d lo Trinidad. At T1·in idad, the a.. tal plaiJ1 
reappear and Hte i rrn, d Trinidad t rend a. t" ·arcl. to ancti 
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piritu , 'Yh re it di out. Th i na de Trini lad on i t of a 
mountain chain h-vi :ted into bro ar a by th d ep, rugg d anyon o.f 
th Rio \..o·abama. eYeral of the peak of th i rra d Trinidad ar 
more than 900 met r high· the hi O'h t i an Juan, 1,1:.> 7 
m ter in altitude. 

Nearly the entire topographic r o·ion of amaO'iiey and north"-
Oriente is an area of low altitud and reli f. epartur from thi . 
trikingly lev l t rrain ar fe,Y, concentrat d mainly in the iena de 

la ubita and th iEo'l'l'a c.unajin, north of the ity of Camagiit'Y · 
and in a bel t extendino· from \ ictoria deJa Tuna through IIolo·nln 
to Bahia le Nipe in Oriente. The maximum r li f i about 300 meters. 
The outhea t part of thi reO'ion i oc upied by the w t rn end of 
the Cuuto Yall y and th \\'ampy delta of the Rio auto. Thi riv r, 
the lonO'e tin uba, empti into the Golfo d Gua anayabo, a laro· 
reentrant in south we t Orient . 

The topooTaphic 1·eO'ion of outhern and a tern ri nte pre nl : 
the mo t triking and Yaried lan 1 a] of uba. l\f . t pi'Omirwnt of 
the several mounL<tin ranO'e i the 'ierra Mae tra, ext ndinO' alonO' the 
outh coast and bord ring th Orient Deep of the a man Trough. 

The u e of the name" ierra Mae tra' by Yariou writ r ha not be n 
on istent. H aye VauO'han and pencer (1901, p. 11) appl , ' i.h 

name to the ranO'e of mountain ttet hing from abo ruz to uan­
tanamo Bay; thi usaO'e ha b en v,-idely accepted. Tab r (19 1, p . 
533) originally u ed ' ierra Mae tra for the entir y tern of outh 
coa t range and a] o for the inO']e r anO'e beb,-e n abo ruz and 
, 'antiago de uba . In addition he m ntion the lo al u e of ' ierra 
de obre" for that portion of the i rra Mae tra outh of El obrEo'. 
In a later paper (1934, p. 569- o70) he propo e Lhe name "Turquino 
Range" for the ection of the iena Mae tra between abo ruz an l 
Bahia de antiago, and "Gran Piedra I anO'e' for the ierra Ma tra 
between Bahia de antiao·o and Guantanamo Bay; th . name in 
their pani h form have be n ac epted in the late t authoritative work 
on the O'eograph)T of uba ( fanero, 1951) and are adopt d in this 
report. 

The ordillera lel Turquino ("TUl'quino RanO'e".) and orcl illera. 
de Gran Pi.edm ("Gran Piedra Rano· ') are stru turally sim il ar and 
appear to be tructurally continnou ; th y may be considered, ther -
for , logically as components of a ·ingle mountain unit. However , 
the mountain. a t of Guantanamo Bay are topoO'raphi.cally and geo­
logi ally quit di stinct from the '"e. tern mountain , and their inclu ·ion 
a part. of the ierra Mae tra eem questionable. In this report we 
follow the u ag of H ayes, Vaughan and p ncer (p. 11), Taber's 
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later report (1934, p. 69-570), and Marrero and re tri t the u e of 
the name' ierra 11ae tra" to th outh coa t motmf·a in hain between 

abo ruz and Guantanam Bay. 
East of Guantanamo Bay are two low, parall el, nortlnTard-trending 

irregular range of hill s, the ierra de Mao·u y (or 1agu y) and the 
ierra La \ ela eparated by the outhward-flowin g Rio Yatera . 

J;~n'th er eat beyon l th Rfo abanalnmar, th e highl:tnd. of the. onth 
coast merge with the north coast mountain in the i rra de Purial. 

The mountain chain of northern riente begin onth of Bahia, de 
:Kip and extend ast- outheasb,·a1·d to Punta Mai . i. Th we. tern ­
most moun ta in : nre the ierra cl :Xipe, bounded on th we. t by the 
lowl and: of the auto Yall ey and on the ea.t b~· th e nll y o-f th Rio 
:.\[aya ri. The i naclel J'i . tal,en . f· o-fthc }fayadYall y,i .· separaied 
:from th uchilla de Toa ("Toar" on . ome map ) by the broa l topo­
o- raphic ba. in of ao·ua de Tanamo. The de p and inuou Yalley of 
the Rio Toa p arates the nchilla de T oa from th ierra le Purial 
at the a. tend of th i Janel. Th hio-he p ak , in th i rra le Purial 
is omewhat more than 1 2.00 met r hio-h. 

Betw en th n rth and outh highland area i th drainao-e ba in 
of the auto, -ru aninicun and Guantnnamo riYer a lowland area tha 
e tend from the xuantanamo ba in north and we t to the broa l Canto 
vall y of we t rn Oriente. 

CLIMATE 

uba li e ju t oulh of th Tropi of an er in th tracl "-ind bel t 
b tw·een he equat rial r ai n belt (th doldrum ) and the subtropi al 
hi o-h pr ure b 1· ( th hoL lati tude ·) . The i land ha a marin 
climate much like lhat of . outhcrn Fl ricla and temperature Yary only 
li O'htly from month to monHt. ea onal nriaJi on. in rainfall ar 

v ry pronoun eel h cause of then rthn-ar l mio-rn.Lion of th pre ure 
b lts in th ummer and a a r ul t umm r are rain y and \Yint r ar 
dry. 

Them an annual t mr eratur ranO'e from 73° in pad of amagiie 
to 79° in part of Ori nt and aY ra o·e 77° for the ntire i land . Th 
colde. t months nr January a.n l F bnmry, \Yhich av racr 67° to 75° · 
luring lhe hottc. t month , July and \.uo·L1st, temperatur aYeraO'O 
7 ° to 0

• Freczino- temperahn· o ur nly rarely. The hiO'he t 
r orcled temperatur i 107.6° at aO'ua d 1\1.namo in Ori nt . Mean, 
hiO'hest, and lowe t t mr ra tu re for even tation are given in the 
fo]lowinO' table. 
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'l 'e mp ra/ures ( 0 P) tor 7 laliOIIS in Cuba 

!Data from Bennett an<! Allison. 1.928. p. 312) 

Pinar La Isln de 
del Rfo ITabana Pinos 

amajuanl, Camagiiey Pr · ton , , Santiago 
L 11s Villas Oriente d Cuba 

--------1---------1----11----1------
K umber cf year ----- .. 
January: ;l.fcan , ______ _ 

High._-·------ -----
Lo"'~ ---- ----------- -- -

}'ehruary: 
~1con .. ________ _ 
High ___ ______ --- - ... 
J ,.O \V- ---- -------------

• l arch: 
:.\<lean __ ------ ------
High ___ ----- -------
Low _____ ____ --------

April: 
Mean __ 
Jfl~l,__ ___ . --- -
l .,O\\'-- - -- --- - - ---

i\Iay: 
M ean__ _ _ __ 
Htgh .. ... --- --------­
Low----- --------- -----

J un e: 
:\1can ______ ____ -----
High __________ -------Low ___ __ 

July: i\ Ican __ ______________ __ 

ntgh. -- -- -------- - -Low _____ ______ . __ _ 
Augu t: 

Mean-- ------- ____ .. _._ 
High _______ --------- _ 
Low______ _ __ __ _ 

September: 
:\lean .. __ __ -- -- ---
H igh ___ ______ ... 
] .,0 \V ••••• ·-· -- - •• ·-· 

October: Mean __ ______________ _ 

Tligh. - - --- - ---
JJ()\V ___ _ _ --- -- - ----

)I.I'"Q\,.Cmbcr: 
Mean .. . -----------·-
High ... ----- -------Low ___ ____ _ _____ _ 

Decem! r: 
.\.fean _. __ .. ____ --------

~~,~·---= -=- :-- ·: :::: :=:: 

20 

71.4 
9 

46 

72.2 
92 
4 

74. 6 
94 
49 

it. a 
!lll 
51 

I. I If!"! 
~I 

1. 6 
101 
00 

79.4 
!)(j 

62 

75.0 
91 
52 

72.5 
9 

47 

21 

69. 
9 

59 

69.9 

51 

72.0 
90 

;:.31 
92 
fl7 

77.2 
93 
59 

7 . 6 
94 
6.'> 

79.2 
9:1 
65 

79. ;, 
93 
G7 

79. (I 

g;, I 
Ti . 2 
93 
61 

7:!. ~ 
91 
56 

70.4 
91 
56 

9 

73. -1 
90 
52 

71. 
93 
50 

75.4 
9:3 
52 

i . 0 
97 
57 

. 2 

102 I 63 

1. 0 
!lll 

1.9 
!lll 
66 

1.7 
97 
G 

so. 7 
g;, 

70. 2 
97 
63 

76.2 
91 
53 

74. 0 
91 
52 

16 

67.6 
9 

44 

. 2 

41 

70.6 
90 
IIi 

72.5 
g,r; 
49 

7.'> • 
9. 
53 

77. 2 
9!\ 
59 

7 . 0 
97 
61 

i . 1 
99 
62 

77.2 
95 
61 

i!i. 6 
9 1 
57 

71. 5 
!lO 
50 

69.2 

40 

13 

71. 6 
91 
46 

73.3 
91 
49 

79.0 
102 
56 

. 3 
101 
62 

.1 . 6 
100 
67 

1. 6 
100 
66 

75. 6 
9:! 
52 

73.1 
93 
45 

10 

73.6 
90 
50 

0 
62 

.2 

ii. 4 
96 
6~ 

75. 0 
95 
56 

16 

75.4 
90 
57 

75. 1 
00 
59 

76. 6 
92 
' 
i . 2 
03 
!)1 

70. i 
94 
tl5 

80. i 
05 
62 

1.9 
97 
67 

2. 2 
96 
68 

1.0 
97 
67 

80.0 
95 
67 

77. 7 
03 
Gl 

76.2 
93 
55 

-----'----- - --
\ ariati ons in rainfallre ·ult in lt 'wet sea on," from i\Iay to ~o ,·em ­

ber, and a 'dry . ea on", from December to April. During the wet 
ea on ra infall i.- ommonly in the form of late afternoon thtm ler ­
hower . Data on monthly and annual rainfall at 27 station · are giYen 

in th e follo"·ing table. 
I n ea tern nba the rainie! t month . are June and Sept-ember, ancl 

there is a r elat ively lr_y perio l dm:ino- July and \..uo-u t . In the outh­
ern I art of Oriente, the raini e. t months are May and October ; alono· 
the nortl coa t the r ainy season r eaches its peak in November. The 
extreme of ra.infall are ''orth notino- becau e many dirt road in the 
country are tt. ·ually impa: ·able durincr the wet sea ·on. Rainfall data 
for lhe entire islnnd , f r th we tern provinces, and for the I ·Jade 



Monthly ancL annual rainfall ( iu ch s) at 27 select ecL statio11 

fnata from :-\a tiona! Ob rYalory of Cuba, summarized in Repl. So. 2 or AgricuiLUral A !I nch~. . . . Embassy, I raba na, Jan. 2, 1917. Dai a lor fsla de Pinos only from 13 nnelt 
and Allison (1928, p. 310) ) 

-----;-------;-

Pro,·tncc and sta tion 
co,·cred 

1 

Y •nrs Jan. I F eb.-, :I far. Apr. 1.\J ar .June July Aug. ept. Oct. KO' '· Dec. Annual 

------------------------- ----------- --- - - - - --- ------
Pinar del R lo: 

Guane---- ---- ----- -- ----- - ---- -- -- - ------- -- - ·· an rist6bal.. _____________________________ ___ . 
La ll abana : 

~~;~~c~~ ~;;~~~~~ : :::::::::_::::::::::::::::: 
H rshey ___ __________ ..... ------ --·-- ___ _ 

an Ao tonlo __________ --···- •• ··-· 
I ·Ia de Plno ------····-· · ·--··· ••. • ••• 

.\fata m as: 

a ~~~Ri'!,;~~ :::::::::::::::::.::::: ·: ·:: · 
Las Villas: 

Perseverancia _____ _____ ~·- __ ........... .. 
anta Lutgarda ... ---·--·· ••• ·---····· •.•• 

Adela _________ --------- - -------------·-- __ _ 
CamagUcy: 

Jallbonico_ ... ____________ -------. _. ---· _ -----
Verticrnes .. -------------------------- ....... ... 
JaronU ____ _____ ---------- - --·-·--·-------- __ :-\ajasa _________________________________________ . 
Lugarci\o . ______ . ___ ---· ____ ... _______ .. ___ .. . _ 

Ori lllC: 
.\I anal!. _____ .. -------- ---------· -------------Gibara ______________________ -----· _____________ _ 
J3o LO lL •••• ••• _.---- . ______ • __ ---- ___ .------. __ •. 
•ranamo . . _____ .. _. ------ __ ----- ________ .. ___ . __ . 
Rio Cauto ___ --------- ------·-- ------------··-
Borji ta .... . ... _____ ·-·-----------------------
A Imelda _____ . ___ --------------- - --- - ----------• antiago de 'uba _______________________________ _ 
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FJ GU Ja: l.- Oraph show ing s a nnl va riation in ra infall fol" Cuba. 

l ino are hown in the g raph of figur 1. In .fi.o-ure 2 two area of 
Oriente are ompared 'vith all of Cuba. 

The island lies in the path of the northea t trade wind . From 
May to October the trade are northea terly · dnri tw the ret of the 
year the wjnd :ne . outheasterly. The we. tern provinces lie on the 
eastern mar ·in of the Caribbean hunicane beJt, an l occa ionally are 
. ubjected to ver hurri cane , mo t of which come durino- the la t 
half of the wet ea ·on, from Auo·u t to October. Ea. tern nba j, 

rarely in th e path of hnrri canc . 
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I T r I I I I 1 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

EXPLA ATI O 

----------
Northern Oriente Southern Oriente All Cuba 

FIG m' 2.-Crnph sho wing sen onal Ya •·inlion in rainfa ll in Ori ntc, ubn . 

REGIONAL GEOLO Y 

GENERAL FEATURES OF THE GEOLOGY OF CUBA 

uba i un lerlain by 1·o k rangino· in ao·c from Pal ozoic( n to 
Quaternary. Pre-Tertiary rock ar exr o.· d ov 1' about one-third of 
the i land. 1 he olcle. t 1· ck , reO"arcl cl b m o· olog i 1.. to be Paleo­
zoi ( ~) in ao·e an l b t her to b J ll ra ic ( n) are metamorpho ed 
s climentary, vol anic and inlru iv ro k , prin ir a.lly mica and 
chlorite chi t and cry ta ll ine lime. ton , tha cror out in four rather 
'v.idely se1 arated :U'ens : on th I sla cle Pino (Uaye , \ aughan, an l 
Sp n er J 901, 1 . 113- 116; Pa.;e nn l McAlli ster 1944, r. 1 1- 1 7) 
wh r they are the dominant r ·k · in the i rra d Trinicln lin outh­
ern La \ ill a (Th ia len. , 1037, p. 7- 11); in xtreme northea tern 

amagi:iey (Thayer, 1942, p. 9-11) · and in the ierra de Purial in 
ea tern ri nte ( 1einzer, 193; , p. 252- 253). o fo. il have been 
found in th e hio·h ly metamorpho ed rock , and the can be date l no 
mor clo lythanprobablypr -1 pper.Tunt.sic. 

Then xt oldc.t t ratified rock· appear io be dim nlary and vol­
cani rock. known from f . il e,·ici E> nce to range in ag from Lat 
.Jurassi · to late reta ·eou. . The. c ro k crop out ov r mo t of the 
ar a of Pinnr d l :Rfo, Ln . \ illa : , ;tnd Cnmagii y provin ·c and are 



xpo eel in many maller area: in north t·n La Haban a. an l ~1aLanza · 
and northern and outh rn Ori nt . 

Tertiary edimenta ry an l volcani· ro ·k: ov rli an l tuT un l Lhc 
'xpo ur · f ~le ozoic rocks : the ' ra no- in <l"' from Pa 1 o ne throtwh 
OliO'ocene ancl1\1iocene to Plioc nc· th latt r rock have ben r cog­
nized on] in 1\latanza . Quaternary d po it Plei to ne to R cent 
in aO'e are found along narrow oa tal b lt on th main i land, on the 
outlying i 1 t , an l in i nt rior tream 'alley . 

Intru ive io·neou 1· k ar ·wide rr ad and ar hiefly m r or 
le erpentinized ultramafi ro k and bocli of gabbr , tro tolite. 
and anortho ite; ther are al o om I luton. of rrranitic ro k that 
appear to b mainly of clioriti o quartz li01·iti omr o ition. The 
larO'e intru ·iye b he. arc xp e 1 prin ipa ll y in th area of pr ·­
Tertiary rock . 1\linor dike · and small to k of da citi , an] iti 
and ba a lt-i comr o ition occur at m, ny place , parti ·ularly in Orient ; 
they ar commonly a ociatcd ''ith Yolcani ro k with which tlwy 
appear to b g neti ally r elated. 

Th. ultramafic and related f 1] pathic rock are expo eel mainly 
along a belt north of th geographi axi f the island· they rop out 
OYer larO'e area in north an l northea t Oriente, in north central 

amarruey and in north a. tern La Yilla . , and o cupy many mn ll er 
ar a in all thew tern pr Yin e . X on l1a s h('en found on the I.la cl 
Pino . The larrre t single area of ultramafi c rocks i in northern 
Oriente wher about 2, 00 quare kilometer of the ·e rock are exr o:e l. 

The graniti intrusiYe ro k for the mo. t part li ·outh of th bE>lt 
of ultramafi rock . Batholith of graniti rock. are found in . outh­
c ntral La Villa , in outlnYe t amaf!i.iey, in " ·e. tern Ori nte, and 
along the outhern flank of the ierra ::\[ae tr n in south rn Oriente. 

Opinion on the aO'e of the ultramafic group of rock range from 
pre-Early retaceou to po. t-Late Oligo ene. The Dutch geologi t 
belieYe that the ultramafic rock. were emplaced in early Lat reta-
eou · time (Rutten, 1936, p. 1'7; Yermunt, 1!):37, p. ·, 1 ; lac Gi ll aHy, 

1937, p. 17; Keijzer, 1945, p. 1:3, 65); all of the:e 'rorker agree on on 
period of intru. ion ov r th " ·hole i land. Flint, Albear, and Jn ilcl 
(194 , p. 42--44) believe that the Lower(?) to ~pper retac ou vol-
an ic and eclimentary ro k of the C'amagiiey and Hol O'uin ]i trict 

are younger tltan the ultran afic ro k , contrary to the conclusion of 
the Dut h . All agree that uppenno.t Cretaceous (Mae tri chtian) 
s climentary and volcani c rock: are y01 tnger than the ultramafic rock. 

Opinions on the age of the quartz clioritic group of intru ive rock 
ranO'e from Late Cr taceou. to Eo ·ene. ll worker agree that th s 
intrusive ro k are younger than th ultramafic ro k and the volcani 
and edimenta ry rocks of Early(?) to ::\1idclle Cretaceon. aO'e but there 
isles agreement a to the upper limit of age and to the number of 
cycles of intru ion. Mo t of the Dutch worker believe that all the 
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quartz dioritic rocks are approximately th ame ao-e, L ate retaceous 
but pre-Mae tri htian (Rutten, 1936, p. 1 -19 · \ rmunt, p. 22; Mac­
Gillavry, p. 1 -20; \\ e sem, 194. p. 13; K eijzer , p. 106, 113). 
Thayer and Guild (p. 920) and Flint, ~\.lb ar , an l Guild (p. 52) 
con ur \Yith MacGill avry and Yan \ Ve.- em on the ag of the quartz 
diorite batholith · of ce ntral ama<rL1ey. 

Taber (1934, p . 5 3- 5 -:1:) on Jude l t hat the ierra. )Iae tra bath­
olith. of outhern Oriente are Eocen in age an l LeYI i and traczek 
(1955) upport this con lu ion. K eijzer (p. 1 6-107) con luded that 
thee :arne intrusive· were Late Cretaceou~· in ao·c. 

De Vletter (V1etter, 19-:1:6, p. 34-39) apparently 1·ccoo-nizino· that 
other intru ives than the uppermo t Cret-a eou lioritic intru ive 
rocks may have b en th ource of the dioritic pebble in the 
Mae trichtian bed. , an l citing eYi len c of on tact metamorph i. m of 
' ld Eocene" be ls near a bath lith in western Oriente believe the 
inf ru,;iv l be pot- rf'ta E'O U. in ao·E'. 

J~xtru 'i\'e an l relate l intr u ·iv roek. inclucl exf nsi,·e forma ion 
Lhat range in ao-e from P ;Lleozoi (?) to Eo en , and . omc xtru ivc 
ro k of Plei toccne f o H ent nge ar r portecl. The Pa leozoi ( ) 
hlorite schi t of th 'i rra d lnrial in Ori nte may be m ta-

morpho ed voJcanic ro k according to :ruild (ora l commw1ication), 
and mctavolcani ro k old r than the erpentine ,,. re not d by 
Thay r (1942, p. 9) in th area, uth of Bahia J:Java in north a t 
Oriente; simila r r k of the ierra cl Trinidad in L a \ illa may 
al o b of volcani orirrin (Thiadcn p. 7-11). Th mo t \Yide pread 
volcanic and a ·so iat d intru iv 1·o k are of Early(?) to Lat 

r ta u ag and hav b n found in " ry provin e. r ta eou 
to midclJ Eocene extru ·i ve ro k , \\'iLh \rhi h th prin ii al mangan e 
deposit. of uba -ar a oci;lted appear only in ouLhern, entral, an l 
we tern Ori ·11te· th Eo nero k · in oth r pr vin arc edimentary 
rock. . Late Pl i toe nc or Hec nt xtru ive rock· are reported to 
o,·er areas of a much a. 200 quare kilometer' in entral La \ illa , 

"'e tern amagi.iey, and on th bord r of Orient and amagii y 
(ltdmer, 1945, p. 20). 

The major st ru t ures tren l approximat I) parallel to the ar nate 
axi of the i land ex ept in Oriente wh r the principal tructura] 
trend i ea t-northea t\rarcl in the northern paxt of th provin e and 
ea. t ~r arcl in the ·outhern part. The I al ozoic( n or Jura ic( n base­
ment r k. in the .ierra de Pur.ial Oriente, tr end en hrard accordino· 
to {einzer (p. "'5"') and Guild (oral communi catio n); in the ierra 
de Trinidad, La \ ill a , they tr nd northea tward to ea twar l 
(Thiaden , p. 5 - 60) ; nnd on the I la le Pi no the mctamorr hi ba e­
ment rock trend northward a ·ro the trnctural t rend of the main 
island (Haye , Vaughan, and penc r, p. 11r.:). PI r Jura. ic to 
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lower T rtiary ro k ar o·enerally tronrrly fo] 1 d and fauJted but 
th later Tertiary (OJirroc n nn l Ii ocen ) ro k nrc onl mildly 
tli.turbe L 

Uajor thru t fault and O\·erturned fold invoh-ing be 1 a · youn 
a middle and late Eocen haYe b en ob~ ned in many place . Thru t 
faults in amao·i.i y trike " ·e t-nortlnre t "·a rd an 1 lip north· in 
northwe tern Oriente there ar imilar thru t (Thay rand Guild, p. 
D2 -927; K eijzer , p. ~ · Ylett r, 1 . 4· J5). i\fiddle Eo ·ene oroo·enic 
movem nt app ar to hax re:ult din th folding and thru t faulting 
of rock in entml amao·i.i y an l " . t rn Oriente (Thayer and 
Guild, p. 926). In th Bahia de antiao·o ar a of outhern Oriente 
overturned bed and t ep reY r e and tear fault i1woh· be~ a young 
a lat Eocene. 

The ierra d Trinidad in outhem L a illa i thought by Palmer 
(194~', p. 2· ) to be an OYerthru t block ridin()" on youno· r ro ks, but 
Thia len (1937, p. 4 -±D) coull find no co1win ·ing eviden e of n h n 
thru t. Palmer (19±5, p. ~3) al o d . cribe, O" J" at th ru t zone in 
northern La \ illa , 'vhich he b li v to be middle or arly late 
Eocene in age. Thru t fault in Pinar del Rio haYe been de cribed 
by Palmer (1!)±5 p. 21) an l V rmunt (UJ37 p. ;~2- ±). 

PINAR DEL RIO 

TRA'riFIED ROCK 

The ac urately dat d rocks of P.inar lel Rio rano·e in aO"e from 
Late Jura ic to Re nt. Pre-Jm·a ·: ic rock · may be pr ent but 
conclu .ive e,·i len e for them i ]a king thu far. 

The olde t rock , " ·ith " ·hi h mo t of the bedro ·k depo. it of 
manganese are a ociated, are expo eel in th ~iena d lo Oro·ano 
and ierra del Ro ·ario and con i t of hale an l lim tone with sub­
ordinate amounts of and. tone. The e ro k were fir t livi ied mto 
t\YO principal unit. , the Vifiale and ayetano (or an ayetano) 
formation , by De Golyer (1Dl , I. 1 9), but the a()"e of the e forma­
tion , their 1·elative tratigraphic po ·ition, and their tru turalrela­
tion hip ate. tiJl matter · of con id mble ontention amonO" Yariou 
" ·orkers (deJa T one, 1910; Bro'''n and o· 'onncll, 1922; L e,,-i , 19 2; 
i\[etcalf, 1Dv2; Di ker on an l Butt, 1!)35; Vennunt, 1937; Palm r 
1945). Imlay (19L) ha ummarized the variou viewpoints and b ­
li ,.e Lhat the fo ·sil · of the an ayetano formation (p. 1439) arc 
of ]ate Oxfordian and perhap. arly Kimmericlo-ian arre (early Late 
Jura . . ic); that the fauna of the Vifiales lime tone (p. 1433) is to 
be correlat d \Yith the upper part of the Portlanlian taO"e (very Late 
Jura ic) ; anl that the two formation are separated by an important 
unconformity involving part of the Kimmeridgian and Portlandian 
stages (p . 1422-23, 1440). 
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Th nw ss ive Yinal c.· limestone pre. nmabl y nam dafter the to"·n 
of Vinale ·,for m the main ma. of th ' ie rnt de lo: (hg<ulo: wher 
it weather. to f·h tee p- icled moo-ote: . .Ac ording to L e wi (1932 
p 536), the Jime. tone is about 2,000 fe t thi c·k and in p lace i. inter ­
bedded " ·ith hal e. 

Th Cayetano formation i wide pread in both th e Sierra de lo 
Organos and the S ie rra ]el R o. a ri o but ha not been re ·oo-nit:ed out­
. i l of Pin;n· d el ]~io. It ·on ·i t predominantly of indurate l dark­
co lon'd . ha l<' ll"ith .- ulv~ rclinat r inter b<:'d ded s:1tHlston - and limestonE>. 

Th Cay tano sha"re i. in t rb<'clded " ·ith r ed or r ecldi:h-bro wn im­
pur fo ram ini fe ral lime ton e bed with whi h many of the mangane e 
d po it. ar a. oc iatecl. In hand pecimen the e rock a r den ·e and 
fine gn1 in ed in p la e. some ll"hat r e ·ry talli zed and foliat ed. ~\.11 
ontain mtme rou Fo raminifera , aYerao·ing perhap 0.2 millim ter. 

in diameter , set in a Yery fin e o-ra in e l carbona te matrix co ntainin o­
much fin ly eli . eminat l erypl oery ta ll ine reel iron oxid , probably 
h ematit . The nly other r e ·oo-nizabl on. titu nt of the ro k 
a re par irregular grain of quart;,: or feld par too mall to b id n ­
tifi d with certainty and c ry ptony:tall ine che r t. 

Origin of the ·red r o ·k::;" is utw r tain . but they may be relat l to 
th e o ri~in of the a. so ·inted mangan e. E:' clepo. it . . Simi lar roc ks <H e 
a .. ociate 1 with ,-ol·nni c rock.- in out hll"e: t·e rn Ori ente and man ­
ganes cle 1 o it s a re fo und ""ith th se l ed · also . Park ( H)-1-6) d -
S Tibe. Sintibu· uecl s aSSOC iated \\·ith Jllang an ese d ep0 its inter ·alated 
in YOkani c roc ks on the Olympic P eni nsu la in 1\ ' ashingto n. H ock 
of volc-ani c o t·igin a re apl a rently not present in the Cayetano alth ugh 
ac·cor ding to Palme r ( J!l-1-;), p. ->) thi ~· fo rm at ion may he eq uival e11 t. 
to and g ra l into YOl<:ani c ro<·k. of th C' reta ceou: ' Tnft' 'eri e ., ( ee 
p. 2-1-). 

Th ao- of th e \ inal e. and Cay tano :equen ce i un ertain , but it 
see m. likely that r ock of both .Juras. i an l Cretaceou age a r pre en t. 

Th i r m lel H o a ri o i fla nked on the north by a . eri e of vol -
cani· nn l . di me nf<ny 1·odc c·o rrela tecl by Y ermunt ( p. 15- 1'7) " ·ith 
t h ''Tufr 'eri e ,. of La \ illas (Ru tten, J9a6, p. 7- 10). Th Tufr 
Seri e. · ons i. t. of po rph y ri ti · and diab<l ·ic ,-okan ie r oc ks, bre ·c in , 
and tun' with inter alated b 1. of lime ton , c-h ert , aml . h ale, ''"hi ch 
confo rmably OYerl ie th yo un•re t t rata of V e r m un ' ' an \.nd r6 · 
fo m httion ( \ iiia les p lus Cayetano) . S edim ntaryro k ·, ·hi e fi y lime­
. tone, be ome more a bun lant toward the ba . e of th . eri e . \ rmunt 
con. ider the " Tuff eri . " to be L at C'r etn ce us in ao- · Pal mer 
( 19-±., p. 5, 11) con ider that it r ange in age fro m Ea rl y C retace us 
to lnte t C reta ·eous, <lnd ove1-lap in age the \ ifi a.le and Cayeta no b c1 . 

The yo unge.t M e. owic roc· k in th e mangane eli ti·i cts a r e t hose 
of th nppe rmost C' re tn ceou .· (i\Jae. t r i htian ) H abana formati n f-ir. t 

4 2R47~-:0 -~ 
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named by P almer (1U3+, p. 12; ~-1-±5 ) from expos u res at La JTabana . 
Ve rmunt (1!): 7. p. 22- 27 ) found rock · of tlw ll aban<t formation 
throughou t the two mountain range · of Pinar del Hfo. Th f orma ­
tion eon i t. of Iin1 est·on . caltareou. ancl.ton e. and conglom erate. 

Th ierra de lo Organo. and 'i ena d I Hos<lrio are flanked on 
the outh and partly flanke l on th e north by T ertiary a ni Quaternary 
e limen ta ry rock: . The.e rocks are all outs ide th e manga niferou 

zone , ex cept for a r eported occmT ne of ma ng ;m s <tbou 10 kilo­
m ter n orth of th e city of Pinar del Hio. <lpparently in an ar a 
unlerlain by Eocene ·eclimentary ro ·k . 

Dl'l'R lYE RO IC' 

erpentinized ultramafic and as o ·iatecl gabbroid r o ·k. · wer e 
found by Y en11unt ( 10:17, p. l7- 1 ' ) in many places sca t tered 
throughout the r gi on un clerla in by ..\Je:oz i · r oc k. . I fe des ·ribed 
altered cli o riti c intrus ive n w k · of doubtful lntl' Creta ceous age from 
t wo mclll are<L - o ne bebH~e n Ouane <llltl La Sierra , abou t +0 kil o­
meters sout11"·e.t of Pinar del JHo, and the otl1 er on th " ·e t : id of 
Bahia H onda. X o direct e,· idenee conce rnin g th age of th e. e r oc ks 
wa. found. 

STR CT RE 

~\.lthough n o detailed t ucli . of the stru ture of th e r eo· ion ha,·e 
be n a tt mpted most worke r · <\g r e that the major .tru ·t ure of th 
Pinar de] Rio mountain s i. anti clinal ( I fay e , Yaug han, and Spen ce r. 
1901, p. 25; D eGolye r, J9 1 , p. 1-!5 : Y c rmunt, 1937, p. 0:t-38; Palmer. 
19-±5, p. ~1-23) , anclmo t ha,·e recognized compli cation: 1ne to f olds 
and fault s. Palmer beli e,·es that the broa lJy anti clinal ' ierra de 
lo Org ano i. cut by ma jor tln·n st fault : pa.mll l to th r an ge and 
extendirw al ong it · full length; overthru t ing \Yft. from th e n or(h ­
we: t. Y e rmunt ( 10:-H, p. :) :2- 3+) appa rent ly thought that only rela ­
(i,·ely mino r thru. ts " ·ere irwo h·ed and clicl not r·e o rd the ir nttitnd c 
or clirec tion of cli s phtcement. 

ORE DEPO IT 

D epo it . of c-o pper, lead . chromite, iron, barite, kaolinite, and 
a ·phal t a: \\"e ll a · manganese are kno\\·n in Pinar del H1o. The most 
im[ ortan t copper depos it is :Mat<lhambre, " ·hi ch wa : 1i .co,·er ec1 in 
1913 and i ·. till producing copper con centrate. D e. c ription · of the 
M atahambre dc po: it have been giYen by _\Ji encle ( 1927, p. 40-52, 
GZ.- 70 ; Hl35, p. 4:20- ;i l ), and Ro.: ( 10:35, p. +Mi--+37). j\ eco rd ing to 
Cnlvach e ( 19 -~4, p. 92, 102) a total of app roximately 1,151,000 ton . of 
·oncelltrate " ·as produced at ~\Iatahambrc bet"· en 1919 alld 1944. 
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ISLA DE PINOS, LA HABANA 

Th e man g ane e eli ·tri t. of th e I ·b d e Pino a re in the outh ern 
part in an area unde rlain by highly metamorph o ed r ock . in luclin g 
quartz-mi ca hi t, quart;.;;it e, and marbl e. The 1·oc k. i n o·en ral trike 
n orth to n orth'"e t and clip ·teeply to th e no rth ea: t. H<1ye. Y aughan , 
a nd 'pencer (1901, p. 11-I-1 H\) named th e r oc k: the G e r na marbl e 
and nnta F e r hi st and con~ i lcred th m to be interbedded ' ·to som 
extent' ' an l of probabl e Pal e;.;;o ic age. ]~utte n ( 1D:H) d es Tib ] th o e 
metam 1·phic rocks in o me detail ancl e. timat ecl a minimum thi c kne::;: 

f r,ooo meter f o r t he s quence . H e beli eYe f·IH1t at lea t the upper 
part of the l . la de Pinos :ec:tion i .Jnr;1 s ic in age and ugg : t a 
correlati n " ·i t h th e .Jurass ic rocks of Pinar del Hlo, a co rrelatio n 
pre,-i usly propo. eel by ]ho wn :mel ()"Connell (lDn , p. 6-1-:2- 6+:3) and 
by L c wi · ( J!):L , p. ,):i5- i5 :36), '"ho, h OIH'I'Cr, beli eYecl thnt th e entirr 
equence " ·a y ounge r than :\[icldle .) urass ic ag·e. The cons i lerahly 

g r·cn te r d grce of nrefanlm·phi :;nJ of th e I sla de Pin os roc ks is t-ho ug-ht 
by Palme r ( l!J4i5, p. H) to militate again .· t su<·h a co t-relnti n but h e 
recognize a . imilnrity bc tiYeen thr two . ec ti on,;. 

Jg n eou. r o ks eYi d ntly arc n ot <1 hunclant: th l'_r in clu cl di o rit e 
chist (Ha ye. , Yau ghnn fl nd :-;p nee r. p . 1 1.'5) or amphibolite ( Hutte11 , 

l!J:H, p. -1-( :3) intruded bef o re th regi OlH11 mehunorphi . m, and 
youn ge r p o. tmetam orphi · p ep:nwtite,' , dikes and irregular bodi e of 
:fell spar-qmntz p orphyry, and rh yol it dikes (Page nncl ~[c . \.lli . ter 
l!J -1--1- p. J , 1 7) . 

• \. number of tlm: far nn econ o mi · mine ral depos its . in cludi ng nmn ­
gan tie, haw been cli scowred on th e i. land. . \.ll ncle ( 102:1) m en­
lion cl epo. its of lead , a ntimony, copp r and i ron, <1nc1 a tung. ten 
cl cpo it n ear En . enn ch cl e la . iguan ea ha s been cl e"eribccl in detail by 
Page and f . \.lli . te r . 

NORTHWESTERN LAS VILLAS 

Th e mnn g an e. e eli t rict s of north11·e. tern La . Yilla . are in ch1led in 
th e '·.\.ltura . del ~oroe:t e " or northll' est highlnn ck of :\ las. ip ( l!J-1-2, 
p. 97 ), whi ch form part of the "cordill e ra'· of n orth ern La · Yilla , a 
range of Jo"- 1·iclge. trending parall el t th e north eoa t of thr 
provin ce. 

Th e ol cle. t rock are ch erty lime tone , '"ith local ly int e rbeclclccl marl, 
sand . ton c nnd tuA' , extf'nding along a naJTOII- helt from orrnl illo 
. onth eastwarcl almo: t f·o C'hnml n · in ( \ unagi'rey. The lin1estone thai 
contains anrmonit c open·ula ha s bee n call ecl th e ' ·. \ ptyr hi" fo rm ation 
and a .. ign ecl an }Jarly C'retaceon . age by Hutten ( Jfl%, p . 10, :) :3) 
who . tu li Ll th e geology of the area. H e (Hutten 10~ 6, p. 5, 11) 
beli eYe: that tlH.'\ " Apt ychi ' f o r mation grad e : outheashntrcl into th e 
lo1rer pa r t of the C'rcht eon. volcani c and . ecli nJ c nt·ary rock of the 
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' Tufr eri e .' ' l a lmer (H)-1-5 p. 5 ) <tl ' o r gards the lowe r ' ·Tuft 
erie '' a eq u iYa.l nt to the ' . \.1 tych i ·· bel ·. 
Th a ·. ociation of mangan ·e " ·ith the "~\. pt 'Chi'' f or m;ttion i 

intere ting inasmuch a Y rmunt (19;17, p. :"5 12) co rrelate· the 
aptychi -bearing trata of the ' ·San .\ ndr6 ., formation of ]:>inn· del 
Rio with the "~\.ptychi' ' bed · of Las Yilla . . and Palmer ( UN-n, p. f 

I) con lat :th e Yinal e. formation ( part of th ~· an . \. ndrrs .. ) with 
the "~\.ptychi' formation. ~\ already m nti one 1 manganese depo ·its 
are al o a o ·ia.tecl with th Yinal es and C'ay tano (\an ~\ ncl r6s ' ' ) 

bed. in Pinar cl 1 Rio. 
The' ~\.pty hi .. f ormati on i .· o 1·e rlain UJJ Conformably by dense lim -

. tone. lim e t n lrecc ia and conglomeratic lime:tone whi h Hutte n 
(19%, p. :2-1-, 50) ha . r eferred to the northern fa cie. of tl1 'Cpper 
C retaceou (Mae tric ht ian ) 11 abana formation. The next oldest rocks 
are marly o r ..;andy lime.' tone o-f late L<.:oc ne ag that unconformably 
overli e the older rock.. ome of the roc-ks ac· ·ol'Cling to Rutte n 
( 1!) ~6, p. 25) are mor o r le.: tuffa ceo n and may well be o rrE> la.ti n 
with the Eo en e volcanic ancl . cdimentar y r ocks of south"·estcrn 
Ori ente. Oligoce ne and ~ f io ·ene lim estone f·lank th e old er rocks 
north and . 011th of Quemado de Gi.iine · 1\·h -r they on f o rmably o1· r­
li th nppcr Eo enc rocks (Rutt n p. :2(-i- :27). The Oligocene and 
Aliocene r o ·k. have been nan1 ecl the Gi.iine lim eston by P almer 
(19:3-±, p.10 1' G) . 

'erpentin and r elated ro ·k and 1·E' ral mall -toc k of clioritic 
intrus ive 1·oc k: wer mapped by Hutten beb1·een the manganifero us 
b lt: of nortll\\·e tern La · Yilla : . H o ncluded that th serpentin 
and a ssociated gabbroic r o ·ks intrude the 'Tnn· S e ri e:, ' ·iting a : 

vicl n ee in ·lu. ion: of uralitized cli<tbase ll'hic h h beli e ve. to lH\Ye 
om from the " Tutf Se r iec:.'' Thi ·evidence is not ·on clu i1' e becau l' 

the ·o-ca,ll ed in lu ·ions of diaba e 111 <1Y be dike , a · Rutt n him elf 
ad mits , and moreo1·er F lint, ~\.l bea r , and Guild ( 19-1- , p. c~ < ) : ay that 
fin e-grained likes ·ommon ly are found in the se r pentine of the 
Cama•:ri.iey eli ·tri ·t a: small shea red blocks re ·embling in ·lu ion ·. The 
clioriti · ro ·ks int r ude a n l m eta morphose th " Tutl' ... er i ' and a re 
be lie1·ecl by 1-~utten ( 1906, p. 1 , 1 0) to h unco nformabl y o 1·e rlain by 
Habana fo rmation. 

The -t r ucture of north "·e ·te rn Las Vi ll a: ha · not been : tudi ed in 
letai l. Rutten ' , pap r in ·lucle: no c ro: .-ection of the ar a and the 
many anonHtlies of hi s map c1 rease it u ·efu lne s. Pal me r (1945, 
p. 15) co ns id r: the no r th e rn 'cord ill ent· · to mark <t zone of overturn ­
in" and 0 1· tthrust ing, and Jio·ure. a -t r ud u re sec tion across ea tern 
L1 · Vi ll as sholl'ing L O\\·er C reta ·eo u.- rock. f the northe rn "corclil -
1 m .. thrust no r thward ovl'r l'ppe r C1->ta ·eon . -trata. Thi : dire tion 
of th ru.ting is in dirl'd oppos ition to that· a long t·hrust fau lt-s mapped 
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b Flint, ~\lbear and Guild (p. 40-;E . pl.l ), whi ch appea r along th 
t rike proj ction of the La \~ ilia thnd.. Thi .· apparent anomaly 
ne' l. explanation. ln the 111<1np:anese eli t ri t f 11 orth we. t rn L a 
Yi 11 ;1:, c: hcrty lime to ne of t·hc ... \ pty c:h i .. fo rmat ion . t rik es S . :i0- H0 ° 
\Y. nn<l dips :2:) 0 - (i0° ~.;faults n\:1)' he present bnl "·er(' not obse n ·ed 
in th brief time pent in the area. 

Hutten ( 10;16. p. :2 ' ) cli stinp:ui she. th re o1·ogenic per iod . in no rth­
ern La · Yilla . . The first'. a relatiq>Jy m il d ph ase . oc: 'l ilTed <luring 
t he La f·e C retnceou: befo rr deposition of t lw T Ia ba n<1 form:l t ion in 
:.\[aest ri chtian time: the .·econd wa .· a stronger orogeny, pos ·ibly ac-
om p<1 ni <l by ove1thru t ing in lower to midd le Eo ·ene time· the 

third and ln .t wa. a : tJ·ong phnse that f'oll o11·ed clepo. it ion of the 
Olio-o ·ene ·tn1ta but pr eeclecl depo it ion of th Oligoce ne and :L\li oc ne 
CTu i ne lime tone. 

SOUTH-CENTRAL LAS VILLAS 

Th Si rra dP Trini lad, in whi ·h the mang;1ne. e d po. it of out h­
e ntral La : \ .i ll as are found i: composed of a thick sequ nee of m ta­
morphi · rock:. ThE ro ·k: ha,·e re ·eiYed ,·ery l itt le . t u ly the mo t 
detailed gC'n<•rn l work bei ng that of Thi aciC' ll. ' (10; ~. p. 7- ll ) " ·ho 
de Tribes the r o ·k a: mi ·n . ·hi st cnlca reou · mi ca :ehi . l , and marbl 
11·ith . n1 a ll er amount: of ·h lorit C', sC' rpentine, and amphibole .chit. 
Th is' ~chi tFormati n" ;H··ordingtohim r nnge · fro m7,10 to11,700 
m t rs in thi<'kn .. . 

S o ·fossi l: lul\·e been found in tiH' Sie rra de Trinidad metamorphic 
roc k: . Thindcns ( tn:n, p. H) co rrelnt rs the r oc k with th l ·la de 
Pin os sequen<'C' and 11·ith the l o ~r e r pnrt of t·he ' 'S;\ n _\ ndre ·· f onml­
t ion in P i11:1 r drl Hio, and assign . th em a La te ,)urn ... i · age. Pre,·iou 
11·orker: ~rh o ha1·r made : imi la r <'OlTE' iation · of th e. e roc k · haw 
n · ·ignccl the nl('hllllOrphi e rocks a poss ibl e Pal eozo ic <1ge (S pe11 ·er, 
189.-, p. 7 1 -7~; !! ayes, \ ·atlgh ;tn , nnd Spcneer, l DO J , p. :20-~ 1 ; Le,,·j ·, 
190:2, p. M~- :i;-16). 

The structur of the ('ent rnl ancl we. lem ... ierra de Trinidad , and 
<tl:o pos. ibly of t·he ea. tern port ion of the ran p: , is Hnticlinal (Thin ­
den:, p. 2 :)-~ .i). PnlnlCl' ( H)..J. !'5, p. -~8 0) co n: ider · til Sie rn1 de 
Trinidn l to be a blo ·k o \·e rthru st from th .-outh , bnt Thi ad n (p. 
'~8-~9 ) failed to find d(•c i. ive e1·idenc for thnt. t faulting. 

); o minera l depos it : of eco nomic importance h<n e been cli:eo,·ered 
in th Siena cl e Trinidnd. F ern{tnclez c1e Castro (1 G!), p. 7- ) men­
t ion. the finding of gold nra r Trinidad , a nd Allende (192, ) ha s 
le:c rib c1 a pyrit·e depo it on the north Han k of the range n ar 
'umana g ua. Sc,·e rH I c·o pper cl po. it: lt n ,.e b en report cl north a nd 

ea t of the Sil' lTa de Trinidad ( II ayrs, \ ra ugha n, and 81 •ncer, p . 
5:.>- Gl). 
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CENTRAL CAMAGUEY 

1\Iangane deposit. oc ur on the north lope of th iena de ]a 
Cnbitas and on the Finca anta C'laxa about 25 kilometers outhea t 
of th e city of C'amagi.iey. The geology of the area ha s bee n de ·c:ribecl 
by ~IacGiJlavry (1937) , a n l a sm<lll part wa s itwestigated in g reater 
<letni l by Thayer and Guill ( 19+7) and Flint , . \! bear, and Onild 
( 19± ) . 

The oldest ro ks are n etnmorphi c, in cluding phyllite, -c:hi st, horn~ 
f el , tactite, and gnei · that un lerlie a mnll area :1bou t 6 kilometer 
·outhea:t of th e city of Camugi.iey and occu r as inclus ions in the se r ~ 

1 entinized ultramafi c 1·o ks of t·he region. pp r Jura . ·i (Portland ­
ian ) and Creta ceo us(?) lime. ton es and ·ubordinate int r bcdded chert , 
tuff, and shal e are the olde t foss iliferon s rocks : they ar kno\\'n to be 
exposed only in the Sierra de ( 'a maj;~n near tlw southea t end of thr 

ierracl e lnsCubita. \'"ol ani rock , mainlywater -laid ande. itictnff 
and : ubordin ate flow and dike rock , and interbel de i lime tone and 
radiolarian ch er t of the C reta ·eou. " Tuft: ,' eri e . .. un co nfonnably on' r­
lie th e nltramafi c and as o ·i,lted igneou. ro ·k (Flint, ~\l bcar, and 
Guild, p. H ) . The mangane. e depos it sou thea. t of th city of ama ­
giiey appear to be localized in \'olcani c rocks of th ·Tuff Serie: ... 

The grea terpart ofthe, ierra lela ubita: is form edof'Cp] er C re-
iaceoll : limestone, whi ch Painter (194:'5 . p. H) call s t·he .1aron (t lim( ­
ston e and whi ch Flint, _\l bear, and Guild ( p. --1--~ ) beli eYe to b eqniY­
alent to the "Tufl' Seri e . . ' · X a n·o"· belt. of Eocene 1 i me. ton e are formcl 
on t·he . outh flank and the -far north ·lope. The Eocene ro k. con . ist 
of lin e. tone, marl, a.ncl cha lk ; th ey un conformabl y OYerlie the old er 
ro k. . Manganese deposits apparently occur in the Eocen e rocks. 

NORTH-CENTRAL ORIENTE 

The prin ipal mangane. e eli t rict of Ori ente are in the ierra 
~he trn and it· footli il l., th e upper Guaninic6 tl and GuanUu1amo val ­
ley. , and the . outhern foothill . of the ierra de Nil e and ien:a, del 
Cri . taJ . The onl y oth er nwng;tn e:e di:tri ct studied lie: ea.t of Hol ­
guin in nol'th-central Oriente and was v is ited by Thayer and G uild. 
J\:n o,,-n occunen ·es of ma,ngflne:e near G nant(wam o rtncl near Ba 1·n oa 
,,.<' re not :een by t.h e authors. 

The oldest r:ocks of the Hol g-uin di . tr ict are a complex of :erpentin ­
ized ultramafi c rock s t·hat contain in lus ion. of altered diorite and tac­
tite apparentl y derived from unexpo .. ed basement ro ·k.. These rock 
<ll'e un confonn<thly overh~in (Thayer and Guild, 1047, I. 9:26) by tuff 
;mel intercalated lenti cul ar lime tone of the "Tuff Se1·ies" (V1ett r, 
1946, p. 11-1.~), and by limestone, limestone conglomerate, onglomer· 
ate, marl, tnff Rnd lava of the Habana formation. 

Linwston e and interbedded fine-grained, reddi h -bro"·n, nonca,l­
·areou s tuff a.nd hal e unconformably overlie the serpentine complex 
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30 kilometer. a.t of Holguin: th e mangan es cl epo it · are a · o ·iated 
" · ith t h e·c rock.· (Guill, written communi cation ). In o r n ca r thi . 
sam e ar ea K e ijzer ( 19±5, p. 26- :,..7) ha found congl ome.ra,te, . and tone: 
marl , anl lime. tone containing middl e or late Eo ·enc fo .. il. ·, but the 
age of th e manganese-bearing rock i: not known. 

In t he manganese di. t ri ct 10 to 1!) kilometer ea t-north ast of Hol ­
g uin th e a :o ·iated r o ·ks in clude lime tone that OYe rli e Yol ·ani· ro lc 
\\·hi h in t11l'n rest un conf rmably on. er pentine 0 1· are faulted agHin -t 
it (Thay r , 11 n pub li heel re port ). The age of t h lime ton e and vol-
nnic ro k ha : not b en e tabli shed but po ibly th ey are E oc ne and 

may be con ela ted " · ith th ,-olcanic ancl . edin1entary ro k of the 
Cobre fonn ;ltion in the . outh " ·este rn Ori ente mangan e:e fiell. 

Maj or .-t ru ctnre. of the 1 fo lg1dn mangan ese districts trend ea. terly . 
Eocen an l old er r ock s are .t rongl y fold ed into narrow . ynclin e. and 
anti clin · nnd arc cut hy many fault . . mo. t of " -hi eh nppea r· to be 
th rn t fault s of . mall di ·pla cem!.'nt (K !.' ijz r p. 2-:1:). 

GEOLOGY OF 0 rl'H \\' ES'l' EH - OHIENTE 

outhwe -tem Ori ent e ha · heen only partly map] e] geologically. 
;\lapping b. · ·w oodring and Da1·ies. (Hl..J--1.) and by L e wi . and 'tra.­
czek (19,)5) ha . C'OYe red the chi ef 1 rodu ctin zone of the manganese 
h lt nncl th!.' st ratigraphy . . tn rcture and Jitholog · of the rock hnYe 
bee n studi ed. \\'oodring and Da1·iess mapp cl s me ]. 00 square kil­
orHeters. ~\bo ut· :3 !)()() square kilometer . "ll"er mnr p cl by L e\\'i 
~~ rn zek , and Simons : the t h re r " ' rk e rs togctll('r ma ppe(l th geology 
of the , nntiago ba s in northll"ai'Cl to antl in clncling- El ri : t o ami 
Ponupo h . t ri ct.; Straczek and L e ll" is eo nt"inned r egionnl mapping 
to cover th e area from th e Si erra :\[ae. t ra to the onth end of th e 
Si erra de Kipe, beh1·ee n Ham 6n de In s Ynp:ua s and Palma Soriano: 
and, tra zck mapped th r emaining gnp het11·e!.'n Palma Sorian o :md 
th e ea. t edge of the (~iii . a -L o. X!.'gro.· ar(' a of ·w ooclring and Da\·ie:;:;. 

G eologicn l \\"Ork else ll"he re has !wen co nfinE'cl to th e area s in th!.' 
in 1m diat!.' Yi c inity of min es and indi cat·es that in gen.e ntl th e same 
rock units exte nd throug-hot l! th!.' mang-ane:e- bearing belt. The geol­
ogy of th e min es and n1ining cli s tric·t s of :outlliH'ste r n Ori ente " ·as 
mapped by Pnrk, Cox, Stnt cz!.'k, and Si111on : many small min e. and 
pro.-pects II" e re nHtppecl by us in conj und ion II" i th th(' a r a I n1nppinp: of 
the south -central Ori ente manp:Hn ese fi eld. 

ACCESSIBILITY AND CULTURE 

1he n et work of railroads Hnd high11·ays in sout hll·('s!e rn Ori nte 
i · : upplementecl by many unirnprol'ed r ;ad: and trail. leading into 
ma11gane:e eli . trict".-, : ma ll to ll"n :, :e ttl cments, a nd farm s not lire ·tly 
a ce. ibl by railroad o r highll"ay. The Yariou .- H · ·e:: road and 
mo t of the principal trail. are ho""n on th m ap ( fig . 3, pl. 2). 
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The thidcl : · populated lowland at· as of the region are );n·o·ely 
under ·ultinttion or in pasture ; they are th : ite of immen. e. nrrar 
plantations and dairy and cattl farm s. Yalley: an [lowland area : 
within the foothill s of th e tn otllttain tracts co ntai n many ·111all farm s 
on whi ch th e occupants ck out a Ji,·ing rai ·ing co rn , tobac ·o, plan ­
tain , and root crop., ·u ·h a · th S\\' et potato malanga, and y u ·a. 
::\lore prosper u: farm are locat c1 near tit prin i1 al tran sportation 
routes, e ·pe(' ially ncar th cities and to\\'n . CoJl'ee i rrro\\'n thr urrh ­
out the foothill . ancl hill y parts of the lo,,·]and ;!rea. but mo t of the 
·o fl'ee g ro,·e: (cafeta le:) are itt the thinly populated hi gher foothill . 
andmountain ·, g 11 ra ll yaboYeHOOm.eters inaltitud. 

'tr eam are numer ou . Th larger one ancl som of the ·maller 
one are perennial bu t many : mall ·tl·eam ar ephemeral and di. ap­
pear "lming the dry .ason from Xovember to _\ pril. Th O('C~ts i onal 
failure of' a rai11y season c·au ,.;es scYcre da111age to Top. nnd ]j,· ·tock, 
espe ·i;\l ly in area Ttrh a: that bet\\'een B;lyam and ::\lanzan ill o, and 
milling OJWrati ons <It :ome mines mu. t be ·u rtai led or shutdo,,·n for 
la ckofwaterduring some clry sea on. 

H a rd\\' ood and pine fore:t. arc limite l to foothill nnd mountninou 
areas the lnrg . t t·rads no\\' being in the higher and most ina c ·e ible 
region . Th.t' fore -ts support a :;mall lumb r indust ry and upply 
timb r f or mining and cha r ·oal for lome ti c use. l\lnch charcoal 
<.:O nte.· from bnt shlancl · that lut\·e been cut OYer .e ,·ernl time. 

PHYSICAL FEATURES 

The ph s i ·al featur of :outhwestern 0l'i ente ar dominated by 
the ' i n a Mae ·t ra a mountain sy. tem <1bo ut :ro kilometer · long that 
form · an impo. inn· topogntphic ban·i r al onrr th!' :outh coat from 

abo Cruz to Guantannmo Bay. 1\orth of th e 'ie rra i\lae tnt i · a 
bron.d lo1dand ar a, here in re[errc<l t·o a. the C'aut o and (runnt~tnam o 
lo\\'la n 1 that· extends front the Go lfo de Gtmcanayabo t·o Gun ntanam 
Ba y . Flanking th e eastern part of thi s lo \\'l a ncl are th broad ~iernt 
cl ' Kip and iena ]cl C ri tal. 

Th e. ] rincipal physi ·;tl f t:'atnrcs ha ,·e bee n tn entioned and hrieAy 
cle.· ·rib >cl by Ilayes Yanghan , and Spen<.: r ( 1901, p . 10- 12, H ) . 
Lat· r Tab r (103 1 19;H) g~Lv e <l more d tailed dcsnipt'ion of the 
phy i graphy and ph y. iographi c hi . tory of th e i:-lierm ill<te. tra and 
ad ja ·e nt r egion .. K eijzer (J945) pr sentccl a genernl d.es Tiption 
of tit phy. iea l feature: of th r eO' iOn in ·lttcling 1 a rt of the , iena 
Mae. tra and iena de Nipe and th e intetTening C'auto an 1 (~uatt ­
t(ma,rno V<lll ey. \Yooclrino· <1ncl ])aYiess ( 1!)-J.-~ , p. 3GO- :-lG:-l) brieHy 
de cribecl th e . :entia! physi ·al features of t·he Gi.ii sa-Lo.' l\ <Yro. area 
an l . u b. equen tly L e \Yi s a n<l St r<tczek (H).);)) de ·c ribed the adjoi 11 i ng 
so11th -centntl O r iente area. Hef renee is ma<le here to only a. 'few of 
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the bron l physi al feat ure whi ·h will a. ist in the lo <ttion and l e­
cription of the geologic featnr . f the region. Th physiograr hi· 

featur mention cl are de ·rib c1 in c1 tail by L e wi an l traczek 
and the mo t prominent Jeature. a re. hown on figure 3. 

The ru gged iernt )lae tra has a na rrow uneven re t lin e Aank 1 
by ·teep- i led ridge .. The Santiago bas in and the JHllTO\\' Do. Boca 
valley that extend. northe<\. twarcl from Boni<lto, near the north edge 
of t he bas in, to El C r i. to fon11 a ]o,,· gap :eparating th e Tnrquino 
range on th e we t fr m the Gran Pi edra range on the ea ·t. Th . outh 
flank of the ~i rra )Iae tra is clt·ain d by ma11y small t r am · of . teep 
o-radient . , treams on th e north flank haw flatt r gradient and 
mo t of then flo"' north11·<nd into the Cauto and JUaHUtnamo loll·­
land · th north ide of Gran Pie 1ra range is d rained by the Rio 
Baconao " ·hi ·h flow eastward in it. upper ·om:e and then . \\'ing.­
. outhea. tward acros. th t·angc to th e so uth ·oa t. 

Th Turquino 1·ange c tdminate · 11 ;u· it.' middl e in Pi eo Turquino, 
th high t poin t in Cnba. Publi ·heel 'timale: of th e altitude of 
Pi o Turqu i no rang from 1 9 .~0 m ter pra . ip , 19-:1-2 p. I :.9) to :2, >20 
meter . (Bennet and .Alli son, 191 0, p. :210), but most writ·e r. haw 
ac epted the altitu ie of 2,005 meter given on 1 . . XaYy H ycl r o­
g ra phi c hart :2(>12. 1\. est of Pi co Turqu i no the cr t lin of lh e ntnge 
·lopes to ea level at Cabo Cruz and to th ea t it . lope: un eYenly to a 
pa · about 6 0 m t r~ in altitude at the head of th Hios Ca uto and 
Contramae tr ; east of th1 _. low point th e crest li ne again ri ·e_. to 
·ulminate in L ma El Gato at an altitude of about 1,100 meter . . ierm 
de Boniato form the ea. t end of th Turquino range; it· i: <\nea rl y 
.traight ridge :..A· kilometer long and anraging about :wo meter in 
h eight that extends from the head of Dos B oca. vall ey west \l·arcl to 
Pu r to de :.\Ioya wh re t he arretera CentraJ cro e.' the 
range. The shorter and lower ierm de }>uerto Pelado, :2 k ilometer . 
. outh of Sie rra d Boniato and pnrallel to it , i · a con ·pi ·uons hogback. 

Gran Piedra rnnge, " ·hi ch extend.' from the Santiago ba ·in to 
Guantanamo Bay, culminate in Gntn Pied ra. (' gn~at. ton ··) a t an 
altitude of 1,200 m ter.' . From thi . high point th ·re. -t line lower. 
mct r·kedly to ward the ba ·in and tO \Y a rd the dee 1 Yall ey of the R1o 
Ba ·onao. B eyond th i.' vall y the highe: t point ba re ly xceecl. 800 
meter .. 

The ' ien·a Mae. t ra r ise.' abruptly from the oa. t along m nc·h of it. 
lenot h, e. pecially along the Turquin o range wh ose step. onth fiank is 
a continuation of the north .' ide of th e Oriente Deep. H owever , ·n all 
d i: ·ont inuou . lo"·lalld: inten ·ene <\long I arts of th coast. The San­
t iago lowlan l urrouncl s Bahlit de 'antiago a t t he east end of th e 
Turquino range and extend · ea t ward to th e Hlo Bacomto as a belt 
in place. le ·: than on e kilom eter in width. \lti tucles in the antiago 
lowland are a mu h a ;tbout 150 meter aboYe . ea leve l. The Pilon 
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Jo,Yland nt th " ·e. tend of th e Tnrquino ran~e ext nd . from Pilon , 
"-here it i 6 to 7 kilometers in width we twarcl around th e end of the 
Turqu in o range at Cabo C ruz. 

The north f1ank of the Sien n Mac ·tra i. haracterized in it . upper 
par by steep- icl ecl r idge. and nnrro"- Ya ll ey. . .\t lower altitn I . , 
th e rido·e becom a belt of f oot hill · marginal to the C'auto nncl Guan ­
t!'tnamo lowl and . Th foothill bel t is on ly a f ell' ki l met r wi l 
along the western Turquino range but wid ns to abo ut 1 ki lon eter s 
ju t a. t of the Hio l3ayamo Yalley and continue as a belt e,·eral 
kil ometer wid to the east end of (;.ran Pie lrn. ra n~e . ~\.l titucle. of 
the foothi ll s rar ly exceed :'iOO meters. Some of the hi~h er f oothill 
area· are the re~ion bet ~Yeen th e Hios Bayamo and Contnunae t re, a 
tr rrain of lime: t·oM hill s tlwt in cludes the Pozo Pri eto knrstlancl and 
t h naJTO\\- belt of hill s and di sse ·ted tabl elan d . the B onia to piedm ont , 
lying north of Sierra de Boni a to. 

T he Cauto and Uuantanamo lo"· la nd is an extensiYe b lt of broad 
p lains and lo"· hill s that r xten cl . from the (; olfo cle <+ua cnnaya bo en t -
outh ast ll'ard to Guantanamo Bn y. The "·est ~Yarcl - fl o ,,- ing Rio 

Ca uto, whi ch drain · most of thi s area . is the largest riYer in Cuba. 
~[ost of the lo~Yiand is 1 ss than 1:)0 meters in altitudr and the ext n ­
. iH> Canto plain oce upy ing th e ,,·este rn part of the area ha . an alti ­
tu de of less t han no nwters. The highe:t aren. in the loll'lan(l i lit 

.\.lto 'on<YO on the divide between th e h eachn1 ters of the Hio Gunn ­
inie!in, the prin ti pal eastern t r ibutnry of the auto and the ea hYanl ­
fl o \\'i ng H lo ( rua nt (tna mo. 

Th ~ierra cle ~ipe and Sierra cl e l C ri sta] toget her ,,·ith flanking 
upland s are des -ribecl by Le"·is ami :-;1 ra cze k ( Hli>:i). On ly the onth ­
ern n1argin s of th ese high land s nre consicl erecl as pa rt of the south ­
" ·ester n Ori ent nHlll~Hnese field . 

The \\' E'St\\'ard -t rencling upper ?llayad ndl ey se p<nntc: th e JClTrt 
d I C'ri tal from an ext ens i,·e hilly and mount a in ou: upland to the 
. outh. Thi s upland in clncle: El Infiern o basi n 7 kil omete r. nor t h,,·e t 
of .Ta ralnJ ec· n, a broad shallo"- topog raphi c depres: ion UJTOun<l ed on 
three sides by lo,,· hill s. The ,·alley of the Hlo Piloto, a tributary of 
th e Hio :\btyarf, and th ,·all ey of the Rio .J agua. tJ·ibntary to th Rio 
Ca uto . eparalc th e Si erra cle Xip<.' from the extens i,·e upland to tht' 
south . The I\\'O upland s <11' se parated by the nor tll\ntrcl -t rending 
vall ey of Hio .Jarahm•ca, the :out·hem prolongation of th e lo\\·er 
l\J'a ya r1 va ll ey. 

Th broad upland : ou th of the Sier ra de Xipe is ch·ained by the 
Rio . .Jagua and G uanini ct'Jn tribu tary to the C'auto, th e Rio .Jotmo 
t ribu t::try to Rio .J arahueca, and the H1o: Caoba and P iloto of the 

{a.yarf ri P r yst·em. Th area in lu l s nearly flat, irreg ularly 
·hapecl plateaus about :ifSO mete r. in a ltitude, and several hea 1\\'at r 
basins. ,,·!Jo:e floors li l 'O to :2:i0 meter · be lo"' lh mToun clin ~ taul e 
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l.1nd s. The P edernnl plateau nor!hernn10st of th •se tabl lands r1. s 
b t "-ecn the R:fo Piloto and Rio Caoba nlil ys; t·.n eli . cted Flori h 
Blan a plateau lie to th outh ·and La Prueba ph1h•au, ·outh l'111110. t 

of the tablelan l , extend outh and outh a t of La Pru ba to an 
Benito. Ba in li on thr e ide. of Florida. Blanca plat au . La 
ButTa ba in, named after the locality of \thana la Hurra at the h ud­
wat r of th Rio Jagua i · th large t of thes e · ntially ·lo~ rl le ­
pre~ ion·; it a t sid mark th ''" t edge of the Florida Blanca 
plateau. The mall r ompletely lo ed ' umidero ba -in is on th east 
and outhea t ide of th Florida Blnn <t platea u at fh • h ad f the 
Rio umid ro a tribubu·y of th .Jarahue ·a; it i s parat d from the 
still maller \ illafaiia ba. in to the outhwe t by a stee p narrow ridge. 

~Iangane e eli trict are in th 'iena )Iae 't ra th .'i .rra d ~ip , 
and icn<l del Cri tal, ;tn l the Cauto an l Guantiinamo lowl;md , at 
altitudes ranging from 100 to about 1 000 m ter. abo,· ea 1 v l. 
~1o t of them are on the lower north flank of the Turquino nmg and 
in th out h rn iena de Xipe fo th ills, mainly be low ;oo m te l" in 
altitude. The only ler o it. on the. outh flank of th , i rnt ?Ira . tnt 
are n ar the 11·e t end of Ttll'quino rang , on the north i 1 f th 

antiago lo~1· l and. north of Bnh1<1 de antia~o and in the Rio C'obre 
and Do Bo as Yalle .-. whi ch drain into th antingo lowland . 

STRATIFIED R OCKS 

outh11' tern Oriente i · underlain by volcanic an l ·edirn ntar 
ro ksranO"in<YinagefromLat 1· ta e u · orolcler(?) to Quaternary. 

ix formations and thre unname l equence: of . ti·atn aggr ()'a ti n~ 
7,000 meter: or more in thickne · arc r ·ogniz l. The olcl :t 1·o ·k: 
are expo ed in the ._ ' ien·a, Maestnt th Si ena c1 Xipe, the Sierra. del 
Crdal. and locally in hi 11. a ncl 1 wlan l · bord ring the. e mountain ·. 
Th Late retac ou (?) (or older?) Vinent formation in the 'i rm 
~Ia e tra compr i prin ipa lly YOlcani ro k \rith inter ·alated minor 
marine. eclimentary ro k: and is at lea 1 500 meter thick; the ba ·e 
of the Yinent formation wa not found. The ITabana ( !) formation 
in the foo thi ll of the 'iernt de Xipe and 'ien ·a c1 l Cri. tal consist: 
of edimentary and minor volcanic rock about 300 meter. thi ·k, 
which re t un ·onformnbly on ultramafi ro k.. 

The Cobre formation of Late C' r taceous(?) to lllidcll Eo ne ag , 
overlie: the Vinent formation in the ierm Mae tra but th tmti­
graphic relation are not known. It re t: un onformably on ] [a­
bana ( ?) formation in the ·outhem npland · of the ' ierra le Kipe and 

iena del Cri tal. The Cobre con. it. o:f a lea ·t 4,000 meter · o:f Yol ­
cani c r cks with mall er bed of marine lime. ton an l ·la t ic 1·oek. 
The next younge. t unit i the an Lui . formtttion of middle to up[ er 
Eocene ao-e. This formation, con: i. ting largely of cal careou. ·h,tl e 
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and and tone, uncl erli -- much o£ the Cauto and Guantanamo low­
land. an l the outer foothill of the mountain area . The an Lui 
formation re t onformably on the Cobre formation but i. 0\7 rlain by 
seveml formation at vari u place . Along the dge o£ the auto 
phtin and in one mall ar a in the. outhern ierra 1 Nipe foothill 
it i. OYerlain confo rmabl ' b unnamed diment. o£ Oligo ·ene arre. 
In th antingo lowland it i. overlain by th La Cruz formation and 
at th " ·e tem end of the iena :\1ae t ra by the ) J anzanill formation 
both of ~\l iocene age. The e formation a] o o,· rlap th an Lui 
formati on, and r t unconformably n rock of the obre and 
Yinent(?) formation. Pl io ene r ck. are n t kno"·n definitely to 
o cur in . outh"·e tern Oriente. Quaterna.ry trata in clude marine 
edimenta ry rock alonrr 1 art of the outh coa t and fluviatil lepo it 

in mo t of the river valley . 
Th calcar e u dim ntary ro ·k are invariably fos iliferou . Th 

1110. t abundant fo il · are Foraminifera, but coral. are common and 
ga t ropod . <lncl pelecypod · ar lo ally abundant, e p ially in the LatP 
Cr ta ·eou , Oligo ene an ll\Cioc:ene ·tratn. Di ·u . ion · of th pal eon­
tology may b found in ·woodring and Davie (19±:1-), Berm(id z 
( l!l50), and L ewi and . tnt ·zek (1!)35). In thi · re1 ort, brief mcn­
ti n i. made of only a few hith rto Hn[ ttbli . heel fos. i l letermination ·. 

on·elation of th .-tratifie l rock,:; of outh we:t m Ori nt ''i th 
tho. el: where in C'nba i. ntt mpted in on ly '' g neral way; at the 
pr :ent tap: of p: ologic :-tudy in uba con c lation ·uch a tho e of 
K ijzer (1!)-Li p. H - 1G3) can be ac l ted only with r enntion. 

The mangane d posit · of nthw stern rient ar found largely 
in Tertiary volcanic and edimentary rock ; a few cl po ib are found 
in . dimentnry and vol ani· ro k ' lent<1tivel.) a d a r taceou 
age. 

HETA EO (?) Y T.EM 

VINENT F ORMATIO N 

Th \ inent formation wa. nnn1ed by Taber (198-J., l· -75) after the 
to wn of Yin ent, ; 0 kilomete1· '' t of !::iantiago le Cuba. Th type 
<trea i on th outheast dg of the mnn~·r~ne belt of outhw t 
Ori nte; c rte1in rock n en r the we. ten 1 of the b lt al o haY ben 
n i•"ned tentnti ,·e ly to t'hi · formation. Only a few mino t· Jllangan e e 
c1 p . it nrc kno\\'n in the Yin ent. 

IHSTil l BUTl ON 

The Yi nen t f rtnat ion form . a nalTO\\' di s on tin uou belt a long 
the ba . e <llld out'h Annk f th Grnn Piedra range from th town of 
fi vi ll a at to th Hio Baconao, and . imi lar rock · crop out alonrr the 
outh flank of the Turqnino range. Taber (193-:J., p. o75- 76) briefly 

de -rib dan in ·om plet . e ·tion exp . c 1 a ho r t d istance north a t. of 
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inent, but the formation ha · ne'' r b n tudi d in detail. l~o kB 
whi h Tab r con idered a part t the Yinent formation haY b n 
mention d and bri fl y d cribecl by 'pen r (l [aye aughan, and 

p ncer, p. 7 - 0), K mp (191o, p. 11 36), LimloT nand Ro. · (1916, 
p. 4±), incr \Yald and l\IiJler (1916, p. 73- 74) and R e ·ler (1917 p. 
2- ±), in conne tion ·with their tudie of th iron depo it of the 

Gran Piedra ran cre. 
\ inent formation ha been r ported in the Turquino rang along 

the oat bebYeen antiago de uba and Pilon 150 kilomet r ''" t. 
Taber (193±, I. 576) in lud · rtain ro k ju ·t ". t of Bahia de 
Santiago in the Yinent formation, and l3ur h<lrcl (1920, p. !H) noted 
1·o k on th Rio Camaron ito, 22 kilom t r ast of Pilon, whi h 
Taber ugcre t (193+ p. 576) belong to the inent. \\ e have tenta· 
t iv ly a ig n d to the Vinent the ro k behreen th Rio Palma locha 
and Rio El Macho v,·est of Pico Turqu ino. 

Till 1-:.'I J:: ' ' AXD THAT!Gil .\PIIl ' n~:L .\ 'I'fONl'l 

Taber (193±, p. i576) estimat d th thi ckn . of the Vinent formation 
to b more than 1,500 meter , but more < cm·at e timate of th 
thickne of the formation mu t await d tailed creo]ocri · tudy. N eith r 
the tor nor the bottom of th formation ha been 1· ·ognized nor 
ha it relation to th OYerlyinrr obre formation been det rmined with 
certainty. Our tudy ha hown that at least J ,:-oo m ter of vol anic 
rock , tentatively assicrn d to the C'obre formation , li betw n ]mown 
Yinent and unequiYocal 'obre; no tratirrraphi break within thi 
equen ·e ha been ob n ed. Th interm diat ro k are ma . ive 

and apparently unfo iliferou . 

'rHATIG itAPJIY AND PETilOGR.\PllY 

The \ inent formation on i t la rgel of ande ·iti and ba al ic 
lava flow , flow bre cia, acrglomerate, br ·cia and tuff with inter· 
bedded limestone and marbl , late, arrrillit , quartzite, and con­
crlomerate. K emp (1915, p. 11- 12) noted a den e blue lime tone in 
the Daiquiri iron di tri ct northwe t of inent, a quart:.:::ite ea t of 
Vinent, and fine ·o-rained Lu·k·green slate and volcani bre ia at 
the iron pit · of ' igua, ea.t of \ inent. J;,arlier 'pe11 er ( Iayes, 
Vaughan, and Spencer 1901, p. 79- !Jl) mention d homblende an l 
epidote chi sts a ·o iated with the iron deposits at Firmeza but K emp 
(p . lZ) . ugge t · that the " hist . . , are probably the re ult of local 
·on tact metamorphi m. Hoe ·ler (p. 3- 7) de ribed porphyriti 
diaba e " ·ith intercalat d lime tone and marble in the Firmeza eli · 
t rict and beli eYed that the diabase wa in part extru ive. imil ar 
ro ks in the Firmeza li. trict may have b en fine·crrained tuff. 
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Porphyritic ande ite, cellular ba. alt, vol ani brec ia., onglomerate, 
quartzite, and metamorpho d lime tone '"ere li ted in Taber' (1934, 
p. 576) de ription of the inent. 

bed of black fo si liferou argillite at lea t 50 meter thick i int r ­
bedded with ma ive ande iti f1o,,· , flow breccia, and agO'lomerate 
alonO' the Rio Palma 1\Io ·ha, about 3 kilometer from the oa t . Be­
t iYeen th Rio Palma Mocha and Rio El in ·ho fu1e-O'mined gmy 
impure lime tone, cal areou iltstone an l ili ceou hale rop out 
alonO' part · of the coa. t. The ba e of thi equen " ·a no ob · rved, 
but at l a t 100m ter of b d ar expo eel. The e rocks have not b en 
ob ened elsewhere in the ierm Mae tra · they appear to be ratiara­
phically below the vol ani ro k found farther inland. 

From Rio Ell\Ia ho ea twarcl to Rio La I lata bed of impur fo -
iliferou red lim tone and alcareou red ar()'ill ite a. mu h a 3 

met r. thi k are interbedd d in ande ·iti and ba altic pyrocla tic 
rock · everal mall manganes lepo it are a o iated with the e 
hematitic bed . . Theredrock ar meo·a · opi all. anclmi ro opi ally 
imilar to tho: a:sociated with the mang-anese lepo it in Pinar del 

Ri and th lympic P en in ula in \Ira hington; the latt r de[ o it 
have been le. cril e l by Pa rk (19-:1:2b, 19-!6). II matiti lime ton and 
:trgillit rc ur a t the Ig-ualnda pro pe ·t, 2 kilometer eat of Hfo EJ 
~facho; a El J nlit pro pect, TO metet" n rth f th e l guala la; at 
the E st-rella cl I Xort pro pect north of th . lgnala la pro pect: and 
at the M ttg-da len;L min in th Rio 1\Iag lalena Ya ll ey. The e r ed b d 
may be . trntigraphicnll r quival nt but mu ·h more cletaile 1 mnpping 
II'Ould b r quir cl to cl ci1 her the trnJiCYraphy of thi . highly folded 
. q uen ·e of bed :;. 

Th n i ro cope h ws the r l calcareou ro k to be om ,,·hat 
tnffa ou. an l to on i t of many Foraminifera, mainly Globigerina 
clu te I with h matite, with . mall r amount of feld par and qnartz (?) 
et- in a fin -o-rained matrix onta ining much finely divide l hematit . 

Comm nly th ro k ar " ined " ·ith al ite. The nclo. ing pyro la ti 
ro k · at th Brazo le F lipe denoun cement are ba alti tuff ·ontainino­
o-rain . of albite, augite, rare pi lot and o]iYine ( ?) fragment of 
htYa, and Foraminifera in a maJrix of mic1·o TY tal line cal ite. On the 
Magdalena lenonn ce ment the r cl b d · ccm· in porphyriti · ande iti · 
or ba alti la.va . that conta in phenocry t of albite and O'rain of 
pyroxene I artJy altere 1 to ep idot , chlorit , an l maO'n tite; a little 
secondary quartz is al o pre ent. 

Th ro ks north of the red-bed and YOlca Hi c- ro ·k s quen wer not 
examin d, but the tream graY l. indi ate that they ar mainly vol anic 
ro k intruded by diorite. To the ou th , impure brown-weatherinCY 
lime tone, ar ·illite, and silic ou rocks crop ut liscontinuou ly 
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alono- the oa t · their tnttigraphi po ition and great r i1 dueation 
uao-e t that thev und rli h vol anic-ro k and r cl b d ri . co J . 

Burchard ( 19:20 p. D-1-) noted'' ' 'light -colored qunrt;,ite' overlyin~ 
reddi sh hal e a the, an Juan pro p ·t 011 th we. t : id of the Rio 

amaron ito but Park, and later th write r found onl. bro\Yn re­
cry ·tallizecl ja I er much of it r embling qunrtzit , ov rlying r eel 
fine-grained ·a] ar ou . tu~r. The rock , whi ch a1 pear to be trati ­
crraphi ca.lly hio·h er than the re l-l> d ;mel ,-ol eani c-rock . ri . to th 
ea t, mn. belong either to th Yinent or to the o,· rl ·ing obr 
f rmation. 

OHI O!:\' A N D COl'\ 01'1'1 0 :\' R OF lli•: POS IT !Ol'\ 

The edimentary rock. of the Yinent forma t ion probabl y \\'Cre de­
ri.Y cl fr m a land area not far from th ite of the ran Pied ra range ; 
the pre en c of mwlomerate an l and t on an d th slulll O\Y - \\'rtt r 
fauna in Jenti ul a r ma e of limestone n ar Daiquiri ugge t c1 po ·i­
tion un ler near- hor hall o \\' marin conditi on . Taber (19:3-1-, p. 
591) ugg te l that th e our e ;lrea "·a 1 robabl y outh f th pr . ent 
coa t but th re i. eqn <ll r<'<l . on t o bclicv thaL it could have be n to th e 
ea t or north. 

d im ntary r ock an d volcani c r o k · 
ugg t tha t many of th Y l uni c r o ·ks \\'Cr laid clo"·n ttnd r . ub­

marine C'onclitions. Thi . <'O n ·l u. ion i .- upported by the ·alcarco u · na ­
ture of the pyro la ti r o k . om of th Yolcani rock may be ub­
aerial cl po it . P.illow tru tures, often cons ider cl typi al f lava .­
extru l cl un l er ubm arin con litions or in ·ontact with '"et · dimcnt 
(Budclinp:ton, ]9:26 ) , are notab ly rare in th e hLnl of the Yin ent for­
mation Yen in pla <·e. wh re the flo\\' . are interbe ldecl " ·ith m<trin c 
·ecliments. Eith r the lant \\'e re not . ubmarin or the phy: iC'oc-lrcmi ­
·al conditions "'ere un ·uitabl e for the formation of pillo"·s. 

Origin of th e reel hematitic lim e -ton and alcareou. argillit i. con­
jectural. Park (194G, p. 309-321) ugge ·ted th a t the' reclro ·k_·· a:so­
ciated " ·ith th e . piliti c pillo"· lavas on th Ol y mpic P en in. ula arc 
chemi cal precipitate , fin ely lividecl calcium arbonate hav ing been 
r eleased from ea. "·ater th rough acri t...'ttion an l heating by submarine 
vol cani· acti ,·ity. Thi .- id <L wa previously aclvan (' d by Kania 
( 1929). Park b liev · that [ art of the n ce ary cal i urn \Ya rel a ed 
throuo-h albitization of alc.ic f lcl par by rea tion of hot Java with 
ea water, and that at th ame time ir nand m<Lngane ·e were relea ' d 

by alteration of mafi c mineral .-. .. ome u h proces: may have been in­
Yolvecl in th e fo rm ati on of the r d rock.· in the Tu rguino-Portillo area. 
~ \ lthough th ese bed · a re not associ a ted with altc r·ed pillo"' lava , they 
a.r en clo:cd in albiti c tufl's and ma iv flo\\' . who:e alt ration by r e­
action \\'ith a "·ate r might have r eleased iron and mangan ·c. Thr 
abnnclan ce of Foramini.f rain the red 1·0 k wou]cl then be rerrarcled 
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a fortuitou . . imilar ro k · of the 
Rio, whi hare interbedded " ·it h rork 
gin, may have a eli fferent ori~in . 

ay tano formation in Pinar del 
f pr umabl.y nonvolcani ori-

Th our· of the \ inent YOl ani ro ks i 11ot kno"·n but the great 
thickne . andwiledi t ri butionofthe.e1·o ks ugae tmanynear-shore 
. ubmnrine vent.. The lack of re worke l volcani debri . ·indi cnt . that 
ther " ·er f "·,if any, high ,·olcani i. lan cl. . 

AGE .\XI) ('OHHn.ATICl:\" 

The aae of the Vinent formation ha not been . ati fa tori ly e tab­
li h 1, but meager fo · il coll ection in licate a retaceou age. T. \Y. 
Yauahan, who examined coral and I onge colJ ct d by ingewald 
and l\filler (1916. p. 7+) fr m limestol\e ne;n· ]);liquir1, concluled 
tha.t the acre is lefin itely :L\Ie ozoic, probably r ta ou . Fo sil ol ­
leded by the \\Ti te r. from th bhek a r~:i lli te on th e Rio Palma Mo ha 
\\' r iclentif' d by Halph Imlay of the Geological Suney a. A cta o­
?ol'lla- like gastropod: ·'mot probably of r[ per reb\ eOll. Ol' ]at 
Low r retaceou. age, judging by kno,Yn occun n e · of imilar 
form . .. (w ritt n comnnmieation). 

C'orrelntion f th<' Vinent '"ith oth r fonn;ttion of ubn i -ti ll 
. p ulntiY. Keijzer ( J045. p. 1 6) CO IT · lated the Yinent t· ntatively 
with th lith lo~ri ca lly . imilar C'retaceou ·Tufl' erie .. and thi or­
re l<lt i n e m r a. onable. Th rock. \Ye. t f Pi co Turquino cannot 
yet b CO lT latecl c1 finitely with the typ Yi nent in th :rntn Piedra 
range. Th pre. nt tentnti,·c on·elation i: ba. e(l on 1itholop.-ic imi. ­
larity and inclefinit fo .. il Yiclenrc. 

HABANA (l) FORMATION 

ll1S1'1!11ll' TIOX 

Hoc·ks tentati,·ely ass ignNl to the ll Hhnnn (?) formation Hre ex­
pos d in La J nrn1 ba ~ in and 11111i 1ero ba in, flanking th Florida 
Blanca plateau and in El lnfi rno bn:in H kilometer e.a t of th 
... umid ro ba.. in. 

The lTabnna( ?) formation O<'('llpie: topog raph i · depres ion with 
: 11rfa ·c: of lo ,,· reli ef. _\r a · und rlain by the fon11ation ar ea ily 
dist ingni heel on area I photograph by the fine 1enclritic drainage 
pattern d velopcd on them. 

' l' lllC' KNJ•: S A:'ill ST H.\T.l(illAPJITC lli•:LA 'l' I ON 

The t hi C' kn<'ss of the fl aban;t( 7) formation is n ot known. l11 the 
' umid ro ba:in it i. abo ul 200 met<'r · thick and in La Burra ba in, at 

lea . L 500 meters thick, but the ba. c of the fo rmat ion i not exr o eel in 
eilh r ba:in. Th e Pi <.:o tc <'O ngl omerate member of the Jlabann ( ?) 
formation hn a mnximt1m Lh ickn<:\·s of about 275 meter · a t Monte 

42 47 2- GS- 4 
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Pi ot The IInbana( ?) formation r t un on{ormably on th r­
pentine mplex of the i na de Xipe and i OYerlain with an<rular 
unconformity by the Cobr formation in all kno"·n ar a ·. 

STHATl d!.\ PH Y A:\' n p~;TROO RAP flY 

'I' he II a ban a ( ?) formation IH\ b en tucl ied ;tnd mapped on ly in Ln. 
Buna and umicl ro ba in . It compri e hi fly interb deled tufl'a ­
ceou shale, an l tone, ·onglomerate. and pyro la . tic rock, whi ch are 
intru lei nnd metamorpho~el by many . mall. to ·k of hirrhly alter d 
icrneou · rock . Hu li:tid-h cuing reef lim ton , hert and pyritic 
lignite oc ·ur lo all . D etail ed de. ·ription of the :formation ar owen 
in I.-e,Yi and traczek (H):--) and need not be repeated here. 

AGE .\ XI) RIU::LL\TTON 

The JTabana (?) fo rmation of the 'umidero <tnd La ButT<t ba In: 1 • 

evidently Late r taceou ·i n a.g · (L ewi . and tra ·z k) but the arr of 
the. imilar ro ks in El Infi ern o ba in i not known . on·elati on of 
t·h Hnbnn;l (?) formati on 11·ith ro ·k in th 'ierra Mae 'tnt cannot 
y t b ma 'le 'Yith certainty : it may b equintl nt to part of th in nt 
formation or to th low r part of th obre formation. 

UPPER RETA EO (?), PALEOC~"E(?), A-m) EOCE:-IE :SERlE 

COBRE FORMATION 

The obre formation i the th ickc t and mo: wide. pr ad 1·o ·k unit 
of outh western Ori nte and "-ithin it oc ur the great bu lk of the 
manganese clepo it . ~\. kno1Yl clge o-E th eli tril 1t ion , litholorry, and 
trati crraphic relation: of the Cobre ro k and a on ·i 1 ration of th i r 

origin aJil c ndition · of lepo ition i ther fore of practi ·al impo r­
tan ·e, pa r ticularly a.- a gen tic relation bebYeen the obr ro k and 
the mruwane depo. it. e m probable. 

IH 'rRIUt;TlOX .\ :liD TOPO 'UAPHl EX.PRE ION 

The obre f01·mation i · "·idely cli .t ributed th roughout the ' ierra 
Mae. tra, particularly on the north lope, and i. al ·o found in the 
hill. ·outh of the Sier m de Xipe <tllcl 'i rra le i Cri . tal and in . nHtll 
area. in th broncl C<LUto anl Guantinamo loll'land. The :form at ion 
11' <1. named by T <tber (19:H, p. 507- 53 ) , pr tllnably :from th town 
of E l Cobre, 13 ki lometers \Y e. t of 'nntiago ]e 'uba. 

The be ·r. and mo.t cont in u u · expo ·ure · o:f the Cob r formation a re 
on th north : lope of the 'iena Mae tra " ·her e thee rock oc upy a 
bel t 10 to 30 ki lometer s " ·ide extending f rom no1thwe. t o:f Pi lon on 
the we t to the R1o Baconao on th ea t, a li tan e o-E mo re than ~00 
kilornet'er. . obre ro k. a re a lso ex posed on the ou01 . lop of the 

iena Maestra at iena de Boniato and El obre in the northem 
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part of the 'antiago ba in and at tl1e ert t ern end of th Turquino 
range oppo ite Portillo and P ilon. 

Th C'obre fo r mation is exposed in th hill · borde r ing th Siena 
de N'ipe along the tru tural uplift bel\reen the Rio ,Jao·ua and Rio 
Guanini un from Palmarito ea .t " ·ard to the Rio Jarahneca . obre 
rock a l o occur in the hills outh of th e ' iena del Cri:tal and ea. · of 
t.h e R1o Jarahu ca.. 

Ro k youn ger than th e C'obre oc upy most of th e broad Cauto and 
:rnantanamo Yall y, but the fo rnm tion i · expo l in eY ntl small 

domical tru ture in thi .· a rea. 
\..rea und rl ain by Cobr ro ·k haYe in general the greatest r eli ef 

of the region, 1\'ith d e p ntll ey. and teep- iclecl ridge . The pl·inc i­
pa.l tream haYe coar se clendriti d rain age pa tt rn . . ~\. kar t topog­
ntphy i d \·el oped on th thi ke r lime. ton e of the f ormati on. 

Th e ob re formation is at least +,000 met r · thi ck in the G ran 
Pi eclm r ange and the C'ast rn part of th e Turqu ino range. H thin 
no tth \\'anl and is only a f e\r hundrNlmeters thi ck on th flank of the 
' iernt de ~ipe nnd Sierra d I Cri ·tal. Taber (10:1-t, p .. ) 77 ) e t ima te l 

i ts t·hi kn es to be tllOI'(' than + .100 metet" and p erhap · as mu h a 

The ba st' o f the C'obr fo rmat ion ha s not been rccogn ized in the 
. ' ierra ~Iaest ra and its re lati on to the Yin enl formation is un ·ertain. 
T o the north , in the foothil ls of th Si na le X ip, th obre form<t­
tion li . un confo rnHtbly on th(' Ifabnna( !) f o rmati on and th ·erpen­
tine ·ompl x f the Ri erra de ~it e. Pre nmably the am r elation 
xi t nth flank of t·h e i tTa d el Cri:tn l (G uild, \\Titten ·ommuni­

cation). 
Th obre f orma tion i OY th in confo rmably b. · th e San Lui for-

mation. 
Ll T II OLOGI C ll.\1!..\ ' Ell 

Th e obee formntion on:i st 1 rin ipnlly of YOl ant rock. " ·itlt 
: ubordin ,lt e interbedded. ·eclim entnry r oek.. \Yater lai] pyrocla. ti · 
rocks broadly cl as. ified a: agglomerate and tuf-1' form th chie f t ' Pe 
of \'Ol anic ro ·k, bnt th e f ormation contain : al.o a f \\' int er calated 
lanL fl o\\'. and floll' brecc·ia . . Th :edinwntar\' rock in e lu cle limeston e 
( lliU h. of it lllf11'ked]y tu ft'a ceou ) tu frn c Oll S ~ iJts(one and fin -grn ined 
s ili ·eou. tuff, and . mall am unts of tufl'a ceou: sand tone and ·hale. 
Th ·o::tr. e p yrocla . tic rocks g rnclc int·o fin er pyroc lasti e and . eclim n ­
htry r ock., an L laYn fiO\\'S interfinge r a ll th e rocks. Benttt e of the 
extrem ly abrupt lateral g raclnti n and nrti ca l nriation in char­
a ter of th ro ks aCC'l trn te c rre lation ove r di . tnnces of more than a 
:f w kilometer i n t po · ill e alth ough om lime ton bed can l>.e 
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tra eel fo r many t n · f l;i iOJneter ·. E,· n g n ra l CO LT laLions <ll' 
difll ultb cau eofthe1aueityoffo · il s,parlicularlyin ihe lcJ\\' ' rpart 
of th formation. 

Th Yari ou r ock typ h aYe ,,· ide pread lateral and ,·e r t i ·al di ~­

tribution 'Yithin the f ormati on. but lava fl o"' a r m st abunda nt i n 
the lo"·er 1 a r t a nd lim ton in th UP[ r part. Coarse- (· xtur d 
p yr ocla t i ro k al o <lppe<lr to b mo 't <lbundanL in th lo ,,· r and 
m icl ll e part . 

Th coa r' pyrocla tic r ock. ar nTo uped together und r th nam 
"agglome ra te · and includ some rodc that ,,·ou ll o rdinaril y be ca ll ed 
YOl ani br c ·ia an l ,·ome that may w 11 be mud Ho \\' s. \. detail ed 
·la.· ification foll o"'ing that propo~ed by \Yent \\' rth a nd 1\'i lli am. 
( 1932) i.· not pos ·ibl b cause no intens i,·e tudy of the p y rocla ti · 
rock ha been attempted. ,\ . used herein, an agglom rut i. a pyro­
c:la ti c rock con ist ing of rou nued s uba n()' ular and angular ej et a 
g reat r than 32. millimete r in dinrnetl'l' ·ornmon ly lyi ng in u mulr·ix 
of tufl'; the f ra gment: include accesso ry and a c idental a : \\'ell a: cog­
nate jecta. 

_\ gglom rate are irregularly di:tributed in th 'obn' an d oc ur 
thro ucrh o ut th fo nm rt ion but they a r nr ost abunda nt ancl thi ckest 
in the middle an ] lo,,·er p<lrts. Cornr nonly th se rocks oec ur a bed:, 
a f e ,,· n1 ete rs to 000 mete r. o r so in thi ckness, inten;;II ate l ,,· ith 
o r· ~racling into tuff, lim esto rH', or !ant fl o ,,· ; a fe,,· agp:l o rnerate: 
app ar to be intnrs iw . Th e Ull\\'eat her d rot k ar ligh green , g ray , 
recldi ·h g ray or pu rpl e. Th thi ker bed · ar gene rall y ma : i,· but 
many thin bel.- hav a eli t in ct la y r ing. Ordinaril y the individual 
agglomerate bed: are confo r mable \\'i th enc los ing lwds but a f e"' di s­
·o nfon nabl contact ha ,. b en ob · n·ed. _\. cletai led d isc u . ion of 
di tribution a nd petrogr aphy of th agglomerate · i given in L e \\'i : 
an 1 tra z k (19-5) . 

Th agglomer ate ·ons i:t: of rounded to angu lar fragm ent · of ]ant , 
t uA', and lime. tone in a matrix of tuft that may b calcarcou: and e \·en 
fo ·il if r ou:. Th e t uff matrix i · inntriably more hi ~ hl y alter d and 
i u uall y lighter in · lor th an the coat"C con -tituent . Th p ro­
portion of large fragrr1.ent to . nwli is n ll'i able but in general fr ag­
ment les · than 32 millimeter in dianr eter make up !)0 t o 75 perc nt of 
the rock. Excepti o nall y, indi,·idua l bloc ks are as mu ch ns 16 m te r: 
in lencrth bu t mot a re Jes · than 30 centimete r: in di amet r. Mo.t of 
the fragments, wh ether lava. or tufl , a re subround d or . uban<Yu lur 
1·ath.er t h an an cr u lar, but they do not ha,·e th e : hap or stnrct'u r of 
bomb a nd apparentl y wer ' eje ·tecl a · cogna te and acee ·. or y mat (>rial. 
The rounding of the fragm e nt · i: related to th e o r igi n and ·o11di t ions 
of dep o: ition oJth agg lome rate ( p . -~ :)-~G ). 

Th e bulk of the coarse const i t nen ts is porphy ri t i · I a ,.a , in pa r t ,.e i ·­
u lar o r arnyg dal oi 'lui , and I'IH' ba lance is made np of luft or lim e-
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. tone. me bel ontain n lm o t no tu fi' fn1gments where;\ thers 
cons i. t almost enti re ly of tutl' blocks set in a n1atrix of tutl' : these 
latt r rock. will be r fen·ed to as tu tl' agglomerates. hregular 
bl ck of white or gray lime tone ranging from a few centimeter. t·o 
a much a three mete1· in longe t c1 i men . ·ion occur in minor amount 
in many agglomerates; the lime. tone i. fos iliferon in 1mmy p lace .. 

Tnfl'-agglome rHte is e. pccially abundaJJt in the riii sa -Los Xe~n·os 

ar a where it i: xpo. ed at many mang;uJe. e mine. including han:o 
Hedonclo Lucia Taratana (fig. -!) and Yeya. ~mall amounts of 
tuf-1'-<lgglomerate that g rad e into ' normal'' <lgglomerale a re found at 
mo. t of th mangnn se mine in othe r part of th Sierra )[ae. t rn. 
Th thicke:t and mot exten i,·e t-uff-agglomerate i. in the Bneyeito 
di .t r ict. whe re~ bed at 1 a. t :)0 metH. thick app;lrent ly co ,·e r. a n 
area of more than ~ .) squa re kilometers. Tufl'-ngglomerate occ ur. 
al.o in the southern foothills of the Sierra de ~ ipe at the l~sperancibt 
a11<l \~a ll <' d )[angane:o min . . 

Tu fl' -agglon1era te form: lc n t i('uln r bed,., or pods en ·losecl in b del d 
lull' o1· lin1esto ne and grad : laterally i11to "l lO I'll ln l" n:rglomerate, 
tuli', or lin1t>slo nf': contacts <lrt' sharply graclntional antl confo rmable 
nlthough sonlC'whal irregular. T lw ;tgglonlt'rate is <'IH"tnlc:tC'ri tically 
nHtssi \'C' and ·on1pl lC'Iy un so rted: it ('Onsi;;ls of a hctcrogen ou mix­
t lll'l' of rot!ll<ll'd to subangnlar, ,'OIIH'what elongate bloc ks of Ynriably 
allt'rc<l fi1w- to <·oa rse-grnillL'<I. mH ssi n ' or bedded lull' :ct in a matrix 

I"J GI ' In: I. CoarHP ag-,donlt·nll<' at hn ~e of lilll f'~ tO ilP , nnrl-h <• nd of L Pg'O wo rkin~~. ' l'nruta na 
111iru•. .\Jo~l of fliP ltltH'I\~ n rl' of frrxh har·tt ancl.-:.;ite or basalt; a largo<· blod.: (If tufi <.':I ll 
ho HN'tt In tiiP IIPIH) r· lflft liHnd ·orlll'l'. AJntrlx Is t·u l c:~ r~.,•ou:-~ lufr. 
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of ltd!'. ln ~cnr n1ll ess lh a n 10 1 ercPnt o f' lh r blo ·ks are htl'a or lim e­
. tone bn t <1 I I he Lucl a n nd Ch arco H donclo min s I hr re ;u· lo(' n I c·on­
<·rntntlion.· o f' nn~ttl <ll' lo . nbronrHlt>d b loc k.· of lirnrslonc as mu ch 
a. ;i meters in dinnwlcr ( lig. 5) . The lull' bl ocks nrr ustially nolmor 
than :2 rnet ers wide bnf .·om hl oc·ks in the aggl orn ra te of the Hneyc- ito 
di st r ict exc-eed 1 :) meter.- in length. Jn lhe min r areas ntnnganese 
oxide are <li sscminatrd in lhe mal rix of th e ngglon1 erate and le. 
common ly the tnll' bloe ks are pa rtly replaced by manganese oxides : 
. ome of the ngglom crnl e conhlin .- no mnnga nes~ . 

1-' IGI.:H>; :5.-Tu iT- !imP~ Lo n e to n ~: l omc rat , 6th l c ,·eJ of Luda mine. \\'hit c f r agments n r (• 
l imcst on(>, o t h<' r h l ocks n r c tu iT. :\l atrix i. Luff im p r eg nat d w ith ma n •nncsc o x!d s. 
H eig h t of the <'XPOsu r e ! nbout 1 met er . 

Orig in of the tull-agg lomern te i. c-onj e ·tu ral· it may be conglomer­
a te, as Park and Cox (19-l--1, p. ;33:3) . up:ge. t for the bed in th Lu Ia 
mine ancl as 1\,.oodring and DaYi . s ( lfH--l- p. 3()7) uo-ge -t for thi s 
and certain oth er bed.- at or nen r I he base of th Cha reo Redondo 
lime t one in th e ·e ntra l part of th e (ii.ii sa-Lo. ~e o-ro · el i. t ri t , m· it 
may be of clirect volcani· origi n, ither a.- mud flow .- or agglome rate. 
F at ures ~ 11ppottino- th inter pr tat ion n.- ·01wlomerate a re : th 
p1·edominance of tufl' and lime.- tone among the ·oarse con. titnent. ; 
Lhe ·ommon occu rren<.: a t or near th e ba. e of n ] i me t on - ; an l th 
eonspi ctiou s rounding of th e ·oarse component . Jfoll'ev r, ertain 
fact· eem to m il itate again . t . uch an interpr tatio n. The rna · ive 
cornp lel<:'l _y unsorted nature of lhe ro<" ks Hncl I he lmpha6an l di t ribu ­
ti on of IHrge blo k · a rg ue <t gain .t normal '"ater lransJ ort. ~ foreover , 



GEOLOGY OF 0 THW E TERK ORIEr TE '43 

there i li ttle Yiclence of ro. ion of the oft unde rl ying tufl' that 
might be expe ·ted of any curren t t r ono- eno ugh to m o,·e uch coar e 
debri . The uo·ge tion tha. th e e r ock a r e ba al onglom r at 
i un 'o1win in g b cau:e mo. t of them ar euclos cl in turF. E,·en 
at the Lllda and C harco H ecloncl o mine , se veral ce ntim ter to eY­
eral m te r of tuft intenenes between agglomerate and o ,·erlying 
lime tone; th e ame condi t ion. are found a th e Yall e de .J[ano-ane o. 
B peranc ita, and .Te Ci . Seo-unclo mine: . 

It i d iflicult to expl aiJt the po lJike form of om tu n·-ago·lom rate 
]en ·e. if thee rock ar co ng lomer ate. _\.t the Y eyn mine a tutl' a<T­
o- lomer at o cur. a a lenti ular ma about 1:2 meter in thicknes . 
a t lea t 0 meter in length and 20 mel r. i n w idth. It o Cll] i th e 
strati g raphi c pos ition of a lim tone bed into wh ich it gn1dc abruptly. 
The ba e of th i. aggl merate coi n ·ide· \Yi th the ba s of the lime tone, 
whi ch i thi ck st at the ite of the ngcYlomerate pod . antl it top is 
appr xim ately the top of the Jime tone. Thi ek-bedded tuff underli e 
and O\·e rl ies the lime:ton and nggJonlera( e. Thi . tufi' -agglom rat is 
,·e ry :i mi l:u· to the mor l'X t n:i ,-c . fla ite r len:e noted at th other 
mines m nti ne I. 

Th our· of the clebri . makino- up lh lufi'-agglomerat mu t be 
local; the agglom rate bloc·k cou ld not haYe been Iran p rt l far 
b au th y a r com po ·ed of tutl' so oft that a pick r adi ly may be 
lri l' en int them. 

Th tuff-ago-lomerat may be of vol·nni ori~in <lnd either mud 
flow or agglome rnt , or both. P o. ib ly during period, of mild explo­
.- i,·e act iYity in whi ch littl e o r· no cognate materi:1l ex ept t uft' w a 
formed blocks deri,· cl from prel'i o u ·ly d po itecl :emi on oliclat·ed 
lull',,. r - pil d up around nnL from 11·1l i h thy mov cl a . ubma rin e 
mud flo w:. Evid ntl y . ufli ciPn t Ill vement OCCl ll'l'ed fort he r ound inn· 
of tu ff blo k by attrition, although in p:1rl the r ounclin<r may b du; 
t·o spa 11 i ng. 

Th E' ' ob re agglome rate appear. to be mainly b;\ saltic or an ]e it-ic in 
Co mpo ·iti on , b nt so me i · d<t c ili ·; lhe tun· mat rix . ems to haYe the 
am compositi on as the coa r.'c con. titnents. Ejeda of lava in indi ­

v i lu a l bel. of agg l on ~e rn( e appear in gene ral to diJI'er littl e in Jnin ­
era logi · e mpo:ition but in some agg lomerate the ejecta range fron1 
ua salti c to la ·itic, ugg s tin g that somr of the fragment are acci ­
c1 n ta l. P et rogmphi c de cripti on ar gi Yen in L e wis and tra czek 
(1955) . 

Tuff is the mot ab und an t 1 y rocl a tic roc k and i. pr obably the n1 ost 
c mmon r k ty p of the obr formation. The 1't1fl' i. 11. nally '"ell ­
belled but om depo. it. nrc thick-be lded or even ma ss i,·e, e pe<..: ially 
wh er e th ey arc a:. ociated w i I h rtgglomend e. Fine r g rain ed t n 11' u: u­
ally . hows m or e l rfe t bedding tl ~tm th e ·oa rsc-g rainecl v ari et·ies. 
The unwea th r ed tuff i. gra , li ght b ro~· n , or g r en, 'le.·s comm o nly 
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pink r ed, or whiti ·h o- ra y; it \\·eat he r. to brown or lar k gray. i\1any 
of the Cobre tuJt depo ·it " H I' lim y <t nd fo iliferou s, parti cularl y tho:e 
in th miclcl lc and upper part of the fonnati on, and in lh , ·e ro<: k · 'L'O -

b dcling i. not uncommon . i\Jo:t limy tu tr dep o:ih; a rc \r ell bedd d, 
ven ftaggy rock but a f \\' a r mas iv . 

Th e tuff are ande iLi · ba a lti · or le · ·ommon ly, da ciLi · i 11 ·om­
po iti on and are rredominan t ly cry tal tuff, though a f C\\' Jithi · t ufi' 
lepo it nr al ·o known. P etrograph ic de. ni1 tion of th , ·a r iou 
type of tutf are gi \· n in L e \\' is and ~tra ·zek (l!l.-5). 

Lrna f{ow form only <l ·mal l part of the ··ou r formation . Like 
the a . ociat d pyr cla ·ti c r ock ·, the lan1 r ang in om po ition from 
ba al ti to claciti · some haY been r p rtecl to b rhyoli ti (Tab r , 
1934:, p. 57 -579 ). They are ·cattered throughout th up1 rand mid­
He Co bre but ar r elati \·e ly abundant in the lo\Yer Cobr • of the S iciT<l 

Mae tra " ·h re they ar locall y th lominan · ro ·k tyr . 
The lan of th Cobre fo rm ation are more o r les alt r ec.l da r k-gray, 

g reeni lt or r eddi h -gr ay r ock that a r u ually porphyriti and fin e 
o-rained to g la . · in texture. F lo \\' layering is ·omm only not vi s ible. 
Amyo-da loicla l ·tnt ·tur ar ·ometime pre ent bu t rarely arc con -
pi uou . . \. few flow. hav w 11-form ed ol umn<U' jointing; few r 
ti ll ho'' pill ow tru ·ture ·. 
Flo\' br e cia ar not uncommon and ar of t \\' o type·. Th · norm;ll'' 

flow br ecc ia con ·i t. of angular fragm ents of' ·ognale lant and ·ub­
orclina t amount · of ac ·e: o ry an l a ·cid ntal fra gment in a mat rix 
of Java. Thi. type app a r to have form ed in th u ·ual mann r by the 
eli ruption of. oliclifiecl c ru ·ls and the inco rpor ation of thi : material in 
the f-I O\\·i ng hwa. Tit econcl type of f-lO\\. brcc·c ia i: \·e ry cl i tre ren t 
and p erhap . hou lcl not b all ecl a fl ow br cci<l ; t : the re i :ome q ues­
tion r egardino- it o ri o-in. The fmgments ar e r ounded to ubr undecl 
r ath r than angu lar in utline an l1·ang in color hom a d i.tin ·t b rick 
1·ed to greeni h g ray in cont ra. t to th e g ray or g reen i: h gray of the 
matr ix. 'Mo t of the fragm ents appear to be ·ognnte o r ac ·e or y : 
they are fin e grained, nonporphyri ti ·, nn ~ nonve: i ·uiHr like the matrix 
la.vn and ap pear to haYe th ' ame anclesiti c o r basalti c com po. ition. 
The boulder · nmg in s ize from . vem l centimeter . to a: much a.s . 0 
centimeter· an l make up abo11t i)O p rcen t of the r o ·k. Thi . econd 
type of f-l ow bre · ia i ,· most abundant in lo \\' el' obre r ock . 

The ori g in of t h :econd ty pe of fl O\\' b recc ia is onje Lural. _\.ny 
m ech ani m forth f or n at ion of t hi s unu ·ual rock mu t explain th e 
following f atu res: the r ounding of ~1e fragment ; th r eddi h ·olo r 
of many of th -fragn1ents, indicating an oxid izing cnvironm nt as 
·ontn1 t cl \Yi th th e un oxicli zed condition of other boulder s and ma.trix 

lava; th e . ca rcity of \·es icle: in boulcl rs a nd mat ri x lava ; th lack of 
a fine -g ra ined o r g la:: y .eh age arouncl the boulders; th e text ura l and 
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compositional ' imilarity of :fr agn1ent <llld mat rix la n1; and the scar­
·it.y of fragm ent le .. tl an 5 ce ntim ter in liam te r. 

The tructu ral f eat ure. comm on ly ]escrib l for volcan i rock do 
not ar pear to explain adeq uately all of these feature . The round ed 
boul1er do not appea r t be detached and engulfed pillo''" · forth y 
do no · haY a fine-grain d or g la.- y eh ·ao-, are for th e mo. t pa rt 
non Yesi nlar , and do not haYe the elonga te shape omm on to pi ll o,Y:. 
Th fragment.- also lack the chara ct ri . ti c of ordinary I om h. ''"hi r h 
genera lly have a gla:sy skin or a 'b read-ern t ' ' : urfa ce and are Ye i­
cular. The bouller. diA'er al o from the laYa ba ll s de ribecl by 
Stearns (1926. pp. :-3 :-37- !iiH)) 11·hi eh Jw ,·e a eor of cognate or <1 cessory 
lav ;t urround e<l by a .-kin r em·elope of laYR. The textural and 
appar nt comp itional ·imilarity of fragment. an d matrix ]a ,·;t 
st rongly ·ngge:t. a comm on . 011r · . The fragm ents app ar ther fore 
to b cog nate a lth ougl1 they may pos ihl y b acce . ory . IToll'e,·er if 
the bou lde r are acce o ry t h.en difl'e r n ·e.- 1n textu re and compositi on 
.-hould be xpectecl , ·onsider ing the Yariety of lava kn o" ·n to oc· ur 
in th e Cohn• . 

Th red <li . h color of many of the boull r 1. 1 rob< bl) due to oxida­
tion before their int roduetion into th molten htva. , uch a phenom­
enon i. 11·ell kn own. Oxidation of fenou. iron t f rri and on. quent 
a lterati on of basaltic lan 1s to a rNl co lor ha ben cl cr ibed by ,Jagge r 
( 1 9~ 1 ) f rom t he lan:t pit. of the ITall'aiian YOlcanoe. and W' a bing­
ton ( 1909 p. H ) reco~n i ze <l oxidati on of fel'l' us iron in ro k on 
heatin~ in air. 

The . ca rcity of ns i 1<.'. is more cliAk nlt to nncler stand. Evicl >ntly 
t her 11·a, almo. t ·ompl <'te eli . ipat ion of gase. pri or to the soli difi ·at ion 
of the:<' lant.. 

It i: much mor(' clifii eult t·o explain the an omal ou roundi ng of th <.' 
bou lder . . Hounding by at·tTiti on i11 molten la1·a . eem.' unlikely . and 
rounding of the bo1tlde rs b!:'fo re th ei r introclnct ion into la l' <l is equa ll y 
diAi cnlt to exp lain . Their textural . imilnrity rul s out a a po ·. iblP 
. ou rc th e fr ag111e nt. in !he . lll'I'OtiiHling ngglon1erate : n1 or o1·e r ome 
of th e.e ' 'brecc ias" Hre int rbecld Pd \rith lava fto 11·s, tu ft' deposit s or 
. cdimentar. · rocks. The rounding perh ap. mi ght be att r ibuted to 
partiHI m Hing of originH ll . angular fra g ments of cognate lava that 
11· re in t rod uced int o superheat d , P:<'- -f1nx NI !a nt in a Yent before 
solidificat ion or extru . ion a. ft o 11·.- . Such melting probably conld not· 
take p lac!:' un cle r ordinary temperahtre C'O ndition . for in normal flow 
brecc ia tlwre i.- li tt lr eYiden ee of <I.'. i111ilati on b\· meltirw of the frao- -. ,.... ,.... 
ment-s. The fra gme nt · ('O uld hn vr bren deriY<'cl fro111 the s id es of n 
"n[; (.Jagge r. l!l:) J, p. ~) or· co ulcl ha1·r l'OIIl <' l'ron1 so lidi fi ed <Tusts 
floating on mo lt en laYn .. \t- Kila tl !:'<l i11 l!l'2-l-, h rokcn roc·k collapsed 
!n to t he \' nt nnd ne11· h11·n f rot hed its 1ray through nr1·ic-es of th 
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oxidized bre ia ·a ordi11g to Jago-er (p . 67) 'th half-melted br ccia 
i liftedorlo,Yereda a pat by thegn -ch aro- dm ltinit inter tice . .' ' 
It hould no b difti ult to imagine nch a uperh a ted charo-e oli dify­
ing after eli ipntion of th charged o·a ·e , either in th v nt o r after 
extru ion a. a flow. Thi . '" nl d mean 1 caliza tion of uch ' Aow 
bre cia' inornearYent ·. anicertainfi.eldfact :upportthi · inferen ·e. 

Petrographic 1 s Tiption · of the nriou ]ant · a re gi ,·en in L ewi · 
and tra zek ( l!)!)f)). 

la. tic e limenta.ry rock. of the ob r in ·lu ~ tufl'nc ou. an lstone, 
ilt tone, hal , and rare volcanic conglomerate that o · ·ur in min r 

amount throughout th fo rm ation . The tnA'aceou. sand tone and 
hale app a r to haYe b ·en der iYe 1 from p r vion:ly depo ited YOl ani· 

debri . lthough most f th obre pyrocla. ti r o ·k appea r to be 
water laid , the e la stic r ock ar e di ·tingui . he:! by more ·on vi uou · 
bedding- and bett r rounditw of the component grains. ] n g nernl 
the individual cla:ti · bed a r no more than a few ten. of mete r · 
thi k but in p lace. a. on the upp r Ri M ogot.e they a re interb del cl 
with pyro la ti rocks in .·e ·tion as much as 1:'0 met rs thi ck . The 
cla tic rock a l oin Jude lim estone breccia and ·onglomemte ( p. -HJ). 

Lime tone i relatiYely ·ommon in the middle and upp r par of tlw 
Cobre formation but ::;car ce in lo\\'er Cobre rock . It occur:''· len. es 
which attain length: of many kilometer: and r aeh a maximum 
thickne : of a few hunch-eel m ter . . Becan of their tlo. ea. o ·iation 
" · ith many mangane. e clepo. it. the l imestone b ~ of th C'obre haY 
a, pra ti al economic importance and may haYe a geneti c : i<Ynifi ant 
a. well. 

:Mot of th lim e tone bed are Yery tuffaceou. and c ntain pyro­
cla tic debri r anging in . ize from fine an l to blo k mo re than :10 
centimet r s aero . . f as i,·e to thick-bedded, " ·hit or g ray oar. c­
grainecl fo siliferou lirne tone is mo. t common : thin-bedded, flaggy 
lim e tone i le. abun dant. Tlte le . . tuflac ous mas. ive or thick­
bed led lime tone u:ua ll y 'reath er. to a rough, jagged or pinna 1 d ur­
face kno"'n a · "cl iente de pe n ·o·' ( log-tooth) lime. tone . Yery impure 
or thin-bedded li mestone com monly " ·eitthers to . mooth outcrop . 

The thinner l n e: of lime:tone form ·ingl e heel but the thi ·ker 
1en. es are conlmonly interbed ded ,,·ith p y rocla. t i · ro k.. J\fany nlHl l­
gan :e depo:it. a re loc·a li zed in the intercalated pyro ·la tic rock- or 
in pyro lastic r ocks n ear a lime:tone ·ontaet. on taets "'ith t uft' o r 
agglomerate ar e u ually sharp and abrupt but in mnny pla · : lime­
. tone g rades l atera ll y or ver tica,ll y into cal areou · tufr. Many lime­
:tone bed ar e conglomerat ic or b re c ios': . ome ar e marked by ba. al 
cono-lome1·ate or b rec ·ia of poorly r ou nded vol ·ftn ic debri . and lime­
stan pebble: cem nted hy lim e. tone. The con~l o nl E' rfltl' <tppear to 
be d.eriYecl from lo ·al :ources and i: intraforma tional. ome of the 
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thi ck limestone, in l a1ti cular the C'har o H edo ndo m ntbu, contain . 
bed .· of intraformational conglome rate ranging in thi kne · from a 
fe11· rentinwte rs to about :) m eter . and extending- for hundred . of 
tnete r: along th e outc rop . 

• \.11th Cobre lime 'tone becl: ll] pea r to be f o. ilife rou but in some 
identifiabl foss il : a re . ·an·e. Ove r -tO . pec ie of large and ·m;lll 
Foraminif n1 ha 1·e been identified, and algae an 1 ·o1·al s are " ·icle­
: pread and in place. abundant. G<lstropo<l . , pelecypod. , <lll d brachia­
l ocl are much le:. common nncl inost are poorly pr sen ·ed. ::\umer­
ou .. hark teeth oc ·ur in becl · of tuff and manganese oxicle intercalated 
in limeston e ( Burchai'Cl, 1!):20, p. :ii). See figure G. 

L-'1 <: l "lh: (i .- Shark tooth c- mh('<hl €."d in rn:ln~u TH'~(' ox iclr fro m l OW<'~" 

Ot't' hr<l o( K t; \\' O rkin~"- C'h:u·t·o Hcd vndo tniu r . At IO\\'P t' ri •Itt 
'" th r mo ld M nnolh<' r tooth. X aturnl ~ ir.c . 

In thi . r port mention ll'ill b made only of ·crtain limestone. 
HS ociated with nmnganc ·e depos it ·. ~\. d !<'Li led di s ·u ·ion of t·he 
t ratigraphy and pal eo ntology of th Char o HNion lo lime.tone 

m emb r and Yarion s other lim estone i: pre ented by L ewi s ancl 
Stn\cz.ek ( 1Di5t5). 

Limc:ton e is sC'arC'e in the C'obre formation of th Gran Piedra 
range. Thin len ses of I i me. tone e. t ima tecl I o 1 ie :200 to :-tlO meters 
below t hC' top of th e CobrC', occ ur at the Boston and ~\J iron mine ·, the 
C'aridacl ancl ~\lary prospect s, ancl near the ~an L11 is, T o rde 1·n and 
.\.ugu. to Lui : Ill inC's. 

It the general vi c inity of 'nntiago de Cuba , thin lim . tone len e. 
ar e found 000 to 1,500 mete r s be lo ll' the top of the Cobre nt the 
Pi edra Pi sada pros pect on Siena de Boniato ·1. :> kilometers north of 
El 'obre and nt the ~[ada iwd El T esor o pro pe t 5 kilometer s 
northwe: t of E l ('obrc. 
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Limestone len e :3 to 10 meter thi ·k ar interbedded wi th pyro­
cla ti l'Ol.;k · at the ~Iaria, L ln mine nor thwe t of E l P Jatnno on the 
Rio Bayam and a t the D iLtil mine, 9 k il omete r · west of El Phl. tano ; 
the len e a re proba.bly about 1000 mete r belo ll' th e top of the 

obr . 
In the Bu ycito d i:tri ·t a len t il of g ra y to 1·ed lime tone, about 30 

meter thi k, Cror OUt Yera] hunch· c1 meter 01' l110r be]OW the 
top of tl1 e Cob r . 

F ew deta il a re ].;:nown f the geology of the r egion \ YC t of 
Bueyc ito. _\.t the C'ovaclonga mangan e ·e pro ·pe ·ton the Rio J' il>a ·oa, 
23 kilometer outh-sonthwe -t of Y ara, a bel of foraminifer al lin e­
: ton 4: to meter thi ·k i interbedded in tuH'. Thi . lim ton i ' 
prol>ably at or n a r the top of th formation. At th Ponupo de 
J\Ianacal mine, at the we tern en l of the mangan e. b lt , a bed of 
ver y tuffa eou foraminiferal lime tone is in ter calated in tufl' and 
agglomerate. 

The most wide pread and conomi call y impodant li me tone of the 
mangan e e b l t lies a.t the top of the Cobre formation. I \nl. named 
the harco R edondo lime tone by \Yoodring and Davi . (19-:1-:1- p. 
367- 36 ) a.fter the C'har o R e londo mine in the Gi.ii a-L o · Xegros 
area. These writer · con idere l the l ime:tone to be a formation epa ­
rat from the C'obre, bu L £l\\'i · and tra zek ( 1955) pr f r to de ig­
nate it a· a memb r of the C'obre formation becau o:f its lenti ular 
character , it. eli continuou nature, and it t ncl ncy to int rfinge r 
and g rad into obre YOlcan ic 1·ock ·. The latter nomen la t ure is 
aclor t 1 in thi r eport. 

The Charco R edondo limestone member reache it gr eate t th ick­
ne:s in th en t ral part o:f th G\.ii ·a-Lo XeoTos area " ·here it i ·about 
150 meter th ick. It i commonly ma. iv or th ick bedded in it. 
lo 11-er par t and thin be lded and platy in its ur per part or where it i. 
rath er thin. The ur per thin-b dele l part i r elatively continuou an <l 
'"ide pr ad, in on t1·a 't to the lo,Yer more ma sive beds, " ·l i h orn ­
monly len out abruptly into volca.ni c rocks. 

The lo1rer contact is ever ywhere confor mable : the Jim . tone m~L:V 
ret dir ctly on agglomerate or tuff or may gra ]e in to the e ro ks 
through a zone of calcar ous t uff and tu fl'a eo us lime. tone beds rang­
ing in thickne from a f ew to many meter. . The upper ontact ·j 

confo rmable 11·ith th e 'an Lui · form<ltion <t nd is gradati nal into San 
Lui s shal e th rough a zon e nmging from a fra ct ion of a meter to a. 
fe 11· tens of meter: in thi ckn ess. 

The lime tone is \1·hite to CTeam -colo recl and typ ic<tll y " ·eath crs 
gray . L ess commonly it. is colored g reeni h gray by d i seminate(] 
nont ronit or eclaclon i(·c, parti cularl y near conbLets with altered py-
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rocla sti c r ock . and mangane. cl po. its . ~fo t of the lim eston e i : 
relatiYely pure but· near contact with YO] ani ro k the amount of 
tuf1'a c ou deb ri . in Teases, ·ometimes marked ly. !:)mall noclul and 
len. e of h rt h<lYe been ob n ·e<l only southeast of th e Taraiana 
mine · (1\yoo iring an ll),n· iess, J9-P, p. :369) and a long the Hlo .Juan 
~I ula to south of the Sierra d e ~ i pe. 

The n1a. ·. i1·e lim e. ton e i. c·aYerii Oit s an l " ·eath rs to the typi ·a l 
"liente cl p eno · . urfa ce. ln pla ce "' an ext rem ly rugged knr t to­
pogr aphy " · ith huge s ink . and subtenanea n lraithtge, ha · developed. 
The . ink. and ,-a ll ey. of th e large. t kar. t land. in the c ntral Gi,ii . a­
Lo. X eg ro area, haY fom1 d along fault : and joints and sho"' a 
strikingly recti linea r pattern on aerial photograph s. Smal le r kar. t­
lan I. include the XuHo )fnn<lo bn" t ar a, ·outhea ·t of Sahana ht 
l ~uiTa bas in the P de r nal kurt area north of the :ameba in , and a 
small area on th north s ide o-f Florida Blanca plate<lU. The floor of 
mot of the : ink: and nlley · in the karst area s appear to be at or near 
the ba se of the lim e. tone an~ co fi'ee i gro,Yn on ihen1. 

Lent ic nlnr bed : of tuff and mang-ane.~e oxicl >:, ranging in thi ck­
ness from a knif(' edge io nearly~ met r ·, o ·cnr in the loll'er part of 
tlw C'harc·o H dondo lime.tone in the north -central part of the Gui a­
Los Xegro. area and in the . o uih rn foothills of th Si en ·a le };ipe. 
Jn p ia· , , for exampl th T :1ratana and (hare H edo ndo mines a. 
many a : fonr heel . of tnfl' and manganeS(> xide. ,. parat cl by a f e ll' 
c ntimet rs ton fell' n1ct rs of ma · i1·e lime tone, are up rimpo. ed . 
B eds of manganifcrons tnfl' and tufi'-agglonwrate al o are eli 'tribnt·el 
sporadi :tlly near the ba s<' of th l imestone. 

J ntraformationa l conglom crat<' heels nre common in the ( harco 
Hedonclo lime: tone memuer. T"'o prin ipal type. are kno11·n: one 
onsist of rounded to -ubang ulnr pebbl . of lime, tone tutr, and lant 

and angular fragment : of mangan se oxides in a lime ·tone matrix; 
th other i. m <hle up l:l rg ly o-f subroundecl pel b le. and obbl of 
limes! ne and minor YOlcanic debri :. Thecla ti ·on. tituents of the:e 
·ouglom rat·es lw ,.e a maxin1um diameter of ao <"entimeters. Th 
fir. t. t·yp , ~~ - hi <" h conta ins approximate ly eq ual amounts of limestone 
pebble: and mnngan . e oxide -fragm en t. 11·ith little YO!cani c material, 
attain . 11 maxinntni thiC"kne s of about -± n1 ten; : thi s co nglomentle 
o1·e rli e: b d oi' manganese oxide: and tuff n.t ·eyeral mine (fig. 27, 
29) . Tuff bed. asso ·iated with thr conglomerate indi ca te. that vol­
cani <1 ·tivity p rec del o r followed d po. ition o-f the conglomerate , 
nncl bomblike b lock: of htvn. ll'ithin the COliglome rate ·ugge. t con­
t mpor aneou ,-o l ·ani ·m. The con titu€'nt of the cono-lomerates ap­
p :n· to have bee n derived in par t from the und rl ying be(L, in part 
from n a1·by l d s , and in 1 nrt ·from YOlcanit actiYity. 
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P E I.l' D.\ \ 'OLC.\X lC ~I E .\1 HE H 

Certain YOl ani· and minor sedim ntary roc ks in : rn;\l] area on 
th e out ]n,·e t sid e of Sabana La Hurnr ba:in haxe lwen mapped 
·epara tely from tiP ( ob re formation and named the Pe lud <t YOI n ni c 
member, afterthelocalityofLaPeluda . 'I'he, e rock. rontai nn man ­
g;mese depo it ·. For a le cripti on o:f them, th e reacler is referred to 
L \\'i s and Straczek ( 1 !);'):)) . 

ST ilATI GH APHI (' IJISTHIBIJTIOX ()>' VOLCANI C HO(' " S 

The various rock type: of the C'ob re formation seem to shcl\\' a 
crudely . y. temati r li:tribution that is appan·ntly rE>lated to the dif­
ferent ce nter of Yol cani sm . . \ lthoup;h Yery li tt le " ·ork ha: bern done 
on thi s ubject, a fe"· generaliz l finding: may be s11n1mari zecl. 

EYer.ndwre claciti c rock typ . appear to alternate "'ith basaltic 
t.ype . . but th appnr nt 1 ca l dominance of one t·ype over th e oth er 
nggests a lateral rather than a ve rtica l nHiation "·ithin th e forma ­

tion. In the southem foothill · of the Siena de Xipe, mo,..;l of the 
J'O k. appe<ll ' to be nndesitic or· daeitic. Th ose• of La P lucia area to 
the ea. t <tppear to be andesitic or ba ..:alti ·, as do th e ,·okanic rock: or 
t he Florida Hlanca-<ruanab;1 a rea. The lo"·e r Cobre Ia "'' flo\\·s in 
and :outh of th Loma de l- ragwi appear to be mainly d<lciti c, but 
they interfing r \\'ith ba ·;llti c flo\\' tO\\'a rcl th Santiago basi n: ·on ­
Yersely, the lo\\'er C'obr Janr. of th e upper Hio Bayamo-Hio Lo: 
Diablo · arerl appea r t·o l c·hiefly basalti c. Middl e to npp r Cobre 
rocks north of l•~ l Cob re in th e clrainag ba . in s of the 1 io: Yaraya bo 
and Domingo. rang;e from ba alt.i ·to cln citi c and \\'(' ·annof· : ay "·hi eh 
pha e is dominant. 1.-tl r C'ourc Yol cani c roc k: of the <Tiii sa- Lo: 
Yegro area seem to be mainly an cle. iti c and ba: alti c. Eacl1 of the 
above areas i: beli e,- cl to haY been a. major ce nter of YOl f' ani : m. 

Yertical Yariation of compo. ition in the clitl'ei·ent infen e 1 YOicani c 
center. i. le. apparent. The late. t py ro ·la sti c ro ·k: in some areas. 
as in the Quinto, Ponupo, ancl Sabanill<1 region , are some of the mo. t 
ili ·i observe 1, but else"-here in t·he . a me apparent stratigrar hi e 

zon e they are basalti c. 

() IUG JS .\ X Il ('()X IliTIOSS (W IJ E I'Of.; ITIO X 

The bulk of the C'obre vol cani c rocks appea r to 1> \nrt•r lai l , and 
many lime tone b ds and a O'reat Yolu me of limy tufi' ·ontaininO' :l 
marine fauna indi cat a marine environment. The eli . tribntion of 
Jaya fl o"·: and coar ·e pyrocla.ti ·rock:. ho"·· tlnlt nHmy oi' the source 
vent. \\'ere \\'ithin the area now nnclerl ain hy C'obre rocks. -within thi s 
area there were no widespread land ,rrea: or i ·lands, although ·ma,ll 
ephemeral i: la ncl s ma:v hnve exi sted from t ime to t ime. \Ve agree 
with Park (1D42n, p. 7 ) that ' th e sonrc:c of mu ch o-f the Yolcani 
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debri i apparently ne< r th or of the ' iernt )be tra: · In addi ­
tion to Yent in the ierra Ma . tm area there i . trono- eYid en ·e of 
Yolcnni c our e out ide and north of the ' i ITa ~la e. tra. Th e 
.-ou rce can b inferred from the eli . tribution of great thi Jm e e of 
mH i,·e ago-lomerate and tuff tog ther \rith a so iat d iii i l ava 
flow . eologi t in o-eneral . e m to a o-r e that mn. iYe agglon erate. · 
accumulate n ea r thei r som·ce. 

Center . of vol cani ·m app<tl' ntly are poracli ally eli . tributed. \_ 
thi ck a ·umulation of ma ·ive agglomerate and pyrocla . t ic rock 
in _\_rroy Bruiii north f the Flori la Blanca platean ugo·e t a center 
of Yolcani sm and ma ·i,·e pyrocla ·ti · r o ·k · and a.- o ·i,lted h1 c iti c 
Ja,·a flo,Y.- in the ~logote ' an 'icola. hill east and outh a t of 
Palmarito inclicRte another ·enter. 'l'he p ro ·]a ti · rock o-rale into 
fine r debri a \Y H} from the ·e apparent center · and betw n them the 
(' bre formati n. i lemon . trably thinner. The sugcre tion ha al ­
ready been made (L e \ri s and ' tra ·z k, 1955) that th ol] r Pelucla 
YOl ani · ro ·ks bet\reen the.-e · nter · hnYe a local . our . Thick 
ma s.- iYe agglomerate and <l ociat cl lav<t How. and fiow bre ·c ia s on 
.'ierra de Boniato north and n rtll\re t of El bre and mn i e ao--
0'1 merat on the north flank of the ran Piedra rano-e ai par ntly 
mark two o r mor major cente rs. Thi ·k a ·cumulation of ]a,-a flo"­

.in the eastern and eE' ntrnl Turquino range each indi cat <t n arby 
nnt. Other · nt r . probably xi sted in th domi cal tru ttu·es of 
th .Jutinidt 'abanilla, and P on npo di tri ct. , en h haYin<r ore. of 
ma ·i,·e agglomerate and tufl'. .\la j , - ago-lomerat nnd tuff in the 
Uiii . a lo ,,·Jands may mark another enter of YO! ·;mi m . 

. \. minimum of 11 Yolcnnic c·ente r.- nre indi cated or inferred in an 
ar a. of about 4,000 quare kilometers : t·h eli. tance bet wen th e en­
t r. rang. from 10 to :~0 ki lomete r . . Prec i e l cat i ll of the Yol cani 
centers i cliffi ult bE'cause they n1ay haYe been partly or " ·holly ob-
c·urcd by latE' r cl po it · nncl beenn sc d etailE'd knowl edge of the eli -

tribution of the ,·olca ni ro ·k .- is lacking in . omc nr a parti uhu·ly 
in th e high r parts of the Sierra )[a e tra. It i e. pE' ·ially difhcu] to 
12vnluat e the r lntiYe importnn c of the Yari ns infened nt r . 
L O\YCr Cobr volcani r ock. in the Gran Piedra and Tu rquino rnno-e 
rould haY ·ome from centers t·hough to be expo,·ecl on the north 
fln.nk of th e n onn tain.; th lrtva <lllcl bord ring interfingering pyro­
ela. t ic roc·ks ,,·oul d then J·epre.-e nt the np tu r necl flanks of the enter . . 
On th other hand , the.-e centE'r may be · ndary or minor and the 
major center . ma y han bE'en ti ll farther to the . outh, even south 
of th presE'nt Sierra Ma strn. lt . e m certain onl. that no rth of 
the high ' ien·a Mae.tra mo. t of th vol ·a11i c rock. came from local 
. ubmarine enter. 

ondi ion po tu latecl for th depo. ition of th. obre vol anic 
and · climentary rock are similar to tho e in many pJn es where 



52 GEOLOGY OF THI<: ~ I A:\CX:-.•ESE DEPO IT~ OF BA 

ubmarine erupti on have oc 'UIT d f rom T rti ary t·o B ee n t time. 
The nonfo ·iliferous YOI ·ani· charn ·t<-' r of th lo" · nno. t Cobre stra ta 
sugge t th<\t t he ea nw y haY been rnth r deep at tht' on et of volcanic 
acti,·ity or pO.' ·ibly that the bed: <tl'' of nonmarint' ori gi n but reef 
lim tone in the middl e and LIPl 1' part · of the fom ntion i1 di cate 
that ·hall o \\" -\\"at r marine condit ion· p rC\"<til ed during th dcpo:ition 
of mo t of th rock . B ds of tuft'a ou and ton and. hale, lens . of 
onglomerate, and many lo ·a I un co nformiti e furni sh vid nc of wave 

01: uncnt action or p rhaps of loeal ·ubaerial ro:ion . Th d posit ion 
of ov r +,500 meter of Yo lean i · a ncl c ] i mentary 1·ock in a pre 1om i-
nant] hallo"· 'rater environn ent mn · menn tlHtl th · area wa 
clown\\"HI'[ eel pro<Yr . ·i,·ely during the period of 1·olcani m and 
edimentation . 

ubmarine eruption of the type believ l t have taken pla e during 
deposition of the obre formation have o tnT d throuO"hout hi t r ical 
time. Example. in clude Fal con l . lnnd in the so uth"" . P a ·ific 
(H otfm ei t r, Ln ld, an 1 ~\!l ing, 19:2$), p . +61 -~71), Graham l .'lancl in 
the Medite iTanean Sea (" rashington, 1000, p. ]. 1- 150), and ~\ nak 
Krakatau in the ' tmda. Strait. The ·e i land · con. ist of b;1 . nlti e 
pyrocla ti c cl bri and ha1· been buil t up , r educ d to hoal by marine 
oro ion, ancl rebu il t 1·e ral tim . . I sland. of andes iti c pyrocla :t i · 
mate rial " ·ere formed du ring th submarine ruption . of Snkurajima 
(Koto, 1016, I ·+ ) and at .'antorini north of Crete, an i.lancl wa s 
builtupofpyr xeneda ite Yolcani c ro ·ks . 

. \ ccorl ing to H offm i:ter, Ladcl. and ~\.ll inp: (p. -:1:69) · xpl o. j , ·p 

erup t ion: ha1·e be n the dominant typ of Yo! ani c act i,·ity . inct' 
E ene time in th outh"·e. t Pacific, " ·her high i. Lmd ha.Ye been 
bui lt up from deep sea platfo rm. . During depo:ition of the Cobre 
formation ho,,· 1·er , it is improbabl e that any are;L 1·er tood high 
above ea level or 11·a. ubjected to prolonged weath er ing and ero. ion . 
\Vile ·pread : urfac. of ero ion or nonclepo: ition may be pres nt in 
the lowermo t obr rock, " ·hich haYe been tudied nly ·lightly and 
haYe yielded no identifiable fo. il , but it i improbable that any 
s ignifi ant hiatu. o · urs in the more ca refull y stu iied and fo. s il -ri ch 
m icld le and upper part. · of the formation. 

The ea rlie. t H awai ian-ty pe volcan ic acti 1·ity built up a wi cle. pr acl 
pla tform of lavas at what i. now the s ite of the ea. tern and ent r nl 
Turquino range. The lat r and mu ch more abun (lant py r oc lastic 
debri: 11· as de1 o. it d during v ul can ian eruption . 

The great bulk of thi 1 yroclast i material apparently ,m. thrown 
out as olicl fragm ent· of ognate and a ces ·o ry lava. Intermittent 
e r11pti on: of the pelean type, with th e emi:: ion of " n110e: ardent<>:" or 
O'lO''>ing clo 11ds may have taken plnce bnt thi s ty p f er11p tive activity 
was probably not comm on ina ·mu h , . high s11baeri al volcanoe. wen• 
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either rare or nonexi tent. ViTa hinrrton (1926, p. 3 3) in referring to 
possible future eruption of antorini volcano, tate , 

lhere i ... no li.keliboocl of the occunen e of cl tructi ve nuee arclente , uch 
a happened at Pelee and Sakurajima, ince the altitude of the central cones is 
too low. 

Gravity a well as explo ive action i evidently a nece ary agent ill 
the initial starres of a 'nuce ardente' eruption (Anderson and Fl tt, 
1903, p. 509-510; Fenner, 1923, p . 71). 

Volcanism was probably intermittent at the various centers so that 
limy sediment , in larrre part the test of benthonic and pelagic 
Foraminifera, were able to accwnulate in area of dimini hed volcanic 
activity. Much hmy material al o was mixed with pyroclastic debris 
even during periods of violent eruption, as atte ted by the limy matrix 
of tuff and orne arrrrlomerate. 

Accumulating volcanic ej eta and sedim nt probably formed cones 
at each activ center. H. . Ladd (written communication) report 
slopes of more than 40 degre son ome of the i land in the outlw; est 
P acific. Kuenen (1935, p. 67- 73) ha found that submarine lope 
on volcano in the ea tern par of Indone ia ranrre from 4 derrree 
to 45 derrr . for the fir t 2 0 meter of lepth. Although he found 
averao-e lope a hi h a 4 deo-ree , he concluded that ·ubmarine 
lopes probably av r ag d 1 than 22 leo-r e . Thu many of the 
obre rock may have had initial dips in exc of dip now ob rved. 
Mo t of the olcanic islands of the Pacific and Indone ian areas are 

pac d so far apart that there i overlappi.nrr of only the fine pyro­
cla tic d bri . In outhwe tern Oriente the volcanic centers were evi­
dently so clo ly paced on a shallow submarin platform that coar se 
pyrocla ti je ta from adjoinino- eruptive enters overlapped and 
interfinrrer d. uch overlappinrr would eem to require many mor 
v nts than have been in licated or in£ rr d for the area if the p ro­
cla tic material was contributed dir tly from the ruptina v nt , for 
coar e eje ta a re u ually thrown only a few kilometers at mo t. For 
examr] , durin(}" the eruption of ah.-urajima in 1914, fragments of 
ba ic ande ite were thrown 3 to 3.5 kilometers (Koto, p . 65); at Hale­
maumau, on H awaii, block of acce ory ba alt were hurled a far as 
1 mile from th crater (.Jn,O"ger, 1947, p. 476). IV ntworth (1926, I. 
10) tate that du l'inO" p ro la tic eruption on Oahu all bomb and 
blo k f 11 within 1 mile of th vent . Durin(}" an erur tion at an­
torini, blo ks as Jaro·e a one meter aero s ~>er tlu·own 1 kilom ter 
(Washington, 1926, p . 367). 
It eem rea ona.ble to inf r thn,t during eruptive activit in Cobre 

time the coar. e con Lituent of the aCTo-lomerat (over 32 millimeters 
in diameter) would not b thrown mor tha,n 5 kilometer from a 
surface vent; und ~ r submarine conditions they probably would not 

42 472-58- 5 
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be thrown as far. Even with allowance for probable tmdi cov red 
vents, the erupti e centers of southwest rn Oriente app ar to be too 
far apart to permit direct deposition of all th pyroclastic material 
between the centers. It is probable ther fore that much unconsoli­
dated volcanic debris mo eel down submarine slopes as mud flow , 
perhaps triggered by earthquakes. If i land area e isted, some ma­
terial may have been arri d a nuce ard nte . Thu , the pre en e of 
coarse volcanic ej eta beb e n widely pac d center and the rounding 
of coar e a<Yg]omerate constituents might be e ·plained. 

The criti al lop at " ·hich pyrocla tic material will lide under ub­
marine condition i onj ctural but mu t b relat d to the type and 
ize of the con tituent and the thiclme s of the depo it. Kuenen (p. 

70) believe that 
"th roo t mobile marine ed im nt lmo,Yn, cnn accumulate in thi clme. c. of 
upwards of one met r on angle of 15 degree in tron"'lY ci mic region at 
all depth ," 

and it i likely that pyroclastic d posit ''ould accumulate on even 
hio·her lope . However, Lacroi · (in P rret, 1935, p. 90) says that 
volcanic debri was carr·ied down ubmarine lopes near P elce to 
depths of 2,500 meter and eli tance of 12 mile from hore, an average 
lope of only 7.5 degre . It i known that urfa e mudflow of •ol ­
anic orio-in have flowed for many kilomet r down lope of only a 

few deo-ree . 
AGE AND COllRELATlO:'< 

The Cobre formation apparently range in age from Late re­
taceous to Eocene. obr trata of known Eocen age are e timated 
to be at lea t 2,500 meter thick, or a little more than half thee tim ate l 
minimum thiclme s of the formation. The olde t d finitely dat l 
Cobre rock appear to b Paleocene in ao-e (Bermudez, 19-o, p . 223). 
- o diao-no tic fos il haYe been found in the e tion in the 1erra 
Maestra between defmitely dated obre rock and the underlyino· 
\ inent formation. The upper part of the obre, includino· the 

harco Redondo lime tone member, i evid ntly of mi idle Eocene 
age (Keijzer, 1945, p. 110- 112; Bermudez, 1950, p. ~-Hi; Lewi and 

traczek, 19 5) . 
few new fo il determinations are o-iven below; for eli cu wn 

and faunal li ts, the reader ·houll consult BermCtdez (1950) an l 
Lew is and traczek ( 1955). pecimen of tuffaceou foraminiferal 
lime tone from the Ponupo cle Manacal mine in the Portillo eli trict 
and from the Covadono·a prospect in the Jibacoa d.i trict of the we t­
ern Turquino rano-e were tuclied by D. W. Gravell of the Atlantic Oil 
and Refining ompany, La Habana, who reported as follows: 

in polished surfaces the [Ponupo de Manacal] samples are seen to consist of 
gray, clastic, tuffaceous limestone containing ... abundant rather worn and 
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!Jr !;en D iscocycUna cf. D. cub nsis, D. cf. era sa, Amphistegina . p., Op er­
culinoicle , miliolicl , a few Dictyocontt cf. D. Amel'icanus ( u hmnn ) frag­
nl nt. of .1 tc1·ocuclina ·p., a nd ca lca r ous ::tl"a up to 3 or -! millim ter · in 
Ieugtll .. .. The fauna i a shallow, warm, marine water a · mblage. 

For the ovadonaga lim tone bed, a 

bufi-c 1 red, harll limestone with mall patches ana sta in · (manganese oxide!'. 
Poli sh cl urfn cc. how ... secti n · of Globig rina, miliolicls, , tmplti st gina , 
Yery mall fragments of D ictuoco nus, and mall pecil.nen of wll:l.t i either 
Go kinolina or Dictyocouu , ome P e u(!orbitolinc~ cf. P. cubcnsis, · mall f ra"­
m nt · of Discocu liua and . l t rocuclina ·r ., and fragment.· o[ a mall L piito­
cyclinct ... 

Gravell deten11ine l the age of th ·e lime. tone 1 po it~ a middl 
Eocene. 

I~o k obr haY been found 
Paleocen 

an Lui formation and em 

SAN LUIS F ORMATION 

The an Lui formation, nam d by Taber (1934 p. 5 
·umably after the tovn-t of nn Lui , crop out mainly in th auto an 1 

uan t{mamo lowlan l and in the adjoining out r foothill of th 
i rra 1a tra and on th e flank of the ierra d N ipe. Th formation 

flank the Gran I ied ra rano- . on the north and ac ordillg to Keijzer 
(1945, p. ' 5) xt nd a twar l a far a the uant[tnn.mo ba in. 
It extend 'we tward a far a th R1o autillo in th Giii [t-L Neo-ro 
ar -a, where the formation o cupi . th tru tural ba in f the upp r 

autillo vall y, and may e -( n l farlher '" t alono· the north rn ide 
of the Turquino ran o·e. 

Reo-ions underlain by th an Lui formation haYe in o·eneral a 
gently rollino- terrain of low reli f . Th lowland deY lop d on an 
Luis rock support much of th suo·a.r an oTown in the area. 

The thickne of lh formation i · not ac urately knmm; it i e ti ­
mated to be 700 Lo 1 000 meter thi k along th Rio ontrama . tre and 
may be as much a 1,500 m ter thick near Palma oriano. The forma-
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tion thins to les than 100 meters on the southern flanks of the 1erra 
de Jipe. 

The an Luis formation overlie onformably the obre formation 
and the ba al contact i nearly Y r wh r o-radational into the harco 
Redondo lime tone. It i overlain onformably or di. conformably by 
Oligocene eclimentary ro k in the northern part of the mano-anese 
field. 

The an Luis rock con i. t mainly of limy fos iliferollS tufl'aceou 
sand tone and shale with minor amount of conglomerat , lime tone 
and marl. The e rock are gray, o-r eni h o-ray or brown on fre h 
urface and weather brown. The coarse ]a tic rock are lean, fairly 

well orted and u uall are thick b dde 1 or ma iv . Th conalomerate 
i compo ed of w ll-roun led pebbl , cobble , and boulders of volcanic 
rocks with minor amount of o-ranitic ro k , fine-oTaine l iliceous and 
tuffa eou limestone, gray lim ton , chert, and ili ceou hale, in a 
matrix of lean and cemented by lay or, le commonly, by limestone. 
The sand tone i ''ell- ortecl and in pla e i cro bedded. It is made 
up of rounded pebbl of vol anic ro k an l grain . of f lcl . par and 
quartz cemented by clay or lime tone. The hale i aray, chocolate, 
or r deli h -brown where unw athered ; it i generally nonfis ile, and 
u ually i very andy. ll the shale ontain abtrnclant Foraminifera. 

The an Lui formation i Eocene in ao-e; the lower part of th 
formation has b en as io-ned a mid 11 Eocene age and the upper part 
a late Eocene ao-e by Lewis and traczek. Taber (19 4, p . 5 5) sup:­
ge ted that the an Lui may be equivalent to Darton' Gua o lime­
stone of the Guantanamo ba in, but K eijz r (194 , p . <b) would cor­
relate the an Lui formation with Darton s Guantanamo hale. 
cording to Bermudez (1950, p. 25 ) the formation is of early late 
Eocene a<Ye and is slightly older than the uan {mamo formation. 

o mangane e clepo it have been found in the an Luis formation . 
For additional information on lithology, tratigraphy, and faunas the 
reader i referred to Lewi and tra zek. 

O L I O O CEJ'.'"E SER IES 

Rock Lo which no formation name has yet been a. signed crop out 
along the north- entral e<he of the mangane e field. This sequence 
has been traced i-rom the southwest foothills of the i rra de ipe to 
a point 4.5 kilometers nor th-northwest of Contramae tr . Presumably 
thee rock extend north,,ard into the auto plain. Olio-ocene rocks 
al o crop out on the eli f'ectecl plateau northwest of the confluence of 
th Rios aoba and Mayari. 

The thickne of the 0 1 i ao ene trata is unlmown but is at least 
100 meters in the auto lo' land . The rocks overlie conformably 
the San Luis £ormation; the upper contact has not been observed. 
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Foraminiferal marl, limy mud tone, and hale, "\Vith inter alated 
lenses of bioherm lime tone and "\Yhite chalk make up the known 
Oligocene rocks. The e r latively fine grained sediments ontra t 
trongly with the underlying cono·lomerate, coar e and fine sand tone, 

an d haleofthe an Lui forma tion. 
Abundant Foraminif ra and coral incli at an Oligocene ao·e for 

the trata (Lewi and traczek, 1955). 

MIO ENE SERIE 

LA CRUZ F ORMATI ON 

La l'UZ formation OCCUI ies roo t of the antiago lowland . n was 
orio-inally de cribed by Hayes, \ aughan, and I en er (1901, p. 23) 
and later wa named and de cr ibed in greater detail by Vaughan 
(191 , p . 276). The formation on i ts of a few tens of meters of 
calcareou , tu ffa eou and tone and poorly orted hale, con o-lomer ­
ate, and highly fo iliferou conglomeratic limestone. The nearly 
fl at lyino- La Cruz trata unconfOl'mably OYcrlie highly folded obr 
pyrocla tic rocks in the antiago ba in · farther ea t toward Sibon.ey 
it overlie the Vinent formation and dio1·itic ro k . Grain , pebbles, 
and cobble of tuff, lava , fu1e-oTained intru ive rock , and fine­
o-rained, d n e limestone all apparent] derived from the fringing 

obre formation, ar con-I icuou in th oar L a Cruz cla tic rock . 
La ruz formation ha be.en a io-ned a middle Miocene age by 

Yariou worker ( auo-han 1910, p. 21 - 219 and 1922 p. 115- 116; 
ooke, 1921, p. 137; W o h·ino-, 102 , p. 61; K eij zer 1945, p. 11 11 · 

and B rmudez 19:.> p. 205) . 

MANZANILL O F ORMATIO N 

The Ianza nill formati n und rlie a coa lal belt e ·tending from 
Lhe norLhw t ·oa t of abo ruz to th tow11 of I anzanillo and may 
xtcnd inlan i a far a Bayamo. T ab r (1034, p. 5 6-5 ) who named 

an l de crib d the formati n., giv no thickn , but hill a hio-h a 
1 0 to 200 m t rs above sea 1 v 1 are underlain by 1anzan illo rock . 

ccording to him, 
~rh Mauzanillo form a tion on. i ts cbie Oy of highly alca r us, yellow to light 
gray, bedd ed marl, but in plac it g rades into clayey or sa ndy layer, . Prolong cl 
weathering re ult in r d clay oi l . 

The Mazanillo formation has been as io-ne i a early Mio n age 
byTaber (19 4) and Bermudez (1950,p. 295) . 

PLIO ENE(? ) SERIE 

No rocks of Pliocene age ar known definitely in south,Ye tern 
Oriente, althouo-h fossils of doubtful Pliocen age h ave been reported 
from a hill 1 kilomet rs outh of Media Lw1a at the we t end of the 
Sierra Maestra by T aber (1934, p . 5 7-588). 
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Q ATERN UY ERIE 

COASTAL LIMESTONE 

ax rnou , hio·hl y fos ilifcrou lime ton marl, an l conrrlomera.ie 
frino·e part f the oat of outhw t rn Or.i nL (Hay :, \ aucrhan, 
and pencer, 1D01 p. 23- 34), and in place form a thin blank t over 
older rock . Tab r (1934 p. 5 9-590) points out that th fo il oral 
in the rock ar iJ1 il::tr to liv.ing form , and th r fore r rrar l thee 
rocks a in part R . c nt an 1 in part P l i to ne m a rre. 

ALLUVIUM 

~\Jlm· ium occup1 many Yalley of outhw tern 
Oriente, e p .iaUy in the lo\Y r tra foothill and in the 

auto and GuanL:mamo lowland wh r it atta in an aximum thick­
ne of 30 met r . The ri he t oi l of the reo·i n for rai inrr uo·ar 
ane ar d '" loped on alluYia ed plain on "~hich riv r are entr n hed 

to cl pth of a few m ter to ev ral ten of m ter . The alluvium i 
beli eved to r anrre in ao·e from Plei to ene to Bee nt and. om may be 
a oll a Pliocene. 

INTRUSIVE ROCKS 

Intru i>e ro k are I orad icall di tributcd throurrhout outh­
wc tern Oriente. They cut all formation older than Oligo ene al­
thourrh fe,, are lmown to intrud the an Lui formation. Mo t of 
the in ru iYe are mall stock or dike . The lara t intru ive bodi 
are the g reat ma of u 1 tram afic rock in the ieJTa deN ipe and 1 rra 
del ri tal hirrhland an l the clioritic bath lith on th outh fl ank 
of the ierra Mae tra. 

T\YO general arre group. of intru iv rocks arc r ·ognized : a pre­
T er tiary a. emblao-e which includ s the ul tramafl c mplex of th 

i rra d Nipe and i rra lel ri tal hi(Yhlands anl c rtain cla iti · 
o1· quartz horitic rock that intru le the lhbana (?) formation of 
L a Burra ba in, and a T ertiary roup compr.i inrr . mall stock and 
dikes of dacite, ande ite, and ba alt that intru le pr -Olio·o en ro ·k: 
in many place throuo·hout the mangane e belt. The ierra Mae. ira 
diorite batholith are probably earl y Tertia1· in ncre but may b a. 
old a retaceou . 

The pre-Tertiary inLru. ive rock are eli cu eel in detai l by Thayer 
(1942, p. 9- 16), andLe,Yi an l traczek (1955) . 

Data on the field relations, petro<Yraphy, and age of two dioriti c 
batholith . in the ea tern Turquino ranrre and Gran Piedra ranrre ar 
. 11111marizccl by Lewi and traczek. In a lclition to the e two batho­
lith :, there i probably a third imilar body at the \\~e tend of the 
TmTJUino rano·e. \\ e have ·ecn ]aro·e and mall to k of dioritic rocks 
l>rl iC\·ed to b outliers of thi . batholith bet"·een the Rio. El Macho and 
L:t Plata, on the coa t wet of Pico Turquino, and at the head of the 
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R1o L os D iablo north of the divide of the T urquino rano·e. ppar­
ently no lioritic ro k crop out on the we t lope of Pico Turquino 
although the ea t ide may c n . i t of diorite ( . . Buch r antiago 
de uba ' uitt n on muni ation). 

STRUCTURE 

The siru iuml feaLmes ancl truct mal hi tory of outhwe t rien t 
nt· eli n · eel in cons icl rabl letail b. r L c1..-.i. and tra zek (1D:i 5). 
In order to avoid n cdle r p titi n, thi report " ·ill includ only a 
brief ummary of th alient f eutut·e . 

The entially homoclinal haracter of th iena J\Iae tra, th 
broadly anticlinal nature of the ierra d Xip and icna del ri tnl 
highland and the interYening yn cJinal •all y of the Rio auto and 
Guantanamo wcr re o<miz dearly b. Hay . , Vauo·han and pen er 
( 1901, p. 26- 2 ) , an l sub quent O'eologic 'vork ha not han o·ed mat · 
rially their o· neral con ept of the tru ture of entra l Oriente. The 
regiona.l tructural trend i ea bYnrd and i learly reflected in the 

an L ui and oi ler formation ; I ost -Eocene ro k ar entially 
flat I ino-. II ithin the mano·anc e b It, th ca terly tn1 tural trend 
in the w ste rn Turquin rang l Yiat outhca twar lin th i.i.i a­
Lo ~~Pgro. nrpn., en bmrl again in the region ar 1111l antiago d 
C'nba, and outhen iwnr lin th a. tern half of the Gran Pied ra range. 
Th i rra de 1 ipe an l ie tTa. d I ri . tal ar two great d mi alup­
lift . .' · [ arat lbya . ynclinaltrouO'hwh cnorthwarl-trcnlino· axi i. 
fo Howe l by th Mayar1 an l J arahueca vall y ( Tha 1 r an c1 Guild 
19±7 p. D2 ) . 

I n the general vi inity f antiago c1 uba, both l n an 1 tigh 
n. ymmetri c fold ov rturn c1 to the north have be n mappe l. Fa1th r 
ll'e t· in the 1iii . n-Lo Xrg ro. nrea folds nrc broad ;lllcl open . 
Ea tward-tr ndino- majo1· fold. haY l e n b. c rT cl in the 'Iurquino 
ranp;e at th ". t nd of the manp;anc c helt but n c1 tai l d work 
Ira been done there. Th , outhcrn foothi ll of th 
lraYe a broa l anti clinal . tructur . 

A number of . mal l cir ular or llipti al lome are found fur ou on 
the nor Lh fl ank of th i na. ]\[ae tr a. and in th n,n to and uan-
trtnamo lmvland. . The doml'. ranp; f rom le thnn 1 to 5 ki l n cter 
n ro. . Dom ncar the i rra M ac t-ra (B t ford, uatro Caminos, 
Gloria, Manacas, ]\[ucar al rap;tut) ar e longate parn,ll l to the 
ea terly r gion al structure. Dome farth r north arc roughly cir­
cul ar (.Jntini Lt, Ponnpo, and anta. Cruz) or longa.t in a north rly 
d ir ction ( abani lla,) 0 J\fangane d po. it. a.r found at an but one 
of the clom ( an ! a rm;) ; t·his r cla.tionshi p is el i. CII SSed in t he 
S<'ciion on ore dcpo. its (p . 102). 

Major faults seem to be concentrated in three areas. I n the Gi.ii a­
Los NeoTos area most of th e faults ar e st cp-cl ippino- fractures with 
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normal di plac ment of a much a 200 meter ; th y cut the harco 
Redondo lim tone memb r of the obr formation and are com­
monly marked by te p cliff and deep, nal'l'O\V valley . southward­
dipping thru t fault wa mapp d at the har o Redondo mine. In 
the foo thill outh of th ierra d Nip many mall te p-dipping 
faults and a. fe1 minor ou hward-dippinO' thru t fault are known· 
the larO'e t fault ma have a di plac ment of 200 m t r . major 
zone of deform ation extend alon O' the north rim of th antiago 
ba in and up Do Boca valley. v ral larO' outh "~ard-dipping 
oblique- lip rever fault "·ith dip- lip ii pla m nt f a much a 
1,500 meters and a few mall outh,Yard-dippinO' thru fault haYe 
been recognized. 

PHYSIOGRAPH Y 

The highland area· of outhwe t rn and central ri nt ar in the 
youthful stage of the pre ent ero ion ycl . A omr 1 ' ph ioO'raphic 
hi tory is att ted by the follo,,.ino- feature : he a ordant 1 v 1 of 
plateaus and me a and locally of riel 0' re ts · the 't rra e l' rid()'e 
ere t in the ierra 1ae tra; the differ nt lev 1 of river terra and 
entrenched meander found throu~Yhout th ar a; th 1 at d marine 
coa tal terraces · the drowned or filled coa tal vall y . 

ccordant urface ar found on th ext n i\ Nir plateau at :ut 
altitude of about 650 meter · on the P d rnal and Florida Blancn 
plateau which are nearly a high · on La Prueba plaLeau abou 5 0 
meter aboYe ea leYel ; and on Lor to me. a about 650 meter hi h. 
Difference in rock type. and truncat l ru tur indi ate that the.e 
plateau are rerru1ant of an old erosion . urface and th ir near ac ord­
ance and close o-roupinO' up:O'e t that they are part of th am urface 
or of closely related surfaces. The pre ent ]ow r lief hows that 
ero ion subsequent to their formation ha been very sli~Yht. Greater 
differential uplift with increa in()' di tance from the auto-Guan­
tanamo synclinal axi may xplain the difference in altitude. 

The ipe plateau is develop d mainly on altered and deeply ]ater­
itized ultramafic rock but on the marll'in the uda ext nds aero 
limestone and cla. tic rock that appear to be a yomw a Olio-ocene. 
This surface is probably to be correlated with the deeply eli ected 
northward- tilted {oa urface (Thayer and Guild, 1947, p . 929) on 
the north side of the "Cuchillas de Toar" ( pencer, 190 , p. 326). The 
P eclernal plateau, separated from the ipe plateau by the deep valley 
of the Rio P iloto, is formed on very O'ently dippina ro ks of Eoc ne 
( Cobre and an Lui formation ) and Oligocene age; F lorida Blanca 
plateau, across the Rio aoba from P edernal plateau, is formed on 
Cobre rock which in places are covered by several meters of red soil. 
These two plateaus are capped by the Charco Redondo lime tone mem­
ber on which a karst topography has formed. La Prueba plateau is 
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cut aero s gently dipping hale, andstone, and fine conglomerate of 
the an Luis formation, and Loreto mesa north of the Gran Piedra 
range i capped by a re i tant, nearly horizontal conglomerate bed of 
the ame formation. 

Old erosion surfaces in other parts of the ierra £aestra are pre­
rved on lo ally accordant ridge crests with mod rate to gentle 

north rly slope . Red soils and weathered zones as much as a few 
feet in thi !me occur locally on ere ts of some of the higher ridges of 
volcanic rock , generally above 65 meters in altitude. The di ected 
Boniato pi dmont, lying about 450 meters above sea level along its 
outhern marain may be a relill1ant of an old erosion urface. t the 

west end of the Turquino ranae accordant crests of sharp ridges and 
piedmont lope of low reli f dip northward tom rge with the auto 
plain or disappear into the Golfo de Guacanayabo (T aber, 1934, p. 
571 and 595) . 

I n the antiago lowland flat-topped hills, eroded mainly on gently­
dippi110' strata of L a ruz formation, appear to be remnants of a much­
di ected ancient marine urface (Taber, 1934, p. 595) now lying at 
le s than 175 meters above ea level. 

The e old ero ion surfac em to indicate that the whol reaion 
north of th i rra Ia tra wa r due d to a plain of low r li f before 
rejuvenation by uplift inaugurat d the pre nt period of active dis-
ection. The lateriL of the i rra de N ipe and ierra d 1 ri tal 

highlands ( pencer, 190 p. 326 · 'Ihay r and uild 1947 p. 929) 
and pos ibly the r d oil on the Florida Blanca plat au wer formed 
durina inL n ive w ath rina of thi plain. It is 1 c rtain that the 
red soil on hicrh ridae cr t in the i rra I ae tra are contempora­
neous' ith the lat rit s be au w are not ure that the ame ero ion 
urface are r pr ented in both ar a . The notabl di ction of ero­

sion urfa e in th i rra l\[a tra, a ontra t d with th w 11-pre­
served accordant ummil of the ierra de ip and the i rra d 1 

ristal hicrh]and and that part of the n rth rn iena f ae tra foot­
hill includina Lor to me a, ucrrre t that a larae part of the ierra 
Mae tra ither had not been reduced to a plain of low reli f (Tab r , 
1934, p. 596) or wa upJift d and eroded befor the area to th nor th . 
Perhaps both lhes po ibilitic w re r ali ze l. 

The sudac on the i rra de ipe and th ierra iel ' ri tal hiah­
land has be n dated a Oli rrocene C'\' eld 1909 p. 309) and late Ter­
tiary ( penc r, 190 , p. 26 ) but T aber who onelated it with 
vestirre of surfaces in the i rra :Maestra, and " ·ith the urface that 
bevels 1io en rock in th antiarro lowland , suo·o· ted a Pliocene 
arre. He stat d ( 1934, p. 595) that 

erosion of tbe old r rocks was going on in mo t f Oriente during, and even prior 
to, Miocene tim but tbe re ults found in Cuba would eem to r equ ire a continua­
tion of tbe proce s th rough most of Plio ene time. 
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uild (1947, p . 92 -929) ace pt a I lio en arr for the 

GEOLOGIC HISTORY 

The lecipherable geoloo·ic hi tory of south"-e tern Oriente beo-an 
before Late retaceou time with the mpla ement of o-reat ma es 
of ultramafic rock in the pre ent area of the ierra de .r ipe and 

i rra del Cri tal hi<Yhland . The age of th ho t rock i unknown. 
By L ate Cretaceou time thi ultramafic complex had been stripped 
of it cov r and rodecl to form part of the cla tic ediment of the 
Habana( ?) formation depo ited to the outh. Concomitant vol­
cani m contributed the interca lated pyroclastic beds of the formation, 
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and minor stocks of dacitic and dioritic ro k (po ibly related to 
the volcanic rock ) were intrude l into the U abana trata. Foldino-, 
uplift and ero ion w re follow d by cl po ition of the La te r ta-
ceou ( ~) Pelucla \olcanic m mb r of th obr formation. 

During r taceou ime, or r o ibly Yen earli er, th o-eneral ar a 
of th i rra M:ae tra wa a ite of a tiY volcani man lminor ecli­
mcntation. 'ubm.arin ]ant flow and cla tic edim nt " ·ere ] -
posited to form th \ inent f01·mation. It . em likely that at lea t 
part :f the \ in nt (or lowel'lno t Cobr ?) Yo] ani . m in Lat r e­
taceous time wa ontemporan ou with Uaban a vol ani m. The 
carcity of coar volcanic j ta in the Habana formation ( n urr-

ge t a r latively di tant ource that may haxe been in th ietT,~ 

:'line tra region. The Late r ta eou c1 formation re or led in rock 
of the Habana formation ( n ha not b n rccoo·nizecl in the ierra 
i\Iae tn~ (Lcwi . and 'traczek 1955) . ~Ior or le continuou vol­
cani. m may hi~Ye taken I la in Lhi outh rn ar a n ·urrentl y with 

dim ntalion, Yolcan i m, and ]cformation in the northe rn u a . 
\ olcani m and min r dim ntation ontinued from Lat re-

taceou to middl cne tim . The our ·e of th volcani material 
of lh 
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intrud d by dioritic plut n , b rran in th middle Eocene and con­
tinue t with increa inrr int n ity until the upper Eo ene. la tic 
debri of the an Lui formation wa depo it d in a hallow ba in 
to the north. plift appear to have dimini heel or ended orne time 
toward the end of the Eo en , when coar e cla tic rocks of the an 
Luis formation gave way to fu1e ediments of the Oligo en rock in 
the Cauto basin and th ierra d Nip . 

The inten e deformation of upp r Eocene strata of the an Lui 
formation must have tak n place b tw en lat Eo en and middle 
Miocene (before depo ition of La ruz formation) time · it prob­
ably reached its climax during the r en w d uplift of the ierra 
Mae tra rerrion and was vidently a ompanied by d pre sion of the 
ar a outh of the i rra 1aestra, pr arring formation of the Oriente 
Deep. During the following p r.iod of r n wed ero ion the antiago 
basin was carved out. Lo alization of trong ero ion at this point may 
be attributed to the pre en e of a zone of int n d formation and a 
con equent lo al weak ning of the rock inv lv d. fter sub id nee 
of the antiago ba in, diment deriv d from th adjacent ierra 
Maestra w re laid down in middle Mio ene time a th La ruz 
formation . 

In the Cauto lowland and the Manzanillo-I3ayamo area, north of 
the ierra Mae tra, edimentation continu c1 throtwhout Oligoc ne 
and early Mioc ne time. t lea t part of th fine cla tic deposits of 
the 1anzanillo formation and the Olirroc ne and Miocene beds of 
the auto lowland arne from the i na Mae tra lan 1 ma s to the 
outh; some may have been deriY d from th ierra d Jipe and 

the ierra del Cri tal reaion. 
In late Miocene time, all of southwestern Oriente aaain was up­

lifted. Intensive weathering and ero ion appare11tly continued 
throughout the liocene and e}.i;en ive surfac s now repre ented by 
the Jipe and other plateaus were developed. La Cruz ro k al o may 
have been beveled durinrr the Pliocene (Taber, 1934, p. 595- 596). 

Uplift was renewed in late Pliocene or po t-Pliocene time with ele­
vation and northward tilting of the iena Mae tra region, includinrr 
the La Cruz and Manzanillo formation . t the same tim the ipe 
surface was elevated to its present heio·h t of about 600 meters above 
sea level, accompanied, accordina to Thayer and Guild (1947, p. 
92 - 929) by domical uplift centered in the ierra deN ipe and .ierra 
del ristal area. There i no need to po tulate differ ential uplift of 
the ierra Maestra as one or more fault blocks, independent of the 
area underlain by La Cruz rocks, as sugrrested by Taber ( 1934, p. 
603- 604) . Ho,Yever, it is probable thnt movemen ·was renewed on 
establi heel faults such a tho e in and near the antiao·o basin and 
the oceanic trourrh alonrr the south coa t; such movement may be re­
flected by the minor faults cutting slightly warped and tilted La Cruz 
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beds. I nten ive ero ion of the late Mioc ne and Pliocene peneplaned 
urfaces initiated by thi uplift ha continued to the pre ent day. 

oastal terrace , filled e tuaries, and deeply entr nched stream 
refiect stag of uplift and subsidence in Plei to ene and Recent time. 

eismic activity along the Ori nte Deep indicates that cru tal ad­
ju tments are till taking place. 

The \ariou kar tlands of the area urely po tdate the several 
ancient ero ion urfa s and are therefore po t-Pliocene features; 
their evolution continues at the pre ent time. Red clay oils and 
re idual clepo its of mangan e have been form c1 on the mature kar t­
land: . uch a tho e on and near the Florida Blanca plateau. 

M G NESE DEPOSITS 

Exploitation of mangane e deposit in uba has been re tr·icted 
mainly to outhwe tern Oriente \Yhere the large t and greate t num­
ber of e onomically important depo it o cur. However, deposits 
in other parts of Cuba are of intere t a future ource~ of mangane e 
and they will become more important if increa ing demand for man­
gane e lead to the development of better methods of concentration. 
Even depo it of man rrane e silicate uch as tho e of Pinar del Rio 
are of orne poL ntial importance althouO'h they probably will not be 
usable for a long time. In many place in Lhis report the terms ' low­
O'rade or and "siliceou ore' are applied for conv nience to material 
that at I rc cnt i imply manganiferous rock. 

Empha is is placed on the manO'ane e d po it of outhwestern 
Oriente in thi report, ina much as the bulk of our geologic work has 
been done in that r gion which has been and will continue to be by 
far the mo t important ource of ore. However, the deposits in south­
w tern Oriente in lude all the type found el ewhere in uba, there­
for the clepo its in thi limit c1 area of the island will erve as 
e ·ample of the depo it found throughout the cow1try. 

MINERALOGY 

Only a hort ummary of mineralogy will be given in this report; 
a detailed description involving e ·ten ive laboratory in e tigations 
will be prepar d at a later elate. 

The manganese mineral are grouped f r convenience into two 
principal divisions, oxides and silicates. This ubdivision has eco­
nomic ignificance also, as the silicate minerals to date have had no 
commercial value. 

MA GANE E 0 IDE 

Hausma'l'llnite ( fn 80 4 ) .- Hau mannite is a rare mineral in Cuba. 
It was identified positively only at the Magdalena mine in the south 
coast district of Oriente and at El Frank prospect in Pinar del Rio. 
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Hau mannite may al o b pre nt at La iomura mine and El:i\Iaceo 
prospect in Pinar del Rio. 

"1/anganit (Ai n20 8·H20 ) .- Th h)drou. mangan .c oxid. mnn-
ganite wa 1' oo-niz din the fiel l at th hur o R d n io ~an Lui 
and nica mine and wa id ntified throuo-h ~"'-ray tudies by J. ~I. 
Axelrod of th G ologi al urv y in or :from the Bu y ito, Lucia, 
1anaca Polari Quinto onia and. ultan a min , all in ri ente. 

In the nica depo it ma.nganite o ur a uriou ma ted furlike flO'­

o-reo·ates of tiny n e ll e trav r ing quartz cry tal in yuo- . 
P il01nelane-type oxid · (mainly mangctnate of Ba a1 d K) .­

The psilomelane-type oxides (Flei her and Ri chmond, 19-1 , p. 271) 
are th mo t abundant ore mineral in th uban d p it . Th y are 
found in all province ·wh r manrranes d po it ar known but are 
e peci.ally 1rominen t in Oriente. The p ilomelan mineral nr by 
far the most common 1 rimary min ral of the d p it , an 1 th ir 
relative carcity omr ar d to pyrolu ite in mo t out rop or in the 
hio-her par t of many mine workil10' i du to up r()'en oxidation . 
Important d po it in whi ·h 1 ·ilom ]an -typ oxide ar predomi­
nant include Bo ton Buey ito har o R don l , rinto, .Tutiniru, 
Lucia, Man.._'t a , Ponupo Quinto, abanilla, Taratana, ni a, and 

eya. P ilomelane min ral al. o compo e the bulk of Lh or in th 
chert-rubble depo it of L a Yilla . The pota h-b arin()' I ci cryp­
tomelane wa identified by ,T. 1\I. \ xelrod by mean. of X -ra photo­
graphs in ores from the harco R edono, uanabn., Lucia, Manaca 
Ponupo Ponupo de Manaca I. Quinto, Taratana ancll;nic<l <l epo ·it in 
Oriente, and I ilomelane, a hyclrou pecie containi n()' barium, wa 
found by x lrod in ore from tl1e Fortuna and oma mme in 
Oriente. 

T he p ilomelane mineral u ually occur a radiating or columnar 
ao-o-regate of nano\r rri m or needle (figs. 7- 12). The e agoTcgatt'. 
commonly terminate in the rounded urfa e · haract ri t ic of botryoi­
dal psilomelane. P ilomelane may form olid layer of hio-h O"rade 
ore (fig. 14 16) ,. atte recl rounded n cl1 1l e (fiO's. 17, J , 25) O J' finely 
eli eminated O'ranul es (fia . 14, 30). At lea t two new p ilomelan -
type minerals have been eli covered in uba. One of the e mineral , 
tentatively named 'delaton ite" after arlos de ]a Tone, eminent 

uban paleontoloai t, i the most abundant of the psilomelane-type 
oxide . 

Py1·olusite ( 1n02) .- Pyrolu it i the mo t widely eli tributed man­
gane e oxide min ral and is econd in abundance to psilomelane-typ 
oxide·. lt i. found at all d po it and i the principal mineral at th 
~ ugu to Lui s, E . pafia, {Ldiz, Bri eida, uanab:i, and Progre o mines 
in Oriente. It was found a] ·o in large amounts at the Taratana min e. 
A considerable part of the pyrolusite at the oston, E pafia, Luc1a, 
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1<' 10 llEl 7.- nrsc rad iating p ~llom ~ lnn · type mnngnn ~s oxidr, 'l 'nmtnnn mine. 
Specim 11 , ho wn in po~ltion "" found; ll!c fiber f ma ngn11es oxide inntl'inb ly 
diverge d wnw:H<i. nrrplacl'd rt' ll tnants of limy tun: ar scntlerctl th rouglt lhc 
or . 
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l!'IGURE .-Hi~h-grade psllomelane-trpe oxide fr m ai1ada workings, '.rarntana mine. 
Layers of course botryoida l psilomelane alternate with thin beds of fine-grained material. 
Fiber a ll diverge downward. In ct is shown In fip11·e 9. 

FIGURE 9.-Closcup of inset shown In figure 8. Note the fine radiating fibers that make 
up the kidneys of ore. 
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abanilla, and many other mines has been derived by supergene oxi­
dation from psilomelane-type oxides, and p endomorphs of pyrolu­
ite after p ilomelane are very common (for example, fig. 13). Py­

rolu ite a] o form by urficial oxidation from the various manganese 
ilicates; the pyrolu ite so formed often has a characteristic shiny 

appearan e which provide a r liable clue to the nature of the pri­
mary mineral . 

~' tOURfJ 10.-Fin ly columna r psilom la ne-type oxide, Bo ton mine. 'o te tbe feathery 
downward termi na tion of the colu mna r aggr gates. p clmen courtesy of the Compafila 
i\I!ncrn Boston. 'a tural size. 

Pyr lu ite i the predominant mangan mineral in the urfi ial 
d po it of Ori nt . It o cur as fragn nt pebbles and most com­
m.on ly a peJlet having a pronounced concentric structure; th se 
pellet appear to be r con titut d manO'ane e oxide that has been 
tran port d and reclepo it d uncl r up rO'ene conditions. 

Rancieite ( ( a, in) ·4Mn02 ·3H20).- Ranci ' ite has been identi­
Ii.ed in the fie] l clefinit ly only at th Yeya mine in Oriente and ques­
tionably at th clepo it near Trini lad in La \ illa . It wa found by 

xelrod in or from the Ponupo o. l po it in Oriente and the 
Alta Gra ia pro pe tin Pinar del Rio. 

42 172-5 - 6 
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FIC;uug J 1.-C:oa r" columnar p~ilom~lan e- lypc oxide, Gunnnh(L min~. l\ ot c th e dowuwurd 
thiCk!'uiug and fl a ring of th e individual co lumns . .· pecilll Cll ourtc~y of lh U. S. 
Conut~crtial ompa ny Ag ncy, .'a ntia~:o . Na tura l ·izc. 
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b'un;un 12.- olumnar pRilo ut lnnc t.' pc O:\ide. Ponupo 1 and 
:! d~poslt. The psllomclnn hn r ep la ced inco mpi <' lcly n whit ~ 

foramlnif ral lim tone (light-color d band across enter). 
,·a tum! .· lzc. 

71 

lVad.- The dull arthy mano·an oxicl coll ccti'' ly known ns 
wad ar rela.Liv ly rnr in the ubn.n depo it . ]nth bedrock dc ­
po. it tlwy ar abundant nly at th Ponupo lc ~Iana ·al mine and to 
ale. er extent at th nntn \.1 m mine, both in ri ent e. \Yn<l.i very 
abundant in th e rc. iclnal dcpo it. f the On mndo eli tri t in La · 
Vi ll a a1di s the prin ipnlmnngan cmin rnlintheunimrortant nYe 
clcpo it. of rienl . 

lJ 11 ntit (IT10 fn ' i70 H) .- Thc lH·ol\·n hy lrou . ili cate bcmenLilc 
is fairly ommon in th sili ca te deposit s. lL wa r!'eog niz l nl El Filio 
nnd El Maceo pr . [ l. in Pinnr del Rio and i abundant in th 

' h ~Ycrc and Polari s clcpo. it. · in Ori ntc. ) L probably i " ·ide r r ad 
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I<' IGORE 13.-Coarse columnar pyrolusite, Lucia mine. Xote fine colloform banding in left 
a11d c~nter pecimeus. Probably formed from original psilomelanc-typc oxluc. Natu ral 
s ize. 

in the igua depo it of Oriente and may be present at the iglo 
Veinte deposit in the south coa t district of Oriente. Outcrops of 
bementite are alway ' oxidize l at 1 a. t urficially, to hiny black 
pyrolu ite-

Brawnite (31'1n20 3 • Mn i03 ) .- The hard grayi h-black mangan e 
silicate braunite i a wide pread con tituent in the ore deposits of 
Oriente, but is a principal mineral only in the igua district and at 
the Venecia mine in the outh coa t di trict. It was recognized in 
considerable amount at the Amarito and P a aje mine in the Manacas 
di trict and at the Cubeiia mine in the Bueycit di trict. mall 
amounts are found at the Abundancia, !bars de rgel, Polaris and 

nica deposits and in many of the depo its in the south oast di trict. 
orne of the pyrolusite at the 'ubefias mine is derived by oxidation 

from braunite. 
Inesite ( fu 1 a2 i1o0 2s (OH) 2·5H 20 ).- The pink hydrous manga­

nese silicate inesite wa seen only at the Estrella del Norte prospect in 
the south coa t district of Oriente, where it forms small pockets of 
radiating pri ms in impure red lime tone. 

Neotocite.- The amorphou or crypto ry talline hydrous manga­
ne e silicate neotocite is a minor constitu nt at a number of mine and 
prospects in Pinar del Rio and Oriente provinces. I n P inar del Rio it 
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was seen at El Fiiio and El Maceo prospect , a sociated with bementite. 
In Oriente it is very abundant at the Polaris mine and was recognized 
al oat the bundancia, Antonio, hevere, L a Gloria, !bars de rgel, 
J avier, Maria Antonia, iglo Veint , and igua depo its. eotocite, 
like its common a o iate bementite, is always partly oxidized to a 
hiny or dull black mineral. 

01ientite (4 a0· 2Mn20 3 ·5 i02·4H20 ).- The orano- -bro,Tn hy­
drous mangane e calcium ilicate orientite i a minor mineral in certain 
depo its of the Bueycito di trict. I ts o currence has been described in 
d tail by H e"Wett and hannon ( 1921) . 

Piedmontite (I a2 ( l,Mn) 3 i30 18 ) .- The pink or red mangane e 
epidote piedmontite "a recoo-nized at only three depo its: El Maceo 
in P inar d l Rio Finca anta lara in Camagliey, and i o-ua in 
Oriente. t the Finca anta lara deposit, it form mall ro ettes in 
pockets in ba alt and at igua it i di eminated through the ore bed 
in many places and al o o cur a tiny crystals in vuo- . 

Rhodonite (Mn i03 ) .- Rhodonite wa not recognized during the 
cour e of this study but ha be n reported from the Trinidad area in 
La ill as b Ro r in 1917. 

nid ntified ?icate .- I n addi ion to th m ntion d abov 
a nun b r f non l rip br wni h min ral b li 1 d to b mangane 
ilicat wer n at th IIa u y min in P inar del Rio and in th 

Holo-uindi tri Land th LaJu tapro p tin Ori nt. Th emineral 
ar quantitati> ly in ianifi ant and the have not been furth r tudied. 

OAN E 1I ' E RAL. 

Th pr.in ipal o-ano-u of the bedd d depo it i all r d ande itic, 
ba alti or da it,ic tuff and th annau mineral arc laro- ] proclu t 
of th alteration f the tuff . 

Ankerite [ ( a, 1g F , in ) 3 ].-.L\.11kerite has b en reported by 
Rogers in 1917 from d posits n ar Trin i lad in La Villa . 

Barite (Ba . ) .- arite wa found at Bu yciLo b H wett (1921, 
p. 497) in dru a. o iatecl with orientite. 

alcite ( a 3 ) .- Bla k al it i the only abundant o-ano-ue min-
eral in the nonb lcled limeston depo it of riente. The bla k color 
is lue to very finely eli min ate 1 mangane eo_ ide. It i v ry common 
at the a liz and ni a d p it . Bla k a1 it i a minor mineral in 
gangue of the bun ian ia, hnr o Redondo 01·into, Ibars de rgel, 
and Taratana mines and at th Camnr6n and Igualada pro pe ts in 
the outh oa t eli trict. 

Chalcedony ( i02 ·nH20) .- mall amount of bJui h-white chal­
cedony are eli eminat cl in or at th !bars de rO'el and Manacas 
depo it . d cription of th ja. p r o mmonl found in the man­
ganese deposits has been given in a previous section. 
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In the mano-ane e-bearing tuff, th mo t abundant altera ion product 
eem to be a pink manganiferous montmorillonite. uch a min ral 

ha been identified in or bed at the \.uo-u to Lui , E pai'ia, an 
Luis, and anta Ro a mines ani it pre nee is su pe ted at many 
other deposits whose gangue i larg ly a pinki h altered tuff. 

Pyrite (Fe 2) .- Pyrite ha been r ported from the Ponur o depo it 
in Oriente by Park (1942a, p . 3). It was not fmmd during our 
studies. 

Quartz ( i02 ) .- Quartz i exce ively rar in the uban mangane 
depo it . Out ide of its occurrence as a primary con ti u nt of dacitic 
tuft' it was found in appreciable quantitie only in the nica der o i 
of Oriente where it forms small cry tals in vuo- . 

Zeolites ( hydrO'Us ilicat s of l, Ca and a) .- Variou pink and 
white zeolites are wide pread but not plentiful alteration product at 
the Bueycito, E p rancita, ianaca , Polaris, abanilla, anta Ana, 
and Yeya depo its. The zeolites u ual1y are di eminat din the ore, 
but at Bueycito they are in tiny veinlets cutting ore bed . Analcite, 
heulandite ( ?) , and bum on tite ( ~) were identified by Lar en (in 
Burchard, 1920, p. 60) in ores from the bun bn ia mine in Oriente, 
and Hewett (1921, p. 497) found analcite, chabazite, laumontite, and 
stilbite at Dueycito in Orien . 
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CLASSIFICATION AND DESCRIPTION OF DEPOSITS 

The mangane depo it may be cla ificd simply a cordLng to mo lc 
of occurren c, form an 1 tru Lura1 relations to wall ro k, o·en ntl 
mineralogy, and rock a ociation . \.. de ri1 LiYe cla ificalion ha 
been adopted no only becau e it facilitate de cription of the d po it 
but b cau e it hould prove to b them t u eful in the search for ne'" 
ore b dies and in the exploitation of th der o it . The oTeat impor­
tance ''e attach to an under tan ling of the o·ene i of the depo it a 
it aff cts their exploration and xploitation i surnmat·iz l on 
page lll- 1L. 

Th pre ent cla ifica ion ha eY h d from the orio·inal chcme 
fir t propo ed by Park (19L a, p. 4) and bavecl main ly on rock eJwi­
romnent, and i a mo lifi ation of th ba ically imilar 3 tem u ed 
by P ark and o (194:4, p. 313) and by '' oodrino· and Davie (1944 
p. 3 3). Th cla ·ifi at ion i by no mean a. d tailed a it mi rrh be 
but a more compl te br akdo"·n '"oull make th la . ift ation unnec­
e arily in ol' d and ·would decrea it u fulne by mpha izing 
difference that may be more apparent than real. 

sequ nee of 
absent. 

K DEPO IT 

B E DDE D DE POSITS 
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or l 

ma 
Di tin-

OXIDE DEPOSITS 

lllmown depo its of the b dded oxid group are found in south­
western Oriente; the e deposit are the mo t productive in uba. They 
have been tudied in greater detail than the oth r typ s and have 
yielded the mo t convincing eviden e on ori!Yin . 

The mode of occurrence of the variou depo it i tr ikino-]y imilar. 
All are in or are as o iated with water-laid pyro ]a ti r k 'Yi th he 
exception of one minor depo it in red calcareou ar!Yilli te interbedd d 
in pyrocla tic rocks. 1o t of the d posits are in tuff or tuff-a!Yglom­
erate at or near the base of a lime tone bed; u uallj the or b d is 
separated from the limestone by from everal centimeter to many 
meters of barren pyrocla tic rock . number of depo it lie alon!Y 
thin tuff beds interbedded in lime tone ; most of the e depo it are 
rather di tinctive in that they are high r in o-rade than th other 
bedded oxide deposit and yield shipping ore with only a mall 
amount of hand orting, whereas most of the other ores require mill-
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inO'. A few depo its are at or near the top of lime tone beds, and 
many are eli tant from any kno"Jl lime tone. 

ontacts of or e and lime tone are commonly harp; tho e between 
ore and pyrocla ti ro k are u ually gradational throuO'h a narrow 
zone. The lo,>er conta t i oTadational in orne depo it wherea the 
upp r ontacti ~Yen ra.ll . very harp . The ore bed taken a unit arc 
parallel to b ddinrr of the enclo ina tratiJ1ecl rock but local minor 
cro cuttino- feature · are abun lant. Len e of lim tone may be en­
closed within ore b cl , " ·hich in turn are en lo eel in lim tone ; in 
the Taratana min one uch len Yer al m t r lonu and abou t 30 
centi meter thi k i tran ected at everal place~ and irregularly re­
ph eel by mangane oxi de (fio·. 16). 

1 he bed::. of manuan e oxid may either len out abrup tly or thin 
out uradually. ome ore zone finO'er out into barren pyrocla tic 
bed ; uch interfin()" r inO' eems to be mo t pronounced alonu the lo"er 
contact of the ore zone but u uallj i on too mall a . cale to b sho"n 
on a map. B cl in lime tone generally thin out g radually; their 
thiclme is roughly proportional to that of the tuff ho t rock and they 
extend beyond the la te ral limit of th tuff on ly a b ds a few n­
tim ter thi kin ''"hich th matrix of lh mangan eo -ide i mainly 
lim t n . In th Tarntana eli . tri t the thin maro·inal b cl on i t in 
place of mnngane oxid contain inu li . cminal cl unr pla d and 
unaltere i Foraminif ra. m or b l in lime tone uch a tho of 

Thi 
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incidence (in a tratigr aph i n e) of or b d or thi kn c , and 
ore hoot may prove to b more ommon a expl ration and d ,·e)op-
mcnt p rocee l at many p r ope r ti alt h ou~,;h not a ll b d: of it m ul tipl 
group may b minable and there£ r the xtent f a h b clmay n v r 
be lmown. 

Many example 

to 

th y ar 

alon" 
nncl mo. t 

ex en. iYe; it is ~e paratecl from th uppenno b d, whi ·h i .. omewhat 
thinn r ancl les · exten iYe, by nb ut G m tr r of Jim t·on and c n­
<Y [ome rate conlainin<T two thin and 1 . : im [ ortant b d . . 

Tltn•e b cls o-E nlflngane oxide arc kno ,,·n in part of t he ( harco 
Hcclondo di . t. r i t . Th lo 11·e t i in n di sco ntinuou: lay r o ( tufl'­
agl!:lom rat and Luir, + lll •te rs or lc · · in ! h id:ncss, aL ! he basl' of 
lime tone (fig. 2!1) · I he in I rm llial , a few · •n l iml'L n; Lo a JiLLle 
mo re !han one m ter thick, i: along ~• thin Lulf be l in lime. lone abou 
(;meters abo1· the lo" ·cst heel : and t he l1ighe:t, a l: o a long a t h in luff 
bed i n l ime:tone, i about ~ met r abo1· the intc rmccli <l! bed. . \ t 
one phlc the:c bccl s converg and join to fo rm one b c1 as the inte r­
venin()' lime Lone 1 in he ont. 

Th bed led oxide lepo ·it: con. is main ly o-E p. ilomclanc- type ox idl'. 
ancl p~' rol u : ite, " ·ith m i110 r n anga nc:e ·ili ·ale. , t hat impr cgna t·e tufr, 
r: r e dis ·em inat 1 a nodules, "ntin s and i rregul a r m a: ·e: in t uff, and 
fo rm par a llel lenti cular Jaye1· f rom a fraction of a centimct r I 
nearly a metrr in t·hick ncs: in t uff. ome or be '1. · of th T a.ratnn :t 
and Charco Rrclondo d i tr i ·ls con. ist o f sol id m a ngan s oxid e. IYith 
only <t littl e lu ll' nnd lT:(•m bl b('(l. o f co: ll (f igs . I I l (i). Co mm onl y 
lhc ma n •Yanc: ' ox id e · jmpregna lc a. ntlJ ·r pla cc p rpferr nl ia.IIy the fin r r 
<r raincd components of th e Lufr, 1 ::w ing tho oar ·e r g ra in nnd frag­
ment · emb deled in manganese oxide (figs. 17- 19). T ho. tructure and 
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Fwvm~ ] -l .-T.owt\ r 01'(' hNl, K n work in~ of 
hnn~lng·wull 1n.n•r of 11i;.:h ~r:hl(' hotryoltlal psllomt'l:l lit' l)Pt' man~nnc:-o"" oxid 
4:! ccntinwll\rs tiiiC'k. ~t·nlr I~ on 1 c·,·JJtilllPll'l' brd of low-gntdc mang-:\nifl' l' HIS t uff. 
11 1;.:-h g-radp on• appt\nr~ :tt,:'Hirt at foolwnll. 

]t' IOUHt: J ;:;. LowPr on• hPd in K ; worl\lng-~ o( ('har<·o Hecln udo 
mcdlum-gm<le '" " " J.:a ll ese ox ill ~. Sculc is 1 ccntimcl<• l's I0 11 g. 
nrc unrcplu cd tun·; lal');er white pntchcs arc cal ci te. 

Ill ill (' 

'l ' in.r g r: ty fk •l;s iu ore 
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l>'!GUHt: lU.-Lower ore llcd nnd 0\"C rlying tbin or bed, Lcgo workingij of 'l'aratana mine. 
Tbc thin ore bed n,·crugc~ less tban 3 ccnllmetcrs lu thickncsl! but Is fouuu thruughout 
tbe mine, 15 to 60 centim tcr above tbe lower ore ucd. 'calc re ·ts on ulack 
psilomelane-type ox ide, o>erlain by a f w centimeters oC dull gray pyrolu s ite. 

l!' JG ·n,; 17.- Low-grade torr ore in basal ore zone, centra l workings, Ca ual!uad 
Nod ules and irregular patches of manga n se oxide replace soft blg hly altered tuff. Note 
sharp irregular contact betwc n ore and unreplaced tuff and a l.mndance of un rc[laccd 
tun: grains and fragments in tbe nodul es. The black s treaks arc pick marks in the 
sort ore. 
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l•' IGUfiEl 18.-Bnsnl ore zon , c ntrnl wo rkin)::. of n. unlldn d m ine. Low r half of picture 
Is low-grade nodular turr o r ·tmllur to thnt ill figure 17; upper hnlf I conr e nggl m rate 
whose matrix hns been replaced !rrcgu tn rl y by mn ngnnese ox ld . 'o tc lnrg size nod 
Irregu lar sbnp s of the agglomerate frngments. Total heigh t of exposure Is ub ut 2 
meters. 
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l!'l CU ilE 19.- )langanesc ox id replac ing matrix of tuff-agglomerate in basal ore zone, 
ocfas workin ~s of Charco H dondo mine. ·cale I 1 centim ters long. Note coar e 

high-grade p ilomclan -type oxide at hangin~: wnll nod inclpl nt r pia m nt by man­
ganese oxide or lur •c tun: fragm nt below and to right of calc. 

texture of th uJr ao-O'lomcrat , almo. t invariably ma . ive i remark­
ably pre · rved and accentuated, for th man <Yanes x ide · commonly 
impr gnat the tuff matrix ·wh rea lh larO' r b ul l r and block 
of coa r :e tuft anl lime tone are u ually unrcpla ·eel, although tuff 
block: her· and th r a r in ·ome I htccs part ly alt reel to manga n e 
oxi le. (fio-s. 19 _Q) . Block of alte r d tuft <llll ]asa u . tw ll y rounded 
and as mu ·h <1 J .5 met r long, are attE' r d thr ou<Yh many o r bed 
nnd are n1.re ly replaced by mano·anese oxid . 

m all amou nt. of mano·ane ·e ili at " ·er r coo-ni;-;ed at the ~\bun­

dan ia. min in Lh Palm£trito eli tri rt, the P ohu·i: and L a. lori a. 
mine in the Candelaria eli t r ic t, and the an Jo - ~ and La Ju. la 
pro pect in the Gili. a eli tr ic . O n ly in I :ut of the P olari. depo: it 
are the mangane e ili ate [tbundan t enou o-h to hav a mark dly del ­
eteri ous e f·l' c·t on the g rade of the or . 

:.\Ianganc:e oxi le: in t u fl' ·ommon ly show a ra the r ti nu . 11 a l t ru tu r e 
tha t i. inter preted n: a replacement phenomenon an lis characteri zed 
hy tuber ose o r rounclrcl elongnt e ntasse: o f' manga iH'S ox ides tha.t cut 
nc ros: lufl's more or k:~ no rm a l !o tlte i><.'<l <l ing plaiws. Th ese lon­
galc no<lii les are ro 11 gll ly paral lel and tiSii:d ly are crc)\\'cl ed clo. e to­
fret h er, in I lac s ton l1ing one another b u t in other I h separ ated by 



lnvn in lowC'r on• lH•<i, w 1 Sf t('ntr·nl IHll'l of' tlw 'aiindn worldng~. 

Taratnna mine. 'fh • houl<ler i ~ 67 cPntimcl•rs i o n ~. I t Is fr<'sh at th~ center hut i s bl <'a<" ht•<l an<l slig-htly 
J' pin· •tl h.'· rn ang-nncHP flXiclc along: its upppr edg-~. .\ rc·ltlng- of the ln.'(\rs of p:·dlomelan · t.rJ~+' o:o.idt• YPL' the 
houl<if'r 11':1.'" hP nn 01 i•..:inal Hlructurc but :ll. o ma.r bP cluP in P<lrf to su:•Ht~qut•nt difTpr·<•n tial compaction. 
The ln<·k of alteration ulon~ the low r hor<lt•r o( the houl<kr nn!l the <!Ppr•ssion of th ln.'· , .. oC mang-auif rous 
tniT ht•lnw thP ilunl<l<·r •n!(i;PSt tlllt t the houl<lcr wn s cl ro ppNl onto n st•mit•onsolidntNl hNl o r tnll'or~. 



84 GEOLOGY 01<' THE MA ·c E E DEPO 1T OF CUBA 

barren altere i tuff. They are oncentrat d in di tin t lay r and oc­
cupy well-d fined trala. Th y project dowm ard, in a traLio-rar hie 
sen e, from the ba e of hyer of olid mangan o oxi I , from Lh base 
of ma ive layers of tuff impr o·nat d b) mano-ane oxid , an l from 
the ba e of mineralized tu ff-ao·o-lomerat . 1 hey haY ne\' r b en 
ob erved to project upward from u h lay r , an l ar ac or lino-ly 
omewhat analo ·ou to lalactit x pt that th y w r not formed 

by precipitation in open pa · but by a 1 ro f r pla.c m nt. Th y 
may be call d repla ement · tala tit ·· for \Yant of a b tt r t rm. 
They al o bear a crude r emblan e to l ndriL e - pt that th y are 
not flattened form but ar rourrhly ir cular in a plan normal t th ir 
lono- axes. I n ome depo it , for in tance the Ouinto mine n ar El 
Cri to, layer of the replacement" talactit alL male with layer 
of ma ive mangane oxide ; ome of the ' talactite ' proj L fr m 
the ba e of ma ive lay r to nd ao-ain t the lay r b low wherea 
other do not 1·each Lh low r h1y r but taper do" ·nward :tnd end 
abruptly in altered tuff. 

The replacement ' tala eLite ·· rano·e in lengLh from a f w · nlim ter· 
to nearly a meter, and in dian1et r from a fraction of a centimel r to 
as much a 10 centim ter . Th horter ' talaclile ' are ·ommonly 
simple and t rminate dowmyard in a rounded end · the lono·er form 
are compound or branchino- and the individual branch terminat in 
rounded end . ommonly the bran h . are hort and project in an 
oYerlapping manner :from th main tem o that in outcrop the 
" tala tite 'appear to have a p eudobotryoidal tru ture (firrs. 21, 22). 

l•"JGUR!l 21.-Replacement stalactite ore, main hed of Quinto deposit. tadla rod Is about 
5 feet (1.5 meters) long. 'l'he sta la t!tcs a rc concentrated along two tntr beds separated 
urn thin l"ycr of tli. "r minn ted Or(' . 
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I'H:na; :!2.- lo~l'lll) <Jf part o( ore bc<l SliO Wll ill f.igur 21, Sho wing- fi PJl l':..t i': III C of 
~ tnl:t<:tit I. in dcta11. cal~ i . 1 (' 1Htilll'l I'S IOII f"P'. 

12 <172- u - 7 
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F JC: 1· u,.: 2:{ . ."i n d {l' nodu l•' f rom r Pp i;.H'PIIl fl n t ~ t a l aC' tit £' in m ai n o r~ 

IJI•d of lh ~ Q u int d<' t> O" i t. :\" :t lllr:t l size. X o ll' ~ l ig hl !"O il ("P il · 

tr:t t io n o f ma r. ~a n r~c oxuiP alo n !! ec• rt a1 n tun· l :t,\ f' r ~ .tnd p n.>m i­
nf •n t p a rtin -z !l:trallt' l to hd hlinq- ( top ) . \\' hilt' tl l• (·k :-i :l l' t' ll lll'(l­
p la <:Nl l u n· ~Tn i n~ . 

' :..··i' _;.:"':'J>...I '. :; . ' . ' \ . A :" . • ~ •• ~ ·,: · , . 

... . " . r .. _, . r. ~ :. J. '·. ·· l" ;, ' i'• ( . ... . -.~ ·.. . , . ... 
; ' .:. ' . 1lq ! , • ' , ' ... ~ .· ., ' . . .~ ,\ ,' ' ... . '.. ' . . ' 

·:': . • ,r~ , ~ '1 ' . ' ' • : ~ . '~ ,l . t \ '> ' -~ ' • . ,:,_ ~;1 vt', ,, _,;·j '}_.'.'. ; ~ ? ! ... ,. 
I, ·• . •I ,, \ I . • . ' ,.•, . ' '!} ·· '\ t· ... ' ... 

· ~· ,.. {f.~- · ! I : ., .. ~ :· .. · ., ' , • ~ . ' . ': . i .· ; ' ',)' , /,'.· ,, . ·t ·) . . 
- ·' \. "·t~ ,· . 

F1~ : nn: :!4 . Liruhnon<· r·<·pla c·PmPnt orc· . . l uunil:t mine. l rT<';.:ular f (' :1fh<• t'.'" pf'ndl s of 
p~ ilomf'l:tn e- t y J H· ox itlt· n·pl:t {'t· ma ~s ln• lilll Ps tnll (·: tH·n <· ils ll!'illall ,\· arc H('JHlratcd h.r fl 

llli u r.;(•plum o f eal c.- il(" . Saturn! siz('. A, J 'o li slw d :.; urfa cc cut Jl('l'flCJHli cular l o JIPil ·il s 
or r11 a n;.ptr1 !-iP oxif!P. JJ ) .\"alurn l Slll' f:t c(\, pa rallpl t o p~ n c ll ~. f\ o t c f alhery JJ:tlu r c of 
lit e nHtn ga o ~-" C oxide. 
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Frt.tiU: :!;;, BNldPtl nntl unclular JHUil.!llllf\:-o(' oxidt• rPplndttg- eal<·nn•ou~ tuff in t he ha:-:al 
orp zotw. ('aridu<l \\' O t'kin~~ nf thr ('h:~rc-o I' Nlondo min. :'\<)tfl the hh!lll ~ irt'P:.:ulH t' 
lnwt•r COIIllll't nf orP Ull d t un~, oullint>tl h) thin IH,\(,' 1' or jn:-:p(.' l' , Ga n ~uc i s calCI-li'('OU!'i 
tun: and t·aleitt•; " hltc \'t• inlcts :ti'C alclte . Foo twall i · tun·uccou · li n1 ''ton~. 

and RCYC' ral <'C' nti mC' t r thi ck o C' lll' in ~om manf!nnifC'rou turr­
ag-gl om rat C' l C' <ls, n: at thC' Lu ·in min C' , ancl al ong orC' beds in lim e­
slon( in t il ( har('o HC'Clondo and 'J\m1tana di tri cts. \\. ithin a giYen 
depo. itt ht' ja ~p r i: Jound for 1 he mos part in th mangan e-bC'<lrinrr 
brd .; .• \ t many depos it s tll('r is no ja. pC'r. 

The jaspC'r ma ss(',; in gen C' ral an' <·onfonnahl C' bodiC'. wl1i ch len 
nut abruptly nnd 111 <1,\' C'Y n tC'I'Illinalt• in a n'l'li cal wall. .Ltsp<'l' ill[C'l'­
fingC' rs " ' illt lull' in only a fpw pla('Ps fig. -11 ) . • \. fC'\1' noss(' utt ing 
ma~sC' : aL the DolorC's min<' in ~abanilla !i stril't and til(' .._ anta . \ na 
111in C' (pl. :!,(;) in Lc . .\'eg ros di strict t');l nd hC'lO\\' thC' mnn.rr<lniferou: 
ZOII l'S and rrpla ·c tlw nnd rlying t11fl', bnL no lnrg;C' jn ·per mn IS 
l;ncllrn to <..: ut <H'I'Os: :1 mangan('s(' b cl or to I'C'place on•r lyino· pyro­
cln : ti c rocks. _\ [ th C' .Juanita dC'po. it in thC' Ponupo cli strid a fc"' 
winl<'t s of jn. pC'r td Ol'(' . B<'<l : of manganifP rous tufl' nlmo t in ­
Yariably o\·C'rli the jnspt'r h' nses although son1etin1C'S th ey C'xlcnd 
only parL way up the fl anks of hrgt'l' il'll sl's . o that tl1C' 'C'ntr;tl part 
of the ja: per ma ss lllny oc upy the C'nt irC' mnnganifC' t·ous zonC'. Ordi­
nari ly the jnspC'r lC'n . e: rC'st onformahly on int n. Ply a He red ban en 
pyroclnst i c~ roc·ks, but in n. :fe"· pL1ec:=; a ja. per IC'n . is both onrlain 
an<lw1cl C' r lain hy n, mnnganifc rons zonC'. In lhe ·e plac s a ban n 
tnfl' b·<l :1 frn etion of a mrtC'r th ick usua ll y separates thC' h 1· zones 
beyond the <'<lg;C'. of thC' ja: per lC'ns. Only at the onclm mine n the 
JHo Canmroncito in the :outh coa st di st rict doe. a mangani fero 11 · 
zon lln<IC' I'lie a, jn p r l n: who. npper conta t i ba1Ten of ore. 
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l•' ll:tnn; :!6.- :\ollulc o f maugant•Se oxide (mo) with rind of jnspcr (ja), 
Quint d po ·it. 'l'be fine l aminat ions ncar th c n tc r of the nodu le 
a.- r li ·t bcdd in~ of ncur l y comp letel y r<'pl accd lull'. Ja sp~r was 
f rmcd later than tbe ma nga nese ox ide. Katural ·izc. 

In places ja per forn1 s exLen iYe thin bed a fe,\- ntim ter tl1i k 
that alternate with thin bed of in tens ly altered tuff. The. e b d 
ar fotmd in zone a few meter thick which uncl di e bel of man­
o-ani:ferou. tuff a ociated with tyr ical lenticular mn, .. e of jasper. 

u h bed are known only at the ultana mine in the Ponupo eli . tri ·t 
and at the Quinto rrroup of mine in El risto eli b:ict. 

More rftrely ja per form crosscutting vein as much as one meter 
" .ide and traceable for eYer a 1 meter .· along th e -t rike. The ·e vein 
ftppear to occupy joint or faulL of mall cli.- placemenL. ~'one has 
been traced into conformable ma s of ja. I er. 

Pyrocla. tic bed oYer the jasper len e are very commonly if not 
invariably dome l, and th bed along tl1 e. teep flanks of the len e are 
ov r te pened , thinne l out, and fttnlt d. The faults oc ur only along 
or near the edges of the jasper lenses; they u ually tJ.-an ect bedcbnrr 
only on the iianks of the lense and pa. s into be lding-plan e fau l ts 
away from the jasper. These featmes appear to re. ul t from differ ­
ential compaction of incompetent pyroclastic beds over resistant jasper 
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Vr r:cn r: :.. 7 . C'on~lomrntfP com,.ost•tl of ft·rt~ tllt'nl s of tuff. lllllt.·HhHH', aud lllllllg":IJH ·~P oxtd~ 

in limP~tonc mnrr·ix. JW:lr the !)!)!'tal of thP C'aridad workin;.::-o. ('hnrt·o I Pdondo llliOl'. 

This c-Oll;.!'lotuPratP lie~ J.3 to :!.:i nwlrrs aiJO\'C' till' C'nriclad ort' 1wd. 'l'lw mntPr·inl i: 
known ltH:a llr a=-- nwzdado (lllb.('(.l) orr. 

l"•cunE 2 .-Lens or lime ton -tun: conglomerate in low r ore b cl, southwest orncr 
Caiiuda working~, 'l';l ratan a Jnin P. Note l:u•rr(\ block of luff ( :~5 em lou ~) I.rin~ ncross 
c·ontact b tween ore and conglom rate, and arch ing or con t:lomc rnt o,·cr the bloc-k. Th 
ore is all P.nolusltc. li ight or exposu re is about 1 meter. The layer: of nHlnganc c 
oxide ncar lhc boulder or luff are sharply eli bed, suggesting lh:tt lhe boulder was 
tlropp d into a ·em leon. olidnt~d bed or ore. 
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FwunJ-J 29 .- Intraformationnl br ccin or lim C>. tonC', tufl"a<·eo us l imPston . and mnngan('s(' 
oxid in a limes tone matr ix, Tarutana mill . ~nturnl ~ iz ('. Thi · rock i · fou nd aho' 
and below th UPt r ore zo n throughout the min . 

frao-m nt of tuff an l laxa, fragment of nlo·al head and Foramini­
fera. Thi onrr]om rnt form xt n ·iYe lay r rt much ns {meter 
thi k that ov rli . or bed or f rm len e "·ithin th 111. I t do not 
extend b yond th or d po it an l i found only with th 111. _\. 

rarer typ of int raformational onglomerat con i t f angular frao-­
mcnt of tn.ffac ou mano-an oxide a. mu h a entim t r a r , 

tin. a mnlrix of alt red luff aml mano·;u1e e oxid . . u h conglo-
merate i thi n an 1 of v ry local ext ent; it ·wa. noiecl nl the ba of th 
main or bed o£ th an. Lui mine in El r i to di lri t and in th e 
int rm liat e o re b<'d a t the lut rco H e<londo min Jn th u1 a 
d i. t riel. 

Th conglomerate beds n re ge ne rally mn . iv nn d poorly orl l; t he 
proporli n of f rngmcnl to m a trix i. extrem ly Yariable. Th lim -
. ton of lh p bhle ancl obble: i ·imil rn: t lhnl of th matrix: 
it i. u. uall y foraminifera I a ncl ometime · v ry tu IJ'a ccou . Th e f rag­
ments of mnngan e oxid range fr m a. few mill imeters t a mu h 
n. Ji) entim t l " in clinm t rand in place make up 15 or u per en 
of th ono-lom rat . TIH\ frngmenL a re imilnr in tru ct ur t xturc, 
aiHl min ralogi ·o mpo ilion loth :1 so int db deled or e . The a r e 
1uite unifor mly di eminal 1lhrou o-h th e onglom rat-e exer t where 
it r e ! on locall y rodecl nr a of the or bed ; in t h e. e pla e th e 
fragme nt ar on enlr[tlecl nen r th e bn e f tl1 conglomerate. It 
isclenr, ther f ore, that lhe fra g ment. :n . d ri\'ecl from th imm cli:tt ely 
un<l .d yi ng bed and it ·i. equ all y cl nr tha t th e · ro k :ne no t f:ml l 
brcc ·ia for the follo,Yino- r a ons: 

1. The b cl a r on ·f 1·mnble ll'ilh the en l o ino· tun' nncl 
lim e. Loll e. 
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2. The nno·ular frngment of oft mangan se oxid an l tnff are 
not cru h d or d formed. 

3. ome of th £1-ao-ment. ar roun led rtnd I robably' ater worn. 
4. Th matrix limeston i un Ttl. hed an l ontain unci formed 

eli eminate l Foraminifera. 
5. ome cono-Jomerate be 1 !Yrad upwar l and ]at rall y into 

normal non conglom rati lim stone. 
\.pparently bed of on. oli date l mangnne oxide and, mor ra rely 

lime tone were broken up by marin bottom urrcnt and t] e frao-­
ment mix cl "· ith limy muds and a.·h a cnrnulatino- at th am . it . 

Th mo t xt n iYe intraformat ional Olwlornerate bed. ar tho. eat 
the Taratana mine in th Gi:ii . a di tri t "·her th y f01·rn layer from 
l to-± n t rs thick among th upper thre or bed. . Th volume of 
conglomerate in th i ar a i o-r at enough to b a po. ibl our of 
ore,buttherocki e timatecltocon(ainonly!3tol0per ntmangane e. 
Other conglomerate becl are found at th · Dolor mine in th abanilla 
li . tri t "·her they ar underlain and onrlain by mangnne e oxide ; 
at the Ponnpo mine in the Ponupo di tr ict.· nt the E trell a. mine 
in the )[affo di t.ri ·t; at th )[ontenep: ro and For una nine in L o.· 
-eg ro eli . trict; at the C'ari clacl "·orkings of th har ·o R edondo 

mine in the Giii . a eli . trict; and at La Gloria mine in the an lela ria 
eli trict. ~\.t the Lucia min in the Gii i a. d i tri ct a ]en. of intra forma­
( ional conglomeraie only -1 meters long ancl ~0 ·en tim ter. thi ·k lie: 
near the middle of a mano-ane e-b aring tuff-agglomerate bed . 

''Dike ·" of tulf and li111esioJ1e. ann lo,\[ous (o ·la s( i · dik :, cut many 
of the bedded oxide depo it ·. Th : dikes gen ral ly ut tl1e bed. at 
a. hio-h angle and ar ob en d mo ·t frequently " ·ith in the or b cl · 
them elve . They rano-e in thi kne. s from a few millimet r to 30 
centimeter , an l in length a ro the bed lino- from eventl enti­
m ter to a few meter ; th ir length parallel to th be 11ino- appears 
to be at lea t everal m ter. for the Jarg r dike . Th like are trace­
able either to overlying tuff or lime tone bed or , mor rarely, to the 
unclerlyin p- bed. an l na.n·o1x· noticeably away from tl apparent 
. our be 1 . . Th ey cut th rough Jay r . of mangrwe e oxicl and man ­
ganiferou ·tuff anl agglom rate (Park, 1D-±2a., p l. ="B). Wall of 
i h dike. cnn be mat ·h c1 in most pln ·es and the ln ·k of off:et of 
heddi1w features indi ates that fhe like: a.r not emplaced alonO' 
fault . 

The tuff hke: are 11 . ually fine- to m <lium-o-mined and similar in 
olor and t xture to the bccl into " ·hi h tl1ey can be tra. eel. ome 

dike a re compo eel of b ri ght-b rick-re 1 tuff, appar ntly colored by 
fin ely cli s. eminated hematite and tra ·eable to reel tuffs ove rlying the 
mano-an iferous zone . . 
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Th lime ton d ik are compo ed of white to cream-colored lime­
tone containing eli · eminated Foraminifera, and are similar to 

o1·erlying fo iliferou bed · into which they an be trac d. 
Dike of both lime Lon ancl tuff commonly contain angular frag­

ment of man<Yane e oxide. me<Ya · opi ally indi tingui shable from 
th min ral in the ore bed uL by the like . ome of the detached 
fragment haYe be n moved only a h r t eli . tan from their original 
po ition and can b match d into the 1 la e fr m whi ch they ''" re 
eli lodged. t the Quinto mine a tuff dik cont<Lining angular frag­
ment of man<>"ane · oxide ha been partly repla ced by later-formed 
mangan e oxide "-hi ·h hav been ho1rn by mega opi and X-ray 
tudie to be texturally and mill raloo·i ally imilar to the earli r 

ma1wane e o · ide . 
I any Luff dike trac abl to OYerlyino· bed s have b en ob en -eel at 

the Ponur o mine and the Quinto mine : tL f w h:LYe b en founu al o 
in lh ·har o R enondo and Lu c.ia mine. ~\. the JuLini Ct mine in 
the eli tri t of th ame nam and nt tlt e ~Ionteneg ro min the fp"· 
Luff dike een appear to be trac abl to the un lerlyino- b d . 

Lime tone dikes n r f,u· 1 · common than tu fl' dike · they haxc 
b n found in lh Char o R edondo mine 
(fi<Y. 0) ~) . 

F l <:vu~ 30.- Medlum·gra<le tun: ore Of low r ( ?) o1·e zo ne in >\[ufi cco wo rkin g~. Chnr o 
Hcdondo mine. 'l '!Ji s o1·e co ntntns 30- 3;:> 1 c 1·r~ nt mnnga n sc. A few putchcs nnd thiu 
I cds of hlgb-grn<l or nr ,· lslulc ju t n bo vt• ceut ,. n nd nt lower right center. Or is 
cut by nn il'l'cgulnr dike of while limy tun:. cnle is 18 centirn tcrs long. 
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Frc:1 tn~ :-n .- l>ikPlrt or fn~~ilifC'rou~ lilllC"!"tonC" rnltin,t: mnn~nnifC' 1'011R tuff ron~lomprnt<', 
J. uci:L mine. C\olt• all •ration rinds ttrourlll ~cnoral UJll hlock~. fo r cJ<amt•lc in the upper 
rig-ht-hant.l corner. 

I LlC.\ TE _l SD ILl 1-:Ql: XJDI' DE POSIT 

The bedded depo it of man(ran . il icate. and iliceou mano·an ese 
oxide differ mineralogi ally from tho e of th b dd c1 oxide group 
and ho"- a o-reater Yari ation in min r aloo·y ancl 1·ock a o iation . 
Th ilica.te d I o.· iL · in water -laid pyrocla Li rock ar Yery imilar 
to the bedded oxide depo it · xcept in mineralogy and may b o- neli ­
cally related to them. Another o-roup of depo il , app;n ntly min­
eralogi cally eli Lin t, oc ·ur in red aro-i ll a eou lim . Lon or calcar ou 
ar o· illit interca.lat din Yol ani c rock . A third o-eneral o-roup o ·m·s 
in imilar ' ·1·ed ro ·k. ' interbedcl d in hal , and a fourth group of 
d po i t consi L of mineralized ili ceou hale interb del d with J ime­
stone. Mo t of lh depo its ·ontain om fre ili ·a in th form of 
Ja per. 

The ilica te clepo it are mor \r iel ly ]ist ribulecl than Lh oxid 
lepo iL ·. Tho c inL rbedcled ,,-i.th pyrocln : Lic 1·0 ·k are found only in 
Oriente, mainly in southw tern Ori nt ; those in ' reel r o k ·" inter­
ca lated iu Yol ani rock have been found only in soutlnresteul 
Or.iente ; tho e in "red ro ·k:)) in . hal are kno,n1 only from Pinar del 
Hio ; and tltC' sh;l l,r deposit s in lin1rsfone h<tl"l:' IJC'en found in north ern 
Ori nL and in P inar delR.lo. 

1\Iost of the. ili cate depo it. hav noL b en exploit cl and many ha,Yc 
not been inten ·ively explored be anse Lh . iJ.ic ou. naLme of the ore 
ha. pr eluded onom"icn l con enf ration. A f w cl po. its ha\c be n 
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mined. electively at th •. urfac for thC:'ir ._uperp:cne manganese oxide. 
but. a. th proportion of mangane_e si li ·ate. inY<lriably inc.:rca~l.' · at 
rela t iYely hallow clepth reco,·rry hom f hesc depo. ·if l1<1: he en ·mall. 

The rrin·ipal ll!<lllp:Ulle ·e si li cates are bcmenfite <lll<l ncolocitc. 
Braun.ile i fairly " ·icle. pr ad bnL nowhcr Ycry abun(L\nt . The other 
si li e a tes ar merely ·uriosit iPs quanti fat i Ye ly. 

'l'h sili ·ate deposit ;:; ar • len! i ·nlnr or tabular bodie:;. mo,.;t r :tnging 
from a fC\r meters to :ome JOO nwters in length and containing a fe"" 
hundr.ccllo a few lhon . and ton: fore. The largest dcpo. iL at Signa 
in outh-ccnf ral Oriente . i · lrac abl for nearly Li kilometer. nmges 
from .en~nll cen fim efers to ;\houf :2 m eters in thicknc;::. , and conl<lins 
,;en~ra l mill ion ton: of lo\\"-grade ore. 

The ore bocli('s in general are confonnahlc " ·ith !h nclosing rock, 
though loca lly th y may transect hetl<ling. Cont;1.cts helween the ore 
n1inernl · 0 1· jasper an l country rode and bet ,,·een m:mgan . e minemls 
and ja . per ar harply gmda!ional. ,Jasprr in some deposits l'On­
tains fin ly disseminated manganese oxide. and si licate. . J n place. 
the mangnnc c mineral s show rt crude sfraf iri ali n that appears to he 
p. rndomorphic affrr replaced (·oun!1·y rock h11t murh of th matrrinl 
i. 111HSSi \'f'. Tieplacem nt "S(a!a<.'file~ ·, 0 C\ll' only in clepo ifs intel'­
calatNl in pyro('la st ic ro('ks in pro:-p C'lS of fhr , ip:ua and 1ran Piccha 
arC'asofsontiJ,,· , ( •rn ( rient . 

I A>nficnl:lr mns~rs of jasper in tlw depo~it . inl rcnhfed in pyro­
cla. fi · ro·ks han• ntuC'h tl)(' same form and r lation fo a sociatNl 
mnnganC'sr minC'ral : a: in thr oxiclr clrposifs. Lit!l r . if an)·, jasper 
OlTliJ·s in the drpo;..its in " n'tl ro('k:" intC'l·hr<ldt'll in Yolntni ro 'ks. 
:-lonH• of fill' <leposifs in "re<l roC'ks·· in shale he<ls contain mueh jn. per 
"'hPn'ns of hrrs eon fain only n l iff 1('. \ \'here j a. per does OC('Ul' in the. P 

drpo:i fs ir i : Yrn· in! imafrh· as~oc infp(l with !he m<tn!!<JHese mineral.. 
ancl ja sper and ;li<JngaJH'Sl' 'arr ll' ss di sfi n<.'fh segrrg;~tr<l !han in the 
dt'p~s if si npyro las tirrorks. • . , 

NONBEDDED DEPOSITS 

Th nonhecl<letl <ll'posits form a group that is s uhorclinale in lllllll ­

i>t'J', sizt', and ('C'Onomi' imporhmer fo !he l>rdd<'Cl tlrposi f;:; . • \. far a s 
1-.·c kno\\' thry consi;..( only o f mang·anl'Sl' oxid('s, ancl many appPnt· to 
hr min<•ralogi<·ally s imilar lo !he brdd<'d oxitle <lq)Q~i ts. Litlh', if 
any, ja . p l' is H S~ociafrd \rillt !he c deposits. :.\IosL of th nonu tldccl 
dt>po: it s <1re in sedimentary and 'ol ·ani rock. in sonth\\'r t n1 

OriPn(r; a ·few are found in n.t rfamorphi c rock: of southern Ln . Yilla . . 
iiJo t of fhp nonbrcldrd cleposi! s form in<'gulnr bodies in limeslmw, 

ancl :rrm to he g nrrally C'onfro llcd b_,. prrmineralization frnrtures. 
Xonc of !ltese. <leposif. appears fo he truly ninlike. The large. f ore 
bodir:, eonfain ing as much a. JG,OOO ton s o{ or, are eli tinctly pip­
lik in form with a cir ular or elliptical c ross sec! ion; the ore l odic. 
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to b 

ontemporaneou Mangane 
bre ia may ither follow b ddino- plane in th lim tone or form 
tringer tran cting be ldino-. orne of th d po it at Hoyo Zinzont 
in the P ozo Pri to area of Los Neo-ro di tri tare typical. 

The nonbedded depo it in lime tone a re o- n rall y ma ive and 
contacts between o1·e and wall ro k a1·e u uall y harp, but in pla e~ 
conta t are gradational through a z ne e ral ntim t r w.ide. 
Local zon of replac ment ' tala ite ' or dendrit Jik branchino-
nodule lie along orne ontact and tr ino·er f mano·an oxide 
v r y ommonly extend from the o1· bodie into min r fra tu r . . 

Nonbedd l depo it al o in lude ineo-ular po kets and l nLicular 
bo lie. in iuil', tuJI-ao-o-lom rat , and .fel il . Mo L f Lh indiviluul 
ore bodies or po k t in a given depo it ar f und in definit trati­
graphic zone veral meter thi k an l ther fore 1·e mbl the b lcled 
depo it . Thi re. emblan e exten 1 al o to their mineralogy. 
T ypi al clep its include tho e of the Yeya min in Lo ~egro li trict, 
wh r the main ore bocly rather lo el r emble a b dd l depo it 
exc pt hatitappear tobecontrolleibyanuml rof . 1 allpr min ral ­
ization fracture. : the Lui \_ntonio-Don ll a mine in th J ar ahu eca 
eli trict, ''"here the or bo li e are a. ociat l "-ith premineralization 
:fractur ; and the Effi mine in the iii. a eli tri t, who. irregular 
depo its in tuff may a] o be a o ·iat d with a premin ralization fault. 

"Minor nonbedde l lepo its o eupy fnult and frn ctme zon cutting 
limy schi t and chi to e marbl in outhern La. \ iJl a . The 
clepo it con . i. t of mall po ket an l len e of manganc and iron 
oxide ; they eli n'cr in mineralogy an l textnre from the d po it )]1 

onth,Ye t rn Oriente and probably are of different orirrin. 

RFICIAL DEPO IT . 

The only economi cally important urficial clepo: it. a re th e thin 
man ll e of clay and oil containing pell ets, pebbles, nd fragment· of 
mangane e oxide and ]mown in uba a o-ranz6n. Other urficial 
clepo it., very nbordina te in . ize and economi .importan e, con i t 
o-F h rt rubble cementE-d in part hy clay and mangane e oxi le , an l 
. till : mall er deposit. that nre merely ac umulation of clay, grm1z6n, 
and soft powdery manganese oxid n the floors of ome lime tone 
caves. 
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The surficial dcpo ·it at·e foun l in area underlain exten ively by 
lime tone and r t either on lime tone or on vol anic rock n ar lime-
tone outcror . ·Many urface mantle of rrranz6n in outh·we tern 

Oriente lie on or near bedro k dcpo ·it , a · do allla.10 I\'ll ave d po iL . 
Ho"·eYer, many urficia l d po it. el e'Yhere in uba do not eem to 
be near an) bedrock depo. it:, althouO'h those of th Quemado di tri t 
of north m La . Villa ar ·l ely a sociated with chert rubble 
depo it . 

Individual granz6n deposit ( O'ranzonera ) ar known to cover 
many hectar an l to b a mu h a 2 m t r thick, but mo t deposit 
are le than one hectare in area and only a few will averao· 1 meter 
in thi kne . The large t granz6n depo. it. contain more than 1 
million ton of crude ore. The pror ortion of mano·ane oxide to 
clay and oil rano·e from practically non to about 20 per ent of th · 
total volume. P ellet of mano·ane e oxide are u ually le than 2 
entimeters in diameter an l ommonly are made up of on enlric 

layer of oxide . In place the pell L. ar highly fenuo·inou and are 
sometime refened to a p r ligon (bu k hot). Depo it may on­
tain man frarrm nt of h r t in ad lition to man ·ane e and iron 
oxide. om d po it in outlnn' tern ri ent ontain d hirrh-oTade 
O'ranz6n "-ith ]ow-ir n ont..ent which v1a min cl out rar idly becau e 
it wa nry a y and h ap l on entrate. In outhw tern ri ent 
mu h of the err, nz6n i on entrat d in mall p ck t in hoJlo,, 
b L1> en solution pinna ]e of Jim ton ("eli nte de p no''). 

Th hert rubbl dep it n i of irregular po ·k t of mano·ane e 
oxide and r l clay c menlinrr numerou ano·uhr f rao·m nt of ch rt · 
th de1 oil oTad inlo lay an l ch rt rubbl on tainin g little or no 

IndiYidual bodie arc a mu h a eYcral met r in width 
0 meler in lenoth, an l are known t be at lea. t 5 m ter~ 

thi k; thy conta.iJ1 a mu h a <'''eralthou and I n · of Jow-oTade ore. 
The der ils hav be n f und on ly in La \ il l as aJHl as yet haY not 
been exploit d (I. 13.)- 13G). 

ave 1cpo it of man ·an c o · ide have b en foun l nly n ar 
Purial and Pozo Pri to in outlnYest rn Oriente, and a little ore ha 
b en recover d from th m. 1he depo its on i t of lay, oTanz6n, 
and of manO'anc e o ·i ie that hav a cumulated in thin lay r on 
·ave floo r . orne depo it. ovcr]i and oTade into bedcl d tuff ore ~ 
and other occur near bedded or nonbeddecl l I it in lime tone. 
Park (1D42a, 1 . 9;3) de cribes a ca1e d po it of the ~\ ntonio mine in 
Lo N °TO eli tri t into whi h tala tit of cal ium carbonate pro­
je t. I ndivi lual ,ave depo it" . apparently conta,in no more than a 
few ton of ore. 
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R.El.LA'l'IVE I:\l PORTAN E OF YARIO 

The e 'ti mat l production fron1 . ,. n t~·p . of dep . it. in O r ient e 
lurin · the p riod 1D-k2- JD-l:5 inelu s i,·c i: sho,,·n in tlt :Col lo wing tab le. 
It 1 obvious that th bedded oxide 1rpo: it.~ yield ed tll YCrwh lming 
lmlk of ubnn or prodnced during til <ll peri d. 

J;'sfimat rrl pro rlu cfi oll of 8/tip p ii! {J grad e ore fro m rti{{er 11/ types of 11/0 II!/ tlll 8 
d e pos its in Oricu/ (' . / .'l'r2- 'r -' 

'l'ypr of deposi t 
.\ ppro<i­
mat \ pro· 
d uct ion 

(long tons) 

J~~ rccn ta~c 
of Iota ! 

prod uct ion 
J'Iinci r>a l m inrs 

--------------------------'-------•--------' 
llcdd d O\idc deposits: I 

I n pycoclas t ic rocks a. cia t d with 
jus; r. 

I n pyrocln tic bcrl in limestone __ -I 
I n pyroclastic r cks not a. socia ted 

with jnspcr. 

:-;on bed ded oxide deposits: 
l n llmcston __ 
1 n pyroc·last ic rocks. 

S.i liP:lWs nnd O\ idC" drposl ls 111 py i'O· 
<:last ic rocks u.ssocitHCd wit h j(\spcr. 

SurOcinl deposi ts .. _______ _ 

T oto I. 

' X o recorded prod uct ion. 

761, ()()() 

163.500 I 
26. ;>()() 

15,000 
6,ii()(l 
1,500 

30. 500 

l ,004.ii()(J I 

i 6. 0 Augu sto Lu is. Boston. llucyclto. 
J<:spai'ln. Portugai. an Luis, Tordcru . 
E pcra ncl tn. OunnaM, Jutinlc ti. 

I 

Lla ,·c . .\1 a nacas, Pouu po, Pouupo 
de ,\ b\nac&l. Qu into. 

16.3 Ant onio, Charco Hcdondo, Corlnt o. 
Progrc . 'l'arn ta un. 

2. 5 Hrlsrldo, a ualld ad , C ubc1i a;;, J)~ til, 
Lucia, .\l on tcn gr o, \'a ile cl ~ :\ i an· 
gun •so. 

1. 5 C t\diz, H uisc iiorcs, l:uica. 
.6 Ycya. 
• J h ~vcrt' , lg un. l 

3.0 Bri. Id a, L a Glori", GunnnM, LI:H c. 

100. 0 

GE OGRAPHI CAL DISTRIBUTION OF DE POSITS 

Th gcoo-raphical eli tribu tion f th var.io u ~ type of uban man ­
o·ane. e depo it i ·ummarized below by I rovin e . The der o. it 
·ha,ra teri sti of tilr of th fiv proYin · in " ·hich nntno-ane e hn 
been foun d a r nn· or nonexi ten t el. e\Yh er 

PIXAI DEL RiO 

The bedrock manga n ,:e depo ·it. of Pinar clcl Rio are found in 
(1) r ed or red li h -bro,,·n imrm· :foramin.iferallime tone inter alated 
in clark- olorecl hal e, (2 ) in H'dlimy shale, (3 ) alono· on tact bet\Y n 
aro·illite and limestone, (+) along bedding of " ·hite, pink, or 1·ed lime-
tone, and (- ) in dark shal e and argillite. ome cl po it are kno\\'n 

to be .in ro ks of the Cayetano and Yi nalf' . for mati n , f ,Jura · ic lo 
'r eta eon · ao· . Mangan se oxi ]e · wer ob. erv data ll th pro p e ts 

t uclie 1 but most of th m a1 pear to be upergene a. on , id rabl 
amount · of mangane,: ·iii aLes or n anganifero us jasper'" r noted 
nt m.any clepo. it.. The beclro ·k cl epo. it: ar t ntnJiYely cla . ifi d ns 
bedded . ili ate dcpo ·it · in sedimentnry rock. He idunl depos it · are 
f o11 nd a l ·o in La Jngua and Gramale: eli tri t. 
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LA H.AB.AN.A 

The only t " ·o mano·an e e prop Ls een in La Haban a ,,·ere on the 
I ]a le Pino , b u t tl1 e n atur of the lep it could not bed term in d at 
either pro. p t b au e of poor outcr or and l a k of explor ation. The 
coun try ro k ar m ta limentary and the depo it ar e probabl 
,. m . 

LA VILLA 

:.\Ia ngane e d · po ·it ar La Yilla s 11 a1· 
Amaro and Quemado d Gi.iine. , and in the out]nr te rn part of the 
pro ,·inc n ar Trinidad . The ~\..maro lepo it are in thin-b deled 
argi ll it and hert. Th y ar Yery lo"· o-racle and haYe not been 
. tudie lin cl eta il · they may b cla ified either a b dled or non bedded 
oxid d po it i n d imentary ro k . A f w mall udi ial clepo it ar 
known. 

D epo. it of th Qu mado di tri ct a re mficial l p it of th oTan-
z6n and hert rubbl typ form cl on chert lime tone and 
1 ime ton of J m as. i or 

I n th 
• quen 

.AMA EY 

OUIE :I\TE 

Be '<HI. c f th oT at n umbe r ;lncl Ynriety of lepo ·it in Orient only 
ve ry bri f mention can b ma] of the di Lribution o-f Lh l ifferent 
type \Vithin th p roYince. Th ta: k i m ad omewhat ea . i r by th 
fa tthat cer laindi . tri l · ar ch a racteri zed b. · ·ertaintype. o:fdepo it. 

B del l ox i le depo. it in pyro ·ht ti rock ar p r clominan in the 
Bueycito, E l obr e E l ri . to, Iri -J tnro, Ja o·ua ,Ju t ini ·(t , :.\Lmaca:, 
Palma rito P on upo and ahanilln, eli tri ·t and a r fo und in a f w 
pla . in th Iri s-J oturo 1i . Lri ·t. 

B edded o;.;id depos it: in pyro h t i bed. in lime ton ar typi cal of 
lh anlela ria, Gi.ii sa, Mnfl' , and L os 1'\ eo-ro · di t ri ct. and are :found 
nt rely in th Iri ·-.John·o di t r ic . 

B cdcl ed ·ili at c1 ] o it in pyrocla ti r o k predoJYtinate in the 
Ch6ver and igun, di s tri ts nn c1 nr found to a Jes er ext nt in th 
·outh oa. t li tri ct . ili cn,L depo. iL: in ed im enlary r ock a re l'C ­

l ri t d Lo Lh . uth ·oa . t eli t ri ct, part i ula rl y a l no· H1o E l J\fa ·ho. 
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N onbedd do ' ide depo it are found here and th rein th J arahu ca 
di tri t (in fel ite and lim tone), th iii a di tr.i t (in limestone) 
and Lo eo-ro di tri t (in agglom raJ an ilim tone). 

urficial depo it~ of th granz6n type have b n imp rtant pro­
ducer on] in the andelaria Ir.i -Joturo, ani I almarito li . t rict. 
The only ave d po it a,r in Lo ~ gro di trict. 

RELATION OF DEPOSITS TO REGIONAL GEOLOGY 

rreology 
~nfortunately, in­

uba to draw many valid 
conclu ion ; perhap. the only io·nifi ant o-eneralization i that the 
clepo it of Pinard l Rio and La il ia provinces ar found in rock 
of pper Jura ic or Lo"·er retac ou. ao·e "·hi h hav b en COlT lated 
with ea. h other by both \~ rmunt (1937, p. 5 L) and Palmer (19±5 
p. 5, 7) . 

RELATIO ' TO TRATIGRAPHY 

The mano·ane. e depo it of ri nte ar found almo t enli r 1. in 
the obre formation and th great bulk of the d po its lie within a 
few hun lr d meter of the top of the formation. T hi r ]ation wa 
first ugge ted bT I en er, ' 'h stated (Hay \ a urrh an, ancl p nc r 
1901, p. 6 ) : . . . ther i tr·ong evidence for believ.inrr that th y 
[the ore depo it.] ] i u ually at the am geologi al horizon . .. : 
.\ mong the bedded cl p sit in pyro ·la tic ro k the la ro-e t i po it 
(Q ui nto, P onupo Ju tinicu, and 'abanill a di st ri t ) ar in th upper­
most 50 meter of the formation; a g reat number of important cle­
po ·it (Br i. eida, E. perancita, Guanaba, Lucia, Mont n gro, a nd \ all 
de Mangane o) are at or ju. t belo" th ba e of the har o R edondo 
limestone member, 0 to LO met r belo'v the top of tl e obre · an l 
the larO'e depo it of the urru to Lui , B o. ton E pafia, Portugal 

an Lui , and Tordera mine are 300-400 meter b l w t h top. D e­
po. it of he P almarito eli trict appear to be a hort eli . tan e below 
the ba e of the har o Redondo lime tone. The mo t prominent ex­
ception are the clepo. it · of the Manaca eli trict, whi h li 2,000- 2,500 
m tel's below the top of the Cob r , and the unexpl oited ili ate de­
po:it of the irrua eli t rict, ,,-hi ch al ·o are at lea. t ~,000 met r below 
t.h top of the formation. A fe"· mall deposit · in the antiao·o ba in 
are evidently 1,500 to 2,00 met r below the top of the obre. The 
pr ci e tratigraphi po ition of dcpo it of the Bueycito eli t rict and 
(,he P onupo de Manacal mine are not known, bu t the Bu ycito depo it 
probably are at mo t only a few hundred meter below the top of 
the Cobre. 

Deposit , both bedl d and nonbeclcled, in pyrocla tic ro ·k in lime­
stone are restricted to th Char co Redondo lime. tone memb r and 
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are u ·ually n ar it ba e. Tim the large d po it of the adiz, 
Charco R don lo oToup, T aratana, an l ni ca mine and many maller 
depo it of the andelaria, Iris-.J oturo, Giii a, and Lo N egros di s­
trict are al o within 100 meter of the top of the obre formation. 
The Y eya depo i , a non bedded lepo it in pyro la tic rock , al o i 
enclosed in the harco R dondo lime tone member. 

The clo r lation of the mangane e depo it. to conta t between 
pyrocla ti rocks and lim tone wa noted fir t by P ark ( 1942a, p. 

- 90) and later wa. mpha ized by P ark and ox (1944, p. 316-317) 
and ~ ooclring an l D avie . (1D44, p. 3 3 6) . 

1 nque tionably, the mo. t produ ti 1·e part of th obre formation 
ha been the zone a fe 1Y ten of meter abo1·e or below th ba e of 
the harco R dondo lime ton member. The only important d po its 
lyinO' well belo1v thi. zone nre tho e of the Bo ton group Bueycito 
di trict, E pafia, PortuO'al, an Lui , and Tordera mine Manacas 
el i tri ct, P onupo de ) '[ana al mine and po ibl the Lla11e mine; dur­
inO' the periol January 19±2 to \..uo·u t 1945 the c mine yielded only 
about 12 p r n of the total uban production . 

_\., ide from t h 1 p it that lie ntirely ITithin th 
m mb r both t'dd d and nonb dd d a numb r of pr 
lepo il arc in PY '' ·Ia ti ro k imme liately below th ba e of the 
lime tone (_\. bundan ia Bri . ida a uali lad har o R donclo in 
part, uanaba :\fontt?neoTo P nup , Yall e le :Mangane o), and other 
larO'e c1 po. its (Jul ini li, Lu fa ""uinto) a well a a ho t of mall d­
po it ar in p ro la ti ro k · v•i thin a fe 11· n t r of the ba e. 

iz able l po it ] inO' dire tl above orb low lim tone b d other 
than the har oR donclo member in lncl th Bo ton group, arida l 
Datil, and anta Ro a mines. Finally, a n um ber of mall cl po it 
near Rio El Ma h in th outh oa. t d i tri t are in lim tone or cal­
car ou ar O'i lli te interbedd d IYi th tuff. Oth r xample of th a so­
ciation of al areou rock and mangane haY been giY n in the ec­
tion on lim l n of lhe ob re form ation (I· 47 9). 
If a yng n tic ori O'in for th bcddc 1 l po i - i a cep tecl (and we 

beli ve that eviden e for n h an ori()'in i on lu i e £ r many of tho e 
depo it ) th n it follo1rs that many bm period of depo ition of 
manO'anc e minern ls were followed, or Jc ommon]y preceded, by 
p -riod favorable for the accumulat ion of calcareou ediment. 

Althou()'h th patial a o iation of limy rock and or depo it ap­
pears to be too wide I read and gen ral to be purely fortuitou s, never­
thole rt more g neral .a o iation i that between pyroclastic rocks 
and ore. With th x eption of a few medium- ized nonbedded de­
po it ( ad iz- i.n part·, Fortuna Lui Antonio- Don ell a, Rui efiores, 
and Unica) and a number of minor deposits wholly enclosed in lime­
tone, all the produ tive d po it arc in bed of tuff or aO'O'lomerate. 

428472- 58- 8 
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The o-reat number of depo its in pyrocla tic b ds at or near the ba (} 
of the barco Redondo lim tone and th ab enc o£ vol ani ro k 
abo e the harco Redondo suo-ge ts that in many ca es the waninrr 
or ce ation of e plo ive volcanic activity was favorable to the depo­
sition of man CYanese ores. 

In a very general way the quence o£ ev nts at many deposits has 
been: inten e e plosive volcanic activity; waning volcanic activity 
with depo i tion of man O"ane ore and b ·inn in CY f ca lear ou ·eli ­
mentation; depo ition o£ lime tone and tuffac ou lim ton ,·vith 
sporadic interruptions of volcanic acti ity foJlowed by depo ition of 
manCYane e mineral ; and quiet depo ition of lim ton . The challrr 
from der o ition o£ pyroclastic rocks to depo ition of lime tone may 
po sibly be correlated with increa inCY hot sprin<Y acti ity durincr Lh 
final tao-es of volcani m · ' e believ that the man o-ane e ores wer 
furni hed b hot pring~ which mio-ht al o have prov:id d part of th 
alcium needed for formation o£ the har o Redondo limeston 

RELATION TO TR TURE 

The productive mangane e depo it of riente are cattered over an 
area of almost ,000 square kilometers underlain by rocks of the obre 
formation. .rr o broad reo-ional structural control o£ the depo its can 
be demon trated. Several nonbedded depo it ( U.cliz, Fortuna 
Rui eiiore ) are cl arly localized by premin ralization fault in lime-
tone and the large nica deposit may also be controlled in part by a 

premineralization fault, but mo t local tructure in mineralized area 
are postmineralization and, althouo-h th y may be important :from th 
viewpoint of exploration and exploitation, could not have played ny 
part in localization of the ore deposit . 

Perhaps the only relation of ore deposits to laro-e tructures worth 
mentioning is the localization of bedded depo it on elliptical or 
circular structural domes. Ten of the e domes have been recoaniz d, 
·ix (Botsford, Cuatro Caminos, Gloria, !I:anaca , !I:ucaral, raCYu{t) 
in the northern foothills of the ierra :M.o'l.estra and four (Jutinicll. 
Ponupo, abanilla, Santa Cruz) still farth r north. Mangane e de­
po its are found on all but one dome ( anta Cruz) and four of the ·e 
depo its ar very large (Jutinicu, Manaca , Ponupo, abanilla). 
Ina much as the evidence for a yngenetic origin i particularly con­
vincing for the e four deposits, the a sociation with domical struc­
tures would appear fortuitous. However, the cores of the Jutinicu , 
Ponupo, and Sabanilla domes consist of ma ive agglomerate and 
tuff probably representinCY former centers of olcanic activity. It 
seems probable that these same centers were the source of the hot 
sprino-s believed to have deposited the manganese ores; thus the domes 
may be genetically related to the surrounding manO"anese deposits 
and no direct structural control need be souO"ht. 
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The Manacas dome differs omewhat from the other dome in that 
it i compo ed of ma ive dacite porphyr upon which the ore-bearing 
pyrocla tic rock were depo ited; the domical form is attributed in 
part to differential compaction of the overlyin<Y bed . The syngenetic 
ore bel may have been depo ited by hot pring oming from a ource 
near the ame conduit throu<Yh which the da i e plug wa extruded. 

Th ix lome alonO' the ien·a Mae tra foothiD s are elongated 
parallel to the re<Yional easterly tructm·al trend, and it is po ible 
that their domical forms are due in part to the relatively resistant 
nature of their cores durin()' tilting and folding of the urrounding 
ro k . However, the Jutini u and Ponupo dome are roughly circular 
and their hapes are probably ori<Yinal accentuated I erha.p by later 
clifl'erential compaction over resi tant cores. 

ORIGIN 

PRE I O US THEORIE OF ORIGIN 

The earlie t g neml th ory of orio·in for ome of the uban mano-a­
n e depo it "·a propo ed by pencer (Hayes, atwhn, and p ncer, 
191 p. 63- 64), wh ay : 

In many pine . , a nl th Bo Lon, I ab lila [Quint of lhi rep rt), and Ponupo 
min s, lh evirlcn ill ompl t that th mnngan min ral have been brought to 
the po ·iti n the~· now ccupy by circulating wat r and that tbey ba,· r plac d 
both lh nnd ·tone and th lim ton . 

In ref l'en e to lh a he ta.te : 

Ft· m the mode of o ·cutT nc it i juug d that U1 ju per and U1e ore are of 
conte111porancous origin and". r f rtn d throu"'h th a tion of bot pring . 

·with 1· fer n ·e to lh o cu n n · or Ol' a] no· ar h m Y ral eli tri t , 
h ay : 

Burchard, who tu li cl the 
56- 57) : 

(1920, p. 
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tuff . ... 

N orcro , in hi di u ion of prop rtie of Lh 
ompany, ay (1940, p. 2) : 

uban Min in<Y 

The r ock a sociated wi th the dep it of man an e or arc Early Tertiary 
ma rine volcanic t ufTs a compa ni ed occasiona lly by limestone. The e 
were warped and folded a lmo ·t con t mpo rane u ·ty wi th del 
later in t ruded by a g ranodi ri le batholith, whi h now i 
i\lae. tra chain . Mangane. e minera lization in riente Provine i. of a r gional 
character a nd probably bad i ts inception in hyd roth rm al a th·ity in idenLal to 
thi intru ive epoch. Faulting attend c1 ancl fo li o"· d the min r alization. 

Hewett (in Park, 1942a, p. 91- 92) on id r the bedded oxid de­
po it , uch as harco Redondo, to be of edim ntary orio-in but he 
b lieve that all the hyclrou ili at (b mentit , neotocite, orientit ) , 
zeolite , and ilica in the region are product of wid I read hydro­
thermal activity and that ome of the mangan e oxide al o were de­
po ited by ho water . 

Park's idea on orio-in are summariz d in hi repor t (1942a, p. 
92-93): 

The depo its have none of the characteri tic f uperfl ial accumulation.· oC 
mangane e oxide concentrated by weath ring. uba i ·uuje ·t to alternatin" 
seasons of heavy rainfall and drou o-h t, and mucb of the land i deeply weathered. 

nder such condition uperfi ial concentrati n by ord ina ry weathering proce e 
should be expected. uch depo i t , ho,·ve\·er a re unu ua l. Granz6n and soft 
black powdery soil derived from nearb)· bedrock depo its a re widely distribut d 
but accumulations of re idual mangane e oxide derived, lik bau ·ite and later· 
itic iron ores, from the decomp ition of large rock ma ses a re unknown . .. . 
Pyrite i found near ever al or bod i , both above and b low them. Th pre ·en 
of unaltered pyrite in porous bed directly overl ying mangaoe e oxides indi­
cates that ordinary proce se of oxida ti on have not been acth·e ince the forma­
t ion of the pyrite ... . It i concluded that the mangan e of the depo its of 
Oriente, excluding the granz6n, was derived from wa rm priog . It i believed 
that the warm water ri in "' along conduit clepo ited manganese oxide at 
favorable places along the cond ui ts and in adjacent porou · bed , partly by direct 
depo ition in opening a nd partly by repla · ment of L1.1ff or limestone ; it is al o 
believed that warm water reacbing th sea deposited mangane e oxide · a a 
primary sediment. Depo iti o is thought to ha ve taken place durin"' the la t 
stages of the Sierra 1\iae tra vol ·aoic a tivity, in late Eocene and po ibly ea rly 
Oligocene times. The la rge t deposits were fo rmed in a broad zone around the 
center of greatest volcanic activity . The ultimate source of the mangaoe e is 
not known. Although tbi. expla nation is advanced pa rticularl y for the deposit 
of Oriente, a similar origin i coo ·iclere<l to be likely for the deposits in Pina r 
del Rio and Las Villas Province . 
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In a later publication (Park and ox, 1944, p. 316-317), certain 
of Park" earli er idea are ii cussed at greater length : 

Fault and fracture have played a le con picuou part in the proce e of 
localization of mangane ore in tb Sierra Mae tra than they have elsewhere 
in Cuba. The gently lipping bel are not much faulted, and it is thought that 
the mangane -oxide-bearing olution ba,·e commonly migrated through the 
p nn able volcanic bed . . .. The mineralized fault a re of the type that would 
be expected to form in uncon olidated or poorly con olidated ecl iment durin"" 
a period of volcani m. They are generally of mall displacement; ome die 
ut at the ontact b tw en tuff and overlying lime ton , other per i t 

for hort di ·tances into the lime tones, and a few cut harply aero s b tb 
f rmations. 

The perm able zone along the conta ·t b tween th tuff and the O \ ' dying lime-
tone app ar to hav been an e pecially faYorable place for depo iti n of ore. 

Here the rising water. wer impeded b.v the les permeable overl ~· ing limy b ds, 
and the change of n,· ironm nt from tuff to lime tone probably exerted a strong 
influence on ore depo ition. In places the elu tions worked upward a lon frac­
ture in the lim tone and a! o ·preacl into the imm cliately underlyin "' tuffac ous 
bed . Althou"h many of the or clepo its a re thought to ha,·e been formed by re­
placement of tuff and lim tone , part of tho in the 'l'aratana, Charco 
Heclondo, and probably otb r area are b lie,· cl to baYe b n formed by ub-

of Taratana 

ORIGI OF DEPO IT I ORIENTE 

It i obviou f rom th foregoing de ription. of the variou types 
of mano-ane d po it. that no in rrl mod of origin an be propo ed 
for tdl the type nor indeed for all the cl p its of any given type. The 
followinrr di cu ion of th orirrin of bedded an l noJ1bedded depo its 
will be limited to th depo it of Ori nte. 

:BEDDED DEPOSITS 

A number off atures of b dded cl po it furni h eviclen e a to their 
origin. 

1. Th matrix of tuff ore and th tuffa ou matrix of mangane e­
bearinrr ago-lomerate are usually int n ly altered to a montmorillonite 
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clay, commonly a pink man()'anif rou vari t . Thi alt raLi n i 
limited to the ma1waniferou portion of a O'JY n b d and ]i apr ar 
within a hort di tan laterally from tl1 min raliz d ar a. 

2. If lenticular ja per ma e ar a o iat d with a o·i n ler o it 
in P. rocla ti rock, the country ro k alono· the 1 w r n act of the 
jasper i u ually :i.nt n ely alter d to nontroni.t but manrrnn min­
eralization is u ually \Yeak or non xi tent. Mnno·ane or i found 
larO"ely in th upp r 1 art of the ja per l n or :in pyro )a ti b d 
ov rlyin()' the jasper. 

3. The bedcl d depo. it in plan ar rouo·h] ir ular r llipti al 
wh ther th y ar in pyrocla ti ro k or in lime ton . Iany incli­
Yidual depo it \Yer n in c1 out cluri11g the p rio l of our work in nba 
and thi g neral ir ular or lliptical habit ha b n verifi cl in many 
a e (Bri eicla, Corint , E paiia, MonteneoTo, Portucral, an Lui., 

Tordera, and Taratana). 
4. orne bedded c1 po ·it on i t of Lwo or m re bel 

ally superpo eel vertically one abov the oth r. up r-
po eel bed may not be ntirely oin ident in ]at ral xtent the 
thicker parL of th bed ommonl ar oin ·id nl. 

5. In the clepo it a ociatecl "With ja I · r, th hio-he t-gt·al ore is 
invariably in or lo to the ja per, and the c:rracle climini h 
place abruptly an l om rlace rrraclually, a the eli . tan 
j a per ma increa e . 

6. Beclcle l ore in li.me tone are almo t alway. 
of tuff or agglom rate, and both or and pyr la 
out at about th . arne place. 

7. orne f the large t d I osit ne clo._e]y a o ·iatecl with intra­
formational co1wlom rate or bre cia onta.inin()' anc:rular fragment 
of ore. 'u h con()'lomerate overlie. ore bed at th har o R clondo. 
Montene()'ro Ponur o, and Taratana clepo. it <tnd uncle1·l ie or i inter­
bedded with ore beds aL La loria, Lli ia., abanilla, and an Lui : 
mines. The nature of thi. conO"lomerate ha alrea ~y b n eli cu .. cl 
(p. 49) . It i compo ed of fragment: deriv din part from th im­
mediately un lerlying bed; ina much a ome of the c fragment. a r 
of mangane e oxi le, the unclerlyinO" ore bed must haYe been depo itecl 
and at lea t partly lithified be for th on (l"lom ntte wa form d. 

8. Clastic dike of tuff or lime tone have been noted cuttino· ore 
beds in the ha.rco Redondo, Lucia Ponupo, an l Quinto min . ; i11 
the e mine · the dikes can be traced to bed. ovel'lying th 
( fi!lS. 30, 31, 32A). Other dik en at the J utinicu, Lu !a, and 
Montenegro mine: are po. ible traceable to the underlying b 1 (fiO'. 
32B) . It e m likely that thes cla tic clik are rather ommon 
and that they have been ob erved rather infrequently only b cau e 
they usually are d stroye l during mining. The par nt rock of the 
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dik s ob·viou ly wa. 1111 on oli.date l at the time of formation of the 
dike, and the clike u t ore b d and ontain fragment of mangane 
oxide. Accordingly th ore bed mu t have been depo it d an l at 
lea t partly con oliclat d before the like '"ere formed that i , they 
were form d clurino- the 1 riod of . edimentation rather than afterwar l. 

0. In lhe leposit in pyro la ti c r ck , the ontact of the or bed 
with th un 1 rlying tuft or ao-o·] omerate i u ually o-radational 
through a nano' · interval, 'vherea the upr er contact of the or bed 
i. O'enerally Yery ha1·p. on tact. b tween bel le l ore and lime tone 
are almo t a llray hnp alth uo·h oc a i nally, a at the Juanita c1 -

Tuff congk>merote 
•mpreqnoted by 
manganese Oltlde 

Psil omelone ~ 

Tuff blocks 

A 
Cenl•me ter s 

IS 0 30 

Bonded pstlomelone­
type manganese oxtde 

B 
Cent1meters 

IS 0 30 

l'JGL' II E 32.-<1, Tufl' dik I t cutliog mnnganiff.'rou · conglomerate and ore, first I vel, 
Lu cbL min . B, 'l'u ll dike! t wi th f 1·ngmc nt o[ IIHlllga n c os ld , utllng manganiferous 
tonglomcntlc, Lu cia min . 

po ·it in th Ponupo di trict lh lime . ton may be altered for a short 
di tan n.way fr m tlt onLa t. 

10. i\ ( t of the d I it may be con. iderecl tra tigraphic unit a 
little or no ro. ·utLino- of sedimcntar t nt Lure, s ept n a mall 
.· ·al (for xampl , fio· . Hi :..5) an b cletc tel. The ar parent laro· 
cale cro · ·uttino·- hown for in tan , by the uinlo der o it, in 

>rhi h th lratigraphi int -rval b tw en the Lor of th hio-h tore 
b d ancllh ba of an o,· rlyino· lim ton rano- from a f w centi­
mctet·s alono· th north dg to 10 or 1 meter alono- Lh outh edo-e, 
300-40 m ters away- may b due more to lenticular b ldino- than to 
a tual cro: ultino- of b dding; the Jent i ular nature of the obre 
pyroclu.t i ·bed: is ev.id 11 l in many p ln ·e (for example, fio-. 49, p. 247) . 
Even the d po it a ·. ociatecl wi th mu h ja ·per, which ommonly take 
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the hape of a thi k len or erie o.f 1 n · , may b traLi­
grar hie units in a br a l way, alth uo-h in d tail mu h of the ja per 
and asso iated ore may tum ·e t l imcnta ry tnt tu r s locall . A 
good illu tration of the tratio·raphi nature of a laro· oToup o.f small 
deposit a ociated v1ith ja I r i o-iven by the I orLuo·al, an Lui 
and Tordera mine: ( e ·pecially pl. 9). 

11. Pra ti ·ally aJl of th dep ·it and all the pro I uctiv one 
are in bed of tutl:' or ao·crlomerate. Th e bed may b part of a 
quence of pyro la ti rock or ma b interbedded with lim tone. 

12. The complete ab nee of mangane arbonate and the arcity 
of mano-ane e min ral other than oxide in mo t of the cl po its a 
well a the ,.-ide pr ad evid nee of up rgene alteration of the p ilome­
lane-type oxides to py rolu ite, indicate that the oxicl are primary 
mineral . 

13. The replacem n " talactite · invariably taper or bran h doll'n· 
war l (in a tratigra1 hi en e) and proj ct from bed of maJF.,.ane -
oxide-bearing tuLl or agglomerate, u o-cr tino- that th o]ution that 
depo ited them had per olated do~Ynwarcl from th oYcdyillg b c1 • 

Certain onclu ion may be dra\Yn from the f atur ited aboYe. 
Item 1 and 2 suo-ge t that the depo it are of hypoo·en origin, a 
it ,.-ould be difficult to xr lain th local int. n e alteration if th onccn­
Lration of mangane e oxide \rere attr ibuted to weathering of a man­
ganiferous parent rock or to some other method of upero· n one n-
tration. Item 4, 5, and 6 ugge t that th ore-formino- pro e 
have not tak n pla e uniformly OY r th entire mano-an e e-bearino 
region but have been on entrated in a laro-e number of r elativ ly 
·mall area . That i , no widely eli tributecl "mano-ane e formation' ' 
analogous to iron formation can be demon trat d. Item 4 indica( 
that the ame our e of or ,.-a · actiYe clurino- more than one perio L 
ltems 7 and are onclu ive eviclen e that th clepo it characterized 
by the e feature are yno-eneti and '" re form d during or very 
shor tly after depo ition of the bed alono- " ·hi ch they li . For le­
po it in pyro la tic rock , 9 offer corroborative ev id nc of y11 ge­
netic orio-in. Item 10 i al o uo·o-e tive of a syno-eneti ono·1n . 
al though admittedly it could not. uffi e by it. elf without acllitionnl 
evidence. Item 6 and 11 ugge t that the ource of th mano-ane e ore 
may have been volcanic vents, puticularly in vi eYr of the fact that 
many beclcle] lepo it , incluclino- some in lime ton , are a compani d 
by very coar e tuff-agglomerate " ·hi h could not haYe been depo: ited a 
o-reat eli tance from its . our e (fig . . 1 , 19, 20, 2 ) . In any event, it 
eem certain that volcani vent from which pyroclast ic mat 1·ial wa 

being ejected >rere a ·tive during mano-ane e depo. ition at ome ites; 
lhe large blo k of laY a in figure 20 and even more tri kin o·]) the mall er 
block of tuff in fio-ure 2 appears to have been dropped into uncon -
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olidated or emicon olidat d bed of mangan e oxide during th 
actual formabon of the ore bed. 

It is impo ible to pro,·e that all the bed led depo it are 3 no-eneti 
in orio-in, but it em certain that a con id rable number, includino­
all th large t one ( har o Redon lo, Ponupo, Quint , Taratana) 
were formed h rtly after th depo ition of their matri_ material. 

The ili cate an l ili ceou oxide depo it. are mor·ph loo-ically indi -
tino-uishable from the oxid depo it and are thought to have a 
imilnr orio-in. ome Iepo ·it in t11e south coa t di tri tare imilar 

to the dep it of the Olympi Pen in . ula in IVa. hinoton \Tho e origin 
ha be.en cl i en . d in detail by Pnrk ( 19-.1:6 p. 312.-314, 320- 323). 

NONBEDDED DEPOSITS 

The nonbed led depo. it are irregular bod i m either limestone 
(Ca 1iz, Rui eiiore, ni a), tuff (Effie), tnff-ago-lom rate (Yeya) or 
fel ite (Lui Antonio-Doncella) . They all li e at or n ar the ba e of 
the barco Redondo lime ton member. The e ore bodie have 
formed by replacem nt of th ir ho. t ro k , u. ually along fra ture or 
fanlt. and:ne lea rly epig neti · (. efig . .JJ p.23-1-). Theyn refounl 
h wey r in Lh ame o-eneral em-ironment a the be ld l d po it , 
ex ep that th Rui . ei'io re. and lTnicn depo. it ar not clo. ely a. oci­
n.t cl " ·ith pyroC"la. li ro k, and nr imilar mineralogicall y . It eem 
lik ly tha th y wer formed at a l:de . tage in the p rio 1 of. manganc e 
depo it ion , perhaps mor or lr ontcmporan on.ly '"ith tl1 npper­
mo t of the bedded clepo it. in lime. tone; all a. t there i nor a on 
l po. tulate a much lat r tage of mineral ization . c. peciall y con i 1er­
ing tha no hypogene mangane. c1 po. ils ha ,· heen :found in rock 
younger than the obr f rmation. 

SURFICIAL D EPOSITS 

ry littl wo rl ha. b n don on the origin f t,h gran~6n type of 
urn ial dcpo. it. Park and X (lD-.l:-.1:, p. 317) . a : 

Granz6n cl po it. haY appnrrntly ben formed by n tual . olu tion an] tran. por· 
tation of mangant>s oxide. for hort di tan sin g round "'at·er . ome granz6n 
fi ld. aJ·e flllt ar a!'< wlwre watrr ithcr stnnd ' or runs off ~ lowly. nnd ome :He 
at c·on><i derahl<' di!'<II'Jn(·('. !'rom nn~· knOIYn Jo<il'>:. J n grn ral , th farth r th 
mangnnr~c hn . ben tran portNl th mallcr tbe pell (.- and th better clev loped 
nre th con· ntric strnctn r s . Though th I llct npp nr to b 1 p sited f rom 
gr nncl waters, th r are mnny un.·oll• cl pr blem concerning their ri «in . 

vV ha,v be n able to rtdd prn.cticall y nothi r g to their . umma r ' 
except to rnpha ize the lose relation in Ori ente at ]ea t, b tween 
bedro k deposit. and surfi ial clepo it. ; all th highl y produ tive 
urfi ial ] po it. in Oriente (Bri ida, l01·ia, Guana.ba, L]av , P ozo 

Pri eto) are clea rly flerived from immediately a ljacent bedro k de-
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po it . Part of th ore j b,·iou.ly c1 trital, but. p, 1t of .it . m to 
have ben eli oh· d, tran porte l hort eli tance and r clepo ii e<.l. 

The origin of th her rubble nnd r idtwl depo ·its of Qu malo de 
( diin s in Las Yilla · 1 iscn. ·ed in th0 de cri pt ion of that urea 
(p. 13 

AGE OF MINE RALIZATION 

DEPOSIT I::-< PI' AR DEL RiO 

The mangane c der o its of Pinftr cl l Rio are found jn ro ·k of the 
o-call d ifiale. , ayetan.o, and ' an \. nth·e ·" formations ·which ap­

pear to be Late Juras ·ic or E,n·ly reta eou in ao·e. Ina much as the 
ore depo it are believed to be synu n tic in rio·in for the most part, 
th y also are of Jura sic or Cretaceous age. 
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DEPO ' IT ' I~ LAS YILLA 

The ch rt rubbl e and re idual depo it of no1·tlmestern La Villa 
are deriv d from mano·anife1·ou 1·o ks of Late J'ura i or Earl y 

retaceou age. The a.o·e of the I rimary d I o its is thu imilar to 
thatofthe Pinardel Hioclepo its. The ao·e fth e e onlary deposits 
i not Jmo~l'n 1vith rtainty buL th y a] mo. t ur ly are not older fhnn 
Plei toe ne. 

The vein depo. it near Trinidad are in metamorphi c r ck. wh o. e 
a~e ha been o·iyen a . Paleohoi c by some 'nif·er nncl a. Late .Turns. ic 
byother . The ao- ofthe mineraliz<lti oni s unkn o,,n. 

D E PO 'IT I:\' ORIE:'\TE 

SOUTH COAST DISTRICT 

Th · manganese clep ·iLs in lh 011th con t eli tri tar in bed whi h 
11-e haYe onela tecl t ntatinly " ·ith th e Yinen t formati on of Tab r 
(10:34 p. 5 7.~) . Th ao· of the Yinent f ormati on i uncertain but 
i: probab ly Creta c ou ·; th l11 <11lgane:·p d posit. nr thought to 
h . yngencfi c and th e minerali zation th erefore " ·ould nJ.o be of 

ret aC"ro us ? ) ng . 
OTHER DISTRICTS 

GUIDES TO PROSPECTING 

Thr llJ I'C' ,.,1 lu abl guile lo prop ling in Ori n!'e ar th one n­
tration of ore d p it: in th upper part of th e obre form ation and 
the a · ociation fore and ja p r. Le u ful o·uile a1· th localiza­
tion of cl epo il in Jim tone along fault an l lh a ociati.on of ore 
with tru ·tural cl me . 

The mo.t important o·ui l is lhc tr ikino· patialrelati n of nlmo t 
all th rro<lu ·ti\'(~ d po il lo the 11pper pnrt of the Cobre formation, 
parli ulnrly (·o a l.On nt or n ar th ba e f th hnr o R donclo 
lime ton mcm bcr whi ch fortuna! l i a prom incn t J i tholoo·i unit 
in mot of the man ·an . di tri ct ·. Other Jim ston w1ils al o arc 
known to be asso ·i ,Lt d ,,·itl1 o1·c deposit (p. 4-7 ) . Th mot faYor­
able zon i at th ba ·e of the har o Redondo lime tone; thi s zone is 



112 .EOLOGY OF TH.8 MANG IE E DEPO I'! OF BA 

particularly favorabl in area n ar 1rodu tiv de1 o it , and C\'en 
w ak mineralization in the · area hould b te ted. 

Out rop of ore within the har o R dondo lime ton ar a ily 
een and alway merit at least a mall amount of XI ]oration a the 

main depo it may well be b cured b. ·udi ·iui a · 'Lunulalion · of 
traYcl'tiJ1e. The hi tory of th Taratana depos it which yielded 
about 100,000 ton of hio·h-o-rade or , i a a e in point; th main out­
crop of thi laro·e depo it wa n 0'] ct d for many · ars becau e it 
wa almo t ompl tely oYer d by c n iary alcitc. 

Ore i commonly a o iated with ja per, and any out rop or a -
cmnulation of float of thi ea ily recoo·nized and con pi uou ro k 
hould be im·e tigated. Th presence of larg ma c of ja per i 

not a ur clue to an ore depo it but in mor exampl lhan not .it will 
at lea t indi ate manO'ane e mineralization. "Cpp r nla t - of jasper 
ma are more fayorabl than low r conta t but of ou r c both 
hould be e:q lored if any manO'ane 

Indication of mineralization along known fault .in lim ton are 
favorable for e ·ploration, a veral produ tive d 1 osits ( adiz, 
Rui fiores, nica) hav b en fow1<l in such an nvironmcnt. 1-Io,v­
e-ver, thi criterion i not a u eful a the I recedino· on , a3 it ould 
be utilized be t only in area covered by adequate g o]oO'ic map of 
which only a few are availabl . 

' tnt tural dome are faYorable it for mangan ·e cl po it · nine 
of the e dome are }mown to be mineralized. How Y r it i. rath r 
unlikely that many more u h lome \rill be found in riC'IItC'. Only 
one unexplo1·ed dome, that at uatro Camino , o.ffer s much promi:r 
and rnn it i highly peculatiYe. 

PRODUCTION 

Production of mangane e ore fr m uba for the y ar 1900- 19-1 
i: hown graphi ally in figure 33. Pro<luction in the nited tate_ 
from 1906 t·o 194 and total nited tate import from 1910 to 19:1-
are ·hown on the same g raph for compari on. For 1943, the y ar of 
maximum production from uba, imi ort from that cotmtry formed 
11 bout 20 pe r ·ent of the total ore imported into the ~nitcd tates. The 
C'uban contribution to nite<l tate. import · ha. ranged from 22 
per ent in 1938 to e entiall y none for 190 - 191o an i 1920- 1931, an 1 
ha. been a major factor in l nit cl tat·e. import· only from 1916 to 
J 919 and from 1937 to 1946. 

Thre la ·. es of ore have been shipped from ubn: hand- ortecl 
or untreated ore, wa heel and j i O'ged ore, and intered fl.otaLion con­
centrate. uban manganese ore as hipped rano·es in oTad from 
42 to more than 50 percent mtmgane ·e an l delete1·iou clements a re 
present in negligible amount. N onsintered ore, whi h ranges in gra le 
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l<' >GI:Iti-J 33.- ompnr iso n o f U ni ted ta te pr dn c ti n , uba n p rotlu c lion, and t o ln l 'nit d 
' tu tc · Imp rts of nuuag an :5-C ore containing 3.J. I rcc nt o r mo r manga nese. 

from 4~ to 52 1 et-cen nwng:ute. e ontain an nxe rao· ofT to 
nt ili ·a and 2 t 3 pe r ·en · i ron· th 

from 49 t 50 pe r ·ent mang;ln · anl ntain to 10 per ·ent ilica. 
It i notc"·orth_ !hat the g rca - bulk of shipping-g rade ore mu t be 
COJtrPntmlecl b m lhod. oth r than hand- o rti1w; the appr xima.te 
r -la.lire alllounts of ore p rotlu ·cd in ea h clas. from 19:L to 19-± wer 
as foll ow · : hand-so rt l or , 1 per ·cnt ; wash cl and jio·gccl ore, 26 
per nt; ·int red on ntrate ·, 6 per nt. 

n nua.l proclu tion for I he peri od 1!HO- J !Y O b ty 1 e of ore j 

. ummarized in tabl 1 whi ch mr hn si ;~;e th oTeat importan e of 

. inter d or of th uban M inino· ompany during the p riod 1940-
19,~6 · lu r ing 1942-194-6 mo r s in f·e red ore " -n prodnc d Lltan non­
, inte rccl an cl it i · l ik ly tha · I he fl.me r lnJ ive p rodu tion " ·a achi Yed 
in 1940 and 1941. 

Du rin g th e wary ar f rom 1942 to 1!H.) more than 95 percent f 
fh o r wa. obtain d f rom 17 m ine or mine g roup , ea ch pro lucing 
more than 6,000 ton of or . The m in and th ir total p rodnction 
from January 1942 to twu st 194:>, n.r li ted in tabl 2. By f<n· the 
lar rre t quantity of ore wa. obtained f r om the Quin to anl P onu po 
mine oToup of the uban Mirung om1 any, which too·ether ac ·ounted 
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T .\ BU: 1 .-. l1111 11a/ pro!ludion of ma11yau cs ore fro m Cuba, ill IOII{JIOII ·, J.?iQ ·o 
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. l li·!JU.~t J Y} .j 

)line 
' l'oial pro­

duction 
(Long w n.) 

A pproxl- I 
mute il\'f'r-
agegtal 
(prrc<'nt 

::O.l n) 

~l ine 
Totni pro­

d tu•t ion 
(Lon ~ tons) 

.l piHO\i· 
matl' uvcr­
BJ!C J!rlldC 
( JWI'('(' Ill 

.\l n) 
-------- ----1----~1---------1----1----

Alii Onio. ............... 1 10. 000 4:1 LI<W ••••..... •......... 51 
Boswn . .. ................ i , 41 2 41 .\ l anac.'IS gro11 1J. • •.. ... 51 
llriscicln. ................. 10, 054 41; ,\t om•negro . ... . . •. II 
Bu ycitO-------- ------- 12, 727 47 Ponupo de ~l n nacal ____ 43 
' adi?............ ...... . . 1 10,000 43 Quinto-l' nupogroup... 45 

Casualicla<L ...... ..... 1 2.;,000 13 Quinto-Pon upo group... 50 
Charco R edond o . ..•.•.. ·10,5 19 41 1 'l'uratana woup......... 1n 
Espana, .Port ugal, . an l ' n lra . ... . ....... . 43 

Lu i , and Tordcra Y ya .... ... .•... ...•••. 4 
group . •... ...... .....•. 76, I 10 I 
1 E timatcd production. 
~ Xonsintcrcd ore rrom properties or Cubnn .\l ining Co. 
'. intcrcd ore from proper t ies of Cuban ;\ lining Co. 

"for about 5G.3 per · nt of the tota l produ ction in tile form of ·inf r 'd 
con ntmtc · nppr xirnatcly L\\'o-tilirl. of thi ore came :from ilt c 
Quinto group. B~, 1945, nine o:f the min · 'li t i (Bo ton , ] uey ·it , 
C~tdiz, a. ualidacl , :Jionteneg ro P onupo cl i\Janacal, Taratana, 
-ni ·a , <tnd Y ya) '" re 1 roducinu· eif·hcr no ore or only ~L Jraction of 

thei r form r out1ut o" ·ing to nl'rn · or complete cxhau t ion of e onomi ­
call rc o,·crabl c or . Tlt c.-c D mines ac ·ounf d. for abo ut 19.:.> p r r­
cent o£ the total ore proclllce 1 luring the p ri od 104,:2- 1045. 

RESERV E S 

Generalized e. t irn ate. of re.-erve a re given in table 3. Th ftgnre 
are for ,Tun c J, 105-1-. The L rm "measured," "indicated," and "in­
fen d" arc u ·eel, in. ofar a. po .. ibl e, in accorclan " ·ith Geological 

urvey u. age tandard , ex ·ept that the gr ad o:f min -nm ore wa 
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'J.'.IRT.Jo: 3.- umm 1ry of man.']an e ore r . n ; s of Orirn te, uba, as of .J,m 1, 
193~ 

~l en ur cL . .. __ _ 
l nd iCR LCd . . . . . . ---
]nferr <L .. 
Grade .• _ .. perc m .\ In 

onccntraLion miio __ _ 

Ore, in thousands or long to11 .'" 

H ,l nd -sortcd I 

Rcscn•es 

l , 200 
1. 000 

:l0-11 5 
35 50 

I :I LO 1.5: l 

I 
.\1 ill ing , J,ow gmclc 
gmdc 

4()(}-75() 
:!()() .)5() 

20-35 
2:1 to 6: l 

I , 500-2, 000 
-3.000 

10- 30 
3: I t u 3.f> : I 

R eserves in terms of co ncentrate ( 12 50 perce nt 1\•ln) 

.ll easurcd _ _ __ 
Indica ted .. . . • 
l nfe rre<L 

:_-___ :: ___ :_: ______ ~-
- ---·· -----·····.. ~I 

1. 200 1 7()(}- 00 
20-100 

1()(}-Wo 1- - ·1~00 1 
5(}-J 50 200-J. 000 

c. timrttecl yj ua ll y in or boclie not chill cl an 1 amrl d. 
mor or] outl inel by d rillinn· in ·lud \.bunbncia, 

aba nill a, and the Ponup g roup ; i.he Quinto or body i . . in 
explor d by clt·i ll h oles. 

H :etT in th tabl ;3 a re cli ,·id d into thre 
dir t- hir pi no· r hand- ort c1 or ; millino·-gracle or 

1'ola l 
rrsCr\· t~s 

I. 200 
2. 900 3. 750 
I , 030-3, 005 

1,200 
1, 20(H ,fl{)(} 

270- 1. 2ii() 

D epo. it 
Jutinicu, 
mpletely 

con centrati on in 11·a. hinp: and jio·n·ing plant. · anclJo,r -gra l ore. 
c·onccntnction ratio · and estimated r n e in t rm of con ·entrat . 
(eff ·l i' " rcsctTcs ) ar · gi 1· n. It i a umc lthat the millino--oTad 
ore wi ll b ·on· ntrn.te l hy the , am m tho ., employ din th 1 a t and 
that thC'r f 1·e th onccnt rat ion r aLi . ,,.jl] n t b nHtterial ly chann· d · 
more eAi ·i ent mi ll in g method min·ht sio·n ifiea nUy in r a.· e fl'e ti•c 
r ern of min mployin g s imp] "-a ·hing and :jigging pl ant . The 
low-o- ra.d ore hav b n mi ll ed 11 cc full - only b~· flola.tion fol] OII' d 
hy : interino· of th flotation on nt r a. te. . ' on cntration r atio for 
lo1r -nTa 1 onhcinin g l u ( J p rccnt mangane. an b assume l 

Lo 1 to a.n t l if fl otat ion is em pl oy 1: lh ra tio ''"ill be 
:om " ·ha t Jo" · r f I ' the hio·h er-grade re . 

H . ervcs o f th Q ui nto and P onupo mine ar c eli . tributcd in both 
nJilling-g raclc ancl.low-,.; rnd ca tcgor ie bceau: c part of their r co n­
tai1l . 20 Lo 30 per cnt f n1nngan sc ancl is beli e1·cd !o be a menable 
to oncc nLraLion in jigging tl anl.. L o11--g rncl c re. en-e. of these mi n . 
incln d or of m illin g g rncl whi h would iJ E' mined t·ogeth er with l ,,._ 
g nHl e or cs. 

R e. cn c: in t rm s of con cntTates of -(.:, to 50• p er c nt g rade from 
l1anl -. o rt ccl and milling-oTadc orcs ar e estim;llecl to b 1,200 000 ton . 
mca:u reel, 00,000- J 000,000 tons i ndicatccl, an 1 70 000- 2.50,000 t·ons 
infen ·ecl. 11 of Lhe mea. nr c1 r c:crvcs and mo. t of th in li catcd 
l'l' . er Yc. nre in th e har o R e londo min e, nnrl the r em a inclcr of th 
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re ene i con entrated in rclatiYely :f w d po it . lo1 m nL me 
World II ar II ha 1 d to li orcry f major re n e \Y ell in exce 
of a m illion ton of high-grade hir pino- or - in th Charco R dondo 
mine. For milling-grad ore, mosL of Lh indi ate l r n e are in 
the Ponupo mines. The large L inf IT d re er e of milling-grade or 
i in the l\J anaca gr up of mine . R erve in the low-gruel a L o-or 
are con entraled laro· ly in the Quinto and P onupo min ; in lical d 
re er' es in the m i11 . ar ·timatedlo be about 1.5 m i 11 ion lono- ton 
' 'hich \Yould yi ld 400 000 lo 5 ,000 ton of on cntrat of 5 p rcent 
oTade if con entrated by flotation or some other equal ly effect iY 
proce . 

Re erve not li ted in tl e ummary table for Orient includ the 
mano-ane e ili ate ores of th igua di lri t and th re idual ore of 
the Quemado di trict of northern La \ illa which heretofor have 
not been ntiliz d becau of conc-entra tion probl m . Th r e crns o f 
thee area areli ·ted below: 

l?fSfTI'f.'t 

i\Iea ur d __ _Lon __ 
Iodicat d __ ton _ 
Inferred __ ton __ 
Grad _______ pcrcen L i\J n __ 

S igua dist rict 
50,000 

400,000- 600,000 
500,000- 1,000, 000 

15-25 

Quemado rlislricl 

00, 000- J, 000, 000 
1,000, 000- 1,500,000 

5- !l 

FUTURE POSSIBILITIES OF THE DEPOSITS 

:;\Iano·ane ha b en mined in uba in e 1 9" but lhe p rio 1 of 
great t acti-.;·ity in the indu try wa fr m 1937 to 19-:1:6, patti ularly 
from 1941 to 1945. Durincr th i latter period only thr e d po ·it- "·er 
exploited that had not b n di COY red during or prior to th fir t 
\Vorll Var. The Taratana. mine "·a found in 19-tO an l procluc cl 
about 100,000 ton of hio·h-grade ore befor it wa xhaustccl; the 

orinto mine, di ·covered in 10-:1:2 yi ld cl 4,300 ton of ore; <tncl the 
Ru i eiiorc mine, a,l o d i ·covered in 19-:I:Z, produ ed on ly 7-:1:0 ton . 
Thi Yery lo"- eli cov ry r ate and the 1· la tively mall amount of or 
produced from "new' mine , particularly during a period of Yery 
active pro. pecting and exr loration, uggc t that mo t if not all of 
the easily li covered mangane d po.·it · haYc been found, at lea tin 
Oriente. 

It i clear from the precedino· e tion on re erve that the known 
depo. it are by no means exhausted. Re erve of hand- orted or 
may be more than 2 million ton and re ·en-c of concentrate from 
millinO"-oTade ore ma y total150 to 350 thou and tons. IIo"' ever, mo t 
of the re eJTe of hand-sort cl ore are in th harco R clondo mine an l 
about t iYO-thi r d · of the millino·-gracl reserve are in the Manaca 
and Ponupo depo ·its; thee th ree d ro. it are the only one capable 
of furnishing notable tonnage. of hand-. or ted and mi llin o--oTacle ore 
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durino· Lhe n ar futur , and on ly Lh harco R dondo m in C;1n b con­
·idered a a r ea:onably ure ourc . I n contra t, 1 mine. that pro­
due l om :.-20, 00 ton of con ntrate. f rom hand- orted or millino·­
oTa le or lurin o- th period 19:1:0- 19±5, or ab ut 16 percent of the 
tota l produ tion, appertr to be e s n tially exhau. ted · th ·e min are 
Ji. t d b lOlL N in of th Jaro·e t pro lucer dm·ino· that r eriod ar 
included in thi li "t. I n addition, the open-pit ore at the Ouinto 
clepo it, wh i h produced a1 proximately 35 p r ce n t of the to btl u ban 
outpu t during 19·L - 19:1:5, is exhau tecl . 

.l l ines whose known r erv s are exhausted or set•erely cleplrt d 

Jvfi>~ 

AugwLo Lui ·----- __ _ 
B sLon ___ _________ __ _ 

Bri:;cida group ______ _ 

Bu yciLo group _ 
Cad iz ______________ _ 

<:Iuria ________ _ 

T otal >JrotlucliM 
1940-45 

2, 266 
7, .J 12 

11, 319 
12, 727 
10, 000 
25, 000 

'1, 3 HJ 
4, F 
2, .J57 
<1, 7 3 

J\line 
! bar d rgct__ ___ __ _ 
Lul:fa ___ ___________ _ 
M ontenegro _________ _ 
P orLugaL _ _ _ _ _ _ _ _ _ _ 
Tiui ·efiorcs ___________ _ 
T ar·,ltana___ _ _ _ 

ni a _____ ---
Y cyu _______________ _ 

T otal product ion 
19 0-45 

526 
6, 000 plu~? 
9,352 
6, 3G 

7.J I. 
9 ' -177 
20, 000 
15,000 

T oLu'-- -------- - -11 , 39:3 

Jt . ce rn: lik ly lha t pro<1u lion len,]: a !f ain d durino· 19:1:0 5 will 
not. h rea ·h din til · :fut11r if onl. ' hand-:orted r milling-oTacle 
ore: a rc min d. The future of a. lnrge-. al e mangane e-mining in ­
clu : t ry th r f r d I ncl Loa gr at ext en · on ulilizn.tioll of the lo \\-­
g rade r f depo iL. u has Duey it o, ' a ualiclad, Ju tinict'1, ronupo, 
Quinto and al anilla. Thi c]n ·of 01· ha been concentrated ·u ·­
ce . . full y nly by floLnlion. 

T)urin g 1940-4~ the conomi f min i1w l0 \1·-o- ra. le ore and ·oncen­
Lmti no- it by flotation wer ·uch that nly on 1 Jan t wa opcml d. 
Obviou: ly the initi~ll i nYe tm nt in a flota.tion p lant i on ~ ide rably 
g reater than in a wa. hino· and :ji o·g ing plant of th same capa ·it y, and 
Lhe te lmi alr quir ment for operat or arc also mn h more cxa ·ting. 
_\.ppar ntly the p ri ·e. of mano-anese or pr Yailino· durino· lh second 
·w orld \Var wer not hio-h enough t·o j u:tify ·uch an investment fo r 
]lant , for exa mpl , nt the a ualidad or Bney ito depo it·s. The I ri ce 
:ched ul . preYai lino- in uba du rino· J !):1:2- 10±9 n.r ·ho\1·n nTaphi -
ally in fig ure 3-1:, and on ponclinp· dome tic pri ce nr shown for 

comparison. 
The locat ion o.f the .-a ri on ] \\'- <>Tad depo i i a 1. o a prime fa tor 

in the conomi . o{ flotati on con · ntrat ion. Du r in o· 19cW- 19:1:G o r 
from the Ponu1 and Q uinto clepo. it·s wa t rea,t 1 a,t a, central phn t. 
in E l ri . to. Or s Jrom Jutini cu a,ncl nbnni lln. mi .o·ht ato haw b ·en 

42 4.72- 5 - 0 
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IOOf---- 1 .... - .. Q-·- -
__ ,. ___ M_ o 

- ··· 
I ... ....- -Q-

_.Q .-
-- · 1945 schedule 

I 
/ 

Q ... --· 

ao f------1- ~ 
1-

I 
i--1----+ 

80 

U S Me! .IIS Rc~eh'c Company 

schedules for Urut e- d St ii les 

I 
/ 

/ 
/ 

_ ____,~.-.-- - " __J 
/ ' 1942 45 schedule 

/ 

---i // 
i 

U. S. Metals Reserve Comp.,ny A enc-
cO U.S. Commerc1al Company Agt:ncy 

schedule for Cuba. 1942 1945 

Pt1-1i!te schedule fot Cuba, 1942 

I f 

·16 

UNITS OF MANGA!JESE 

50 

1'1. n.: 3-!.- l' ri ·e ·chcclul cs for mnnga nese o r , nit c1 ' tales nnu uba, l!H2-~9-

concentrated n.t El ri to if pri ·c hal been hi o·h enou o·h. to cov r the 
.-lio-htly increa ed co t of tra.n portation. On the other hand, th 
~\.bundancia, Bueycito, a U<tlidad, and harco Redondo depo it. ar 
.·o far f rom El ri to that utilization of their low-oTade ore wa 

u t of the que tion. 
From the tandpoint of re. erve. onJy, the Ponupo and Quinto dc­

po: its ca.n a ily uppl y a flo tation plant of moderate size ( 500-1,000 
ton . ) and the har o Redondo and a uaJidad deposits could upply 
n. :omewhat mailer plant. The Bneycito deposits are rather doubt­
f ul and \YOuld have to be tucliecl carefull y before any decision to in ­
stall even a 50-ton mill could be made. The Abundancia depo it must 
be con idered a maro-inal. None of the remaining lo\r-o-rade de] osit. 
could po sibly support a flotation plant by it elf. 
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Another important factor is that all the depo i mentioned abo,·e 
would ha e to be mined b under oT und method . H eretofore th 
only e onomi al recovery of the e ore ha be n by open-pit minino·, 
and the increa ed co ts of un derground minino· ''ould be a major con-
ideration in any projected op ration. 

A few very general guides to pro pecting have b e.n o-iven in a 
pr ceding e tion. In addition to th e, a number of more I cifi 
uo-o-e bon for exploration of ertai n pnr icularl:y I romising area. 

are summarized in the foJlo,-rino- table, in approximate order of 
fa vorabili ty. 

Jfi ne and m ine areas f avorable for pro peeling and explomlion 

~1 inc or mine area l\~ture or coun try Grade or ore T ype or work required to increase 
rock (percent ln) reserves or find new ore 

Quln tn mine· ---·-------···· Pyroclastic rocks .... HH ... ... D~l!lln g as d cp as 150-250 meters re-
qui red on north side of known ore 
body. 

Charco Redondo mi ne ..... . J"ime<tone. _ ...... .. 35-45 .. .... - Drifting and driving short winzes 
and raises on ore zones to delimit 
k-now11 oro bodies nnd dr illi nq In 
nearby areas as deep as 150 meters. 

l\ l anacas mine~- . ------- P yroclaslic rocks .... 20-31i • . ----- Sinking inclined sbMts on ore bed . 
asualldad mine area ....... ....... do ............ 1(}-25 . - -·- - Drilling area to cast or known deposit. 
aile do M ngancso mines .. ........ do ........... 3(}-35 .. ----- ink ing of shafts or drilling Lo depths 

of 20 or 50 mct~r. to pick up faulted 
extension or deposi t; wildca t d rill · 

Antonio mine ............... L imestone .......... 3:>--15 ... -----
log dO\\'D valley. 

D rifts from kno\\·n or bod ies. Drill· 
log to a depth of 50 meters In 
nearby areas. 

ualro a minos nrca. - - ---- P yroclastlc rocks .. .. J,ow-gradc .... Drilling In lime lone to a d ~ plb or 50 
to I 00 meter . 

l3etwecn harco Redo ndo L ime tone .......... liigh-grade ... Drill holes as deep as 150 meters. 
and 'raratana mine . 'l'h ln beds or high-grade ore a rc 

~--nown to occur ln th i area . 
P onu po-La ;l[ayn area .... .. --------------------- Low-grade .. .. Drill hoi s to depth or 200 or 250 

meters requ ired . 

Th mo. t promi inn· <1 po. it to h xplored b. ll·illing is the do ,Yn­
dir (north) exten ion of the uinto ore body. Thi ore bod i known 
to be about. 1,000 m ter.- l ng nncl ha. not a yet been dri ll d north 
of a foll -fault tru tur alono- which the ore-b aring zone ha been 
droJ I e l 150 to 200 met rs bolo"· th udn e (pl. 7) . 

Th h:u co R edondo d po it could b . plor d conveniently b 
driftin(l' to the limit. of known or b die and by drillino- in a ljacent 
ar a . B oth hand- orLino· and millino--O'radc ore ha' b en fom1d 
in thi area. 

At the Mana as mine , the clowndip e ten ion of ore zone that 
crop out for many hundred of meter s along the strike could be ex­
plored by mean of inclined hafts. 

The Ca ualidacl deposit adjoins the Charco Redondo area. The 
a tern limi ts of the ore have not been det rmined; a laro-e ar a 

ca t of a fault and ea t of the known ore bo ly i b lieY d to be wortl1 
drillino-. 
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uatro 
t·. Th 

lom . Explorat ion at natro amino ''"ould b ·r e ul a iv in vi w 

of the limited extent of known mineralization. 
The ;trea bet 11·ern t-lw ltar·o Hedonclo and Taratan ~tlllinrs is fa,·­

orabl for \Yilcl ca t lrillinp:. Thin or bctl ropr in()' out in thi ar a 
may '"id n downdii tom ina bl th ickne .. c . 

Th or d po. it · of the 1 onupo a rea haYe b en clrlimite l uy drilling 
a ncl furth er xploration \YOU lcl not b r eq uir <1 but the a r a b t we n 
the Ponupo minr. and the town of La Maya a ,,·ell a. th end of 
the omplex anticlinal tru turc tha exten] from L a I ayn, throuO'h 
_\Jto ongo, appear to \\·arran wil lcat drillino·, although drilling af' 
deep a 2 0- 2 0 meter mio·ht b required to penetrate th covering 
rock. of the an Lui formation and reach th favorable or horizon 
near th top of the obr formation. 

Indicated r e erve of the u mado di t ri tin La Villa hav b 11 

cl t rmined principaUy by y tematic te t pittinO' and amplin<Y, ancl 
a llitional te t pittino- woull b cl . irable. Ho\Yever the or in thi s 
eli tri ct caHnot b concentrat d by imple method uch a \Ya hing 
or jigging be au e of th intimat asso iation of mangane ·e oxide, iron 
oxi le, and chert, ancl ther fore po. e. the probl m of on ·cntration. 

HISTORY OF MIXIXG 

The pre ·ence of mangan e depo it in uba "'Ya probably known in 
ea rly olonial time., perhap a earl y a th 16th century. Th ea rlie.-t 
publi shed mention of manganes cl.epo it eem to b that found in 
th monumental trea ti s of agra (1 42, p. 66). Hi de. ript ion is 
taken from an unpubli shed work "'H'i ten in 1 02 by R amirez, "-hi ·It 
n ention ec1 "kidney-like p roxicle of mangan in a ~h allow Yein n ar 
the city of anti ago del Prado." 

~\.ccorclin O' to ah-ach · (l!H:l-, p. 5 ) , man~Yane. e " ·a. cli .·coY.e recl in 
1, 2 in Ori nte n ar El ri . to: Ponupo, and Bue~·c it o. Th first or 
;;;hipment, a 50-ton lot from the J3o. ton min near El C'ri . to, is. aid fo 
h~wc been . old in t·he -nit d tate in 1 '7 (Ila e., \ au o·han, and 
Spenc r , IDOl, p. 6~). In J 3. an .Am erican compa.n~·, th Ponupo 
:.\fining an l Tran . portation Company, '"a forme l to exploit the mines 
in t.he Ponupo di trict. _ \. na lTOw-gage rai lroad connecting '". i t·lt tlw 
• abn,nilla. and Maroto raih:oad at La l\Iaya wa. built and. 00 ton . of 
orr '"ere produced in 1 95 (ITa ·e.: V aughan an l pencer, IDOl, p. 62) . 

nother narr '" gage r ailroad wa begun :from EJ Cri . to t·o 1·ca. ch the 
Host·on min e but a] parcntly 'Ya. neYer completed . . ·with the on . et of 
the uban war o:f independence, nearly all mininrr operations ·cased . 
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In 1 9 , development of the Ponupo mine ''"a re umed and con­
tinued until 190 " ·hen the company 'Ya di soh ed . \.noth r om­
pany, fin an eel by \.m ri ·an and uban capital, an l alled th Ponur o 
Mining Company, then operated th e mine until1907 'Yh n low pric 
put an end to ac ivity . Mine in El ri to di trict "- r in operation 
during thi period, and new mine were opened in th Bueycito an l 
Candelaria di tri ts. La Gloria mine in the and ]aria di tri an l 
the o ta mine in the Bueycito eli tri t produc cl mall am unt. f ore 
at t hi une. 

From 1907 until ]!)15, minin o· " ·a at. a Yirtual ta nd . till: during thC' 
four year from 1011 to ].1-J., no mano·ane.e ore wn. exported to Lhe 

nitecl tate . In 1915, how Yer, in rea eel demand an 1 hi~h e r pri c 
clue to the I' orlcl Vi ar b rou o·ht about a rea ti,7a ion of mining m cl in 
J 91 export to the T n ite l tate rea hel a maximum of 2,974 long 
ton , n lued at 2,751,193 (Burchard, 1920 p. 103). Old mine were 
r op n d and n w der osit '"'ere eli cov r d but the old li tri ct con ­
t inued to uppl y th g1·eater part 0f Lhe m·e. By thi time n arly all 
of t·he known di stri cts illll m t of the mine of Ori nLe hacl beC'n eli . ­
·over d and many dC'po: it h ad b en found el wher in ub<t. ev­
eral hunclr d ton o f or(' \\·as mined from lleposit. on th e so ttth con:t 
of La Vill a and a number of dq o it lmd b en Jo ai cd in Pinar clC'I 
Hio. 

LilT y and uba in thP 
prin o- f 191 xamine, and determine the ·haracter and 

quantity of manganc e and chrom ore on th i land in coor eration 
with the uban GoYernment, ·"'hich a igned r. E. T. Montouli u, 
minin o- eno-ineer , t the proje t . Bur hard and Bu rch r commended 
ar pointment f umpir ampler and a ay r at ~antiao·o de uba 
to in ure fair ttl men t of eli pute, and urged the improvement 
of min road a am an of in r a ing or produ ion. 

The anni lice nded th almormal cl mand for mangan or , a11cl 

an ell ation of J ur ha s contra t tog th r with a gr at drop in 
pri ce· brouo·ht mini no- ao·ain to a tancl ti ll. In addition, a multitud 
of !aims were enter d a.,;ain t the . Government by min op-
erator· ' h had u lain d nnan ial lo in attempting lo d v lop 
mine and pro p ct . D. F. H wett of Lhe eoloo·i al urvey wa. 
:cn t to uba in ] !)2 Lo inve tio·n.te an l apprai the indi ,·idual laim . 

B tlreen 19~ 1 and 19~6 a total of 71, J ng ton of ore ,-.,·a: ex-
port d to the nitecl tate . About 50,000 ton of thi total cam 
fr m mine in th J3u y ito eli trict that had been operal d durin g 
th war by Howard and Andrew Trumbo but whi ·h '" re th n taken 
ov r, togeth r with properti in the I anacal eli lri t in the '"e t rn 

ierra Maestra, by th un Developm n t omJ any, a ub idiary of 
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the un Oil ompany. \. laro· on ntration plant wa onstrucLed 
in the Bueycito listri t; after about 150,0 0 ton of ore had be n 
milled, the I lant 'va hut do"·n, apparently be ·au of low pric 
and xhau Lion of uitable ore. 

Production declin din then ·t 6 year , during which only 27,447 
lmw ton of or "-a hipr d. Th uban i\Iini1 o· ompany wa ol·­
o·anized durino- thi period, and tb · min s of the Ponupo and El ri to 
tli tri t ~ere reopened and brought into mall cale production. In 
1931 ontrol of the uban Minino· ompany \Ya obtain d by th 
Freeport ulphur ompany. Inl n ive churn-drill exploration of the 

uinto d po its in El ri to di tri t and of e' eral d po its in th 
Ponupo di trict were lmdertaken by the company and uffici nt low­
grade ore wa · ' blocke l out' to warrant on tnt ti n of a 1,000-Lon 
·on ·entration plant utilizinrr flotation and si.nterin cr f Il ottttion on­
centrate . The fir t uc e ful appli ation of flotation L hnique in 
the ·oncentration of mano·ane e oxide ore " ·a a hievecl \rith thi.. 
plant, althouo·h many diAi ·u1ti beet tl1c compan lurino· th early 
ye<tr of operation.1 

l'i ith the advent of the uban 1inino· ompany production in­
-r a ed rapidly and ro e from a lo\\- of 2 071 long ton in 1930 to 

105 936 long ton in 1939. everal propertie w r h·ill d by the 
uban Mining ompany durino- this period, includino- depo it in the 

Jutinicu, abanilla, and P almarito di trict , but ore bodie I roved to 
be too mall to warrant laro-e- cale mining operation . The company' 
purcha e of ore from independent producers awakened int re t in 
many small mine and the on et of the second World 1"1 ar in 1939 
provided an additional stimulu . 

During 1939 many mine in Oriente were reopen d and by 1940 
several new depo it , includino- the orinto and the laro·e high-oTadc 
depo its of the Taratana group, had been found. veral new ore 
buyer entered the field. Production ro e to 130,645 long tons in 
1940 and 243,405 tons in 1941. 

With entry of the nited tates into the war in D cember 1941 the 
1 eed for mangane e ore b am oTeater, hippinrr b ame carce, and 
i tern nee ary to m.inin g, uch as o·a oline, tir , explosive , an l 
trucks had to be rationed . Thee tablishment of a central agency to 
purchase, hip, and to kpile ore, to ration supplies to mine operator , 
and to aiel operators in any other practi able way be ame es entia]. 
'l herefore the I etals Re erve Company \.o-en y (later the 

. S. ommer ial ompany Ao-ency) of the . Government 
en ered the field and, with th con ent and cooperation of the u ban 
Government, set up an office at antiago de Cuba in 1942 for the 

1 For a full discus ion of the evolution of this pioneer nonmetallic flotation plant, see 
Norcross (1940). 
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pur ha ·e, Lo kpiling, and hir I in()' of mangane ore clur.iJ1o· th war 
period. Pro lu tion rea h d a maximum 306 u9 lonrr tons of metal­
] urgi al oTa le ore in 19-!3 and then leclined to 253,791 lon ()' ton in 
1944 and 194 75 long tons in 1945. \Vith the nd of the war in 

UO"U t 1945 production deer a d rapidly. The . int ring plant of 
the uban Mi.nin()' ompany ea ed op ration on December 31, 19+6 
with the exhaustion of open-pit or after having produ ed mor than 
1,200,000 ton of inl rei on entrat . Production of metaUuro·i al 
crrade ore durin rr th years 104:7 9 inc] u L\ av ra rred only 9,070 
ton per year. 

Prior to 1946 pra ti call y all th ore produced in uba wa of 
metallurgi al rrracle, but in 19+6 the T enne Ea tman Corporation 
initiated the pur ha e of hemical grad re, and from 19-!6 to the 
end of 1!.>49, 25 6-1 ton of thi ore vm produced. 

l\fl1 E AN D PRO PECT 

PINAR DEL RiO 

are kn wn in f m· gen ral area of Pinar del 
15- 20 kilomet r onlhwes of Bnhfa H nda: 

urvey, 

BAHi RONDA DI TRI T 

ALTA GRACIA PROSPECT 

l ta ra ia pro I c t i 4 kil m t rs southea t of La Pozn · and 
19 kilometer outhwe. t of Bahia Honda. mall ut in deeply 
w ath red vol ani(~) ro k how·s thin streaks an i v inlet of low­
g rade pyrolu it . nother pit 23 met r we t hows 1.5 to 2 me er of 
trca.ky pyrolusit e un l rlyino· hin-b died chert(?), 'hich trike.· 
a. tan l lip "0° J . Thre oth r man pit in de omr o ed schi t or 

aro·illit are barr n. 
B LANCA LUZ PROSPECT 

The Blan a Luz prospe t is n the Rio Bahia H onda. consider-
able amount of low-O'rade rcddi h mangane e oxide oc ur in dense 
har l ony or ,rr reen i h-gray argillite. The ore contain . mu h lay and 
silica. o worl ha b en done. 



124 ·EOLO Y OF I OF CUBA 

EL FINO PROSPECT 

E l Fino prospe t i ncn r n. hln. H onda. , cv ral : mall uts in ·la y 
expo. 1 t 1.5 m ter of lO\Y -grncl pyrolusite. on: icl r rnbl :jrt. p r 
nnd n. Ji t tl bement.ite an d n oto it o ur as fl oa.·. Th n.,·erao· ore 
ontain abou 20 percent mano·an 

HATUEY MINE 

Th IIatucy mme near L as P ozns on th B io 'a araji•;tra. 
oun t r • ro k i. rumpled thin-bedded reel ·hcrt an l a rgi llit . _\_ 

:hafL nncl evP raJ n lit a rc iwt cc . . ibl . :Except :for a f w lump. f 
mangane · s ili ate ( . )on a dum 1, no or " ·a .een. The min p ro­
duce l about 300 ton of or in 1941 and ha a. total pr du tion of 
n bout 2,0 0 toHs. 

LA LIGERA PROSPECT 

L a L ige ra. p rosp om 19 kilom te r outhwe t o.f Bahfa 
H onda. mall clear d area in h avy brush ho\YS at lea t 1 met r 
of har l, probably iliceou mangane oxicl . The country ro k 

em. to b hert and aro-j ]Ji te. \ eey little work ha been don . 

SANTA TERESITA PROSPECT 

anta T ere ita prospe t i. 7 kilom eter nortlnYe t of Lns P oza . . 
D uller of hard rrla. sy mnngane oxi ]c a mu h a 1m t r a ro .. 
ar fonn l on a low hill and in a 11earby arroyo . ~ o "-o rk has bee n 
lone. 

VISTA ALEGRE PROSPECT 

The Vi ta Al eoTe 1 ro pe t is about 20 kilometer · ·outl m e of 
B ahia Honda. An out rop of hard m, no-ane oxi l , at lea t u mel r. 
wile an 1100 m t r long, trike. X. 45° E . and cl ip 45° :N\V., nearly 
parallel to the urfa of the hi ll on , ,·hich the prop r ty li . The r e­
. ults of an analy. i. of the or ho ,,· 1.1:6 per ent mangane e and16 per ­
<:.e nt ·ilica. Additional out rops are said too cur alonrr the trike. The 
p ro pcct is one of the mo. t p romi . ing in the provin ·e. Di over ie · 
lhu. L r mad in th e li tt le explored r gion aroun d L as P oza in d i ate 
exc ll ent po s ib ili tir for ftndinrr a on. i lerable amount of ore. 

C RAl\'I AJ..E . DI TRI T 

ANCON MINE 

T he neon mine i near the city of Pinar de] Rio, but the exact loca-
tion is not known. everal haf ts, now filled with water, have been 
unlc in reel or chocolate-colored limy hale and lim tone. A tren h 

about 4::> meter ]ong xpose a bed of low-grade mangane e ore trik­
ino- . e-o E . an 1 clippinrr 55° N :v. The hang ino- wall is red lime­
stone, the footwall white lime tone. Th bed i abou t 45 c nt imeter . 
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thick and con i t o£ Lreak and patch of -ili ceou pyrolu ite i1~ red­
dish clay . 

ome of the pyrolu ite app ars to haYe been cleri,·ed from man­
gan e ·e ili ate . A f w ton - of material averao-i1w ~0 p er ent ma.n­
o·ane e hav been extracted. 

EL ARCANGLE MINE 

El Arcano·]e min i ki lometer north of Lhe ity of P inard l Ri . 
It wa \rorkecl fir~ t in 1Dl5. The lode of mano·an se oxide or n<Jwes 
in thickne from 0.3 to 1.5 m ter and aYera<re- about .G met r s ; it 
-- trike N. 5° E. and dip 25° ounLry rock to Lhe north i thin­
bedd cllime tone; to the outh, schi t . M in work in o-s on i t of an 
ndit and a rai e and · veral open ut . \.bout 1,000 ton of or 
ino· 40 percent mano·ane and 2.5- .5 per cent ili a "-a. blo k d out in 
19:1:1. Total production i aiel to be about 2,000 lon 

CALIENTE PROSPECT 

The ali nte prosp ect i. on the north icl of the hio·hwa.y, 1 kilo­
m Ler " . t f \mtid r o. .A fh1.L-lying bed of bJa k an l w·hite po ted 
c lay about 1 m t r thi k i · xpo eel in a e re k bottom . T he bed an 
be follow d ab ut 30 m t<' t" and may b mu h mor exten . i1·e. }.J ­

thouo-h the material in io·hL i - 1·ery lo"- oTa 1 , a on id rable lonnao-e 
n io·ht b obL<tin d by lr.ippino· Lh thin Ol' er. 

LA CERRA PROSPECT 

La na p r I e ·t i.- ulh a t f lh an n lral 1-:1: kil -
meL r s north a · of lh ci ty of Pinar del Rio. veral ut and two 
adiL ·how po k Ls a11 d ir regular Lrino·et of oft ti cky mangani­
fero u. mud in b r wn nncl whit tt·eakecl mud. \.t on pla e Llt re 
eem to be a bed of mano-a ne e ox i cl ore about +5 c ntim eter th i k. 

FRANCISCO MINE 

Th Fran i co min we t of hum clrillino· ha 
lablish d the pr . nc fa mano·anif r ou bed that ·trike N . 35° E . 
and d ip abo ut 15° X\\ r. The bel nuto·e. in thi.ckn e from 1 to 2 
meter · and ha b en followed about 2 kil omet r along t h trike. 
't reak. an l paLchc f P. ' rolu. ile are carter d throuo·h r eddi ·h -

bro ll"n lay. A t on pla e ncar th ''" t nd of the ore zone the bed 
i : mpo.- cl o-f: GO c n ti mcfcr · of . oft pyrolu. if Ycrl yino- 1 meter o f 
harcl pyrolu. ile on taini ng mu h black chert. L oca ll lhe ore be l 
form a clip sl pe. A ord ino- t the opemtor, ·ome 100,000 tons of 
or av rao·ing abou t ~0 perc nt mano·an se ha . been proven by drilling. 
Tll"o hun ch d ton f or : hippecl for m ta llnro·i al t tinn· 
in 19-:1. l. 
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GRAMALES PROSPECTS 

number of hallow haft and u ext 1 r an e ' t n iv man­
ganiferous ar a near Gramale . The ountr ro k i thorou<Yhly d -
compo ed hale and limy aro·illite. ~\.lmo tall th ore e n con i t of 
fragment and nodul of pyrolu ite, althouo·h th own r report ev­
eral thin vein in ina c s ible haft and pi . \..t on place about 30 
centimeters of fair] goo l ore wa cen alolJ<Y a conta t betw en r cl 
limy hale and fu1e-gminecllimc tone. J\Io t of th re iclual material 
contain about 10 percent o·ranz6n. \.. few ton of or containinrr 
30-35 percent mangane e ha been toclq ilecl. hurn-drillino- pro­
o-ram i aiel to have eli over cl orne" oncentratinrr' or , but in o-en­
eral the pro p t of futcling ore i not o·oocl. 

LAS LEGUAS PROSPECT 

Las Leo-ua pro pect is about halfway betw en Las co ta and 
Gramal . ome high-grad pyrolu ite float i catter cl on the ur­
face, and a thin vein of hirrh-iron pyrolu ite in lime tone wa -eelL 

o work ha been done. 

LA MAMBISA PROSPECT 

La Mambi a pro I ect is about 12 kilometer north of on olaci6n 
del ur. bed of low-rrrade ir n -rich manrrane e oxide biking T . 

75° E. and clippinrr 70° E. i expo eel in a large pit about 6 m t rs 
deep. Both walls are white lime tone; the hanrrino- wall contain mu h 
black chert. The ore is 1 meter or slightly more thick and, locally, is 
very siliceous. 

MATANZAS PROSPECT 

The Matanzas pro pect i on the northwe t id of the arretera 
entral, about 14 kilom ter northeast of the city of Pinar del Rio. 

Two cuts show 1 to 2 meter of black, red, and yellow clay, probably 
derived from a limy chi t. The pro pect ha no value. 

EL MORADO PROSPECT 

El Morado pro p ct is near Las costa and 20 kilometers north of 
Guane. The cotmtry rock i decompo ed red shale(?) and herty 
lime ton ( ~) . everal cuts expose layers of soft powd ry pyrolu ite 
and a p ilomelane-Lype manrrane e oxide, 30 to 60 centimete rs th i k. 

n area 00 meter aero i covered with granz6n a mu h a. 2.!5 
meter d ep. Mo t of the o-ranz6n pellets are only a entimeter Ol' ·o 
in diameter, but a few are as much as 15 centimeter aero . The ore 
in sio-ht appear to be of good grade and the pro pect i near enough 
to the railhead at Guane to warrant further exploration . 

VALENTINE MINE 

The Valentine mine is near 
road, 2 kilom ters north of the 

umidero on the Matahambre mine 
anetera Central. Several cuts have 



ML.'E AND PRO PE T 127 

b n dug in oft reclcl i h-bt·o,,·n lay ontaining . t ren k. f Jo" ·-grnrl 
pyrolusite. One pit hows a b c1 of low-<Yr acle ore 1 met r thick. n­
other cut how e.am of p rolu ite in hard lime tone. Two of the 
three shafts on the property are inacce iblc · the third explore a 
bed of black an l brown clay GO centim t r to 1 met r thick nclo d 
in shaly lime tone whi h trike N. 40° E and dip 30° E . littl e 
iliceou granz6n i catter l her and thcr . \ Vi h the ex ·eption of 

some of the granz6n, all the ore en wa o£ very low grade. 

LA J'AGUA DISTRI T 

LA ANGELITA MI NE 

La An()'elita mine i near La Ja()'ua. An opencut e ·po e about 15 
entimeter of low-O'rade pyrolu ite alon<Y the contact of red limy 
hale (footwall) and rna iYe red lime tone, which trike N. G5 ° E. 

and dip 60° everal other cuts have been made over n, eli tance 
of abou 4 -om ter . The ore zone li rtpproximat ly parallel to th e 
beddin<Y of the en lo in()' ro k . Mo. t of the ore appear to be very 
si.J i eous. con iderable amount of low-<Yra le oTanz 'n and hema­
tite nodule ar al o pre ent. 

~\.bout 70 ton of ore wa l ipped in 19·:1-1. Th min i. not promi -
in()' becau of the iliceou natur of th manrrane oxides and th 
po ibility that ili ate ' ill be found at d pth. 

BAIRE MINE 

The Baire min i. in th "\ ifia]e area. The principal min workinO' 
i an opencut 1 meter lonO', 3 to 4 met r wide and 3 to 5 meters 
d p in d ompo ed thin-b dele l s dimentary rock that strike r. 
45°- G0 ° "\\ . an l dip 20° "\\ . n i t of layer of I y rolu. it n. 
n u h a. 1 met r Lhi k. l\L ny nt. and haft ar catter d ow r 
th mine area. mall quantitic of rrranz6n, other arc 
barren. 

bout 40 t n of ore . timrtted to contain 30 per ent mangane c 
an l an ther 25 ton ontaininrr approximately 4:0 p r ent hrtcl been 
extracted in 1941. [uch o:f the ore i hirrh in ilica and iron. The 
dep it i one of the more I r mi. inrr ones of Pinar del Rio, but work 
thu :fa r ha: hcen J·oo haphazard to exploit, :fnlly it. p t nLiu l. 

L A CONSTANCIA MINE 

La on. tan cia min i 9 kilom ter outh a t of La Esperanza. 
The dep it i. in thin-bccld d bl::t k hale and lime tone of the aye­
tano( ~) formation, whi h tl·ikc about eat and dip approximately 
Ycrtical. tr n h on a low ridrr a.lon<Y tl1 trike of deeply weathered 
hale expo es streak and . c.am. of pyrolu it ran ·ing from 15 to 60 

centim · t r in "-idth. The :eam. npp ar to 1i parallel to the l ed­
dinrr. Two adit were bein()' driYcn outh in 1941 to int r ct the 
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ore zone at a iepth of about meter . \._ 15-met r shaft has been 
sunk in hal e and clay containing irr o·u]ar mas e of pyro]u ite and 
opaline quartz. 

Fifteen meter outh of the tr n h a haft 9 meters de p with a 
n01·thea tward-trendino· cro scut 2G met r lono· explore what ap­
pears to be a fault cl or fold cl eo-ment of th main ore zone. 

tufa e " ·orkin g extend OYe r a eli tan e of about 650 m ter and 
the ore zon ontinue at ither encl. At th ea tend of the trench, 
two eparate eam of pyrolusite about 1 cen timeter. thick are . p[L­
ra ted by ome 60 centimeter of country ro k; in anoth · r place, thre 
similar eams occur over a ,,-iclth of :.. meters. \. mall amount o E 

granz6n hn accumubte l alono· th or zone. About 200 tons of ore 
said to have been hipped. 

CONSUELO DE LAS CUATRO HERMANAS MINE 

The Con uelo de las untro II -rmana min lies about 3 kilom ter 
northeast of La Palma. An or zone about 1 meter wid i enclo · cl in 
deeply weathered thin-be ldcd argillite trikino- N. 75° E. and clipping 
40° E. Pyrolus.it i cattered throuo·hout the lode and mu t be 
han l- orted to attain a grade of '" n 3- per ent. .'\..l ittle better oTad 
of ore was found in a new ad it (1941) . Thi . mine may yield a ·on-
iderable amount of ore if a lclitional exploration is und rtaken. 

LA CUCA PROSPECT 

La Cu a pro pe t lie: ju. t en t of La onstancia mine. There are 
no outcrop , but a few r . idual rock fragm nt. in c]a.y suggest that 
the country rock i. probably . hale and lime tone of the Cayetano 
formation. \. large amount of granz6n ha · a umulatecl over an 
ar a nearly 00 meter. long. The con ent rn.te i reported to a ay 
32-43 percent manganese •rith lo'v i ron ani : ili ca, but much of the 
material . eems to be hematite. On pit ho"·s granz6n to a depth 
of 2 meters. IVa hing of the rude r hould materially increase the 
o-racle of concentrate. 

LA ESPERANZA MINE 

La Espcranza mine i 2 kilomet rs ea.t o:f La Palma. _\. 9-meier 
adit cuts a layer containing streaks and pocket of iliceou pyrolusite. 
This layer trikes N. 0° IV. and dip. about 30° ; it nmy have been 
formed by '"eathering of a lime. tone bed. ..:\..nother adit, 11 meter. 
below, intersects the . ame b d, whi h i. 3 meter. wide here and 
contains some partly decomposccl rcd limestone and hard white lime­
stone. Several mall cuts expose a li ttle low-grade ore. A mall 
amount of or was shipped from the mine in 1940. 
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EL FRANK PROSPECT 

El Frank pro pect i a t of La Angelita min . T'YO opencuts in 
lime tone, haly lime tone and aro·j}Jite, "-hi ch trike . 7 ° E. and 
dip 55°-60° TW., xpos 15 to 60 centimete r of ili eou iron-1·i h 
pyrolu it . ome of the ore i unu ually heaYy and may contain 
some hau ·mannite. 

LA GLORIA PROSPECT 

La Gloria pro. p t lies haJ£11·ay b bn~en ftll Ti cente a.nd La J agua 
about 1 kilometer ea t of the road. . \. haft 13m ter deep i m1k on 
an ore ,.;one about"'"' mel r Lhi ·] - lying inn a.rly horizontal b d of 
bla k lutle. 'l'h ore i. a. nry Ji ghL wrio·ht bla k powd r reported to 
ontain ~6-2 per nt mano·anese. 

LA JUANA PROSPECT 

La. Juana. pro p .t i on Fin a, an ~\.n ch· ; near La i mara mine. 
_\. trench 15 meters lono· i. cut- in rrcllimy shnl or aro·illit and lime-
lone alollg Lh oulh i l of an ont rop of Yifial lime tone. \. mall 

amoun of p:· rolus ile Jw · been re ·o\·c rcd hom soi l. :No r wa · · en 
ddinitely in phl b 1t a hNl about].) cntim l r thi k ma b pre ent. 
The ore app ar to han. rcpla ·ed bln k ·halr. 

EL MACEO MINE 

El ~[a ceo mine is rea ·he<l by ll dirt roal xt·enlino· 2 kilomet rs 
ea L from Lh pow r hou at Y iiia l . \. hort adit and a 6-m ter 
.'haft 1 :tding L a drifL explores a y in lyin<T ar proximately parallel 
Lo Lhe becldino· of nhL . iY oTay to pink lime tone, whi h trike N. 
0° ·" . a.nd dip 45 ° X. Th Yein is 30 to 6 enLimeLer wide an l 

.'eem Lo b omr o l of m<uJO"aJl ox icl near the surh e and 
mn.no·an .'i li ·at (b m nLiLe, n olocite, and piedmontil . ) at de] tl1. 
. \. lit t le hau mannile ma. b pre nt, an l a few pe ·k of mala ·hite 
" . re en. L ·ally, Lhin layer of pyrolu ite alterntl e wiLh lime tone 
and ll1lL OJ! Lain mall len ·e · of lime tone. Th in i broken 111 

pla s and em nlecl wiLh cam.' f a] ite. 
Two lll'ed adit <ll1 l a bar ren . h aft ar a] o on Lhe property. . \_ 

mall amount of low-o-ral hio·hly ilic ou mat rial wn. ·tra Led in 
1941. 

LA REIN A MINE 

L a Reina mine adj oint La E pcranza min on th everal 
11t expo e mano·anii'erou s jasper nnd a liLLle pyrolu ·ite; th g nentl 

trend of Lh ore w ne i.' T . G0° K . \.l itt-le o re \l':lS . hipr e lin 19-:1:9. 
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LA SIOMARA MINE 

La iomara mine i about 3 kilomet rs from La on tan ia mine. 
\.. haft 6 m ter de p and a mall tr nch explore a b del d ore zone 

1 to 35 entimeters thick, \Yhi h trike N. 70° E. and dip 60° r· . 
The hano·ino· ·wall i blo ky her and argillit of the ayetano( n 
fom1ation; the footwall ecm. to be ma j ,-e Jim ton . \. hallo" · 
haft, 15 meter ''e t alono· th about 1.) centim ter. 

of ore. 
The ore i mano·ane e oxid e timat d to ontain about 35 percent 

mangane e · much of it appear to be hio-hly iii eou and om ha: 
con id r able amount. of bla k ilica. om of the or rather 
strongly mao·netic. 

TRINIDAD PROSPECT 

The Trinidad pro p ct is ea t of La Ano·elita mine. A partly ave i 
trench in decompos d r d limy hale ha yield d a m.all amount of 
pyrolu ite, which probably occur in b d . Thi or zon i reported 
to have an exten ion of 10 to 12 kilom tcrs. An unknown but mall 
amount of ore wa hipped from thi property in 1949. 

MEND OZ DI TRI T 

MARIA CRISTINA MINE 

The 1aria ri tina mine i ju t ou h of 1 ndoza in western Pinar 
del Rio. One old haft at lea t 9 meter deep i unk in dark blue 
l imestone and phyllite, which strikes . 7~ o E. and dips vertical. r o 
mano-ane ore wa een. J u t to the we t another hallow shaft and 
adit expo e a few narrow irregular patches of pyrolu ite along a con­
tact between crumpled limestone and phyllite. little quartz and cal­
cite is as ociated with the P3 rolu ite. The mine ha not been work l 
for many y ar , probably ince 191 -1919. 

ISLA DE PINOS 

De cription of two pro pect on the I sla de Pino w re taken f rom 
fi ld note of C. F. Park, Jr., ~Vho pent a short time on the i land 
in 1941. 

RE 'E PRO PE T 

The Ren~ pro pect i in the ierra de afia la ,,.e t of anta F e. A 
prominent outcrop of mixe l oxides of mangane e and iron trend 
northward and eem to dip about 30° E . Country ro k is mica chist. 
Three cuts and two shafts, one 11 meter deep, have fai led to expos 
more than a trace of man o-anese ore. 
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ZENAIDA PRO PE T 

The Zenaida pro pect i 4 kilometer north a t of anta Fe. The 
ore is iliceou an l iron-ri h o-ranz6n, atter d over an area of about 
1 quare kilometer. A. mu h a 2 meters of r iclual mano-aniferou · 
material wa een in an oll haft. 

L AS VILLAS 

l\Iangan e depo it near maro in north~>e tern La Villa , wer 
examined by . F. Park, Jr. D po its at Quemado de ume , in 
nortlnr tern La Yilla , and near Trinidad on the cen ral south coa t 
were studied by traczek. 

AJIIARO DI TRICT 

number of manCYane pro pect near Amaro were ·plored dur-
ing 1940-41 without notable ucce . £ w of the pro pects will be 
d cribed. 

ANNE PROSPECT 

The mano-an e lode of Lh 

mangane 
CONCHITA PROSPECT 

tr nche explore a zone of contorted and d eply 
weather l i.lic ous argillite, 100 to 300 meter wide, Jyino- bet"-een 
lim ton b cls. t reak , po kct an l thin film f mangan e oxide 
cut the aro-illit , particularly near th lim tone onta t . 1l the 
or is v ry low o-racle. 

EDELMIRA PROSPECT 

br ccia of chert and ja I er em nted by hard psilomelane-type 
mangan · oxide crop ou - for about 60 meter in a north~> tward 
dire tion on th Ed ]mira pro. p ct. The brec ia contains hert fnO'­
ments a much a a meter or a ro. . Th man()'ane e oxide app ars 
to be a urfi ial concentration. 

L A FE MINE 

La F min was worked prior t 1941 an l me 220 car of or were 
shippe l to the Republi c teel ompany at Birmino-ham, Ala. rude 
ore was tr ated in a small mill con i. tino- of a lo()' wa h r, pi king 
belt, and four jio-.. In 1941 all the mine 'Torkino- w re caved and 
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very littl could be seen. The country rock i rumpled thin-b dele l 
c-hert an l argi ll ite taincd here and lhere by fi lms o{ nHliWanese 
oxide. The ore bed was r ported to b 1.3 to 3 meters wide and to 
average about 30 p rcent mano-an Exploration n arby in 1941 
was un ucce ful , a only thin trino·cr of medium-grade ore w r 
found. 

LA LUCRECIA MINE 

everal trenche and drill holes have explored crump] d thin­
bedded siliceou edimentary r cks on La Lucr ia claim, southwe t 
of the Conchita pro pect. The only ore in sight was thin s ams of 
mano-anese oxide along fracture in arcrillit . \.. mall amount of or 
is reported to have come from two haft , now inacce ibl ccord­
ino- to Park (1942, p. 1) a ample of oxide or from thi mine on· 
tained 0.25 percent cobalt. 

RITA PROSPECT 

An exten ive ar a, at lea t 300 meter aero , on the Rita prospect 
i blanketed with o-ranz6n to depth of 1 meter. Many of the o-ran­
z6n pellet are le s than 5 millimeter in diam ter, and a laro-e pro­
portion of them are iron oxide. The o-ranz6n app ar to be v ry low 
o-racle. 

ROSA MARIA PROSPECT 

The Ro a Maria prospect adjoin La Lucrecia min.e. trench 5 
meters wide and 40 meters loner ha been cut in crumpled ar illite and 
hert that tren l . 1 0°-~0 ° IV. Patche. and oncr tion of lensc 

hard p. ilomelane-type mangane oxide mixed with brown and reel 
iron oxide pot the beds. One lenticular con retion was 30 centimeters 
aero s and 15 centimeters thick. bout 15 tons of ore timated to 
contain about 35 percent mangan se was tockpil d in Hl41, but thn 
ore is said to hav orne from La Lucrecia mine. 

Q EMADO DISTRICT 

DESCRIPTION OF THE DISTRICT 

The mano-anese deposits of the Quemado eli trict are near the north 
coa t of La Villas, largely in a triano-ular area bounded by lines 
onnectino- Quema lo de Gi.iine on the south, aguao-uas on the east, 

and the shallow-water port of arahatas on the north. The principal 
mano-ane e-bearing area is a zone about 13 kilometers loner and 3 kilo­
meters wide lying parallel to a seri e of low rid ere · and broad vall ey. 
which trend about r. 65 ° W. A emi-improved road onnects the 
towns of Cao-uao·uas and Quemado de Giiines, and the Ferrocarriles 
Unidos pa ses throtwh the eli tri t . Most of the land and nearly all 
of the manganese denouncements are owned by the Compafiia Indus­
trial y Agricola cle ' :mfa C'lnra, " ·hi ch op ralcs the . ngal' mill of 
Central San I sidro. A network of unimproved roads and narrow 
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gacre railroad of th Central rve the area. The ne<tr st de p -
water port, La I abela, lies 30 kilometer ea t of arahata -. 

The holding of the ompany on i t of 14 denouncement that 
cover an area of over ~, 00 hectares. These include the Emilio, Lola, 
La Frontera, Rita, Inc, Ro a, Jo efa, arn,, Elva , armela, Progr . o, 
Luz, and a new laro-e denouncement, La Prome a, which cover ar as 
between and around the older denouncement . The Berta a mall 
denouncement, lie abou t 5 kilometer s north we t of the abo' e (Lrea. 

everal other d noun ement wholl y or partly enclo eel within the 
Prome a, are not owned by the ompany. Io t of the e lenoun 
ment. , including La\ i toria, hi hi, I gnacio (or an Io·nacio) and 
La Ra. tra ,..,.ere cxan in d in l D-:1:2 by M. '' . ox of the Geoloo·i al 

urvcy ani contain mangane e d po. it imilar to tho e eli cu eel 
b low. laim boundarie are shown on the index map (fig. 35) . 
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D eta iled xamination \Yer made ot the E lvn L ola,, J fa, a ra, 
and parts of L a Prome a lenoun ements · th ' milio, LaRa tra, Ro a, 
and armela denotmc m nt were tudied only briefly. bout 70 
hectar of company land ha be n y t mati ally t t-pitted and 
ampl d, and the r ult of thi work in lulin rr a ay ancllorr-wash­

ing and jigO'inrr te t were made availabl to u by courte y of the 
company. W eacknowleclrreo·ratefullythea i tnnc of i'.Jaj orYon(re, 
an official of the compa ny who i familiar with the ntire eli trict. 

PRODUCTION 

Althouo·h the manO'ane. e depo, it of tho 
been kno,vn for many :r ars, li ttl oro has be n shipped b cau. e the 
nature of the depo. it i · ·uch that ordinary m Lhocl of 011 ntration 
are not effective. ev raJ thou an l ton ot ele tivel mine l and 
. orted rrranz6n are ail to ha,·e b en mined and hipped from the 
Lola denoun cem nt in 1930- 1931, but !fajor · onge informed u that 
only 6 or 7 carloads, or about 200 to 00 ton wa mined · an exami­
nation of the claim ub tantiate hi figur ppn,rentl l ittle or 
no or ha come from the other clenouncem nt . The rr neral low 
tenor of th manrrane c-b aring mat ri al ha. inhibited pro pe tinp: 
and development o that r . erv . , con tinu ity for , an l som criti cal 
a pect ot the mode of oc urren ce can be a ertain ed only wi th 
diffi ul t . 

GENERAL GEOLOGY 

The mangan . e depo ·it a re in an area of lo" · hill ftankinrr broad, 
" ·ell -defined vall ey . Almo. t the entire are::t i cultivated amll ittl 
or no timber exi. t · ugar cane, the chief rop, covers roo t of the 
mangn,niferous ground. urface chn,inarre i not "-ell developed, 
but a f w mall tream fiow north,Yard to northea tward aero . the 
trendofthericlge and vall e s. Muchofthedrainno·e i. ubterranean; 
ma11y of the stream. head at large spring , flow a. much a seveml 
kilometers, and eli appear beneath Lhe surface. The " ·at r table in 
t he val ley: li e 3 to 9 m t r bel w the surfa e. 

1ano-ane. e oxide occur in a ries of pper .Jura si or Lower Cre-
1aceou: in te rbed] l chert, imrnre . hnly to . ili eou: lime.Lone, and 
rna . si' e limestone, and in th e ov rlyino· residual mantle. The e rock 
. trike ~ . 50°- oo-n. an l clip 25°-60° . ; th trike i ' in o·eneral, 
parallel to the ri io-o and Yalley trend s. Ridg are form cl by ch r t 
and impure siliceous 1 ime ton · the valleys are underlain by les 
impu re lime tone \\'hich " ·eathers more r acllly . The average clip 
35° ' 0° . sugge t a continuou · h omoclinal section many hundred. of 
meter thi k, but part of the e tion may be repeat d by strike fau lts. 

The principal mangane:e oxide is hard, len . e but porou crypto­
melane sho,ving well-develop d colloform an d taJactitic structures. 



MINE A~D PRO P ECT 135 

A wadlike oxi l.e of indeterminal compo ition an l minor amoUJ1t of 
pyr lu ite are the other mano·ane e mineral . In addition ome iron 
oxide , chiefl y limonite are a o iatecl with the mano·ane e-b arino· 
material. 

ORE DEPOSITS 

CTIERT RUBBLE DEPOSITS 

A breccia of angular fragments of porou v>hite to gray h rt 
and tran:luc nt y lJo,Yish -brown to clull-bro"·n chert ·emenLed by 
oxide. of mangane e and i ron rop. out along a mor or l . . on -
inuou rido· i.n th eli tri ct. l"rao·ment. and hould r o:f bre ia 

wei o·h ing a. mu h a eY ral huncl red I ou ncl are found on Lhe urfa e 
of the ch l' - trewn rid o·e and in many mall op n I it . In pit on 
the Carmela, Ro a, and Emilio clenouncem nL boulcl r and la.ro·e 
irreO'ular mas e of rubbl brec ia ar embedded in h rt rubble and 
reel soil or clay formed b th wcath rin o· of ca 1 car nu 
ili eou lime ton b d. . ".,.on 

5 met r and a non r ach d the ba 
tion of the manganiC rou m<tt rial to the unweath reel b dro k r -
main ob m· . The ch rt rubbl or ar pear to form eli ·OJ me t d 

3 to 9 m t r in wi lth and a mu h a 30 meter or m re in 

lonO'. 
er amount from th other ; a 

few of th pit wer nearly ban n. veral I il on the ho a d -
noun ement about 4 kilometer nortlnYe t of the armela. how cl i.m­
ilar mat rial. On th Emilio claim, kilomet r farth r n rth"- ~ t, 

·ev ral ton of rubble ore wa remov d from hallow or n pit . im­
ilar occurrences are known on the ProoT o, Luz, hichi, La Victoria 
La Ra. tra, an l L a Front ra claim . None of the ar a exn,mine l 
gave cl fmite vi lencc on the probabl width ontin uity or depth of 
the min ralized zone . IIo,vev r, it em rtain tlutt the zon are 
narrow and that int n ity of mineralization i xtremely variable. 

The h rt rubble app ar to be of superO'ene orio·in, formed by mov­
in()' O'l' und wal r durinO' weatherinO' of alcareou h rt. and ili · ou 
lim tone ontainino· mall am unl of mano·an . e, po ibl in the 
form of low-oTad ma110'aniferou carbonate. Mo t of th mano·ane 
oxid s probably " ·ere cl I o ited by d endinO' or laterally movin•r 
waters, but ome may hav been d po ited by a ending artesian 
water . Min ralization i thotwht to be limited to lhe zone of deep 
weathering and leachinO', about 6 to 12 meters thick. 

The grade of the breccia as a whole will note -ceed 5 to 15 percent 
mangane e. The manganiferous material itself may average 10 to 20 
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perc nt and minino· and hand obbing mio·h t o-ive con cnLra,te n­
tainino· a much a 30 t 35 percen t mangan e. 

Rli lDUAL DEPOSITS 

The r e i lual or o·ranz6n dep it form an e -ten ive urfa mantl 
in the vall y or fiat area flankino· the riclo· on whi h th rubbl de­
po i crop out. .Althouo·h the r idual ac umulation are f und 
Lhrouo·hout the valley , only certain nan ow lis ontinuou zone~ lyino· 
parall l to the r i ig ontain mano-ane in ufrt i nt quantity to be 
cla eel a po ible or I otenLi; l or . In the e zon the mano·an 
bearino· material.Tano-es in thi ckness from 1 than 60 c ntimele1· to a. 
li ttl more than 1.6 meLer and on i t o f no lul , [articles, and 
bould r of mangane~e oxide , iron oxide. , and h rt in a matri x of 
{erruo·inous r ed lateri tic oi l. The pebble of mano·an e oxide 1·ano·e 
in -- ize from a few millim tor to ev ral centi m ters in di am t r. 
:Mot of the maller pellet~ are "-ell-ro und d and con ntrically 
banded; thei r c nter commonly ontain om i ron o.· i le. The large 
frao·ment are in eo-u]ar in hape and oft n ar d epl I itLed. )[any 
of the Jaro·e pebbl en lose frao·ment of whi te to brown h rt and 
mo t contain on id rable .iron oxide. hert fragment ar imilar 
to tho e ob er din t he rubble c1 po it ·. ~!any ar oatecl with man­
gane. c oxide and exc p t for their angular hape 1·e mble p bble · oi 
rnano·an e oxide . They rano·c in size from mall paLti le to irregu­
lar boulder OYer 30 centimeter in l iam ter. :Xo lules and frao· rnm1 t · 
of ir on oxide form part of the <Yranz6n; th y apr ear to be compo eel of 
d. n , hard po. i bly iliceou 1 imonite. 

The manganc e mineral of the pebble arc mLher oft, lull-bla k 
oxide:- that may be cla :i fi.ecl a wad or impure pyrolu ite. A mall 
amount of p ·ilomelane-type oxid , much like tlutt in the rubbl e ore , 
is recognizable. 

The ore-beaL~n g mantl gra le. dowmnrd into red or yellowish­
brown soil bear ino· little or no mangane e. The maximum depth of 
. oil cover in the Yalleys i not known; in plac · i i a much as 6 to 
10 met r . On part of Lhe L ola claim re idual ores are found in 
channels between pinna l of l imestone that crop out or li e very near 
!he urface. 

y tematic f:e t-pittino· and amp ling wa concentrated on and near 
the Elvtt denouncemen t " ·here more than 1, 00 piL · wer lug over an 
area about 1,400 meters lono· ancl430 meter wide, or 70 hectar (165-
170 acre ·) in all. Pit wcr dug fir tat 46-meter (150-foot) intervals 
and then on 1G-mete1· (50-foot) enter in the more promi. in o· area . 
\.ccordino- to Mr. Thoma , consultin<Y n inino- engineer for the owner., 

the test pittino- h a indi at cl a totalresen Te of 5 0 000 ton of mano·a­
nifer u material, averao-ing .9- percent of mangane e. The average 
thi kness of the ore-bearing manti i · about 1.1 meters. Material 
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containing le s than 6 percent manganese was not on idered in th 
estimate. bout 35 hectares out of a total of 70 'va indicat d as or -
bearing. 

All ac e ible explored ground wa xamined and an attempt wa 
mad to correlate the . uda e app aran e and t t-pit data. ix test 
pits w re dug in a elected ar a on the Elva denoun ement. The e 
pit were spaced about 3 meters apart an 1 ~·ere lo at d between tho e 
ducr by the own r . ample "-ere obtaine i by retaining very other 
hov lful of mat rial 1·emoved from th pits. The bulk amples w r 

mixed, con d, and quartered on a teel plat in th .field and then "-ere 
further reduced by r eening, cru hinO", and plitting in th laboratory 
at entral an I si lro. 

The head ·ample were a ayed by th nit d tate Metals Be-
serve Company \..gency at antiao·o de Cuba ,,j th the :fo] lowinO' re­
ults : 

10- 11-L .. 
IQ-11-K 
IQ-11-H . 
IQ-11-F •• •• 
fr-7-K _ 
9-19-JC 

~umplc X o. Depth or I ~I 11 (per· I s;;, (per· I Fe (per -
p it (feet) cent) ccm) cent) 

3. -L 9. 04 . 00 i3. 63 
3. 5 . 92 1 39. no 12. 41 

3.0 I 6.lU 3 . 30 12.47 
2. 5 7. •19 3 . 90 13.35 
2 7. 57 40.20 I 12. 
2. 0 4. 22 43.10 12.27 

The rc ult. hecked r a onably " ·ell in gmcle and lhickn with the 
1· ult obtain d by Lh owner . 

The first .fiYe of th aboYe amples w rewa heel in a 2-met r hand­
op rated Iocr ,..,.a h r at the central. The av rao·e con ntration ratio 
wa about 2.3 : 1, and 9 to 95 per ent otal manO"ane e "-a r ecovered. 

ne-half to two-third of th re ultant on entrate on i t d of chert 
frao-m nt an l th balan e of n chtl and pebble of mano·an e and 
iron oxid s. Ov r t~ro - third of the mrtnganese particles ar 5 mi lli­
meter or more a ro ·s. Th log-wa h r on entrat " ·as not a ay d, 
but on ntrate obtained by the ompany from omparabl head on­
taine l n·om 13 to 19 p rcentmangane e. 

Two g ncralization. , be]ieYecl to be appli cabl to th other area: 
bearing r e idual manganc: oxid s, haY ome u of thi tudy: 
Fir t, th e amount and ize of man ganes nodules and frao·m nt on the 
: uda e e m to b ar a o·encralr la.tion to the quantity of mangane 
pre ent throuo·hout th thi ckne . :f the mantl . Lo"·er grad area 
chara cteri ti ally ho"- " '<'11-develope 1, 1· unde i 1 ll t of m dium 
. oftto . oftmangane. oxilc,generallyle than Dmi llimet r indiam-

ter. onYer ely, high -oTacle are<t. show many more and larger 
] bble of oxi le. on lh . uda c. H oweYer, Jay r o:f oil a mu h a. 
30 entimet rs or more thi k have been dcpo it d locally by she t 
wash and may conceal residual material of fair oTade. econ 1, th 
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better areas are hara terized by many ch r t frao-ment and boulder . 
Large quantitie o£ re idual hert doe. not indicat n e arily a pro­
portional quantit. o£ mano·an e e oxide. but ar a ontaining littl 
chert are likely to b lo'' in grade. 

The re idual lepo it app nr to have b n formed b the'" ath rinrr 
and di inteo-rati on o£ the rnbbl depo it . The I re nt clepo it are 
believ c1 to have accumulated by downward. ettlin ()' a the underlyino· 
limestone "·as eli oh·e lor'" ather d a·way; tran portation of manga­
ne e eith r in olution or a pebbl wa probably of only ondary 
importan e. The variable eli tribution of ma1wan e probably reflect 
the orio·inal min ralization in the ource rocks. It i po ible that the 
mbble ores . een in place to lay are the ource rock from "·hi h the 
re idua 1 or were derived, but oth r unexpo eel ore horizon may l1aYe 
fumi heel ome o£ th mano·ane e. ontinu d weath rino- o£ the di:­
integra,t d sour e clep it r . ultccl in onversion of mo t of the ori o-­
inal p ilomelane-tn e mineral to the . oft r xide. o£ th r i lual or· . . 
\Veatherin o- o£ there idual cl po it. in turn re ulted in th lea hing 
and removal o£ om o£ the mano·ane e. The cone ntri bandino- o£ th 
maller pellet ug()'c t · either rccon titution o£ Lh mano·an . nodule. 

OI' the form ation o£ p ll et by repr ipitation Ot mano·ane e fi·on1 
()'round wat r . 

The xtent o£ th r iclual ma1wane. e-bearin()' mantle '"a let r ­
minecl by a field tucly o£ the entire ar a. Indicated and inferred 
re er ve are b lievecl to be veral times as large a the measured r -
serves n ted on page 106, but the grade may be omewhat lower. 

The aYerao-e thickn . s o£ ore in areas ontain ing in eli atecl an l 
inferred r e en is l ightly le .. than GO centimeter. . l\Iu h o£ the 
re erve must b con icler l as doubtful until iudher te t-pittin()' i. 
done. Io t of the area of inferred ore how only fine pellets o£ ma,n­
ganese whi h in the te t-pittecl area incli aJed material 0' nerally c n­
tainiiw le . than 6 percent mangan se. ~\_ considerable part of the 
or on the Lola claim may not be r ea lily avai lable becau. e of many 
lime tone pinnacles that ''oulcl make minin()' cliffi ul t and xpen ive. 
If the residual deposits can be concentrated economically the efl' -

I ive r eserve of Lhe area will depend UJ on th e co ncentration rat io and 
the reco very of mangan ec::e; the latt r may ran()'e f rom 50 to 7 ~ per nt 
of the total containe l mangane:e. The intimat a ociation of man ga­
ne. e oxi 1 s, iron oxide., an l chert fragmen t ertainly eems to pre­
clude con ent rati on b~· an~'. imple and inexpen 1ve pro . . 

TJU . IDAD D I STRICT 

MERC E D ES MI NE 

The 1er edes mine lie about 10 kilom ter · '"e t of Tr ini lad and 
2.5 to 3 kilometers north of the coast. road 11 kilometers long on­
nect th e mine with Trinidad, the hippino- point on the F enocarrilc-· 

nidos de la Habana. 1'he eli trict is accessible only by rail or boat. 
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The mangan e-bearino· ar a i cov red by ix claim that ,..,. r d -
nounced in 1900-11; the e includ the i\1 reed , dela, Purita, era-
fina, H ip6lita, and an Juan. pparently all the ore hipped wa 
mined from the :.\I rc de claim. Mo t of th ore, appro imately 300 
to ±00 t n , "-a hipped by the Trinidad Mano-ane e ompany durinrr 
and prior to 1917; an additional 50 to 150 ton wa reported hipped 
by the Patria Mining ompany and may have be n hipped by the 
form r company. Th mine apparently were not worked from the 
end of ·w orlcl l iV ar I to 19± . In 194 tlH~ min ·wa not bein o- worked 
but about 35 ton of ore had b en mine l and to kpilecl on the M r-
ecle claim. bout 55 ton of or min din 1\ orld 1\ ar I ,..,.a hipp cl 

to the . 1etal Re erv ompany ~ o- n y in F bruary 1943, but 
fail d to m et the minimum grade requirement of 40 percent man-
o·ane . 

Durinrr II orlcl \Var I, ore wa haul cl by wao·on to the coa tat th 
mouth of the Rio uanayara, '"here a mall and unprotected ove 
afl'or l d anchorarre for a mall b at on whi h ore ''"a hipp d to the 

a illa sou h of Trinidad. row ore could be 

: h rt eli tance from th min area. Min ,,-orkino· on the 1erced 
claim li on the a t ide of the Rio Guanayara at an altitude of about. 

5 m t r . Outcrop are exten ivc, but mu h of the ar a i co erecl 
by almo t impen rabl thi ket . 

The youn.ge t ro k of the ar a probabl of Pl edocen ao-e, form 
a narrow co a tal belt of oral lime tone. 1 hi lim tone i w1d dai n 
by o-ray, av rnou , rrenerally rna sive lime tone of Oligo ene and 
Eocene ao· that lip o· ntly oulhYrard and form. low-lying hill · 
flankinrr the Trinidad mountain . The ba e of th old r lime tone i 
mark cl by ar conrrlomerate and br cia of p bble and block of 
mi a chi t and marble cemented by lime Lon . The Olio-o ene an l 
l~o ne lim tone un onformably overlie a eri of interb died al­
careou n i a hi t, hi to · marble, and rystallin Jime tone of prc­
Juras i ( . )age that are aid to form the bulk of the Trinidad moun­
Lain . In th min area th chi to ity, which app ar to coincide 
with b ddino·, str ik N. 60°-75° E. and dip 50°-70° . In om­
pet nt chi t unit betwe n the marble b l are commonly highly con­
tort l an llo ally contain vein let of whi te quartz and calcite. 

AJl th mano·ane e dep sit . on the Ier tle claim lie in the meta­
morphi ·erie , comm nly as small l nti ular bo li e in fau lt zon . 
At one phtce mano·an : oxide occur in lay-filled joint or f ra tures 
in. histosemarble. Themano·ane mineral in Jud a oft,bromuh­
black, noncle ript oxide \rith a littl e ry. l·alline pyrolu ite, p.ilo-
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m lane-type oxide, and rancieiL ( ~) . Iron oxi les, ome al iLc, and 
unreplaced country rock con titute the o·angu . 
The principal mine openino· i an op n ut 0 m ter lono·, from 3 

to 6 meter \Tide, an l ab ut 17 n t r in maximum depth, which ''' a 
sunk along a well-defined fault trendino· north toN. 15° E. an l dir ping 
65 °-75° IV. The hano·ino· •rall of the fa.ult i · ma iv brown ry tal­
line lime tone of in leterminate attitu le; th footwall i "- ll-f liateu 
contorted mica schi t, that trike N. 60°-70° E. and dips 55 °-6~ 0 

The w t dir of the fault enl r into the ,,-all above th bottom of 
the pit, but the fault was cut ao·ain in a -mel r eros cut driv n we t­
' ·ard from the pit bottom. Drift e -tend D m ter north ~rard and 
meters southward along the fault zone from the nd of the eros cut. 
A winze sunk 9 or 10 meter on the fault gives a total explored d plh of 
about 26 meter . 

The fault zone rano· . in 'ridth from 60 entim t rs t 2.5 m t r 
and con i t of oft, bro,m, hlylike material containing many flake 
of mi a and angular bloc·k of 1 1iC<L chi t. Len e of impur mano-a­
nese and iron oxide ar con ntrate l largely along the ,,-ell-defin <1 
fault footwall· th y rano·e in thi kn from a few entim t r to about 
60 ·entimeter and aY rao·c lc s than 30 centim Ler in the e 'PO ed 
face . mall in gular po ·k L of mano-anc oxide o ur in th 
fault zone, alono· the hano·ing wall, and in the footwall chi t. 

The strike length of minable ore expo din he winze and drifts i 
not more than 6 m ters ; on] · a fe, en tim tcr of low-grade ore arc 
expo d at the end of the drift an l at the bottom of the ,,-inze. 

The total production from the above \YOrkings is not known, bu t 
200 to 350 ton of ore may haY been extracted from the open pit dur­
in o· \ iV odd \Var I. The 35 ton of rte l ore tockpiled near the pit 
in 19-:1:3 '"a mined f rom the " ·inze and drift . 

About 4 ~ m tees northea t of the main \Yorkings several shallow 
pit expo. e a Ycry . mall amount of low-oTade mano-ane e oxide. Evi ­
denc of min ralization appear to be concentrated in a narrow zon , 
po. ibly along a fault pamllel to that in the \YOrkino-s to the south,...-e t .. 

1he only other Ja. ro·e " ·ol'l6ng lie about 300 to 4 0 meters \Ve t-
outhwe t of the \rorkings de ribed above. These working are ai i 

to be on the :Yiercede.· ·lai m but tnay actually be on the adjoini11g Adela. 
claim. They on i t of an opcncu about 25 meters lono·, 5 to G 
meter de p, and 6 to 9 meters wide- from which short drifts and in ­
cline. extend. The country rock is a gray chisto e marble that a1 -
pears to strike N. 65° E. and dip 45°-50° S. 1ano·anese oxides occur 
in lay-filled olution-wid ned joint and racks in the marble. Four 
ste ply cl ippino·, cs entially p~tmll cl clay-ore zones about 1.3 to 2.5 
meter. apart arc expose l in the south '"all of the pit. The e zone. 
range in thickne. from 15 centimeter to 1.2 meter and cut across 
the trike of the marble. Thr e of the zones terminate upward ao-ainst 
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a ;~O C' nt-im ter lay r of mi a schi . tin th marble. om mangane. c 
oxide. extend along thi . schi . L lay r. ~ i hE'r th nat·ure of the main 
ore bo l nor th pos ible amount of or extra tel could b a crtn.in d. 
The G or 7 ton of or to kpil e l ncar th pit wa min d many years 
ao·o . 

A . ay of thr e. amp] · gaxe th f Jlowino· result : 
P ercent 

.J'In ;o, Fe 
:.\Ltin workings, average of 2 sa mpJ of Lockpile ____ _ 3 . 62 6. 6 1 1. 34 
2-t n lot, of low-grade ore .. _________ _ 30. 42 10. 05 3. 90 
St.ockpi le at western workin gs.___ _ __ _ 42. IJ 7. 65 I. 56 

The hie£ diluent in the main tockpi l is c•idently iron oxid . 
H an 1-. orting of this ore 'vould be a low and Le liou proces., n t only 
becau e of the inbmate a ociation of man<Tane e and iron oxide 
but b au se the iron oxicl i ommonly o YCl') dark in color tha,t it 
rc. embl s mfi ially the mangan e re. ome iron ma be ch m i ally 
ombin cl in th manganc e mineral them elYe. . on iclerable cal­
areou mat rial i 1robably al o pre ent and much cal ium may be 

chemically c mbinecl in th dull noncle. ript manganc e oxide that i 
the hiefmin raloftheorcs. 

The g rad of o1·e. hippc l in th pa . ti s not kno"·n, but an anal. i. 
f a. 3-ca rl oacl hipm nt in 1917 ga.Y about 9 p rcent mano-a11e e 

and 5.25 per nt ili na ly. e. of the two carl ad lot shippe i to 
th [ tal R ompa.ny A<Ten m F bruary 1943 ar· 
o-iv n below : 

Percent 
.\In 8i0:? Fr 

:w- ton lot, __________________ _ :Hi. 71 5. 3 1 :2. 8 1 
25-t.on lo t ____ _______ _ 37. 3 25 2. 5 

The oxide ore. app ar lefinitrly to be of , econclary orirrin. Primary 
mineral , p rhap. low-gra 1 fcrn1ginou and manganif rou carhon­
nt . occ m-rin rr either nlong tlH' : anl' fault. in whi h th e presen t ore 
i. foun lor in the uhjn cent cal a.r ou country rock , " ·er eli ohed 
:111 l t·he ma.ngan.c e and iron re ~C'po itcd as oxicl by lateral - and 
downwar ~ -pe r olaJ ing rr ronn d " ·a t r. . To mangane il icat . , . uch 
a mirrhL b xpected in a met amorphi . cquenc , wer iclentifi l but 
. ome may b present; Roger rcporte i rhoclon it in pink s hi t in 
1917. Li ttl , if any mangan e. e xicle honld b exp ctcd below th 
pre ent rrround wa.t r level, 0 to 45 m tcr . below the nrface. 

Total re erv in the area .tudi d ar . timate l at n more than 
a few hun lr d ton · of or ontaining 35 to 4 per en mano·ane ·e. 
The ore o curs in small , in e,;ul ar, el i conrinuou zone almw or a l­
ja ent to ra.Lhcr wid ely . eJ ara! cd fault or ·fau l t zone .. Prop tin g 
alon..,. th fault may nncover ad dit ional or bocliE'. but t·l1 r i littl e 
rea on to b.eli,1e that th ey will be any ]arrrcr or any b tter in g rade 
th an th e foun cl to cla te. 
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CAMAGUEY 

Two manganese pro pects in amao·iiey were e amin d by T . P . 
Thayer of the G ological urvey. 

PRO PECT " EAR J ARO 0 

depo it of re idual mangane e oxide lies on the north 1 pe of 
the ierra d ubita about 2 kilom t r we t of J aron(L and l kilo­
meter outh of the F lTO anile · c1 1 N ort lin . The ar a i about 45 
kilometer north of the cit of amao-iiey. 

Lump of mano·an se oxi le weio-hino- as much a 2.3 kilograms ar 
scattered throuo-h red arbonate-cemented lay lying in solution 
cavities in T rtiary lime tone. Both clay and mano-ane oxide ap­
parently h ave formed by weathering of the Jim tone. The re idual 
character of the ore is evid nt in a pro pect pit about 3 meters deep. 

PRO PECT 0 - FINCA ANTA CLARA 

mall manganese depo its are expo ed on Finca anta lara, abouL 
2~ kilom t r outh a t of th ity of amao-ii y. everal hallow pits 
. how mall ma es of hio-h-gra le mano-anese oxide in pockets in ba alt. 
Ro ettes of r ed fibrou piedmontit are a ociated with the mano-an : c 
oxide. No minable ore >Ya en over an area of several acres. 

ORIE NTE 

BO IATO DI TRICT 

AUJALITA P R OSPECT 

The Aujalita pro pect i about 2 kilometers northwe t of Boniato. 
A shaft and old adit have been driven along a large rna . of jasp r 
enclo ed in tuff. little low-grade ore has been found . 

CARI DAD PRO SP E CT 

The Caridad prospect is near Boniato station. A shaft and cut 
reveal a little low-gr ade ore in tuff. 

SANT A MARI A PROSPE CT 

The Santa 1ar1a prospect is east of the ujalita pro. pect and ad­
joins it. Two cuts and an old adit explore three bed of manganifer ­
ou tuff interbedded with o-reen and r ed tuff. The beds are 30 to 60 
centimeters thick and locall y contain considerable ja per. A few tons 
of low-gr ade ore (about 35 percent mano·ane e) have been mined. 

BOTI.J A DI "TRICT 

The Botija di . trict is 10 kilometers outheast of Palma Soriano and 
3 kilometers nor th a t of the settlement of San Juan de Wilson. 
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FORD PROSPE CT 

The Ford pro pect was worked on a very mall cale durin a- 1941 2 
and produced 6 ton of ore containing 46 per ent rnangan 

Thin beds of rnangane eo 'ide are cattered throuo·h am ter or o 
of tuff n ar irreo·ular pod of ja per. The tringer of ore are le 
than 5 entimeter thick and pinch out laterally within 3 m ter of 
I II jn per. Pyrolu. it f\.11(1 a little p ilomelane-ty j e oxide a r lhr 
only mangane e mineral . The pro pect is not at all promi m.o-. 

B E YClTO DISTH I T 

BUEY CITO MINE S 

HISTOI\Y AN O PROD C'I'IO;:.I 

The Bueycito di trict i n ar the we t end of th mano·ane e b lt 
between the town of Bu y ito and Buey \ rriba. An all-weath r road 
conn t the di tri t 'vith th Bayamo- [anzanlllo hio·hway, 19 ki.lo­
m ter. north. Th p r incipnl denoun c:<'ment ·, in ·lucli11p: the Co tn 
Helen Ianu l, Ovi. do, and \ i ent , ar own d by th un Develop­

Om! any. _\_ tolal of om 7 000 h tar i cov red by the 
variou laim . 

con iderabl but unknown amount of hio·h-oTade ore ' a pro­
clu d during th fir:t 1\'orld 1\rar. ) n 19:2:2. th ' un DPn· lopmenL 

ompany in . taiJ e<l a con enlration pla111· 011 ·i ting f ja"· cru:h rs, 
1·oll , a ·on cla ifi er jig , and tabl . . Narrow-o-auo·e tra k wa ·laid 
from Lh mill to many of Lh w01·kino· and to the railhead at Julia, 
21 kilom Ler north-northwe t. Yenty-thr e diamond-drill hole · ~md 
47 churn-drill hole wer put do' n and ore wa f01md in 0, mo t of 
them on the Manuel claim. The mill a op rated from January 
1923 to July 1926 and a out 1 0 000 ton . of 1·ude or av rap:ing 25- 30 
p rcent mano·a.ne e 'va. treated. Th tail ino- dump i stimated to 
contain ab ut 40,000 ton of mat rial aYerao-ino- nearly ~0 p r cent 
mnno-ane . 

The min w re. hut do,Yn in 1926 and lay i.dl until 19L ·when th y 
were reopened by th ompafila Minera de Buey ito und r lea e f rom 
the own r. lthouo·h the rail fa ilitie were in a tate f di repair, 
mo t of the track havi:nrr b n removed, the mill wa reparable and 
was rebui l t to handle about 125 ton of crude ore p r day. Operations 
berran in F brua.ry 1943. Or wa truck d to th railroad at Julia. 

P roduction and o-racle of or for th year. 1923 4 are given in 
th followi:no- table: 

Y eor 
1923- 1926 ___________ - -- ----
1942 ___ __________________________ -----------------

1943 ___ ____________ -------------------- ----------1944 _____ ________________ _________________________ _ 

1 Estimated. 

'l 'on& 
I 50, QQQ 

1, 64 
7, 526 
3, 337 

.~ t·ero~r gradr 
(purrut Mu ) 

45 
47 
46. 7 
45. 4 
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GEOLOGY 

Three ki11ds of ro k a r found in the reo·ion- aO'o'lom r ate, tufl' , and 
r ed to oTay lim e tone (pl. 3). OuL 'l'Op and drill -hole d<tt::t show that 
tu .ff uncl rli e both ago·lome rnte an l lime ton . Th ao·o·lom era te ha 
not been e11 in contat:t " ·ith lime tone, but frao·ment of boLit r eel 
and gray lime tone in lh ao·o· l merat a re ph · i a ll y id nLi ·al wi th 
th e Jl earby lime -ton an l ·ontain fos il 1·e ·emb li n•Y Lho in th lime­
tone of El ~\.ura hill. The ao·o·lomentt i the ref or probably yo uno·er 
than the lime. tone and Lh ob ·erveclrclat ion incli al ith er t ha t t h 
ao·o· lomerate 1 a urfa ·e ac umulation, " ·lt i h unconformably OYerlie 
both th tu [ an d l im Lone or that the ao·glomcrat i intru. ive into 
and throuo·h the tuff and limestone. R ounded frao·ment and Lhe 
apparent OT<tclation of agglomerate into conglom rate : upport the first 
idea \Yh rea the co mr let • lack of b clcling and the lar O'e s iz and a ng u­
lar character of many fragments : un·o·est a mncl fl ow ncar the Yent tha t 
ha. 1 r ad oYer th ·urfac lo a lly a11cl may b of intnt ive chnra Ler 
el. e\\·here. 

·Many of th aQ·rr)om ra t f ra o·menl. ar e of nonnou ize · event! 
th at haYe been mea urecl are more than 15 met rs n a ide. The frao·­
ment con i t pr c1 min an tly of tufl: and othe1· Y Jeanie r ock , but 
in lude pi e e of both gray and r cllimestone. In o·eneral they arc 
mostly ·uban gular, but rounded fragmen t p r dom inate in phtce. 
rmd the rock then r e emble. a com:. e co nglomerate. Iany lrill~h ol c 
J' ord an d old " ·orkinrr.· show that the th i lme: of th ao·glom rat 
in the no rthern and " ·e tern pa r t. of the mar pe<.l area i rrenerally ] c. · 

Lhan 30 met r . 
The tu fl' are genemll y bright g r en , l>ut locall y they are r e l<li ·h 

and bro,rni h " ·ith a t inge of purpl e. Fine~graine l m aterial O'rades 
into agglomerat ic beds co tl ·isting mainl y of frao·ment · a f w · nLi ­
meter : or more in diameter. The tu fl's are in part "-aLe r-laid and are 
simil a r Lo th water -laid fra g mental1·o k o abundant el ewhere in 
the S ien ·rt M ae tr a. 

The lim ·tone bed are at lea. t 30 meter thi k on E l Aura l1ill , 
in the north we lern part of the area. They are mo ·tly g ray; th r e l 
colo r, du e appa r enll y Lo fin e pal'ti ·le: of hematite, i e n only along 
Lhe conLa t \vi th the lt nclerl yino· tuff and lo e to th e ago-JomeraLc. 
, everal oth r n earby hill · have conspi cu ou. ca1 pino·s of r e llim lone. 
Tl1 e lime.ton contain : p oorl y pre ervecl fo il., rt :few r e: mblin g 
L pidocyclvna are. uppo ·edly of npper Eocene age. 
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The bels of tuff ancllimC'>"tonr are gC'nen1lly almo. t horizontal al­
though thC'ir dip in fC'''" plat<'S <'xcc d ~."! 0 • Ko huH· large enough to 
map ha1·e bC'C'll r ecogn ize lin thesC' unit s. although they may b pre · nt. 
The fragments in the aggloniC'rate are or iented haphazar ll , a would 
be exp ctecl, and are hrokC'n by many small lip . . \. fault zone of 
ea terly trend, which ma~r nt hoth agglomcrat and tu A', i ho"n 
in the underground '"orking .. outh a. L o-f the roa ~ at a lo ality about 
300m Le1" a toHhesta A'housc (see pl. 0). 

ORE DEPO ITS 

Th ore 1epo. it. at Bue~·c ito nr in tuff and <He imilar to th tufi 
ore Unou ·hout th proYin<:C' . The uniqur feature of the Buey ito 
di tri ct is that th or becls haY bC'cn broken during formation o-f 
the agglomerate and now form '" icl ly di spersed and disconne ted 
fragm nt in the ago·lomen1t . Th is fa t xplni1. th erratic eli. tri­
bution and small size of thC' ore bodies. the large. t of '"hich ontained 
abouL 3, 0 ton . Pn1 ·ti ally all ex]loration ha . been dir cted w"·arcl 
th findino·ofth .('. mallboliC' .. ,' mallqnnntiti . ofmangane oxid 
are foun lin th matrix o( th :1p:glomen1te and in Yein]et that ut 
ae ro :the rock fragmC'nt s ; thi s material is thotJO"ht t hav b , n eli -
. ol1·ecl fr m the tuff r . anclr clC'po. it cl at th time the agglom rate 
'ra. :f l'lnC'cl. n . mall or(' ho<ly at th c nta t hC'h,-e n tuff and 
lime tone was mined on the Daniel denoun ement. Fj<Yure 36 hows 
.-mall blo k. o-f ore jn agglomerate a th e Yolumen le arlota \Yorking. 

l>' rounE 36.-0pcncut nt Yoluruen de Carlotn worl;ings, Bucycito dlstr·Ict. ullined areas 
arc mnngan ·~~-oxld ·benl'ing tutr, encase l In n rind of ja~pe r. i\latrix I chloritiz d 
al(glorneratr, s tro n~:l y sili c ifi ed at right s ide of Jar;:~ blo<"k of ore. Bedding In large 
IJiock is nearly horizonta l. Letter "a" shows a v inlet of limy tuff. All ore Is l ow in 
grade, av rnging about 30 percent maogan c. Pick bows sca le. 
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The mo. t abundant or min ral 1 a p ilomelane-type oxi le; there 
are mailer quantitie of P. rolu ·it and n,tt r d pat he of manga­
n e ilicate notably ori ntit (IIe"·ett and haru1on, 1921) . Pink 
and white zeolite are abun lant and hav been een in veinlets cutting 
ore. Ja per 1 ·"'idely eli tributed in th b dro k, both as layers next 
to ore pocket an l a i o] at d fra o·mcnt in the aO"o-lomerate. It 
occur al o a boulder attere l ov r the urface. 

Ore re erves ar in£ ne l to be 10,000 to 50 000 ton , averaging 25-30 
per ent man o·ane e. In ad eli tion there ar om 40,000 ton of tailing. 
avera o-in o- about 20 percent mangane. e. lo. t of the re erv · and all 
tailino- coull b utilized nly by an improv d m thod of con en­
tration, uch a flotat ion foJlo,,·ed by intering. 'lh 1anuel claim 
has been thoroughl e:s:plor db) d rillino· and offer little hope of ne,,· 
ore bodie . Drilling alono· th outhern, ea tern an l northern edge 
of the ago-lomerate, Yrh ere the or -bem·ing tuff b d appear to be more 
conLinuou Lhan in the central nrea, miD"ht be productive. Hov1 v r, 
the eli continuou charnct r of the many knom1 ore bodie pr nt a 
formidable ob. k'L le to sy tcmatic exploration. The eli . tl'ict se m to 
offer little promi e of laro-e futur production. 

CUB ENAS MINE 

The Cubena mine i at Purial de Jibacoa on the Rio Jibacoa, 2~ 
kilometer .. outh- outhwe t of Yara. lry-weather road connects the 
mine "·ith f·he railroad at Yara. 

Production for the yea1·s 19-J. .G i: O'tYen b low : 

Year 1942 ______________________________________________ _ 
1943 ________ __ ____________________________________ _ 

1944----- ---- --------------------------------------
1945 (1st half) ____ _________________________________ _ 

T ong 

5 
339 
620 
57 

A verage grade 
(percent 11/n) 

50 
54. 0 
40. 2 
52. 7 

The mine is on the northward-trendino- scarp of an old terrace of 
the Rio Jibacoa · mo t of the mine workings are near the ba e of the 
scarp. Interbedded tufi and aO'o-lomerate are the country ro k. The 
ago-lomerate include block of porphy ritic dacite or quartz and ite, 
pyro -ene andc it , and cry tal latite or ande ite tuff a weil a blo ks 
of tuff too mu h alter d to be identiftable. orne blo k are as large 
as 1 meter aero , but the average block is less than 15 centimeters 
across. T he bedded tuffs are red, brown, purple, gray, or white and 
range in O'rain size from coar. e to fine; orne purpl tuff underlying 
the ore body is shaly. 

I n the main mine workino·s at the north end of the area, the rocks 
dip 20°-25° E. In an opencut, 45 meter south, the dips are 
30°-35° II. I n the area between, tl 1e dip ranO'e from 17°-23° W., 
which would indicate that the north end is underlain by a syncline 
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plunging we t. At the outh end of the area, 1 0 meter eli. taut from 
the main workino- , the only xpo. ur s are in an op ncut and adit, 
where the rock dip 25° W IV., and in a haft, ,,-hj h how tuff dip­
ping about 19° The tructure bet,Teen the outhern and the north­
ern part of the area i unknov•n a there are no e po ure . 

The topooTaphy of the area i rather remarkable in that three cycles 
of ero ion are eli tinctly hown. The mine i n ar the base of a terrace 
scarp 15 to 1 meter high. The terra e above i apped in place by 
and and o-ravel a mu h a 3 m ter- thick. ~\. r cently abandoned 

flood plain extend ,..,.e ·t\Yard from the ba e of the arp about 90 
meters to the Rio Jibacoa, whi hi now entren heel 4 to 5 meters below 
the plain. Ju t outh of th mapped area is a fine example of an 
abandoned emici.r ular meander arp havino- a radiu of about 120 
meter . Toward the north the fioo l plain lo it identity and 
mero-e with the terrace in the impre ively flat and xt n ive Man­
zanillo-Y ara plain. 

The ubefias d po it i a b d of mano-ane e-oxi.de-bearing tuff inter­
bedded with tuff haly tuff, and ao·o-lomerale. I n pla e th ore bed 
i overlain and underlain b tuff; 1 ewh re the hanaing wall or foot­
wall may b ao·o·lom rate. I here th ore i overlain by ago'lomerate 
a thin layer of cla intet·vene . The ontact of ore and cow1try rock 
are harp and how little or no crradation. 

The or it elf con i t of nodul of mano-ane e oxide that are 
u ually le s than 2.5 centimeters in diameter but rna be a large a 15 
centimet r . Pyrolu ite i the dominant mineral· in places it hows 
radiatino- h aves of acicular cry tal , ,,-hich suo·gc t p eudomorphi m 
aft r orne p i.lomelane-type oxide. In the d pe t fa of the mine 
om nodule are compo ed of braunite, and it eem probable that at 

lea t ome and I erhap nearl all of th pyrolu ite ha formed by 
oxidation of braunite. Inasmuch as the washed ore is nearly free of 
ja per, the av rao· hio-h ili a cont nt (7- 9 percent) indicate the po -
ible pre n of braunite or of free i.li a .in th oxidized material. 

The nodul th m lve have b en formed by r placement of tuff. 
Evidence for repL1 ement includes the itT gularly rounded and em­
bayed shape of the nodule , in heating that th y are not detrital 
pebbles; th pre ence o:f tiny tongue of oxide ex endino- from the 
nodule. into the urroundino- tuff; and the ommon oc unence of 
cry tals o:f pyrolu ite radiaLing from a common enter within the 
nodul . The tuff within the ore b d ba been altered to a r ed or pink 
(zeolitic n material that feels soapy. 0 unmistakably detrital 
man o-ane e oxide was en. 

The majn ore shoot, which yield d nearly the en ire production, wa 
4-5 meters Jon()" and 1 to 21 meters wjde. The ore b d ranged in 
tlriclme . . from a fe, centimeters to 2 meter. and nxel·ag d about on 
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• 
meter. The line that m~:n·ks the downdip limit :£ min ralization is 
almo t xactly parall l to the trik o:£ the r k · thi may b oin i­
dental or may in om way b rehlted to th relative omr ten y of 
the ore b cl dUl·ino· the foldino- whi ·h ha affe ted ·h ar a a umino-o 
that mineralization Ire ·ode l £ollino-. .Althouo·h th min ralization 
could not be dat l a · pre eding or fo llowino- the foldino- th maj rity 
of tuff-ore depo it in uba apr ar to have b en form d clu rin <r or oon 
after d po ition of the tuff. 

\..11 a lit, which beo·in 25m ter 
·how oft tuff ontaining a f.e w n dule f mano-an e oxide alono- it : 
entire lenoth of 17 meter . 'Ih tuff i at lea t G m L r Lhi k and ov r ­
lie · ao-o·lomerat · no or wa ·een. Thi mano·anif rou Luff 
ba at the am ho ri zon as the main d po it but may be abov it. 

The old mine working , includin<r two haft and an adit, nr no\\' 
ina ce sible, but M. W. ox reportecl (January 10:1:3) that 1.3 to 2 
meter of tuff ore 'ras exp d for 1 meler. down the dir . Th c 
workino· ue :1:5 met r ~outh of the main workino- and th re bed 
may be at th ·am horizon. 

n op n ut and hor ad it 7- m t r . outh of the main ''"orkino·. 
exp ·eao·glom,rat con tainino-a smaJlamoun oftlis<= minat (lmanga­
J1e. oxide. \. few blo ·k of gray cry tal tuff ha,·e been ·e] tively 
rer laced by mano·ane ·e oxi l that form a thin rim ar und th m. \. 
:few small rounded block appear to be a former cry tal tuff or I or­
phyritic igneou · ro ·k who e o-roundma · ha · b n n arly com1 l tely 
replaced by mano-ane e oxide, J avino· ry tal of feld par quartz, ani 
hornblend imbedded in the oxid . The e blo k were probably r>­

placed prior to the formation of the ago-lomerate a· their alteration 
i much more inten e than that which has affected the re t of the 
agglomerate. 

haft 1 0 meter outh of the main ore body xpo e tuff that 
contain. a fe·w s ·att red no lule of mano·ane e oxide. The overly in <r 
soil show · a con ·entration of 1·e ·idunl mangane · oxide pellet at it. 
base. ~ccording to the operator, a drill hole :from the bottom of the 
shaft found ·ood ore a meter or o de per, and an adit 'va starte l 
( 19:1:4) to inter ct thi ore at de[ th. 

The main ore bo ly apparently wa. min d out by 1945. Re ·erve · of 
th e old ore body are not kno""n but ,,·e re r eportPd by Cox to b ver n] 
lmndred ton : . 

The Cu ben as mine area oflers po ·si bi 1 it ics for ex ploration by d rilling 
both 0 11 top of til te rrace and on the flood plain beJo.,..·. Drilling on 
the floo l phlin \\"Ould probab ly tap considerab le wate1·. Exploration 
Ly dril li no- 'vil l of nece. sity ue :peculativ be ·ause of the len ti ·nlar 
natureoftheore bodies anlthe la kofoutcrop . 
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DATIL MINE 

The D[ttil mine is ~3 kilometer outh of Bayamo and 3 kilometer 
ea t of an P ablo d e Y ao n the ea t ed o·e of the Bueyc ito d i. trict . It 
is r ach l by h·ail fr m the Bu.eycito 1·oad. \ cording tor port, t h e 
min was fir t worked in 1939. 

Produ tion da,ta are a follow. : 
/lt'erage grade 

)·eur Tons (peraut .\1 11 ) 

Prior Lo 1943 ______ _____ ---------- ____ ----------- I 200 

1943----- - --- -------------------------------------- 207 43. 5 
1944 ____ __ _______ _______________________ -- ------- 41 44. 2 

'Estimat d. 

The min i on the north : lope of a low hill in an area. underlain by 
tuff an l agglom rate Ll1aL t rike north ea t and clip north" - t. In tlt 
immediat mine area a len : of tuffaceon lime tone at lea t 21 met t· 

in Jenoth and abo nt 6 m ter · in maximum thi ckne 
tufL 

P od., nodules, and Yei nlC't s of mangnn s oxicl are . catteredthrough 
a. ],C'cl of lu~r ranging from :3() centim lC'r. to l..:i mC'ter in th i kne:" . . 
• \_ t111ique f'<'nlurr of the J):'tli l orC' bed is !haL iL ;l ppear. to OYerli 1h 
lintl'. '[On JJ'n s wh 'L'C'as C'l:-'ewlterC' in lh<' manuane~c bC' IL or i found 
unde rlying lime: ton e. Xo Yiclen E' incli ating ove r turnino· of bed 
" -a founcl. Many : mall lenses of ja . per ar a ' Ocint c1 with the manga­
n -bearing lnfL Lo ·ally ll1c o re-b a ring tuff i in onlact with lime­
.tone, and vcinl t of mnno·ane -e oxicl cu t the lim ton , but in many 
places a tltin layer of alter d tuf1' li. bet\\' een o r anl limeston _ 

Pyr lu · it i: the mo t abundnnt manganes - xicl , though a little 
p : ilomelnne-type xide occur here ancl there_ Min -run ore co ntain 
30to35per entmanCYanes . 

Th ore bel i. xplore l by . is op ncu1 an l fin . ha ll o"-. hafts, t \\'O 
of \l'hi c:h ha,Ye b n proclu<.:t iw. ln th undergr un l \\·orkinu th 
ore bPd attain · a maximum thi ·kness o-r 1.· meter but minabl or i · 
11. uall y le than GO centimeter. Lhick. Or wn: mined, hoi ted, and 
. or!ed b. hancl and r covery was ]o\1'. 

H e er ve · were 1 \\'in HH-:1: an l the ore bed ktcl thinne l con id rably 
in . ome of the face. _ Po:sible <lo"'ndip ext en ion. of the ore bed hncl 
not b en explor d adequate) - the ore and und rlyino· lim tone di[ 
. li ghtl y mo t· teeply than the : lop e of t·h o hill and therefore Ji a t 
g reat r lq th Lo the norLhwc. t. \ con:iclernbl amount of low-oT<lcl 
ore may be found do·wndi p, b11t th o re bed i too th in a ncl too 1 ,,- m 
grad in exjl o itecl area t ofl' r great expcdat ion . . 

JOSEFIN A MINE 

Th e Jo:efina, mine i. 9 ki lometer·. on!h ea t of Bueycilo and 4 ki lo­
meter. ea.t of th Bney ito mining area. A total f ;3 0, ( n of ore 
nveraging about 46 per ent mangnn . c " ·a: proclncC'cl cluring 1 0-k .. - +-L 

428472-58- 11 
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Th ore deposit i a bed of mangani:Cerou · tuff lying 1.J l we n a lull' 
foobvall and a ja p r hanO'JJ10' wall. Th b d · trike I . 20° \\ ' . an l 
dir t er ly a t. Or i expo d unclerp:roull(1 for 25m l r · a1 ng the 
trike and i fault cl ngain ·t ja [l'l ' a both nds. The or l.Je !rang . 
in thickne. s from 60 centimel r to :Li meter. . Min " ·orkinO' on i. t 
of bYO haft (one 13 meter deep), <l drift, and a hallow winz 

The ore body " ·a probably mined out in 1!)-1-.J., 
tim e of our examination (19-J.;3) were very .. mall. 

ANOELAJUA DI 'l'RI 'l' 

GL ORIA MINE 

TheGJoriamine i onlh HioJagua,=kilomel r w tof andelaria. 
It i linked loth privale railroad of C ntrall\liranda b 5 kilom Ler 
of dry-weat her road . . \ lthough !he min was eli ·o,ered in 1 90, 
and worked n <t small s ·ale durin..,. th fir. t \\ 'orld 1\' ar the major 
production date: from 1!)30. \.. wa hing plant lo treat r e:idual or 'nt: 
in.tall d by th ul><m )fining ompany in lhe 19!10' and a jigo·ing 
plant wa adued in 19.J.O t exploit th be lro ·k ore. 

Producti n prior to HH~ i.- not known but i.-estimate l at 7, 00 !o 
, ,0 0 ton .. Outrmt for th e years lD-1-2-:1::) J. _owen in th following 
table : 

\ 'ear 1942 _______________________________________________ _ 
1943 ______ _____ __ __ __ __________ ---------- - -- - ---

1944------- ----- ------- ----------------------------
1945 (first half) __ ____________ ----------------- _ 

1 Includes 4, 7 tons or ore sold to Cuban :'\fining Company. 

Tons 
1, 00 

1 5,200 
1, 5 

512 

Actraqf grade 
(percent M 11) 

4 '1 
44- 53. 1 
51. 7 
5-l 

'I he mine n.rea embrn.ce two low hi]] und rla.in by harco R edon ]o 
lime tone, which strike northwe t and dip gently. outhwe. t. Thin­
bedded platy lime tone, at lea t 12 meters thick, ap the hill and i: 
underlain by a. more rna ive lime tone. \. bed of manO'aniferou . 
tuff, ran O' ing in thickne . from a. few entimeter to 2.5 meter , li e 
a.long the ontact b tween the two lime tone unit. a.n l crop out 
around the hill . To,,·ard the outhwest thi bed grad . laterally into 
lime tone conglomerate contain·inO' :haaments of mano·an e oxi le. 
The or bed on the "-e t hill i explor d by many cut · the ore hoot 
in the ea t hill, "·hich ·wa 16- meter lona and 0 meters wide, ha. 
been mined out. A e ond very thin ore bed rop out on the north­
ea t ·ide of the east hill, about 0 met r tra.tigraphically below the 
main ore bed. 

ManO'ane e minera.l inclu le psilomelane-type oxide, pyrolu ite, a 
lull bla ·k oxid of unlmo,Yn compo: ition, and a littl e neotocite · some 
of the oxides were probably derive l fi:om 11eotocite. thin per i. tent 
layer of ja per underlie. the thicker ore. The oxide. form concretions 
or nodnle alono· c ·rtain zones in th tnff.. 
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Extensive depo its of re idual ore flanking the hill on the north 
and outh were the principal ource of ore prior to 1940 and durino-
1944--4-5 · the e O' ranzonera probably have been mined ou . The resid­
ual or wa Yery high grade, averaO'ino- more than 50 percent man­
gane e. 

The Gloria mine area has b en thoroughly explored by drillino- and 
i considered to be e entially mine l out. There are no likely area 
for further exploration. 

ELVIRA MINE 

The Elvira min e i in the hallow nlley outhwe t of the Gloria 
mine. bout 1,500 ton of or a-veraD"ing 5~ percent manD"ane e ''a 
hipped during they ar 19-:I:Z-45 . 

The ore depo it is an intraformational onrrlomerate ompo eel of 
fraD"ment of lime ton and mangane e oxide an d i the downdip 
ext nsion of the ore bel at the Gloria min . Only wher \YC<'l. thering 
of the conglom rat ha. fr eel th mangan e. e fragment from their 
lime. tone matrix can th mat ri al b mill ] a fr h congJom rate 
co nta in only ab n t 1. perc n t by Yolume of mano-an , c-oxidc frag­
m nt . ro laro- produ tion an b expe t L 

JESUS MINE 

Th ,Je tl min · i on th e outh ide of a, teep-wal led canyon abut 
1 kilon t r n rth a t of the Polari min . It can be r ached from 
th Palmarito- an l ]ari a road by tru kin dry weather. Producti011 
i. not known, a mu h of the ore h a been hi PI d \Yith ore from s v >ral 
other mines worked by the same operator; probably several thousand 
ton ha been pro lu d. 

ManO'anese oxides oc ur in tuff and tuffaceous conglomerate lyino-
5 to m ters below a lim tone bed about 30 meters thick. The bed 
tril e . 5° E. and dip 35° . One to two meters of cono1omerate 

and a meter or so of the overlyino- tuff contain manganese oxid , 
but th ore-bearino- zone aver ages only 1 met r in thickness. It is 
expo eel on the urface and in incline underO'round for 170 meters 
along the strike and 25 meter downdip. Ore minerals consi t of fine­
<rrained oxide of unknown compo i.tion, I yrolusite in string rs and 
nodules, and soft wad in radiatin<r cluster of needl . Less than 20 
percent of the ore parti.cl s ar more than 1 entimeter across. 

Reserves are , mall and low o-racle, and no sizeable e tensions are 
exp ctable. 

POLARIS MINE 

The Polaris mine is about one kilometer northeast of the Gloria 
min e. The denonncem ent and th farm on which it is located are 
owned by E. II. Kob] r of Miranda. D11ring 1D-U and 1942 about 



500 to 600 ton of ore ontaininrr 42 to 44 p rcent manrran e was 
hipped. Themine,Ya inactiY durino·194 5. 

'l'h d po. i t i · on an ea t\\"a rd-tr ncling ridge a.bou t GOO m te rs 
. outh of and DO mctet ·s aboYe th Hio Jno·ua,. _\. bed of mano·anif rou . 
tuff 0.3 to 1 m te r thi k li e: a L the ba. <' f a on,;lom rali lime. ton , 
" ·hi ch is about, 6 nwt rs thi k. Th b ls trik X. 35 ° IV. and dip 
10°-\20° ' IV. Interbedded Jim .tone and tuff li e abov anl below 
th onrrlom rate. Th or b cl c rop ou t on the n rlh i l of th e riclrr 
and i t ra eabl along th e .trike f or at l <1 t LO m tcr 1 ut or ha · 
b -en min<'d only at lhc ca . t end of the min e ralized zon . Mine \\' rk­
ing. con. i t of L\rO intc rco nned Nl adiL 1.) to 1 m eter: apart and "":) 
to 30 m ete r l ong. The ad it: trend al>oul . ' . GiJ 0 w·. an l ar inclin c1 
10 to 15 degree d own ward. ' tope. xt nd i:IO m ter · ea.t \\·a rd fro m 
the a li t ·. 

::U ang;1n :e xicl e. , chi efly pyrolu: it and n dull 1 b k oxi l ( pyro­
Ju ite . ) "·ith a mall amoun t of p il omeL n -t·ype oxid e ar th ·hi e£ 
ore min ral. but mnng;tn es . ili ·a t~> . r redominantly neolo il with 
. ubordinate bem entit e and braunite, are abundan t in the lo"·er 1 Y l.. 
Ore mineral. r pla e tuff n.t th base of the ·ongl ome rn t i Jim s ton e; 
the contact \·ith the lime: tone i · well-ckfincd , though th e ba . n.l 0 .. ) 
to 1.6 m eter. of the l ime. ton ·ontain . sm;lll incgul a r r epln.cem n t 
nodule. and I o kot: of mano·;mese oxid . , Jnrg Jy pyrolu. ite. _\ 
continno11s ja . J er bed , 1·anging in thi ckn c:. f rom 30 to GO entimeter., 
uncl die the or bed. The ja p er is brown den e ma . . iY , an 1 fin e 
g rained· its conlact " ·ith mineralized tuff aboYe and altered rrra y 
tufl:: b lo\\' are frozen and . h arp. 

~Ianrrane . c-bea1 ·i ng . ili ate: are an int resting and e onomi call y 
s ignifi.can t f enture of the ore. _\ t the. urfa ce the or i · ompo: ed e n­
tirely of 111<111g."nne:e oxide,· di sseminated i n pink to red zeoliti c tuft. 
_\. bout 1:...- meter s clo\\'n th cl ip a thin lay r of n eotocite an l bem enLite, 
witlt a lit-ll l.l t·atmit<', appea r. at the bn. e of th ore bNl in conta ·t with 
:ia: p c r. The ·ili cate: in r<'ase in abunda nce " ·ith lcpth until at th 
l>ottom of !It " ·o rkings. 00 pe r ·ent of the man,o·a1wse n in<'ral s ar 
s ili ca be;ning and on ly 2.5 to 1 entimcter s of oxi d . r emain abov · 
the s ili ·ates . Th<' c·onta t beh \·e n .· ili cate.· nnd o.· icle. i. : harJ ly 
g r adational . _\ tone poin t <Lt th a: t end of th e " ·o1·king: thp ent ire 
60 ccnti 111eters of m·e bed \\·a: mncle liP of neotoc ite ·onbtinin g jr r egu­
lar nocluhtt· ma sse: of braunite 2 .. '5 cent inwter · or so in <liamelel'. 

_\. Yatintion in mangan<'s xide · \ \·ith dP pth i. al :o eYi d en t. _\ t 
the . tu ·fa ·c a tHl for : h o rl di stan ce: dO\\·n th e dip cons icl er abl quan­
lilie · of oft, blu e-gra y, Tysta llin e pyrolu. ite a r (' pre ·e nt. \I ith 
itH·reas ing d<'pth t hi s mineral is s up rseclcd by a : oft, bla ck, ln:t rl ess 
ox icl (mi crocry ·t.tJline Jyrolu s il . . ) anda.n rrlio·ibl e amountofps ilo-
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m elnn -type oxide. p ecim 11. of neoto ite, b r aunite, nncl th dull 
bln ck oxide \Y ere a .. ayed with the foll o" ·ino· results : 

.. ·ample 
Xo. 

43-5-2()(j 

43-.'i-207 
43- 211 

BrauniU.'-----------------

~cotocltc ... _ .. _______ ... 
.\1 :\lllW IH.'' ' 0 \ id C''---- -- -

.\In 
(11!'1"· 
C!' lll) 

56. 21 

21) • .1 1 
lli. 9.1 

~~~.: I ( I~~;. . I Hcma rks 
Cl' ll L) C!J ill ) I 

3. 50 3. 55 C'onta m lnntNI by sma ll a mount of 
TH'O l OCi l r . 

21. 0 :t 9-1 .\1 a ngH TWH' Sili CH. lC. 
U. 75 I. 55 Dull hlack: com:unin:ttcd hy sma ll 

amoun t. or Lulf. 

The o·E'tlP ral r elationship of. the Ynriou . mine raL . ngp:e:L that 
the 1 rimnry or ·onsist d o ( neotoc ite, Lr;tunite, p ·il omehn -type 
oxid antl b me11Lit , in descending o rd r of abunJan ", <tnd tha oxi­
dation of the. mineraL com ·ertrd Lh E'm to the lull fme-oTaine 1 oxide 
nnd pyrolu. ile( ?) at lh ·a me Lime lea ·hin · par of th ili ca. Al­
d iLion a l \\'E'<ti herillg and JWa r -su dn ee oxidation onYerted a part of 
these 0xi<le: lo typi cal C'1'y:talline pyroln: it . 

'e ,·Hal pit. S('att e recl O\'C'r a st rike len?th of m re than 120 m eter. 
: h o ,,· rrati c min ralizalion throu;hout the basal l.G m ete r. o:f the 
eo nglom rati c li me:ton b11t Yc ry . pars minera li zation in the o re Led 
it self. Th sn me o re ht>< l CTo ps out on t hr so ul h ~ icl e o E the ridge b11 t 
is lrss than ].) cr nt inwtrrs thi ck ancl o( H'l'} lo"' gr:Hll' . 

Abou G meter. hrlO\\' !he main aclit s a small un xplor d outc rop 
of ore probn bly m:trks <t :e ·oml o r becl buL may b :t Jo,ynfauHNl 
p o t-Lion of th np1 er b d. om X[ lor:\t ion along thi zone may br 
\\·arranted, b ut iL app ar. to be lhi11 and the mano·,wes oxide will 
probal>ly giYe ,,·n. Lo · ili cate · :LL eompnnt Liwly shallo'" cl pth. 

\. bont. 500 m ete r: lo the northe:tst a ·hall o\\· pi t. on the JlOt'i'h ea . t 
bn.nk of th e Rio ,Jagun Pxposrs : par. cly mineralized , n ltNed tJtfl's 
ontaining manga n e oxicl s. The min ralizecl zone i le than 3 

met r s st ratigraphi ally below the ba e of a lim tone u11it, \Yhi cillies 
4 m et r or o below the mwlom. r at.ic lime tone a t th main " ·orki1ws. 
The limeston e is at lc:1 :t!) m ete rs tlti ·k ntHl co ntain ·. atLe recl rounded 
hou ldrrs of diorit E' as muc h as :w ce ntitneters in diam ete r. Th lim c­
: tone : trik0s X. ~0 ° \\ ' .and dip: .)0° 1\': iL i: the ·ontinttntio n of th e 
lime. Lone above lh e on' i>C'cl at Lilc .Jes(t. min e, about 500 mete rs t'<J 
the casL The minerali z;dio n at the P olari s extension mny be r<.' lat ecl 
to that in 11te ,l c: t't s miJlC', and shallo\\' : lin ft. sunk in tu fl's a t the ba. 
o f' til e lin1es lon may di sco,·('[' ._o mc· tninahl e o re; but the marginal 
c·harndE'i' of tlt e .)('. ti S OtT' body and tho apparC'nl clecrrn . r in grnde of 
th e ore :wn - toward the outh" ·e tare not encouragi11o·. 

Or r sen·e: total a :f'e"' hunclrNl ton . c·on tainin.o· :;5 p e rcent mnn ­
o·anrse. \.dditiona·J prosp ~' ·hn g ll1 <l)' cli :cowr 111 0 re Or(' lJlll. (here j , 

110 likely l'ila nce to Ji tHl any : izeablc o n • ho<lies. 
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CHli:VERE Dl TRI T 

CHEVERE MINE 

The MYere mine i. in th northern foothill of the Gran l iedm 
ranrrc at the headquarter of th e Rfo d l Indi o. It may be r each d by 
truck from El aney oYer 42 kilom t rs of rough road. lroduction 
data are given below : 

Year 

1941 -- --------------------------------------------1942 _________________________________________ ____ _ 
1943 _____________________________________________ _ 

1944-- --------------------------------------------
' Estimated. 

7'011~ 

I 1, 000 
Gl7 
10 
205 

A veraoe grade 
( /W'Ctlltllfn ) 

44--JG 

45 
45 
43 

The or body i. an irr gular len of partly o ·idized man<Yanc 
sili ate enclo cl in lhin-becldcd oTeen ·uff that i hicrhly ili ci.fied 
near the ore. The len trike approximat ly ea t and dip. te pl.v 
. outh, but in detail it i heared and broken up by many mall fault .. 
It rano-e from O.G to 2.r- m l r in thi lme and ha a linea r extent of 
at lea t 90 mete1·s. The primary mineral are b mentite and neoto ·il . 
P:5 rolu ite i the only abundant mineral in the oxi lizecl ore. Figur 
37 i a sketch map of Lh mine ar a . 

Exploration ov raY r ·icalrano-e of about 17 meter ha ho\\'n that 
mo t of the oxicliz d or li ·wi thin 3 met rs of the udace · at o-r at r 
depth mano-anese iii ate become increa ingly abundant. Pra ti ally 
all the hi o·h-grade xidizecl or 'va mined out by 194-. everal 
thou and ton of man<Yane c ili ates are surely availabl , but thi 
material i not of aleabl crracle and the prop rty, th refor , i not 

on id r eel to be promisu10'. 

JAVIER P R OSPE CT 

The Javier pro pe t is j u t outh of the h >vere mine. \.. l ns of 
mangane e. il i ate (mo tly neotocite) and ja peri enclo ·ed in finc­
O'rain c1 g1·een anclr 1 tuff that trikes northwe t and dip northea. t. 
A little pyrolu . ite ha formed by weathering of the mangane. e s ili ­
cate,butlittl ore i in io·h orexpectable. 

EL OBflE Dl TRICT 

SAN ILD EFONSO MINE 

The an I l lefon. o mine i nea,r the Lown of El ob r , about 150 
met r s from the jun ti.on of B l obre l'Oad and the anetera Central. 
A few ton · of ore wa shipped lm·inO' 1917-1 , but the bulk of the 
small production date from 1941. A total of 257 ton of ore averaging 
49 percent mangane e wa · ·hipped from 1D42 to 1945. 
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o unt r y 1·o k are coar" -grain ed O' l' en tnff ancllimy tun· that t rike 
ca t and dip 10°-i50° X . L c n.·r . <1nc1 irreo·ularly bcddrd clepo: it s of 
manganr, e ox id r occur in thr tufl' , prin ipally alorlO' one zon of 
t.eE'pcne l dip: whe1·c fom ore bodiE'. ha1· b en f nn 1. Trcn ·h . how 

that th . e bodirs eitlwr ar lenti cular or have been faulted apart. The 
or in thre of thE'm i. in tringrr ] . than 40 ·cntimeter s wi lc and 
le .. than 3 m etE'l'. long. ln the fourth orr I ocly, which i more than GO 
m eter. long th e o re form s two beet E'ac:h about GO centim eters thi ck 
epa1·ate lb. · lmcterof"·hit e . bleach ecl tufl'. Th alt r d· 11ntry r k 

E'n clos ing thi : ore i: grnE'ral ly bl e<l ·hc<l and contain mas. s o f rrcl 
materi al ,,jtlr a :O<lPY f r.r l, am (t;> r· or mo re in diameter. 

M o.'L of thr orr i · hard, clull -hln k p s il onwlnM-t ·pe oxidr; som 
th e fin e r grained antl hanl E' r malrrial 111ay h braunite. Th or 
tain. much blaC'k and white al·itr and th tlri ckr r trinO' , .. ar ,..., 
by Ye inl et. of ja. pe r. 

The min "·orking. are hallow open pit. 
metHs d <eJ. ~lining i. clone by hand. Th or is h<ml- orled becau ·r 
it i mixed '"ith a lar ge quantity of tufl' an l a l it . 

The re ·ern. of the mine a rc wr · ., 111 <111. M o. t of th ore awrao·<'s 
lE' than . 0 prrc:E'nt mangane. e an ci mu t b car efull y. ort e 1 to r e;:·h 
a -1:0 pe rcen t g raclr. 

VIENTE DE MAY O II PROSPECT 

'I h.c Y e int e d M ayo H prosp ect i ahout kilomete r · nor! h,, . . L of 
El Cob re. 'l\ro smRll ut s and a : haft :) met 1'. deep expo: t l1 rr <:0 11 -
taining sm<lll q uant-i tie: of m<lllgane. e oxid e. On C' ut xpo. e a thi11 
winlike holy of mmrg<1ne.e oxid th a t trrnd s ~T · 30° E. and lip. 70° 
XI\. om e mangan ciie oxide boulder . and granz6n are. C' at t reel Ol't' r 
the ·uda cc . \ }(hough Ye r y l ittl e \YOrk hacl been don.e in ]!)42, ihc 
pro p c ·t did nol appear p r·omi . ing. 

EL HI ' '1'0 DI 'l'HI ''1' 

AUGUST O LUI S MINE 

The ~\ ug11 s l o Lui · min e i. 2 kil ometer .. outhll' s t of El C'rdo, 0 11 
the lrigln1·ay bet11·ecn 'a11tiag d e uba and E l rdo. The ·la im 
" ·as cl no1.111c:NI in 1 -J. and , t hro Lwh \ Yorld \ Var I , pro3ucec1 an e:ti ­
matccl 1,000 to I ,500 ton: of manganese o re of 45 lo 50 percent grade . 
~"-fter a p eri od of ina ti1·ity the min e '"as leased in 1941. BetV~-een 

10+2 and Jun e 10+5 t·h e mine p rodn ·eel 2.266 ton of ore averag inO' tJ6 
percent manga ne e. 

The . \.ug usto Lui : <kpo: it is in "· E' ll -hr<ldE'd alt er·ed ancl e:iti or 
ba salti e tnll: and mi11o r ttrfLtc:<'Oli S . lntl e of the Cobre fo r mation. It 
is a. mangane:r oxi<l e mtd ja ~ pc r hed o11i'onnably e nclo. E'cl in green 
to brown, fine- Lo m edinm -grain ecl tun~. , lying 00 to 350 m eter s trati­
g raphi cally b low the tor of the Cobr e. The be ·1 strik ea t in th 
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main part of th mine a1· a but at th a t edo·e of the d po it tren l 
north a tiYarcl to north. ction i OYerturned and the 
bed clip 16°-60° . I late 4: i a g ologi map of the area. 

l\Ja110'an ·e oxi le are closely a. o ialed with a inO'l ja 1 r len 
that rop out con. picuou l. and form Lhe ere t of an ea tward­
tr nding pur of 'iena de Boniato. The ja per-ore zone coull not 
b lra eel beyond th ml · of th ja I r 1 n , " ·hi h apr ar to 1 in h 
out \rithin th limit of the ma.ppecl area. Limy tull' and thin len­
Li ·uhr bed of lufl'a · ou. lim tm1 lie alono· the apr arenL trike p ro­
lono·<liion of the ,,-e tend of lhe zon where ome foraminiferallime­
ston i partly r pla ed by ja p r and mangane · oxi l . 

The conformable ja per len i about 300 meter lono· an l ha a 
maximum thickne · of about 3 m ter at th urfa and m ter 
in Lhe uncle rgrounl workin O'-. I to cur ·, " ·ilh en ·lo ing lufl' bed , in 
an OY rlurn l 'i ru ·Lural t nac:e; th northern edO'e dip lo to 20 
<le(rr ·oulh LmL th onth rn edO'e t p n. to GO leO"ree ( e ection, 
pl.±). Ea ·L\\'anl-trenclin(r normal faull of ·mall eli ·plac m nt om­
monly dippirw ·tcepl · southward and poorly deY loped hear zone. 
rou(rldy parallel to tlt bed lin O' a1·e expo d inlh und rground work­
ino· . . :)luny ir.Tc"uhu· Jra lure ome mineralized ut the ja p r, but 
all Jra ·ture · with ob ·ervabl di pla enwnt app arLo b po tminerali­
za tion. 

ur in a lull' zon alonO' lh ja p r foot 1rall; 
m a few · ntimeLer lo more than :, m te r in 

thi kne: · and aYcrarrc about GO cntimetcr ·. Th hano·in<>·-wall con­
La ·t of Lite r z n i · wry irregular and "Tade abruptly into ja per. 
IneO'ular tring r andY in of mangane e oxi le haxe pen trated Lh::! 
jn ·per t d 1 th of a meter or more. Th foob1·all ontact of th ore 
zone i ' ·h~trp and i . usually marked by a b ddin<r-pla llC fault. Locally. 
the footwa ll oftheor i JlHlrk clbyathin.lnyerofjasper. Marwane.-e 
ox ic.l ' · a r found al. o as flll ar ntl y i olatcd po k ts and irreo·ulnr 
·trino·or s wilhinfh ja:r r; om nreofminabledim n.ion butmot, 
c ven I hourrh hirrh in (rr;td , ar too ·mal l to wunant exploitation. 

'l'ufl': a long both con tact of: th ja per and man o·nn e b d are 
:Lr·on<dy alL reel to nontronito and montmorillonite. Th alt nltion 
zone alon<r the ba rren hnrwing wall of th e ja p r i. n much a. 30 
· ntimeters in thi ·knes . 1 n t h fooL \\·a ll zone, wh er th tufl' are 
la r >·e ly a lLered to g rcrn nonLronitc and con tain mall i ola t d ln es 
of j}t r r but no mano·nn e oxid , th wne of alt ration i mo re tha n 

mel r · thi ck. 
lyrohrs iL , largely. oncbry <L-flCl' p. il melane- t·yp xi 1e, is by fa r 

the dominant mangane c min ral. Th pyrolu ite ommonly forms 
i rrorru]ar ln ycr~, wi lh min r oTain and pal he of tull' , pa.rate l by 
thin and itTeo·trlar .layer of um· pla eel red or brown tuff. ~ pent of 
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th ore on i t of ineo-ular r p ia m nl pat h of 
pyrol u. ite in pink manganif rou montmorillonite. Th ma e. of 
oro ' ithin the ja p r are made up of pyrolu it " ·ilh ver littl tuff 
nndja p r(Yano·ue. 

The ore zone ha been mined OY r a trik di stanc of 135 meter 
and i dev lope l by surf< cep it haft and ndit . 11Jin "~orking are 
::;ho1Yn on p late o. Or mine l durin" and 1rior to \Y o1·ll \\Ta r I ame 
la r o- ly from veml pen pit an l hor adil exlentlinO' f r m lllem. 
~\. 100-m ter adit, "~hi h cuL lh · 1· zone at an a llitu l of 1"5 m tor: . 
i::; Lh priuci1 al mine ent r. ' . Drift xlend a long th or z n • at this 
le1· l , and winze · unk in ja p r <tnLl re, 'Oilllec:t lhr d r i£ lc l'cls 
below the main ent ry . The lowest drift ·holl'n on the unt! r<>Touml 
map i 1' m ter b lo"· th main adil about 30 melcr · v rti cal ly b lo" · 
lhe urfa , and about 21m ler lono·; iL expo. eel an axenwc th i ·kne . 
of 1.2 meters of or con taining an -ti mat l 3.J to 4 1 er · nL maJI ­
gane e. '1 h lo'r r ]cYel ha. b en min l out ince Lhe min wa s 
mapped early in J 9±3, th ore r rporleclly ha.l'ino· pinch d out ab ut ,' 
mcLer · b lo11· th l 1· l. Or 11·a mine lin or en underhand and on~ r ­
han l tope · and either hoi ted by haml \rin ·h or hauled to the ad it 
p rtal by " ·heelbanow. 

From the adit tl1e or was haule l by truck about~ .. ) m lE'!'. to tl!r 
wa hing phnt Jtortl1ea t of lhc mille w rking ·, \l'h rc the or '""· 
: r ene], cru h d, and ji cmed. Th concentration 1·atio, , 'Lima ted Lo 
be l.o : 1 to 2 : 1 u ·inCY ore aYera<)'ino· 0 to 35 I er ·ent mn.ngan ·e, '"a 
1·ehti 17 eJy low for a j i o-gin o- plant. 

Ore reserv of a few thou and ton can be infened in xt n ion . 
u,long the trike and at depth. E ·ten ·ion of ore at ler th may'" 11 
be fmmd ev n though the ore on the lo,Yer level app ar to ha' c 
pinched out. O r e that pin ·h out locally i common in the upper 
Jey 1 , and exr )oration belOII' the lOII' el' level hould find ·mall quan ­
tities of ore a lono· a· lhe j< sper ]en \\·ith whi h lhe ore i clo ely 
a ·ociated can be follo\recl . Thu far no minabl e or has b en found 
in the · ugu to Lui . min ar ea b yond th trike limit. of the ja . pe r 
len ·. 

BOSTON GRO UP 

The Bo ton oToup include the Bo.ton and Pilar m 1ne and the 
Edelmira pro pect, all on a ljacent cl aims onr m,o· lhe . am man ­
ganes deposit. 

BOSTON MINE 

Th Bo ton mine, operated by the omp:u u a Minora Bo ton, i. 
0.5 kilometer ea t of E l Cristo, th e h ipr ino· po in t wi th \rhi ch it is 
connected by an all- \r ather 1·oad . 'l h claim was denounced in 1 :i 
and wa one of the earl ie t p rodu ers of n an o·ane e ore in Cuba. 
Total I roduction i unlcno" ·n but Jut. been reported to be a mu h 
as 50,000 ton ; hmrever, the ize ancl extent of the old workino·s 
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indi ate Lhat thi .fio·lll'e i probably too high. There ·onlecl pl·ocluc­
t i n from 19±2 to the en l of \u o·ust 10±5 " ·as 7,+12 long ton of 
cOJlcentrate ontn.ining +.1: to JG per cent mangan 

The mine is on a hilln ar the Hfo uanini (m and lh working. 
extend from the foot of the hill at a bout 120 m ter aboYe ea leYel 
to the hill r tat an altitude of about 2:30 mete r:. The rock ex­
po din the Bo ton a r a are dominantl. oar ·e- and medium -o-rai ned 
w ll- tralifiecl tuft becl of th obre formation with ,,·hi h tw or 
more be] of f ramini:f J'<ll lim ton are interb ddecl. Th upper 
part of the se t-i n con i.t s of bro1m, oTay, r deli h, and pmple Luf[ 
lepo. it expose l on a teer ridge ea t of the mine. Th lo"·er part, 

in '"hi ·h tht: mangan es o cur i. Y ry poorly expo d <111 l ntain.­
a,t lea L t'"o heel . of gray lo green hio·hly for, minif ral crystal lin e 
lime tone, 3 lo :.> m ter ar art. The. e limestone bed are expo eel i11 
shaft. and in out crop in th northern and . outhern pn.rt of tlw 
111inC' nrC'n on the adjoining Pilar d nou1H:ement lmt n lire(' ·or· 
relation is pos. iblC' on th e ha . i of pr ·en t information. I n pla. · .­
the Jin1estone is conglomerati (' o r brC'c io · a ronrse g r en ro ·k on -
isting of' tuf r, sh;llC' , and jasp r (?) fmgmC'nt . a mu h a. 5 ·enLi ­

metcrs <H'I'Oss with man.'· Foraminif't:>ra., all .'C't in n.lime tone matrix 
containing much ;r n nontronite. In ph e. a mu h a one-third 
of the ro ·k i. composC' 1 of roc·k frag-ment or Foraminif ra. 

'J'h millC' npp ar~ lo li on t-h e north limb of an e<t -·L\ntnl-Lrendillg 
anti line. The trik of th b d range from n rthea t to north­
we t; dip ran o· from a f \Y deoT . to GO clegr e and are a 11 to­
ward the north, ex opt on the adjoining Edelmira ]aim at the nortl1 
dg of th ar a where the clip is 20° . Fault " ·ere ob 1·v d onl .'· 

in undero-roun l workings in the north rn par of th mine. 
Th d po it i. a onformabl bel of mangn.ne. e oxid . in tu.IT a: ­

. ociat d with a large len . of ja per. It lirectly underlie a heel of 
foraminiferal lime tone: in plac as mu h a 3 meter. thick thai 
con ai.n am of chi ti maLerinl and i. nnderlain by alter d tufl's. 
The ja. J er len . C'l'Op. out on the hill on "·hich the mi.n is locatC'< l 
and i. a ma . n arly 450 n ter. in length about 150 meter. in maxi­
mum " ·i Hh, :mel about. 12 mC'lrr. in maximum thi knc . .-. Th C'as(C'I'II 
part of Lhr jn . pC'r ]C'n : i. Oil thC' Pilar claim. ~\. t the err. t of the hill 
the jnspn an l nn ·1 rlying Lu fl' ar nearly horizonta] l~ut th dip 
. teepen. to the north . o th:tt the p rly expo ed hano·ing " ·all on ­
la t li e. a1on0' th north-fa in g hill slop . Th le11ti culnr ore zonr. 
whi ch range in thi ckne . fr m a few centimeter. to a much a 3 
met r s overlie. the ja. per, nnd . om ore form in gnlar l n and 
pockets in the ja . pC'r. 'l'he becldrcl ore ron . ist. of la~rer of nearl~, 
p11rc manp:ane. e oxicl , tog-et·her wit·h layer. of tuff impregnntecl 
and partly replac (l hy li . rminalecl an l 110 lnlar mnnganr e xiclrs 
interbedd d with red and brown alt red tuff; the mano-anese-oxid 
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layers are paralll to becldino· in the tuft and rano· in thi kn .· from 
le than a c ntim ter to G ccntim ter. . L o all the layer of ma.n­
gane e oxide an l tuf[ in th upper part o-f the b<:>d a r c11t by v inlets 
of man o-ane ·e oxide, cal ·ite, an l by occa, ional la ti t uff ~ike . 
Mineralizat ion ext ncl b yond th ja. per but f h g ra l an l thi k­
ne decr ea marke lly a 'Ya y from it. I n pla e th min ralized 
tuff abut an l pinche ut again t th tecp ide of the ja r er len . 

p ilomelan -type oxide a1 l] 3 rolu ite a1·e th onl. ' ob. enr cl man­
g ane e min rals (fig. 10). The form r i. th dominant min ral in 
the underground working. but pyrolu. ite b al nndant 
toward the urfn e and i. the lominant min " ·eath red 
ja. per and or zon e on lhe rc. t of th hill. 

:\1ost of the early production came from . hallow surfnce workings 
on the ja per outcrop, whi ch i larg ly eli integrated into irr o-ular 
block and boulders. l\Iu ch of the ore i , th r for , cletri tal in the e 
urface '' orking , but mo t of it r etain the . tructure and te:xtu r of 

the primary or that formed irr gular p ket in j a peT or ttled 
down between th ja . I er boulder and block. from the \ erlying 
mangane e-oxid -tuff b d . Th main old working i. an O] encu t n ar­
ly 90 meter lono-, but ther e are al o many mall pit and pro. p ct 
hafts. 

The ore mined clurino- 1942-4- came mainl y from und rgrouncl 
wo rking in the northern part of the min e area where thcr are t"-o 
lenti cular hoot separated by a ja . per ma ·. again. t whi h the ore 
bel pinch out. 

The eat ore . hoot wa. expl ored by Yeral . haft. an I aclit. at cli{­
f erent levels. Th ore becl whi h dip about 40° ~ T., 11·a. mined for 
45 meters alono- th trike and 40 meter · lowndip; the aver age 
thi Jme min d wa 2 m ter . The ore i. o•crlain by a 3-11 ter b d 
of lime. tone and j unlet-lain by onrse r e l tu ff nnd, in plnc . , ja 1 cr. 
On th e ca. t and . outh th ore zone i. u t off by po. tmin rnlization 
fault s of unkno11·n di spl rt enwnt; th cast fault probabl~r will be cu t if 
minino- pro ced. clownclip. Typi al . e tion of the ore b d ar e g iven 
below: 

Potion of OTC li edneor inter . Po l ion of fwtU.s, southeast 
C01' 11 C1' of st ope 

Hnngi ng- \\':tllnot exposed. 'm 

Tu fr, man_gn n i fer ous ( 30 per cent' :\In ) - - ------------------------------ - 30 
Tuff. r ed------------------------- - -- - -------- - --------------- --------- (i 

1'uf1', . li_ghtl~· minE'r:lliz cL -- - ----------------------------------------- - 27 
Tuff. red --------------------- - - --------------- - ----------------------- 3 
:\[angnn . e ox ide, .·olid__________ ___________________________________ __ __ n 
Tuff, r d-------------------------------------------------------------- G 
Tuff, mang-anifrrOII S: irreg-ul i ll' rouiHl rd r !'pln('rment mns:cs of impur 

ox ide (20 p r cent lin ) _______ __ _____ ___ __ __ ----------------- - ------- no 

171 

F ootwall not exposed. 
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ection of o1· b d, main le ~: eL, west 11d of stope 

Hanging wall not expo eel. Ont 

6 1.'ufl', manganif r ous (20 per · nt :\ln) ------------------------ - --- - ----­
i\IaD" anese oxide and br own tufT, int rbc<lded in th in layer ------------ 12 
Tuft', coar c ; fragm nt a · large a 1.;; em wilh matrix l ar gely r placed by 

man o-a ne e oxide (23 p r ent :\In ) --------- -------- - ---------------- 27 
1.'ufr, manganiferous (15 1 ercent ;\In ) ------------------------ - - - - ------ 27 
::)Jangan · ox ide and fin e brow n tufT, iDterbedclecl ; l ayer a much ns 2.5 em 

t hi ·k ---------------- ----------------------------------------------- 4~ 
TufT, red----------- --------------------------------------------------- G 
'1'1111', mano-aniCerous; irr egular r ound d r placem nt ma of imr nr 

manganese oxide (20 p rcen t Mn ------ ----------------------------- - GO 

1 3 

Th we t or hoot ,,-a explored by an incline l haft, now aban­
don ed, and a ver b al haft onnect c1 to the main adit by a 1 vel. 
Th 01·e bo 1. ''a explored along the trike for 40 m te r and axerage cl 
nhouL :.c. m tr r. thi k. :.\faxinwm thi kn een " ·a m ter . Th 

a t and dip '" rli all y below the main ] n l; aboYe 
lip fl atten ...;radually to G.) 0 ~- . L ime ton of un­

kn own thi ckncs f rm. the hano·ino· wall and the onta i faulted, 
probably . n t ially alono· thE' bccldino·. Th footwall i ja p ran l 
t uil', tlt thi c- kn of ja ·pe r brino· unb1o"-n . A t the we t nd of 
the mrtinl e\'el thelwno-in g wallfault uL n. ro he bedclino· and]ime­
. Lon i brough t again L ja. per, cuttino· out th or bed. Explont ­
tion a.lon o· th hul t hould r ick up 1· xten ion· Lo th \ret. At 
t il a tend of I he 1 Y 1, and pr bably al1 alono· th a t mar o·in of the 
ore . hoot th e traLigraphi c 1 o ition of the min ralize l tuff bed i 
o cnpi rd by ja. per and expl or ation h re had a eel in 194-:1:. The 
:h.oo · ha b n expJ or d updip to the urface, a verti al eli tan e of 
15 m t r abov th main 1 el. Two n all fault with a.n ao·oTeo·at 
eli rl a m nt of to t: meter wer found. About 5 mclcr above the 
main level the lime ton hano·ing wall j parat d from the min ral­
iz c1 zon b. tu.tf, which a1 pear to thi ken updip; no lime tone i. 
cxr o c1 at lh urface. 

ro wa min c1 n tircly by han l and -rucl ore " ·a hand- orted 
b fo r b ing truck d to the mill, wh re it wa cru heel, wa heel, ized 
in t romm J , an l then jigged. 

Kn own or r e en ar lar o·ely e ·hau led, but everal thou and 
Lon . of or of 20 to 30 per n t oTade may b found in do\Yndip ex­
Len ion. of lh n1ined ore hoot in the lower l vel of th underoTound 
working--. ExploraLion by chill ino· or inking of pr p t haft 
hould pick up fau lt c1 ext n i n of the or bed . The unexplored 

g roun l to th e norLh toward the Ed lmira pros1 e t hould be tested, 
although iL i. po ibl c t lMt only low-oTade ore not amenable to on­
centration in a j i o-o-in o- plant will be found, a th hi o·her oTacle ore 
is found clo e Lo the jasper which se ms to pinch out northward. 
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EDI>L)(IRA PRO PE T 

The Edelmira claim li north of the o Lon mine. Apparent]) 
very little ore ha been I ro luc d from th prop rty. hallow op n 
pit e:oq o bedded ro k of the obre formation that strike ea t and 
dip 25° . toward the o ton mine. Th ection xpo l i a. follo'Y : 

Tilickn c B 

(en•) 

Tu.ff, gray--------------------------------------------------- - ----- - ------
Lime tone, fo ilif rou , browni. h-wbil c____________________________ 30-60 

'l'uff, mineralized, v ry low " rn<l<'------------------------------------ 120-150 
'J; ulf. red------------------ ------------------------------- -------- - - - - ---

'Ihe ore i v ry ·imilar lo lh low r part of the l3o ton bed howino­
leplacement rna of impure oxide interb deled with re l tuff. 11 
the ore is very low oTade, containino· an stimal cl 15 to 20 p r nt 
mano·ane e, and i not amenable to con ntration b au e of thorouo·h 
di , emination of mano-anc o oxid throuo-h th tulf. Thi am 
mineralized tuff bed i expo c1 in an arr y 160 meter outh and i 
probably the arne bed found in a haft 90 mei-er. outhwe tat a depth 
of 9 met r . It eem probable that the ' lel mira and Bo ton b c1 · 
o cupy the ame tratiO'raphic po ition and that the valley betw en 
th m i ynclinal. 

Th re may be a fair re erve of low-grade mineralized tuff on th 
Eclelmira claim but it could be utilized e onomi ally only if concen­
tJ ·ated by orne su h proces a wa u eel by the uban 1ining ompany. 

PILAR MINE 

The Pilar claim border the Bo ton on the a t and includ th 
a twarcl exten ion of the Boston clepo it. Production from the prop­

erty is not lmown. The mine wa la t 'Yorkecl in 1942 by F. orton , 
who hipped 433 ton of ore, orne that reportedly came from the nearby 

an Roque and Ro ita prosr ect . The principal productive area i on 
the ere t of the hill on which the Bo Lon mine i ituated. Tuffs of 
the obre formation are interbedded with a ray and gr en tufl'a-
eous foraminiferal limestone, 1 to 3 m ter. thick, that overlie the 

eastern ext nsion of the Bo ton ja p rand manO'anese oxid bed. Tlt e 
beds trike a little north of ea t an l clip about 15° N. Irreo-ular 
blocks and rna e of ja per and limestone cap th north clip lop of 
the riclo-e on which the mine workings oc ur. The ore on is of 
re iclual fraoment of pyrolu ite, or granz6n, inter per eel in weaLh­
ered tuff in and arOtmcl the boulder of ja p r and lime tone. It i · 
mined in cattered mall op n pits. Re. erve are mall; the only 
possibility of extensions of ore j dow·nclip under the limestone bel, 
but no jasper appear to be pre ent there and the mineralized zone if 
pre ent i not exposed. 
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_\_bou t 2 0 met r . outlnn t of the Pilar min , on the sou th edge 
o f the Rio Guan ini Cm, i · a . mn ll on t-crop of ja. per w ith . mall amoun t 
of n1an g an ese oxi de . The lE'n of ja . p r i. as m uch a am f· r f·hi k 
nnd i t r acE>able alono· the trik for mo re than 30m ter . I t i i.nt r ­
becl lecl in tu ff e timate l to be at leu. t 2 meter str atio·raphically 
helow the Bo ton and P ilar ore zone. T he bed tr ik . north-nor th-
11-ef>t an cl cl ip rtbout ]5 ° \ Y. Exp o. Ul'E'. ar e poo r an d Lhe py a ]e and 
th iclme .. of the min ra li zed zon onld not be det rm inel. 1~ 0 

n-:pl o ration workha been don . 

CARlOAD PROSPECT 

T he a r id a l p ro ·pe t owned by H arold 'impson and otl1 r i. 2 
ki lometers ea. t- outhea . t of E l Cr i:-to an l i. connected to the El 

ri to-Quinto road by an all -weather road. The prop r ty ha. 1 l'O­
du e l littl ore. The d p it i:- in me ]ium- to coar e-grnined al te r d 
fu[ lying son c 300m te1· blow th top of the obr formation and 
on i. t of a he l o{ mineralized tuft OYerlyin()' a 1- to 3-m ter bed of 

gray,<: arsc, h tffa eou. lime lone. The minera l ize l zon trik a:t 
and i. traceable by mean . of old halJo ,,- prospect pit an l hor t aclifs 
ov r a . t r ike length of nl out 3 0 m le r. . The lYe t nd of the zone is 
Y rti cal but th ea . ten l dip. about 73° ~~. The mineralized t u ff bNI 
ranges in thickness from a meter fo nearly + met r and i · lo ll' in 
g ra 1e, ·ontaining an estimat cl n1·erage of JO to 20 per ent nan­
gane. e. T h chi { m;lngan e min r al app a r nfl is a. p ilomelane­
type ox icle, in pn r t alte recllo pyroln. ito, w hi h, for the mo. t pari is 
so fine ly l i:. eminaLed .in Lhe tu f-f thnl th o re is not amenabl to rcl i­
Jla ry method ~ of ncentration . 

A on:icle r able rc en of l w-g racle ore ma y pos ibly be cleY lope! l 
n.lo1w fh m ineraliz cl zon . Ex:l n ion of lhc zone to th c>a .t antl 
'Yl'. t nr con ealed beneath nl luvi um but both encl. ot f·h bed ap­
pa rent ly a r u t o 0' by n. )aro· outlnr nr l - Iippil10' re,· l"e fa ult whi ·h 
IJa : hePn Lrn ·t'cl fro m th np1 er D o. Docn va ll ey pa t t he ·onLh s id e o [ 
th e prospe t nncl i: in f en · d f o t rend northea twa rd to ut f he mi ll ­
entl ized bed nn.d to 011 tinu in to t he uinto mi ne a r n. Jlo ,"c ' ·n 
hP,I'Olld f he 1\'t'.t. end or Lhr. zone t he clip of t he fa ul t mny be so lo ll· 
Lha t t.hc min t> rnli :r.ccl Wllt' iC i t exlencl. ll' e bqn·d as Ja r a t he Ja ulf. 
lila .)' not be f a r belo 11· ! hr : urfa e in t.h fo twall block of t he "L1ll lt. 
J<' ur t he r pro pecting woul d b '"nrranf ecl only if th ]o,Y-o-rnde o r > 
('O ulcl b eco1 omi cnll y m i1 1ecl and on entrat d . 

ESPANA MINE 

'l he E p afia mine i. i n the upp r D o. B ocas va ll ey, 1. k il m ter . 
. on thofEl ri to,the r a ilroacl hippingpoi n t. Iti lh mo.tsouth­
w t 1:ly of th O' l'OU p of p r ocl u ·inn· m ine: t hat i.nclu le · the P or tuo·a J, 
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an Lui , and Torclera mine. , a ll \Yithin 1 kilometer o f th railroad an l 
highway b t" ·een antiago clc C'ul a and El C ri :to. 

Proclt1 tion from theE paiia min . in its eli covery and denounce­
ment in 1 6 probably totaL at lea. t 10 00 ton s but the produ tion 
prior to 19-1:2 can only be approximated by a ompari . on of th extent 
of old mine working wi th th n "- clcv lopment:. The bulk of the 
ore appar ntly wa pro lu ·r l between J !H:o, and J. ~· f>, hn·ino· which 
time a total of abont G,:SOO long ton of ore a" ra o·i no- about 47 per­
re nt mano·an :-e wa. mark ted. 

The E pana lepo it extend ,; a. h 1·arcl , n 1 we,.;t war l into th 
Portugal cln.im, "·hich completely n lose. th e E spana claim. 'l'o the 
we t the c1 po it cro e the Porttwal claim and xtend in o L a Tin ta 
claim . ul'fa geology i . . ho"·n on ]late 6. 

The mine workino· ar e ne itt' th :foot of thr . te p part o f the outh ­
ea t i le of Do Boca nlley at altitude r ano-ing from 170 to 200 
m ter abov ea level. The mine area i . underl ain hrg ly by oar. e­
g rai ned an le itic to ba. alti Lufl' of the obre formation wh i h t r ikr. 
ea t-northea t to ea t an lin g neral clip ·. outh from ·> to 40 clrp;rce . . 
Int rbelde l \Yith the t uff are at l a. t b 1·o and pcrhap thre ja. per­
mangane eo_ ide bed ·. The manganc. e ox ides ar clo. ely a o ialecl 
with large conformable ja. p r 1 n. e. ; of th h,·o principal ja pC:'r 
] n. e the one tl1at i . tratig raphi cal ly lowrr i: th nor ext ns iv , 
an l vir tually all the ore min c1 thu far ha been found along it. con­
tact. with tuff or within the ja. pe r. This lo ,Yer ja . per len an b 
trace 1 along the trike for at J , st 200 meter. and attain s a rm1x imun1 
thickne. of about 6 meter . The upper ja prr len : li es G to. met rs 
t rati g raphi call y aboY the lower a nd can b tr a eel a long th : t rike 

for about 60 meter :. It. maximum thickne:. ·ou ld not l> detC:'rm in cl 
but probably i near G mete r. . The jasp 1· beds pin h out in both 
dire tion . alono- th t rike. 

The prin ipal mine working: ar in a , tructu rnl hor t bou nd ed on 
two . i lc. by north-northea. bYard-t rendino- f aul t. . 1'h " ·c. t rn 
:1\wl t, her referred to a. the E. I a na fault fol1o"·· a tecp-wall ccl 
arroyo cutting through th deposit and is expo. el at on ly one plilcc 
und rg rouncl , '"here it clips 55°-60° \\ . It pre. encc i · infctT"cl 1. e­
wltcrc be ·ause of the 1i . simi lar ity of r ock on oppo. ite . ide o f the 
an oyo and by t he fact that " ·c. t of the an yo the main or zone li es 
15 to 1 met r. lo 1Yer than n th e ea. t. i 1e · the faul t t h erefo re has a 
no rmal ii placement. Th eastern fault, n an eel th I ortuo-al fault 
wa fir. t found in the P or t ugal mine area; it appa r ntly dip. teepl y 
and it · a.t side is do,;n th rown an e timat l1D meter. . Th Port uo-al 
fault i · beli eved to xten l up the drcp ar royo b tween t h E: r ai1a 
and Port ugal mine area. , ju t at of the area ho,Yn on plate G. That 
theE pai'ia ore bed were once continuou ,,·ith th a ljacent P ortuo-al 
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and an Lui. bed. i · incli ate l by th fa t that there ar t\\'o principal 
ore and ja p r b d .in ach min e ar a, about the ame tratig rnphic 
di tan ear art, and by the fa L that th tuff . e tion . are. imilar: reb­
Lively ma iY coa rse green tuff un ierl ie. the lowe t r zone an l w ll­
b dded finer oTained tuft OY rlie the uppermost ore b 1. 

Mangane e oxide occur in tuff beds ranging in thi lme. from a 
few ntimeter to about 3 m te1 . The bed overlie th ja. per ] n e 
and al o exten l beyond the end of the ja p r len-e , al houo·h wh re 
ja p r is ab ent the tuff b d conlain.inO' mangane e oxi lear low in 
<n:ad and in g neral ar not minabl . The highe. t ()'racle or o curs 
in po ke , layer , lense , and tringer. within th ja per. 

Pyr lusite i th prin ·ipa l manO'ane ·e mineral but in place. there 
ar minor amount of a p. ilomelane-Lype oxide. The textur of the 
pyroln ite ind icat thnt most of it i. econclary. The only gangue i 
. lightly fernw inou bt·o ,,·n ja . per and tuff that i aller i e p iaJly 
, long lhe ba of th ja. [ r lense., to " ·hite to grny montmorill onite 
and oTe n nontronite. Pink manganif ron montmoril lon ite in p la e 
i intimat ly n ocia! l " ·ith tl 1e mn1wane. ox ide., and alt r d tuff 
be 1 nenr or ar red from di s:<'minat 1 ir n oxide . M anO'an oxide 
form lhin parallel layer. i'rom <l fraction of a ntimet r to ,-eral 

nlim t r in thi cknes. , or are di s. em ina ted in tnt!'. In many pla e. 
ma:. e of r '"ithin the j<1 : p r onsi . tof nearly pur manO'an e oxide 
in . harp gra 1a tion:1l c n!aC'L "-i th th j a. r r. 

Th upp r o r b c1 ha. be n ex1 lor d by many OJWnc nt., . hort a lit., 
and shaft .. In the blo k n t f theE pnna fan lt py rolu: it ha been 
foun 1 in mn ll pocket nnd lensc in ja 1 er and nl o i n rt thin ]o,v -grade 
ma1wnn if rou: tu A' be 1 oYerlyi11p: ja . 1 er. Thi s bel l1a. been explored 
about 20 meters bey nd the C'n st end of the ja. per and appen 1·s to pinch 
out. On ly a fe,Y Jwnd reclton. of ore ha been mined from !hi zone. 

In th blo k we to{ the f aul t the upper ore zon annot be r e g­
niz d with c rtainty beca11:e of lack of expo:1tre nn l be aus the 
a . c iatcd ja. per pi~1 che. onl on the a t. i le of th fau l t. S vernl 
op n ut. exr . c a thin heel of ]o\\'-grnde mangani:Ce rou. tuff whi. h 
may r epre. ent th upper ore zone; no m innble ore ha. been fo und. 

T he ] '"er ma11gane e z ne l1n. bee n explore 1 by nwny lnmd re ls o( 
met r of adit. in line and d ri f t:, an d by fo ur workin g . h afts. O r 
h a be<'n mined on both side. of th e K pana fa ult b nt the ea t blo k ha 
been by far them re p rod uct i vp ;tn d cont ai n. nearl. a ll th accessible 
work ings. T he ma in ore <lP pos it i: a bed o·f mangn n ifcrou tuff whi h 
tln ·ough ou t mo. t of it. <' Xtl' n t o1·C'rli es n, l a rge ja:per len. . The bed 
rang . in thickne:: from a f PII' c·C'n! imc!e rs t·o L3 n ete r and av rages 
abouL 0. me t·ers. ::\fa nganes oxi le, larg<'ly pyrolu sit b ut with mi.nor 
amonn L of p: il omeln nc- ty pP oxicle, i. fo und in th in bel. in tuff or 
d i. :eminatecl throuo·h Lufl'. ·w here th ore b l i in onta t with 

12 ·172- u - 12 
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j<l p er iL i · ommonly of llel!er p:rncle llwn 0Le"'he rc; in b et·, very 
littl e ore ha b en min l from the be l " ·here it is no( in ·onta ·t with 
ja per. Throuo-hout th min th rnanp:nni'ferous bed i fold cllo all 
in to mall anticline. an l yncline. (: ·eeL ion , pl. G). Although 
xposurc in the min e lo n t f urni . h on lus iY e1' idcnc it i beli ved 

that, ana loo·ou to th similar Tordcra anl ' an Lui · d po it to the 
northca.t, th fold are ori()'inal . tructure molifi d by difl' r ential 
ompa tion OYer mall dome and rido- of dim ntary ja p er. 

M ano·ane e xicl al o h a. been min d from a mor or le continuo u. 
zone within the ja p er abou t 2 to ""·5 m ter below th main ore bed. 
' L'h zone con i. t of mall irregular po kct:, len . es, an l Ye inlet f 
oxi le whi h may f orm a much a . . -o p r ent f the r o k mined; the 
only o·a1wn i ja. 1 cr. Proclu tion from 1he minerali zed ja p er ha. 
not be n larg becau of tl1 e thinne. of tl1 e zone and al o b au e of 
difficulty in d rill ing the hard ja . per. 

Ore wa mined entir ly by hand. Mu h of the ore cum from irrcp:­
nlar underhan l open . top e: which stan l well and r equire littl e timb<>r. 
Ore wa. haul c1 by ' 'heelbarrow np th e inclinE'd aclils or to th foot 
of haft wher i t \Ya. then hoi te>d by han] "'inch. Fr m the min 
th e or e wa trnck d to the mill v-·he r it " ·a. ru . lwd , log wa.. h cl , a.ncl 
jigged. R e ov rie ''" r e Jo"· n. th mangnne oxic! i. oft an l friab le 
and gave a high p r ntage of fine . . 

Lack of d vdopment work ahea 1 of mining nncl the irr gularity f 
mineralization throughout the dE'po. it preclude nn a urate e. timat o-f 
r e erve. of high g radE' or containing 00 to . iS p r ccnt mano-an 
Po ible exten . ion to the outh a nd . outhea. t of the low r ma,in ja ·p r 
anlmangane e oxi le bed may b infen ecl t yield everal th n. and 
Lon of oncentrate. 

R e rve. of low-gr ade or f' ontaining from JO to 20 ] er ce nt mnnga,­
ncse ma y be greater than high-grader ervc. but their exploitation 
would r quir a differ ent method of con en tration than that now u . cl 
inorclertoget a,reasonabl y hio-h r e overy. 

GUADALUPE PROSPECT 

The Guada,lupe pro pect, 2 kilometers south-. outhen t of El ri . to 
on the southeast ide of Do Bo a vall y, is r each c1 by trail from 
the highway on the oppo. ite ide of th e valley. The deposit i . n ­
clo. eel in fin e to coar c tnff . trikino- . onth a. t and ~ipping 40° 5° 

W. It consi t. of a sino·] e bed of tuff containing eli eminated 1 y ro­
lusite and p ilomelane-type oxide. The mano-ane e-bearin.O' bed has 
been pro pected by shallow pits over a, trike l n()'th of about 300 
meter and a verti al ext nt of over 50 m eter . . It range. in thi ck ­
ne from abou t 60 centimeter s to more than 2 m eter a,ncl i. c. timaL d 
to contain 10 to "'0 per ent ma,ngane c. 
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Little, if any, ore has b en produ ed from the pr p rly but e eral 
tens of thou and of ton of low-grad mat rial mio·ht b developed. 
Further pro pecti.ng would be warranted if the manrranifE:rou tuff 
ould be economically mined and. concentrated. T he min raliz d zon 

is on the outhea t projection of the • paiia and La Tinta ore bed 
and may be the ame bed but it i not h.-nown that mineralization i 
continuous from the Guadalupe to the Espana area. 

MIR6N MINE 

The 1\Iir6n min , 5 kilometer ea t- outh a t of El ri to and about 
000 meter in the ame di.r ction from 1-he Pilar min , can be t b 
rea heel by trail from the Bo ton mine or by trail ur the Rio uan­
inicun :from the Quinto oTonp of min . In 19J3, !he min e p rotlm:ecl 
17.., long t n of ore ontaininrr -±l.·h 1 r ent mangane , but the total 
p rodu tion i unknown . 'hal lO\\' :udace worl\inrr. explore mall 
po k and len f pyr ]u ite and p ilomelane-typ o:s:ide that r -
plac lime. ton and the imm cliately un 1 rlying tuff. The Jim ston 
b d i a mel r r more th i k nncl i the on tinuaLi n of the lim tone 
a.bo,-e the or b cl a th ] ilnr mine. It trike ea t and di1 10°-..,5° 
J. Further pro p ctin~ will probabl. · di lo e mall amount of addi­
tional ore. 

QUINTO MINE 

The Oninl (I ab ]ita or Y abelita of older literature) Jie~ 
a t of El ri t . It is one of th olde t mangan­

es mine in uba and " ' 3 or erat cl intermitt ntly from 1 90 to 
19 2 an l ontinuon ly from then un til the end of 19±6. Th g oloo·y 
of the d po. it and the arly operation are d ribed bri fly by [ n­
re r (Haye., Vaughan and pen er , 1001, p. 65- GG, fio·. 7) an l Bnr­
r hard (102.0, p. 70- 71) . . \ ketch of the freology and a. descrit !i 11 of 
operation of th uban 1\Iini.no- omr any from 1930 to 1040 are 
gi \'en by K or TO · (10':1:0, p. 2- 13). 

The Quinto mine ha b en th laro· t produ r thu fn.r el i OY ·rccl 
in uha, allhourrh it may be mpa ·cd eY ntually by th har oR -
dondo mine. Total rrodu tion from th d po it is not kno,\·n, but 
from January 1942 unt-il uo-u t 19·15 i yielded about 375,000 toru 
of inter cl concentrate, or orne 35 p rc nt of the total uban pro-· 
duction of that p riod. Output of on entrate during th p riod of 
grcatc t production, 1035 :G, i timu l to b b l\\·een 00,000 and 
DOO,OOO tons. 

lost of th ore ha be n xtra ted by open-] it m thocls. By the 
end of 1946, "\Yh en the uban Mining ompany ea eel operation at 
El risto, aU th or e onomically r coverabl by open-[ it mining 
wa. exhau te<l. 
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Th o-eolog of the depo it \rill b ·ummariz d only bri fl y a a 
omplete d cription will be th ubjc t of a forth omino- parate 

nrticle. Th e ential f ature. of th d0po. it ar il lustrated by rlate 7, 
whi ch in part giv a r ·on. tru ction of th d po ·iL a. it " ·a before 
large- cale minino-operati n began. 

T he Quinto depo it li e in pyro ·l asti rock. in th e upp ' rmo t 10 
to 50 meters of the ob r formation and n ·i t entially of two 
Yery xten iv bed of low-g ra 1 manga11e e or , whi h trike ap­
pro ·imately X. 60° E. and dip 13°-l D0 I f\\ . (fig. 3 ) . Or ,,·a. 
mined over an area o·f ap1roximately 1 000 meter a.lono- the trike 
by 30 00 meter do 11·n th dip from the ut rop. Th' bed ar 

or upper o re bed , Quinto min e. Th e d:u·k layc •· at 
th top of th e eli II is the basal j a pe r zo ne of th e upper ore bed. It i und rl a in by 7-
lll cte r of bancn tuii. The lo wer ore b d, on which t he man is ta nding, i s m ore tha n 
7 mete r · thi ck al this po int but I r Yery low !;.·a de. ·o te lhe weil-bedd -d cba rocte r 
o r luii und o re a nd the int rl ea fing or jusp r a nd tulr a t th e u ppe r rl ghthancl end or 
th e clill'. 

separat d by a layer of alter ed tnff that rano·e in thi ckne from a 
kn.ife eclo-e to a much as 15 or 20 meter ; the t uff is thick t alono· 
the outh (outcrop ) eel o-e of the depo it and eli ar pears near or . om -
what upclip from the bottom of th pre. ent O[ en I it. \.. thi rd very 
thin bed is found in the outhwe. tern I arL of the depo ·it a f w met rs 
below the lower ore bed. 

The upper ore bed is oYerl ain by a layer of barren luff that ran p;Ps 
in thicknes f rom a f w centimeters along the north side of the 
deposit to 10 or 15 meter along the . outh side. This tuff i in turn 
overlain by the harco R edondo lime tone, which at Quinto i an im­
pure white to yell ow rock. lthoun·h the lime tone is very rarely 
more than 5 meter thick, it i remarl,;:ahly per istent and is found 
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throughout the min ar a. boYe th harco R edondo limestone li 
urO\Yn calcnr eou · ·hal e and thin lin1e.tone beds of th' 'an Lui :; 
formation. 

The ore be ls rang.e in thicknes from a few cent imeter Lo a maxi­
mum of about 15 meter . Both be 1 are un leda in ov r mo of the 
mine area by sheets of ja per ranging from a few c ntimeter to as 
much as 15 meter in thickne . The ore b d a ,,eJl as the ja. per are 
extremely variabl e in thickne , and the Yariation mny oc ur ,-ery 
abruptly. In addition, the r ata are gen ly foll cl alono- axe that 
trend roughly ea t-northca t. The lent i ular nRture of ore and ja per, 
a well as some of the many minor fold , are shown learly in plate 7. 
Thi lenticnlarity caused ome clifficultie. during mining-, a oTeat 
flexibility in mining metho 1 wa required to cop >rith the abrupt 
chano-es in or thickn s, in clip an lin the amount of ja per that n ce. ­
:a ril y had to b ext ra ted '"ith i he ore: cl rnp:l in e. \Yet· :found to 1 
more u ful than hov l be au e of their great r aclar tabili ty (Nor­
cro , 1940, p. 4). 

Tuff dikes cuttino- the ore bel are \ery abunclan : e\·eral of them 
arc exr o cl alono- the bott m of the pit on th north ide. 

The prin ipal or type at Quinto i what >re have t rm d "r place­
ment-. talacit ' ore ( pp. 9 3) and fig . . 21- 2v). Thi. o1·e, a mine l, 

ontained from 13 t 26 percent mangane ·e (X or ro .. , 10-1-0, p. 4:) ancl 
probably av rao·.ecl16 to 17 p r ent luring the life of the mine. The 
mo t abun 1ant mineral i th p_ilome]ane-type oxide characteri t i of 
the "replacem nt- tala tite" typ of ore; in addition, manganite is 
fairly wide pread a lthourrh not abundant and pyrolu ite wa plentiful 
dm·ino· the early mining 01 erati n. near the out rop. 

A number of te p -dip1 ino· normal and r Yer fault \Yith eli. plac -
ment fa m.u h n. 10 met r · or more ut th ore b d. within the ar a 
of th open pit. Mo t of the e fault are. hown on plate 7. 

lono- the nor!'h i le of the pen pit the dip of th ore bed and 
th ir cnclo i11g 1·ock incr.en. e rather ucllenly fr m 15 clep:rce. or 
. o to 45 deo-rees or Yen m re: in place the clip approachc · th Yerti a l. 
The hn.le of th an Lni f01·mation oYerlyino· the mineralizecllPd,; 
::mel expo. eel along th e north " ·all of the pi t i rt 1mpl ed and . hcarecl 
along a zon that . trikes ea t·-nort-hea . tat the we ten l of the pit· and 
trends ea . hYarcl at the ca tern n 1· the h ar d zone eem to dip 
almo t...-el'ti a ll :~ anli . hownthn onplaJe7. 

The Clo\\'n<lip {' X( n. i n of t·h Quini'o clepo it appear to be cut off 
by the fol<1-fault . trucLm e or at lea t to be cnnied by it to a con. ider­
able cl pth below the nrface, n. ih few drill hole to the north of the 
. tru ture, incluCiino· one 110m ter. (360 feet) de p, failed to int·crscct 
the top of the obre ·formation. At the line along whi ch the clip beg-ins 
to incren.: nnd alon 'rhi ·h open-pit minino- con equcntly c a:ecl, the 
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ore bed i 6 to meters thi k rrn l h w. no deer a e in mano-anes 
on tent. "r beli ve, therefore that th po ibiliti es of findino- a laro·e 

tonnage of or to the north of th fold-fault tru tm ar go d. The 
or b d probably 'Yould li at lea :t 150 meter b low th urfa . o 
open-pit min.ino· "- uld no b f -asibl ; for Lhi r a on <lmono- others 
the exten iYe potenl"ial ore-bea1·ing area north of the uint pit wa: 
n tdrilled by the uban )fining ompany. 

ROSITA SEGUNDA PROSPECT 

The Ro ita eo·unda pro p t, 3 kil meter oulhea t of El Cristo 
and about 1 kilometer outh"·e of the Bo ton mine, i reached by 
trail south from the encl of the road at th mill of the uban ~1[jning 
...,ompany. I wa prosp cted by F. _ T rton who w·orked the Pilar 
mine. Pa -t produ tion i not kno,,n bu · appar ntly was mall. The 
working con i t of a hallow udace cut at the ea tend of a ja per len. 
intercalated in tratifie l tn IT. . Th reddi. h-brown ja. p r trik . ea l 
and dip 20°- 25° X ; i · i xpo d OYer a trike leno-th of ab ut 350 
meters and i more than 3 meter in max.imum thi kn . _\_ metC'r or 
more of mineralized tuff ontaining p ilom lane-typ oxid and p ro­
lu ite overlie. th ea t ncl of the ja ·p r len. and extend beyond th 
end of the len . Poor expo. ur s ani la k of pro p t pit pr Y nt 
determination of the exten of Lhe min ralize<l zone. Th ja per is 
cut by munerou fracture. fille l with white hal edonic quartz. Bar­
ren tuff strono-ly altered to green nontroni.te und rlie the jasp r . The 
mineralized tuff i .. •er. low in grade: mu ·h of the ·oft mangan <' 
oxide i. o finely eli seminated a. to p reclude oncentJ:ation by hand -
ortino-, and recoveries probably would be prohibitiYely low if th ore 

were concentrated in a wa. bing and jio·gino- plant. Furth r explora­
tion would be warranted if th low o-rade material could b conomi­
cally con entrated, hut the pro pect of finding a lar()'e tonnao- of lo>r­
o-rade ore i not O"OOd. 

SAN LUIS GROUP 

GENERAL D~~. RIPTION 

The an Lui group, 1 kilometer . outh of El ri. to, includ . lhre 
mines (San Lui , Portuo-al , and Tordera) and on pro pE> t (hl 
Papel) on adjoining claims. Thee propertie are conne ted by an 
all-"·eather road leaving the antiao·o-El ri to h io-hway 0.6 kilo­
meter from El ri to, the rail road hipping point. The Torcl ra mine 
cover mo t of the ea t half of the productiYe ar a hown on the ur­
face o- oloo-ic map (pl. ) , the an Luis mine cover . most of the we. t 
half, and the Portugal oc up·ie the extreme we tern end. El P apE>l 
claim border the Tordera claim on the northea t and south a t and 
extends along the sonthw . t s ide of th an Lni s clain1. Boundari E-s 
of the r e tano·ular claim extend north"·csLwa1·d and north asL\\'anl 
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but have not been place l on the map because of d.isao-reem nt among 
re.-pecti e mineowner and op rator as to th ir location . 

Recorded pro luct.ion from 1D42 to the end of \.u o·u t 1945 totaled 
nrndy 55,000 long ton of con entrate of which th an. Lui s and 
'! orclera mine pr du e lmore than 47,000 ton and th Portugal more 
! han 7,000 ton . Grade of the concentrate ran o·ecl from 45 to ~ 0 I er ­
(·ent ma.no·an e and averaged about 46 per n t . Proehl tion prior 
tol942 i notknown. 

The . ame apparent] ontinuou d posit i. den:•loped by int r ·on-
11 ·ted workings of the 'an Lui <lnd T ordera min e and th a1·e<t 
1'orm , th r fore, a natural o· olorr.i · and ecoJlomic unit. To avoicl 
d 11pli ation the geology of the ar a a a "-hoi will be cl e. crib d. 

'lhe min s are at the h ead of D o B oca valley and ext end O\'er th 
drainage divide of Lhe i rra Maestra. The tenain ha m lerat r e­
i ic:f with altitude. in the mine ar a ran gino- from about 1 0 to 250 
111 et r above ea level. oar. e- t fine-grained bedded ba altic 
ande iti , and ln iti tnft and minor aao-lomera!e an l t nA\ tceou . hal e 
of th ob1·e forma! ion are the ou niT 1· ck. Interbed led 'lrith thr 
t u tr n.r thr e man o·ane e oxid -bearinrr bed· a ociated ''ith conform­
nbl len of ja p r. The Jowl'uno t part of th ect ion of pyro la. tic 
mek below lhe mano-anifl'rou bed con i t mainly of thi ck -bedded, 
·oar e, partly lim y, alter l gr n t uff. Thi · oar e Luff, who e ba c 

is not xpo eel in the m inc ar a, i OYcrlain by about 15 meter of 
di .ti nctly b del l, med ium-graine l, g ray bromHveath ring tuff that 
llll l di e th lo"-e t mano·an e oxi l -ja per zone. From :> to 25 
meter of g reen to o-ray mcdium-gntined and Jo all) oar -grained 
t ttff li e bebYe n the lo"·rr and middl e ore bed . In the outhea te.rn 
part of the area in ih T orclera ;mel Pilar mine , h df immed ia tely 
brlow and' ithin the middl e min erali z d bed i very limy. Above the 
JJJi clcll c bed much fin -oTaine l t uf-f and ome brown tufl'aceou . hale 
:tre .i nter bedd d \Y.i th medium- to coar e-oTai necl 'rell-bedlecl tuff; 3 to 
U meter of th . c ro k parat the midcllc an lur per zone. b ari tw 
man ga ne ·e-o xi ]e. The 1 roportion of tutl'aceous shale and fi ne- 0 -rained 
tuff in r ea es above the upper zon of minerali zation ancl mu h of tl1 e 
! 11ff is li tinctly limy. 

The tuft an l intercalated min ral ize l bed ::u:e inegulal'l y folclecl 
nnd clip at low to modcra!·e ano-lc . The bed haYe a gene ral north to 
nor th \\' e 't str.ik and clip about 10° K In the "·estern part of the 
a ren, a broad open .-yncline plunge about 10° SVl. 

T he ntire so tion i part of th hano·ing-wall blo k of a g r it t 

soutlnYard- to . outh a tward-dippiiw thrust or r ever e f ault that 
traver s Dos Bo ns valley an l app<trentl y i · continn u with tlw 
fault sy tem in the Quinto oTour of mines. Thi fau lL li e ju tout-

idt> the nrea . hown on plate , bnt ' \·eral. ·mall fn ults, whi h on -
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Yerge towa rd and 1re umably end n,o·;tin t Lh borderi.nrr thru t fault, 
di l lace bed. ~rithin thi area. Mo t of the: faults are direc ly ob-
enable in th mine w rkings. The princi pal faults h<LYe mo 1 rat 

to te p clips ancl trenclnorth\\·ard to northea 'twanl, bul . mall fault 
al ·o trenl we tward and northw t wanl. 'ome of lh fauH , ar pear 
t have normal di splacem n t an l ·om have rev 'r e eli ·p ia ment , 
but t ri aLion: alono- many p rincipal fault · and li pia ·eel :folds r -
flecte l in the lOII'C'r mineralized zone incli cat a laro·e hori zo ll lal com­
ponent of mo1·ement. 

The westcrnmo. t prin i[ al :fault i on th P ortuo·a.l laim, along the 
" ·e. t id of lhe m i11 ' workings and i: r ef n ed lo a. the PortLwal 
f twlt· it trend no rthward and apparently dip. t e1l but the direc­
t ion of dip is unknown a t he :fault ha · not b n directly ob en d . 
~\Ia :· ivecoa r 'cgreen t ufl: onllJ w st ideofthcfaui Li in contactwith 
fine-gra ine<.l g ray to brown tu rr ' 011 th ca t : id whi ·hi . down thrown 
about l.J meL ' rs. Th ore beds antl Lull's of tll 'an Lui and Toni ra 
mine area appar ntly haYc been eli placed <1.lonrr th l orLurral :fault 
an l are b li.eY d to continue \\' t of the fault, to th E pafia m in area. 

The oth r prin ·ipal fault · form a ubparall 1 et that trend · norLh­
east iYurd throuo·h the an Lui min ar ea and pa. e · to the north of 
the Tonlem mine. Th e fault · onv rg north a ·byanl a Lhey 
approa ·h the thru t fault of I o Boca vall ey · U1 e movement along 
them appear to b r otational as thei r di placem n in rea c north­
ea tward and the dire ·Lion of lir hano·e · alono· in liYidual fault 
plane . The rrrcaLe t e timated throw i '0 meter · on th north ide 
of the mine area near the inters tion of the l\1·0 main f<1.UlL of th 
et, "·here ore b ds and nclo ·inrr tuff are faulLed ao-ain thi k-

be lded coar s tuff at 1 a. t 30 meter stratioTaphicall y b lo1r th l011· L 
ore bed . The horizontal omponent of li pla em nt i liflicult, to 
estimate bu t seem. to b mu ·h le · · than the verti al ompoll nt. 

The ore bed on i t of altered bed l c1 tuff which enclo e many 
lenticular ma . e · of r ccll ish-bro ll'n ja per a nd i: r pla ·e lin p ar t by 
manganese oxide . Th three zon : are min eralogi ·ally ·imil ar and 
differ only in their a real extent thi kne. an l g rade, and r laLi v 
p roportion · of ja . per and ma 1 gane:e oxid . The loll' t bed i. I he 
mot extensive :mel ha th great . t aYemo·e thi ckn c .. and oTad ; 
Lhe proport ion of ja per to mano·anese oxide in th i be l eems to be 
the ]owe. t of the three bed. . 1he upr er bed i. the J a t exten. iv(', 
th innc t, an llo"·e t in avet·age g rade, an 1 t·he proportion of ja ·per 
to mano·ane e oxicl i hi o·h, about ns high n: in t·he midd le bed. The 
eli tribut ion, chara ter, and r elation of the e bed. can h . een on 
the. urface map (pl. ) anc.l the i . ometri diagram (pl. D). 

Finely cry tallin e pyrolu. ite i. by far the dominan t mangan se 
oxicl . It is a . ociated " ·ith rare p ·ilomelan e- type oxide nnd ma -
~ i.ve fine-grain ed mano·anit . The pyrolu ·it i in part ma sive, but 
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commonly ha. fibrou and olloforrr t xture twge tino· Lhat mo t, 
if not all of it, ha been formed by alteration and oxidation of the 
primary p ilomelan . I ano·an ite p1·obably i al o econclary after 
t silomelan e. Pink mangani.ferou montmori llon ite i intimately as­
sociated with the mangane e oxi.le. , e. peciall y in th e lo,Ycr or e bed. 
Tuff near ja per len. e i. alter cl to oTeen nontronite and "-hite, o·ray , 
or browni h-gray montmorillonite. 

The mano·anese oxi 1 occur a. parallel soli llnyer from a f r a tion 
of a centimeter to Yeral entim eter. thi k alternating " ·ith layer. 
of barren tu ff or altered tuff impn'gnated by mangnn ese oxide ; ns 
repla ement nodnl : and locall y "-ithi n the lower bed in lent.i nlnr 
la.yer. of intraformational cono·l omerate a. angular :frao·meni . in a 
matt·ix of altered tuff. The m, nganiferou. t nff zone 0 \7 erli e th 
jasper lense and exten 1 a\ra. ' from the ja. per alono· the. a me strai i­
graphic horizon. L e commonl: mangan iferon tuff al. o un lerli e. 
th jn . per lens . Th g ra le of or i almo t invariably highe. t 
near jn per· the large. t ma. e of ore are in conta t "-ith ja per and 
o cnr in th ja per a. irregular pocket. and len e. often onsi t in g of 
nearly pur mangnn e. c oxid . 

The lo"·er or bed ha yielded almo tall the ore min d and i. the 
mo. t inten sin~ly develo] e l nnd explor d of the thr e mineralized 
zone . . The min d p rtion of thi bed range in thiclme :from about 
J:) entim ter to ahou 3 met r. ; th average thi lme i about 1.5 
mrter. and the a,·erage or ontains ~5 to 35 percent mangane e. 

Lurge lenticular ma . e of ja per separ ated by manganese-h a ring 
in n' l i a long thi lower zon . 1he large. t len e. r ea h a length of 
nbo 11 t 150 meie r , a \Yiclth of a: much a 125 meter , and a maximum 
thi ckn SS OC nearly 12. J1 ete r ; the . mall eT lense have a Jonoth of 
lcs. t·han 0 meters and a maximum thi lme of J .5 meter . . The 
jn : p r l n. e arc very irregnh r in . hape, esp iaJly in thickne s : 
t.he lnrger lense a1· compound fo rm. , consi.t ing of teep - i led th ick 
po1·1'ion connected by th in zone . The thi cket and be. tore overlie" 
the ja. per on the fla nk and edges f the thick portion · and in th' 
;ulj oinin g hollo\Y . 

The mano-an . c-oxiclc-tnfl bed. and OYcrlying h1ff arc onspi cnously 
domed oYer th e ja ·per len c and commonly h1ff and ore 1 eds nrc 
: q tt ct'zccl and ev n faulted agnin . t . tee] fl anks of jasper. That the 
d mi ra.l . iTu ture ha\e form d as a ro. ult of differen tial compacti on 
of r elat iYel. in ompetent tuff be ls over re i tan ma sses of ja . p r 
i. support eel by the follo"·in g fa 1'. : 

1. Th clom icnl truch.1res an 1 oini'crY ning sag. or . ynclin es clo not 
appear in the i 11 n' bt'd . underlying i·h e or and jasper zone . 

2. 1he :folcl s eli oni· up,vnr 1 rather abruptly and arc not r eA cted 
inbel as hi gha themid<lleorebed. 
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3. Fault alona \Yhich tuff and ore b d are ii pla d are co nl­
monly peripheral to the ja p r curvinO" with th cm·v cl flank of th 
len s. They ar cro cuttina only at and above the flank of th 
ja per ma e and b come bedding plan faul t down dip away from 
the ja per· many be ome bedclino- plane f:wlt <Lbove th ja per. 

4. Fold are non temati oYer the area a a \\·hole and dome ar 
c nt red ov r the thi k ja per len e only. 

The b t or i lo alized on the out r flank f the ja per len ; 
a\Tay from th ja per the oTa 1 of mineralized tuff b d almo tin­
nriably fall off so ab1·uptly that th great bulk of th mining is on­
fine l to the ja I er and to a peripheral zon 1 to 15 m ter wide along 
the flank and edg of the len c . This fact an l the fa t that the 
ja per len e are r f1 ted a lome ug()"e ted the po ibility that area 
favorable for ore xten ion miaht b cl termin l if a tru ture ontour 
mnp '"ere made. f or than !' kilom ters of underground workinO"S 
\Y remapped and a tructure ontour map (pl. 10) \Ya drawn on top 
of the lower or and ja per zone. Thi tructure contour map, up r­
po eel over th un l l'O"rouncl working , illu trate well the clo rela­
tion of minable ore and domical ja per len c . It show that th ja p r 
len e ar irreo-ular and have no y temati eli tribution, and indicate 
a crude northwesterly orientation of the longer axe of ellipti ally 
shaped len e in the ea tern half of the developed ar a but not in th 
\\'C t rn half. The r a on for the orientation of the jasper len i 
not l·nown but appea1·s to be an orio-inal depo itional f ature at vari­
nnc with the pr ent regional . tn1 Lure and ther fore b arinO" no 
r lation to it. 

The mil nc bed xtencl owr mo. t of the area but apparently thin 
out and eli appear to the nor thea t. It iiffer. from th lower becl in 
that the ja per len e. along it are thinner but mor wile pr ad and 
the min ralizccl tuff i thinner and lo\Y r in o-racle. 

A suming that the ja ·per cappino- th mall h ills in the we t an l 
pn.t-central part of th area wa once continuou \vith adjacent main 
o11tcrops, only two or po ibly three ja. per lense. eem to lie along th 
mi] Ue zone. The large t len . \\·as at least 450 meter long, but its 
mnx imum thi lmes. i only 4 to 6 meters. V ry low arade min rali ze l 
l 11 fl' ontain ing eli. eminated mangane. c oxide extend away from th 
ja. per and al. o form a eli continuou zone at the top of the ja per. 
The low-grade tuff ranges in thickness from a knife edae to about 2.5 
meters and ontains an e timated 10 to 20 percent manganese. Very 
l ittle ore ha been mined from the middle bed, althou o-h prospe t p its 
have been dug along it; however, res i iual fraQTilents or aranz6n have 
been recovered from w atherecl parts of the outcrop , par ticularly on 
the ero. ional remnants repre ·ented by the ja. per-capped hills. 

thin upper zone of mineralization apparently is present only in 
the southeastern part of the area on th Torder a and E 1 P apel cla ims; 
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it is poorly expo ed and i not tra eable beyond U1e limit hown on 
the surfa map. The zone ontain lenticular ma e of ja per a 
meter or so in maximum thickne , overlain by lo,v-oTncl manaanif r­
ou tuff a much a 60 centim ter thick. imilar thickne · e of poorly 
mineralized medium.- to coar e-grained tuff extend away from the 
ja per. Commonly the mineralized tuff contains mall no lule of 
jasper a ociated with much green nontronite. 

Indicated and inferred re er ves in the an Lui , Tord ra, and Por­
tugal min s area are e timated to total 2o,OOO to 50,000 tons of re o{ 
2o Lo 3r- p r cent grade, mot of \Yhich i on the an Lui, and Tordera 
claim . Po sibly more than 100 000 ton of lo\\--O'rade manaaniferous 
Luff ontaininO' 10 to 20 percen mangane e oul i be cl veloped in the 
middle bed and in lo\v-gracl e exten ion of the lower b cl. However 
thi . low-grade material cannot be oncentrated by washing and jig­
ging alone becau e the bnlk of the mangane.e oxide is . oft and finely 
eli . minat d. 

POll '!' 0 L MJ ' E 

Th Por ugal mine lcnoun d in 1 7, i. O\Yllecl uy Marc lino 
\.1 nzo (tmtil at lea t 1D+5) and wa · op rated under lPa e by Manuel 

Dumoi and a ociat of th ompa ii.ia Minera La Llavc . \.. Th 
produ tive ar a of the min 60 meter ,,_i ie and 130 meter · long, 
oc upi · th outh"· .t flank of the hill hown on the ,,-e tend of Ilnte 
. I e orded produ tion of con centrate i o·iven below: 

} 'ear 
1942 _______ ________________ ______ __________ ____ _ -
1943 __ ___ ___ _____ ________________________________ _ 
1944 __ _____ ___________ ___________________________ _ 
1945 ________ _____ _____ ______________ __ _________ __ _ 

Totru ___ ___________________________________ _ 

Ton nage (dry 
l ono tons) 

1, 259 
5, 577 

I 300 

t Estimated, as the eoncentralcs were mix d with lhos from the Tord ra mine. 

Grade 
(percent 1\fn) 

47. 3 

The lower and middle ore zone e ·ten l nto th Portugal claim but 
only th lower bed ha been productiv . Thi bed " ·a deY lor eel by 
two prin ipal a lit . Ore " ·a min d by hand and haul d by " ·heel­
baxrow to the urface, \rher it "·a Jon.ded by hand on truck u,n<l 
haul d to the Tordera con ntrating plant. 

Th or zone is almo t ompletely mined out and minaule ore ex­
tends only ea. tward onto the an Lui claim . However, a noted 
under th de cription of theE I ana mine, the Espai'ia ore body mRy 
e ·t nd onto the Portuo·al laim, whi h urrouncl that of the K prti'ta .. 

SAN LU IS Ml ' E 

The an Luis mme, on of the old t mano·an e properties in 
Cuba, was denounced in 1 4. It wa operate l durinO' 1942-45 
under lea. e by I-hrold imr son, who, toaether "-ith Marfa \.Jm Tejada 
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O''m the <>Teater pa r t of the minr. 1 h laim o,· r. th " . t- en ml 
par t of the mapp d a rea ([ 1. ) . I rodu tion of on entrate for 
the per iod 19':1:~--'-15 i. a :foll o,rs : 

}"ear 1942 __ ___________________________________________ _ 
19~3 ____________________________________________ _ 

1 94~ ----------------------------- ----------------
Fir t monlhs, HH5--------------------------------

T LaL ___________ _ 

Tonnage (c/ry 
long lou.,) 

4, 5·17 
10, 007 

' 5:20 
2, oo-

(;r(l(/f 
(percent ,\I n ) 

45. 0 
45. :3 

25, I!Hl _ 

T he lower and midcll ore b d. exL nd n ro . ·laim, but mining 
ha been l imited to the lo>~·er bed whi ch " ·a. c1 ,. l p d by or en pi! · 
.·eYeral adit , and many . haft . Ore wa. ha.ulc lin wheelbarrow f rom 
the tope either to adit p rtal or to . ha ft " ·he r it " ·a hoi ·te i by 
hand win lla · mall or ar were u ed in th main aclil. M ining wa 
rnni dou ini n ·cgularopcn ·t pe . Tit <>-round!"la rHls \\· ll ,allhouO"h 
Limb r .tull . and pi ll ar - mu t be u e l whe r lh or . hoot. ar wide. 
Bo th hand ch ill and mall air hammer:'' re rnploy d. rude or 
\\·a hand-loaded on tnt ·k nn l hauled about G ki lometer. !.o the on ­
cenlratin o· p lan t at the ar idacl pro. pe t near !he if o-f !he ub< n 
~lining ompany on entratino· plant. II re h re \\·a· rushecl, 
s reenecl, and jigged. A bout 3 !on. of crude or con taining_.) Lo !\.) 

perc nt ma1wan s "-a. mined to obtain llon of conccnlrale ·onfn,ining 
45 to 46 percent man o·ane . 

K nown r e rve in the an L u i · mine ar a ha.Y Le n eY rcl. de­
l leted o that th p rodu ·lion rate in 194-1 and 19-J.5 de 1 ined mark clly 
from the peak of oYer 10,000 ton of concentr n.le in 19:1:;3. II \\' Yer , 
pos ible extension of the lower ore zone haYe not a yet b en adequately 
explored. T he north margin of the yncline in lhe entr al par t of the 
'an L ui. m ine area should be explo red, either by de penino· the . ev­

eral xi ting haft. or by exr lor.ino· outhwar l f rom the p re ent min 
working . A hown on the t r ucture contour map ( pl. 10), th 
outhea.t ide of ja I er len es at the head of the. yncl ine has not been 

explored a yet, nor ha any exploration been cani l out on the 
north \,. t . ide in th a rea ·outh of lhe mall fau l that eli. place th 
ore :.::one. An other in a<.leq nat ly p ro:pe led r eo· ion i ea t and oulh­
ea t of the old ncli t (:hown a a na rrow opencut on the nor th cl ge 
of I l. ) where Lh :t ru r! ure contour map how the ore zone to d ip 
steeply nortJn ,·a rcl. 

TOilrH'RA ill[ I•: 

T he T orclera mi ne, denounced in 1 '7, cover. nearl y all the mttpped 
area eat of the 'an Lu i mine, and include· the Lop of the hill in f he 
ea. t-centr al part of the area and the nor thwe t·wanl-trencling an oyo 
.t t the marg.in of !he a rea. Ow nership of !he mine i el i videclun k r the 
'nc esi6n de N icolii Monillo amon o· 15 people or groups of people, 
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none of whom app, rently own mor than 12 I r ·ent of th itle. The 
ompaiiia 1\Iineria La LlaYe, whi ch op rated th Portugal mine, al o 

lea. cl an l operat d the Tordera mine. Produ tlon of con ntrate 
from 19±"" to ugust 19±- can only be e timated ina much a r -
corcle l p1·odu tion incl u le . ome ore from the E pana and Portugal 
Jl1Il1eS. 

Year 
1042 ___________________________ ------ - ---------
1943 _____ ____________________________________ _ 
1944 ____ _______ ______ ______ ______________________ _ 

Fir: t. mon t. h -, 1945 __ __ _____ _ 

1'olal _____ __ ___ ____ _____ __ _ - - ---- -- ------- -

T om1age (drv 
l ong tons) 

4,904 
5, 500 
'000 

3, 00 

22, 204 

Gmde 
(percen t A f n) 

<J7- 4 
4 

_\.ll thr e ore zone hnYc been rc ognizecl on the Tor lent ·laim 
bu mining wn . JimitE>cl to the lo11·E'r heel. _\ rtt th an Lui mine 
orne o-ranz6n ha been reco\erecl from 1\-eathered parts of the middle 

b d, but th upper bed i of too low grade to c1 Yelop. The ore 
<lrp . i " ·n. dn<'l or eel b~· m ;m~· shaft. and n. f ew aclit. . Or ,,-as 
m.in<'d by h and in open stop . -rtpported by a f ew tull and pillar. 
and wa br uo·lt to the urfa by wheelbarrow and han l-op rated 
hoi st. Crude o r ,,·as trucke l to a mill on the propert " ·h re it wa 
c ru: h cl . i;r.ecl, and jigge l. , ' lect iYe min in , · rc ult l in a lo"·cr 
con ntrntion ratio and a higher grade of con entrat than wa 
n!taill d at the . an Lui s plnnt. 

Lnt <' n: in ntining- i'rom l!H2 to 1 0-H d pl et d resern . to : u h an 
e:dent that th 1wodu t ion rat· of 104± (about ,0 0 ton of concen­
t rat <' ) could not be mn int n inl'<l in 1 0.J..). ] o. : i ble E>xt n. ion. of o r 
: hoot s loc·aliz<'d alo11p: t h<' flanks of j;1 s p r len . es " ·<'r incli at d b~· 
uncl<'rgroun<l m:-~pping and the structure ontou r mnp: and shafts 
snnk on th ba. is of thi information ext nclecl the produ tiYe ground 
f (> th e hitlwrto \IJ H'XJ> IOJ 'P<l ;H a south <tnd \\'Pst of ill c·on C' <'n tmting· 
plant. 'Ihe ore zone i. Y ry thin and. m to be pinching out to,>arrl 
ill(' no rth end of !he pr J)('rty, but the pos. il il ity that min;d l o r 
extencl . cn st and sou th <'as t of th<' phnt . eC'ms gootl. Ho11·e1·er, tlte 
large YOllllll of " ·ater in th . haft ·from ,rJti ·h n ill 'mt r ll'a . oh­
tn in ed . ugo·e. ts that I ump. -n-ill be needed. R sene eem a lequatc 
for a i'ew mor yertr. of operntion nt. the 10+3 rat and, moreover, 
fai rly ]a r p:e re. C IT(' of low-grn<l mangnn i ferou s tuff might be de­
" l p cl in the low r anclmicltll e bed . if t·hi . material oul l be mined 
ancl C'OII C<'n t ratc<l c onomi ·ally. 

EL r _-\PEr. PR O.'PECT 

El Pnpel laim ll'a s taken up in 1 , :it horcl<'rs the Torclera ·laim 
on Lhe S011t hea .t anclno rilt <'a .t . Tltrrc is no kn own p roduction: ih 
J03 t ns o f ·on ·cntrat : hipr e 1 in 1043 is r <'por! c1 to hax ·om from 
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the adjoining Tordera laim at the south a t corn r of the mapp d 
area (pl. ' ) . The two pro pe t pit in the xtreme outhea t corner 
of the map, one on the middle b d and th oth ron the upper b d arc 
aid to be on El Papel claim. The pit e ' PO e low-oTad manaanif­

erous tuff. Howev r, it i po ible that th low r zon xt nd thi s 
far outhea tward and ontain minab] ore· it should b prosp t cl 
preferably by dr.illina, a there i lik ly to b much '\Yater in th 
lower zone. 

SAN ROQUE PROSPE CT 

The an Roqu pro pect, 5 kilom ter ou hea t of El ri. to, i · 
bet reached by trail up th Rio Guanini 6n from tl Bo ton min 
area. Pa t pro luction i unknown but appar ntly n a 11. \. numb r 
of hallo"- uda e pit explore an e. ceptionally large ja per len: 
that cap the ea t 1 pe of a ridae on the outh side of th uammcun 
valley, wher it overlie: interbedded tuff and aaalom rate. The ja p r 
lens i about 6~0 m t r long and ha a maximum width of about 300 
meter . It trike north to north,,e t, an l form a dir lope in ­
clined 2~ 0-35° E. urpri ingl little manaane e oxid ha be 11 

fotmd in t.hi laro·e len · eith r the ore bed, which hould overlie th 
ja per ha been erod d away or there never wa mu h mano-ane. e a -
:-ociated with the ja per. Aduitional ore may be found downdip to 
the ea t, but little exploratory work ha b en done. 

SANTA R OS A MI NE 

The anta Ro a mine i ju t off the antiago-El ri to hio-lmay 
2 kilometers southwe t of El ri to. From 1942 to 1943 th mine 
wa operated by Enrique Grajale and in 1944 and 1945 by Pedro 
Luis 1iguel. Production prior to 1942 i not known but wa prolJ­
ably mall · re orded pro luction of concentrate and o-racle of ore is 
a. follows: 

Ytar 
A mo!Lnt (long Grode (per-

tons) cent M n) 

1942 ____________________ ------------------------- 200 ---- -----1943 _____________________________________________ _ 45 4G. 4 
194~ ---------------------------------------------- 51 4 . 2 
To Augu ·t 31, 1945 ___________ ----------------- __ _ 77 50. G 

The deposit is a bed of altered manganiferous tuff that O'\ erlie 
the Charco Redondo lime. tone member of the Cobre formation . The 
resistant limestone, here about 6 meters thick, caps an east'\vard­
trending ridge that continues we tward as ierra de Boniato; th 
limestone and the overlyino- tuffs form a clip slope on the north .'ide 
of the ridge. Beds in the mine area strike ea t and dip 20° ~ o K. 
Downdip they terminate against a major eastward-trending, south­
ward-dippino- fault that separates the folded and overturned beds 
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of the UO'U to Luis mine area on the north from the normal bed on 
th outh. Jut ·outh of the r t of th ridge, bed led limy tuff 
are folded into a mall ea tward-plunO'ing anticline and syncline. 
Th bed cro1 pinO' out on the ridge terminate ea tward again t the 
O'reat r ver e oblique . lip fault of Dos Boca valle . N ar the .fault 
th Char o Redondo limestone and adjacent tuff are intricate! 
foJdedintoa erie of malltightdraO'fold. 

The manO'ane e-b arinO' zone i developed by hallow urfa e I it , 
short adit and haft over an area about 60 m ter lonO' and 30 
meter wide. faximum thi lme i 2.5 m ter . The ore con is of 
1' placement nodul e and mall tringer and layer of pyrolu ite and 
p ilomelane-type oxide in . oft medium-grained tuff that has b n 
inten ely alter d to pinlc manO'aniferou montmorillonit . I n pla e. 
mineralized tuff alternate with white to gray montmorillonitic tuff 
containing om green nontronite, and locally the zone contain pod. 
and mall len e of ja per lyinO' parallel to beddinCY. 

The ore i e timated to contain 15 to 25 per ent mangane e, al ­
though by elective mining a hiCYher average O'ra.le may be main­
tained. Or wa mined by hand and oncentrated in a mall wa h ­
inO' and jigO'ing plant. R OYery \Ya low a. th mangrme oxicl i. 
very friable. R e er e may total a few thou and ton , but much of the 
or i too low in grad to be minabl . Tlwre are no pos. ible extension. 
of the zon ith r downdii r alonO' the trike. 

THIERS !diNE 

. The 

of high-grad 
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UISA DI 'T.RI T 

ANTONIA GROUP 

ANTONIA M!NI:: 

The \..ntonia mine i ju t northea t of obrero on the Rio · i,ii . a 11 
kilom ter. outhea t of tii a and i r eache l from th r b trail. 

kil m t r of th 
mme. ontainino· -:1--h per-
cnt mangane . 

Di conn cted pocket of I yrolu it a r catt r d thr ugh - to -5 
meter of lime tone br c ia at th ba c of '' lime ton tha ·ap · th 
Alto d obrero. The larn·e t po ket f und wa about l.G x l.G x G 

\_ little brilliant-black materialre. n blino· n oto il i eli -

1\fine working of gn lleri a f w hort 
rai e and IYlllZe , and eY ral pit in a mall ar a of O't'anzon. r 
pockets are \rid ly eparat dan l mini no· i ·ostly. The ore must b 
hand-cobb cl but i. high oTa l . Re ern' total a f w hunclr d tons. 

Ju t to the ea tan aclit meter long exr lore: a b d f maugan :e­
oxicle-bear in()' tuff rano·ing from 0.6 to 1.:3 m •ten; in thi kne ·. Th 
bel trikes_· . .:J-5° E. and lip- -± 0 ~ ~\Y. )l ine-run or ·ontain ab ut 
30 per ent m;mgan and wa. hand orted to a -k~ to -1-.) p r ent oH ­

centrate. 
DE PET<TO PIIOSPEC'l' 

Veinl t of high-oTacle mano·ane e oxide in Jime ton an lata lim -
.tone an l tu lf con net are expose lin eYeral old ut. on th D . pcdo 
claim . The ·howin()' 'vanant additional pro pe tinO'. 

JO EFIN .\ MI:i'E 

The Jo.efina mine adjoin th Ant nia and i .imilar ()'eoloo·ically . 
In 19±3, 352 ton of ore containing 47 per n t mangan . e \Y a mined 
from thin tringe1 in lime ton . The claim i probably th mo. t 
promi ing one in the ()'roup, but no 1·ecent information i available. 

SEVILLA PllO PE T 

The evilla pro:-pect i imilar to the oth r in the \.ntonia group . 
. \.n aclit explo re mall pocket o:f manganese oxide in Jimestonc. 
\ ery Jittle ore " ·a in i o·ht in 1942. 

AURORA GROUP 

I he Aurora group of I ro. pects is about 11 kilometer so uth of 
Gti i. a. It i r eached by trail from the end o:f the Rio Bayamo road 
at El orojo. maximum of a few hunclre 1 ton. of ore l1a been pro­
duced. 

At the \.m·ora pro. pect, t" ·o aclit , an op ncut, and a pit have ex­
plored a zone of tringer and pockets o£ mano·a.nes oxide ancl chty 
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m olution cavitie in white and pink limeston The zone trike 
N. oo W. and dip teeply north. bout 100 ton of or containin 
45 percent mangane e ha be n mined. J u t b low th main ore zone 
a drift 15 meters lono- has been driven in lime tone breccia and clay 
emented by mangane e oxide. 

tringer of mano·ane e o ide cutting cono-lom rat and ubjacent 
ago-lomerate at th ba ·e of a thick bed of limy tuff are XI o d in a 
9 meter haft at the Maro-ot (or Maria L ola) pro pe t. Three hort 
adits 15 meter tratioTaphically belo' the ore horizon are in d n e 
hard black ilicified ·tuff and how no or . 

pit and opencut expo e irregular veinlet of mano-ane e oxide in 
a limestone breccia ov dyino- tuff at theM rc de pro pect. Th on­
tact ofthe lime tone and tuff trike N. 10° E. and dip 75° '' . Fifty­
tlu·ee ton of ore contain ino- only 3i per ent mano·an - e 'ra~ hipped 
in 1943. 

little ja p r and mano-ane ·e oxide in lime tone breccia an be 
e n m everal badly slumped pit on th Morita claim. 

CADIZ MINE 

The C(td.iz min i about 6 kilometer outh of Gl.ii a. The pror­
erty, ,-vhich cover 200 h ctare , lie 2 k.ilom ter outh of th Rio 

li i a, about 13 kilom t r above the onfiuenc of the R1o Gii isa and 
h Ri Bayamo. Th min '"a op rated by u c ion de Emilio 

Bonich y ompafiia of La lbbana und r a lea e. Th min i r a heel 
by 11 kilom ter~ f mul trail from iii a or by a dirt tru k road from 
the Rio Bayamo. r - wa pa ked by mul to Gi.ii a an l then haul d 
1 kil m t r by tru k to Ba amo · th road from the Rio Bayamo \Ya 
not u d b au th haul to Bayamo wa ov r 5 kilom ter lono- and 
the road wa I a abl le than a third of the tim . The :idiz prop­
err wa denounced in 100:,., hut no man<Yan ore "·a produ d until 
191 19 wh n a f w ton wa hipped from hal1ow p.it and haf . 

mine wa r open d in 1940, and in 1941 a laro- po kct of or ''"a 
v red whi h ielded about 10,000 ton of or ontainino- men· 

than 45 p r ent mano-ane. befor b ing exhau ted. 
Th min workino-:-- ar on th ummit and nor th 1 p of a tlat­

topp d h avily wood cl hill at an c ltitud of about 400 m ter . 
lope lead north down to the Rio i.ii a, 1 0 to 210 m ter 

Pro pect.ino- away from the min ''" rking ha be n uperfi 
caus of the den. e fore t over. The hallow mine "·orking 'r re dry, 
and water for mining and amp u arried up from the ri' r. 

The Ca liz hill i cap1 ed by 30 to 90 meter of rna iv a-ray-white 
lime tone, whi h overlie volcani ro k . In the low r 15 to 2:> m ter 

f the lime tone, lenticulnr onglom rat zone alt rnat with bed of 
platy lime tone. ection at point patated by a littl a. 150 meter 

42 472-5 - 13 
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part of Lh lim e ton and along lh 
Or in lim ton was in -l rino·er , I o ·ke , ttnd ,. inlet whe1· a lh 
ore in tuff formed a w 11- 1 fin d bed . The or con i. teLl Ire lominan ly 
of pyrolu ite with ubordinat p ilon elane-typ oxide and wa hard 
and ma i\'e. Fl ck of bla k c, 1 ite and " inl •t of whil alci t 
'rer e th principal gangue in th lim e ton ore. Th - wall ontain d 
pocket: of iron oxid , but the ore wa. entiall y fre of iron. R l 
htA' "-a th chief<Yarwu inth tuffore. 

The tri1wer of mangane oxi d , " ·hich were p:en rally from 2.5 
to 5 centimeters \Yid , w re p er i tent a]on<Y c rtain fracture zon 
h prin ipal ore body " ·n in ne u ·h zone. In thi and oth r n arby 

zone the trino· r . dip 50 to 0 l egree. m u ·h mor t epl thnn the 
bel lino·. om trin<Yer. did not follow fra ture zone and a f w wer 
parall el to bedding p lane . The ore bed in tufl' trik . N . 40° T\. and 
clip ~o o TE . It wa ri ·h enouO"h to ha.-e b en op ned by pit for 
nbout 2:'5 m et r , but it O'l'ade alon()' the. trike in both direction into 
bla k manganifer ou tu A'. The m· wa. ma .. ive , high in a.l it , and 
. imilm: in genm·al to lhe ore in the lim tone but p rhap of lower 
gra l e. 

The main or body "ira exhau ted by J 944 ani little . uccess had 
attend d exploration · for new ore. Probably the best plac for xplo­
r ation i along the ea b..-ard-tren di np: zone in whi h. the principal 
ore body wa found. 

CHARC O AZUL GROUP 

The h ar o Azul ()'roup of claim. embrace. a large area ju t outh ­
ea . t of anta Rita. Con icl erabl exploration hn . b en carried out 
a long the s ver al kilom eter : of conta t between tuff and over ly ing 
C'hnr o R eclon lo limestone exr o:e l \Yithin the laim. . Pod of man-
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gane e oxid in lime tone br cia have b en found on the 
Labor, V n dora, \.dri ana, and C let !aim , and thin trin<T r and 
tain of m anaane e oxide occur in tuff ju t below th lime ton on th 

~\.driana, ele te, and T arafa claim . On haft 6 met r d ep ha 
been unk on th harco ~\.zul ]aim ju t northw t of the Lucia min , 
and at 1 a t t 'YO drill hole hav b n put lown. No o-ood ore ha been 
found anywhere in the oToup. 

CHARCO REDONDO GROUP 

TheChar co :R elonclogr our ofm ine lie aboutB kil ometer byr ad 
southea t f anta :Rita. It in lude th a ualic1ad, h ar co He londo 
anclManuelmine. Th ar ai hain dbythe:Rio autil lo,alributary 
of the Rio auto. 

ome of th !aim '-rer denoun ed a arly a 1!)00, an l a ·mall 
amount of or " ·a extracte l durino- 1917-~0, when high ]rice . t im ­
ul ated minino-. rro,-rever , the important p ri od of tt·livity b gan in 
1!)4:1 and ontin u to th rr n (1!)~+ ) . 

(! eol 0'.)' lopogr aph. , or b ]. and outline of th prin ii al min 
workin<T: ar <T iv n in 1lnl 11. Th ar a i underlain by a r ni h 
tuff, agglomera.te a11cl l imy tu A' of th ob re fonna,[ ion " ·hich i o' r­
lain by Lh thin -b cllecl har o R clondo lim t> ton men1 ber. L all 
;tz neoflim tufl'int rv ne b bYeenp r o la .tie ro·k"ancllim t ne, 
but lsewh r e e. J ec iall y in them r tro11gly mineralized :u ea, lhe 
C' nhtct i: ha rp and in pl a e. i mnrke l by a layer of lufl'-nggl m rat 
a. much a 4 m t r thick. The agglomerate may grade ]at ntll into 
limy l11ff. The lime.to ne i. atle;l t1 10meter:thi ·k nl ngthe a nyon 
of the Ri Cautill o and is fo .. ilifcrou through ut: in place }111 abun ­
<l anc of alg<te ht>;ld g ive. the lime lone a c ngl ome ra!i ' nppearanc . 

In <Ten r nl the r o k . trik a t and dip g ntly north. Two major 
llort.hward-t rcnd in g f<Hil! r ecogni zed in lh ar ea . Th Hlo 

autil1 o ero e. t.he " . . temmo.t fau l t ju t ca t of the Padron an l 
olapa- nitoria "·orkin gs of the h:n o R edondo min , and the 

fault i believed to co nLinu no r!ln,·e. h,·anl a. th~tt mappe l by II ood­
rin g and D avi , (lD-~-1· , pl. G ) b t'l'ecn .... nn !n l~it a an l the Lu ]a 
min e. It i a normal fault dipping G0°- 0° II. and ha a. th r o \1' 
ran o· ing from 1 met r . nt· t.h , oul hern cn cl of !l1 e mapp d ar ea to at 
least 60 met· r . and p erh ap. as much a. 100 meter s we t of the 

a. ualiclad min . The n. t f ault li e, enst of L oma a nalidnd· it 
dip i not kn o l\'n , but th ea t . i 1e i downthrown at lea t 30 meter . 
A numl er of small t ep -clipping fanll. haYe ben r ogn ized · eY­
eral are hO\Yil in plat n. A . mall thru. t fault cuttin g lime ton e 
and or '"ill be men hone 1 in !he des ripli on of lh harco He 1oncl o 
mine. 
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Ore in the harco Redondo di tri t o cur in at l a t tlll' e main 
horizon at or ju t abo e the ba e of th lime ton . Tl lowe t zone, 
in the pyro lasti rock ju t b low the lim tone, will b r ferred 
to a the ba al ore b d or zone; the oth r two zone , lyino- 5 to 6 
meter and 9 to 12 meter r pe tively abov tlt ba of th lim tone, 
are known a th lo,Yer and upper or zon ' . Both th e zon are 
in tuff bed in the lime tone. The lower or b d ha been the mo t 
productiv ofth thr e. 

The ba al ore zon con i t of nodule trino-er and thin bed of 
mano-ane e oxid that replace thin bed of tuff or the tuff matri:"\: 
of the ago·lom rate. It ra1we in thickne from a f w entim ter 
lo 4 met r . Mineralization i u ually p tty and low rrrade and 
ho"· notab] lat ral variat ion· the mangane ontent rano-e. from 

15 to 35 percent. 
The lower and upper or b d on i t f mano-an xides that 

almo t completely r pla e tufl'. The lo"-er bed i from 15 centi­
m ter to 1.1 m t r thi k and ontain from 30 to 50 p r ent man­
gane e. The upper bed attain a th i lm . of 1 met r hut i u ually 
le- than 15 centimeter thi k and i minable in only one part of 
th har o Redondo mine. It ontain 0 to 40 percent mano-ane e 
an l much calcit . One o:f t.h e b d can be tra eel along th we t 
A.ank of Loma a ualidad for mor than . kilom ter althourrh it i 
nowhere more than 45 centimeter thi k . Th e bed are probably 
equi,alent to h,-o of th three bed exploited at the Taratana mine 
. eYeral kilometer to the we t. On the ea t bank of A.noyo aridad 
one of the bed i. overlain hy 3 to 3. ~ meter of man o·ane. e-bearing 
intraform ational cono-lom rate ontaining :fragment . of lim tone, 
tuff and mangane e oxide in a matrix of lime tone (fig. 27). Foram­
inifera, hark' teeth (fio-. 6), and algal heads are common fo il ' 
:in the ore bed . 

Man o-ane e mineral in lude p ilomelan -type oxide , pyrolu it , 
and subordinate manganite an l bla k calcite · the p ilomelane min ­
eral are by f::tr the mo. t abundant. Gano-ue is predominantly altered 
tuff: cal ite is abundant lo ally an l ja peri. foun 1 here and there 
u. uall y near the 1 ott om of the ore bed . . 

Th potentialities of the eli trict are very great and it is unque -
tionably the mo. t promi ing our e of high-o-racle ore known in aJl 
of uba. 

CA UA.LIOAI) MINE 

The a ual idacl laim cover s e. sentially the east half of the area 
. hown on plate 11. The mine wn s worked during vVorld \ iVar I, when 
a small amount of ore wa mined from the lower and upp r ore beds. 
It was operate l intermittently \Yithout notable ucce s unti l J 941, 
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when a mill was built to Cl'U h, cr en, and wa h U1e or . In 1942, 
0,45 ton · of or avera o·in..,. 43 percent of ma rwane e wa I roduced. 
The mine was idle in 1943 and yielded only 1 361 ton in 1944 and 
25 ton during the fir t half of 19±5. Total production i e timatecl 
to be about 25,000 ton av rao·in o- 43 p r ent mano-anese. 

Mo t of the or min d in r e ent y ar ha come from the ba al bed 
whi h crop out on a hill in the block between the ea tern and we t­
ern fault zone . The best ore bo ly lie in a mall wale on the 
we tern lope of the hill. The or , which contain 20 to 35 I er ent 
mangan se, averag s 1.- met r in thickn and in om face i a 
much as 4 meter thi k. It con is mainly of nodul of mangane e 
oxi le i11 a matrix of oft tuff laro·ely altered to chlorite , zeolite. , 
and clay mineral (fig . 17, 1 ) . The ore body continu ". bYard to 
the \Ye tern fault zone, an 1 new ore mio·ht po ibly b found in the 
do1Ynthro'm blo k we t of th fault. The conta t of the lime ton 
and tuff i mineralized el ewhere on th a uaJidad hill and h 
chance of fin lino· concentratino- ore ar fair. 

outh of th I ]o autill and \Ye t of th 

Lrat d by any imple m hanical pro · a proce 

th 
On 

int ring a dev loped by the uban Minino· ompany \'Wull appear 
to b a I o ibl ol ution to the con ntration probl m . 

l l t\ft 0 REI)ONPO hll E 

The ' har ·o H,edondo mine i th larg t pr du r of hi o-h-o-rade 
mangane.c ore 111 uba and almo t certainly will ·urpa th Quinto 
depo it in total produ tion . little ore " ·as mine l durino· ·world 
War I but, as with nrost of the mangane.-e min 111 nba, it wa not 
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un til Hl4l that any io·niftcant proclu ·tion wa attain d. Produ Lion 
data ar giY n in the foll owino- table : -, 

Y C}l r rl'ons 

1942 .•• -- --- -
1943 
19-14 ... -
1945 •• - --
19-16 - -
l!l<l i .. . 
194 ..... . 

1 Est i rn ~llcd. 

II , !>$6 
12, 126 
12, ·1 2 
21, 9-1 
. 9. 467 
37,833 
22, l ifo I 

A,·erag• 11 grude ( I N· 
ce n ~ .\In) 

-- --

Y en r 

43 1949 ·-
43. u 119.50 . 
·IS lOb i .. 

'! 1952 -
~ 1195;l - -

4h 
I 45 'l'otnl. 

'l'on 
Avcrago 

grudc (prr· 
ccn~ J\ 1 n) 

I 4·1- 45 

In 1943, th min con i ted of e1· n main working. 'Yith m re han 
3 kilometer of drift , ros cut , and in line . The workin g in luded 
K - 6, I ufie o, aridad, lnpa- ~nitoria. , Pa.d r6n, ocia. , and I io 10: 
th y are id ntifi.e l by R oman numeral on plate 11. in then th(' 
mine ha b n develop('cl by a numbe r of in lin d and v r tical h aft in 
the ar a no rth-no rth west of the K - 6, 'olar a- nitori a, and Rio 10 
working · an<llh loll'er and u1 per reb d are Jmown to extend for 
nearly 2, 0 m ter alono- the we t id of the we tern fault zone. 
Minabl or i found OY ran area rano-ino· from 300 to 600 meter in 
'"i dth and a.verao·e p rhap 2 meter in thickne . 

Mo t of th e ore 'ra min cl from th 1 IYer ore b d; th ba. al beu 
wa productiYe only in the ocla and Padron workin()' and pos ibly 
in th 'aridad and ..\Iui'i eco \I'Orking , anu the upper bed wa too thin 
tomineexc p inthe olapa- nitoriaworking. 

In g n ra.l th rock at har o Redon lo st rike ea. t and have a north -
rly Ep ran gino- fr m 5 to 15 d gr e . orth of the Rio autillo the 

limeslone ha a on tant and unbroken dip of 10°-15° Thi atti­
t uclei 1· fl ectedinthe K - 6and 'olapa- nitoriaworkino-. butclip are 
lo11·er. 

From the olapa 'Yorking the ore be] an be projected without 
apparent ofl:'set to the Padron working. on th . outh si le of the river, 
but clip in cr a. e to 12 degree . Apparently the hill in whi h the 
Padron working are lo ated (Loma Caridad ) i un lerlain by a broad 
north,r ard-tr endino· ·yn linal tru cture, a bed · in the o ia work­
in o- to the outhea t dip we t to north we. tat 10 to 25 de()'ree , and those 
in th ariel ad workino· 450 meter to the wet dip 15 to 35 degree 
ca t to nol'thea t . 

A thru t fau lt wa trac c1 alono- th north end of Loma arida ] 
outh of lhe R.io autillo, from aridad reek 450 meter. to the ea t, 

at whi ch point it app ar. to be off. et by the " ·e te rn normal fault 
mentioned above. The thru t fau l t i: believed to dip sou th at an 
angle between JO and 25 deo·ree and i · thought to have a eli place-
ment of a hund red meter or more. lthongh th e trace of the faul t i 
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ompletely onceal d it pre enc i in li ated by r petition of lhe 
conta t l t \\· en t h lim e. tone <tncl tuff <l nd of o r bed. an l b · lhe fa ct 
that th bed in th P a l r6n working· belo'" lh f a ult , dip 10°-L0 

~ . \Yher ea the bed in the \Y Ork ino· 30 meter l ire tly above the 
Pa d ron a nd abov t-h e f a ult lip 10°-:.0° S K Explorator y " ·ork 
in the up lip exten ion of the I ad r 6n " ·orkino· how d (1943) a 
. t- r on g d rao· of the low r or e bed, ·whi ch " ' b li eYe i · du to t hru t 
:faulting. 

Y ort hwa rd -tr ncl i ng fault 
in the Sola p a -1: nitoria ancl 
JJJP, n fault · we re ob. rved. 

of small di . pl a ·ement u t th ore b cl 
oda: working., but i n th e oth r '" rk-

:\Ianga ne e oxide · of the ba. al or e zone p a r tly r epla ce b ds of 
tu ff within or near th e top of th tuff agglom rat zon o r partly 
repla e th e tuff mat rix of the a.gglomerat · Yery l ittle r eplacement 
of the t uff block · i eYi dent. In th o ]a and Pa lr6n '"orkings 
the ba al or e bed r ange in thi.ckn from J lhan 30 centim t r 

to more than 2 mete r. . ~Iin -nm or e commonly ontain more than 
45 percE- nt mangane E>, l ut in plac . unmin d I orti on of the bed 
contain les than --1-0 pE-rcent. In the ' or king:, or and tuff-ao·­
g l me rnte a ppea r to di e out to1rarcl the we t. M any cax l \Y rk­
ings indicate that- th a rE-a hetw'en thE> P ad r6n a nd, o ia w rkin,.., 
ha : been m ined o ut ; a •(·Ps. ih l " ·orkin gs expo e only par ly 
lllinerali zE>d lull'. 

E x pt at th a r i lad wo rkings th ba . e of th lime ton i not 
expoel a nl th e pre nc oral E'JIC of min e rali zation anno · be 
dete rmined ex ept 0)' explorato ry work. 

I anga ne e oxide. in th lower re zone partly r pla a bel of 
t uff in th lim e.- ton tha rano·e. in thi kne f r m Je · than 15 
<' ntimet er to sli g h t ly m or than J .1 met rs. _\t . ome point the bed 
ron ist.- almo. tentirely f mnngnnes oxide. ( fig. 1-J, 15) but at ot her 
pla re: large amoun t · of tuO' a re pr . ent. The rrvera gc g ra l of o re 
mnges fro111 abou t :30 to -~0 pe rcent i n l11e h .- G " ·o rkings to nearly 
:)0 pe rcent in th e Pa ch ·6n an d Socia · area . 

The uppe r o re b <1 i.- ex1 o. e 1 n. ll a long the n o r th s i le of the Rio 
C'autill o b twe n the K- 6 and olapa- nitori <l " ·o rk ino-. nn 1 i. . en 
al. o on th e ,·outh ide of th e r ive r in the 'vorking abo '~ th P adr on 
bu t only in th olnpa -1-ni toria wo rkin g. cloe. the b d app ear l b 
of minnbl e thi kn H er t h e ore r ang . f rom le · t·han 15 cent i­
meter to mor t han 2.2 met r. in thi ckn . and contain ~0 to 40 
p r en t of mn,ngane e. Th pr nc of ns id rabl whit ralcite in 
th or e n re ·. itn,i·e mu h hand- ortin~;. 

Min e workin g ar de:c rib cl er araJely. lna: much a. mo L of our 
work wrr. don e in l!H!\ and 1 !)+-~ it i :tpparen t f'l1<1t th e ·foll owing 
d(•:c rip tion · ann oL give . true pi cture of th min nt th e p r nt 
t ime, a .- it ha y iehled mo r than 700,000 to n: o f o r ·inc 1944. 
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Th K- 6 \YOrkings, on the north i] of the Hio autillo (fin-. 3D) 
xtend d down dip a total eli tance of about ~30 n ter followinO' a 

north-northwe twar l-trencling or ho t in th ]O\Y r ore b d. t 
it out rop the ore hoot had a lenoth of abouL 60 meter but at the 
bottom f th e working a minimum tri k ] ngt h f mor th, n DO 
meter wa indicated. The ore rano·ccl in thi kn . than 

F l OURE 39.- Sort ing platform a t portal of K - 6 workings, Cha rco R dondo min , looking 
northeastward ac ro•s t he Ri o Cau t ill o. (Jp nin g is n lon;; low r or bed, ~n cl os d in 
blocky Cba t·co Redondo lime to ne. 

stull ·. All ore wa haul ed in wheelbanow. lo the foot of the 1 0 
meter haulage in lin alono· the ore bed. Th min -run ore, av rag­
inO' 30 to 40 per cnt ma11gan ·e, wa int n iv ly hand- orted Lo brinO' 
it up to a shipping rrrade of 41 to 43 I ercent an l exce ive fine were 
remov d by r ening. The hand- ortinO' and re ning operation 
used n arly a many men a \vere r quired in mining and haulage. 
\ ery little ore was developed in advance of mining and ther fore 
exten ion. of ore "·ere un ertain, parti ularly a. outcrops f the lower 
ore bed how no minable ore for nearly 450 meter west of the portal 
of the wo rk inO' and none between th K- 6 an l th olapa- nitoria 
working . 
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The Solapa- nitoria wodcings are about 150 meters east of the K- 6 
and covered an area about 13- meters long on the strike and 90 meters 
wide down the dip. 1ining "-a limited to the upper ore bed, which 
ranged in thi lme from a 1."11ife-e io·e to about 1 meter and averaged 
but 30 centimeters. Becau e of \Vater e.epage from the Rio Cautillo 
many fa.ces in the mine we1·e flooded from time to time. The be t and 
virtually the only minabl ore \Ya found at the bottom of the ,,·orking 
over a strike length of 30 to 45 meter . Here the ore wa from 0.3 to 
1.0 meter thick, but the high calcite content made the ore diflkult to 
ortbyhand. 

Two winz were unk to the lower ore bed. Both winze ho''ved 
ore similar in appearance and grade to the or in th K-6 bed. No 
attempt had been made in 1944 to mine any quantity of ore from the 
lower bed, apparently becau e of it inac e ibility and the danger of 
f1ooding. \\ ater eepage at normal 1·iver level probably could b 
ontrolled by a pump in conjunction with a ditch and su•mp in the 

upper workings. 
The ba al or horizon may b mill ra lized in thi ar a but the danger 

of c iv wat r eepao· i gr at . 
MininO' in the olar a- nitoria \YOrkino· was imilar to that in the 

K- 6. Or was hauled ur dip in wh elbarrow to the mine portal, a 
eli tan of at 1 a t 90 m ter . 

Th.e Padron working , dir ctly aero the river from th olapa-
Unitoria, expl ored the lov; r and ba al o1· zones. \\ orkinO' on the 
lo,,er ore b c1 cov red an area about 5 meter long up th clip and 30 
m ter wide on the trike. The or bed was between 2.5 c ntimeters 
and 1 meter thi k and averaO' d a.bout 0.5 met r thick wh re mined. 
Minable or apparently wa delimited in all but clowndip exten ions, 
where the riv r pa e over the ore beet To the outh the ore i · cut 
off by a thru t fau lt. Ea t and we t ·ten ion of the ore were too 
thin to mine. 

The 1 orking on the basal ore bed indicate that minable ore coYered 
an a.rea about 25 m ter quare. · I dip ·ten i ns of ore may exi t, 
but limit of ore to th a t and we t app ar to ha.ve be n r a heel. 

The Soda working are about 150 meter outh of the Padron 
workings on the east side of the synclinal hill outh of the Rio autillo. 
The workinO' extended along tl1 ba al an 1 lower or zones, and pos­
sibly along the upper zone (pl. 12). \ 'Vorkino· on th ba al zone ex­
ten led ov r a l.enoth of 90 m ters and a, ·width of 2r' meter an l on the 
lower (?) ore bed over a length of 110 meters and a width of 25 meter . 
I nacce ibl stopecl ar a ex1·encle l to 1he north along both zone . 

Section through the o ia. working (pl. 12) how that three 
clisti11ct ore horizon are present. The ba. al zone i parated from 
the horizon immediately ab v it by a limestone t ratum having a 



190 BA 

:den. ion of 

horizon 

O'rade at the '"e. t. ide of th "- rkinO' . Ina mu h a 
mined an l explor i both north and outh of the 1re ent working ore 
ext n ion appear to b d finitely limited. ther ore hooL may b 
eli COY reel by dri-fting"' tward on th or zone . Inten. local b 1-
ding-plan . lip , apparent ly orr e!ting th north\\'ard-tr n ling normal 
fault in the workinO's, . e m to b r ·pon. ible for: me of th do1Yn lip 
thinnin<>·ofth or bed. 

A in th Padron workin
0

. th aYe ra g grad f min -run or wa . 
. ohighthatlittl hand -:ortin()'wa. r tnir clt Jl'Oluceor onh:tining 
more than 4.- p r cent of mangan . e x pt in the lo1T r g1·acl p rtion: 
of the ba al ore bed. 

The uppcrmo. t of the thr e ore b cl . wa. u. uall) mined fir t. and 
the lo"·er bYo beds 'wre then min d togeth r. The ground wa heavy 
and mu h timber, upplemcnted by a few pillar . . wa u. d to upport 
th back. 

The l\Iune oworking.,a ro theRio auti ll oabout200meter wet 
of the K - 6 I 01tal 0' red an area 135m t r long and 60 m t r . wide 
;\long " ·hat i. though · to b the lo"·er or bed ; th b l may beth 
ba al ore zone, lyin()' on interbedded lime. tone , nd tuff. The ore 
ranged from le than 30 c ntim ters lo about 1.1 m l r in thick­
ne and containe l abont 30 to 35 p rccnt mangane . Uanganc. e 
oxide. repla e a tuff bed whi ch i. in part ag()'lomer[Lti . FiO'ur 30 
(p. 93) sho" ·s the Muii e o or bed, nt by a tnff dike. 

Exten. ion of the pr sent ore body hal not b en d v lOJ 1, but 
alonO' all mar()'in: of the pre:ent '"o rking. the bed appear. to be thin­
ning omewhat. 

O re hom th Muneco 'Torkinp:: was h:lllle l J 50 meter . by t ramway 
lo a log wa: her on the north icle of th 1·iyer. 1\Iine-run ore wa . 
wa heel and th en wa. in t n. iYely hand-:ort d to a . hipping grade of 
40 to 4-. pe rcent mangane. c. Th concentr ation ratio '~a est imaJe ~ 
at about 3 to 1. \. jigging plant probably wonl i haxe yielded a 
hi()'her g rade concentrate and would have eliminated mo. t of the 
hand- ortinO'. 
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The aridad worki.nrr · are on the a. t ide of .Anoyo arida 1, about 
300 met r outh of th K - 6 portal. T\TO mall \YOrkinrr and out-
rop ho,;· the ore zone to haY .a trike lenrrth of more than 90 

meters but m inable or wa f nnd to extend only 10 or L meter 
lown the dip. Minabl or ha an aYerage thi kn of 0.5 meter an 1 
an averarr rrrade f 30 to 40 percent mangnne . In 1o\Tndip ex­
ten ion th zone i ] than 30 entim t r thi k and th grade de-

than 30 r er nt. :Firrure :..o (p. 7) ·ho\Y. th aricla 1 
or e be 1, underl ain by Yery impu r tuffa eou l im . t.one. 

Th aridad or be 1 apr ar to b in the ba. al zone· i i und rlain 
by int rbedd d alcareou. cry tal tuff ani impure lime tone. bout 
1.6 to 2.5 meter of lime tone eparat th ore horizon from an o-v r­
lyinrr conrrlomerate or aggl merate of lim tone and tuff· thi con­
rrlom r ate ontain num rou anrrular fragment of manrrane e oxid , 
and o ·eas ionally i. partly repla ced by oxide (fig. _i , p. 90). 

Only a mnll amount of or ha been mined from thu arida 1 
\rorking . \.dditi onal ore probnbly can be ]cYelop d alonrr th onL­
crop f the b d but th chan for clo ,Ynwar l ext n ion . appear to 
he poor. 

The R!o 10 workinw nrc abou 1 0 m ter north of th olapa-
1 nitoria workinrr ·. 1\ orking. on Lh l w r and upper rc b d cov­
ered an ar a of , b ut 90 mel r along th , trike and 30 m ter down­
clip. The \YOrking \\' ,. cnt r d.along an alit an 1 down an in clin e 
alonrr th \Ye t fault (J 1. 11); or wa found 23m ter bel w the p r-
1nl. Th upp r or beclranp:ccl in thiekn fr m .6 to 2."" meter and 
wa s very high grnd f r the har o R dondo listri ·t . 

one of th oth r <:'xplorator. " ·orkings \Ya S pro lu tiYc · a number 
of aclit n th outh ·ide of the rivH bellY n the ] adr6n ~:mel 
::'lfni'i r o workin,.... ar too far b low the bn c of the lim tone. The 
bn. al or<:' zone h tw en lh T>adr6n and o Ia \\"Orkin ,... . i too par. ely 
rn ine ralized to be mined. 

1'hr prinC'ipal on' re. rn. of the har Redondo min are in th 
K - G, olnpn-1 nit o ri n, a ni Bfo 1 hloek on tl1 north . id of th e 
Rfo C'nnt illo; thi . bloc·k i. kno 11·n to extend n arly ~ 000 meter. 
north -nor1 h11· .t of th ol cl " ·orkings. ~\ccor 1ing to a . lucly mnde in 
.Tunc lfl :)"l hy P. 1\ . Gui ld of the 1 . , . Geological urny and 1\. D. 
::\[cJ\fillnn of the . Bn rrau of ~lin' . c timatcclreserv s ar mo rr 
than 2 million ton s \\'ilh an ave ra g g ra <lc of nhout 4!3 percent man ­
gane c. Of thi r . erve, about 1 mi ll ion ton i in pillar and thin 
parts of th ore b c1 . 

l\Lt\N "EL 'MTXE 

The l\Innn cl mine i. nt th e no rth en l of th cli . lri t nnd i .. imilar 
geologicnll · to thr C'hnr o H don 1 minr. Both the lo\\·rr and upper 
ore zonr: nr pres nt, hut onl y th e upprr zon hn been protln tiY ; 
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the e bel pin h. out toward th north a t. The upper bed i 0. 
o 0.5 m te r Lhick and lle about 12 met r above the ba of the 

lime ton . Producti n in 19L wa 233 ton ; the mine ha been inactive 
in e that tim . Re erve ar perhar a, J w thou and ton of or 

containino- 30 to 0 per n N large produ tion eem 
likely. 

EFFIE MINE 

Th Effie mine i at Pueblo uevo, kilometer 
It i rea he l by traiL In 1942 th mine ' i lded 
taining 44 per nt mangane e. Total pro ]u ti n i 
Je than 1,000 ton . 

Ore o urre l a. irr o·ular po k t of mano-ane e oxi le in tuff that 
, trike N. 75° E. and dip 35 ° },T)\ . \_ mall amount of oTanz6n 
''as min d al o. The mine app ared to be exhau ted in 194.2. 

JUSTA PROSPECT 

The Ju ta p ro pe t i 2 kilom ter by trail "'e t o-f El rojo. 
About 6 ton · of ore wa hipp d in 19±1-!2 · no other produ tion 
i kno"' n. 

The ore d po it i in tufr-ao·o·]om rate about 60 meter tratio-raphi­
cally b low the ba. of t·he har o R l n lo lime tone. bed of 
mangane e oxides and ili cates 15 to 4:' entim ter thi k overlie3 
a discontinuous zone of ja per that i parallel to the bedding of 
the a<mlom rate. 'everal ccntimel r of chlorit li alono- th re 
contact . Tl e ja I er out r p i about 60 m ter lono- and hand­
chill hole indicate a do,Yndip ext n ion of 90 m ters. Both ja ·per 
and ore pinch out a,,·ay f rom the outcrop. 

The ore " ·a · hand-cobb d l ut contain d a Ja1·o-e amount of ·ilica. 
Probably not more than a few hundre l tons of :hippino- or 
availabl . 

LUCIA MINE 

The Lucfa. min i. n ar the anta Rita- harco Redondo road 7 
kilometers outh a t of anta Rita. It wa opened in 1941 and 
durino- 194-2--4 produ eel 5,7-1-7 tons of ore containing 43 percent 
mangane. e. \.pparently the mine 'm exhau. ted in 1045, a no ore 
wa hipped during the fir t half of that year. 

The Lucfa ore bo ~y i a b deled depo it in th lower 3 meter s of a 
tu ff ono-lomerate that li es a few meters below the ba e of the Charco 
Redondo limesto ne. Th ore be~ strike 1r . 4.- 0 - 50° W. and dips about 
40° IV. ; the ore bo ly plunges nearly due we. t. 

Th conglomera.te con. ist of rounded to angular fragments of tuff 
ranging in ize from fine parti ]e. to boulders more than 1.5 meter 
a ro. and ano-ular blocks of lim stone a m11 h a. 2 meter. aero . . 
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ome tuff fr agm nt are fine o-rain l other are ono-lomerati . Q,,._ 
ina- to variation in int n ity of alteration, ome tuff frao-ment are oft 
and other very hard· appa r ntly the tuff \\"a derived from eYeral 
. our e and had b en altered b for clepo ition in the c01wlomerate. 
The lime ton i unfo silifer u fin -grained ' 'hite r ck very different 
from the ha rco Redon lo limestone. Fio-u r 5 (p. L) i a photo­
o-raph of the cono·]omeraLe expo ed on the ixth level. 

The ore body ranged in thi kne s from 0.3 to meter , an averag d 
about 1.5 meter . It had a maximum trike length of abou 110m t r 
and extended lo\\"JH.1ip for about ~ meter . t p - Eppino- po t­
mineralization fault . "·ith a maximum di placement of 3 meter cut 
the ore bed; alono· two of the fault are thin ande itic dike . little 
brown ja per " ·a found a · or near th fo twall of the ore b din many 
place ; it formed ]en e u ·ually l s than lD entin t r th ick. ~ ec­
tion throuah the min workino- i o-iven in figure 40. 

everal typ of mano-an e mineral wer found in th ore body. 
P ilomelane-type oxide, th mo t ommon mangane e mineral, o -
CU lT d in len a mu h a 0.6 m ter thi ck and 6 meter long, and in 
irr o-ular p d betw en tuff b ulder . Y in let of thi min ral ut 
tuff block near the hmwina wall. J\Io t £ he pod ,,. r in th lower 
pa.rt of the r bed and in th lo"· r min workin . Po k t of oft 
wad "- r pr ent only in the low r 1 ' ] . 

s w 
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conalomera matrix wa . partly replac d by wad n ar th hano·ing 
wall. Pyrolu ite wa found tJn·oucrhout. the mine but wn s most om­
mon in th ur per level. . It ,ya form d by alteration of p ilomelan -
type oxide and 'Yael. Fio·\11· 1 ( p. 7 ~) i: a pho ograph of ·oar. e 
columnar pyrolu ite, probably d riv d from p il om la1 -typ xide. 

The mangan e oxid wa rrobabl cl po il cl wi th th onglo111 e rate 
on the ea f1oor. Th " onglomerate' ' nay b a mud fl w f rmed n ar 
a Yolcani v nt; h ot 'nt r ·irculatina t11L'OLWh the uncon oli dat l 
mat rial may haY cl epo ite l mano-ane e oxide . Ex ept for a thin 
iron- tained rind on m e p bblc , mo. t Lu ft fr<t g ments h \\' no altera­
Lion 1·elated to o re cl .po. ition. Lim ton fnwm ent ar n t r pla ed 
by mano-ane ox ide: eYen t houah the. ' may b eomplet ly . UlTonn<l ed 
by ore. In three heading. und rgr oun l, th in ninl t oft ufl' ·ut acr . 
mn. e. of har l p sil omelan e- typc oxide (fig. ;L p. 107) · one ve inl t 
contain ano·ular fragm ent: of oxid Figure :~1 ( p. 0-~ ) . ho"·· a 
Yeinlet off ilife rou lime ton . 

On the 120-mete r 1 \·e1 a len of .i nLrafo rm aLional ·onglon e rate 
about 3 mete r lon<Y and 0.3 m ter thi k occur in th or b d. It i 
·ompo ed of ubround l framn nt of luff. an 1 an<Yular fnl.<Ym nt of 
hard p ilomelane-type oxi le in a matrix of whit lim ton . The 
low r conta t of the len is : harp, but on the up1 r ide it O' l'acle in to 
tu fl'. 

The or b ely wa deYeloped b drift and in line to a cl pth of 
a lmo t 60 m ter below the out r op, a nd by a haft ou thea t f the 
main \)Orkina . :Jio t of th or e wa . conee nt ratecl in a , ree ning and 
jigaingplantpriort . hirm nt. 

LUZ PROSPECT 

The Luz p ro p e · i . 6 kil01 eter outh we t of ' iii a . Two . mall 
cut and a hort a Et expl ore a b d of man <Yane oxide in hard red­
eli h limestone. The ore bed rang from 5 to GO centimet r in thi k ­
ne . an l contain blo k and fra<Ymen of lim ton e. B oth pyrolu ite 
and p ilomelane-type oxid ar e pre: nt. \ ery littl e ore i vi ibl . 

NEGLIGENCIA PROSPECTS 

The Ne<Yligencia p ro p ct. ar e catler ed oYer rm area of . everal 
: 1uare kilometer in th e low hill outh of the Rio auti ll between the 
T ar atana and h ar o R edondo mine . t(anaane e oxide. oc ur in at 
lea t five pl ace in len e or bed of t uft' an llimy tufr in the har o 
R edondo lim -tone near it ba ·e. Mo t of the o re i eli minate ] but 
a f ew layer. of olid mangane e oxide have been found. None of the 
ma.ny exploratory pit an l hort a li ts XI o. e · any m ater ial of com ­
mercial g rad . How ver , th a1·ea i beli e eel to be fa \·orable and pos­
: ible ]owndip oc UIT nee. fo re mi<Yht be p rospected by h·illing. 
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SAN JOSE PROSPECT 

The 'an J o e pro pe t i 4 ki1om ter by trail west of El orojo. 
About :tO ton of or , r eported to haxe c ntained 42 per nt man ­
gane , wa hipped in 1940; no other production i known. 

trino-er and mall bleb of I yrolu ite o cur in a deeply weather d 
tuff-ao-glomerat . The mano-anif rou zon e tr nds ~ . '70°-75° \\ . and 
an be trace l for about 0 meter . Thr hor t aclit an l two pits how 

the zon to b 3 Lo 5 meter thick, but th mat rial i very low grad' 
and contain not more than 10 percent mangane . eYeral thou and 
ton of uch mat rial i r ead il · a \' ai labl e, b ut the ore \rould haYe to be 
·oncentrated, probably by jio·o· in g. The ·pare nature of the min r ­
alization and th lack of j<l per u o-o- t that the cl po it i 1 robably not 
a]aro-eon . 

TARATANA GROUP 

OEXER.\ L DE CR IPTION 

Th Taratann g r up of mine is 16 kil ometer by r oad outh of anta 
Ri ta. H include the Cai1a cb and L ego " ·orking (w rke l too· th r 
an l known colle tiYely a th Tara tana mine), the Gloria eo-unda 
an l Gi.ii a minC' , and t he aricb 1 an l ( onfian za pro pe ts. Th 
va riou cla im wer cleno11n ·eel in lh a rl y 1000· nnd a li tt1 ore wa. 
proclu · d during ·w orl d \Yar l but it wa not until \Yorld \Yar li 
that an ' apr re iable amount o{ or " ·a 1 rodu e L From January 
] . ·L until \ uo- u.t 19+5 t lw Tarn tnna min e \ra the larg t produ · r 
of high -grad mangan . core in uba : iL ha been ·urpa sed ince by 
t·he hnrco R londo mine. T otal pr cluc!ion f rom th o- roup lm·ino· 
tho. e y ar wa mor e than 100,000 ton . Yery littl or ha com f rom 
the group in 1945. 

Plate 13 i a o-cologi c mnp o f t he a r a. Pyroclasti ro k an~.l th 
o,·erlyin o- l1 a rco R edondo lim C' tone member f th bre formation 
are the on l ' ro k 11nit : . The bed. in general trike northwest and 
dip g ntly n rthen . t. Th pyro ln ti c ro k are lnr o-ely well -bedded 
wal r -laid o- r n tuff with om nggl omerat and a f w How . The 
lime ton i. rnor than 90 met·er_ thi k lt lower 6 meter i a con­
glomeraL mr o cd of lime tone boulders, luff f ragment , nnd algal 
head . L ally th c nglomerntc b omC' · le i led ly ago-Jomernt i 
( fig. 4, p. ~-1 ). \ bov the conrrlomcrn te i 1 o m ter or mor of len c 
l imc tone; th e ore depo its occm a b c1 in the upper par t of thi lim -
ton . A den. e white plat y lime L n form lhe r t of the ection. 

northwnr ]-trend ing normal :fault throuo-h th Taratana min 
working. bring tufT ao-a]n t th ore horizon , and al ·o 1 cnl ly ch ano­
th t rike of the bed fr m . '7 ° \ V. to . 10° \V. Di . pln ement 
nlono- the fault range f rom 9 meter in the ana la workino- to at 
lea t25meters intheLeo-oworking . imil.arnorthwe twarl-trend -
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inCY fault outh of the loria ecrunrla min bring tuff in conta with 
the or , and is mark d b3 a br ia zone 30 met r ·wide, the matrix 
of which contain a small amount of mano-an e xid . outh of thi 
fault a mall ar a of lime ton i found but apparently th ore b d 
are not repeated. Both fault wer formed ]at r than the or . 

Ore wa found alono- bYo main horizon an l t,-;o minor horizon in 
the lime tone; no or ha been found in the un 1 dying pyro la ti 
ro k . The low r ore b d li 9 meter or o above the ba f the 
lime tone· the upp r b d i 4 to 6 meter tr:tti<Yraphi ally hicrh r. 
The e b cl rano· din thickne . from le than 1 entin ete r to a max­
imum of ab ut 1.7 m t r . Th lo"· r b d wa mor ext n i \'e and had 
a greater avera ere thi kne s than the ur per b l. Th minor or bed 
''ere of littl economic ignifi.cance, althouo·h on of th m, lyino- 1 to 
2m ter aboYe the lower bel, wa locally of minable thi kne . 

ll the ore zones foll w bel of tuff r acrglom rate in the lim -
. tone. In th Canada and Lcgo workino- or ma gra l ]at 1·ally 
into low-o-racle r deli h mano-anif rou tufi'; el wh r e, a in the loria 

gun la mine and part of the L ego, ore grad' into b lack foram­
iniferal mancraniferou lim tone. 

An intraformational cono-lom rate or brec ia compo ed of frag­
ment of man<Yane e oxide , tuff and lim e ton cemented by lime tone 
i pre e11t both above and bel w the upper ore horizon throucrhout thr 
Taratann, mine (ncr. 20, p . 91) . Each zone of th onglomerate 
ranged f rom le than 1 meter to about 3 m ter in thickn . Minor 
amount. of concrlomerat '"ere found in mall ar a in the low rmost 
ofth tw minororebed. buton lyon . malllen . (fio-.2 ,p.9) was 
observed in the lower bed. The man crane e-beari no- conglomerat may 
grade lateraTly into lime tone on<Ylom rate. 

Three ype of ore w refound at Taratana. The mo t abundant con-
i ted of .fibrou racliatino- p ilomelane-type xide :formincr nodules 

and layer in the tuff ( fi.g . 7 , 9, pp. 67- 6 ) . Th .-econd on i ted 
of den ·e powdery py rolu ite forming lnyer. in tlw tuff. The th ir cl wa. 
the conglomeratic (mezclaclo) ore, which in few places contains suffi-
ient man ane e oxide to b min d . Py rolu it and p il omelane were 

the only manganese mineral . recognized. ear the Canada fault and 
b neath the aiiada vall ey the ore wa nearly . olicl pyrolu ite, without 
conspi uous nodular and banded structures. It i believed that the e 
sol id o re bed were nriched by per colating wat r , for they lie below 
a valley near a fau l t zone an l are in permeable tuff beds that clip clown 
the valley. 

TARATANA MINE 

The Taratana mine, ompri incr th Canada an l L go working , 
yielded mo. t of the ore produced from the group. Product ion data 
are ummarizecl in the tabl below : 
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Year 

1942___ __________________ -----------------
1943 _______________ -------------------------
1944 _____ ___ __________ __ _____ _______________ _ 

1945 (First 8 mo.) _____ _ ----------------------
1946________ _________ -- ------- - ---- ---
1947 ___ ____ _______________ --- -- -----------
194 ------------- - - - - - - -----
1949 ________ ___ -----------------------------

' Minimum amount. 
' Estlmated. 

'Tons 

7, 467 
31, 65 
41, 947 
17, 19 

Not known 
I 3, 000 

K ot operating? 
2 1, 000 

197 

A vtragt oradt 
(perctnl of .I In) 

47 
46. 5 

4(j 

44. 7 

B for the mine " ·a: hut do ll"n lhe Caiiacl;t and Leo· 1rorkino· had 
been connected an 1 ore wa tor eel throughout the intenenino- area. 
The lo'" r or bed wa mined OY r an area 600 m t r long and a 
maximum of 130 meter wid · minabl or in the upr r b c1 cov r c1 
a omewhat mailer ar a but in o·eneral th be i it elf ''"a o x­
ten iYe with the ]o,, r bed. A con iderabie quantity of ore wa 
min eel from a third be l ly in o- 1 to ~ met r above the ] ''" r ore bed. 
A fourth b c1 wa rath r remarkabl in tha, althouo·h it averao-ed 
only a little more than u.5 ntim t r in thickn i per i ted 
throurrh out th mine (fio-.16, p . 

Both h anada and Leo·o working. a,re b und d on the \Ye t i le 
by the anada. fault. \_ blo k of: ore 90 meter lono- and 35 meters 
wide wa mine l we t o:f th ana la \YOrkino· in the upthr \Yll block 
lYe t of the fault. 

Th lower or :in the Cafia la ''" rkino-s u ually " ·a in a bed of 
tufr, but in v raJ pl a . , e pe iall.r near th outhw t corner of 
the workino· , a oar e ao·o·lom rate oc upi l the ore horiz n. ome 
of the aggl me rat blo ·k are very ]a rge; fignr :20 (p. ) ho1Y one 
: u h block. El ewh re, irr o-u lar l n e of lime tone. tuff-cono-lom r­
ate are en lo eel in the. low r or b d; a I art of on o.f the. e] n e i 
Rhown in fio-ure 2 (p. 90). 

It i probable that the main or b die. of the mine are exhau ted. 
The limit. of minabl ore to the north and south had b n 1·e.a, heel in 
1944,andtheor wa, th innin o-toth ea talon<Ya,]ineroughlyparall -1 
t the afiada. fault and th trend of the ore bodie . 0 her north­
" ·ard-trendincr or bodie ma lie ea t of th Taratana min and thi 
general area. could be pro. pe.cted by hiftino· ea t along the lo,Yer 
ore horizon and drivinrr rai es to the upp r or horizon. Ho"· v r, 
it i probable that mu h of th ea t I art of the mine i inac s ibl 
at pre ent; "" believe, th refor , that diamond dr illino· from the 
~urface offer the mo t fea ible m an of xploration do" ·n the dip 
to th ea t of the old workino-. . IIol could be put clo,Yn along 
·\.rroyo Cafiada and 111 a outlnvest ,Yar 1-trendino- branch of th ar­
royo toward the J ... ego " -orking. . on e difficult.Y proba,bly ''"ould be 

42 47? 5 - 14 
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ex1 n n ed " ·i th liamoncl- lrillin o· in th a e rn ou Clan· H eclondo 
lime tone. Yer al chum- h ·i ll holP · ha,·e been pu lo wn but r -
ult ha ve n ot been at i. f acto ry b cn u ·e of impr perl y r a · d hol s 

<lnl e r e ia ll y be a u. e of the d iAiculty in eYa lmtt in o· th t hi ckn e . 
n nd g rad of or e. 

OLO BIA E . UN I) .\ M I XE 

Th G lori a. 'egunda min e i · on th flank of it limpstone hill about 
00 meter · n orth11· st of the Caiia ln 11·o rkin o·s ( pl. JH) . ~\.t ot al of 

nbout ~,000 ton. of or ·ont nini ng -J. ;~ percen t man gn ne. e 11·a:; mi nNl 
i n 19±1 2. 

T h . am three bed. of the Tnra tana min e nr fo und but thPy 
itxerage le than ao cen t imete r. in th ickne. . Or hori zon a re ex­
po ·e l f or -J.50 m te r along the out rop and p inch out at bo th ncl ·. 
::\Iinabl ore wa f oun d in t 11·0 bPcl , ea ·h a bout 1 mPt pr t h i ·k, " ·h ich 
wer ·epaxa ted by 0.' to 1.2 met r. of 1 i me tone. The bel were 
slo ped for some 60 meter · along t h t r ike and -J.r mete r · <l o11·n ll ll:' 
dip. ::\fo t of the ore "·a a mi xt ur of ma ngane e ox ide, black eal it P, 
ancl f omm inifentl limP. t ne a nd \\' a. hand- ohbNl to yield a sale­
abl e Jrodu t . 

The or e bed haYe been espl rPd tho roughl y hy . e,·€'r nl long lri ft-. 
an d many op encnt., but no goo<l o re wa. fon ncl. T he r ar E:' pract icall y 
no r e.·PrTes, and pro. peeL of fincli nr an ~· mo re Ol'€' a r p oo r. 

, li l t>.\ )11-"E 

T he G i.ii a m ine is j u. t n rth we t of the Glor ia cgun h mine. It 
i . irnilar o-eologicnlly to th e latt r bu t ha. produced pra ·t i aJl y 110 

or e. The ore be l . r op ou t. f or nearl y !300 meter · b ut in mo. t pl ace · 
n.re too th in and low g rade to m in !:' . 

YIYI PROSPECT 

The Yiyi prospect is :> kil omete r: . outh of Giii . n. Thr e small 
pit. ha\'e been unk in a lime.tone br ec ·in tha t t r0nds S . G:i 0 1'.: . n. ncl 
dips about :i:) 0 

, . S t ringH: an<l pocket: af ma ngaMse oxi 1 h aYe 
been fo und i n a zone as ntuch a. 1 to l. .u meter . thi k. In one pi t 
nbou t 5 met r: deep th ere are frngtn enls of mangan ese oxi de in 11·h <Lt 
appean; to be ca,·e ru bble. ~ome -J.O to n: of ore are report ed to have 
been shipped in lU-1-1. 

HOI, G U iN DI:S'l'RIC'l' 

mangan e e mine and prOsf e t in the H olo-u1n ~i st.ri ct " ·ere 
examined brie Ry by T . P. Thayer f th e ~ ' . Geologi al , lilT y in 
th e our e of a study of chromite dep osi t in the area. 

PROSPECT NEAR CUEVITAS 

Fragmen t o:C ma ngane ox ide ar e found on the lo" ·er . Jo1 e: of a 
limestone hill near uevi ta , ;lbo uL 15 kil ometer : n orthea. L of H olo-uin. 
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A road cut n arby ha . expo ·ed wo len e of mangane ili ca.te and 
oxid enclo d in gray lime toJle; n ]en i · a bout ., meter Jon cr and 
0.6 meter thi ·k. X o minable ore wa een. 

SANTA ROSA MINE 

Th antn. Hosa min i n ar 'anta. Hil<l, 30 kilometer ea t of 
IIolo-uin, and i reached b an unimproYed dirt road. Or i tru ked 
to Naranja Dulce on a ' nited Fruit 'ompany ra ilroad and . hipr ed 
by rail from th re to Santiao·o le uba. Prod11<.:tion in 10-1-:2. wa . 32 
ton of ore containino- -±1.55 I er ·ent mano·an e e. In J 04:-1-, U5 ton of 
oreaveragino·-±9.2lper entmano-ane e"·a hipped. 

In th anta Rita area lo> ea tward-trendino- ri lo-e of erpentinc 
arcs parated by ,·alley underlain by · dimentary rock.. I ano-an 
oxid . occu r alono· a. conta ·t bet"·e n ma · iYe whi t lim tone and 
r ddish -brown hal e, whi h trike. 1". 70° I\ . anl dip . teer ly to th 
north. Th ontac wne i xp . ed in trenc-he. pit , and hort adiL 
o ,· r a leno- th f :on 300 m t r . . Ore con i I of 1 o ·k t. and veinlet 
o f py rolus it and p f' ilomel:me- typ oxide that ar in part conce ntrat c1 
along surface ofminorfnult.. Th "-idthoftheorez.on rano- . from 
<l knif dg t aboul5 m ter b11t min eralization i. '" ry polty. 
urficial nri chmenl p robably ha taken place. 

el cliY minin<r and ;nefu l hand-cobbino· are n ~ ary to main-
tain a g rade of 42 p rcen ll1<U10"anc . R rve app ar~ t b mall 
not more than n, fe"· thousand ton <1 pr ent d " lopm nt indi ates 
that onl nta t i mineralized. A haft \Tas 

xplorc the or zone at 1 pth nncl to cl tcrmine th e 
e:dent o f . urfa nri chment. 

JIHS-.JOTl HO DI T B J("T 

BRISEIDA GROUP 

T h Bri icla OTOll p 0 f min es i, nt and en. t 0 r Iri n th e F lo rid a 
Blanca p lateau. It in lu l e the Bri eida and D o·arito min e and th 
L ol6 p r ospect . Th ar c;t i r a ·he l by road from J utini (t. 

llHI "EIDA ~llSE 

The Bri eida mine i · 1 kil met r a t of lri .-. It \\"ll S eli co ,·e re<l 
in 1940 , nd >ra pr bably th laro-r t produ er of r idual ore in the 
province. Th r I a. been no recor :tc 1 pro lu ction ~ in e I D-±5. ] roduc­
tion fi<Yu re. ar c g 1Y n in t·h foll " .in o· table : 

19-10-194 1 
1942 __ ~-

1943 

1944 . --
1945 (first, 1110 .) 

1 "P.sLimnl cl. 

} ·ear 'tol/.~t 

1 :3, 000 
<1, 24 
·1, 146 
2. 146 

. lt•mroe grade 
(JlUCtnt ;\1 II ) 

50 
4 . 5 
•15. H 

·15. 3 
5 1(i -
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Mo t of the mine ,-.,-orkincr ar lu tcr d around and und r a laro-e 
ma of limeston tha protrude from the main lim t n b iy to the 
outhea t. The fla t ar a around the lime tone ma i overed with 

r d laterite a · much a 5 meters thick. R und d fragm n ts of man­
gane e o ' ide a mu h a eYeral c ntim te r aero and num rou 
pellet of i ron and manrrane e oxide u ually le than 2 ntim t r 
in diameter, ar found in po ket ca tter d throtwh th later it . 

Mo t of the frao-ment ar p rolusite whi h ommonl retain a 
r adiatino- tru ture inherited from th orio-inal p ilom lan -type 
oxide. Many of th mall p llet ar compo cl of a browni h-bla k 
lu. terl · unkno"·n min ral or mixture of mineral · they ar on­
e ntri ally banded con retion and ontain ab ut 3~ p r ent man­
gane e. Most of the o-ranz6n wa mined from in O'Ular 'rorkin o-
driven from the edge of th flat and from rai to th udace on ore 
pocket ; ome ore 'm mined from op n pit~ . re wa "-a. h d and 
creened to liminate all materialle than 1.3 c ntimeter in diam t r. 

The manganif rou tuff at the ba e of the lime~tone i from 1. to 4 
m ter thi k, bu in mo t place minabl or i le than 1.3 meter~ 
thick. Layer of pyrolu itc 0. ~ to 5 centim t rs thick and nodule of 
p ilom lane-type oxicl make up on -eio-h h to one-tenth of the minabl 
ore. The bedded ore was exr lor i by a haphazard n bYork of rra]-
1 rie and everal hallow haft . lon o- the a t ide of the ink hole 
Lh tuff ore i too low o-rad to mine. From the Bri eida min north 
to the orinto mine road, about 150 meter , the contact between the 
lime tone and tuff i unexplored and unpromi ino-. The bedd d ore 
'Ya wa heel and creened, and recovery wa low. 

Mo t of the high-grade granz6n wa mined out by 1945. everal 
thou and ton of fin -o-rained rej ects are probably available, bu t they 
con i tin large part of l w-grade pellets. Reserves of bedded ore are 
w1knovm but may be con iderable, e peciall y if the predominantly 
low-grade tuff ore can be concentrated. In 1943 ore had b en found 
over an area 60 meter lono- and 45 meters wide, and the limits of th 
ore body had not been reached at any place. 

DEGAIUTO MINE 

The Deo-ari to mine is just outh of the Bri eida mine. It >va op­
erated from October 1940 to pril1943 and ha a reported production 
of 1 500 tons of ore av raging 46 p rcent manganese, all from two 
granz6n field . Mineralized tuff below a lime tone has been explored 
by hort adit Lhat expo e thin tringers of manganese oxide and 
ja per. The mine is very similar o-eologically to the Briseida mine. 

LOL6 PROSP EC'f 

The Lol6 pro pect is at Iri . everal attempts have been made to 
mine three small granz6n deposits, but the small pellets of ore gen­
erally contain less than 40 percent manganese. The largest deposit 
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' ould yield probably only a f w hundr d ton of low-grade con­
centrate. 

CORINTO MINE 

The orin to mine i 2.- kilometer ea. t of Iri , on a lot of the 
Bri ei la cla,jm. Th roa l from Iri to the min de c nd l teep 
grades and wa not pa abl in >ret \Yeather. Th prop rty wa di -
covered in 1940 and from 19:L until 1945 I roduced 4, 1 ton of or 
averaging 46 percent mangane~ . Operation ea eel in 194 , pr -
umably b cau e th depo it wa mined out. 

The mine lie ju t we t of the Rio Jarahuc a in two . t ep-walled 
canyon parated by narrow, densely wooded ridge , >Yhich ri . 120 
to 215m ter abo' e the tream bottom . Arroyo Ma ao·ua, which runs 
through the mine area ontain sufficient >Yater for min and mill u . 
Country ro k i thin-bedded al areou. tuff, tuff-ao-o-lomerate, and 
rna ive green ande itic tuff, O\' rlain by 20 met r of har oR don lo 
lime ton and 4 meter r m r of interb deled marl and Luffa u · 
limestone of th an Lui formation. Plate 14 i a 0' oloo-i map of 
the mine ar a. 

The regional dip of th lim tone i 15°-20° E. but n ar the min 
th lime tone i broken b rtln..-ard-trendinO' te I ly dip-
pi nO' fault and dip are rather enati The major fault ar down-
thrown to the ea t· the ombined tr t of a tward r gional dip and 
faulting i to drop the ba e of th Jim . ton 2-o to 300m te r below 
it po ition at th Bri eicla min . 

LO\Y O' J'aie tuff or containing a little ja peri found at th ba · of 
the lime ton in many pla e alonO' \.rroyo U acagna and el e\\'h re 
( e pl. 14) but Lhe main orinto ore 1 odi , ho>Yn in plate 15, were 
in a tuff bed above the ba e of the lime ton . Ore body 1 bad a trike 
leno-th of 10 meters and a width of 50 meter . re body 2 wa 5 
met r along the trik and 22m t r wi 1e · it wa fault don it UI dip 
ide. third depo it in lime tone aJonO' \.rroyo MacaO"ua i merely 

a mall pod or 1 n . 
The ore b d \\·ere 1 n e that n:uwe in thi.ckn from a knife 

edo·e to ome,Yhat mor than 1 m ter. In the north adit of the 
N . 1 working , the mangan e oxide dimini heel in quantity and 
tuff block l'ook their plncc; in th r fa e the mano·ane -bearin(l' 
bed pin hed ont into the enclo. ing lime ton but may reappear 
beyond the barr n fa In the outh haulao· adit of the No. 1 
working., a thin or bed, probably nt. th . am horiz n as the bed 
in the main " ·orkinO', , uo·O'esl'. tlmt the mineralized zone continues 
to t·he . outh. The ore b d. were hip:hly 1 nti cular · for in tnnce, in 
the No. 2 \YOrking th orio·inn.l oni ro1 howe l le than centimeter , 
of mano·ane oxide yet thi . ore bo ly proved to be a mu h a. 1.7 
meter thi ·k. The footwall of bo1'11 ore b die wa. a. mooth beddino· 
urfac , but the hanO"ino· wall was very ineO'u]ar. 
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P y rolu ite, p sil melane-tY.pe oxide, n.ncl bla ck al ite " ·ere th onl y 
' mangan e min ral r e O<Yn ized. The manO', n mineral · f rm d 

int r nne ted nodul . , Jnr o· dendrite , and I cl in a matrix of r ed 
al tered tuff and al o f rm d ma i ln.y r parallel to t h be 1din<Y. 
Irr gulnr th in ja . pe r pocl o ·urred in th foolwall of th or in th e 
north m pa rL of the X o. l w rki ngs. ~Iass i ve layer : " . r 
mon in the Ul per part of the o re bed nen-r the cent r of th 
nodular or o utT d at th border nncl in the lower 60 
of th bed. The ma iY r e " ·a den e h eayy 1 ilom l::tn -t)l oxi ]e 
with Yeinl et of pyrol u ile. :\Ia ·e of pyrolu it a mu h a n meter 
in d.iamet r o<· ·urred in t·he thi ke r part of th or bed. ru de re 
i estin a ted t haYe ontained 25 to 40 per · nL m ano-an and had 
to b concenh·at d . 

The rint o o re d po: it a r . im ilnr in tmtigraphi I o. iLi n and 
plty ical appearan ce t the l ep ·it. in the T aratana fiT a, but th 
haYe be n f:orm c1 aft 1· lh d po-- ition of Lh OY rl yino- lim :Lon 
d nclriti text ure of the maq;rin of the ore b l and. the a o in.tion 
of ore an l alt red tuff . ugge. t thn.t th re bo li '"er formed by 
r placement of tuff l en in th lime tone. In t·he :So. 1 ''"ork incr. , 
mano-ane e oxide: '"e re found alon ·a joinL I Jan an 1 fo rm d a. mall 
I o ket in t uA' about 2 n eter . ab ve the mai n or b cl. ]though the 
o r · wa O\'erl a in hy a co n~lomerate compo. eel of tu ff and lime tone 
th conglom ntte contain c1 no ma.ngane e I -1 ble . 

rude ore wa orted at th mine. Low-O'rade material " ·a ru heel 
to le. than on inch in liam te r , "·ashe lin a. in o·l log "-a h r, and 
Jta nd- ort 1 a . e ·oncl tim . The m in e n.ppn rcn tl y i exhn.u. t d and 

FEDERICO MINE 

Th F ecl e ri ·o min i just north f: th lba r de 
of Iri , and coYer pn-rt of t h .-a me gra nz6n fi ll. I t wa opemted 
i11termittentJy from 1030 to 19·~5 . Total pro luction i. 11 0t known, 
bu t at len t 2,400 tons of o r fLYe rao- ing about 4-6 p rcent maJW<t­
ne. e " ·a hipped durino· 194B-4.~ . He:ervcs ;\l'e not kno ll'n but nrc 
SlYHtll. 

GUANABA GROUP 

The G un.naba p: roup of o re <l epo ·it , 5 ki l meter . north ast of 
Iri , include the Gnnnabi'l (L os L an ro ) min and the Triunfo and 
Turquesa pro pect. . The a rea i. drain d by A n oyo Los La.ne ro. Lo 
th e "-e t. and rroyo P o rtezuela to th e south. 

G ,t_\ ~An,\ ~\ l iNE 

The Guanab<i mi n i. th l<trge. t in Lhe a rea. It comp ri. es, f rom 
north to south, th Amalia, melia and G nanaba claim. on the north 
flank of Lo. Lan ros hill. Mining began in 1940 and contin ued until 
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19-r; information later than 19:1-5 i not ami lable. netwe n Januar ' 
1942 and Augu t 19-15 a tob1l f ,.. ,6+2 ton of ore aYeran·ino· 45 I ercent 
maJwane e \ra hipp d. 

The n'line a rea is und thin by th harco H Iondo lim tone an l 
tuff and al areou. tu If of the Cob re formation . The ro k. dir 
gently no rth 1Yarcl and form a dip :lop on the north flank of Lo 
Lanero hill. 

Mano·anese oxi l oc ur · in tuA' at the ba: of the linw. t ne and a 
re iduRl ore in " ·eathered tuff. 

Bedrock l p it are in t iY O ar a: ab ut 900 meter apart. Th 
depo it ar bedded mangan c oxid tllld ja ·per repla ement of 
tu tf at the ba e of th limeston . The Uf per, or ·outh rn or body 
covered an area about 1 0 met r . long an l 90 meter. " ·ide. It wa 
limited on the north by a tabular ma of jasper near th ret of 
L o Lanero. hill and on th ·outh by ] ime -tone, although lo1Y-g ra d 

r xlen l. b n atlt th<' Jime ·tonc Jor an unknown li tan e. G ranhon 
coYered th ax a an l " ·as unde rl ain in plnc s by mano·ane oxid 
in tuff. Th oxid . ·ur in i tT o·ular layers thrOtwh a thi ckne 
of a mu ch a m ter. of t u A', bul n . ino·le layer wa more than 
:Li m t r: l hick. J o l.ttecl 1 ocl: of j <t:per ;H n ·l o. eJ. in the ore 
alon th n rlh rn edge . ··ome of th . mano·,me. xide are in ·mall 
nodul and I ll t., but adjnc nt Loth jast erma s they form b d 
a: mu ch a · 45 c ntimel rs thi ·k. \. few Yein f econcla ry pyrolu it 
·ut aero. · Lhe de ompo d tuJi' -. The minera liz d ZOJt i nowhe re 
more Lhn n meter . be low th r igi na 1 surface. 

1h or b dy wa worked fir t from haft and pen pit , but after 
mot f the o-n1 nz6n cap had b en rem Yecl areas of bn.rren tuff and 
oi l overlyin g the or II' r tripp d with a Taper and tr n cto r and 

the b dro ·k or IYH . min d hy han 1 from open pit . :.\Io t of the or 
body wa abandoned howeYer becau frao·menl of tuff and ja p r 
anclr lJ ts of ironoxidecould notb remo,·eclby'"a hinganlahio-h .. 
o-rale on ·entrn l on lcl not be prod u eel. 

The ] o ~Y er or body wn s XI lored oYer an ar a ab ut 150m t r in 
diameter. It. i · diYide l into two . egmenL. by a n tthward-tren lino­
fault that, chop · the ore to !) meter n the we. t. ide. ::\Iangane. e 
oxi le oc ur in po ket· · and cli :conti nu ou. layer b th in the tuA' an l 
in the base of. the Yerlying lim tone b uL no 'rell -d fln d l>ed exi t. 
Or wa mined .in 19+0 ancll9:1-l from . haft nnd und r oTotmd 'rork­
ing. ,butin 1942,th hallow atern. hnlf ft], . lepoit"-a ' tripped. 
J a per len. e in the ore could not be mon l hy the . rn l cr an l on -
equ entl y th e ore b ly wa . only partly ex po. ed. 
Mot of the or shipped from t·he mine \Ya granz6n. whi h wa 

:f und in at 1 a. t . ix place ·o,·erin g a r n. n: ll1ll ch n. 300 meter. aero . 
Bould r. of ja. per a much a. 3m t t·. a ro. s wer<' , catl ered thr ngh 
the o-r anz6n, and mu h of th minino- wa. nece. :aril y done by hand. 
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Exten ion of the outhern ore body beneath th lime tone to the 
outheast have been explored b a haft, everal adit and an opencut 

45 m ters lono·. Th haft an l on - n.dit sho"· o· ocl or 0. to 1 meter 
thi k. Impure rna e of mano·ane e oxid were found in th open­
cut throuo-h a thich.'lle of a mu h a 1. ~ m ter of tuff· the overlyino­
lime tone i cono-lomerati and contain mall frao-m nt of or . Thi 
part of the min wa not explor d a lequately in 1944 and h ld on-
iderable promi e, althouo-h much of th ore wa low-o-racle and would 

be difficult to concentrate by imple loo--wa hino-. Re erv · 'ver e -
timated at a few thou and ton , but a mu h laro-er amount mio-ht be 
considered a 'geologically po ible.' 

Re erve of o-ranz6n are probably n o-ligibl at th pre ent tim . 

TRIUNFO PRO PI': 1' 

The Triunfo pro p ct include five claim ( arah, Bet y, Lillian, 
Triunfo, and ampo armin) ''' hich lie arow1d th bord r of the 
Guanaba mine. In 1943 95 ton of ore containino- 46 percent mano-an­
e e wa shipped from the arah claim; no oth r production i Jmown. 

The o-ranz6n field of the Guanaba mine extend north onto the 
arah claim and outh onto th Triunfo, but the Triunfo granz 'n 

contains li tle ore that could be r-e overed by loo--washing. 
A contact of the lime tone and tuff on the Bet y claim ea t of th 

Guanaba mine ha been explor d by opencut but no ore wa found. 
\.few trino-er of mano-ane e oxide cut the ba. al part of the lim ton . 

None of the claim i promi ina- althouo-h the howing on the B t y 
warrants additional prospecting. 

TURQUE A PRO PE T 

The Turque a pro pect i we t of the Guanab{L mine aero Arroyo 
Los Laneros. 

jasper mass from 1.3 to 1.6 meter thi k and 12 meters lono- i 
enclo ed in chloritized tuff lyino- about 3 meter below Jim tone. 
Near the ja per the tuff contain mall trino-er of mangane e oxide; 
pockets of ore also are found within the ja per. The prospect has 
been explored by a pit and two short ad it , but ' ery little ore wa 
found. 

!BARS DE URG E L MINE 

The !bars de ro-el mine i on the ide of a steep hill ju. t north of 
Iri . From 1942 to 1944-, it yield d 526 ton of ore averagino- about 
43 percent mangane e and 14 I crcent ilica. 

The or clepo. it i . in tuff at th ba e of a lime tone that trik s 
J_ 70°-95° E. and cli1 s 20° 5° The mineralized tuff is from 0.3 

to 2 meler~ thick and crop out for about 60 meter . P ilomelane­
type oxide, pyrolu:ite, black alcite, and mano-anese silicates, princi-
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pally bementit an l neotocit , form ir regular nodule and layer in th 
tuff; jasper and blue-whi te halcedony ar intimately mixed with the 
mangane e min er al . The ilicate are altered to pyrolu ite an l oth r 
oxides, and much of the ilica ha be n leach d. 

Granz6n above and to the a t of the bedro k depo. it ib believed 
to b re idual from it. Th re ·idual or 1 imilar to that at th 
Bri eida mine, but is low r rrrade and l abundant. R e erv an 
mall and much of the ore i very hio·h in ilica. 

MARiA ANTONIA PROSPECT 

The Marfa ntonia pro. p t i a . hort distan e outlnre t of Iri 
on the ,,.e t ·ide of the lri rido-e. An adit m er long expo c a 
bed of very ili eou den black mano-ane e ox ide strikino- nor thwest 
and dippino· 20° NE. The bed aYerage 4 centim ter in thickne . 

oft gray tuff form the hano-ino- wall ancl oT en tu n'-agglomerate th 
footll-all. .An op n u 12 met r N. 20° E . of th adit how imilar 
mat rial30 cntimeter thi I . 

Th or on i 
pr of f r 

mn lJ an l th .·il ica ron tent of the mangane c-

TEJON PROSPECT 

Th T ejon pro.-pect i near th Yalle de 1anga ne o m inc a bout 2 
kilometer. wc.t of th Rio J-arahue a. It li at th h a l of a . mall 
ba in floored by tuff and ri mmed by lim tone eli fl'. . bedded lcpo i1· 
of mano-an e oxi de cr ps out at th c nta b tll'een lime tone and 
tuff. Two xpo ures, one cast and on we t of the valley floor, how 
from 2 to 2.2 m tcr of min ralized tu:IT that ontain an aYer age of 
about 20 p rcent mangan e. The mo common mangane e oxide 
is a Jio-ht-w ight, porou , p ilome1ane- yp min raJ, which, becau .-e 
of it low d n it. would be difficult to on en! rat by graYity m tho l . 

Two . h r t adit. h ave b n driven int th outcr op.. The expo ure 
warrant additional explorat ion, a a con. i l rable tonnarrc of low-rr rade 
ore mn.y be ava il able. 

VALLE DE MANGANESO MINE 

The \ alle de Mano-aneso min i kil om ters we t-north'Y st of 
J turo and 20 kilom eters north-northea t of J utinicu, the shipr ing 
point. From 1942 to \.u O"U t 19±5, th mine procluced4,149 Lon of ore 
onta ining an average of 44 p rcent mangan c. 
The mine j _ n ar th hca l of a nan ow onthwar ]-!rending vn]h'y 

bounded by vcrti al or nea1·l y verti allimc. lone cli n's ll"hi ch in pla e· 
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ar mor than 30 meter high. ~'d ono· th ''"e t ·ide of the Yall y n ar 
th mine th lime ton trike n rth"·c t and ~ip 10°-21° \V; on 
th a t side the lime ton clip trently a t. Th lime ·ton overlie 
oar reclcli han l oTay tuil' that i: ex[ o l only in th vi ·inity of the 

mine; farth r clo,\·n the canyon the flo r i lim tone. 
Th lime tone 1 iff a long the w t id of th can on is t rm ina ted 

at it nor t·h n l by, Yerti ·al asb,·arcl-trending fa rl t lutvin..,. <t mini-
11 um di placement of 1 meters, the ..:onf'lt . ide b ing downthrown. 
\..n other ea b,·anl-trcnding f<\ult cut · throuo·h th onth working of 

th mine · it i. downthro"·n an unkn own di tan· on the outh ·ide. 
The cliffs formino· th canyon wall · may b either fanltlin arp 

r ro. ional . arp but aYailable vid n e, su h a th 
of th ugge:t th<\t they are ero ional f atur 
valley it elf hrr been procluc cl hug ly by . olnti on of lim 
hap ont roll e 1 by joint . Geology and topography ar 
plat 16. 

Manganese oxide ha. been minccl from c1 po it on both. i 1c. of th 
C<tnyon but th ea t- icl \YOrking a re completely inac e · ibl . 

The north ore bo 1. nth " ·e.t ide i in tuff at or near th ba · of 
the lime tone. In place the man ane. e-bearino- t uff i. 1 arat cl 
from the ov dyin g limestone by a mu h a 1 meter of barren tufl'; 
else" ·here the ore zone i in contact with lime tone. The tuff . trike 
X. 10° "r· to X. 30° E. ancl clip. L 0 - 3!5 ° ". Th manganiferou. 
zon ha been exrlored :f r 6 n ter along the trik ancl :30 meter 
lown the clip · it rano-e. in thickne . . from 1 to 6 meter (pl. 1 7) . .Al ­
thotwh ome mall mas e of. olid mangan se oxide arc f ound, mo. t 
of. the mineralized zon con: i:ts of oxide containin o· con: iderabl clis-
erninated tuff tl1at canno t be r moved by ji..,.ginrr ; th e con entrat 

f rom such rude o r ronhtining 30 to 35 percent of ntnnganc · i: 
ne e ari ly rather low grade. 

~\.long the north"·e t i le o:f the wo rkino- the or bo ty i. cut o ft by 
a normal :fault dipping 60°-'7::) 0 E. Di placement of th fault i. prob­
ably 3 to 5 meter . The upthrown ·ide of the fault h a. no t been ex­
plor ed, a nd there i · an excellen t chan ce f find in()' a o-ood ore body on 
that i<l . 

The outh ore body i .. ome 90 m ter. downdip from t·he north de­
posit. It i at lea. t 4.~ meter. wicle along the st r ike and extend ab011t 
the same di stance do\\'n th l ip (rl. 17). The rock iTik east and 
eli[ 25°-35° . BebYeen th two ore bo lies the ore pinches out, bnt 
explor,ttion in 194~ were not :far enouo-h advanced to how j u t wher 
the or limit lay. The or bed r ano·e :from 1.3 to 3 m ter in thick­
n ... rtnd i . imilar min eralogi call y to the nodh clepo. it. It is ut orr 
along the outh : id e by an ca bntrd-trenclino- normal faul t and 
dropr eel an unlwown cli :tftnce on the :outh sid of th :fault. Thi s 



MI~E AND PROSPECT 207 

lown-faulted blo k i un expl ored and almo L ce rbtinly nlnin a 
s izable ore body. 

R e erves are e t imatecl at eY raJ ten of thou and ton in the two 
working and in the fau lted and unexpl ore 1 exten ion of the ore 
bodies. Po ibiliti e of additiona l or in th immediate vi cinity of 
the known or e depo its a re excell ent. 

\.n explora tion haft wa b ing unk (1944:) in th canyon b tlom 
J 50 meter . outhea t of the main workinO' . The sh aft wa '"ell 
lo ·ated and will fu rni h ·on. ic.lerable information about po ible d wn­
dip exte n ion of the min rali ;,-;ecl zone. T h canyon for 2 kilom ter. 
below the mine i x Jlent pro pect ing <Y rOttnd , bnL a the ] pth to 
the ba e f t he bme tone i not known any\\'he r exc pt near them info', 
any pro. pecti ng conll be t be clone by drill ing. 

JA A DI ''J'RI '1' 

Haonl ita K per nn;,-;a 

ESPERANCITA MINE 

:.-0 ki lome! lo' l'. north of 
and th e n ban i ta, 

'l'h . 1~ per ancita mine i ~0 kilom et r north of Do ami110 in th 
lo"' lim tone hill . . outh of th 'ier nt l ); ipe. It i . r ea heel by a 
dry-w ath r road. Ore wa tru ked lo th rai lhea.d a Banabacoa 12 
k il ometer ·outh . E stimated production fr m 1941 to 19-1:5, in lu i\·e, 
\\' l1.' 4,000 ton of ore ave ra <Y ing 45 to -!G p er· nt mangan e. 

The cr olo<Yy of th e mine area. i hown in pl ate 1 . Th olle t rock 
a r a sLrOJtO' ly folded qu n of la.le ha le ·onglomerat , her t, 
lime. tone, acidi · volcani ro ]; :,and l igni t ic bed of the JL1bana ( . ) 
formation . They a r OY rl ain un onformably by t uff tuff-con()'lont ­
Nale, minor bed. of . and stonlo', and the ('h;H· ·o H eclondo Jime to m' 
member of the C bre fo rma ti n. _\. t uff-co ug lom mte at the ba e of 
the obre i OY rlain by a ma. ·iyc oTcen tufl' that oTade up \\"<ll'd in to 
f~ e tion of Ut i n-b clded tu f·f a ncl ·hale · the ore lepo it i in ·he lo"-e t 
thin-bedded tu rr. 

B oth the Ha bnna (?) and obr e f rma tion. a r intrud c1 by il'l' O'U­
lar rna c. f a nde: iLe: on ancle ·it body i nlong th unconform ity 
betwe n the t \\'O fo rm at ions. _\.nde. ite cro1 · on t near Lhe o1· bod_y 
and i expo ·eel uncl r <rround som<:' 12 meter be lo \\' the ba of th o r 
buL no metamorph i m of the o re " ·as cl<:' tected. 

The regi nal t rike of th Cob re bed s is nor thwest; tlt lo'y generally 
dip ontlnY . t. 'o utlt o-f th lo' mine " ·ork ings th e . h ·ike i. north ancl 
the dip j ;50° o r ·o \\'fo'St ; th e change in nUit ud e lll <t)' h;l\'(' been aus 1 
by intru:io n. of onlo' of th e andesite 1nasses. 

TheE per an ita o re uo< li e. a.re bed ded <lc po: it s in tuft n. mu ·h a . 
6 meter thi ck· the main or bod y ha<l nn a \·e rag thi kn s f 1.6 
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m ters . .A lay r of jn per a much a L m te r. thi ·k formed th fo t­
wall of th main or body; th upp r portion of th ja -p r contained 
Yaria.ble amount of mangan : oxi le. .Ta p r 1 ocl " . re s attered 
throuo·hout the or zone bu \\'el' mo t nbun(Lint near the footwall. 
In the upper ]eye] the ja p r footwall " ·a ab nt locall y. In ome 
pla e · a er ie of mallbcdding-plan lip ·o cun linthe"· ll-d fined 
hangino· wall. :Mangan se oxid occ urred a bl b,. trino· r s, and fine 
eli . cminated 1 nrti le ; th re mined ontain d from 25 to 3; p r ent 
Jnano-ane e. P. ilom lane-typ oxide <ln l a littl e pyrolu ite w r the 
only mang<i ll s min eral retoo-nizell. Gano-ue 1\'H · tuf·l' partie] zeo-
1 i tes, and ape ·ul1 tn· y ll ol\' -o-re n ch!orit . 

The main ore body wa . dcYclop d by th ) albina and nlvador 
adi t. and th Prieto ·hafL ( c pl. 1!)) . The or bed " 'h re fir t found 
in the Prieto-Balbina workino-s lij ped o· nt ly outh into th E [ emn­
·i ta hill. . \J th outh edge of th "·orkino-- the dip in Tea. eel to 50 
io tiO lc•rree · anllh n flattened ;.wain to 10 to 15 d o- r e in th 'a i­
Yador 'r01·kings below. 

'1 wo outcrop that proYed to be land -lid blo k w r explor d by 
the Gran<icla aclit and th afctnl haft· Yery li ttle ore 1\'a r overc l 
in either blo ·k. ·e ,·eral other exploratory allit. w re dri,·en bu 
fai l d to ·u any ore. 

Ore " '<l broken "·ith ja ·khammer. an l hauled in \\'h clbanow to 
a mill "-her it wa · ere ned, ru hed wa.-hed, ize 1, and ji<fO'ecl. 

Mo t of the ore -uitable for oncentration in the old mill probably 
ha been xtracted. The r emai ning lo \1·- o-rade or i not amenabl to 
imJle mechanical concentration and probably " ·ould n eel treatm nt 

l>y flotation and intering. R e erve · of all c ia :e · a rc e timated at 
. \·eral l n of thou and ton · aYeragi no- 15 to ~0 1 ere n t m<wgane. 

CUBANITA PROSPECT 

'l he 'ubanita pro pe t .i on the divide bet"·een the Rio l\Iaj ao·uabo 
and J ao·na, 1. kilo met r " ·e. t of the road between Do Camino 
an l the E peran ita mine. K o or ha be n hipped. bedded 
mano·an ·e depo it in tuff about 6 meter below a platy lime tone ha 
1een explore l by an ad it and eYeral small piL. Th adit, 'rhi h 
tren ls . 0° IV. along lhe strike of the bed ·, expo es 0.6 to 1 meter 
of minemlized tuff ; an in lin south from the adit at an ano-le of 12 
degr es foll ows the tuff fot 12 meter ·. Mano·ane e oxid form 
110 1ul e Lhat ·ontain variab] amount of tuff. The average nodules 
probably do not ·ontain more than 35 percent mano·an e becau e of 
th i r h i o-h tuff ·on tent. \J though the nodule can be s parate l 
ea ily from the tu fl' , it ·eem doubtful that any method of gravity 
concentr ation can rai e the grade of the individual nodule . The 
depo it contain at least a few thou and tons of mineraliz d rock 
an I may contain much more. 
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RAOULITA AND ESPERANZA PROSPECTS 

The Raoulita and E p ranza pro pect are on the we t icl of th 
J agua valley alon o· the r ad b b1·een San Lui an l an lela ria. .A 
total of 60 ton of ore i reported to have been hipped from the 
properti s. 

On the RaouJita claim a bedd l c1 po it of manganc e oxide in 
tuff at the ba e of a thin platy lime one i explored by an adit 30 
met rs lono-. The mineralize l b cl trike X. 60 ° \\ . and dir 5°- o 

'W. It i overlain by thin ja. p r pod along the ba e of the lime ton 
an l re t on tuJf altered to '"hite lay. Mo t of the mungan se oxid 
i di eminatecl in fin pa1ti lc throughout the bel, bnt there are a 
fe"' nodule and tringer . B au of the ma]J ize of the oxide 
particle , it eem doubtful that mu ·h r an be r ecovered :from 
thi pro p ect. 

A t th E peranza pro p ct a be lclecl d po it occur in the upp r 
part of a Aago·y lin e. Lone. atler d blo k. :£no lular p ilomelan -
lyp oxide in tuff and ja pC'r " ·er e ·e non th old lump . . \Jthouo·h 
th "-orkin"' are ina . ihlC' and ga'e no information on the e.· 
ten of th clepo it th min ra li z cl area i b l iencl to be rather larO'e. 
H aml-clril l h l in the prohahl e or -be<l ring arC'<t ou ll expl r the 
depo it n mi all y. 

TRES JOSEF AS PROSPECT 

Th TrC' · .] sefa · pro pee i. immC'cliately \\' · of th ubanita 
1 ro. p ct. Thin -b dclel l ime.ton that . tJ·ik . ea. t and clip 30° 5° 

. i fanlt ecl ao-ain t a lea r u nncle. iti tnfL to the north. 1\Ian­
o·ane e xi le form thin bPcl in tnff bC'l011· th lime. tone outh of th 
fault. The oui·crop of the mano·ancs -hearing tufl' xtend at lea t 
120 meter. cl0\\'11 th 1\'C. t lop of a teep hill. 

Th r e bed f mano·an . e oxi le , 0.0 to O.G mC'!C'r I hick, are found 
in a min eralized z nc a . mu h a . G meter. thic·k: th J' t of th zone 
cont ain a littl e manganc e oxi 1e but i mo. tly lay an l iron oxide . 
Fiv hall011· lit. an l 2 hort drift. havE' be n clri 1'('11 a lon g th or 
heel : and G ton of. ore w r :hippNl in 1!)-1.2. The cruel or con­
hlin : only Ltbout 15 pC'r ent o:f mnng:mc. e and tlt e heel : nrC' too thin 
Lo offer mu ch promi e of notable tonnagC' . 

J RAH • A DI THICT 

The .Tarahue a clistri t i. northea t of JnrnhuC'ca at !.he hea b ·atcr 
of the Rio J arahue a . It i r ca h d by a dry-weather road from l t0 

on go, 20 kilometer . southwest .. 

LUIS ANTONIO-D ONCELLA MINE 

The only mine ·in the eli trict kno,Yn to hav procln eel <111)' ore i · the 
Lui: .AJ1tonio-Doncella, 7 kilometer s northea t of .Tarahuc a . Thi . 
mine was operated clurino· 1942 and 1940 and procluc d about 500 
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ton of or containino· 47 perc nt n an o·an c. Geoloo·y of th 1.1 me 
area i . ho,Yn in plate 20. 

The min i on a teer hill . icl capped by 0 met r of lime ·tone 
that OYerli un onformably :f 1 ite and dol rite. The lower 5 meter. 
of the lime tone ontain bould r and ang11lar f ra o·m nt of dolerite, 
felsite, and tuffs; tuff frao·ment are e p ciall abundant in the con­
glomerate at the outh nd of th mine a rea. .Above the ba al on­
glomerate the lime tone i · a m. iv " ·hite r k ontainino· a feiY 
fel ite cobble . The fel ite i intrule l by an irreo·ular ma of 
grained dolerite, \Yhi h bak d th fel it at the ontact. 
of quartz-b aring opper carbonate cut d lerite. 

The limeston and fel ite near th min ar brok n b 3 t eply 
rlippino· normal fault . Pod f mmwane. oxi de o m· along the 
:fault and in fracture parallel to th em in both lime. ton and fel ite. 

An outcror alonrr th ntra l fault " ·as pro. pec!e l by a. haft that 
ut ore at a depth of 4 m ter an l by an aclit driven to inter ct ore 

D meter below the haft ollar. In th mine mangane. oxide w r 
found n ar the fau lt in fel. ite and in the lo,Yer few m ter of th 
lime tone-fel it conglomerate. The ontact betwe n lime tone ancl 
f el. ite lip · ':!:5 ° ~IV. near the fault, les .. -teepl farthe r t the north; it 
is in·egular and off et by . ev nd smallfault . A pock t 4 m ter. thi ·k 
of ma ive mangan ·e oxicle in the hanginrr wall of th hul t yi lcl et1 
450 ton. of or . tringer of oxide co ntinue w t from the po .ke! 
bnt all of them . o far eli CO\ r d are 1 than c ntimeter \Yide. 
Xo ore ha .· been found in the footwa ll. The fa.c that the or i lo a~e<l 
along the fault at the onta t b t"'een limestone and fel ite wa show11 
as a \\·inze \Ya . unk 13 meter into l an n f elsite and a cro cut clrivCll 
into barren lime tone, both away from the faul t. Future exploration 
houlcl be con entrated alono· thi . an l other fault. that cut th conta t. 

The mo t abundant rnangane mineral i 1 yr olu. ite, b ut p il o­
rnelane-type oxi le and black al ·ite areal o pre ent. l\fo.t of th e or e 
mined has been mas ive oxide. \ few ten. of ton f milling ore r e­
mai ned on the border. of the pocket in 10±3. 

There are almost no 1·e er· ,·es ·in the depo: it , but pos ·ibly th r ore 
pockets may be found. 

J TINICU Dl TRICT 

The ,Tutinicu eli trict is 1 kil ometer nor th of Lhe v ilhwe of ,Jutini c(l, 
on the Ferrocarril de Guant{mamo y Occidente. It is r eached by r oa cl 
from Alto ongo, 7 kilometers outhea t. T"·elve claims haYe been 
denounced in the eli trict but all the ore produced h as come from the 
San \ icente, Omega, and an Andrr . claim , known collectively a. 
th e .Tu t ini {t mine. The eli tri ct· ha been ]mown . ince 1 u nncl " ·as 
\rorkecl during vVo1·ld Vi a r I. Between ,January J !)42 and A11gnst 
J 045, a total of 4,,0 5 ton : of ore ontaining 45 to 46 percent manganese 
'va hipped. 



M lN lc.· A ~ D PRO P E 'l' 2 11 

JUTINICU MINE 

The Jutini cu min coY-t" the top and flank. of a mall hill ri inrr 
about 90 meter aboYe t he valley of t he Hlo Guanini U.n. The 
.Jutini u hill i a tru ctural dom of tuft and t uff a o-o-lomerat ·app d 
by thin -bedd ed ·while lim tone, ,-.,-hi ch make up the r e t ancl flank 
of the hil l. Xenr th e ba e of the hill the lime. ton i. oYerluin by tuf­
f;tceon shaJe and thin marl bed. of the ;:)an Lui s formati on. Tuff is 
exposed I eneath the Jim : lone cap in s ,·eral valleys thnL br a hI he 
hi ll ere t. \_ fe\\' faults cut th e r ock bu t clo not all'ect th e symm lry 
ofth dom. Kofaul t cultheontcrop ofth minerali zed zon butth 

re body may be clropp cl to th south along a faul t following th tr ncl 
of a jas1 er outcrop on th e ·oulhern . ide of the mine working . 

Manganese oxicl occ ur: in a coar ·e tuf-t' bed underl ying lh lim e-
ton e. ually there i m ban en tuff in pla a much a ~ me t L'S 

thi ck, between Lhe lime:ton and til e min eralized 2o nc ; ,,-here tlti · luff 
i.- mi s. inl! th (:' lim stone and or b(:' d ma.'· be sr p<lra! d by , to 1:) c nt i­
mrle r. of mixed jasper nnd chl oriti <' lulL 

The nmin orr body crop: out in a. sha ll o,,· Yall ry on th (:' (:'a t. ide 
of Lhe hill and on lh c] i,·i <l e to the so uth. lt ha .~ bern cl r ,·rlopecl by 
short aclil s and drift : OYer a n a rea ~ l.i mete rs long and n: mnch a · (ill 
m l r " ·ide. . \_! th ough I he OI'C' zone i.- a ' much "" + nwters lhi •k 
min able ore is ge n rally les. · than ~ nw lC' rS thi ·k. In th e va ll ey lh 
ore b dy clips 10° X. parallello th e b dd ing o f th n lo in o- tuff · on 
the diYid i t i. hor izontal or dip. ligh t ly lo thr south. \_ jasp r ma . 
onthe hill re t i b li eYccltoc ut a r o:s the beddi ng·in the Yalle ,hO\Y­
c,·er, th same ja per ma . form a la.yer in th Joohrnll of th r b d. 
Th outh bank of the Y<tll ey i a lip lor un lerl ain by lhe or ann 
Ja . per. 

Manganc. e oxicl e form: n duks in t ufl' a lter ed to red ·l;1y. <ln cl Yein -
1 t. , bleb. , pod . . and Jnyer in le . .- a.H reel tun·. Thi ker ore ;:;one · are 
ompo eel o-f hancl. of oxic! s nlt rna ting " ·ith layer f tun'. The 

ore i · highly lenti ·ular: both r and jasper may pn. lat rally inl 
ma.nganiferon. tnff, \rhi ('h in I urn mny gt·acl into ban n tu fl'. Figure 
+1 i.- a ket ch -E lenli ·J!la r ore nnd ja j) (:' l' exposed in an pen ut 2 0 
meter · . outhcast of th ma in ut. ,'omc of t he ma ngan ·e oxide i 
pyrolu . ite tha t r eplaces p il omeLm -typ oxid , bnt mo. t of lh nod-
ule ar p ·ilom lane. Th averag . ize of th e mangan 1 arti cl i 
2 to 10 millimeter . but . om ma . e of . olid oxid e with a maximtm• 
cliam ter of 1. meter ha,· been found . Mu h mangane e oxide o -
CUI '. in fine 1 ar ti le in the tnff matrix. Th gracl of th e ore vari e. 
mar ke lly from plac to place nnd r anges Jrom 10 to ~5 per cen t mano·a­
ne. . 'Th be. t ore i n the "'esf·(:' r n id e of tl1e Ol' bocl . . 

The m·e zon e i expl ore l by clri ll hol e. open p its, a.ncl1mderground 
wo rkin g. . IL i. exJ osed in .-e,·eral short clri-ft . nncl ar1ih; sonlh of th e 
vall ey, along one aclit north of th e vall y aJH1 in :cnra1 pi t. on tlw 
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FH. l "l<>: ~ I . ~ke te h of nst wall o f o pe uc ut . . JuliniC(I mine, " huwing l ~ nll·ulnr Ch:1n11·t r r 
of the bt>ddlng . 

di ,·icle Lo tl1e . out h. In J!)' 0 the ' uban M in in g C'ompan lea eel th 
di . t r ict and put down :B diamonl-drill hole ao·oTe..,.atino- 3,000 f L 
of drilling in an effor t to dc1·clop a laro·e low-o-rad re body. ev n 
o£ the hole>,' nr reportrct to ha1·e ·ut or at tepth nmginrr from a 
m Ler or o to '2.) met r. . I n th ar a explored the or i from 0.3 to 
meter thi ck, and probably a1·er ao-e 1 to 1.3 meter ·. 

)Io t of the or i lo"· g rad and mu t be oncentrated. Dur in..,. 
\Yorld" <U" II o1·e wa. mined by han land haul d by truck to a mill 
where it '"a ru heel, s ized, and ji..,.o·ed to a on ntrate ·ontainin<Y 
m.ore than L~5 percent mano·ane e. ntil \.pri l 19-1:;3, the plant treated 
5 to 7 ton . of crude or to p roduce 1 ton f concent rate and the 
output of th mi ll eldom ex ·e cled 15 ton I r day. Mu h of Lh e 
ftner graine l crude ore wa ]o t . R evi ion of th mill flow h t 
an l nlargement of Lhe cru. hin..,. capacity of the plan t, f Jl owing 
gestion of th engineer of th nited tate Metals R . erve 
pany \.gency, ]o,Yer d the co nce ntra tion rat io to about 3 .;) :1 and 
increas · cl prolu tion to nearl y 25 tons p er clay. 

R ene are e timated at a few ten s of tho u. and ton incli ate l and 
a imilar amount inferred. T he aYerage g rade of reserve: is 15 to 20 
per cent mangane. e. Ther a1·e probably few exten ion. of th ]mown 
or zone, hecduse th e drillin g program of the C'nbn.n f in ing Com­
pany outlined al most om1l el ly the extent of the miner al ized zon . 

M AFFO DI 'TRICT 

The Maffo eli trict is ~ ki lometers outh a. t of Maffo, n . mall 
town south of lh an tr rn. (' ntra] nea r Con fT <t111<l t'.' l re. n in ­
cl udes f 1ro sma 11 min :, the E. t rell a. and orpr esn,. 
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ESTRELLA MINE 

The E tl·ella mine i in gently rolling lime tone terrain southea t 
of i\Iaffo. A haft 6 meters deep found an ore bo ~y in a tuff bed in 
lime tone, which trikes ea t and dips gently north. The ore po ket 
wa more than 45 meters Jon()' about meter wide, and had an averag 
thiclme of 2 m ter . It was underlain by an ine()'ular urface of 
lime ton . veral thou and ton of hiO'h-grade ore was recovered 
befor the ore wa exhau ted. Diamond drillino· in the immediate 
vicinity of the mine ha been un ucc ful in findinO' more ore. The 
base of the lime tone beneath the old ore body houl i be explored. 

SORPRESA MINE 

orpre a mine i j u t w t of the E tt·ella. R e orded produc­
tion i 466 ton of ore averaO'ino· about 44 percent man()'ane e. Man­
O"ane e oxide o m· in b1·o bed of tuff n lo eel in lime tone. The 
b d ar 0.3 to 1 meter hi k and are rather low oTade. 

MANA A DI TRI T 

Th :\Iana ·a eli trict i about 10 kilometer oullme t of Ram6n 
de Guaninao and 20 kilom ter uthw t of \ o·ua ate, a ·mall eL­
tlement on th anet ra entral b twe n Palma oriano and ontra­
mae tre. The road from Agua ate to Ram 'n de Guaninao i nearly 
alway pa abl · th r mainder of th road i u abl only during dry 
weather. Ore ha been hipped from th Amarito, ntral, uada­
lupe, Lui eO'un lo, Ori6n and Pa aj laim . Production for the 
year 1942-45 in lu ive, wa about 13,000 ton of ore averagin()' more 
than 50 per ent of man ()'an e. 

The di trict i in th rollin g foolhiJ) north of lh iel'l'a 'fae tra 
in tho ]rainao·e basin of the Rio an uffi ien " ·at r for mininO' 
andmillinO"operation i u uallyavailabl . 

The mo t on pi uou. o·eo]oO'ic featur of the eli trict i. th Mana a 
lava dome (pl. 21), an easbnu·d-tr ndin()' ellip tical ma ... of gray 
lacite I orphyr about 4.- kilometer long and 3 kilometer wide. 

The dome has a r Lief of at lea t LO m ler . It on i t of one or 
more plu cr '" ith r lat d now r ck and flow bre cia . The dacite is a 
hard ma ive ro k macl up of I heno ry ts of quartz an l albite­
oligo ]a e a much < 5 mi llimeter a ro s, t in a oTotmcL11a of 
plagiocla e lath , clevit ri.fie l gla , hl01·it , and iron oxide. 

Pyroclastic rocks an l overlying limestone of the obre formation 
lie parall el to th porphyry contact and clip 20 to 35 de()'re away 
fTom the dome. The basal part of the pyrocla tic equence contains 
many rounded boulders of porphyry as laro·e as 30 centimeters or 
so across. In place , particularly alon()' the southwe t flank of the 
dome, Cobre trata are upturn d and faulted again t the porphyry. 

42 47 5 --15 
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The lime tone bed along the north flank of the dome oY rlap the 
p roclastic rocks o that on the crest and south flank of th dome the 
lime ton rc t directly on I orph rry; m reoYer th lime t n thick­
en noti eably to the north and we t, a'Yay from th clom . It eem , 
th refore, that the dome wa rre ·ent a · a po ·itive ar a 1 rior to Lhe dep­
osition of the overlying ro k . How v r we beli ve that th pr ·ent 
domical tru ture is due in part to differ ntial compaction of the soft 
pyrocla tic ro k over th ma 1ve, competent porphyry, which also 
cau eel the local upturning and faulting of bed along th porphyry 
conta.ct. 

Dik ar fOlmd throu ·hout the area, e pecially in Lhe da ite 
porphyry. orne are rhyolitic or dacitic; others, such as the large 
1 ike hown at the we t dg of plat 21 are diaba . 

Ore ha been found a many place oYer a di tan e of mor than 3 
kilometer around the we tern half of the dome. I t occur in tuff beds 
in the ba al45 meter of th pyro ·la tic equence an l i · imilar to the 
tuff ore found el ewhere in Ori nte. The ore b ds rano-e from 0.6 to 
2.5 meters in thickne an l averao-e 1.1 to 3 meter . The total num­
ber of ore b ds i not lmown a correlations between the various oc­
currence of ore cannot b made ' ith certainty, but at lea t 2 bed 
about 15 meter tratio-raphically apart have been mined on the Gua­
dalupe claim (pl. 22) ; the upper bed ha been the more produ tive. 

rude ore contain 20 to 30 percent man o-ane e. 
P ilomelane-type o ide i the mo t abundant mangane mineral; 

commonly it i partly or completely altered to pyrolusite. Braunite 
ha. b en foLmd in mall amount on the Amarito and Pa aje claim . 
Di continuou len e of jasper are found throughout the area, particu­
larly near the hanging wall and footwall of the ore beds. Gangue 
inclu les chlorite , zeolit , and chalcedony. 

Ore has been extract d from a o-r at number of adits, inclines, pit , 
and shaft . typical group of working in the Guadalupe and Cen­
tral claim i hown in plate 2~. Mining during the early period of 
a tivity was poorly inteo-rat d be au e the various depo its w re 
w01·ked by liff rent operator and concentration of or was lone at 
several widely eparat l mall mills. All minino- wa done by han l. 
Ore wa concentrated by the u ual metho l of screening, wa. hing, and 
jio-gino-. The ore mills well and yield. a high-grade concentrate. 

Re erves of crude ore were estimated in 1946 to be a few tens of 
thousand tons indicated and everal hundred thou and tons inferred. 
R serves in terms of concentrate would dep nd on the efficiency of the 
concentration I roce ; the concentration ratio in the former mill. wa 
4 :1 to 6 :1 but almo t certainly could be improved. Produ tion since 
1946 i not known but apparently has been small. 

Th Manacas eli trict i one of the rno t favorable in the province. 
The known ore bed have a strike l•3ngth of 1,200 meter on the 
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Guadalupe and Central claims alone and could be explored easily by 
inclined adits. The Amarito claim i a] o very promi ino-, but min­
ino- has been hampered by laro-e amounts of water. Of the remainino­
claims only the Pa aje and Orion have produced any considerable 
tonnage, and neither has been explored adequately. 

LO ~'EGRO Dl TRI T 

Los egros di trict embraces a laro-e number of mines and pro -
pects lyino- we t, south, and ea t of the town of Los eo-ro . An all­
weather road connects Lo eo-ros with Baire on the arretera Cen­
tral, 10 kilometers north. Although several hundred pro pects are 
kno~·n, only th ntonio, Montenegro, Pozo Prieto, ni a, and 
Yeya mines have produced notable amount of ore. 

AMY PROSPECT 

The my prospect i about 3 kilometers outhea t of Los Ne~ros 
on top of a hill ea t of the R1o Moaote. cut about 30 meters in 
diameter i open d in aranz6n lyina on a pitted lime tone urfa e. 
From the bottom of the cut a haft wa tarted (1943) in lime tone, 
and a hort di tance down the hi11 an adit, de ianed to undercut the 
o-ranz6n and conn ct with the haft, wa driv n 35 meter in tuff 
and ol anic br ccia. No or wa found in the undero-round working . 

ANTONIO GROUP 

The ntonio grou1 of mine. anrl pr pect i n ar Pnri al <> kilo­
met rs ' st- outhwest of Los Negro . It includes the . ntonio mine 
and theE peranza, Gaccta, and 1ilan I ro p ct . The ar a is reached 
from Bair on the a.rretera ntral over a road that i. pa able x-
ept aft r heaYy r ain. 

A rTONIO MI NE 

The nLonio min has been worked almo t continuously ~;in e 193 
and mo t of the production of th group has come from it. It "-a 
d nounced in 1901 and wa worked for a time in 1917 and 191 , but 
mo t of the development ha been done ince 193 . Total production 
has been more than 10,000 tons of or containina 40 to 45 percent man­
aane e. 

Th mine i on the north rn cdg of a rugged kar t area but mo t 
of the "-orking a re in a r egion of low reli ef an l hallow inkhole . 
In the a. tern part of the clenouncem nt a f w valleys are floored with 
tuff, and mall trcam furni h ufficient ''ater for wa hing or . 
Timber for the mines is haule l from the hills to the south. 

Th mine area is und rlain by tun· and the har o R edondo lime­
. tone m0mber of the obr formati n (pJ. 2:1). The t uff are ''ell ­
hecld('(l, water-lai l, o-re n and sit·ic ro ·k. that ar . oft a no form ar n. 
of low reli ef. Ncar the Antonio mine ih y don t eon lain mnngan . c 
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oxide , but mineralized tuff bed are found in om of the adjacent 
denouncements. The lim ton i a d n hard, white rock that 
weathers to a roucrh "dogtooth urfa e " ' ith d I inkhol and 
hallow un lrained depre ion . The onta t betw n lime ton and 

tuff is b cur din many places by block of lime ton . ono-lomer­
ate ompo e l of a 1 o·al hea ] lie at the ba of th lime ton . It is 
overlain by 6 to 9 meter of len e platy lime tone containino- in­
numerable mi rofo il . In part of the area the plat lime ton is 
OYerlain by 1- 1.3 meter of mruwan oxid in a matrix of tuff or 
tuffaceou limestone. pon the ore bed r st n,n impure ros. bedded 
intraformational lime ton cono-lomerat a much a 1.5 m ter thick, 
compo eel of mall ·white lime tone frao-ment in a Tay flne-oTained 
limy matrix. Thi ro k o cur ,...,.jth th or bed throuo-hou the 
proper y a,nd wa u eel to correlate scattered out rop of ore. t 
lea t 60 meter of platy "-hite lime tone interbedd d with thin layer 
of algal conglomerat overlie the ore horizon. bout 15m ter above 
the ore horizon i. a c ar e andy lime tone tha,t contain many 
Foraminifera and megafos ils. 

The ntonio min lie on th re t and th outhw t flank of a 
northwe tward-trending anti line that i ut by a zone of northwest­
ward-trending faults (pl. 23). Near Purial, in the center of the 
mapped ar a, the fault have broken the ore bed into eve ral blocks. 
\Ve t and south of Purial vall y tuff i faulte l into contact with lime-
tone, and Jim tone an lore are dropped to the outhwe t . orne of 

the faul t a r mark d by red lime. tone bre cia and many man cave . . 
Mano-ane e oxide i found in and adjacent to th northwe tward­

trending :fault , in cave formed by olution aloncr the faults, in 
a ranz6n patches on the surface, and in an or bed. The bedded ores 
are mo tly haracteristic tuff ore- nodules and strincrers of manga­
nese oxide in alter d tuff- bu in some places in the w stern part 
of the mine the ore con is of olid oxide above a thin ja per foot­
wall. The ore bed is from 0.3 to 1.5 meters thick and i of con iderable 
aren-1 extent; it crra lually pinches out to the outhea t. 

trincrer. and pods of mangane e oxide occur in or nertr many of 
the faults. The largest pods contain only a few tons each. Pyrolusite 
i the mo t abundant oxi lc. I n one outcrop a mixture of pyrolusite 
and fine-<rrained black silica wa een; in another outcrop manganese 
oxides are mixed with opper carbonates. A cave rtlong a north­
eastward-trending fracture in lime tone contained about 100 tons 
of mangane e oxides in layers sepamted by clay seams. Dripstones 
which extended through the deposit from top to bottom indicate that 
the oxide were probably lepo ited in open spaces. 
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everal patches of granz6n are found as urficial blankets and in 
solution pits on the lime. tone. 1o t of the o·ranz6n deposits overlie 
outcrops of lode ores. 

East of Purial the ore bed i e ·plored by a laro-e open pit from 
which two drifts follo\Yed the or ea t\Yard for 30 meters. The ore 
bed is broken by everal normal fault near the open pit. Galleri 
extencling astward and outhwarcl f rom the bottom of a 5-m t r 
haft show 0.6 to 1 meter of ore in a do,mfaulted block. 

outh of Purial, alono- the outh side of the valley, the main rc 
bed crops out intermittently for more than 100 m ter and i broken 
into mall block by faults trendino- norLhca L\mrd. Open pit ex­
po e 0.6- 1 meter of ore, ontainino· ;tbout 0 per ent marwan e, an l 
an inclined drift, which follo 1T th b d about 45 meter down the 
di I , expo e about 1.~ meter of or . ~ T car th fault ( ee pl. ~3) 
ore ha been mined from open pit . 

Ore in a limy tuff bed continue for about a kilomet r outhea t 
of the ar a. hown on plate 23 . Or ha be n mined also from hallow 
pit and o-allerie on all id of a hill alled La ura but the e 
\Y rkino- are in a thin lO\Y-oTa l b d and minino- wa topped be-

of the hi o·h o t of ·tracti n. 
Mining wa done laro·el by hand althouo-h an air drill wa u ed 

in s veral of th Ion o· r o·a.ll erie and a c mpre or an l eveml mall 
hoi ts ''" r u eel in the Purial \rorkil1o· . Mo t of he ore wa hand­
cobbed· o-ranz6n and a little tu Fr ore were concentrated in a log 
wa her. 

Re erve a of 19±6 wer e timatcd at a few thou and tons indi ated 
and everal ten of thou. and ton infcrre ], with an av rao-e grade of 
3 ~ ~l5 p r nt man o-ane . Mo t of the indicated res ne is in thin 
bed that ar co tly to mine. The main or b c1 can b explored near 
the mine by driftino- and can be pro pect l away from th pre ent 
workino- by lrillino- ; drill hole a mu h a 45 or 50 meter leep will 
suffice to explore a large area of potential ore-b aring ground. Th 

ntonio mine area hold on iderable I romi e for the development of 
moderate tonnao-e of medium-grade ore. 

E PEilANZA PROSPE r 

TheE peranza pro pect i just we t of the ntonio min . few 
shallow pit have b en dug on out rop of lim lon breccia but little 
ore has been found. I n 1943, 111 ton of ore ontainin 49 per ent 
mangane e wa hipped from a mine called E peranza but it i un­
certain whether it wa the mine uncl r eli cu ion or a mine of the 
same name in the Jao-ua eli tr.ict. 
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OACETA PllO PE T 

mall pat h of hi o·h-grade granz6n wa xploited in 1942 and 1943 
on the Ga eta claim, northea t of th _\.ntonio mine. orne ore ·was 
hipped al o in 1945. Total production i unknown but mall. 1\Io t 

of the working are on lime tone. In a few place , a lime tone br cia 
i cut by irregular veinl ts of mangane e oxid Th granz6n con­
tains . cattered bould r ot ja p r. 

MILA PllO PECT 

The Milan p ro p ct i. ju t north a t of th ntonio mine ( e pl. 
23) . \_ trench 30m t r · long, 9 meter" wi l , and 0.6 m t r d p ha 
been open c1 up on a la r of fi11e-oTain c1 oTanz6n. ranz6n pellets 
are 3 to 6 millimeter a ros . The re i lual ore i about 15 m ters 
:from the neare t known out r p of lod or and it our e i unknown. 

Two mall cut on anoth r part ot th claim how a breccia of pink 
lime~tone, cut by iLTeO"ular Yeins of pyrolu ite a · mu h a 1. meter 
l1 rOS . 

ARCADIO MINE 

The _ r adio min i on the Rio "i\Iogote, 5 kilom t r ea t of Lo 
.r.,.e(J"ros. Production to 19·r i not known but i mall; the 1 4 
produ tion of 1,175 ton in ludes ome ore from th Ga ta pro pe t. 
The ore contain d about 4± per ·ent n angane . 

cut about 30 meter lono· by 6 meter wide, trending . 0° \V., 
ha been opened in lime tone bre ia ju t aboYe it contact with h 
underlyi1w tuff. ~Iineralization i irr O"Ular, but in general the or 
zone trike · . 0° \V. an l lip 0° N. veral mall pocket of hiO'h­
grade ore have been worke l. The rezone i xplor d al o by an adit 
GO meter · lono· and a haft; a layer of mangane e oxi le le s than 15 
centimeters thick i expo · c1 in the shaft. 

urface howin(J"s at th \.rcadio min are good nough to jus ify a 
on iderable amount ot exploration, parti ularly al01w th contact 

b tween lime tone or lime ton breccia and tuff. 

BESSIE PROSPECT 

At the Be ie I ro pect, a mall cut explore a low-O"rade man()'ane. e­
bearinO' lim . tone breccia on a ridge near the Mas ota I ro pect on the 
R1o Mogote, 3 kilometers ea t of Lo egros. littJe ore wa p ro­
duce l in 1942. 

BUENAVISTA GROUP 

The Buenavista group of claims i near the settlement of B uena­
vista on th Rio Cautillo, 15 kilometer: southwest of Lo egro . It 
i. acce ible only by trail, either f r om Gi.i i a, 1 kilometers nor thwest, 
~n· from L a T abla, 7 kilometers north . 
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Production until 1945 '1\a mall. bout 00 ton of ore wa 
h ipped :from the i\Iaria Tere a claim in 1941, and om 290 ton wa 

mined at the L olita claim in 1943--44. little ore ha ome from 
the Lola claim, 3 kilometer north of th M aria T ere a. Th <rroup i 
in very ruO"o·ed lime tone terrain and ha not been I ro pe ted thor­
ouo-hly. 

P yrolu ite as ociated \Tith ja per ha b en found in pock t in 
lime tone alono- brecciated zone that probably mark faults. Th 
pocket lie within 30 meter of the ba e of the lime tone; 6 pocket. 
containino- from 10 to 300 ton of ore "-ere :foun l on the Maria T er a 
claim. 11 the ore contain on id rable cal ite; on th Fortuna and 
Lolita claim it contain o mu h hematite that a aleable rei diffi­
cult to produce. 

The contact bet"- en lh lime lone and tu tT i xposcd f r everal 
kilom l r along Arroy olorad an l th Rfo autillo and warrant 
further exploration. Y er y littl pro 1 cting ha been lone bet,Ye n 
the Maria Ter a and Lolita or l o k . R . en in the ar a ar 
n .O"]i<Yiblc, but the po ibilities of findino- additional I o ket of or 
a r good. 

CANDAS PROSPE CT 

Th Canda a.tofth _\.ntoniomine. 
'c \'era l mall uts in l ime tone brcc ia xr e mall pocket and 
lrinp: r. of man<Yan c xid tL ociat d with pink lay· the larcre l 

pock twa · 1 met r aero s. 

DEFENSA PROSPECT 

p ro pect i kilomel r by tr ai l ou th- outhea t of 
Los :Ne<Yro . Pr dnction ha be n le . than 100 t n . _\. lime ton 
br C' ia ov rlying alt r cl tu ff ha b en xplor cl by w ral pit . One 
u t e:q . a layer of mann·an e oxide about 0.6 mel r thick. A mall 

<U110un t of <YJ"anzun was atter d ver the nearby uda c. 

DICH OSA PROSPECT 

were xpo ed in Lwo u . 
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DIDO P R OSP E CT 

The Diclo pro pe i · on the RJ:o Moo·oLe, 5 kilometer outh of Lo. 
Kegro . l)ro luction i not kno\rn a or '"a hipped with or from 
the Pozo Pri to min , but is certninly rath r mall. 

Ore o m·: in . mall ineo·ular I o k L in lime tone and a. mall 
len .. rouo·h lyparall el to!h becldinrrofth n lo inrrlim .ton. The 
hu·gcst ore body, xpo 1 in a iri'ft off a --m ter. haft wa about 
met r lonrr an l av raged about .6 n eter thi k. R erYe are very 
mall and prospect of fi.nclinrr much or are n t go cl. 

E D UARDO P R OSPECT 

The Eduardo p ro. pe t ahout· ;~ kilome t er · is 
deYelOJ 1 by at Jeaf't 5 cut in a manganiferou lime tone br ccia that 
t rik ~. 45° \ \ .and lip :,.,5 ° '\Y. The or zone i Yery irr O'Ular but 

av rage probably 1.3 to l.G meter in thi knes . It con i t of trin<Yers 
an l ·mall pocket. of mangan ·e oxid with a o iat d ja per and ome 
h matite. finera1ization i extremely errati and potty. 

F ORTUNA MIN E 

The F ortuna min i. about ·> ki lometer: airlin 
~ ~:,n.·o. and i conn ·led b. roa l to th anetenL antra­
mac. tre. \\' orki1w: on th property con i t of an in <Yu ]ar glory hol , 
from " ·hi ch about z- meter of driftinO' ha been d n , a new haft 
that wa. meter deep in 19±1, two abandoned hafts, an old cut, and 
an inclined adit 9 meter lono·. The~e workino·. ar in lime tone, in 
fracture zones that tren l nearly nortlnrard, normal to the beddinO' . 
In the O'lory hole the ore tren ls nearly ea tward n nd appear to b 
br ccia and ·ave fillinO'. It con: ists of fragment of l imestone ce­
mente l with travertine and ut by eam of manrran e oxide; in 
places the oxide forms pockets a much a 1.5 meter wide. \.bout 10 
tons of ore is saiu to have been old in 1941 and another 100 tons lay 
on the dump in the pring of 1941. 

MASCOTA PROSPECT 

The Ia cota pro pe ·t i on the Rio Mogote, about Z ki lometers outh 
of the Area lio mine an 1 3 kilometer ea t of Los Negro . A thi n flat­
lying ore bed, 15-30 centimeter thi k, in limestone breccia is expo eel 
in a cir ular ut about 1Z m ter in diameter. everal other maller 
cuts and a haft reported to be about 15 meter deep how stringers 
of mangane e oxide in lime tone breccia. small amount of ore has 
been hipp d. 

:MONTE NEGRO-ADRIANA GROUP 

The iontenegro-Adriana group is 1Z ki lometer outh of Baire, on 
the anetera Central, and 1 ki lometer outh of the ettlement o£ 
Rihito. It i.s reached by a rough all-\'veather road from Baire. 
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The Montenegro mine was opened in pril 1942, and to the end of 
1944 produced 9,352 ton of ore averaging 41 percent manganese. 
Total production from the driana mine i not known. The mine wa 
worked fir t in 1917-1 and i r eported to have produced about ,000 
tons of ore containing 43-45 percent mangane e. However, the iz 
of the old tope ugge ts a con iderably mailer production. .A. small 
amount of ore was recovered in 1941; ince then the mine has been 
inactive. Some o1·e 1..-a shipped from the group in 1946 and 1949. 

The 1ontenegro- driana group i in a teep-walled canyon typi al 
of the ierra Maestra kar t country. Geology and topography ar 
shown on plate 24. Ma sive lime tone and limestone conglomerate 
form the canyon wall . The limestone i a den e cr amy or gray rock 
ontainino- ilmumerable microfo il . At the ba e of the limestone 

is a cono·lomerate compo ed laro-ely of limestone boullers and frag­
m nt in a lime ton matrix. Its thi knes i unknown , but may be as 
o-reat a 15 or 20 meter . Commonly, pecially near and in the mines, 
the conglom rate contain a few ano-ular fragments of manganese 

xi de. 
red, purple, or gra coar agglomerate und rli e the lime tone. 

Frao-m nt of the agglomerate are a much a 1 m ter aero and are 
compo ed of oTay and purple an de itic tuff. The agglomerate 
wh rever e~ posed is oft and deeply w athered. In the Monteneo-ro 
mine and probably in the riana, a b d of tu ft' 0.6 to 1. meter;:, thick 
eparates ago·lom rate from th lime tone; in the Montenegro mine 

the ore is found largely in this tuff. 
The contact of the lime tone and ago-lomerate alono· the northeast 

ide of the valley is e po ed in a hort adit, where it. dip 40° NE. 
A layer of o·ouge 1- 1.5 m ter thick eparat the two rock ; near the 
portal a thin lens of mineralized tuff lie alono· the hanging "-all. The 
conta t i undoubtedly fault d, but it i beli ,·ed that the fault i 
essentially parallel to the bedding and of small eli pla em nt. Farther 
southea t the conta t appear to be ofl' ct by a fault trendino- north­
nor thea. twar l, but b th the location an l trike of this fault are 
un certain. 

Along the south wet ide of th valley the onta t i exposed in many 
cut , incline , and . hafts between the . driana pit and the . outhern­
mo t incline of the Monten gro mine. Farther outh the contact i 
ob ured by lime tone fl. at. The onta t dips from a few degrees 
to 35° \ iV. and appear to b a ligh tly hea.red dimentary contact. 
It can be traced outhea tward 2.5 kilometer to the Progreso mine, 
1 ut no other ma.ngane e deposits hav been found . A 60-meter adit 
ju t outheast of the mapped area i. entirely in ao-glomera.t and is 
15- 1 meter below the limestone. 

The marwanese depo. it are along the con t·act of th lim tone and 
agglomerate. At the Montenegro mine, ore i Jocaliz d in a thin tuff 
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bed along th conta t. The mangan -b arino- ro k at the driana 
mine i not xpo ed, a th main top i badly cav d, but a small 
out rop of mineraliz d tuff on the outh ide of the driana pit sug­
ge t that perhap th or wa imilar to that at th Iont n oTo. 
mall tope in the lime ton hano-ino- wall of h main top ·po e a 

b d of mano-aniferou tuff rano-ino- in thickn s from 1 - 60 enti­
meter · it i about 21 m ter tratio-n phi ally abov th ba of the 
lime tone. Another thin tuff bed lie 1. m · r hio-h r. Th lime-
tone above and b low th tuff i a onglom rate ontainino- many 
trino-er and irregular frao-ment of mano-ane o ·id . 

The !font negro depo it w·as dev lop d by thr 
100 meter down the dip. The two north incline w re conn ted by a 
stope with a trike leno-th of 120 met e . Lim tone ono-lom rate 
containing fragment of mangan oxide formed the roof of all th 
working · the floor wa oft ago-Jomerate. B tw en the lim ton 
and the ao-rrlomerate wa a tuff bed from 0.6 to 1.5 meter thick that 
carried the mangane or . The ore commonly wa band d and con-
i ted of alternate layer of tuff and manrran e oxide. ommonly th 

manrrane e oxide wa concen rated n ar the hanainrr ''all · a h 
footwall wa approached the ore became leaner and grad d into barr n 
tuff. This gradational change was well hown about halfway down 
the nor h incline. I n ome pla e the entire bed wa ore and in a f w 
place ma ive p ilom lane-type oxide form d band parallel to the 
bedding or formed cro cutting vein a much a centimet r thi k. 
The ma ive band u ually were alona the hano-inrr \Yall. 

The limestone hanging wall in general dips uniformly we t- outh· 
westward with dip rangina from 25 to 40 d gr e . Many mall 
faults, which commonly trike about northwest and are downthrown 
on the outhwe t side, cut the ore b d; their n t effect is a lirrht in-
rea e in the apparent dip of the ore bed. 

I n general the mine-run ore wa low crra le, containing 1 than 
30 percent manrrane , and n ady all the ro k mined had t be b n -
ficiated to produce a aleable concentrate. Ore wa broken by ja k­
hammers and hauled up the incline by gasolin -driven hoi t . It wa 
then hand-sorted, lorr-wa h d, and cr enecl to eliminate exce ive 
fu1e . The concentration ratio wa probably a high a 5 : 1 or 6: 1. 

The Adriana workino· con ist of an open pit, 25 meters lona and 
1 meter. wide, from which an inclined tope lead downdip at lea t 
25 meter . The stope ha a maximum trike length of about 40 
meter . ccorcling to Burchard (1920 p. 9- 91) th o1·e hoot was 

0 f t (15 meter ) wide, at least 90 fe t (27 meter ) lona clown the 
clip, an l had an averarre thickne s of 4 feet (1.3 meter ) . o or was 
fot111cl in an exploration haft 26 meter deep at the con tact of the lime­
. tone and tuff and the shaft was abandoned. 
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By the middle of 1944 the downdip limits of ore apparently had 
be n r ached. The ore body probably is bounded along its southwest 
ide by a north we tward-tr ndino- fault down thrown on the outhwe t 
ide, a ore wa br uo-ht into ontact with lime tone at everal places 

along the fault. The downthTown block probably cannot be explored 
from the old working becau e the back of the main stope was vir­
tually unsupported and the. tope it elf wa un afe. Ina much as the 
portal of the inclines are only 6 to 9 meters above the valley floor, ex­
pl ration would have to be carri d out by long inclines in barren 
t n ff or ao-o-lom rate. 

Limi of ore to the northwe t had not been reached in 1944 and 
thi part of the d posit was the only immediate ourc of mu h addi­
ti nal production. The pre ent (1953) tatu of the mine is not 
known. R rv cannot b e timated with any a urance of re­
liability . How v r veral t n of thou and ton of or ontaining 
30 to 35 p rc nt manrrane e may be found in th downthrown block 
. outhwe t of the faul t. Th lim tone and tuff contact from the 
j\f nl nerrro mine to the Proo-re o min , 2. kilometer outhea t, i 
an exc llent area for furth r pro pe ting; it i a edimentary contact 
for th mo t part and ould be explored by hallo op n ut and 
inclin . 

P OZ O P R I ETO GRO U P 

GE 'ERAL DE Rll'TION 

Th Pozo Pri to in th rough lear t 
r untry JO kilometer outhw t of Lo Negro . It i r a h d by road 
from Raire hy way ither of L gro or the ntonio mine at 
PuriaJ. The laim ha.vc b en worked durino· ·world '' ar I and later 
from 193 until th pr ent t im . Production from 1942 to UQl.l t 
1945 i. not known a om of th ore redited to the rrroup came 
i"rom oth r mine op rated by the ame company, but probably some 
5,000 ton of or ontaining 45 to 47 percent mano-an e has been 
shipp d. 

Tho Pozo ri eto region i on of deep i.nkhol and craggy 
f re. t d upland d '" lop d n the har oR londo lime. t n member 
o·f the obr formation , " ·hi ch in thi: area i ma . . iY and at lea t 90 
meters thi k . B low th lim ton are tuff an l arrglomerate that form 
the floors of many inkhole . Und rground streams fed throuo-h cave 
ar the prin ipal m an of drain a o-e; x pt Jo ally, th re is no sur­
face drainao·e. Geoloo-y and tor oo-raphy of the north end of the 
crroup are hown on plat 25. 

The alcareous ro ks include thin-bedded platy lime tone, massive 
dense white limestone, and many len e of al CYal conglomerate. t 
Pozo ri to the ba al part of the unit i a con<rlomerate con­
tainino· frao·m ents of and ite · the overlyino- thick-bedded limestone 
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i coar e o-rained an l near the tuff ontact conunonly is stained red 
from iron oxide. 

Two fault systems cro s th 1·eo-ion one trending near] 
and the other northwe tward. The fault and fi ur 

northward 
of th first 

sy tern, which trike betw en . 40° W. and r. 40° E. control the 
topoo-raphy ina much a the inkhole form along h m. onver ely, 
the northw t fault , althouo-h not e ' pres d in the topoo-raphy, are 
marked by breccia zon in lim tone and h ar d zone in tuff, and 
they contain mo t of the mano-ane e depo it in th ar a. Po ibly 
orne of th e fault re ult d from ettlin o- o.f th lime tone aft r olu­

tion along the ba al conta t, but the o-eneral relation of the two t. 
of faults indi ate that they are due to c1 p r- ated f r e . 

2" 
N MN 

PROFILE Ore bed 
,-

50 0 200 Feet 
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FlGUREl 42.- Plan nnd profile of Pozo Prieto cave. 

The Pozo Prieto ave, which carries the drainao-e fTom the entire 
valley (fto-. 42), trend outhea tward for about 1 0 meters then 
northeastward for an equal distance. The most eli . tant acces ·ible 
point in the cave is about 120 meters nearly due ea t of the entrance. 
The cave is at the base of the limestone and follow a system of north­
ea tward and northwestward fractures. For much of the distance 
the back of the cave is low and the floor ha no appreciable fall, but 
along two fault zones the floor slants steeply, o that the face of the 
cave is 27 meters lower than the mouth. d po it of mano-an e­
oxide-bearino- o-ravel ogcur near the mouth of the cave, and a mall 
amount of ore ha been removed from an ore body near the face. The 
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cave ha permitted ea y and cheap xploration of a laro-e block of 
ground, and the other cave in the region hould not be overlooked. 

Ore occurs in trino-er lode , bed , breccia , and pocket in the lime­
stone; none has been found in the volcanic rock . Re idual a cumu­
lations of ore have been found on lim tone and tuff in everal places. 

The lode ores consist of compact black p ilom lane-type oxide with 
some pyrolusite. Gano-ue material are brown iron oxides, calcite, 
jasper, and inclu ions of limestone. 'Ihe iron mineral are mainly in 
pockets on the edge of the or bodie and pre ent no problems in 
mining. Black and 'Yhite calcite fill Yeinlets and cavitie in the ore. 

Breccia zones near Hoyo Zinzonte are c men ted by man o-an eo ides 
and contain pod and einlet of mangane e oxide, orne nearly a 
meter aero s. Thes br ccia d po it are typical of the mano-ane e 
or in mu h of th inkhol ar a· " ral out rop alonrr the south 
ide of Pozo Pri o inkhol ontain imilar material. orne deposits 

al o contain mixtur of brown iron oxid and mangane e o ide, and 
in on out rop, 1 ally known a th Ri:fi6n ( 'Kidn y ) , the mineral 
is all iron oxide. 

One of the lar tor po ket about 1 m ter lono- 12 to 15 meter 
" ·id , and 1. met r thi k wa found along a fi ure zon north of 
I ozo Pri to. The pock tlik d I osit in Pozo Prieto cave 'Ya ex­
po d in 1942 ov r a l noth of 9 met r , a width of 5 m ter , and a 
heirrht of 3 m t r , and it limi w re not yet kno~rn. imilar or 
pockets have b en found in other area by foJlo, ino· v inl ts of man­
o-ane eo ~id , and favorable outcrop outh of Pozo Prieto inkhole in­
eli ·ate that pock t of mano·ane ore ma. til11·emain to b di overed. 

R idual or ha b en min data number of place , e pecially on the 
Prueba claim. Th or i in lateriti oil d riY d from the '"eather­
ing of lim ton an l in d ompo d tuff. P 11 t and bould rs of 
man ane e oxide rano· from a f w millim ter to a meter or more 
in diamete1·. The mo t abundant ore min ral is pyrolu ite. 

ADELAWA MINE 

The delaida depo it i ju t outh of the Antonio mme and is 
reached by trail from L a alia or Rihito de Matias. 

Mine working ar in an ar a about 45 met rs lono- by 30 meter 
wide on a northward-tr nding lim tone-capped ridO'e. 1o t of the 
ore has ome from a haft m ter deep com1e ted to a hort drift 
alon 0' an ore zone 9 met r or more above the ba. of the lime tone. 
Appa.r ntly the ore folJow the bed linrr of the lime tone. \. f w 
small irregular po ket ar found in the lime tone immediately above 
th ore zon . Th ore bed i entia.lly flat-lying; the drift along 
the ore horizon follo' a reverse fault dippinrr about 65° . The 
zone ranges in thickn s from 0.3 to 2.1 meters and averages 1 to 1.3 
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meters. Ore minerals include typical p ilomelane-typ oxid s and 
secondary pyrolusite. 

Other workings ea t and north of Lhe main haft show little ore. 
A westward-trending pit 12 meters long and about 2.5 meters wide 
extending from the main shaft how only small irregular pockets 
of ore. shallow shaft, 23 met r a t of the main haft, cut only 
a thin low-grade e t n ion of the ore zone. th r pit 30 meter 
to the east how small quantities of ore in lime tone, but none has 
been deep enough to explore the ore horizon. o ·work ha been 
done southwe t of the main haft, and po ible ore e ten ion in this 
direction isle s than 90 meter . 

NEW YORK MINE 

The ew ork mine i about 1 kilometer northwe t of Pozo Pri to 
near the road between Pozo Prieto and Rihito de 1atias. The 
workings are in thee ·treme north we t corner of plat 2 ~. 

The main adit is driven ·we t about 30m ter in lim ton alono- an 
ore zone which dip 40°-50° . Thi zone is 35 to 45 melers strati­
graphically above th ba e of the lime tone an l can be traced on th 
surface for about 60 m ter we t and 150 meter ea t of he adit. re 
follows a di continuou zone of tuff w·ith a ma ·imum thi kn of 1. 
meters. The footwall of the tuff-ore zon is hio-hly shear d. P ilo­
melane-type oxide and pyrolu ite replace part of the tuff and some 
oxides are found in irregular po kets in the overlying lim stone. In 
the fir t 15 to 1 meter of the adit, ore form discontinuou len 
a much as 30 centimeter thi k; in orne place ore or limestone oc­
cupi s the entire zone. The b t ore is found in the ]a t 12 meter 
of the adit, where it range from 0.6 met rs to more than 2.5 meter 
in thickness. 

Pits on the outcrop of the ore zon how only mall irregular 
po kets in the lime tone hanging wall. The ore zon ha been x­
plored for 150 meters ea t of the adit by pits and on inclined adi t. 
Very little ore has been found in these working but mo t of them are 
poorly located. All the working indicate a faulted tuff-ore zone 
with a footwall of rna ive limestone and a hanging wall of con­
glomeratic or brecciated lime tone containing fragment of tuff. Th 
conglomeratic and brecciated tuffaceou lime tone o-racles up,Yard int 
rna ive limestone through a tratigraphic distance of 6 to 9 meter . 

A mall amount of granz6n has been recovered about 230, meters 
southwe t of the main adit. Particle and boulders of mano-ane e oxide 
as much as 30 centimeter or o in diameter lie in a residual oil deriv d 
from ' eatherino- and solution of lime tone containino- beds and irreo·­
ular pockets of manaanese oxides. The residual deposit is less than 
3 meters thick. Only the larger pieces of ore were recovered. A log 
washer would probably separate the fine particles from the soil very 
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ffteiently but lack of water ha prevented in tallation of a wa hing 
plant. However, with uitable torage ba in the tream of water flow­
ing in the nearby Pozo Pri to cave might furni h ufficient water for 
a limited operation. 

PllUEBA MINE 

The Prueba m.in i about 7- meter outhw t of the New York 
mine in a mall tuff-f:loored ink urrounded by t ep lime ton hill s. 

Mo t of the I ro iu t ion ha been o-ranz6n, whi h wa min d from an 
area about 25 met r wide and more than 45 meter lmw. The granz6n 
area li e in the bottom of the ink at the ba i a 15-meter eli ff of 
lime tone containino· pocket of mano-ane e oxide ( ee fio-. 43). Th 

W•oun~J <13.- inkhole and granz6n area of the Prueba min in Pozo Prieto min "rou] . 
~'hi i n typical tuff.Ooored sinkhole In the rugg -d karst terrain of t he Pozo Prieto area. 
Note the steep limestone cliffs In center background nnd heavy " &etatloo. Ore i In 
tuff and reslclunl clay and is mined from pit In the foreground. 

o-ranz6n fragment range in ize from pebble 2.5 entim ter or le s 
in diam ter to bould rs weio·hino- more than 100 kilogram . The e 
frao-ment lie in tuff and clay a much as 5 meters thick; lo ally, man­
gane e oxide boulder make up 50 percent of the material. Or wa 
mined and sorted by han l with minimum of lo s, as mall fragments 
are not abundant. 

The chi ef ore mineral i pyrolu ite, but p ilomelane-typ oxide i 
also found. mall amount of impure iron oxide a] o oc m· a re id· 
ual boullersi n th granz6n. 
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Three mall or bodi rop out in the lim tone ]iff adja ent to 
the o-ranz6n area. One mall pock t i at th ba of the liff at the 
nmthea tend of the oTanz6n area. nother po ], t, m ter long and 
from 0.3 to 1 m t r thick, wa foun l in a pit at the top of the ]iff 15 
meter above the fir t. Th or trik . :, ~ o •. and dip 20° E. 

orne e ·ploratory work ha been don , and a mall amount of mano-a­
ne e ore wa recov r d. The ore i ]arg Jy p ilom lan -typ oxid and 
locally contain con i lerable alcite. ome iron oxid ·imilar to that 
inthegranz6n,wa fotmdadjaenttoLhemano·an eoxil. Th third 
or body, 30 m ters to the outhwe t, i an irr ular 1 o ket a m ter 
or o in diameter· it wa not a ce ibl and no ' ork had been clon on 
it. The ore in the granz6n area probably ·wa . formed by . olution 
and weatherinrr of lime ton containinrr pocket of manrran e xide.· 
imilar to those in th liff. 

Mea ur d and indi ated r erve of th e Pozo Pri to group have 
nev r been laro-e a practi ·al ly no or ha.. been leYclop d ahead of 
minino-. None of the ore bodie thu far eli over d ha yi lded a 
much a 1 000 ton . Howev r the po ibilitie of n "- or di overi 
are rrood and inferred re ene are e timatecl at a few t n. of thou and 
ton of or containino- 45 to 50 percent mano-ane e. 

PROGRESO MINE 

'l'he Progr . o min i. in th kar. t terrain between the Rio M rrote 
and Cautillo ju t north of 111011, kilometer w t- outhw t of Lo 
Negro. . It i reached from Baire on the arretera entr al by 16 
kilometer of road; the la t 3. ~ kilometers of road ar very rourrh and 
almo t impa able during the rainy sea. on. Production from 1942 to 
\..ugu t 1945 wa 2, 46 ton of ore averarrinrr nearly 50 percent 

mangane e. 
The ore lepo it li e ncar the ba e of a ma ·. i' e limestone. The con­

tact of lime tone with the underlyino- tuff-agglomerate i. marked by 
a hear zone 3 to 5 meter thick. pparently the lime tone li es 
parallel to the hear zone, which strikes N. 45°-50° E . and dips 0 

N ¥ . in the lowest mine workinrrs but wing to . 15° vV. in the 
higher workings to the north a. t. Many steep -clipping small faults 
tr·iking north to . 25° IV. are the latest stru ture . 
The mine working are reached by an adit GO met r lonrr and a 

lower haulageway 75 meters lono·. topes xtend from the a lit 45 
meter. ea t\Yard to the surface a nd about 30 meter dowm1·arcl to 
the west. 

In the upper stop s, ore o cu rred in pockets that contained from 
10 to 400 ton ; the pockets were connected by irregular veinlets of 
mangane e oxides. Pyrolu ite was the mo. t common mineral; one 
pocket of p ilomelane-type oxide wa. found. aves eli covered dur­
ing mining contained no ore, al thouo-h some mangane e oxide wa. 
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found und r a coating of alcite on th >mll of he cave at the end 
of the main adit. 

In the underhand tope we of the ad it manrrane e o -ide occur in 
a zone a much a 3 meter thi k, " ·hi h li e parallel to the bedding 
of the lime tone. Tuff r mnant in the ba e of th ore zone suggest 
that the oxide have r p laced a len of tuff. Len e of lime tone as 
much a 12 meter lonO' and 1.3 meter thick and irreQ'Ular blocks of 
lime ton a re en lo d in the ore. The foot" ·all of the or zon is a 
' mooth bedding plane but in the lime tone hanO'iJ10' wall mangane e 
oxide e tend upward alonrr fra ture . P yrolu. ite i the mo t 
abundant mineral, but ther i con id rabl p ilomelane-t) pe oxide 
along the f ot"-all. Mine-run ore contain 45 to 46 percen t manganese 
and a . mall amount of hand orti.n o· I rodu d a hiO'h-<>Tad hippinO' 
or . 

R rv of th min wer Y l') mall in 1944, but additional mall 
pocl t of or mi o-ht be found north and ''e t of the old workings. 
Re erYe of all Ja arc timated at a few thou and tons. 

RUISEN ORES MINE 

mine i a h r t eli tan e nortln•e t of th ettlement 
kiJom ter we t- outhw t of Lo N gro and 17 

kilom ter by road outh"·e t f Baire. The min w·a one of very 
f w eli ov r d during vVorll 1\ ar II. It wa op ned in 1942 and 
to th end of 1944 pr due d 74:1 ton of ore containinO' 43 to 4 per-
en t mano-a,ne e. 

Th Rui ei'ior area i iu th kar t ou ntry of the ierra Mae tra 
foothi ll , haract rized by hio·h lim tone lift and tuff-floored val­
ley . n ob equ n t fault-line carp of ma ive limestone, which in 
the neighborhood of th min i 45 meter hiO'h form the northeast 
. ide of the Rui fio re valley. Thi f ault i expo e lin the open ut at 
the min portal wh r it strike N. 75° W. and dip 55° NE. It can 
be traced nor thw t for about 15 kilom t r with only one mall break, 
an off et ncar the Taratana mine , but app ar to die out a kilom ter 

u th a t of the Rui fio re mine. outlr11·e t of the mine and 
ae ro the valley i another I rominen t lim . ton liff that appears to 
be in part a fault carp and in part an ero ional s arp. This fault 
tr ike. about no rth an lapp ar to have lo alized the ero ion of a deep 

va.lley whi h en ters th Rui . cfior valley from the north a hort 
di tance w t of Lh mine. The e ond fault h a littl or no effect on 
the main fau lt on the northea t ide of the valley and i either earlier or 
of mall eli p lacement. 

The valley i probably un l thin by t uff a]Lhough tuff i expo eel 
onl y :in the opcncut of the min 

42 472-5 --16 
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The Rui efiore depo it 1 m ]imeston at an unkno·wn di tanc 
nbov the conta t of th Jim ton and t u11'. l t i 1 ·, li~c l in part 
along a fault that i e entiall y pamll l to th Rui fiores fault. :.\line 
workin!!S are shown on fio-ure 4.4. The d po it wa. develor e 1 by a 
drift on the 270 meter l v l an 1 a haft and lrift on the 2 5 meter 
level. 1\Iangane e o:s:icl ''a found in mall irr gular po ·kcts in 
br cciatecllim stone where it repla ed lime tone and may hav .fill d 
avitie in the brec ia . Th I Jan and ection of fi!rtlt' 44 h w only 

the ore zone, a individual pock t w r too mall ,md irr o-ular to 
map. There are proba.bl two eparate or hoo , a. no onn ction 
was found b tween th or body n th 270 level ancl he d po it on 
the 265 ] ' l, althou o-h both lie along the a me fault. Th or wa. 
oft fine-o-rained p rolu it · that po\\'dere l xce siY ly durinrr blast ­

ing and handlino-. 
The limestone i cav rnou and one op n cave a w Jl a v ral 

complete] fill done wer eli covered in th our e of minin<Y. The 1' 

cave "-ere all of small ext n and were fill d "-ith aJ it allCl r d 
clay. 

On the !Uilagro a claim, '"hi h adjoin h Rui . i'iore claim on lhe 
ea t i le, a po ·ket of pyrolu. ite " ·a found about L m t 1·. abon 
the ba of the cliff. The I o ket wa meter long, 1.3 to 2.:- m ters 
thick, and 6 meter hio-h, an ilay parallel to th eli ff fa . · ,·cral 
hundred tons of ore " ·a r moved. 

The kno,-rn or bodi w r nearly xhau t d in 1044 and no orp 
was ·hipped in 1945. Exploration by diamond clrillino- along t lw 
ba e of the cliff east and we. t of the mine might di . OY r oth r ore 
bodie , but in view of Lh mall ize of the Hui . fiores d p it Lh 
ucces of uch a l rillinrr program i. doub fuJ. H oweYer, if th chill 

hole. •rere deep enough o r ach the ba of the lin1e Lone an l the 
underlying tuff, additional ore mio-ht be found , lono- the ontn t; 
this conta t zone ha been very produ tiYe at the Montenegro- dr iana 
mine oToup, 4 kilometer northeast. 

SAN L ORENZO PROSPECT 

The San Lorenzo prospect is in the southeast corner of the di -
trict about 1 kilometer northwe t of File. It may be reach db r ad 
from Contramaestre, 16 kilometers north. 

A lime tone conglomerate bed about 6 meters thick is interbedd d 
with tuff below the Charco R edondo limestone member. mall 
amounts of mangane e oxide are expo ed in 3 pits. Some ore has 
been shipped but the prospect has little value. 

SANTA ANA MINE 

The Santa Ana mine i 3 kilometers southwest of Bijarrual and 6 
kilometers ast-southC<'tst of Los J" gros. I t is connected to ontra-
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maestre on the Carr tera entral by 14 kilometers of dry-weather 
road. Production ha be n a few hundred ton of medium-grade ore. 

The mine is on a small hill southea t of the Rio MoO'ote in an area 
underlain by interb dded tuff and lim tone of the obre formation 
that strikes . 30°-70° W. and dips 10°-15° E. Plate 26 is a 
geologic map of the mine area. Ore occur ju t below a lime tone 
bed and ranO'eS in thiclrn ss from 0.6 to 2 met r . fracture zone 
trikinO' . 70° W. and dippinO' teeply north cut aero the outh 

side of the mine area and i marked by dikelik ma es of brown 
jasper. tabular body of the black ja per 0.6 to 1.3 meter thick 
extend from the fracture zone downdip to the north along th bed­
din()' of the tuff, 3 to 4 meter b low th lime tone. Thi black ja per 
contain mall patche and tiny parti le of mangan oxid and 
black calcite. It marks the ba e of the ore zone. 

Altered tuff in the mineralized zone consi t mainly of chlorite , 
iron and manO'ane e oxide , calcite, clay mineral , rare zeolite , and 
residual tuff particles. The ore-bearinO' part of the zone O'enerally 
contain nodules and irreO'ular bands of manO'anese oxide that lie 
parallel to the bedding of the tuff. Mo t of the ore i a soft wadlike 
material; oft radiatinO' p ilomelane-type o ide occur in orne nod­
ules, and pyrolusite stringers and veinlets are found near the ja per 
mas es. 

The mineralized zone has been explor d by 22 pits or hort adit and 
i nearly outlined by the e workinO' . Low-grade ore, 1.3 to 2m ter 
thick, is expo ed in a larO'e pit near the prin ipal ja per ma se . 
shaft 40 meters north of the pit showed 1 meter of similar material. 
Both west and east of the pit, however, the mineralized zone thins to 
a few centimeters and the mangane e content decrea es rapidly. 

A mall amount of re idual ore has accumulated alonO' and down-
hill from the outcrop of the bed of black ja per. everal hundred 
tons of ore has been recovered from the granz6n field. 

Ore was treated in a small mill con isting of a ' a her, cru her 
trammel, and two jigs. Water was obtained from the Rio Manacas, 
500 meter east of the mine. 

Reserves of all classe are a few thousand ton of ore containinO' 15 
to 20 percent mangane e. Pro pect of di covering more ore are 
poor. 

TONY l'ROSI'ECT 

At the Tony pro pect, 4 kilometers north a t of Los NeO'ros, 4 cuts 
and a shaft meter deep have been duO' on mall pockets and earns 
of mangane e oxide in lime tone breccia. One pocket is said to have 
yielded 25 tons of ore, but when this ore had been mined out no more 
was found and work was discontinued. 
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UNICA MINE 

The nica mine is on the south side of the Rio Brazo Seco, 11 
kilometers airline south-southwest of Lo Negros. It is reached from 
Baire via Los egro and {atias by 27 kilometer of road; the por­
tion of road between Lo egros and the mine i pas able only in dry 
weather. mall amount of ore wa produced during the fir t World 
vVar, but most of the output elates from 1939. Total produ tion i 
estimated at 20,000 tons averao-ing 43 percent mangane e. 

The property is in the rurrrred foothill of the ierra Mae tra, in a 
heavily-wooded area drained by the Rio Brazo eco, a main tributary 
of the Rio Mogote. ear th mine the river ha cut a steep -walled 
canyon 60 to 120 meter deep. 

The roo t widespread rock unit is the Charco R edondo limestone 
memb r, whi h in thi area is a rna ive cry talline lime tone at least 
150 m ters thick. nderl ino- the lime tone are t pical r ddish­
brown and o-r en tuff and arro-lomerat of the obre formation. The 
structure of the area i diffi ult to d t rmine, a he rna ive limestone 
how no bedding. strong faul , called the nica fault, cro ses 

the mapp d area ju t w t of the mine. It is a normal fault that 
tr ikes . 20° W. and dip 0° NE · th amow1t and direction of dis­

placement are not known de5nitel , but the throw is about 25 meter . 
few mall fractures li e parallel to the fau lt. 
The nica ore body cropped out in a lime tone cliff about 15 

m ter above the riv r . It wa fir t develop d by an adit driven into 
th cliff alon(Y the ore body and later by a haula(Y adit near the river 
level. 

The ore body ha the form of a flattened or rou(Yhly tabular pipe. 
Th lono- axi of the I it e trend en . t from the outcrop and the flat­
ten d e tion dip st eply out-h. Near the outcror the pipe plung s 
10°-15° E. · as it is follow d downward to the a t, the plung teepen 
rrradually to more than 50 degree in th deeper workino- . In the 
lower level th outh rn edrre of the pipe i bound d by a clay- ealed 
: lip. The ountry ro k is bre iated or ma ive white limestone in 
whi h n planar trn cture have been recoo·nized. The ore body 
o-racles into lim tone th rough a zone of mixed lim tone and man­
gane e oxide l than 0.6 meter wid . Figur 45 i an isometric 
blo k diagram that how th rather irreo-ular hape of the ore body. 

The princir al ore mineral was p ilomelane-type oxide. mall 
amount of pyrolusite and braunite w r e also pre ent. A peculiar 
finely fi.brou min ral that occurred in furlike clump a ociated with 
quartz in vug in the ore I roved to be manganite. Black calcite is 
abundant. Powdery r eel hematite and a little bro'' n ja per were 
found alonrr the border of the ore body. \\Thite cal ite wa the mo t 
abundant o-angue mineral ; a little black quartz o curred in vuo-s. 
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The manO'ane. e mineral formed coal . ent nodules with inter ti tial 
calcit . Along the borders of the ore body the nodu] formed a]on O' 
mall fractur in the lime tone. Veinlike off. hoot from th main ore 

body follow no con i tent tr nd. Two of the_ trinO' r Jed to mall 
ore bodie , but mo t of tl m pinched out away from the main pip . 
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Ore wa min d by hand an l hoi ted th rouo-h 'rinz to the haulao-e 
adit. It wa then trammed by a power winch about 60 meter up :n 
incline to a ortino- platform on the road. Min -nm ore was hand­
cobbed · O\ving to a high aJcite content th orte l ore rarely con­
tain d mor than -±3 I r enL mano-an 

The -nica ore body wa pru ti ally min cl out by the end of 1944. 
Re erv are neo-lio-ible and no promi. ina- hewing~ ar known in the 
imm diate vicinity of the mine. Ther ar , hon-eYer, many small 
outcrop of muno-ane e oxi ]e 1 ewhere on th Tnica claim and the 
adjoinino- \.no-elina laim. Many of the out rop were pro pe ted 
dnring 1940- 194 without fu1ling much or . 

YEYA MINE 

The Yeya mine i on the outh bank of th Rio Iogote, 4 kilometer 
south a t of L Neo-ro . It i rea h c1 by an all-weather road from 
Lo N gr o . Th mine wa op ned in 19-±0 and to \.uo-u t 1945 pro­
duced about 1- 000 ton of ore ontaining 4 p r ent mangane e. 

Th mine ar a i und rlain by interbedded lime tone and tuff of 
th har R dondo lim ton m mb r. oloo-y and topoo-raphy ar 
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Th Yeya ore body i in tuif-ao-glom rat in th lo> r lime ton b d. 
Mine working (.fio-. 46) how tb ao·glom rate to b a l n at lea t 
60 meter lonu :from we t toea t, about 26m ters wide, and about 12 
meters thick. Rounded fra.gment of tuff a much a 1. meter m 
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diameter make up mo t of the ago-lomerate, although i olated blocks 
of lime tone al o are included, particularly near the enclo ing lime­
stone. The ago-lomerate grade into lime ton through a zone about 
1.5 met r wide. The ao-glomerate matrix i manganes oxide and cal­
cite in the ore zone and mall tuff particle elsewhere. gglom.erate 
and lime tone overlie "ell-bedded altered tuff. On tl north ide of 
the ao-o-lomerate lens, the lime tone and lower tuff are warp d down ­
ward alon o- an ea tward-trendino- axi . Po tminer alization faults of 
mall di plac m n t and alcite-.fi lle l joint cut th ore; no premineral­

ization fault were ob erved. 
Ore i re tri ted to th tuff-a<Yo-lomerate and the upper part of the 

und rlying tuff. Man an e min r ai include p ilomelane-type oxide, 
rancicite, pyroln ite, and oft "ad . T h e oxid form solid ma e in 
the lower 6 meters of the ago-lomerate ru1d irreo-ular no lule in the 
overlyino- 3 met rs. The nodular ore o-rade up,nrd into barren tuff­
ao-o-lom rate. A few pod of mano-ane oxid are found in the UJ1der­
lyin<Y tuff which on ist mo tly of lay minerals cal ite, and zeoli te . 
An ande ite dike \Yhi ch tr nd . 20° IV. and dips teepl we t\\ar l, 
ha m tamorpho d th or to den hard p ilom lane-typ oxide for 

Y ra1 ntim t r from th onta t. Th 1 n oxid al. o ur m 
1 d a mu h a -0 m t r from th dik . 

Th af tn 1 or body is 165 met r north we t of th main Y :a 
working and 1 i in tlw am 1 im t n bed . t th a fetal ''orki n{)' 
the lim t n i nbout ~. m ter. thi k and int r fu10' r \Yith tuff. The 
or b dy trend . N. 5° h. and i. D t 11 meter "-ide at lea 60 meter 
lono- and from 0.6 to 1. met r thi k. Lim tone mark th northern 
b tmlnry of t.h or and a normal fau lt t r nding ~ . 35° E . mark the 
outh rn limit· the lim t n b undary and th fau lt conv r<Ye n ar 

the a t nd of th ore bo l . . The fau l i b liev d to be p tm ineral­
ization in age althouo·h a little econdary pyroln ite o ur along th 
out rop. \. d r a in the con entration of man<Yane oxide toward 
th :fault ugge t that l ittle or no ore may b found on the footwall 
ide. 

Much of th min -run ore wa hipp d without f urth r treatment. 
Low-grnd or ,,-a hand- rted duriniY th early tao-e of minin<Y; 
lat r a 70-ton mill, onsi tin{)' of a log wah r, ru ·her trommel and 
thr ji<Y , "a in talled. 

Th mine wa in p ration a ln t as 1946 but more re ent data are 
not availabl e. lmo t ertainly the main or body and probably th 

afetal cler o it are ·hau ted. \. few hurn-drill hole n ar the mine 
failed to find or but w r not located in the mo t favorable place . 
Further xploration by drilling i warrant d. In additi n, an out­
crop of a<Yo-lomerate we t of rroyo el Gal·o hould be prop cted . 
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PALM RITO DI TRI T 

railroad to 

ABUNDANCIA MINE 

The 
tion, 4 kilom ter 

mangane e. 
The main . ea tern or body i in tuff at an l n a1· t,hc ba: of a Jinw­

t one bed. It t r ike N. 5 ° \Y. and lip 2 °-6 ° IY. _ \ n i om tri 
fence dia!!l·am of the ore bod i aiyen in .fiaur e 47. Th l po. it i. 

00 meter long and at the outhca . t end extend lowndip mor thnn 
60meter . I n ectioniti adoublew dgctaperincr ]o,mdi[ t athin 
point. t the north' e. t end of th or l ody thcr ar tw zon -<~n 
upp r zone, 1 to 1.5 m ter thi. k ontai nin()' n.n a\' r a()' of 1 p r ent 
mangan . , and a lower zone 1.5 to 6 meter thick containin()' an aYc r-
rrp:e of 20 per ent man()'ane e. To th e outhea. t the tw zone. al !" 

and include a thin wedge of tuff. o other ore bodi s w re di -
overed by drilling alon()' the. trike and down the clip. 

Mangane e mineral form nodule , trin()'er , and di · onn ted pod . 
in a matrix of altered tuff. Th footwall tuff and tuff hor e within 
the ore zone are altered to white clay and zeolit s. P yrolu it , p ilo­
melane-type oxi ]e neotocite, brauni te, and black cal ite hav b en 
i lentifi d and dull black o, i ]es of unknown compo ition have be n 
found. The ilicate. , e. p cially neotocite, occur in irregnlar pat h . 
near the footwall of the ore body where they are mixed with bro"'·n 
jasper, veinlets of quartz, and ]ar()'e ry tal of calcit . Most of th 
ore in the expo. eel part of the der o it i teel-O'ray P. rolu. ite. The 
. ilicat are not abundant nou()'h to aff ct the commercial value of t.h 
lepo it, but mi()'ht increa e in amount down the dip. 
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body i dev lop d by an open pit 24 ~ m ters lono- an l about 
20 meter 1 p. adit ex lend outhea tward from lhe pit 4 ~ meter 
alono- th ore bo l . Many ·hort drift and haft e ·po e h ore in 
the floor of the pit. 

Although or re crv ar ample to warrant on tru tion of a mall 
concentratino· p lant, jio·o-ino- te t on bulk amr le hould be made. If 
the re an be on ntrated atisfa ·torily s v ral thou and tons of 
con ntrat hould be available. 

CARMITA MINE 

The armita min i ju t north of the Llav min 1 earth enter 
of the di trict ·it i reach d by a rouo·h dirt road from Palmarito. The 
mine ha b n " ·orked int rmitt ntly, both in th fir t \\ orld "'ar 
and during 19-:1:0--43. 

1o t of the ore hipp d prior to 19L came from o-ranz6n fi ld on 
two wide hi1l lop . Drill hole pu down b th uban 'fining 

ompany from 19 2 to 1940 did not fm l bedro k de! o it beneath 
the o-ranz6n, but in 194~ two haft found ore aloncr a ja per outcrop 
on a hill we of th crranz'n ar a. The mancran oxid , chi fly 
pyrolu it , form . tr.incr r and po 1. in tufl' and ja p r and mak up 
about 10 percent of the crude ore. bout 300 ton of ort d or wa 
shii pel befor I rati n c a ed in D cember 1942. lthoucrh om 
ore undoubtedly remain , it eem doubtful that it can be extract d at 
a profit. 

COLON AND SIMON BOLiVAR PROSPECTS 

The ol6n and im6n Bolivar pro pects adjoin the arm ita min on 
the north and ea t. ranz6n fi ld on the ol6n claim w r work d 
for veral year but apparently have been min d out. Thin tri11o- r 
of mano-ane e oxide imilar to those on the armita I roperty w r 
found in everal shaft on the im6n Bolivar claim and wer mined 
for a hort time in 1942. lthoucrh orne or probably wa left, it 
eem unlikely that the claim will yield any appreciab] amoun of 

ore in the future. 
LLAVE MINE 

The Llave mine i in a group of low hills about 2 kilom ter outh­
southea t of Palmar ito and 1.5 kilometer north of Mangane o station, 
the shipping point. Ore can be t rucked throucrhout the year over an 
all-weather road connecting the mine with i\Iano·an o. A dry~ weather 
road leads from the mine to Palmarito. 

The deposit has been worked intermittently ince 1914, but produc­
tion prior to 1942 i tmknown. Durincr the period from 1942 to 1945 
more than '7,000 ton of ore averaging about 50 percent of mano-anese 
wa shipped. Most of the ore has come from the extensive field of 
granz6n that covers most of the claim but a small production came 
from underground operation on bedded ore. 
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The uban fining Company kindly allowed use of data obtained 
durin()' its churn-drill exploration of the Llave, armita, Colon, and 

im6n Bolivar denouncements. The rocks are larD"ely green tuff with 
subordinate brown and o-ray tuff. Limestone crops out along the Rio 
Guaninicun and Rio auto and on Mogote, a prominent h.ill 2 kilo­
meters east of the mine, but none i found within the mine area. The 
tuffs strike north-northwe tward to northea tward and dip 7°-21° 
IV; the tructure in the immediate vicinity of the mine is es entially 
a homocline dipping we t. considerable part of the Llave area is 
covered by ja per boulder that form a mantle as much as 5 meters 
thick. The boulder , orne ''eighin o- many ton , are found on a low 
northward-trending ridrre who e we t flank i approximately a dii 
slope. 1o t of the ja per mantle carries re idual ore that has been 
mined over an area of about 20 hectares, lar<Yely on the west flank of 
the rid<Ye. Th e ja per boulder are thought to be remnants of a 
former almost-continuous tratigraphic zone that ha been exposed by 
erosion and left as a re idual capping; the pre ent ba e of the cap i 
thought to coincide more or le with the original ba e of the zone. 

thin bed of mano-ane -bearing tuff crop out in a small canyon 
n ar the center of th mine area and ha been explored on the ridge to 
the outh by enral adit and many haft ; the bed i kno,,n to 
e t ncl at lea t 120 m ter outhwe t outh and outh a t. bout 
230 meters ouLh of the out rop min ralized tuff probably the same 
bed, wa found in a haft and it eem po ible that the matwaniferou 
tu 0' i continuon b tw en out rop and haft. 

The trike underground rang from north to northea t the dip 
from 5°-25° IV. rear ja p r ma e th dip increa es to a much a 
50 degr e where the min ralized tuff fold o>er the ja per. The ore 
zone is 12 to 15 met r below the urficial ja per mantle along the west 
ide of the developed ar a but only G to m ters below along the ea t 

edo- , the two min raliz d zone apparenLly cotwerD"ino- omewhat to­
ward th ea t. That the zon may a tually mer<Y farther east is 
sugO'ested by an exposure in an opencut about 90 meters northea t of the 
last haft, whcr a mangan e-bearing tuff bel i overlain immediately 
by ja p r frao-ments and boulders. It i not c rtain, ho,Yever, that 
this bed i equivalent to that e 'PO eel in the haft . 

The mineralized tuil:' rang s from 0.3 to 2 meter in thickne and 
average about 1 meter. In several places mall ja per ma e under­
lie the or be 1 r form l n as much a 1 meter thick within the bed. 
Both footwall and hano-ino- wall are tuff, which is occasionally ag­
glomeratic, and ommonly a thin layer of bri<Yht <Yreen hloritic tuff 
overlies the mineralized rock. !anganese mineraliza tion i rath r 
poor at best and i ex edino·Jy . potty. Iuch of the mineralized zone 
contains only thorouD"hly eli s minated particles of mangane e oxide 
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that cannot b con entrate l· in pla intimat ly mix do ·id 
form nodule 5 to ntim ter in diamet r. The b tore con i t of 
Lhin layer of p ilomelane-type oxide a] ng th b lling of th uff and 
v inlets cutting tuff. \ einl t of tuff a mu h a 10 cntim ter in 
v• i lth cut th or b c1 through ut th workino . T h tuff v inl t are 
invariably mpla cllater than the o -ide incli atinD" that ore depo i­
tion took place befor con olidation of the tuff. i common el e­
wh re in uban manO'ane e d po it the be t ore i found adjacent 
to ja per ma , but the amount of ja per i n O'}iD"ibl . :ro fau] 
of any importan e were found althouo-h in th outh parL of the de­
v loped ar a the hangino- wall contact i faulted om what, ntial­
ly along the beddinD". Neith r ilicifi. ation nor manrrane e mineral­
ization are on ·id red to be controlled by faulting; them< jor ontrol 
i d finitely trati o-raphic. 

lmw the outh boundary of the armita claim about 430 m ter 
nor th of the area de cribed abov , a min raliz d zon ' a found in 
everal hafts at depth ranging from 6 to 1 m t r . ll ha:ft '' r 

inacce ibl in 19±4, but Lu[ outcrop and r p rt d d pth o£ haft 
indicate that the zone trike about north and dip 1J 0-~0° I . Dump 
material suo-o-e t that the min ral found wa imilar in grade to tha 
being e · racted farther outh and it e m likely that the two min­
eralized zones are tratigraphically equivalent. 

Further north a mineraliz d tuff b cl 1.3 m t rs thi k i expo d in 
an opencut. The bed contain catt r d cone ntration f mangnne. 
oxide but con idered a a whole i very low O'l'fl. 1 . hum drilling hy 
the uban 1inino- ompany and dump o.f cv ral a,· l ·hafl in ­
dicate a northward ext n ion of th min ralized z ne. 

everal e ploration haft were b ing unk (1944) alonO' !h w t 
edo-e of the Llave claim in an effort to fu1d clowndip ext n ion of th 
north ore zone. If the clip remain · con tant th hafts woul d have 
to be at lea t 30 meters deep to reach the zone. 

The mantle of ja per boulder caiTying granz6n pellet. ov r 25 
to 30 hectares, mostly on the Llave claim but xtencling east war l to 
over parts of the ol6n an d Anita claim. . t lea t 10 he tar 

nearly or completely worked out by 1944 and another 10 hectar . " ·a 
worked qui.te thoroughly. Granz6n may be foun l as l ep a · 5 
meters but commonly the clepo. i ts w re worked to d pths of n ly 2 
to 2.5 meters because of difft ul ty in movin rr lar o-e j a per rna e and 
because the be tore u uall y was found near the urface. The p ll et: 
rano-e in size from fine shot to rna e weiO'hinrr a kiloD"ram or more· 
the average pellet was les than 2.5 centimeter acros . 

rude ore wa dry-screen cl fir t to remove fin es and as mu h soi l 
as possible, and then was log-washed, jirrged, and hand- orted to 
r emove jasper frao-m ent . The total on entration t at io, f rom rock 
in place to shipping ore, varie. from 20 : 1 to 35: 1, cl pendin ()' prin-
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cipally on the amount of large ja per ma e in the original ground· 
th averag ratio wa 20: 1 io 2 ~ : 1. 

H sen· s of re idual ore in term o£ concentr·ate were e timal c1 
in 10:1::1: to be eYeral thou ' and lou ·. I na much a the mine may have 
been in op ration to Lhe pre ·ent lime ( 10 3) the actualre er-.e ar not 
kHO I\'11. Ill a ldition iL wa. e tim:1Led lhat the min contained a fell' 
lhou and Lon of bed de 1 ore containin o· 15 to ~0 I erccnt man o-an e; 
Lhi Iio·Ul'e may haY be n increa ed con i lerably i£ exploratory work 
1ra succes ful. 

PO• PO DI TRICT 

The Ponupo minino· di Ll'i L i J3 kilometer norlhcn t of antia ·o 
tle 'uba. lt may be reached from 'anliao·o de uba by eilh r auto­
Jnobile or train v.ia El ri to, Alto 'ongo, and La ~faya. Road , 
drainage, and locn,tion of lhe Yariou ore depo it ar hown on the 
index map (fig. :1: ) . 

Th di trict i conr d by 12 mining ch.im a o·oTeo-atin o- 560 hectare . 
The mo t important of the ·e claim were denounced in 1 7 and 
1 ' ,' . 'ix mangane ·e cleposils :ne known: Ponupo 1 and 2, on the 
Yenredora and ~C'rallo claim · Ponnpo 3 on the \ -enced ra laim · 
Ponupo -1. on th(' 'erallo and Yen · dora laim. · and Jnanila 'ultana, 
an l Balkan'>', on laims of the '<'llll name. . Four of lhe:;e depo iL, 
]'onupo 1 and :2, Ponupo :1 . ' ultana, and Juanita, hn.n been min d 
hy Lhe open-pil lllclhod; lhe Balkanc c1 po it and 1 OllUpo :1: d posit 
hav been explore<l by drilling bul not mined. ~\.11 the d po. it " ·ere 
ll'orked hy th C'uhnn M ining ompany of El .ri t between 10:1:0 
an l Hl±G. 

HISTORY AND PRODUCTION 

Yery liU1 i. knoll'n of lhe arly hi lory of the li tr.i t. ~\. hort 
<ll' ·nipt ion of the Ponupo 1 <1m! 2 depo: iL \\' <1S o·iy n by Hay ·, 
\~auO'hRn, an<! p JH'CJ' (1001). ~\_ · cording lo thi r port the P nupo 
:.\l ining Comr any shippe<l 500 ton of ore lo th 1..-nite<l :Stale in 
~ \ugu 1.. 1 93 · by ,J nne 1 f) 1, th total 1 rodu ·t ion of th 1 is! ri ' L 
mainl. · from Pon11po I and 2 nnd possibly (rom Pounp 3 had 
amount d to GO,OOO tons. Exploitation c nt.innecl until 1909, " ·hen 
low " ·orlcl price. for mangan se for d a, ~huldo,Yn. 1\Linino· '"a . 
J'e um l in 1015 und<'r the imp lu of in rea .. ed on umption and 
demand brought ab uL hy \Yorld \Yar l. 

Durino- J!)g!) a,n 1 1040 lh li lri ct wa x1lor dan l deY loped by 
the nban i\Iinin g omp:my in o rd r to impl<'ment the pro lucLion 
from il Quinto mine a! El ri.t . . An exlcn in program of churn ­
drill in o- onllinecl 5 or e bodie. ancl mininrr OJ en1 t ion " ·ere inil ia tel 

~ ' 'J 
on 3- the Ponupo 1 and 2, I onu po 3. and nltnnn . From 10-1-0 until 
lD+G " -hen th mill aJ 1~ 1 ri sto '"a clo e l, the eli lri t provided a 
significant p ar t of th rucl retreated by the ompany. 
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The t tal J rodu tion from the eli t ri t i not kno11·n, nor can it b 
e timated with any rea. onabl a ura y. It eem likely that Yeral 
hundr d thou and ton of ore 'Ya · I roclu eel prior to 1 0-!0. Th amount 
of ru] ore xtra tel by th C uban Mining ompany betw en 19-±0 
and 1!H6 may have totalled approximately 1million ton . . 

GENERAL GEOLOGY 

Rock unit. m the Ponupo li trict ar ummarize 1 111 the folloll·­
ingtabl 

.\ ~~ I~ 
f! ~cc nt or I' lei ·to- I 

c.: nc (?) 

Xamo 

--,- - --L'nconformity 

.. an Lui formation 

T.ithoiogy 

Flu,-iiuilr ~Z rav (•J, ·1nd. nnd silt, un-
consolidn tNl , cro. brdded, 1 1 
m('t('rs lhick. 

1

- Pink marly limcstonC', pink and cr('am 
calcar~ous shai~. :HHi brown lllfl:lCC· 
ous sandston • and shal<'; at INlSL l 
meters t h lck. -------

.\I iddle Eoc~no 
Chnrco ll cclondo I 

limcstone mrmhcr 

;\l a~i v(' whitr foraminif('rnllimrstonc, 
highlr l('nt i<·ulur: intrnformatlonal 
conglonH'rntc lo<"'.:tli y ~lt base; ma \i­
mum 1 hirkm'ss about HO rrwtC'rs. 

obrc fornmlion 

l'yroclnstic rocks 

Th e di 'ilrid ha s been di ,-i l l by fault 
I all-an blo k, at i he so ullnr -t · rn.er 

Ht•d nncl g-n'cn conn;c• andesi te tu rT, 
some tlJ.!glomern e. l nc:lud s mau· 
ga n~sc-lwarln~ tufT and und~rlying 
J•.sper at lOiJ of formation. 

larg ly of limestone o,· rl a in by ' ;m Lui formation on lh 
north, and east . id : o f th blo ·k. Th Bn l kane o r body 1 i a long 
!h :o1t th . ide of !he bloc k at the ba se of the lime tone. Th blo k i 
fault d d own l.i to ~;) 111 le t" np:ain: ! the P onupo block ;\long· n, 
fault i rikin g about X. 3° \ \ · . ~~ ru d ure \ri thin th Balkane block 
i.- domi <· nl. The doming of the 'n n Lui · f rmali on probably i due 
in part to th . ini! ial I nli eulnr chn ract r of th e limeston . whi ch thin 
to th ea. l no rth and outh. 

Th P onupo blo k, " ·hi h c-ontains the P onupo 1 and:.- and P onupo 
~ or bod ie. i. a ( ri angula r-shapetl ,,·ec1g bounde l on all side. by 
fault. It i fnul ted clown aga in t t h ultana bl ock to the cast al ng 
n fault· s triking npproximately K. :.-:) ° K Thi fault h:t a throw of 
aL lea. L (iQ meter · a · approximn.t ly that !hi knc. of ' obr f o rmatwn 
lie between the or zon at Ponupo 3 and the equin1l en t re zon e at 

ultana , 000 mete r ea. t. Both the l:J nupo and ul tana block are 
bounded on th north b an a t 'rard-trending fault who north 
ide i. clownthrO\YJ1 an unkno"·n amount. N rth f the fault, onJy 
an Lui . :fo rma t·ion Top. out; outh of th fault, both an Luis and 

C'obre forma.li n are xpo d. 

42 472- 5 --17 
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'tructu rally , th Ponnt o bl ek i. a 1om who. e co re i · a lnro· 
ja. per ma s OYethin by the mnng::1n se-bearino· tu ft bed of lh e ~obP 
form a ti nand lime. tone an 1 lh ' an Lui · f ormat i n. ~\. f w n inor 
fault . ar 1!ound \Yithin th block; alono· on a dike of agglomerat 
3 to 4 meter thi k hn . b en intrud d. 

Th ultana blo k, containing th e Sultana. r body, li e: a t of 
th Ponupo blo ·k and is in fnnlt eo nln ·L with it. Th blo k i 
~ tnl turnlly a. poorly dd-ined <lome faulted along th we.t. ide. The 
or e body it. elf i b unded a lo ng its cat ide b · an ea ·[ warcl-dippin o-
1' Y r. fault tt·iking . li ghtly ca. t of no rth ; t hnm o f t h fault i . 
9 to 12 m t r . 

The nt ir P onupo di . t ri ct may be <·o tL·iderPd a ·ompl<' X dome, 
enti rely . UITOunded by grntly dipping l ed. of tht> San Lui : formation. 
\Ye belie ,·e tha.t all the lm0 \\'11 m:tng:tn sc deposit. of thr ddrict 
a r at o r near the . nmc straligrnphi <' horihon, nnd th pre · nt el i ­
tribution i · due larg ly to original r depo:ition modilied to om 
extent by late r fnulting. lYe beli ,. al ·o that much of the d oming 
j due to o riginal d po.·iti on of l:11·gc lcnti<' ula t· n1n .sr .· of both jn.S] er 
and Jimeston OYer " ·hi ch lh lilt r '.111 Luis format ion hns been 
ompa t cl clitfe re nti ~tlly. 

BALKAN:ES DEPOSIT 

The Balkan clep . it in the . outh \Ye tern corne r o[ th e di:t ri ·t 
'"a d rill d by the uban ~I ininp: 'ompany but \\'a : not beinp: min c1 
in 19±:1:. R e en e ar ti matcd at a f ,,. h un ch e 1 thou:and t n o f 

pe rc·ent mnngane:c. .\! uc:h f lhi . o re cnn 
tiYel.r by wa hing and Jlp:gtng. 

JUANITA D E POSIT 

Th Juanita open pit i ahout ;)00 meter nortlnY t of P nupo. 
Th pit tr nd. about X. 15° \Y. anl i. about 0 m te r long b :30 
to 4-0 met r ,,·id . 1 ly . mall -scal e hand mining ,,·as ,..oing on 
in 19±:1:. 

1he o re bo ]y and en ·lo: ing ·ountry roc·k Yary g reatly from pla c·e 
to place; the general r lati on are ho'm by a ketch map of th pit 
and e ·tion alon th pit wal ls (fio-. MJ) . Count ry rock i: tnfl' 
imilar to that at the I onupo 1 an l ~and 'ul tana depo. it. buL Lh 

or i con s id r ably eli ffe rent in appea r an ce. 
Three o-ener al type · of or a re found: tu ft o r and t \\'o Yar ietic o f 

lime ·tone replacement ore. Th tuff or e on. i ts of i rregul:tr s mall 
nodule. and strino·e rs of den. e f atu re]e ma1wane e oxide LhaL r -
pla.ce r ed tuff. These nodule contain con iderabl unrepla ed tufl'. 
A mall quantity of mano-ane e oxide i: eli ·:emina.tecl through t he t u ff 
ma.trix. The miner ali zed r ock is u t by many cla. tic tuff dike: ttnd 
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Below the lime ton i a layer of mano-an . e-h arino- ja per in 
" ·hich the ja per ha e. entially th ame relation to the man,anes 
oxid n the lime tone ha in the overl yino- b d. H ow vcr, a few 
thin v inlet of ja per ut xide and one Yeinl f Jime ton " ·a 
e n to cut both oxide an l ja p r. ~lo t but n tall of th ja. p r wa 

forme l adier than the n angane e xicl . ~\.lthough the relation b -
tween ja ·1 er and lim ton i not clear, it app ar. that the ja:p r re­
pla e l the lower part of the lime tone and in tum wa r plac d by 
mano-ane e oxi le at the ame tim a th o,·crl ying: lime ton v;ra 
replaced. 

On th we. t . ide f th pit the lim t ne ha. om·er tcd a 
peculiar ore in whi h the mangane. c oxide a. irregul ar 
f aJhery p n il.. All tage of r plac ment ar pr :ent, from m r 
incipient r epla ement to a tage in " ·h ich mor th an 75 1 r ent 
of the rock con i ts of mangane. e o. ide. Th indiTidual pen il 
arc roughly parallel, irregularly roun l din cro . . ~ ction, and alm st 
innn·iably ar eparated from each other by a thin eptum of cal ite. 
Figure A (p. G) ·hows two photograph. of a specimen of the ore; 
thi . pecimen re. emble . ome·wh:lt a ra l who. e ubc haY b en fi ll ed 
" ·ith mangan ·e oxide. 

T'"o va1·i t ie of p ilomelane-type oxide are found: a light, ap­
parently highly porous, soft type an l a heavy har Jer materia l. omc 
of the p ilomelane ha. been oxidized to pyrolu ite. . mall am unt 
of the ore i: a ha rd dense ~ray-bla k featu rele material that has not 
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been identified; it may b - manganite or braw1ite. mall .-ug lin d 
with quartz and calcite cry tal o cur throughout th ore. 

A few fo il O'a tropo l h ]] , almo t complete]. r epla d by man­
o·an e oxide 'rere found at the top of th lime tone bed. 

R c. cn e of the d po it are not known n. the1·e hn b en p r act-i ·ally 
no exploration beyond th limit of th pres nt pit " ·all . Th 
r pla ement ore being mined in 194-:1: contained o mu ·h al it that a 
high-oTad con entrate ould no b obtaine L Io. t of the Luff or 
ontain Je than 15 I er ent mangan and probably only a f w 

t n of th u and of ton ar available. R e n-e of high-o-racle tuff 
ore appear to be mall. The d po it i not promi ing and large- cn le 
'ro1·k hal been abandon d for ome time. 

P ONUPO 1 AND 2 DE POSIT 

Th Ponupo 1 an l 2 depo it >ra worked form open-r it 
mine; from about 1D±3 on it '"a worked only b)7 mall - cale nrface 
and un lerground operation . The pit i about 750 met r lon o- in a 
p-en ral northerly dir tion 60 to 21o meter '"ide and 4o m t r in 
maximum 1 pth. In many pla e the pi wall haYe lumped o 
much tl1at nearly all information on th thi kne an 1 eli tribution of 
or an l ounlry ro k had t b O'ain d from tudy of churn-drillloo- . 
Th dcr it wa explored b the uban IininO' omr any, and ~ 1 
·hum-drill hole aggr O'ati1w a 1 nO'th of about 17,000 feet \rere put 

relation hip ar hom1 in an i. ometri fen e dia-

AlluYium 
'l'u n: 
F o n minif rnl lim ton 

I' ZOJ1 

Red and rn nge ja per 
,re nor yel low tuff 

qu nc i a follow : 

The upper tun: are well-beclclecl coa 1 e- to fine-grain cl Yn r icolo recl 
rock. . ' I hey ar ande iti or Jatitic in omr o ition and are com­
monly cal ar ou . \_ th nly exposure of th depo i ar at the 
north and outh en 1. of the pit, little i known of th ir variation alonO' 
t.he. trike. The tuff at th north end f the pit is onyi h white badly 
cl ompo ed and tota lly unlike the orr ponding rock at th outh 
end, " -hi ·hi . purpli hand onglomeratic g raclin<T up,Yard into bro""n 
l irny tufr. 

About ~±5 m ters from tl e outh end of th I it, th ba a 1 portion 
of the upper tuff contain ons iderable ja per in thin irreO"ular lay­
er paraJl el to the b dclino·. Ina mu h a no Iefinitely cro. utting 
ja per ,,a een, it a,ppear that the ja per ""a clepo. ited as climen­
tary layer clnrino- ]epo. it-ion of tnff. The irregular natu re of the 



repla em nt origi n, but no cor-

zone eYery-

the ent r of the pi t an irreO'u lar bed of onO'I m rat OY rlie the ore 
zon . Thi ono·lo11erat cons i. ts of aJ10'ulu frao-me n t ~ of n anO'a ne 

xideancltufl' ementeclby li me ·ton. ltha an xpo cl lateral ext nt 
of only a f w m t r s and len e out both north and outh. Ju t north 
of the la:t exp . m· of onglomen1te, the lim t ne, whi ·h r est d i­
r ectly on th or bed, hu · b en r p la eel by ma Jwan . e ox icl for a 
di tance f s ve ra! entim t r a l OY<:' it. 1> <1 . c. The replaceme nt n r y 
nea r th ba: i · omplete that on ly th Fo raminifera, nppar ntly 
in 11 . ept ibl e to replacem nt, a re left imbedded in a matrix of C<l l­

oxicl . _\. f ,,- ,. in. of o.·icl cut and replace 

_\. imilar conglom rat OY die the or b d in th north 1 art of lh 
I it. Bl. e \\·her e th lim t ne re. t lir lly on the or bed but i. un ­
alter l and non onglomerati . 

I n 19++ the P onupo 1 and:... ore bed ''"a. expo. c l al only a f~?,,- tl ace 
in the pit. _\.t th north end of th pit the bed \YH. about :...3 mel r 
thi k an l consi:ted of irregu lar nodule of p ·ilonte lall e-t:v t xicl that 
repla e red tuff. Thee noclulL· - range from a few millimeter- to 1.) 

centimeter · a r o · . Xum rou: tringer of oxid <L" much a. :W cent i­
nwt r . thick are found parallel to th t uff I eel ling. Th ba al I art 
of lh O\ erl yino· Jim tone i OJ10'lome ralic and is cut 1 y a few thin 
,·e inl ts of mano-ane e oxide. U o t f th or i v ry lov• in O' rad . 

In the entr al part of the pit un] r th lhi k t section of Jim t n , 
th or e · n ·ist · of mall noclul and highly irr ~mlar tringer of man-
gan . ox id nttinO' agglome rati r d tufr. [ t of th t r inrrer ar 
less than a centimeter thi k and may be I ar allel to th b cllinO' r may 
cro ·cut it . , \. few angul a r f ragm nt of oxide are probably intra­
for mational. The upp r 0.3 to 0.6 meter of or immediately uncl er­
lyi nO' th li me tone i . of high r g rade thn n there t of th b d. P s-
ibly the mineralizino- . oluti on. wer trapped 1 eneath !he lim tone 

and clepo ·itecl a larger portion of their load there t han ] e\Yh r , b ut 
at no other place in th pit i. u ·h a oncentration een; inc mu h as 
the oYerJying lim to ne ontain· fragment. of mano-,me e ox id de­
rived presttmabl) from the b l b low, th o urrence of the ore of 
h.io·h st o-r acle just under the li me tone may be enti rely fo rtui to u . 

~\.few hort a.dit. have b n driven on th or e b d near the center 
of the pit on the we. t ide where the main 1·oai leave th e pit. The. 
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bed i about 1.. meter thick and con i t of agglomeratic tuff 
replaced by man()'ane oxid . The oxid i eli eminated pa r ely 
th r ugh the upper m ter or o of the bed and fo r m low-O'rade nodule 
in the lower par t. 

The be t ot·e en w a · in an ad it on the we t ide of the pit at the 
xtr me. outh end . Her the ore b d wa a mu h a ~ m ter thi k 

and in places " ·a nearly olid manO"ane e oxide. Many tuff dike a 
lar()'e a 30 ccntimetel.' 'vide ut the or . :Mo t of this ore ha 
b en extra ted nnd xplorati n to the '" t " ·a unproductiYe. 

In the onth half of th I it, th ea t ''all i. form l by a larg ja per 
ma. abou 4-80 meter lonO' and at lea t 300m t r '"ide. The ja per 
i at] a. t 30 m ter thick near the enter of the outcrop and thin to 
the north ancl outh. At on point, mining op ration. hn.ve un ov­
er l a Yerti cal ja 'I r liff 1 m.eter hi h. UthouO"h thi cliff ::q p ars 
to b a fault arp, drill hole on th w t ide of the ur p ed fauW 
failed to fmd th off t body of ja per, and in t ad how only a f w 
fe t of jasper oYerlying the ()'r en tuff an l a()'glom ra te f und a th 
ba e of th ja: pet· t ln·otwh ut the clepo it . \\Te haYe no o·ood xplann.­
tion for th mo I of formation of thi. lif·l' althou()'h e"eral the ri 

UO'O' . t th msel \' , a. po iblc xplanation 
J. Hi . afanlt ca rp. 
:Z . lr is <tn exhumed ero ionnl feature. 
3. Tlt ja p r "-n fo rme l by t·eplace ment of om other rock prob­

ab ly lufl', lh ·litr being control] cl by a pre- xi t nt fracture. 
-l. Th difl' i an original l po itional fealnre. 
5. Th ja. per-benrino· l iquid wa mplac d un ler pr ure, lifting 

th now-C' r de 1 roof rock alon()' a Ire xi t n 1Jane of ,,·eakne 
(fault or joint) " ·hi ch plan i no1> repr . en ted by the ja p r liff. 

Th difli ·ully in th fi.r t the ry hn be n eli ·cu eel. Xo dir ct 
i. available to prov or lispro ,· th ond. Holl'eYer, drill 

rc ·or I. . ho\\' mangn ne or nlon()' lh e we t ide of th ut in uch a 
po ilion that it \\'OUlLl haY be n dq o. it cl ub er1uent to the ero ion of 
lh ja . p r ·lill' ; thu. a on iderabl tim O'Hp "' uld be inferred be-
L\I'(~en jasp ri zal ion nncl manCYanese min nlli znt ion . uch a frap i 
not onfirm d anywh r in the Ponupo li tri t nor in any of the 

uban mangane e d po it , where, on th onlrary the intimate <1. oci­
ation of ja.' per and manO"ane. mineralization UO'ge t that the bYO 

a.r ·lo:cly relat e lin tim n · well as in 'I ac . 
Th ar par n tly lean- ut fa e of the cliff is difficul t t explain un­

der the third theory ven if a fault did exi t prior t ja perization, 
ina mu h as a ]a r o·e body formed by 1·er lacement mi()'ht not be ex­
pe t d t end abruptly along a vertical urface but to fin()'er out into 
th un r p ia edro k. Moreov r , there i evi lenc lhat th lime tone 
b d roppinO' out near the ba of the ·li[ wa once Ire ent on th 
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ja . per urfa e aboYe ;mel ea of the cli fl' , in li <Lt ing l im -
tone has been eith r ·f'nult d or fold l but not 1· pla l omrl etely. 

The fou rt·h the ry doe not m credible ina. much a. e• n aver-
tical wall would n t form ordinarily durino- edimc nta ry l p ition 

f ja [ et" inn mu h a lh ro k hnYe b n li ght ly t-ilted to \\'ar 1 the 
en t. the 1 iff originally "-ould haY b en OYer hangi ng. 

Th or y fil- e twi.~ i n · a la oli thic lyp of n pla em nt of ja per, 
a companie 1 by faulting or mon linal fold ing along one edg of 
the jasp r m;lSS. The me hani oi' . uch a mo<le of formation a re 
hio·hly peculati Y . If a w beli Ye, the mangancs deposition wa 
. yngenet ic, th theo ry wou ld incli cat a onsicler able time int n al be­
tween mangane e clepo ition and ja . pe r emphlcem nt : obje t.ion to 
any prolonged inter n ll '"ere giwn in the eli . uss ion of th ory b•o. 

Tl la k of reliabl informa t ion rega rding parts of the depo it 
eithe r mined out or pn rtly m ined out· bul n w in;l cce:. ibl preclu de. 
any v r y ac urate e t.imate of r . ern . Mo t f th re. tT e timate 
i ba. eel on d rill-hole data but all expo. ur of ore w r ma,pp l and 
mea uxed and all acce ·ibl undero- ronn l workino· " . re ~::xamin d. 

~[o t of th r tTe a.r in a nan w trip b rd rino- th "-e t ·id 
of th pit. Thi trip rang from 15 to 4,;- m ter in "'idth and ex­
tend . from about 150 mete r no rth of the outh ncl of th pit to 
lightly beyond the north en 1. The only ore remaining in th fl or 
on ea t wall of the 1 it on i t. of mall r mnant that w re b ino­
mined by hand. Th hu<Y ja 1 r ma. . that for m. much of th a t 
wall of the I it undoubtedly contain. acllitional pocket. of mangRn ­
e e xi le, but th po ket are entir ly unprecl i tabl and a. rc not 
con idered in thee timate. 

R e erve ar e. tima.ted at everal ten of thou and ton , mor tha.n 
half ntaininrr 10 p rcent manp:ane e or le . \. on icl rab l part of 
th lo,v-grade re. en is in b l. that p robably are too thin to mine 
economi cally. 

SULTANA DEPOSIT 

The ultana depo:it i near the Rio Ponupo a,bout 1 kilom t r 
ea.. t o-f P onupo. It wa. the prin ·ipal . our e of or in the cli stri t lm·­
inp: 1\ orJ d \Var II. The cl epo it wa '"ork d a an op n-r it mine 
with two dragline , one for . t r ippin o- an 1 one for loa ling or . Ore 
wa haul ed to torao- bin by t r actor-d rawn Le Tourneau ca.n yall . 
_\.clditional :tripping of . oft rock · wa cl on with L e 'lournea u 
carryall raper . J\Iost of the overburden hal to b bla. t d prior 
to tripping. 

The nltana pit i rou<Yhly foot shaped, 'vith the toe p01nting ea,st 
and he ankle north . I i about 330 meter lonp:, 60 to 150 m t r 
wide, and h a. a maximum d pth of about 42 met r . . The best expo­
·ures of country ro k a.ncl virtua1ly the only expo ure of th ore bed 
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are along the north ast ,,-all of the pit. \.n i ometric fence diao-ram 
(pl. 29) ha b en I r er ared to show th g ology of the mine area. 

The o·eneral str atio-raphi u ce ion i a follow : 
All u,· ium 
:\Iar l, white or yell wi sh, sba ly 
:\larl, p ink, fine- to m dium-gra ined; o asiona ll y t uffac ou 
Tuff, red o r whi t , coa r e-grai ned: and (or) lime- tone onglomerate or 

coa r ·e g reen tufi 
Or zone 
J a per, r d or ye ll ow 
Tuff, g 1·een or~- llow i h; omc agg-lom ra te 

\ pinki h marl i found throuo-hout the pit, from a few entim ter 
to 6 m tcr above the or zone. Th rock i fine o-rain d and poorly 
bedded xc pt at the outhea tend of the pit, wh re it i lio-htly haly 
and eli p lay excellen bedding. The thi knes rano-e from 4 to 5 
meter at the nortlnv t nd of the pi to 0.3 to 0.6 meter n ar the mid­
dle of the pi and 2 to 2. m tcr at th outhea t encl. The marl 
grade upward into a "-hite or pale-y Jlow well-bedded marl. \ 
similar pink marl i found in th abanilla di tri t to th n rth ast, 
wh r i ha th ame r lation to th ore zone. 

~\Jono- th north a t wall of th northw t ction of the pit the 
or zon i OY r lain by a cono·lom rate that I in h out toward the 
·outhea. t. Thi mwl merate rang in thi kn from a few nti­
m t r t 1.- n et r and on i t of fragment of tuff, lime ton 
mano·ane oxid imb deled in a lim tone matrix, " ·hi h ontain 
har·k te th and .many Foraminifera. The nglomerate f ragment 

appear t haY been cleriYed in I art f rom the underlying or bed. 
B tw en th ongl m rate and th OYCrlying pink marl i .6 to 1 

meter of red g r n or " ·hit c are-grained tuff. To,Yard the ea t 
th i. ro k g rade. into a om·sc o'l'een tuff that atta in a maximum 
thi kn . . of to 6 meter and then 1 n e out rnr l tely b for 
reach ino·thcea tenclofth pit. 

The ro k in general . trike northwe t and lip g ntly northen t . 
ection £ I late ~9 reYcal minor fol l or po ibly fault but only 

on f rmlt and on probabl e fau lt of any apprc iabl c mno·nitude were 
s n in the pit. In the ea t part of the pit a jn per l iff from 3 to 
12 m t r high wa un overed during mining perntion . Th liff 
i abm1t 105 met r lono-. j n arly Y rtical , an l appear to die out 
along it . trike in both lire tion . Th re be i in the ea t fa e of 
th p it is not ofr t . lthotwh the ]iff a1 pear to be a fault carp, 
mo t of the' el i. placement"' probably ha been au eel by differential 
compaction of tuff and marl s over a re i tant ja per hill. t the ea t 
end of the pit ( fi o·. r.: o) a th ru. t faul t that . trike north an 1 lips 
15°-17° E. i expo e lin the wall . D rillrecor 1 indicate a li ·pla e­
m ntofatl ast1 Ometer (. ee ll. 29). 
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The 'ultana or bed "·a · xpos d at ev ral pla ·e · alon<r the north­
enst mtll o f tlw pit in IH-1:-L .\l nxi11111111 fhicknrss ob:e rvcd 11·a ..J. 

m ters Hear th ·ent r o{ the pit, but only nt th northii"CS end '"a 
th e hase of the ore zone expo:ed. The maximum thicknes. of mineral­
iz,clroek C:i il during drilling " '<l s l1111et rs bnt th nxerag thi kn e 
ofhigh-grudeor n1ine(l1nt. only 5 loGmeler. 

The o re : n o· n ra 1 C'O il ists of ' · t alncti t 1 ik •· ma . es f fin -graine 1 
den e mangan . e oxid that appear s t ha1· i'ormed by repla cement 
of coar e-grain d 1·ed tuff. Thr ' · ·tala tite ., ar ompo d of ir­
r o·ular oblnte ball. o f mangane much a 7 .. > ntimeter in 
lia.m ter t· nn ct l by na rro'Y r ne ks; omm nly th b ttom of a 

l•'lCU RE 50.- Ea ·tend of 'u ltana op n pit in 1 044 . Th footwn ll of t h or I d 11 s al ong 
the right-hand Ide of tbe photograph; the dark r ock nt right c ntcr Is or~. A thrust 
fault l e xpo~ a j u ·t above th a•·ch d and crump! d marl b ds to tbe l ~ft or <'nter. 
In the co r e of tile urch ncar water Ie,•cl l anotb r exposu r or the or be(]. 

chain of nodule ha a mull er cliamet r than th top, 1 en e th rouo·h 
r ·emblance to true talactite . A few of the .incl ivi lua I nodu le 
have a concentri tru tur but mo t of them a1· apparent ly . t ruc­
turel The ' tala tite _., a1·e roughly perpencli ·ular to the tuff 
b clcling and almo t invariably break alono· ndacr 1 arallcl fo the 
beclcl ino-. The va ri ation in liameter of the 'stalactil ,. ma y b <lu 
to difl'e rence in eas o·f r eplacement of th Yariou tufl' laye rs. Th 
upper part of the or bed is usually hio-her grad than the ]r}IY r pltl't 
becau. e the carrotlike ma. ·e · oi' mano-ane._e ox ide t<q er doll'1111·ard 
and b ·au . e inter titial tuff in th upper part of the b cl ha s heen 
r pla eel mo re exten ;vely. 

Near the ea. tend of the pit the or i 
l o. it .- of Oriente and c n. i t.- of band 

imihn to other tuff ore d -
of p .- il omelan -type ox ide 
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interbeclde l ''"i th tuff. About 90 meter from the northwe ten l f 
the pit the upper part of the ore zone i ao·glom rati nnd contain 
many fra o·mcnt of red tuff. 

The g r eat lateral extent of the or zone and it apparent confinement 
to on eric of tuff b 1 indi ate tha the mineralization wa tra.ti ­
o-raphically controll ed and that the ore bed it elf i a tratigraphic 
unit. 

Throurrhout the pit and al o over mo t of the area spl ored only by 
drilling, th ore b d i underlain by a layer of r d or orang jasper 
rano·incr in thi ckne from a, fe1T centimeter to about 17m ters. In 
pla. e th ja per i colored nearly bla k by eli n inated manganese 
oxide. The r Jation bebY en ja per an 1 ore ar not 1 ar a the on­
tact "-a expo d for only a few meter at the time of our tudy. N"o 
vein of ja per w re e n utting the or . A ]en of ja ·per more than 
100 meter~ ]ono·, enclo d omplet ly in manganifer u tuff, wa. u t 
in lrill hoJ ju tea t of th r it. 

The p r i tencc of the prin ipal ja. per. tratum o1·er an area a,t lea t 
430 meter ]ong and 275 meter wide tog th r with th on i tent r -
lation bctw n ja per and th tratiaraphi a lly ontrolled ore bed 
sngge that th j fq r too i a tratio-raphi unit. The mod of 
orio·in of th ja p r i not lear , but mo~ t of it appear to haYe formed 
prior to or d po ition . Ja p r may haY r er la c d a bed of tuff but 
no vid n e point to uch an orirrin and it eem more likely that th 
ja. p r wa d po it l a a hiahly iliceou . . ed iment. That the our e 
of th ja per ma) haY be n nl o the our of th mano·ane e i ug­
,... . ted by th mano-anif rou hara ter of mu h of th ja p r. 

Ther i. no vi len e that marwane e mineral~ were depo it c1 wher e 
min ralizino- olution ri ino· or migratincr la terally throuah th t uff 
wer trapped ao·ain t the OY rl yino· calca r ou ro k . t eYery p lnce 
IYhe re both marl and r ar expo d a lay r of tuff, apr arently Yery 
imilar to the tuff in th or b l, interv ne . Moreover, the on-

glom rat over] yino- th or bed in the northwe t part of the I it con­
tain fr ao·ment of manganese oxid indi ti no·ui hable mega opically 
from th ox.id of th ore bed· pr tunably th e fra o·ment 'Yere 
form cl wh n the alr ;tel ' exi tent ore bed wa b rok n up b ' waYe or 
·u rr nt a bon. 
It i. b lieved, th r fore that mineralization " ·a eith r e ntia lly 

contemporaneou · with or Ji rrhtly later than lepo ition of the host tuff 
and that min ral il:itw pro e wer omplet c1 ntirely before depo­
·ition of the pink ntarl. Ina much a no mnno·ane minera 1 other 
than oxide. have b en re oo-n ized, it i a . umed that the ox id e were 
d po ited a u h althotwh in place ome p ilomelan ·typ minernJ. 
were later oxidized to pyro]u ite. The 'rell-defined bed l ing of the 
n in r alizcd tu ft'.· an l thP 1 re. n e of foram in ifera l lim tone a hort 
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eli tanc ·tratio-raphi all y above th or b cl indi at that th tufl' 
probably were IYa ter-laid in a marin nvironment. 

Th ultana cl po,itha been churn drill d xten. iYely by th uban 
1inino- mpany. One hundr d and forty-thr e hole. ranging in 

depth from 1 - 130m t r (60 to 42~ feet) w r drill 1; he. agoTe­
D"ate about 2 3 0 feet in length. \Jl hole. utting ore ,,. re drilled 
enti rely through the ore b d. 

There er e timat i ba eel entirely on drill-hole data. Portion 
of th ore bed J . than 1." meter thi k ha,·e not b n includ d, nor 
haYe barren zone "-ithin mineraliz lro k. Drill-h J ~ala and geo-
loo·ic observation indi cate that both mano·ane ont nt an l thickne 
of ore are rath r uniform o\er r latiY ly larg ar a . In 19±4 the 

uban :J1ining ompany ontemplat l t rippinD" to a depth of 4 
meter (140 feet) . Ther fore, only r ·en · of or lyinrr b low the 
43-meter l vel ha,-e b en cal ulated. 

Re erve are e timat l at v ral hundred thou and t n. 
taininO' mo re than 1~ per nt mmwane e and a omparabl t nnaO'e 
contai nino· 10- 1 ~ p rc nt. 

ABANILLA DI TRI T 

SAB ANILLA MINE 

The abanilla eli trict i at and north of El ura idinO' on lhe 
Ferro arril le Guanhl.namo y Oc i lente, about 30 kilomet r north­
ea t of antiao-o cl uba. It may be r ached by rail orb an unim­
pro•ecl tru k road f rom Ito ongo, about 12 kilometer to th we t. 
Most of the nine claim in the abanilla group were d nounc cl in 
1 91 ancl1 92. ManO'ane e ore ha b en produced intermittently from 
. ix of the lenouncement . 

Th prin ipal period of activity 1'a. luring World "\ nr I, but pro­
lu tion of that time is not lmo>m. From 1942 to twu. t 1945 the 

el i. tri ct produced abou 4-500 ton of ore containino- 44 to 47 p r ent 
man D"anese. 

The , ahani ll a area ha. b en clivi led into two part., the north and 
. outh areas. The north a rea includes th ma,no·ane. e clepo. it on th 
1arfa, El \.nra, AJtagra ia, and Verla l ]aim ; th outh ar a in­

dude. tho. on the Dolore , Po] r, an l \.l·iva. cla.im . . Detailed study 
ha. been made o:f only the outh ar a, although nll of th lepo. it 
in the eli. t ri t have been examined. The ntir abanilla, arc~t wa. 
chum clt·i ll ed by the Cnban Mini nO' ompan y in 1940 an l 194-1 an~ 
drill recor d. hav been made avai lable to u th rough th ou r t . y f th 
company. geologic map of tl1e outh area i g iven in Ila.t 3 . 

The olde t ro ks in the eli trict are oar. e-gmined bed led tuff a.nd 
minor amount of agglomerate of the Cobre :formation. The e ro ks 
are overlain by the Charco Redon lo li mestone member, wh i h h ~ts a 
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maxm1um of about 1:1: meters. Throughout mo t, of the 
area the Jime ton i le than 6 meter · thi k. Overlyincr the lim -
.tone i 15 to 25 m ter of crray to pink marl and interb deled thin 

formation. 

formation. The) uncre trock are a] are­
oTeeni h-gray to brown hal of the 'an Lui 

The principal tru ture i an longate dome that trend north-
northea twarcl and i about 2,250 meter long. hallow s nclin 
and anti line· ar uperimpo eel on the main tru ture. BoLh the 
outh and north ar a are on mall ub icliary dome parat d by a 

syn clinal depre ion on th ere t of th larcr dom . Dip are rarely 
g reater than 10 to 1 degree . Ko ma.jor fault have been re · ~rnized 
but everal northea. tward- tt·iking mall fault " . re een in both 
ar a . 

}lan o·ane. e or o ur in tuff at eli tance of 1.5 to 14 meLer be­
low the ba ·e of th lime ton . ~Iangane e oxide are a ociated clo ly 
''ith lenticular and eli ontinuou rna e of ja per and are di tributed 
itT o·ularly at or near th top of the ja per len . In th ea tern ha.lf 
of th mnpp d area. (pl. 0) lh ja ·per oc upi a rouo-hly ·ircular 
ar a abou m ter in diam t r. Lo a,lly within thi area th 
jn peri a. much a. 9 met r thick bu in ph e it di . appear om­
pl l ly · in gen rn.l it i les than meter t·hi k. The contact of the 
jn . p r len : P. ap] ear to on-form with the bedding of the n lo incr 
tufl' : th OY rlyino- b d m rely a re dom d up oYer the thi k r len e . 
X one of th ob ·en d fault " . r form l b for the ja per but minor 
fault incl; ·aL mo,·em nt after depo ition of th ja p rand th or . 
Bel · alongthe . teep ' ides oftheja. perlen. e. arethinnerinpln e. and 
ome f th e contact ar mnrked by minor lir ; lhe e li] ommonly 

fln t ten <lll'ay from the ja per, l a rnJle] or nearly parallel to the b ddi ncr 
of th tufL The footll'alJ ontn · of th jn I r i u ually ". 11 de­
fin cl but in pla eli. continuou . mnJl len e and nodule of jn. per 
o · m a lon cr th footwall. 

On th \\' e t rn do· of the uth ar a, thick ja p r len e crop out 
on both ide of a. outhwn.rd-tr n lincr arroyo. Appar ntly the len es 
'" re onc.e part of a connected ma now breach cl by the arroyo. 
H ere, n w ]] a in th north ar a, th ore and ja per zone a1 pear to 
oc upy the :ame trittigmphi po. ition a it do in the ea t m part 
of the mapped area. The apparent varin.ti n in listance beb,·een 
t·he ore zon and the base of the Jimeston may be attributed to lo al 
thickenin g or thinnino· of the int rvening tuff ( ee [ l. 30). 

Mot of the ja [ er i ]en e fine grained and r deli h brown and 
form prominent out rop. . In many place it i Yein d i rrecrularly by 
whit hn.l edony n.n l quartz. On the Poder Jaim in th we tern pa.rt 
of the . outh area an 1 on the :i\fnrfn ]aim in the north area, a oTe nih.-
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oTay ja :;p r i founu below th red typ . 

claim indi cate · that th bed may 
ar a. 

BA 

P ilomelane- type oxid pyr lu itc, and a ft wadlike oxid ' of in ­
detcrminat ompo ition are the n ly man o·ane c min ra 1 .. of i rn por­
tan . The oxide r pla. tuff aclja nt t ja 'I cr fllld ·onO'lom rat . 
They form irre ular nodul and parti le eparalecl by barren or 
sr ar ely mineralized tufL Th mangane e mineral arc ommonly 
interO'l'Own " ·ith pink z olitic clay an l LufL Lump of oxid oft n con­
tain mall di eminated parti 1 of tuff that ann t be .' 1 aralcd by 
<>rclinary m thod of oncentration. Oxidation of [ ilomelan -t. pc 
<>x i le and '~ad (? ) to pyrolu ite l1as taken place for the mo t part only 
.at and near th surface; in the de per min w rkin O' only a. minor 
amount of pyrolu ." ite i. found. hlorite i I r s nt in con i lcrablc 
·quantity along the fooL\Yall of the jasper zone and lo all y i founl 
above the ore. ~odnl~ and len e. of ja per in the foot \\'all of th 
main ja .. per zone ommonly are urrounde l and ·oated by ·h lm·it . 
Unlike the pink zeoliti clay , chlori te doe not o m· in intimrtte a. o­
-ciation ,,·ith mangane. e oxid . 

The m·e bed mnges in t hickne from le . than 0.3 meter to mor than 
~meters and average. le. than 0.6 m ter ; thi kne of the ore i .. ex­
tremely va r iabl Y r relati,· ly hort eli . tan e. line-run ore con­
tain ." hom 10 to 25 p r ent mangane. . 

fining clurino- and previou to\\ orld \Yar I was done hi eA. from 
<>pen pit.. The old pit. , 7 in numb r, are con cntrat l in an area 
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about :....4~ meter lono· by J 0 meter ''ide ( ee p1. 30 for location ). 
'om of the pit are a m11ch a 6 meter leep. Mo t of the or I ro­

clu eel du ri ng \ V 1·l d \\ a.r II wa.. min d underground and xtract d 
th rough haft and adit . Th prin ipa.l und rgroun l "·orkino· i. an 
acl it (B- 3 ) at the outh \l"e t do·e of th main pit ar a. The adit, 
whi ch i. about-!:) m ter long, develop a bed of m dium-gra le tuft 
or from 1. to:,., n eter. thi k . Yeral haft haYe ben unk in and 
about the main mine area but few have eli clo eel minabl e ore. Churn­
drill hole in the outh ar ea out.hwe t and ea t of th main mine area 
haYe eli cov reu a much a 4.5 m ter of ro k containino- 1Z to 13 
percent mangane. bu much of thi material i probably lime tone· 
mangane oxi ]e COJJglon cr ate that ma. hav little or no minnbl r 
in or onrly in g it; shaft number 1- _\ 5 22, 24-, and - :..-+,wh ich 
hnv be n . unk in thi ar a how le than 0.6 meter of minabl r . 

n the I o 1 r claim on the ''e tern ide of the mapped ar a, numer­
ou hallo"· 1 i t. haYe b en duo· alon o- the hano-ing wall of th ja. p r 
len e and a :mall amount of ore ha b en r overe l. H o"· ver, th 
mine rnl ·iz d zone i. thin and low in oTa le. hurn drillino- a mu h 
a !)0 m ters 1\'<:'st of th mall eel area ha. indicate I nly . pa r. e, lo" ·­
gracl<:' min(•ralizati n . 

Or<:' d posit · in th n rth ar a ar imilar to those in the uth ar a, 
but ot· appl'Hr. lob J exten iYe. nth '"e t sid of th ~Iarl.a 
elaint nn opl'n pit· 0 m l r 1 ng, 15 met r wide and 3 m ters de 1 
i .. unk on ja. per, no·l 111 raJ<:'. and tuft ore. " ·hich . t rike X. 0° E. 
and clip 30° , . Th or zone Ji 3 t meter b low th e lime ton . 
'Lope. . t nd downdil ,nray from th 1 it OY r an a re<t about ~ ·­

llll'ler · lono- by lfj m ter wid . An adit abou ~· met r lono· conn ct 
th ontlt l'n l of the to pe. to the uda . Th ore zone raJJO'C from 
le than 0. met<:'r t about 1.0 mrter in Lhi kne . Aver age ore on the 
we. t s icl of th '1\[arin claim contain :..-5 t 30 perc nt of n angan e. 

bout 300 m ter to th ea. t low- to 111 dium-oTade tuff ore a . . o­
iated with ja . 1 . r and mangnne e ox ide in lime tone nglomernte i. 

expo e lin an abandoned op n pit but i t i pr obable that minabl e ore 
xt n 1. but h ort di tan e a way f rom th tope . 

\.b ut 230 met r farth r a. t, on the _\.l tao-racia lnim lo\1' - to 
n d inm-grade t u ff or e rop · out on b th i 1e of .Arroyo , aban.illa . 
Th ore be i is 0.~ to 1. m ter thi ·k. "\. ppar ntly it h;t . yield d lt tt le 
or . 

On the Verdad cla im about 300 meter north of th "\. ltagracia, a 
b l of tufl' or e, 1 to m~t r · th i k, li e at 1 a t lD meter . . t ratigraphi -
al ly below th e ba . of th lim stone. The bed trike. 1 ~ . 65° E . and 

clip 15°-20° N. Thea o ia t·ion ofmnngane. eoxidein lime t neon­
glomer ate with ja. l r ugp:esl' that thi : or e b<:'d i. the same a ~hat 
on the Maria claim to the: nth ; the greater eli tan ·e below the lnne­
ston may be a.ttribnt<:'d to thickening of the inter" ning t uff to the 
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north. Ore ha ben min d lom1dip and along the . trike for about 
15 met r ; most of th Yrorking ar aY l an l inacc . ·ibl e. 1\Iinnbl 

0.6 to 1.0 m tor in thi ·lm s and contain . 2 , t 30 p r nt 
of mano·ane e. The or bed I o ibly may ext ncl ea.t an 1 n rth\Ye t of 
the oll \YOrking .. 

ev n hum-drill hol were unk in the north area near th ja p r 
out rop but non of them found minable ore. H w " r 3 hol 
tatted below the ore horiz n and ~ other may n t haYe b n 
iently deep. 
The potentialitie of th The 

general ]O\Y grad of th . or 
an 1 th low a \· rao·e th.ickn . of minahl ore militat ao-ain . t any large 
production if only impl oTaYity ·on ntration method . arc u d. 
More than half of th IY rll \Var II rro lu tion cam from old mi11e 
dump , \Yhi ch are now laro·el ' exhau tel. Then rth a r a . houll be 
xpl re 1 m re xt nsiY ly, a th aY rao· min -run ore ther may 

co ntain as mu ·h a :r t 0 percent mano-an e. 
He ·en ·e of th abanilla di tri ·t. ·alculat d by u ·in" dat<L fr m 

h·ill hole , undero-round working , and outcrop ar c t imat data { w 
ten. of thou. an l ton . The o-rad of ore i extremely Yariablc, but 
"-ill lie b tw en 12 an l ~ per ent mangane . \ irtually all th r -
en e are in the outh area · mnch ad litional exi ]oration i n e ary 

in the north area before any reliable cal ulation of r ene. can be 
made. 

AVISPA MINE 

The ~hi pa mm in the foothill of the 'ierra de~ ~ii e and i01Ta 
del ri tal, 6 kilometer north of E l ura idino·. It wa. expl red in 
1931, but no ore wa xtracted until19-W. B tween 1940 and Jannary 
19-l:., about 1,250 ton of ore containino- 30 per ·ent mangane wa 
mined an l concentrated in a \Ya hing 1lant. The oncentrate, oniain­
ino- 4~ percent mano-ane e, '"a tru k d to El Aura over an un uda cd 
road. Operation cea ·eel in May 1943. 

The \.vi spa ore body rop: out in \.rroyo Leonor, a st p-wall d 
canyon 20 to 30 m ter de p. Two mineralized tuff b d crop out at 
the ba. e of a thin-be Uecl fla o-gy lim tone. Only ne of th b cl . 
contains mu ch ore; thi bed underlies the arroyo and a nanow g ravel-
upped terrace to the "-est ani i. expo eel in several pit. along the 

eastem bank of the arroyo. The ore body i explored by tw . hafts 
about 9 m t r deep and by about 60 meter of drifts from th f ot 
of the haft . Workini'YS north of the haft. are aved. Drill hol 
. outhw t of th or body are reported to have cut ore, but nothing is 
known of th e thi lme . or I'Yrade of the material. 

Fine pa1-ti le. of oft, dull-black wad and trinaers and pod. of 
p ilomelane-type oxide and pyrolu ite are in a ma trix of alter d red 
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tuff conta inino· many mall ja 1 rIo 1 . Th ore zon than 1.3 
meter thick and probably do not contain more than :.0 per ent of 
mano-ane . Or expo d in pit alono- the northern border of the 
depo it i about 1 meter thick and contain Je than 10 p r ent of 
mangane e. 

Mea ur d and incli at cl re en e ar at mo t a few hundred ton . 
If th drill data ited i reliabl , a fe"· th u and ton may be inf ned. 
The pro pect probably could b operat d bet a a feeder for a cu tom 
mill at abanilla. 

IGUA DISTRICT 

The i ua eli trict i on the er e t of the r an Pi clra range about 
55 kilomete r ea t of antiao-o cl uba an l 15 ki lometer from the 
coa t. The neare t town i Ramon d la Ya o-ua on the Rio Baconao, 7 
kilometer to th north. From antia(ro de uba th eli tri t may be 
rea hed eith r by trail Yia El aney and Hamon cle la Yao·ua or by 
road via Yinent to halia an l then by kilom te r · of tmil to the 
mine area. \.n al ternatiYe route from \ inent i by dirt roa l to I Jaya 
' igua 2~ kilomet r ea t, from 11·hi h a tru ·k road, 13 kilom ter Jono­

leacl to th eli . tri t. 
Th min rnliz d area i oYer cl by the Graham, H er ule ~ .,.on Plu 

-ltra, Fant-a Ia and ap ri ho ]aim ] nouncecl in th late 1 0 . 
The. c laim oYe r an area f nearly 00 hectare . ... \.bout 100 ton of 
ore wa min t1 n th (h·aham and ~ on Plu. 'Cltra claim in 1Dl , 
hutnooth rpr clu li ni knom1. 

Th min area i on of t ep- ided north we twa rd-t rencling ri lo-e 
with a maximum height of 00 meter . . AJnil e timb r i ani lable in 
th nearby for ted area , but water i car e in th uplands. \.ny 
lnrg . uppli f water would haY to be pumpe l f rom the Rio Ba­
conao 2 kil m te rs a. t. 

Th prin i] a] mano-aniferou zon is kno\rn to xten l 6 kilom ters 
north,Ye twar l from the Ri Baconno and i aid to extend 6 kilo­
m t r: :fa r ther. The zon wa tulied in detail in t\1-o a rea . The 
la, rger, . hown in p late 31, cov rs part of th Graham, IIrr ul , and 
X on Pl U.' rJtra claim . he mal l t' OYer part of th Fanta ia and a­
pri cho cla im · 2 kil om t r · to th outheast. r eal tudie ,...-er e made 
by C.l<. Park, ,Jr. , an LM. \Y. x. 

Five r o k tmit have b en r e ognized. 11 the r o k appear to 
b long to th obr formation. The lo"·e t unit i a coar e-o-rained 
g r en tuff at lea · 4~0 m t r . thick. The tufl' i- ma iv and forms 
prom inent cliff . 0 erl y in g the coar tuff i about 150 meter · of 
bro wn cal areou tn ff d n e gray fo. ·i l iferou lime ton , and a few 
la yer of n.o-glomernte. The Non Plu Titra, ore bed lie near the 
ba e of thi unit. Rock ty1 e are r ather va riabl e, but in gen r al 
th rock be om coar r a.nd more ago-lomer ati to1rarcl t·he south-

42 472- (i --] 
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ea t. The upp rmo L unit of th vol ani' ·tion i a · ar ·e a~­
O'lom r at.e that con. i t of blo k. of ancle it p rpby ry a much a. a 
meter r o a ro . . \. fe 11· b ds of tu[ and limeston and :eY ra l 
ancle it i ·(?) Jan\ ftow are int r a lat d in Lh ao·gl m rat . Total 
thi k ne i probably mor than 1 0 met r . . 

In th outh rn part of the eli r ict the bedded l'O ·ks a r intr ude l 
by a ma iY dark-g reen dior ite with a O<l r. dinba i lexture. Cl ar 
plagioelasc fel cl ·par, biotite, nn l blt>bs f ch loriti m ine ra l. , ap­
par en tly l ri1·ed f rom h rnblende . can b 1· ognizetl in hand peci ­
m n . :Sear the ·ontac-t th tuff i. dense and flinty and om hn heen 
altered to hornfel . ; th limy b d do to th onta t arc banded. 
Jo eli tin tive b rder fa ie of the intru iYe r k wa ob ned. The 

mangmwse zon is not kno ll'n to rop of the 
on tact. 
~\gglom 1·ate ompo, d o-f oria eou and iLi fra,.:m nt . " ·hich 

may ha 1·e b en formed in or near a Yent, crop out on L orna I ot1·ero. 
Th upper par t of th a~gl om rat -1-w" · bedclin.; parall el to Lh 
encJo ing green tu f1', bu th )ower part i ma. siYC and ·ul. arrO.: 
b ldinO' of th tuff. Th mangane. bel on th H 'rcule claim i. 

I n th , rca ho11-n in p lat 31 the O'l' n tuff and cal ·a reou. luff 
trend X 40°-50° \ V. and dip 4:-' 0 - 60° I E_ xcept "-h re the . trike 
change on m inor c ro. fold . On L orna ement rio tuff i horiz n!al 
anl i a. tuned to be faulted agnin . t . tee pl y dipping g re n tnrr: 
thi a . umption i upportecl by the p re n e of fl oat from !he S n 
Pl n -u ra rebel to then r th. Dior ite oc upie. mo t of the r rgion 
beh,- en the map] eel area anl th mall r Fanta fa- ap r i ho fl r ra 
to the Otllhea t. The mangane. be 1 ha the sam trike and liJ 
in both ar eas, but in the Fanta . fa-C'apricho ar a the bed i. ut by 
everal mall ro . fault . 

Y er:y littl work ha been don on the clepo. it . Tl e :Son Plu: 
l tm or e b>d i dev lop ed by a f ew . mall pit and two rov. ·ut Li ng 

n,cl it. 1 to 20 met r s long . T he G r aham ou tcr op i op en ] l y f m 
pi t., from ,,-h i h or e "a h ip p d in 191 . Th H er ul e and Fanta fa 
area. haYe not been x plored. 

The :Son P lu. tr a cla im con ta in th ]ar ges of th e f our occur-
rence. of mangan e. e-bearing r o ks. On the F anta. Ia an I apri ch o 
claim: th er e i. a s imilar bed. A t the G rah am claim or e on. ist. onl y 
of mnll p ockets in and a lj a en t to a mas of j a per. The H 6r ul . 
or e bed on L orna P otr r o i thin a nd of mall extent, but oth erwi . 
i. ident ical in h ara ter to th e on Plu. Ultra bed . 

T"·o expo. ures of th e on Plu. Ultra bed ar e known in the a rea 
. tud iecl . On e i mor e t h an 400 meter l ong alon g th e . trike; th 
other , to the ou thea t, i 230 meter lonO'. The bed i in limy t uff 
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about 15 meters t rntigraphi ·ally bel w the Hl!glomc rate. It thi ·k­
ne probably aYer age. 1 meter but r ange from a little a 15 centi­
m ter Lo a much a :2 meter . Part of the outcrop form a lip lope 
a m.u h a 4- meter IYide and make available a on i lerable tonnao·e 

1::> 

of 01' on the urface. -nfortunat ly, th O'reat br adth of thi out-
er p ha led to a popular beli ef that the depo it i fabul u ly Lhi k. 

Typical mineralized ro k i · lull black or lu trou black, ma iYc 
hard, and brittle. Min ral · tentati ,·ely identifi d inclu<le piedmonLitc, 
braunit , neotocit , p ilom lane-type oxide aild pyrolu it . Pr b­
<lbly Lhe common · i braunite, a dull st 1-bla k, hard min Tal. Th 
ore 1 iliceou and mu·h of the ili ca eem to b in ·hemicnl com­
bination with the mano·ane e, althouo·h orne i known to l> in fine ­
oTaine l mixture of ilica and mano·ane e oxide . l icclrnontitc 1 eally 
"tYe a r d 1i h color to both the Kon Plu -llra an l Fantasia bed ·. 
Con iderable lu trou black b rown, or yellow neotocit is found. 
P ilomelan -type oxide oc ur. in vein] t and pod . Y einleL of 
]J.)TOlu s ite ;md cal ite cut the other mineral., and pyrolu ite form s 
a up rficial oating, . pc ially n the clip- lope ut rop . . The typi ­
('H ] pr luct of " . atherino· of th ore i pyrolu ite mix d with a dull ­
brO\Yll po,Hlery maLcria 1. 

The mincrali zed b <1 exemrlify mot of th tru lure characler­
i tic f tuff re. Xoclular tru t ur ommon. In so m out TOp · 

llw b cl on i. t of bla<'k and red layer. eparated by liO'hter-rcd 
ili ceo n mangnnif rou · tuf1' " ·hi h i the mo common gangue and 
n<" lo: th richer part of th bed . alcite an l a little jasp r make 

up th rem , incler of th l!angu . :;\[u h f th tuff ontain onw 
, for it " ·en ther bln k and sh 'Y ,·einlet. and fi I m of 
oxi 1 on broken urfa e . 
nnaly e · of out ror amr 1 ho' from ZO to 4 1 er ent 

of mangan se. \. small part of th material from the Xon Pln 
bed probably an b han l pi ke i to pro lu an ore ontainino- 40 
percent mangane e and lo 1 er ent ilica. but befor th depo it ·ou ld 
b uLiliz d fully it would I robably bene e ary to l Yi e a metho 1 
for handlino- the lower grade materin.l cconomi aUy. 

Th raham depo it, "-hi h contain mano-ane oxi le a o iated 
with ja 1 er, appa.rently cut. th calcareou tuff. at teep angl . Mo t 
of lhe ore ame from a r idual blank t of pyrolu ite and p ilome lane 
with om braunit . 

Be erve ar mainly in th Non Plu ltra becl. At l a t a few· ten 
of thousand ton of or i in ight on the dip- lope expo ur . If the 
bed ontinu from the top of th hill at the northwe t corner of the 
mar to the r eek 1 vel ju t we t of ection -A' (pl. 31) it would 
ontain everal hundr d thou and ton of ore averaging ZO percent of 

both mangane e and il i a. Th Fanta fa bed conta in ev ral tens of 
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thou and ton. of imilar mnterial. R t> e r.-e. of th IT6r ule and 
Graham or b d are n glio-ible. 

The Kon Plus -ltra anl Fanta fn deposit nn produce a lnro·e ton­
nng of mano-anif rou rock, but almost all th or " ·ould haY to be 
co1 centrat d or u eel for p ial purp ·es r equi ring a hio-h- ilica ore. 
The probl m of concentra tion i. a formidable on and ha not been 
studied to any appr ci nbl ext nt. 

0 Tll OA T l I TTIICT 

\. number of mano-an pro pect and one mine ar fow1d near the 
coa t alono- the outh flnnk of th iena 1\Ia tra 12 to 150 kilometer. 
"- t of ' antiao-o d ubn. Pilon, 72 kilometer by road from the 
neare t railhea l at Manznnillo i the only izeabl ttlement in the 
eli tri t . Mnngane ·e rleposit. are alono- a narr ,,. oa tal trip about 
30 kilomet r lono-, ext n linrr ea t war 1 from Puerto Portil lo, 13 
kilometer by road ea t of Pilon, to Rf La Plata. Trail leadinrr to 
the variou pro pect may b reached either by laun h from Pilon or 
'antiago de uba or by mean f th main oa tal trail betw en Por-

tillo and antiago l uba. The Ponupo ] 1\Iana al min i on-
ne ted to Puerto Portillo by 1. kil m t r of dry-''" ath r road. 

Ore i hipp d by boat from Puerto Portillo to antiago d uba. 
o loading fa ilities were available at Portillo in 1944; all or was 

loaded from hore by hand. Loading and shippino- o t in 19H were 
about $4.00 per ton. 

l'ONUI'O DE MANACAL MINE 

The I onupo de 1\Ianacal mine i in nwo-ed t nain near th h ad­
" ·ater of th Rfo Portillo at an altitude of 360 meter . It i then o t 
we terly mangane e mine in the province. 

Mano-an e ore wa truck d from th n in to Pu rto Portillo and 
then hipped to Santiago de uba on a boat of 100 ton capacity. 

The Ponupo de Mana a] o-roup of claim. in lude. th Ponupo and 
A.maha (Nenita) denounc d in 1 93, anl the 'enallo and uJtana, 
denounced in 1925. The denoun ements are controlled by the un 
Development ompany. 

The depo ·it ·wet explored by the un D evelor ment ompany in 
1925 and 1926. l roduction during and prior to thi period i not 
known, but probably wa small. From 1926 to July 1942 the min is 
believed to hav been idl e. The mine wa reopene lin 1942 and until 
Augu t 194~ had yielded 6,963 ton of ore contain in o- 43 percent 
mangan e. 

The mine area i underlain by brown or o-ray " ·ell -bedded tuff and 
calcareous tuA', rna sive tuff, and tuff-agglomerate. Impur limestone 
bed are on picuou alono- the road outh of the mine area but b come 
le · · abundant to,,·ard the coast. Th layered rock are intruded by 
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minor dike of I robable ande iti hara t r . A to klike fin -o-rained 
body of an l site or dior ite cut the bedde l ro k above the onf1uence 
of Rio Portill o and Arroyo Palenque. Geoloo-y of th mine area i 
ho\\·n in p lat • 2. The princi pal . tructure in th min ar a i a tightly 

folded a ymmetri al anticline that p luncre \Ye tward at 10° to 20°. 
The limb of the fo ld dip 60° to 0°. No m.ajor fault were ob lT d 
in the mine a rea but everal mall Hat-dipping po tmineralization 
trike- l ip fault ut the ma in ore zone and ver al m inor beddincr-

plane lip are expo:ed in the un le rground "-orkings. 
fano·ane e oxide o ur aloncr traticrraphic ho rizon in tuff. A 

main ma1wanif r ou zone i oYerlain by at lea t two minor zon . 
The main or bed dip teeply ou hward and extend aero the 

entire mine area south of the anticlinal axi . I t i believed to be re· 
peated on the north limb of the fold wher the bed dip teeply north­
ward. ~h ive, m e limn- to oar e-grained b rown tuff unde rlie. and 
overlie th e o re zon e. Th ma i ,·e tuff i highl y j inted and locally i 
cut by. mall . hea r. and Ji p . outh of the fold ax.i. the tuff above the 
main r b d i 23 lo 25 nP L r thi ·k and i: ov rlain by 75 to 120 meter 
of interbedded fin -o- ra ined tuft:, ncl medium- to oar e-o-rained agglom­
erati t uff. Th fine-crrained tuff i o,·erlain in turn by a cr ray tuff­
aceou lime Lone, from 3 to 6 met r thick· apparently thi lime tone 
1 n e out on th we t ide of th mine ar a bu it i traceable for 
mor than 300 m et r ea twa rd. noth r bed of tuffaceou lime tone 
ab ut 11 m t r th i k i para t d from th low r lim tone by 
about 40 m et r of tuff. Bo h lim ton b d ontain Foraminifera 
of middl Eo n ao- . 

Th tratigraphi c quiYalent of th lime ton bed hav~ not been 
found l flnit lyon th north limb of the anti lin , althouo-h they may 
be r pr nted by di ontinuou and I oorly defin cl zone of very 
impur brown lime tone an 1 alcareou tuff. 

fangan e oxid are a o ia.ted 'lith lenti ula.r ma. e of reddi h­
brown lio-htly fcr ruginou ja per. The depo it are imilar in ap­
pe;c rnn to tho in El ri to Jngua , nnd Iri -.Joturo eli t r .ict north 
of antiago de uba. Ja . p r rna e. in the m ain ore zone have a 
maximum thicknc . of about 12 m et r and attain a. l noth of a much 
a. 150 m ete r . A long ea. bnlrd nnd we twar l exten ion of the main 
or zon nncl along the mino r zon · th ja 1 er 1 n ·e arc mall ; indi­
vidual pod am t r or. o in lcncrth a re very common. The loner axes 
of th ja p r l n e parallel the bed liner of the enclo ing tuff, al­
though h rc an d there ome hcar incr ha. taken pl ace betw en oft tuff 
a nd ha rd eornpetent j as pC'r. 

Mangan e oxide r eplac tuff a lja ent to the ja per len e . The 
larg . t on entr ation . of ox id nrc innr iably n ea r the larger ja p er 
ma. se , ommonly along one contact and ncar th end of the l nses. 



266 CEOL GY OF rl'HE MANGA1 E • DEPO. 11r1 OF BA 

bed or b b>een ore and ja I r. 
tufl' ommonly are gra 1ntional " ·if·hin n reln!iYely nan". in!C' rnll. 
The tuff immediat ly adja ent to the or comm nly is highly altere 1 
and pink, white, or lark oTay. 1h1 ' mi11 ral. ancl fin -gmine l z o­
lite. ( . ) appear to mak u1 the alteration p roducls. Tufr a far a. 
6 m ters from th >ralls of the manganes -ja p r zon c mmonl) are 
highly chloritiz d . The hlorite i ]i . eminat d throuo-h the tuff ani 
con entrat d rtlong etta in b d.. \J thouo-h . mall p cl. of ja p r are 
·ommon "\Ylthi n chlori f·iz l tn rr, and h loriti Luff i in c nta t with 
the laro- r ma · of ja. p r in many plnc , no hlorit wn,. een m 
inti mat a . . o iation with mano-an s oxidC' . . 

The main mano-ane e-o idc-ja per zone, from whi h almo t all th 
ore ha com i traceable for at lea t 500 meter alonrr tl c trik . 
Ja 1 cr form . an alm . t contin11ous outcrop nearly 30 metl'J ". long 
and 6 to 12 meter thick. The zon thin to tb ea t and i mark i by 
par e irre ular ma es and no lule of mano-ane e oxide , ith small 

pod and li connected len e of ja per. To the we t, len e of ja p r 
as much a 5 meter thick that finaer out into mineralized tuff mark 
the po ition of the zone. 

Minable ore i concentrated in at lea t thre and po ibly f ur eli -
tinct ho . The hoot are developed by till: e adit . The a tern­
rna t hoot, which overli adit 3, i ab ut 23 meter lona nnd 1.3 
to ~.2 meters thick. Thi hoot ha b en mined to a c1 pth of about 
12 meter below the outcrop an l ont:inues in lepth. Th main ore 
hoot of th min ha been clev lop d from adit. 1 and 2; it i 3 to LJ:5 

meter Jono- and ha a maximum thi ckne ·of 6 meter . Th minimum 
verti al length i nearly 30 meter. . Two other ore hoot ~ ea h 30 
met r or more in len th, lie 90 m ter and 150 meter re 1 ti vely 
we t of the m.ain hoot. Lower limit of ore had not b en rl'rteh d 
in any hoot in 1944. Low-grade ore and black mnnga.niferou jnsp r 
eparate the ore hoot ; locally ome of thi mater ial i minabl . 

Two minor mangane. e-bearing zones are expo d in urfac and 
underground workino-s on the . outh limb of the anti line above the 
main ore zone. One zone li es 25 m ter trat igraphically nbove th 
main horizon and the other more extensive zone lie about 22 meters 
higher. The hio-her zone is traceable across the entire mine ar a for 
a eli . tance of more than 600 meters. The lower ore zone crop out nea,r 
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the min road in the enter of the mine area and is expo ed in the adit 
60 m t r to the outhea t. The mano-aniferou bed ran<Ye in thick­
ne from 0.3 meter to about 3 m ter and are a ociated with ja per 
lense 3 to 5 meter thick. Minable ore has not been found at any 
place alono- either zone. 

The minor zone are not expo ed on the north limb of the anticline. 
However, ja per float may mark the tra e of minor man<Yanlf rous 
horizon . One old pit, now caved. may be on the lower zone. 

Th ore at Ponupo de Man, al i. composed chief-l y of a lark-brown 
to bla k IYad wi th variabl e amount of pyrolusite and Y ry mall 
amount of p ilomelane-typ oxide . The compo ition of th ,y, d i 
unce rtain; a ordin<Y to analre , it app ar to b made up of man­
gan ~e oxide inti mat ly a o iate 1 ,,· ith nppr ciable amount of iron 
oxi le and ili a. In place much of th IYad i. a dark-bro1Yn to bla ck 
mat rial of Yer y lio-h t w i<Yht that ha n hiny lu ter p e uliar to oxi ie 
derive i from mangane e ilicate . lecte i pe imen of thi. ma­
terial a ay d-± .07 per ent mano·ane e, 12.70 perc nt iron, an] 3. 7 
si li cn. 

l au · of the high iron content, th analy i doe not ugO' t very 
trono-ly that the min ral i an oxidation I roduct of man<Yane e ili­

cate . ~ o manrrane ili at hilve ben re orrnized on eYen th Jo,Ye t 
mine l v 1 and no fr ilica an b n in th ore, , Hhough the 
ili ca nt nt of "''' · h e l c n entrate ran<Ye. from 7 to 11 perc nt. 

l=>yrolu it c ur · a a oft, blu -gray mineral tha form mall 
rna e andY inl et in th m1l. I i mot abundant near th ­
but orne i found at the l o~Y t min l vel, 30 meter · bel 11· th urfa ce. 
Pyrolu ite is belieY cl to be a e ondary min ral derived by oxidation 
orr on:titution f mane:an oxi i in the wad. 

The rr::uwue i umeplaced tuff pink to wh ite clay .mineral that are 
probably alteration I roduct of tuff, and Yariabl Rmotmt. of bro1Yn 
to bla ck manrranifC'rou. jn p r. 

Th o re depo it of th Ponupo de ~In naca 1 m inc 1 ike other de­
po it. of imilar typ in the eli tri t north of antiag ] C uba, a,re 
b liev d to haY b n form d by rer lu em nt of IYaterlaicl tuff at 
hallow d pth. b low th uda ce of c1 r ition. Thi r pla ement 

pr babl) took 1lnc Rf· : entially th ame time that the tu ff wa 
clepo. ite i. The Jer o ·it- dilfer in mineralogi c mpo it ion from tho e 
ob ·erved l:ewhere, bu t p i lomelane-typ oxid are common to all. 

i\linc-run r contain 20 to 40 per en t mangan . e. rntil 19-:l: 
ore ·\\'a S :o r l d by hand and reened to r n 01·e tuff particle and 
lay) late in ] 9--1-3, a log-\l'a . hin<Y Jlant 11·as in ta]led to trent. all of the 

o re mined, in cludin g materinl ·ontninino·le. s than 2~ p er cC'nt o-f mnn ­
gan e . 

Or r e:e rve · nre e timnt i at a fe"' thousand ton . imli ·a ted and 
s veral ten of thou and ton inferred . The gra l of re ·en e i 30 
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to -per nt mano·an e. on entration r , tio in the " ·n. ·hi no- plant 
"·er 4: 1 or 5: 1; it m unlikely that thee ratio c~~n b improved 
ver mu h if only a, Jog wa h r i uti I iz d. 

Do"'mnucl ontinuation fore offer th b t and virtually the only 
mean of inc rea i no- th r en· Th omp 1 tion of adi t 
4, whi h may dcYelop a few thousand ton · of rebel w th , 0-met r 
level, i e . ential. ~\.dditional ore may be found if th ". t drift hom 
ad it 2 i xten :led at lea t 90 m ter to 1 t rmin if th or hoot in 
the new pi above continu clo \\'mrarcl. If the drift i driven alonO' 
the z ne of mineralization enouO'h ore may b r cov r cl to pay for 
mu h of the co t of exploration. 

PROSPECTS BETWEEN P ORTILLO AND RiO LA PLATA 

numb r of mangane e pro pe t in ro k of the Yinent(?) and 
obre fo r mation haYe been d noun cl in th oa btl . t r ip bebY en 

Puer o 1 ortill o and Rio La Plata. Production fr m thi r gion ha 
been about 3,300 ton of ore ontaining 39 to ±6 
Apparently or ha b en hipp l from only the 

ubur and Yen cia l po its. 
The mano·ane lepo it may be grouped into 

In the area b h,·een th Rio Porti llo and Rio amaron n an<Yane c 
are a . ociated '"ith l nti ular ma .c of ja.p r. 

P silomelane-type oxide., braunite an l mangane ili ate. r pla 
tuff along conta t · bebYeen ja p rand tuff and al o form mall po k t 
in ja per. The largest on ent ration of ore i along tit hanaing "·all 
of the ja. per lens , u ually n ar or at the ncl. of t h Jaro·er 1 n e . . 
Low-oTade ore may xtend alono· the ·lrike of the tuft for om li:­
tance from the ja per ma. e . The e c1 po it re emble many depo it. 
el e'Yh re in the provin e. 

BebYe n R!o El nhcho and Rio La Plata, mangane ·e ilicatc · an 1 
minor amount of oxide: occur in bel · of reel arO'i ll a ou and 
tuffaceous lime:tone and aJ careou. argillite of th ~in nt formft­
tion(?) . ..A. li ttle lark manO'aniferou ja. per i. found in the ]c­
po it:. Braunite, several unidentified manO'ane e ili ate. and a, 

little p. il melane-type oxide replace the calcareo u ro k . The man­
O'anc e-calcium ili ·ate ine:ite i a minor mineral at theE trella del 

or te p ro. p ct. In ome c1 po ·it. an entire bed may be r plac d, in 
other: the mano·ane~e mineral : are enclo · lin the thi ker ection of 
the r d ro ks. The ore clepo it form lenticular mas e a mu ch a 
a hun lr d meter or o long and ranginO' from a few centim te r. l·o 
more than 1.5 meter in thi lm s. 

The variou pro: pe t "-ill be de. cr ibed by group from ">~·e t to ea t. 
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PUERTO PORTILLO 

I EL.c\ PllO I'ECT 

The I . la pro pect i about 2 kilometer north of Porti llo. An re 
zone in tuff tr.iking N. 60° IV. and dipping 2- o \\ ., i. xpo e 1 in 
two mall pit . Frao-ment f man(l'an e oxide and ja per co ,· r the 
top of a nearby hill. Insufficient '"ork ha been done to cl t rmine the 
value of the pro pect, but the outcrop ar encourao·ino·. 

RAQ"GEL I'HOSI'E '1' 

The Raqu 1 pro p t i about 5 kilom ter by trail north of Portillo 
bay at an altitu Ie of 44- meter . A mall opencut expo e 2 meter of 
ma1wane e-oxicle-bearin(l' red tuff. A p ilomelane-typ oxide i the 
only mangane e mineral· it form irre(l'ular b cls in the tuff and prob­
ably ha r placed tuff to ome extent. The f ot\\-all of the ore zone 
i ja per, '"hich can b tra eel more o1· 1 continuou 1 for 1 0 meters 
in a n rtherly clir ction. 

ome of the crude ore arri a mu h a 3- pcrcen mano·an e but 
th average or ntains only about 23 per ent. Th pro ! ect merit 
adcliti nal xploration p cially almw the te p hilJ ide on "hich the 
or r p. out, a th con. icl rabl xt nt of th ja per uo·o·e t that 
mineralizati n may b exten iY a]. o. The operators of th Ponupo de 
Mana al min I lanncd to explor th clepo it. 

abo t·uz near the town 

RiO CAMARONCITA 

Th amaroncito O'l'Ollp of claim n th lower Rio amaroncito 
in lucle th an Juan Pitt buro·h, oncha \n tonia, Recompen a and 
\.bun ian ia. Onl the fir t three of thee laim were examined a 

apparently they are the only one ''ith out rop of man()'ane. -bearing 
material. Two other claim , the Carlo · and rchi e, at the headwat rs 
of the Rio amaron ito, '"ere not' i it d. 

01\'CTIA J'HO l'E T 

The on ha pro I e t i 2 kilometer from the con ton a pur between 
the fir t main fork of the R.1o amaroncito. Th only re orcled pro-
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clu t ion i 120 ton 

\YOrking . 

r c nta inecl 42.6 

ut for about 
about 

ore 

I ilo-

The on ly minable or i. near the nortl1ea tend of the z ne. Re:ervt's 
total only a fe,, hun h·ed ton . 

PITT BUR II PROSPE 'I' 

The Pitt burgh pro pect i: near the trail bet11· n R1o amaron ·i to 
and Rio amar6n about 1 ki lom ter from the oa. t. The Ll po: it may 
actua ll y b on th Anton ia or the R ecom p nsa ·laim. 

low-g ra Ie or bed form . an outcr op 0 to 45 m ter. long. Th 
b d . t rike · north to N. 15° E . an I lip · 25° II ., parall el Lo th bedding 
of Lhe enclo. ing tuff. Thi . ore zone con eivably cou l l b a on­
t inuation of the an .Juan ore zon ( ee belo,Y) although n in raliza­
t ion beh,- en the out rop. i. probably not ontinuou . One incli ne l 
ad it i. d r iven!) to L m ler · \\'e.twar ion the m ineralized zone. 

nid ent ifiecl impure mangan ili catc. braunite, ancl bla k alc ite 
are pre. ent in the min ralized zone but all of the material i too low 
in O'racle to mine. ~o r e ha been pro lu e L 
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AN J <\N PllOSl'E T 

The an Juan pro ·pe t i on the " ·e t id of the Rio amaroncito 
valley Je than 1 kilometer f rom the coa t. A ja per and manaane. e 
zone nclo eel in "- ll-beddecl tuff crop out alona the north ide and 
top of a outhea twarcl-trenclino· pur. The tuft trike ~. ~0 ° E. 
and lip. 30° vV. Len e of hard reclcli ·h-bro''dl ja per a. much a 9 
meter thi. k are traceabl from the l " ·ermo t expo ure on the north 
side of th pu r at an altitude of 45 meter to the top of the pur 120 
meter ·outh at an altitude of 9 m t rs. 

' 'everal pit. along th or zon e ho"· impur mnngan ~ j]i ·at , 
braunit , and orne p ilomelane-type oxi de alona the harw in a ,,·all 
conta t of th ja per mainly at or near the ends of th laro-er jn p r 
lens . In cr neral the or i thin and Jo,Y oTade, po iblv ontainincr 
30 to ±0 p r cent mangane . 

Th fir t pit, at th no rth ncl of th zone, expose a j;lsper rn n:.· 10 
meter thi k, that appar ntly len e out ompletely on the we wall 
of the I it in a d i tance of le than 6 met r . The overly in a tu fl' are 
dom l up O \ ' r th e ja per; om of th tuff bed are ut out over the 
ja.'per len nlonp: mall fault cn.u d apparently by different ial 
compact ion. Le s than a meter of Jo\\' -gra l man crane ore and man­
ganifr rou. tufl' i con rntral· cl where the ja. p 1 1 inche. out. An adit 
ha been driY n 9 meter in a outherly lirection approxirnal ly along 
tlw !Sl rike f th e mineraliz db d. 

urfac xpo ur near th I it indicate that th min ralizecl tuff 
pinch out a ·hort li tan e clownclir but to the outh a t the ja per 
zon appear to be mor or lc onLinu u . ~\.n th r pit, no'" partly 
an~d an lab ut H m ter outh "·e t of the fir t, xpo e a thin low­

arad min raliz cl z n on the hancring " ·all of the same ja I erma . 
\. third I it about 70 met r · fa rth r a t h "- · a len of ja p r 6 

m ter thick that ontnin a f w mall po k t · of ore. A ma ll amount 
of low-g rad ore l ie on th clump f . cnra l ther mall pit on th 
hanging \\' all of th ja p r zon.c. 

He rw. a r only ,, fe" · hund red ton · of ·ili eo u and alcar ou 
ore c nLa ining 3 to :~0 per ent mangane c. 

Rio CAMARON 

The lairn on th Rio a.rnar6n, 3 kilom ters cast f Hlo CanHtron­
cito. in ·luclc 1 he B elen n nd t h Bruja ( 0.7 an 1 U5 ki lometer · r p c­
tivcl from the con. t) an l a th ird c1 noun ·ement abont !3 kilometer 
i ron~ the c a. t . .\.pparently no " ·or:k hn b en 1 nc on the Belen and 
Bnrja clairn . 
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0 A11AH6:'1' l'llO PE T 

The amar6n pro 1 e t i n th uth a t . ide of the larg ba in at 
th headofRioC<lmar6n. The clepo.itlie· atnnnltitud o:f±30meters 
ab Ye a l vel and i 1· ach l by a t I trail up the a t ide of the 
R1o 'amar6n valley . A far a i k1 0\1'11, no or ha b en hipr eel from 
the pror er y although ome e:q)loration work ha b n lone. 

On mall pit expo e larg boulder of red ja per bhtck man()'ani­
f rou ~ ja per, and ]ow-O'ra l manganc. e oxid ~ and ili catc · in a 
rubbl of tu ff ; none of Lhe ro k i in I lac . \..nother pit, 30 meters 

. 15° E . ancl12 m ter hio·h r, how imilar mal ri al. \..pparently 
the depo it i a typi cal ja per an] manO'an b d that doe: not Top 
out. The attitud of the or zon oull not be a rtaincd . F loat of 
ore an l ja per i traceabl for 90 to 100 meter · a t of th pit and 
ja per canb tra e lforGOm t r mor . atteredfloatindi cate that 
th country rock i tuff. 

\..bout 10 ton of manO"an e-b arin~ mat rial con i ting of black 
partly oxi lized mangane sili cate , bla k ·al cit , pyr lu ite and 
manO"aniferou ja peri pil l n -a r th low r pit. Th mat rial is 
estimated to contain 30 to 35 p r ent mangane e. An add itionftl - to 
10 ton of v ry ili ou ore i e timat d to contain 1.- to =0 p r nt 
Inf\,J10'anc e. 

\.bout 150 meter northwe t of th ar a de cribed aboYe, ft ja p r 
zone m.ore thm1 90 m ters lonO' Top. out in a \\'e twMd-trend ing 
arroyo. The ja per trik northwe t and clip 20°-30° )lE. \.. mall 
amount of iJiceou man()'ane oxi 1 float ·wa. s n. Th country rock 
i probably tuff, althou()'h no outcrop were e n near the ja. I er. Jo 
\YOrk ha been clone on the out rop. 

All tl e ore on the pror r ty i of ]o,...- grad and the prin a ry manO'a­
ne e minerals appear to be mai1 ly . ili cate . The r elati v ly small 
amount of float on th urfa e and in hallow pit doe· not incli ate a 
large re erve of ev n low-oTade mat rial. 

RiO EL MACHO 

E l1h cho g roup of claim · i. on Rio El ~\Iach o an l along the coast 
ea t to Rio MaO'clalena. Fifteen laim. have been denoun eel in this 
a1·eft but "-ork ha been clone on only fh-e. 

DRAZO DE F ELIPE PRO PE01' 

The Brn.zo de F elipe pro p t i near Rio E l Macho about 2 kilo­
meters from the coa t. bed of manganif rous reel lime tone 
strilcing northea t crop out near the cr est of a ridge. The b c1 i. at 
1 a t 1.3 to 2 meter. thick. Country rock i tuff. o work had been 
]one when th ]aim WftS een in 1940. 
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E TRf~LLA DEL NORTE PRO PE T 

Th E . trella lel ~ orte pro I e t i about 2 kilomet r ea t of Rio 
El Ma ho nnd 1.5 kilometer from the con t. T,...-o and po ibiy thre 
bed of mnn()'anife rou reel al ar ou. nro- ill ite rop ut nlong a 
outhwanl-tren lino· o·ully knO\YH n ~\.noy ZOlTito. Thee b ] 

and the enclo ing metamorpho eel tuff li to the north of a mall 
ma s of diorit . 

A pit on th ea t ide f the arroyo at an n.l titude of about 2' 0 
meter e:q o e a poorly defined zone of r d argillit in m tamorpho eel 
tuff. Float and mat rial on the dumr n ar the pit indj ~Lt that 
braunite and mano·nne. e il i ate. po ibly bementite or neotocite, 
partly replace there l a rg illite. Th . m~Lll amount of mano·a.nif rou. 
mat rial on the dumr i e. timnted to ontn.in only 10 to 1 p r nt 
mano·ane e. 

noth r pit on the \Yest i le of the ano ·o 10~ to LO m ter to the 
north i. on r ed lime ton e and a rgillite '"hich trike \\·e t and clip 
43 ° Th r ed rock. nre "'·' to ~ meter thick an l nre en lo eel in 
\Yell -be<ld l meta morpho. cl tu fl'. ~\. zone lyin()' abou 0.6 meter below 
the to1 ofth r db d is. parselyminernlizelthrouo-hathickne of 
1. m ter ; it i un lerlain by a Jay r of red impur hemati~e 30 
to 4:'5 c ntimete r !hi k The mnngHniferou. zon i of" ry lo"· grade 
and i. mineralogi cnlly . imilar !o tha · in th .fir. t pit . Auout 
meter::; t r atigraphi ally b 1 w i nnother ,- ry par ely mineraliz l 
zon of r l Hro·illit e and aggl merate about 1.3 m t rs th i k. 

A third pi on th "'e t id of 01 arroyo ab ut 800 meter 
. 30° E. of th :e on 1 pit xpose. a Jow-oTn l manganife rou bed 0.6 

to 1m t r thi ck. The bed i underlain an 1 owrhin by well-be lded 
rcdimpure Jim .toneth;Lt.trike. X. o0 E.nnddip J, o . Medium­
to oar. -O'rain c1 tufr crop out in t!1e nrroyo abo,·e nnd belo"- the 
pit. Th min ralizel zone ontain small irregular po ket of 
braunite-s ili nte or . \. . mnll . amp] of om of the better mnterinl 
from th clum r a. n.yed 3 .50 1 cr ent nw ngnne. e, 10. 0 percent . ilicn. 
n.n d 1. !'7 per cent i ron. 

[nngan e mineral. in lucl n finely cry talline blni h to teel­
gnt} min ra.l i ient ifi.ecl ! n!'nti,· ly a brn.unite, Javender -1 ink to 
browni . h -1 ink in es ite in clu . t·e r of rnd iahng n iculnr cr y b1 ls, and 
a den. E' bro\Yn unkno\\'n mangnn e e ilicate. 

T he prosp t. of finding any qunnhty of nleable ore n the 
E . tr lh del N rte laim appeHr to be Yery poor, nlth 01wh . everal 
thou. and ton of mano·aniferou material ontaininO' 1 than 20 
per cnt mnngnne e mny b pre ent in th area. 
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IG' .A LA DA PH PI~ 'l' 

T h Igualada p rosr 

EI. MA I!O PllO PE T 

E l M a ho p r o pe t i n ax the oa t about 1 kilom ter a t of Rfo 
El M acho. A wedo- of red to hoc lat ~ olored manganiferou Jim ~ 

tone lyino- betw en two inter. e tino- fra ture i xpo d in a mall 
cut. The Jim ton i und r lain by de om1 o ed oa r. ~grain d 
diaba e. on ider able red ja per i: a ociatecl ''"ith th lime ton . 
~o or wa .. een. 

)[AilTl PH Pi!: T 

T h :Mar ti pro pect i near the coa t 3 ki lom t rs east of Rio El 
M a ho. A on icler able amou nt of ma nganese oxicl float and a mall 
outcr op of jasper ut by vein l t of mano-an e oxi le were. en. No 
"·o rk h as be n done. 

PALl TO Pl!OSPF:CT 

T he P al ito p r o pe t .i. abou t 750 m ter nor th ea. t of th I g uala ]a 
pro ·pe tat an al t i tude of 150 met r s above. ea leveL K o prodnction 
i r ecorded bu t a mall a mount of ore may h ave been m in cl an d 
hipped. 
Low~grade ore oc ·m · a lon o- b ,-o zone of r ed ar o- illi t in tuff an l 

ao-o-lomer ate, whi ch t rike N. 30° IV. a nd d ip 60° \1 . tr n h 
about 45 meter ]on o- on the lower zone xpo e. 1 to 1.3 m ter of 
r l aro-illite that i. partly r epl aced by br aunite an l mangan ifer ons 
ja per. The f ootwall of the mangan ese~bearin o- zon e i · a o-r eeni h~ 
bla k hi ghly sheared no-glomerate; the h ang ino- \vall i. a o-reeni . h~ 
g r ay indurated tuff. Near the we ten l of the pi t an in l in e of un ~ 
knO \Yn depth h as been unk on the min eralized be L 
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The upper bed i eparated from the low r by about 5 meter of 
tuff. I t i about 2 meter thick and i imilar· in hara tcr to the 
lo"- r bed. I t ha b n xplored by a hort trench. 

~\. f w po ket of fair or w r een in both mineralized zone 
bu the pro pe t of findinO' any on iderable tonnaO' app ar to be 
1 oor. 

\'EN ECJ.A MINE 

The V en c ia mine i on the so uth~,-e ·t id of R io Ell\h ho about 
on k ilom ter from the oa t . T ota l I r oclu tion from the mine i ~60 
ton . A ·orcling to r eport AO ton of the ore onta incd an averag 
of 1 per ·ent sili a: the mano·anese ontent i not known. In 1 o­
Yember and D ecember 1942 20 ton s of ore ontaining 39 to -:1-2 percent 
mangane e and 11 to 13 percent ilica wa s mined and hipp d . 

The ore depo it rop. out at an altitu 1 of 60 meter above a 
leYel an l 30 meter abo1·e th fl oo r of El )facho nll y. Th 
manganiferou. zone i · leYelopecl by pit and ad it along a tota l 
outcr op l nrrth of 5 met r . It appea r to be a fair ly continuou bed 
ranging fr m 0.6 to ~-~ m ter in thickn Th bed lie parallel 
to the enclosing tu n' b d. , wh i h trike appr oximat ly north and 
dip 27° IY.: towdr l the north end the tr ike trend north a t. lYell ­
bedel cl tuffs and ma s. i1·e oa r -e agO'lon era t ic tuft' underli e and over ­
l ie the mangnniferou : bed. 

Th hi cf ore min ral i. bra uni te. mall amo11n t of a black to 
brown mnngane . ili ca te or mnnganiferou jn. per al. o ar pre nt, 
with a lit t le blue-gray cry ta llin e p)Tolu . i e wh i h i · probably ec­
oncla ry. ~'- ha r l brown ca lca r u materinl i the hi f gangue of the 
or : th mnngnn ·e mineral : oC'cur n ban 1 an 1 in egular n clul e 
11· ithin the matrix. 
Themin e ll'o rkino·~ con i.to:fpit anclnlit .. \.nn. lit ~5m te r long 

i cJriYen llOJ't)nre. t 11·a rd from a Jarp:e pit at the vOnthwe. t ncl Of th 
or wne. F rom 0.6 to 1. meter f lo"--gra] calcn.reou. an l ili ­
ceou · ore i expo cl in the J it and th roughout the length of the adit . 
• \. 6-n cte r : hnft . unk in the fl oor of th pit n nr the portal of the aclit 
i: in tuff. A ction in th pit fron bottom t top on i t of: oft 
ma ·jy gr ay t nff, 1.0 meter of low-p: rn1 ca l a1 ·eou an l ili n ore, 
1 centimete r: of hnrcl mn.nganife rou tufl', 0.5 meter of red nncl g ray 
platy tun' 0.!5 met er f ili c ifiecl, cal carcou., and mangani-f r ou tuff, 
1 to 1.3 mete rs o-f r eel and g rn y be 11cd tn ff, and coar. e aggl omerat i 
tufl'. 

The second pi , 25 m te r north ea t of th e fi r t. 1ra dug abou t 3 
meter : belo ll' th e leYel o-f th e lowe tmanganiferou. b d: an a lit trend­
in()' N . 75° \ iV. from the pit apparently inters t the n orthll'e t"~ ard­
dipping zon e. The mnnganiferou b 1 i about 1. meter thick. 
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Athi r lp it40met l' ~-- - 0 E.ofthe hi ,·ennorth \YC t-
ward th rou ·h uda ·e n 1bble to th r z n . \..n a l it of unknown 
l noth ex r lores a 111 <1 llgani-fc rou. bed 1.5 m l:'te r. th i ·k. Only 0.:-3 nwt r 
of th bed at th hanging " ·nll i: or . _\. no rmal fau l t t r ikino· N . 
10° \\r. and dippi n o· 3 o 1\r. ·ut th manganif rou . zon at the po rtal 
of the a lit; the d i rl ac m nt n the fau l t i not known but i. believ d 
to be maU. 

bout 15 meter. farthe r n dh a p it 6 mete r. long ancl m ter wide, 
expo e a low-grade mnngan ifcrou b d, " ·hi hi :...3m t r thick nen r 
the m idd le of the pit but on ly 0.6 to 1.0 m ter thick at th i le . _\. 
w. twa r l-tr ending a lit \YU . cl r iY n in g reen tuff b 1 w the or bed to 
inler e t th lowndip ext ns ion of th b l.- r 6m ter. from th por tal. 
The or i overla in by 1.6 Lo 2 meter. of g reeni:h-oTay tuJI' and thi n­
bed led 1 i my tuff. 

H ·. etT a re e timated at c,·en1l h un l r d ton in 1i c:ate land n fc ,,· 
lhou and ton. infer red. :\fi ne-r un or wi ll ontain 25 t 30 perce nt 

ome o£ the ore can b hand . o rted ancl cobbecl to g iYe n 
oncentrat ·ontaining about +0 per en mangan e and JO to l f' 

p r ent . ili a, but u han operation pr bably " ·oulcl not he e onomic. 
B au e of th intimat a ·:o ·iation of re and gangue, n ·entra! ion 
bymi lli nglrobably"·ouldbedifficul tandcxp n . IY . 

RIO MAGDAL E NA 

Only one claim wa. examine l in the Rio Iacrdal na ar a. !her 
claim are aiel to be denoun d, but wh th r or not mancran . o ur 
on them c ull not be a ce1tain d . 

~1.1 oAI).\ [, EXA ~ITI'E 

Th :\Iacrdalena mine i on the ea ~t icl of the i\fao·dal na vall , 
about 1 kilon ter ~ . 30° E . of th riYer mouth . ~\. ording to con­
firmed report. 3.000 ton of re containing 40 t 45 per ent mangane. e 
was l1ipr eel from the prop r ty in 1926-~7 . in e then th nine ha · 
been id le an d all o£ th e p r incipal mine workincr ar cav cl and in­
acces ib]e. 

urface and underg round wo rk ings in eli ate that ore i locnli z din 
one an d po . ibly two red ar crill ite beds in tuA'. The rock st r ike 
20° \\ . and dip 35°-65° NE. T he main working , f rom which all of 
the ore i r epor ted to have ome, ar e in the bottom of a mall g ull y . 
They con. i t of a caved p it and a caved and inac e ible aclit th at 
wa d riven n01·thea twar d to inter ect the downclip p roje tion of tl 
ore zone be]ow the p it. Man crane e miner als in th e dump near th e 
adit inclu de braunite, coar ely cry talline h au. man nite, and. ome uni ­
den tifi d m an crane. e . ilicate . Gangu e i calci te an d calcax on r e l 
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to bro\\·n a ro·illite. A on .. iderable quantity of reddi h steel-o-ray cry­
·talline pecularite i as ociated with the manganese mil1er~ls. 

ample of ore from the dump a ayed 39.92 per ent mano-ane e 
J6. ±percent ·iii a,andl.alrer enti ron. o ' 

\.bout 90 meter north,Ye t of the arroyo, a pit meters lono- and 
5 meters deep follow a very parsely mineralized bed of brecciated 
red argillite 1.0 meter thick. The bed trikes . 40° W. and dips 35° 
NE. \ . .n adit at the outh end of the pit follow the ore zone . 

• \.nother open pit 30 meter to the outhwest has been sunk on a 
bed of red argillite that strike . 40° W. and dip 60° N E. The ar-
o·illite bed i 0.6 to 1.0 meter thick and is enclo din tuff . It contain 
a mall amount of very low oTade manganiferous rock in which a 
Jittle braunite can b recognized. Thi bed may be the faulted ex­
tension of the bed to the northea t but more likely i a e ond parallel 
bed. An adit at the north nd of the pit i ina ce sible; another \Y t 
of the pit, apparently driYen to inter · ct the downdip exten ion of 
the mano·anif rou b d under the pit i likewi e u1acce ible. 

'l'h xtcnt and hara t r of the orio-inal depo it cannot be deter­
min d and no ore r erve can b stimated. Ina much a:o the mine 
pr du d a n iderabl amount of fair ore, it. may well merit ndrli­
ti nal expl ration to d t rmine if ore exten ion exi t. 

RiO LA PLATA 

:OLO n:li\'1'~~ l'llO l'EC1' 

Th irrlo einte pro pect i the only ]mown o curr nee of man-
ganese on Rio La Plata. The depo it is about 4 kilometer · from th 
oa t on a tc p rido·. betwe n Arroyo l\Iana a and rroyo Grande 

on the ea t i ie of th rinr. hematitic ja per zone crop out nt 
an nlti tud of #0 mel r. on thew st .id of the ridcre near the top. 
The ja ·p r i · U5 to, meL rs t·hi k and i trace;lbl fo r 40 meter.' al ong 
the out rop. ?\i(a jy fine-grained and iti flow rock rop out nboY 
and below the d po it, but the rock at the conta t: are concealed .. 

1ano·ane oxid and ilicate ' includino- braumte( n, bementJtc 
oe n oto ite and im1 ure e onclary oxide , nre concentrat Ll in . mall 
ineo·ubr po k ts near the ba of the ja per. \.ton rla e 1. met·ers 
of very ili eou or , conlainino· po ibl 25 percent mangane. P 

ro1 s out at the hangino· wall of the ja p r zone. \. l n. of ja per 
<'l.bout 3 meter thi k and 15 m ter long ror . out on tl1 outheast 
. lope of th ri lg about GO meter from the outcrop de cribed a~oY . 
The two outcrop of ja p r probably lie along the .. ame honz01:. 
\ cry li.ttl manga11if rou mat eial i xpo eel. Pra tJ nll. no oee J 

in . ight or expe tabl anywhere on th claim. 
428472- n,-19 
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