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Ocawrrences of alunite, pyrophyllite and clays
in the Ceryo la Tisa area, Puexrto Rico

by
Fred A. Hildetrand and Raymond J. Saith

Abatract

A deposit of hydrothermally altered rocks in the Cerro la Tisa area
located between the towns of Camerio and Aguas Buenas, approximately 25
kilometers southwest of Sen Juan, FPuerto Rico, was mapped and studied to
© determine the principal minerals, their extent, distribution and origin,
and the possibility of their econcmic utilisation, espesially in Pusrto
Rico, fheﬂenokwuamuahod%l/zmm,huanm
\, age width of about 1-1/2 kilometers and embraces & total avea of approxi-
mately 15 square kilometers. The principsl mineralised sone, a dike-like
mans of light-colored rocks surrounded by dark-colorsd volcanic comntry
~ rocksi, ocoupies the crest and upper slopes of east~trending Cerro La Tisa
ridge and is bolieved to be of late Uretaceocus or Eocene age. This zone
is approximately 5,00 meters long, 430 meters wide and has an area of
approximately 225 hecteres (556 acres). The rocks of the mineraliwed zone
motnmdehmxxmandmammotmaiﬂqmmmokamd
banded quartz-alunite rocks closely associated with foliated pyrophyllitic,
serioltic and c¢layey rocks. The principel minerals in probable arder. of
abundance are quarts, alunite, pyrophyllite, kaolin group clays (kaolinite

and halloysite) and sericite. Minerals of minor abundance are native sulfwr, .
diaspove, svanbepgite (2), sumyite (?), hematite, gosthite, pyrite, rutils(?).

5T and very small quantities of unidentified minerals.

[
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The mineralissd sane has broksn down to deposite of earth~rock debris ‘

of Quaternary sge that cover much of the slopes and flanks of Oexrc la Tisa.
mawuwuumw&wwbmwua;wmp%
size rangs embsdded in a clayey matrix. The distribution of the earth-rock
dobris with respect to the present topography snd drainage suggests that ii
nay have wndergone at least two cqyoles of erosion, :

mmmmo&&mummhwmmmwé
sane are ocountry rocks of probable late Cretaceous egs. These consist pr
mammi“:dvmnmrmmmmmwm
siltstanss and sandstones. The levas are geoavally predaninant ab the weste
end of the ares apd the lreceiss st the eastern end. |

mnmmmmmwmmmmmmw
minant directions that are approximately H, 70° B. and N, 70° ¥, The ridge
of Cerro ka Tisa appears %o be a broad shear sone through which hydrothermal
emanations gained acoess to the country rocks, The emanstions are balieved
%o have ariginated from intrusive rocks that probally underlis the avea.
The surrounding ares comtains both largs and small sxposed imtrusive bodss. |
Tmmwatmﬁmmmo@m&ﬁhmmmmwnm
age whose exposed northwest edge is approximately 19 kilomsters scutheast
of ths eastern end of the Cexvo La Tiza area.

Other zones of hydrothermally alterednmﬁ wers discovered along
"a mineralized belt extending eastward fram Cerrc la Tisa through the Rio

1}
1
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Gurabo Valley nearly to the Vieques Passage bordering the east coaat of
Puarto Rico., Other zomes were discovered north and south of this belt and
8till others were found circumventing the San Lorenzo batholith,



The most abundant ninerals of the mimevalised some oan bo explofted |
for soonomic ubilisation in Puerto Riso. Alunidte can bs utilised in the ;
poufaotwme of almninum sulfate for water purifiecation, It can also be |
used in the mamufacture of alumina refractory materials. Fyrophyllite can |
be used as a carrier for insecticides and fungicides. It can also be ntili{i |
for the manufacture of ceramic products, as a fillsr in the soap Industry |
and as & carrisr foxr paint pigments. Kaolinite can bs used in the ceramic
industry and in the manufacture of glass as a substitute for feldspar.
Hallaysite might be utilised ms a catalyst suppart in the oracking of petro]
. Tonnages of reserve are on Cerro la Tisa are caloulated to be 1,590,000
inferred shart tons (1,440,000,000 Inferred metric tons) of mixed minerals, |
Thsse tonnages are based on the assunption that the depth of the mineralized
sone is one~half of ths exposed width. The deposit is well mituated for opq
Pit nining, but because of the existing cover of earth-zock delwis, ascil ami
foliage, exploration should preceed exploitation for bettsr determination afi
'the most promising areas containing the best concentrations of 'bhammmlai
asought. |




Introduction
location

The Cerro la Tiza area liss between the towns of Comerio and Aguas
Buenas about 25 kilometers southwest of San Juan, the capital city of

Pusrto Rico (pl. 1). The area 1ies partly in the Comerfo quadrangls and

Flate l.—~ Index map showing location of Cerrc la Tisza aresa.

partly ih the Narenjito quadrangle and is transected by the bowndary be-

tween Munieipios de Comexrio and Aguas Busnas.
Parpose and scope

Many ocowrrenoss of hydrothermally aliered rocks occwr tihroughout
' east~contral Puerto Rico, This report is primerily limited to but cne
ocourrence vhich 4s designated the Cerro la Tizg area. The atudy was
wdortaken 0 determine the character and extent of the depoail and the
potential nineral reserves and their economic utilisation especially in
Puorto Rico, It was made under a joint program of the Puerto Rico Eco-
nomic Development Administration and the U, 3. Geological Swrvey to
determine the mineral resowrces of Puerto Rico,




The fmvestigation was direqted towerd a dike-1ke mineralined wons
of hydrothermally altered rocks along the arest of a ridge known loeally
ucerrola?m,hutah'hfwinaﬁmdmwmmm&&/mm

Comtry rock has a specisl connotation in this report because the -
nineralised sons 18 not in s sirict senss a vein or dike, It ia & none |
of hydrothermally altered rocks swrrounded hy unaltered cowmtry rocks. }

G

for the besring they have on the origin of the deposit., Swrfieial depositas|
of débris from the mineralised zone partially covering the coumiry rocks
vare delimited primarily becawse of their possible scontmie utilisation,
Other ocourrences of hydrothermally altered rocks in east-central

- Puerto Rico wers fownd by the authors (Smith and Hildebrend, 1953, p. 1476),
while investigating other areas for their potential mineral rescurces diuring
the early stages of the study, Other Survey geclogists have found still
other zonea of hydrothermally altered rocks in southeastern Puerto Rieo
during ths later stages of the investigation, A section briefly describing
&ll these scnes and their relationship to intrusive rocks outside of the |-

Cerro la Tiza area accompanies this repori, A mors credible explanation
for the origin of the Cerro La Tiza minsralized smons was errived at by
sxtending the study in this way.



History, £3ield work and methods of mumm
,‘
mur&,mmaemk'mnmrwmngm-%
oolored rocks ocowrring on its crest and slopes, '1'1»:0-»J.i@'bma»lenml:rmksi
were first called to the attention of the U, 8, Geological Survey in 1949 |
vben Mr, R. Fernéndes Garcia of the Fusrto Rico Econcmic Develomment Adni-
nistration suggested to C. A. Kaye of the U. S, Geclogleal Survey, who was
engaged in engineering geology investigstioms in Pusrto Rioco, that he exa- |
nine light~oolored roocks possibly of a bauxitie naturs reported to coce |
pear Comerdo, Keye collscted a fov light-colored yooks fram this avea and
" sumitted ope speaimen to R, L, Smith of the U, 5. Geological Swrvey who
reported that 1% oomtained almite. The Pusrto Rico Ecencmis Development
Muintstration in 1950 aoquived chamfcal analyses showing significsnt per-
gentages of pulfate, potash, and alunina in siuiler rooks from the same
area. Early in 1952, H. M. Bamnernman of the U, 8. Geologiocal Swrvey, accom~ %
panted by the Junior awthor briefly exeaiied the Cerro la Tisa area and
sulmitted a fov more smmples of light-colored rocks to the senicr suthor |
for Xeray exsmination vherely almnite, quarts end ksolinite were fowd to |
be the principsl conatitvénts. Mapping and delimitation of the deposit i
vas thevefore justifisd on the basis of thess mineral determinations, '

chomical enalyses and the apparent broad extent of the mineralized area.



- scale of 110,000, Asrisl photographs at a soale of approximately 1:15,000

umm«mmwmamﬂwsz@msnmmw»
tently wbil July 1952. Approximately 120 ssmples were collscted dwring
this period. From August 1952 witil May 1984, approximstely 70 of these
specimens wers stulied as time permitted in the laboratery, prinsipally
by X-ray and microscopic exsmination. In Jums 1956, the senior author
spent approxinately £ive days in the area resximining the rocks with M. N,
Poase, Jr. and E. P, Briggs of the U, 8, Geological Survey, who vers
mﬂ;mmmﬁmﬁw. Their mapping from the Fall of

1955 to the Bpring of 1957 inecludes the southwsrn pert of the Cerro le Tiza ’
ares and the srea sowth of i%. During Dec. 1957 and March and Ajril, 1958, |

mmmmmwmmwmaﬁmmmwu
Mapping was done on U, S.memaa

. wore used cocasionally for establishing losatics,

Most of the mineral deterninations wers nade by I-cay powler diffrac-
t10n methods bectuse of the fine-grained character of the ninerals, Oomplef
chenical analyses vere made cn five almitic rocks that, acsording to X-rey

studies, contain apprecisble amownts of alumite and only muall smowmnts of i

quarts. Ihﬂn—seetimmsmﬂmﬁmrihtoﬂ@thateﬂmm&m%
lated nature of some of the finely-banded rocks. Ope sampls of {the most i
" pepresentative cowntry rock was chemically analysed. |

Serveral test pits wers dug with a hand shovel, Two hand awger holes
mdrmsdarowmadgesdfamanwmm&t,mdﬁmm{:
the nature and depth of the clay deposit. Semples from thess holes weve
studisd iu the laboratory to determines their mineralogy,

7 i
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Geography

Areal extent

The geographic limits of the Cerro La Tisa area were arbitrarily
shosen and sre indicated by thi outer limits of the mapped area shown
by plate 2. The Cerro Ia Tisa area is defined for the purpose of this
report as that area lying between the base of the north and south flanks
o the emstuard slangated ridge mawed Cero la Tiza and betwoen the Rio
uhmmmnhawmmmwmmm
i Ahe ridge. mmwﬁmmmmwm
mnmmawmzwm«mam
ws of hydrothermally altersd rocks might cccur and also where depogits
if sarthrock debris hed been transparted beyond the lovermost Zlanks of
ibe ridge, 7The area 2o defined has an irregular shaps with a maximuwp lengih
€ 7-1/2 kilometers, & maximme width of 3 kilometers mear the western end,
ind sn average width of abou 1-1/2 kilmeters toward the narrower eastern
wd., The total ares inveastigated axhraces about 15 square kilomsters.



Fhysical features

The Cerro la Tima ares is nearly coincident with east-trending Cerro
le Tizs ridge (Fig. 1). The highest point on the ridge, about 1/3 the

rﬁgm‘e.l.--—- Profile view of Cerro la Tisa looking noarth from & point on
)  the Cidra road on upland sowth of the saddls area. The
arbitrarily chosen boundary limits of the western end, peak
area, saddls ares axd sastern end aloag the crest are shown
| by the vertioal lines, The ovbermost howdary limite ab
 each end of the picture merk the east and west ends of the
nineraliged soms,
1 indicates the approximats position of the referemcs podnt.
2 indicates the central road at the point whers it reaches
the crest in the saddle area. "

3 fodicates the eastern roed ab the podnt whers it crosses
the crest. o

4 indioates the rosd cut ca the eastern road where the comtact
between the mineraliszed sone and ths comtry rock is well
axposed.

|
|
The Aguas Buenas-Comerfo road lies in the east-trending valley

in the centerground of the piotwre,

distance from its western end, is designated by a triamgulation point (VABM)

at 659.8 meters elsvation (Fl. 2, Fl. 3, Fig. 1). For convenience in this

rapert, all loecations uwnless otherwiss specifisd will b» referred o this

s‘



-~

eontrally looated 659.8 meter triangulation point vhich vill be desigosted
in the text as the veference point, The lowest poimt in the area is at

the northwest edge in the vallsy of the Rio de la Flata whore the elevation
is 175 waters.

e . mme g e



Along its morth and south flanks, Cerrc La Tisa is bowded by meall
flowing or intermittent stresms. Iis aversge height above these stresms
is about 450 meters at its west end and 250 meters at its sast end. The
csntral part of Cerro la Tiza which s slightly lower and farms a saddle
will be referred to as the saddle ares. !

The slopes of Cerro le Tisma, particularly the south slops, have many *
transverse spwra or ridges sepsrated by ravines, These are for ths most
mmmw,amwwmmwmwmumm«ﬁ* |
the base, The despest ravines are about 50 meters dseper than the crests
of the adjacent spurs but most of the ravines are 10 %o 20 meters or lses
in depth, The gverage angle of slope is about 15% to 20° ab the eastern !
eud, 20° to 25° ab the western end and about 10° to 15° in the saddle area.
In a few places, the alope axcseds 30° as for exampls below the promoimced
spur on the northwest slope at 450 meters elevation, whexre the angle of
slopa is 33° and below a promounced spur on the south slope gbout 400 weters
gouth of the reference point, wvhere the angle of slope s 37°. The west
#lops is notably steeper and broader than the east slope and the south

slops is samsuhat mors precipitous then the north alope, particularly in

the vieinity of the reference point. The northwestess slops is precipitous 2

}
f
!

where it slopes down to the Rio deo la Flata.

/2 i
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Pasrto Riso has & sst work of good, all-weathar roads. In the Carro
la Tisa aroa, the rincipal rosds sxre jeved but generally nerrow. Acoosa
to tie ares ip provided ly a major highwy, from Aguss Busczas to Comerio
that pesses along the south flank of Omrvo la Tisa. This highuey intersects
sother sajor highuay, the Commrfo-Baywsfn rosd, nser the scutinmest edge ‘
of the area. The ComerSo-Baysafn rosd skirts the west sod of (o srea
along the west side of the Ao de la Flate, has besn widened sd restefaced
rooantly, and iz now the best acoees road to the mres from Sen Jusn. Cervo
" 1a Tiss is transscted ty thres rosds thet originate from the Apms Busaes-
ConmreSo rond. The sastermmcst rosd intersects the Aguns Buonas~Comerio
reed at & point approxinately 1,970 meters saat and {70 meters south of
ihe yeforense point and jesess nortlamed over Cerro Is Tisa. The pavemsst
ands about 500 meters noeth of the ridge orest, but an wpayed road continums
methuest fron this point into the Jaranjiito quadrangle, This road will e
‘sefarzod to tiwoughout this report s the sastarn rosd. A centrally-looated,
unpaved road, intersecting the Aguas Susass-Comerfo rosd at a point approxi- |
rately 820 setars east and 730 meters south of the reflerence point, pasasss |
aortioard over Corro la Tisa in the saddls area vhere it Wranches into tuc
roads that contizue down the morth slops into the Maranjite quedrangls.
Ihis rosd, where It ooceuples ths acuth zlope, will bs referrsd 1o a8 the
cantral rosd. The third road trecseciing Cerro la Tiza, intursscta the
kguas Suvenass-Comerio roed st the sast end of the 380 de la Flata tridge
mmummmsnmw:}mmmmamnmmm, ;
extends noribsestveard sround the western end of Carro la Tisa for o distence |

/3




of spproximately one kilometer and terwinates near a small setilement (not ,
shown on the topographie map) loeally called La Prieta. This road will be

referred to, throughout the report, as the western road. All the principal

roads in the erea are shown on plates 2 and 3, There are also nany foot

trails that rovide ready access to all parts of the area. Most notable
of these is a trail along the entire ridge~crest, but the treil has been
pbandoned in some placss becauss of more extensive use of the eastern, mtraj

and western roads and newly made trails to intersect these roads at shorter
vantage pointa,

1Y



Climate and vegetation

Puerto Rico, lying within the trade wind beli, has a tropical climate.
'he moan annuel temperatwre in the Cerro la Tima area is 76.5 degrees
44 year sversge) measured st the Comerio hydroelectric plant approxi-
mtely one kilometer north of the northwest edge of the Cexro la Tiza ares.
he lowest temperature recorded at the Comerio hydrocelectric plant is 43
lagrees and the highest 1a 99 degrees. The average yearly rain fall, also

wasuwred at the Comerio hydrcelectric plant is 72.5 inches (44 year average). |

. ithough the distribution of the momthly rainfall varies widsly from year
0 yoar the driest months ave gemerally Jaxuary, Februsry and March.

The vegstation of Puarto Riso is iropical. In the Caxro la Tiza avea,
ibe slopes of the ridges and valleys are woodsd and covered with hroad-
‘lsaved tropical plants except whare areas have been cleaved for ewliivation
in vhich places they are either bare or covered with grasing grasa ar crops.
'he maya, a barbed, pinsapple-~like plant is commonly used as a hedgercy

tdong boundariss between farms. Ornamental trees, for example, the flamboyant

ind almendro are planted along the principal roads., Bamboo has been planted
tlong some roads and At commonly grows in or near stream valleys, particu-

~ larly along the Ric de Bayamén, The planting of sugar cans, tobacco and
‘ruit, the prineipal arops of the area, does not serioualy hamper field

iork because these crops do not grow well and are not extensively planted

in the mineralized zone,

‘s
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General geclogy

No direct reference to the Cerro la Tiza area could be found in the
literature., The &rea as defined in this repart 43 but e small psrt of ‘
much larger aress described from lsoad view points by Semmes and Msyerhoff.
Sexmen (1919, geologie map) in his description of the 8an Juan district
which includes this area, says that the rocks in the district consist of
“varying ash and tuff with intrusivest Semmes (1919, p. 70) describes zi
belts of conglomerates of voleanio origin mt parallsl a mejor tuff series E
_ %yhich appareatly form the baskbome of the island®, Meyerhoff (1933, geo— |
logic map) classifies these roeks as *Upper Cretacecus pyroclastic rocks i
including massive andesitic taffs and sgglomerate and associated ccnglnmatoﬂi

The principal Tocks in the Cerro la Tisa area were foud by this iaves- |
tigation to consist of a mineralized zone of hydrothermally sltered rocks
swrounded by volcanic derivsd rocks partially coverad by surficial deposits
of detris derived from this mineralized sone (F1l, 2), The voloanic deriwsd

'
t

Pl, 2,~= Geclogic Map of the Cerro la Tizs area, Poerto Rico,

pocks ars the oldest rocks in the area. The hydrothermal metamorphism of

these volcanic dariesd rocks glong a line of weakness that coincides with

the creat of Cexrro La Tiza has produced the mineralized zone which has the
thape of a vein or dike-like body. In a sense, the swrouwnding unaltered

rolcanin deTi¥ad rocks can be likened to cowntry rocks bordering a vein

& dike, The texrm country rock in this report 12 used in this sense,



Several maaller sones of local mineralisation in the area ceowr in |
the comiry rock outside of the principal mineralised sone, These zones
do not appear to be aoffshoots from the principal some but have simply
developed in places where the hydrothermal sclutioms could gain access
to the comtry rocks.

The youngest rocks in the area are swiicial deposits of earth-rock
delnris that were produced as erosion processes carvsed out the valleys
adjacent to Cerro la Tisa and left the ridge standing 4in relief, Sub-
sequent weathering and erosion of the mineralised mome on the crest of
‘mhmmmwmaammnmmamhazmm
rock as well as the mineralismed sone.

172



Cowntry rocks

The coumtry rocks consist predominantly of lave flows and voloanis
and flow treccias. On ths whole they are schistose and foliated and
somevhat difficult to recognise in ouberops. The lavas contain thin
interbedded siltstones, sandstomes and btreccilas and comversely, the Ixac-
olas contain interbedded LIZW laves, siltstones and sandstones,

The lavas are generally amygdaloidal and vesicular and contain
pillows. In aome places the remmants of a dark red, fine-grained sili-
csous snvelope around the pillows are the best ariSerion by which the
lavas ocan be identified. The lavas are extensively exposed in the western
part of the area. They are well exposed in outerops of difficultly
recogninable rocks throughout an interval of about 1,000 meters along the
Comerio-Beyanfn road from a point sbout 400 meters morth of the Rio de la
Flata tridge, south along the road tovard Comerio, In the northwestern
pert of the area, very good exposwres of pillow lava occuwr in Quelwrada
Blanca from its mouth, where it empties into the Rfo de la Flata (2,060
neters west and 1,070 meters north of the reference point) northeastward
for about 200 meters along the cresk. The pillows here are well definsd
and scme form zones of =zmall pillows interbeddsd with zonss of larger
pillowa, A sample of lava colleoted at a point approximately 70 meters
south and 1,900 meters west of the refersnce point was chemically analyzed
(table 1). Recomputation of this analysis omibbing €O, and Ho0 indicates
that this rock is probably an altersd basalt., The point at which the
spascimsn was collected is along the axis of the mineralized smone about

200 to 300 meters west of the westermmost border of the minsralized zons.
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Table 1. Analysis of Cerro la Tiss lava

# c-701
840, ssscasessrsvecansesoseree 41.99
Al703  senesesevsonssnsscensenas 12,96
Farl3 secvcsacnrcrecsecsnsensce 2.62
el *vssensensessescrrrtensen 8.04
Mgl S 10,58
Cal sevsesnccserensnsenesssts 11.02
a0 teomesscassassseeressrare 1.78
K20 T 1.32
HZQ~ sesaseevensesacssssbonsra +36
‘4}120*- seetssoveasseranassrrrass 4.34
T10, ssesversssisatentorsacenns 71
co, ssesesesserscsassssnvesnss VAV

P205 PeBPRNOIRSISIOIRIROGERNOIOEIBONOEYDS 039
}mc APV CIRPOLIBLOIGEIOIINYTOEOERES -w

# c-701./
46.24
13.18

2,89
8.85
11.65
12,13
1.96
1.45

|

Total ses e ed 99.76

-/ Recomputed, omitting COp, HoO+ and HpO™,
Aoalyst, L, D. Trumbull,

99.76

H
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The treccias are most prominent in the eastern part of the area, The
.mwawumm,mmnrmummuzm,mmt
the treccias are both flow btreccias and volcanic brscclas. Interbedded
laves axre more abundant than the siltstonea and sandatones in this unit.
The best exposures of the brecclas occwr In cubs along the Aguas Bumnas-
Comsrdo road from the contral road junction eastuard to the Rio Bayamén.

Several small intrusive bodies were discovered within ths mapped area
of Cerro Ia Tiza., Ons of these 43 & dike-like body exposed along ths
_mmwam‘tammwawmmsmmz,&o
mters west of the reference point, It 4s alse expossd neavrhy in sanother

§
|
]
i
'

|
|
1
|
z

parallsl roed sast of this loeation ab a pointepproximately 120 meters south |

and 2,560 moters west of the refersnce point. Curscry examination of these
intrusive body crops out in the bed of Quelrada Blanca at a sharp loop in
the stream bed about 40 meters east and 850 meters norih of the reference

i

|
{
i
|
%
|
|

point, Cursary exsmination of this rock indicates that it is quarts diorits,

A7

ke



sttt
H

N
H
{

The country rocks are generslly weathered to light tan, browm and K
trownish-red saprolitic clay that preserves the relict texture of the ’
parent rock, The surfaces of some spurs that are not covered with am'ﬁoiai
dobrds ave composed of dark-greenish grey to black country rock that is
relatively imweathered but crumbly and non-cohesive because of its sheared -
and close-foliated character. The sides of some spurs whers cultivation
exposeg the rocks appear to be more weathered than the crests, The Maiwi
neps of the weathered rocks and their inability to absordb water from the

abundant rainfall in the area is revealed by the large quantities of rain

hesry raina many small water falls and springs dsyelop in the ravines of

?
{
|
vater that freely run off the swrface slopss, I% wes observed that after |
|
the country rock. In the mare porous mineralized sons along the crest, i

mﬂatm’mﬂetfwwm.t&mw-hﬂympmdw I
: and outward to the ravines where it appears as springs that flow omtiamua]i

during most or all of the dry interval between rains.

In this study, no attempts vere made to identify the products of weathsi
ing of the comntry rocks. i

]
i
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The country rocks have mdergmdymiaudnﬂdngﬁmdmmmimi'

Cerro Ia Tiza lles within and appears io ococupy the major part of a hroad
east~trending mons of shearing as shown ty the foliated and sheared nature
of the country rocka. The prineipal sonss of shearing and foliation shown

!
!
!

|
1

on the geologic map (plate 2) have two prineipal directions that are approxis

mately N, 70° E, and N, 70° W, The former predominate in the western half
of the area and the latter in the eastern balf. Brief petrographic exemi-
pation of ths country rocks shows that chlorite and epidote are of common
secondary development, but the authors were unable to £ind sufficsent evi-
" dence of albitisation to establish vhether or not these rocks £all in the
classiffeation of mpilitea of scme geologists, the greenschist faeles of
othera, or the keratophyres of still others.

Goppar mineralimation was chserved im two places in the cowmtry rocks.
At ona locality near the northeast branch of Qustrada Naranja approximately
250 maters east and 930 meters south of the reference 'peint native copper
barely visible to the wnaided eye is disseminated throughout flost blocks

g
i
i

f

H
i
|
!

1

i
|
i

of lava. The other location showing copper minsralisation is on the central

road approximately 680 meters east and 630 meters south of the reference
point where a light-colored vein approxinately 1.5 cm. wide, containing
brightgrmandhlm secondary copper minerals is exposed in the road bed.

The wall rock here appears to bs a greyish-black, coarsely-crystalline,
somewhat trachytic lava.
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Hydrothermally altered rocks

The mineralised sone ocoupying the crest of Cerro la Tisa has &
paxiomm length of approximately 5,200 meters and an aversge width of
about 430 meters. It pinches out at both ends and s complstely
swrownded by the comtry rocks. Its widest partions are toward the
wostern end where it reaches a maximum width of sbout 700 meters. Toward
the eastern end 1t is notably narrower and has an average width of sbout
200 meters. The contact of the mineralised sone with the adjoining
~ oountyy rocks is almoat conpletely ooncealsd by either a mantle of earth-
rook deloris or a cover of foliage and soil, but 4% 1s exposed in at least
.wmmummmmamm. Although the
soxtact was observed in only eight places, there are many other plames
where the concesaled oontact could be determined on the basis of rock types,
vithin limits of a few meters, so it i3 believed that there is sufficient
sontrol for delimiting the deposit laterally. )

The total area of ths mineralised gons, dstermined from the outer
limits shown en the geologic map (pl. 2) is approximately 225 hectares
{556 acres), There are no availsble data concerning its depth. The
- leopeat expogure in in a road cut vhere the east road cuts across the

wost of Cexro la Tiza and expomea at least six meters of mineralized zone.
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The mineralized zone contains generally light-colored, reddish-
brown to taanish-white rosks vhoss cutcrops are slmost entirely limited |
%o the orest-lins of Cerro la Tiza. Only a few outcrops can be tracad
with continuity for more than a fow neters or tens of meters and in
wost places it is very difficult to determine whether or nob large
bouldery rocks and folimted rock masses are actually oubarops or large
rock masses that bave slumped off the ridge crest. The oenter of the
mineralised sone along the areat of Cerrc la Tisa consiste principally
of hard, bandsd, querizone rock and intermized smaller guantities of ?
scPter, olayey rocks. Usmerally the higher clsvations alomg the ridge ;
crest oonsist almost wholly of the hard, quartsose rock, whersas the |
lom'emnﬁ.malmgthomat, for example, ths saddle ares, are
ml&h%m@amm»dwm,daﬁvm. 'z
In contrast to the geneorally hard rocks along the ridge crest, the
outer margin of the zone; at all plaoces where it was observed, comsists
of scft, clayey, foliated, bubt not commonly banded rocks. It could
not be determined whether the soft, plastic, clayey character of the

merginal rocks is dwe to its minerslogicel composition or to weatheringz

procssses that soften the rocks becauwe they are downslope and conti-
nually remain damp from drainage off the arest.

The mineralized zone contains no zoning of the principal hydro- ‘
thermal minerals from the center~line of the ridge outward toward the
margins, that is, there are not progressive zones of guartz alunite, ’

ot

pyrophyllite, saricite and ksolin group clays within the sons.

A3



The mineralized zone, like the country rocks, has been dynamically
metamorphosed and shows many strongly sheared ar foliated zcnes that
strike principally N. 70° E. and N. 70° ¥. A similar strike relation-
ship is shown by the central axis of the mineralized zone which corresponds
approximately to the ridge crest of Cerro la Tiza. This axis is shown on

plate 3. From the saddle area westward the predominant direction of strike

Flate 3.~~~ Sketch map of Cerro la Tiza area showing central axis of
major mineralized zone, axis of mmaller mineralized zone
(northwest of major sone) bearing N. 75° - 80° W., principal
drainages and access roads, outerops of known pyrophyllitic
rocks and locations of five, malyzed, alunitic rock samples.

of the central axis is N. 65° E, tc N. 80° E,, whereas, east of the saddle
area, the predominant strike direction i1s S, 75° E, to S5.80° E. and due
sast. Thus, the alinement of the central axis of mineralization appears

+0 correspond roughly to the principal directions of shearing in the country
*ocks and in the mineralized zone itself.
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Several small, isolated, mones of hydrothermally altered rooks oocur
outside of the principal mineralised zona., The largest of thess cacurs
a3 a linear sone muall stringer-like patches of hydrothermally altered
rocks northwest of the principal zone, nemr the end of the western rcad.
Thess are shown on plates 2 and 3. 7This long, narrow mineraelized sone
could not bs traced east of the eastsrnmost outorop approximately 1,160
meters west and 460 metera ncoxrth of the reference point and therefore is
not a noythwest-trending offshoot from the principsl sone an the ridge
orest., Another small, isclated soms of hydrothsemally sltered rocks is
' axposed on & mpur of cowntry rock sppreximately 1,800 meters vest and 50
meters north of the refersnce point. The roeck hers has a thin-bedded,

platy appesrance and containsg an abamdance of greenish-white, subtranslucent

“serdoite~’. Another small, isolated smome of alteratica rock ocours north-

»/  Determined by X-ray powder diffraction.

sast of the principal acne at a point 2,480 maters cast and 900 meters
north of the reference point, Its mineralogy has not been studied,
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Surficial deposits of earth-rock delwris

The mineralized zone and country rocks of Cerro la Tisa are partially
covered with relatively thin, discontimwous, sheet-like deposits of earth-

rock debris derived from the mineralised sone. The detris oongists primaril

of angular tc subangular, reddish-brown to tammish-white fragments and

boulders Iin a loosely compacidd clayey matrix, The aize of ths fragments

s

and bouldsrs ranges from a fraction of ons centimeter to as much as 10 meter|

Most. of the fragments and bonlders consist of banded, guarts-alumite rock,

a ocxmon rock type in the minaralized zmone., Many of the larger boulders
are poarly banded and appesr to consist predominantly of gquarta. The
spaller boulders are moare distinctly banded and appear to ocomtain mere
alwmite, althoughiquarts is still their dominant constibuent,

The partial cover of eerth-rock debris over the mineralised some is
Agawdlylauth:;ommmmathick,wommmmm
down slope from the smove the debris 43 generally thicker, Por example,
in road cuta along the Aguas Buenas-Comeric road elong the south flank
of Cerro la Tiza, the debris is in same places five meters or mare thick,
Considering the area as a vholes, the swrficial deposits are thicker and
more extensive over the countxry rocks at the western end where the mins-
ralized zone i3 broadsr and hence the supply of debris to the slopes is
greatsr. In areasm of steep slopes the spurs of cowmtry rock and the
adjacent ravinss are gensrally devoid of debris, probably because of the
echesivensss and slippery nature of the country rock when it bscomes wet

and its consequent inability 4o reotain the delris on its swrfaces.
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The btroed apron~liks distyibution of the earth-rook detwris down
the slopes to the base of Oerro le Tisa (pl. 2) suggests that much of
1% moved downalope by slow creep. landalide scars exposing ths country
rocks in sreas that are otherwise debris ecvered, indicate that some ot
the delwis moved downslope en masse. S8ome of the earth-rock deberis
particularly tbat which éontaina huge boulders on the lower slopes and
around the base of Cerro la Tima, has probably traveled rapidly down-
slope an landalide debris. %The margin of the miperslimed smome parti-
eularly where the slopes are stesp is suscepiabls to slumping and liand~
aliding, This condition was cbserved at several places aromd the margin
and is espocially well in evidence whare the sastern road has slumped
ab the point where it croasses the contact of the minsralimed goms and
. %he comhtry rocks approximately 2,560 meters sast end 230 meters north
of the reference point.
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The distribution of the smwfiicial deposits of earth-rock delxris
over most of the mineraliwed mone and the wppermost slopes of the
country rock confams to the present topograply and drainage pattern.
The delris is as a gensral ruls well distributed over the present
purface and some of it has moved downward fer several tens of meters,
tonguing into the heads of several large ravinss. The distribution of
the swrficisl deposits further downslope, however, does not conform to
the present day topography and drainage patiern. 1Ihe principal lines
of evidence suwpporting this sontention are (1) the debitis on at least
one spwr of somtry rock 4s channel £il11; (2) below the margin of the
nineralised zone, present day ravinses, transverse to the ridge are not
a3 a general ruls channeling debris and carrying it down slope; (3) earth~

" rock debris more ccemonly ocowrs ocnly on one side of present day ravines;

and (4{) several patchss of earth-rock deshris at the base of Carro la Tiza

are isaolated from the main depcaits at a considerable distance from the

sourcs area. One of these patc@bh approximately 2,340 meters west and
100 peters north of ths reference point lies on volcanic rocks west of
the Rio ds la Plata at loast 35 meters above the present lsvel of the
viver., The river must have incisaed itself at lsast 35 meters in order
% isolate this patoh of debris from the main mass on the east side of

the river. These lines of evidencs point to & long history of develop-

pent of the surficisl deposits® and indicate that they may have dsveloped
through two or more cyeles of erosion.
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Age of rocks

The age of the country rocks comprising Cerro La Tiza is not known,
Their relative age can, however, be established on the basis of analogous
rocks in swromnding sveas. Fosasils collscted in Hovember, 1957, by N. F.
Bohl of the Geological Swrvey from limsstone units interbedded with rocks
sinilexr to those of Cerro La Tima tentatively establish the age of these
rocks as late Cretacecus.

The mmall intrusive bodiss in the Oerro lIa Tiza area are beliesved to
be of the same age as the San lorenmo batholith and the other large and
spall intrusiye bodies in easi~central Puerto Rico, ige determinations
of sircon from twe samplas of grapodicrite collscted from the San lorenso
batholith by James P. Owens were made by Howard W, Jaffe, bBoth of the
Goological Survey, in April, 1955. Jaffe found that the age of one sample
is 51 million years and the age of the other, 56 million yesrs which indi-
oates that the rocks are of early Eocens age. Hs fwrthsr stated that the
limit of error in these age determinations might be as great as 20 percent
because of the low lead mnmtwms‘irm.\mm for this error,
in each sampls, the age rangs 15 41 to 67 bililon years, so that these
rocks can at best be assumed to be of Late Cretaceous or Eocene age. The
mineralized gons on the crest of Cerro la Tisma is believed to have formed
contemporansoualy with the emplacement of the San lorenzo batholith and
other intrusive rocks. Henos, it is also belleved to be of Late Cretacsous

ar Eocene -age.
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There ia no conclusive evidence by whichthe earth-rock delwris can
uaam. The distribution pattern of the maficial delwris suggests that
" 4% 13 related partly to the present erosion aycle and partly to an older
erosion gycle which may be of Pleistooene or older age. The delris is
high uwp on the slopes just below the margin of the minerelimed szone con-
forns more to the present srosion gycle than the delris on the lower
slopea. Hence, the uppermost parts of the delris may be of Recent age
.-aid the lowermosit parts may be of Flsistooene or oldexr age.
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Minerallzed mone
Minsralogy and associated minmarals

 Ths prineipal minerals of ths mineralized some are quarts, alunite,
pyrophyllite, kaolin grouwp clays and sericite-/., Minerals of minor abun~
~/  Bericits, throughout this rsport refera to the minsral muscovite.
The neme sericite is reteined %o conform with general ussge for rocks of

a hydrothermal character.

dance are sulfur, diaspcrs svanbergite, sumyite, hematite, goethite,
pyrite, rutile and wnidentified minsrals, possibly phosphates or members
of the plwabogummite group.

Seventy ssmples from the minsralized zone wers studied to deteramine
their mineral content and glso to gain ascme ooncept of the overall distri-
‘bution of the minerals, Of thsse 70 samples, 25 consist principally of
alwnite and quartz, and 7 of thess 25 contain small 4o moderate amowunts
of diaspore. Also, of the 70 specimens studied, 15 contain pyrophyllite,
20 contain sericite, mnd 20 contain kaolinitse. The latter three minerals,
pyrophyllite, sericits and kaolinite, ccour as major constitwents. In a
broad sense, alunite, quartz, diaspore, and sulfur compose one growp of
associated minerals; and pyrophyllite, sericite, and the ksolin growp
alays composs a sscond group, although intermixtures of minerals of the

two groups are not umcommon.
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" eubedral, terminated orystals, ome to two millimters in length in vugs
. and fractures or s s coating of siubby primms on a specimen swrface.

&
3
E
k‘ 28 s

Suaxts and alipile. —~Quarts appears to be the most sbusdent nineralized.

gone. It ves detected in neerly all of the smmples studied and is a major |
i
constituent in many of them. It ocours not only as a fine-graimed comsti=~ |

tvent in all rock types of the mineralized zeone, but also as conoanﬁa‘a.ticnsjg .

1
i

in veins and Irregular-shaped, pod-lilke meases. The quartz concenitrations ‘
appear to be more prevalent in the oontral part of the mone than in the
nore clayey rocks at the margin, but this relationship may be fortuitous
becguse the best exposures of the minerslized zane ave along its csatral |
numdmtatgmgm.~hnfwmaﬁm.qaut:maumll |
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Alimite is not found in isclated concentrations but is imtimately
associated with other minerals, particularly guarts. Its mosh common
ocouwrrence is in a banded rock that strikingly resembles flow-bended
rhyolite, The banded rock in general comsists wholly of alternating
bands of guarts and alumite, Specimens showing the best banding were
Yroken from well-weathered rloag;ioicj svhich weathering has accentuated the
banding, SBaome of these have a striking flugpted appearance, the softer
alunite-rich bands having weathered out loaving the quarts bands standing

in yelief, The banding is both cojrse and fins, the width of the bands
* and their spacing, rarging in size frcm a fraction of ops millimeter to
about 0.5 oentimsters. in example of & finely-banded phase of the rock
is shown in figuwrs 2. Scwevhat more coarsely banded rock is shown in

Figwe 2.— Fhotomicrograph of banded alunite-quaris rock amder
wossednieela—{20%E: Alunite composes the bands whose
coarser grains have a higher birefringence and show a x
tendency toward preferred arientation, Cvessed wiesls (20),

flgs. 3A and 33, In some specimens, the quartz bands widen into large

Figure 3A.—— Polished surface of highly crenblated and fractured alunite-
quartz rock. The banding is continuous 4nto the light
colored zona in the lower portion of the photograph whers
the lron minerasls have been bleached naturally,

Fioura 38,~~- Polished sw:'fac? of crenuvlated alunits-guarts rock showine
only e slizhd degree of Irocturing. The lighl cclorad bands

a
are guartz and the darker grfy ouss are alunite.
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pod~like masses. Other specimens contain irregular-shaped, fragment-like
pods of gquarts arownd which the bands pass. In a few spocimens, small
vhite quarts veins of a second gensrabion ocut in irregular fashion across
the banding. In some specimens, the banding is wndistorted, and the rock
broaks for the most part parallel to the banding giving it a blocky, platy .
appearance., In other specimens, the bands are crumpled or crenulated

(£1g. 4) and form miniature overtwrned folds (figs. 3A and 3B). The bands,

Pigwe 4.~ Motmicrograrh of crsnulated, slunite-querts rock. Alwmite
composss the randomly distributed lightwonlored grains with

high relief. The crenulations are acosntuated bty the dark s
|

|
|
]
|
l
]

conpgentrations of hemadite,

for the most part, are continnous, bubl scwe are yroken and brecciated and
in effect are partiof small dragfolds through which it s difficult or
imposgible to trace the banding. The conmstituents within scme bends show
a tendency toward preferred oriemtation (fig. 2).
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The authors suspeet that the Juan Assncio chert beds of Semmes (1919, |
po 65-66) are, in effect, the hydrothsrmal rocks of Cerro la Tisa. Semmes
description of these "chert beds”, partioularly the lack of outarops, bed-
ding, and measurahle attitudes £its the banded yocks of Cerrc la Tiza very
well. Even his photomicrograph (Semses, 1919, p. 66, f£ig. 11) markedly
rosembles a oomperabls roeck from Cerro la Tima (fig. 4). However, Meyerhoff
(1932, p. 236, p. 264, p. 288) states that R, J. Colony examined one specimen
éé‘“nm' Juan Asencio Chert and found it to consist largely of lauscstite. |
lamcatite hes indicss of refraction much lower then ary of the minerals |
‘Mnmwmwmmrm,nunammw
ém«wmmalmam:mmummmnm;
ah3 vbat these bods represent. Semmes cnly describes these beds as coowr- "
%gmmm:axammmwmt@mmwmamtm |

on his geologic map as a thin beli beginmning about 3 kilometers south

mssmmmdmmgmmﬂtoapommumnﬂawatet
'Bﬂn 3
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. orest, but withiy the bowndaries of the mineralised soms. The localitiss

~ are shown in table 2. These data show that the almite, of the amalysed

!
i

Mineraiogieal determinations of alwnits were made from the banded |

specimens, Most of the alunite haz a tannish, gx;&&sh or -rare}y B
pinkish color, but soms is clsar and colorless or has a translucent
appearance. Refractive indices dstermined from grains within the bands

aroNw = 1,578 and N€ = 1.601. Five samples chossn on the basis of their|
higher alunite and lowsr guartz content and their position with respect ,
to the mineralized sons wero chemically analywed. Sesples numbered 1
409, 604, and 562 were collected from the crest of Ceryo la Tiza, whereas

samples 530 and 576A represent float blocks sollected down slops from the

from vwhioh these specimens were collected sre shown on plate 3. The
chamical analyses and their comparison with potessium and sodigm alunites

adnples from Cerro la Tiza, has a compomition thal can be expressed as

approximately 1/3 sedium alunite and 2/3 potassimm alunite, Mineralogi-
cally they can be callsd sodian alunite, In the powder patterns of these
analysed alunites as well as many others from the mineralised zome the
diffraction lines for alunite all hays identical initsrplansr spacings.
Averags it cell dimensioms determined from X-ray powder patterns of

10 alunite samples from Gerro La Tize ave as follows: Ao= 7.01% .05 &,
0o= 17,125 .05 1. Thess values correspond reasonably well with published
woit cell data of gynthetic and natural potassium and sodiwm alwmites by
Parker (1954). No alunites of a jarositic composition were found in the

wren.
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Bxxentyilite. —Pyrophyllite is distributed widely in the mineralized

sone and appears to be amsociated more clossly with the keaoldn growp clays :

and saricits than with the othar minersls,

xones between banded guarts-alimite Lype-rock. In sauwe pluces seama of

It commonly cocwrs in foliated

foliated pyrophyllite anly a few centimeters wide were obmerved within the

banded reock. The seanms commonly pass sround eye-like masses of the banded
rook as though they had been squeesed arownd them., Fyrophyllite, because
of its Cine-grained character and its intimate association with the other
niosrals is diffioult to recognize and distinguish, especislly from seri~
oite, in outorops. In a fow places where pyrophyllite is comoentrated in
foliated lmyers, it is tannishwwhite to Mﬂnh-g;'y, platy or micacecus
and has a dull, scmewhat glistening luster and a greasy, talcose feel.

It does not occowr as typical radiated, lamellxr clusters. In its fine-

grained form the optical praoperties of pyrophyllite sre almost identical

' with those of sericite. It was not possible to distingnish pyrophyllite

and sericite from esch other by optical examination of ths Cerro la Tiza

rocks, However, they wers readily distinguished and identifisd in X~ray
powder diffraction patterns.
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Glar.minexsls.—The clay minerals are distributed throughout the
nineralised zope in close association with the other minerals. They are
most abundent as veins and pockets at the margins of the mineralized mone,
but they vere also found in pocket~like ocncentrations in the banded
quarts-alumite rock near the center of the gone. The clay minersls were
studied and identified by X-rey powder diffraction methods supplemented
by electron microscope exmmination end were found to comsist either of
kaolinite ar hallpysite. Samples of relatively pure dlay are plastic
uﬂﬁiokri?hnnwt, but others that contain sppreeiable amounts of other

' ninerals, pertionlarly sericiie and quarts wre generally non-plastic.

Bome ‘clayey-mcnes sre locally siained vith tan, brown o red iron oxides
but none ave heavily ferruginised,

Sexigite.~—3ericite is closely asscoisted with the otber mimerals of
the mineralized mome and seems to be most closely associated with pyrophyl-

lite and the clay minersls, In each ocowrrence it is fine-grained and

‘impossible to recognize and distinguish from pyrophyllite in hand specimens.
Several fine-grained, g;'yuh—arhite apecimena that were thought Yy megascopic

axamination to be clayey, almmitic roock or pyrophyllitiec rock were foumd

3y X~ray examination to consist predominantly of sericite amd quarts. Coum-
>arison of X-ray powder diffraction patterns of many serdcite bearing rocks
rom Cerro la Tiza with patiterns of analyzed muscovite specimens from
weveral localities in other parts of ths world shows that ths sericite of
wrro la Tiza is muscovite of the common type. The micscsous mineral was
wrefully identified in order to eatablish that it 3s not hydrous mica be-

muse of the begrlng that the typs of mice has upon the origin of the

dneralized zons,
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Sulivp. ~Hetive sulfwr, although sparesly distributed, vas observed
in soattered localities throughout the mineralised soms., At all the places
where §t ocours the sulfur is intimately Ilntergrown with quarts coloring
1t bright yellow., The hright yellow appearance gives the impression that
the yellow pubatance iz wholly native sulfwr but the specimens are hard
and actually are composed almost wholly of quarts. Adtempis to deteot the
sulfur in X-rsy patiterns were wmsuccesaful because it 1s either in an
smorphons state o is not sufficlently abundant to detect. However, hegt-
ing the samplas produced a sylfurous odor and the sulfur could be dissolved

- from the quarts wsing carbon disulfide as a sclvent, It could not be deter- |

mined why the ssmples repeatedly tuwrned Ixroun om heating and white again
on cooling.

Bulfwr also ccoura widely distributed in many of the quartsmose and
almite-quarts float blocks in the sarth-rock delris on the slopes of Cerro
la Tima, indicating its wide distribubion throughout the mineralized zcme.
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Disspore.~Saall quantitiss of diaspors were discovered Ly I-ray exami- ‘

' Y
nation in wmg specimens from the minaralized scne., In each case il was
found to bs intimately associated with alunite and quarta, It couwld not be

ssen megascoplcally, nor detected in thin-eectiona of ths alumite-quartz
‘trps rocks.
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Srapbargite —Svanbergite, a member of the befidamtits group of phos
ninerals vas tentatively identified in seven specimens, X-ray powder patted
show that a bendantite group mineral is present in these apecimens, but it };
1s not sufficiently abundant to identify positively as svanbergite. Wet \
chemical tests also show that phosphate is preseut. In view of the ccourren
of significant quantities of barite in severel places in the hydrothermal
belt east of Cerro La Tisa, it seems likely that berium aud also strontium |
might have been available fram the hydrothermal emanations to aid in the
formation of bendantite and plmbogumite growp minerals.

Svenbergite appears to be moat commonly asscciated with pyrophyllite :

_and serdcite, Svanbergite has been reported frcm several localities through{

"out the world in association with pyrophyliite (Puma, 1951, p. 1006). Far §

g exeuple, at & French locality it is assoeiated with pyrophyllite, kaclinite 3,
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Aunyite.~Zunyite was tentatively identified in three aspscimens in ‘
. association with alunite and quarts. Zunyits contains fluorine and chlorine

and is the only known mineral of the mineralimed zons assemblage thal containi
mineraliszers or volatile constituents., Zmmyite is known to ocewr in asso-

" olation with alwnite and pyrophyllite at Quartzite, Arizona (W, T. Schaller,
“oral cosmmication).



Eematite and goethile . ~~Hematite is not very abmdant but occcurs in
wly all thw rock types of the mineralised sons most commonly as thin
ss=grained, reddish-lrown, veins. In some roeks 1% ocowrs in bands that
» obviously Liesegang bands that eut across the primsry banding and
liation of the rooks., In the banded quartz-alumide rock, dark red eand
own hematite is oonocentrated in some of the alternate bands and serves
acoentuate the banding, Soms of these banded rocks oontain what appesar to
Srregular-shaped hleached zones In which the iron-stained bands have been
" snchod neerly white,

In a few specimena of banded quarts-alunite rock specular hematite
ooncentrated in small thin vedus, 1 millimeter or lsss in width, Sme of
¥se out across the banding. Specular hematite also lines the walls of
] wmown fractures, In scme places, goethite im associatsd with
aatite and apparently has altered directly from it, Goethite is moat
‘mon on weathered swrfaces of the mors hematite-rich rocks. |

Bxite. Vo metallic pyrite was observed 4n th\e rocks of the miners-
sed mone, it small amounts were identified with some wnosrtainty in
ray powder patterns of two specimens. In several plezces along the mergin

the mineralized zons, where 1% is exposed to weathering, the clayey rocks
3 Jocally colored bltﬁshugr;}, possibly from the decomposition of pyrite
hydrous iron minerals.

ol

.
[N WO



Butile.—Butile was observed in\ mmall amomis in association with
almite and quartz in cnly one float~block specimen from ths northwest
slope of Cerrc la Tiza. It is not known whether the rutile ia of hydro-
thermal origin.

Inidentified minerals. ~Small quantities of unidentified minerals
mre detected in X-ray powder diffraction patterns. Wet chemicael tests
‘ar phosphate indicate that thess wnidentified oonstitusnts may be phosphate
iinerals. It 48 also posaible that at least one of the midentified minerals

iy be a member of the plumbogumuite grouwp whose strongest interplanar
jpanings mfortumately coineide with the strong lines of alunite that domi~
ate the Xersy diffraction patterna,
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Distributiin of minerals iy erve

mmwmmumamw
&vided into Tour soas, the weotern ¢ud, the pesk arvs, tie sedlls sres
and the sastern end. Thepe axeay sve indionted on pdate 3 and figure 1.

Eastorn ond

Ouberope along the cvest of Corro Ia Tiss at tho verbern end ctnaist
prinoipally of quartscss rocka and banded, folisted, quarts-alwits rock.
e spwrs and tacds sxtending fron e crest Sown $39 scuth and nowth
‘mmmm&mmm
mmmmmmmmwwmmmm z
notakle mowds of Drighteysdlow vative sulfur. Wheve this apar Jodos the
arest, tim quarto-almite rook 13 foliated end oontatns sowerel alicksnsided |
surfaces vhich hewo an sveongs osst strike. A group of sl exposiven
‘oooars oo & tradl dom $o portisnwet slops aboub two-thinds of the distance
dom £rom the orest 40 2o margin of the sone. This ares of expomues along
the trail taough & beavy vooded ares is aprasisately 500 setars vest and
150 metera nopth of the referonce point. yropyllitic rocks e exposed
a% sowecal pointe in en uterval of ebout 200 meters along the treil. Thves
sacples collected hore, coosist jredoninantly of pyropyllits vwith modsrate
axunts of kanlinits end quarts and mmallsr svousts o serlefle and possibly
A baydantite growp minesal./.
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o et chemical tosts show that a pbovesdate rireral o igessni.
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The noarth alops at the western end is heavily wooded and covered by
sarth-rook detris that masks the comtact of the minarslived seme with the
ocoumtry rocks. However, on a spwr approximately 1,330 meters west and
210 weters narth of the reference point, the contact is well exposed and
the transitien from the light-colared mineralised zone rocks to the dark-
colored countyry rocks can be seen through an interval of about 3 meters.
At the extreme weat end of the mineralized zons, the hydrothermally
altered rocks are exposed in a few places on the arests of spurs. These
outorops are close Lo the margin and consist for the most part of tan,
foliated quarts-almite rock. Some of these outerops contain yellow
slfur-besring sones. The margin of the mineralised zone on the south
slope is concealsd, but in many places the hydrothermally altered rocks
ars exposed in oloss proximity to the comntry rock as showm on the |
geologic map (Fl. 2). Most of these exposures are on steep slopea and

the minsralized zome consists gensrally of olayey rocks that appeear to t»
i'mpp@wnituwmnmmmn.m.
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Peak mrea

In the vicinity of the referencs point, concentrations of quaris as
wveins and pod-liks magses ocowr in the bandsd quarta-alwmite rock along
the ridge crest. Thess hard rocks have resisted weathering and erosian
and henos occupy the highest elsvation on Cerro la Tisa, The north slope
in this area isdeep, well wooded and covered with sartb-rock delwis
oontaining many lerge boulders derived from ths high crest of ths ridpge.
On the ncrth alope there are no exposures of the nineralized sope nor its
’mtm‘uhtbamtryrock. The south alope is also steep and well
W,MMmmhd‘ﬁem;mmummmw
the sons 1s exposed, partioularly on some of the south-trending spurs.
The best exposwre of the comtact is on the large spur about 250 meters duwe
south of the reference point. Ths rocks of the mineralized soms on this
apwmﬁtaﬁdweymdmmkmﬁ:o&nmwmwoyeiu
veins, Thslupatvemmmw’gﬁmmﬁnwﬁth,mm”e
. many smaller cnes 5 centimeters or less in width., The halloysite is soft,
plastic and generally white in color but has a greeuish-grey hue and &
translucent appearancs., Halloysite was identified by X-ray powder diffrac—
tion methods and confirmed by electron micrescope examination. Iesser
anounts of sericite, quartz and alunite are associated withthe balloysite,
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An exposwre of kaolipitic olay cccurs at s small open pit withim 200
whers of the peakd Cerro la Tiza (Fl. 4). This olay pit at the aide of

Flate 4.— Gsologic sketch map of clay pit in peak areas.

the muﬁm follows the ridge crsat is approximately 150 msters east
and 50 meters north of ths reference point, The pit is filled with water
but the olay is well exposed around the edges, pariisularly on the north
and southwest sidss. The clay is white and appears to be relatively pwre.
‘It 43 very sticky end plastic when wet, but is twitile and breaks with a
crude conchoidal fracture when dry. IX-rey exemination of several samples
from the southwost edge of the pit shows that the clay is not all kaclinite
but oontains moderate amounts of sericite, quarts and lseser smowats of
pyrophyllite. ZElsctron microscops examination shows that the kaolinite
oconsists of moderately fine, bexegonal plates., At some places arownd the
‘pitodgo, the clay 1s stained red and trown and on the trail that passes
along the north edge, the red and yown iron staining ism more prominent.
Hematite was identified in X-ray powder diffraction patierns. In soms
places, well defined ;isaegang bands ocewr in the clay on ths ouberop awrs
faocs, Iwo hand augsred holes near the edges of the dlay pit (locations
shown on plate 4) indicate that the iron-staining increases with depth,

shown W tof),
The data cbtained from these auger holses mkea—f-sm. 3,

He



Table 3.—— Auger hole data {ran clsy pit in pesk ares.

Wols Bepth
i 2.6 meters
2 3.3 moters .

Jature.of quttinzs.
Firm, vwhite kaolinitic
clay, fron-stained red
and hrown below ?1;52; =
meter, Clay contains

several hard, ferruginous

layers.

Firm, white kaolinitie
elay becoming iron-
stained and gritty at
240 am. Below 240 cm,
contains alternating
layers of hard, gritty
and softer, non-gritty

Iron-stained kaolinitic

clay.

Hoa

Botion sample
Hard troun,
gritty, ferru-

ginous clay.

Tannish-white
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AT Gl soubbWwest soge of the clay pit, e pit wall projects about
2.5 moters above tha water level in the pit. This outcrop shows theb
banded quartz-alwnlte rock and foliated pyrophyllitic rock are closely
associated with the keolinitic clay. The banded, gquarts-alunite rock
occurs in seaus and eye-like lenses half a meter or lese in width, sepa-
rated by zones of foliated pyraphyllitic rock and ksolinitic clsy. This
mmall outerop illusirates the alwupt changes in mineralogy and the close
association of the minerals in the mineralized zone.

Thsnimralisedzm in the uddlemapinehesmmtmdﬁm
eaat, U&mmithummrsgewﬁthafswtamma,wstc@tm
Wﬂm, ithalsp!nchedtoavﬁthofabont 330 mtm:a ntamﬁnt
mmmmnmtdmrefmpom. Eutottheret.}:em

minhimmmwidf&xot gpprmmuJyBEmWamlyte 1tston
mtm point.



The lovwer elevabicon of the ridge crest in o suddle araa is indi-
cative of the generally safter rocks that cécupy‘ this aree. The centrel
yoad and several tra:lis that pass on or pesr the ridge crest provide more
rock exposuwres than are genarally u_vam at other places along the
ridge, These oubtcrops and their rock types are shown on plate 5. The

Flate j.—— Geologin sketch map showing outarops in aaddla exea.

outwopé consist minly of nimd minerals but some ?rapmdommm of
pyrophyliitic rock or be.mlad qmrtz-clmita rock. AJJ. the rcck tiqpes are
quartzoss and the pyroplvmtic rocks are folﬁatod. Sauples m the
larger sonas ar pyropbyllitie rock were ewnﬁnad bglx-rq pwdcr wothods
and ‘wers t‘ou:xi ‘bn aonta.;in in a;ddition to map!?'ll’rbs, nodexa‘be amm’m
of micite, qmta mﬁ kaolsnitm Guarts oeqam a3 veins snd ixpegularly
shapod nagses arotmd | ; tha m‘rophgyllits fol:la M 88 ﬂzmagh the pyro
pkvllite had ben aqmwod into position mmd tm quarts. On the whole
quartz doasnota.ppus o be 2a abundant in the aﬁmmw in other
pheesalomtmrmgpmst. _ o S

, Tbanwthslopoattba saidls area is modwithwbh-mnkdebris
and wll—waathared soil, but a fev outarops Jer the mineralized none are

axpoaedasshmnonthageologiamp(l’l. 23. The contact of the mineraw
lized sone with the country rock is not exposed in this area.

v 4



The south glope bzlow thw saddls ares iz also covered with sarth-rock
wrlw iy Ul several exposurvs of ihr minersliced wopne cuews on the candral
road hetwesu the south edge of the arcs shown by Flate 5 and the wargin of
the mineralized sone. One small outerop avoub 550 meters east of the »efer-
once point was fouwnd to comsist principally of pyrophyllits, X-ray ezami-
nation ahoug that this sample qisc contains small amounte of serictte and
kaolinite, and ireces of quarts, alwite and possibly a bewdantite growp
mineral. Still farther south, along the woat aide of the road, close to
the maxgin of the gone, gim‘hhw outerop of follated pyropwm*ba ogoura.
This pyraphyllﬁ.tic rock containe quw.‘tzase sones and the pyroplwllitic
roc&bsmmaoms is very mwglyfolﬂa%dandmt&im mll&tag-
folds about 10 centimetera long. On the ceutral road at the margin of the
niseralized zons, white kaolinitia clays are expased in a ddtch ghout ane
meter desp on the west side of the rosd. ?haaqocém in veins and
mtammmm, nm—lﬂkewaazpomd intharoa&ditehfer
at mmmum; Snm mmtww&de mdmlypﬂmlnawtaﬁm
ends of the sxposwre. .

mthaﬁ’thpmimalmd amvi‘hhtm wm'twyro& awn
expased .in a deep ravine about 1,200 meters east and 170 meters ncrih o
the reference point, The ocontact here is very sharp and the light~ealored
rocks of ®s mineralized zone contrast strongly with the dark gresnish-
gx@y country rocks.
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At the eastern end., eXpoIures e nearlf limitea to the ridge crest.
At the highast a}svations along the m‘eat, bandad qmrtz—elmite rook and
qum'tzosercck.s are exposed. For adistance ef abo&bzcemterswea%of
the point whame t.hs eastsrn road crosass the ridge crest, the miwalized
zona iz concealad bu:b the sm‘faca is strenm with mny mall float blocks
of ho:mm fmuginoua. powly—bandsd qu'tzose roei: The mimalﬂaod zone
is expoaed 511 road euts an both aides of the eastern rcad, whare 1"6 cxrosse
uha ridge ma’o. Tha rocxs expoaed hem are stromgly folutad amd appear
to be pyxoplw]li’sm a.nd in places i‘erruginoua Tha minaralised som at
:L’cs aast emiterninms u:xiar gover a.ppro:ximte)ylﬁomtora eaat of L
larga oluster o:f.' bouldea:s oi‘ band.ed quarbz-c.lmiﬁe rock th&tr ocm caa
stenp ea.stwaxd slope appa'ozimtely 3 ,110 mtera eaa'b md 200 m'bara n&T:h
oi‘ tha referenooh Roﬁnt. ) _, o

The north ch;p; of‘ the mtern end ia mad w wm-roak datma,
acil and vsgstaﬁm. The eontac’c or tho nﬁmalised 08 with t»hs mm
rockianntupeud, Mmaapwl,ﬂummathMmmamﬂh.
of ‘ahe reterenca poﬁ;z. tha two rock typea eubs mwi‘ﬁhﬁnmm
me‘oe'rs aﬁ' eaeh othar |
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The souty slors ds alse willd covored wibh egrth-soch dshris, weretail

and soll, bab the ninerslized wzoue 1s exposed slong the eastern road and i
the north edge of a landslids scar 1,770 meters east and 350 metexrs north
of the reference point. The rocks exposed in this sesr are tannish-vhite
soft and clsyey. Along the eastern road, oubcrops of pyrophyllitic rock
ocour about ons-third of the distance down slops from the orest to the mer
of the zons., In one romd cubt on the eastern road apmroximstely 2,650 mete
east and 320 meters north of the refersncs point, foliated pyrophyllitic
rocks are exposed along the north side of the road for several tens of met
X-ray exsmination of seversl samplss shows that the pyro;ﬂvmte is asso-
. eiated principally with sericits and guarts. h

- ‘The sastern roed crosses the contact of ‘the minerslised zone and the
country rock at a point about 2,420 meters east and 200 meters north of tt
reforence point. -At this-placs, the roed crossss over the .contach at &
slight angle, but nsarly parallals 4t end exposes the mindralized sope and
comixry rooks in-tha cut danks for approximately 100 meters. The cut-'bank
on the gsouth side of the road condains bromnisheblack hydrothermally wialt
country wocks, but 4he eut benk on the narth side cantatins scft, elayey
rooks of ‘the iiners)ised soms, The olay is looslly oconcentrated #n a doze
ar 8o vhite pocket-like masses and veins of various sises and sheres., The
suallest one is nearly circulsr and 43 about two thirds of a weter in
diameter; the largest is sbowt l-1/2.mters.wide and 3 metexrs long. The
elay mineral was found to bo halloysite. Several specimens studied by
I-ray powdsr diffraction methoda were found to contain in addition to
halloysite, appréciabls smounts of sericite and quartsz. An ebundance of
alwnite was found in one spsciman, |

-—
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Origin
Sowros of hydrothermal emanatlons

The doposits of alwnite, pyroohyllite and clays on Cerrc Le Tisa are
velieved to bs of hydrothermal origin, that i3, they were deposited from
omanations derived from a magmatic sowree. Ths largest exposed intruasive
body in Puerto Risc is the San lLorenzo batholith about 20 kilameters south
cast of Cerro La Tizs. Another large intrusive body occurs In the vicinity
of Utuedo and Jayuya about 40 kilometers west of Cerre La Tisa. DBetween
thege two large exposwres, Meyerhaff (1933, geclogic map) shows many smaller
scattered bodiss of intrusive rocks that 1ie along two crude belts, one
that passes about 10 kilometers north aud the other 10 kilomsters south of
tha Cerro Ia Tiza ares. Systematic gealogic mapping sterted in 1954 by
1. .8, Geclogical Suvvey geologists has confirmed some d these smaller
intrusive bodies and has revealed other haretofore mndissovered cmes. Thus,
in a road senme, Cerre Ig Tixs is swroupnded Ly large and small exposed
bodies of intrusive rocks, whose distribution sta‘cmgly suggests that much
of central and eastern Puarto Rico is underlain by plutonic rocks. These
plutonic rocks are belisved to be genstically responaible for the hydro-
thermal alteration of the volcanic rocks of Cerro la Tiza as well as the
other mineralized sones in east~central and southeastern Puertc Rico showm
an plate 6. The occwrrences of the larger bodiea of hydrothermally altered

Flate 6,—~— Distribution of hydrothermally altered rocks in eagt—central

Puerto Rico,

rocks, that is, the Cerrc le Tizma, Lago ds Cidrs and Monte E1 Gato zonas
at cenaiderahle distances northwest and west of the exposed partion of the

San Lorenao plutan would suggest that i% extends west-northwest possibly st
zhallow devth under the volecanic rocka.

Ty



Hode aned conditious wi bydrotherual slisvabiosn

The magmatic emsnations that produced the major minerslized some of
the Cerro la Tima ares presumably rose along tha central axial lins of
Gerro la Tiza, gaining accesz to the voloands rocks through a broad esst
trending shesr zone that passes through and occupies most of the central
part of the avea. Within the mineralized gons, 80 prodmed, all texturs
features of the parént volcanic rock have been destroyed. The hydrother
emanations cawsed profound minerslogicsl and compositional changes in th
volcanic rocks, produsing a nineral a.ssemhhge ’catal]y wildke that of th
pm:anb velcanie rocks, The minci.pulmﬂmala of the aothry rockd are
those of w&@lm‘&sﬂ%m&sﬁe’. The principal nminerals of the mine.
ralized sone are qus, nlxmito, pyropl:yllite, lw:lin grm:p clays wtl
micita. Ho dmm wagmh&c rehtimshlpa wore aismma
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The following chemdcsl and winsvalogicul ouwervabions indicabs bhab
auch of Whe iron, calelum, and magresius content was removed fras the
parent rogks and the ailiee, sulfwr, and probably the potasslum content
of the altered rocks was increased Ly the hydrothermal activity.
1} Tbs country rocks ave gensrally dark colored becauss of wjf“:off?f'mw
of ircn~bearing minerals (ferrcmsgnesiun minerels, chlorite, epidote, stes7,
whereas the minaralized zove rocks are ganarally light colored because of
thetr lack of irca~bearing mizerals. .
2)  Petrogrephic exsminstions, and chemical and x-ray analyses indicate that
caleiun, msiug. md ﬁrcm eon@egt of ’t.he eomtry rocks is appreciably
~greatar than that of thsnmemlisad #cm rooks and t.hat wﬁmmmt
of tha mineralized some racks ias greater than that of the country rocks.
3). Quartx is probsbly tha most abmndant miperal of the mineralised mena
vhere. it ogowrs hf#mlxikmim’adimuwllu hpad-shapadm«
centrations and veins. Quarts veins ars rare and of small sime in the
4)  Susll quantities of native sulfur intinately associated with quarts
are distributed throughout the minsralised mona.

Changes in the aluminum and sodium content of the cowmtry rock dwring
the hydrothermal alteration processes could not be determined from the
gvidence at hand.
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i minersl asserblage of the winersliszed szons of Uerrvc I Tisy da
indicative ol the nature of the bydrotherwsl emanations that altersd the
perent volosnic rocks. The ahwmdanos of quarts, aluminus silicates and
sulfate bearing alumnite;, ave evidence that the emanations were acid,
sulfate bearing, and sflice rich. The scarcity of quarts veina and quarts
concantrations in general in the cowntry rocks, but their olwions alwmdance
in the minoralized scné lesves 1ittle doubt that considerables quantities
of silica wers introduoed into the minsralized mone. The ocowrrsnce of
nattvs aulfwr./, although minar, indicatss that the emanstions were probebly

o/ hooording te Reskams end Sebama (1950, p. 754-755), native sulfwr 4s
of sither voléanie or pedimntary origin. Voloanic sulfus is profuced

in the reaction between hydrogen sulfids and sulfir dioxids in the volcanic
gases acoarding to the squation 2 H 8¢ 80> H,O + 38,

in part, st laast, gssecus and possihly salfataric ih nature.
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A disgram sumariszing date on flelds of formation of aoms common

lydrothernal minerals has boen prepsxed by Stringhes (1352, p. 662) and

is useful here to show scme of the conditions by which the hydrothermal
emanations sltered the volcanic rocks. Stringham's dlagram, (tabls 4),
shows that all of the principal hydrothermal minerals with the exoepticn
of saricite, that is, alunite, pyrophyllits and the kaolin group clays
ferm in the field of acidic conditions. The disgram furtber shous that
this mineral assemblage forus at temperatwres of about 250°C ar lower
with the axospﬁion of sericite which forms at a tenmperature of sbout

400° «~ 450°0, Sericite can form at lower temperatures 4n an alkaline
envirompent as shwnmthedimsm,muvmafm ommplete lack of
evidenos in the mhrmmMm of hydrothermal minerels
shown on the ulxw.m gide of the diagram, 4t seenms unlikely that sericite
could have famod at thase lower tanmntms, wder alkaline conditions.
It 1a aamhmd, twe:m, that sericite probably formed wnder acid
conditions at the higher temperature designated. From thia study it is
also concluded that all the minerals thus far discoversd in the mineral
asaenmblage Lormad wnder seidie ecuditions.
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Fyrophyllite is generally believed to form in sllica-rich systems at
temperaturen upward fram 400°C (Twrner & Verhoogen, 1951, p. 453); but
Gruner (1944Z , p. 578-589) has shown hy laboratory experimants em the
alteration of foldspars in acid solutions thad pyrophyllite can also form
in the lewer temperature range (250°C to 300°C} shown im table 4. Aseord
ing to gruner, pyrophyllite forms in this lower temperatmre range Instead
of kiolinite 3f the active solutions are low 1n A1?* fon concentration
and high 4n 844" fon concentration. Hs further states thab at. the highes
umpmtm (z.m*? - 450°0) sericits instesd of pyrophyllite forms when
both the eomosntration of the K+ ions ard the ratio K1 fons/S14* tons
is high. In Yorisf sumery, assuning that the sericite and pyrophyllite
in the ‘minsralised zohs of Cerro la Tiza formed by alteration of ‘ths fele
spars of the parest rocks under seid conditions, sericibe mmet have forme
at ‘the Kigher 9 erature, but pyrophyllite might have farmed™ st -sither
ths higher temperature or the lower temperature depending prinoipally
upon the relative oomcentratioms € the A1%%, 814" and ¥ dons. The auth

have no basis for speculation on vwhat ths concentration of these lons in ‘
the emanaticng were at the time the Cerro le Tiza mineralised scne was
formed and therefore mske no statement as to whether pyrophyllite was
likely to have formesd at the higher or the lower temperature.
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The aamocintion of pyroplerllite and almiile together hes nol berslofure
taen reported in tho literature, bub the senior author has had the opportu-
nity to éxamine & suite of glunitic and pyrophyllitic rocks fras Quarizite,
Arizoma, in the possession of and brought to his attention by W. . Sahaller
of the Geological Swrvey. These rocks, consisting of a few amall hand
specimens, contain in additien to alumite and pyrophyliite the minerals
sunyite, kaclinite, muscovite and quarts. "It is possible that the sodian
almite (natroalwmiite) from Sugarloaf Butts near Quartsite, Arizena, referred

Polac he and o'('kcvs
0 in Dase (1944, p. '459) is from the semd ares as Sohaller's samples, thus
makingthe suite of minsrals from Arimens even more strilingly similar to
those of Carre la Tiza.
Poasihlymutmmuaf hydrotharially altered rocks described in
tha 11‘haratm. fim-graimd pyrophiyllite has been mistaken for sericite,

which has mar}ﬁw mnﬁ:!.wl optical properbies, and has bsen overlooked,




Ths close asgoelabion of o211 the minersls of the mineralised sons
sugzests conteuparanaity of their developmeni, but does not preclude the
possibility that pyrephyllite and ssricits could have daveloped by poste
hydrothermal dynmaic metemorphism. Fyrophyllite in particular might have
feveloped from keolinite in this manmer, This possibility is suggested
by the sheared, foliated oharaeter of incompetent seams of pyrophyllitic
wd clayey rocks betwesn more competont momes of guartzcse rocks and quarta-
p.mita rcok; Zosa gnd Hondricks (1945, p: 71) stats that pyrophyllits
ls commonly associated with sericite and that it probably forms at mode—
'ately high temparatires by eithar hydrothersal procésses or dynamic meta-
erphisz ox both. In the Cerro Ia Tisa minaralised sons, the quertz~
lunite rocks show bub. Litile wecelatios mnd the pyrophyllitic and seri-
itic rocks may have absarbed most of the stress and noguired thedr foliation
bosuse of thair moft, ndcacecus character. - -

Ineralination, dynemic metemorphism obvistes the necessity of explaining
¥ serfoite and possibly pyrophyllite are the enly two minerals of the
rrothermal wineral-assemblage that fors st higher temperetures,

-~

ST



Origin of banded quarts-alunite rock

In addition to the chenical and uimnlng.‘-.ml obaervations cited above,

of the

the folistion of the comniry rocks and the. bdeZ quarts-alunite rock of
the mineralised soud have.a bearing on the origin of the hydrothermally
altered rocks of the minsralized sone.

1)

2)

5)

The cowmtry rocks bordering the mineralised zons are on the

-whels olosely foliated, iu fact, 80 mueh so that their rock

types are generally umracagnizable.
The cowntry rocks are strongly foliated in moms places but

‘pot. in others, . Likewise, the mineralized sone rocks grs banded
.- in. some places, bu not in others,
-The.folia of the eounts

Y- rocks .show only & lithls waviness and
ugh the. handing in the quarts-

. A8 srappled wmmmmm th m.-s: 34, ;m md 4)
-The .width of the beands in the quarts-elmnits rock of the mine-

ralized zone is of the same spproximate order of magnittde as the
folia of thw cowmtsy rocks,

The country rocks contain no flow-banded rocks suchk as banded
rhyolite. Only insignificant quantities of finely-banded silt-
stones and sandsiones, generally in smell isclated patches, were
seen in the coumtry rocks,
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From these obuervationz the suthors postulate that the banding of the
quartz-alimite roak was inharited from i‘olfmtior_;. rather than dending iu
the parent volecanic rock. The gbundancs of banded quarts-alunite rock in
the mineralized zmcna and thé lack of similarily banded racks in the cowmntry
rocks of ths ares precluies the possibility that the baunding {3 inberitad
from & similarily banded Fock such @s a banded Thyolite, Furthermare, it
is diffioult to wndarstand how the banding could have developed by difusion
processes alone, particulmeily o view of the close associstion of all the
minerals in the mixed mineral assemblage and the lack of any type of zcning
throughout the deposit. The authors thevefore believe that the bandsd reck
has developed as a consequsnce of the injection of the hydrothermal emana-
tions into the inherent folis of the parent rock. In a sense, the injection
process can be liksnsd to the well known %11t par 14t* injection of schists
'Yy gratitic wagne. The crenulated; contorted banding is interrweted as
evidefios that the Tecks were mder séms stress and in a soft or plastic
condition diring the period of hydrothermsl injection Snto the foliabted
e olokkdsgedkE, - T
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Mineralized aomoz of aimilar origin In westorn United States

Hydrotbernally altered volcanic rocics with mineral asmblagas aﬁmilar
to those at Cexro Ia Tisa. have been degcribad from localitias .‘m western
United States, loughlin (1916, p. 250-264) has described from Sheeprock,
near Deaver, Utah, a bandsd end contorted quartz-almite rock t.}m,‘; bagrs
a striking nmeralogical :nd strmtural rosemhhmca the a.’!.ter;ticn rock
of Gerro la Tiza. Ha impliea that the bmdmg was developed l:@' a diffmim
of calloidal silica whils the mass was still soft and that the mntcrted
banding, followed w.,upqe trecciation, dmlopsé before the @a became rigid,
Jloughlin fu-thaa.' mtaa tha.t. the relatima ef ﬁ)s doposit to the mdﬁaitie

comtry rock are viry obscm and that in 'fm of & defioiency of critical
evidencs, axny sta;emt m&rn&ng ms oqrigin ei' this qwta-—almite daposi‘h
must ba. regardsd.porsly. as. & vorking  bypotheals, .

Pay and Allen (,1.925. P J40-244) oﬁe the dmigal dseompaanm cf
laves. by sulphuric agid formed by the velesnls activity at lassen Posk, .
With the contemporaneoys formation of free silisa, "mullates of the mtqls
Rf the ailioasna" '!hualﬁn" ad clunita. They c!eswibe al’eeratien uf md
lava by bleaching and dininteya.tian bu:b wiﬁ msmtian 01' ths handed |
structure.
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Surbank (1932, p. 7i-30) has described hydvothesanl alteration, chiefly
2 andsaitice roclks, by widespread 23licification In the lonsnzz district
of Golorado, He says that the alteration is characterized by the substi-
bution of gilica for most of the wriginal mireral constituants of the volcanioc
rocks and that the silica was acquired from the solutions cansing the deccamw
poaition., He cites hydrothermally altered rooks containing quarts, “kaoclin®
ninsrals, diaspore, alwite mmyite, sericite, iron oxides, rutile and pyrite.
purbank also says that lavge amowmts of Wlumina,® "alkalies® and "slkaline
Fartha” werre romoved from the original rocks and the principel additions
fers silica and minor amowmnts of sulfwe,
. Bansam (1901, p. 128-131) has desarihed various lydrothermelly altered
jooks in the Silvertcn quairangle, Golarade, Fe cites a greenish-gray monso-
}ite porphyry altered to a light~gray rock in which the feldspmr phenceryste
e altered to "keolin®, disspore, apd querts and the gromd-nass altered
o £ine~gratned quarts, "kaolin,” sericite, and pyrite. He seys that siliea,
Pdwwm have besn removed Yy acid solubions. Renscme also deseribed
pe andesitic rosk thatb has been albered o a £ine agpregate of quarts and
p-mwmu spoynta of sericite and pyrite, another andesite or latite
ltered to quarts, sericite, "kaolin," barite, and a small amount of epidots,

pd atill & third andesite altered to quartz and sericite in which the

rimary structure has been completely destroyed, He alsc describss & rhyolite
Ltored to quartz and alunite and swall smounts of *kaolin® and rutile with
vaplete destruction of the ariginal texture,
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Econouic geology
" Exploration and exploitation

The position of the mineralized zone on tho ridge-arest of Cerro Ia
Tize is advantageous with regard to exploratory work as well as exploitation,
Exploration by tremching, dismond drill boring or stripping should preceds
explodtation because of lack of exposures showing rock types and their distri-
bution, The overburden is generslly thin and of a loose, clayey character
o that these methods of exploration could be employed at & minimum cost.
Careful and detailsd sampling, both surface and sub-swface is neéeessary
For full evaluation of the deposit becawse of the lntimate mineral mixture
wd renge of overall composition through shert distamces.
i - The deposid is well aituated for open-pit mining, Exploitation should
itobebly. start ¥ith fe Temoval of-the light eovar of overburdsn {0 expose
b mineralized sone.and determine the natwre of the mixed mineral assemblage.
lhe dérectios of mining Gperakicns would have to be determised.ss the strip
Mning progressed, avoiding the quartsose mones as muck as possible. Crush-

ing apd sising equiment could probebly be used sdvantegecusly o remove
jome of the bard quartzose material.

|
i
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S saddle avew (fig. 5) appeurs te oftfer tho begt prospects Tor tie

gure 5. Viey of saddle area (middls ground) along arest-line of
‘ Corro Im Tiza looking west fram point above houss shown

‘ on trail on east sids of plate 5. Outerops occwr along
cantral road which can bs seen in middle ground of picture.
Grass, vegetation and emrth-rock debris (boulders om slope

in laft foreground) cover most of the minoralized mone.

art of mining operations, especially fram the standpoint of quality of

e and acoessibility, This area is easily acvessible by ths oemtral road
R 1te gensrally lower elovations suggest that 3t contains softer and
baihly less quartzome rocks than would be sucountersd at other accessible
lces in the miherslised xoms. ~Ths Fidge creit thrcughout ths saddle avea
| traversable by trudk s far West as the clay pit in the psak area.
cess 40 the mitere)inéd mons Vest af the olay pit would require the coa-
Mﬁm of Arokd. TN ‘ : O T

| The eastern’snd tf il minaralized Wohe is scoessibls dy the eastern
bd, but the ridge érest 18 Aot traversable by truck in either direction

cz the point where the eastern road pasasa over ths crest, The area along
e sastern road on ths south slope of Cerrc la Tiza from ths crest to the
rzin of the mineralised mone iz also a potential area for exploitation,
mciall;f,:;lg\tmimrah and pyrophyllitic sones exposed along the road.

4z area also would requirs exploration similar to that for the saddle

ea prior to mining,
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Caleculated tonnages of regerve ors on Cerro La Tiza are necessarily
forred valuss, because the depth of mineralization must be astumed. The
ren of the mineralized zone as shown on the geologic map (plate 2) is
25 hectarea. The 225 hectare area contains 6,746,000 inferred shart tons
:,120,000 mtrie toas) for aach meter of depth. Arbitrarily assming that
he depth of nineralimtion is only ons<-half the width of {ths zone, there
rs 1,590,000,000 inferred short tons (1,440,000,000 inferred metric tons)
P mixed minerals. ,

Assuming, on the basis of the fisld end laboratory investigations,
gm the mixed mineral sssemblage of the mineraldszed mone contains 35% quarts,
0% alunite, 15§ pyrophyllits, 15% cley minerals (kaclinite and halloyaite)
jhd 15% sericits, iron oxides snd other minsrals of minor abundance, the
aloulated inferred tonnages are shown in table 5.

o Thers is also a large reserve of hydrothermal minerals, particularly
lunite, in the sarth-rock debris on the slopes and arownd the base of

prro Ia Tisza, but bacauss of the indeterminate and variable thickness of
he debris, no attempt is made to evaluate its potential econcmic reserve.
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Table S5.— Tonnages {inferred) of minmrals op Cerrs Ls Tiza

Minerals Short Tona (inferred) Hetris Tons
{inferrsd)
Quarts U 457 4,000,000 504,000,000
Alunite 3 319,000,000 288,000,000 2" /-
Byrophyllite 238,000,000 216,000,000
keolinits and halloysite) 238,000,000 216,000,000
Saricite, and other minsrels 238,000,000 216,000,000
Totals 1,590,000,000 1,740, 000,000
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Philizatton of hvdrobogrral oinsvels

Alunite, pyrophyllite, and the kaolin-growp clays are sufficiently
rbundant at Cerro la Tiza to warrant exploitation, and they can be
ktilimed from an economic standpoint in Puerto Rico, Quartz and serlcits,
ﬁl‘hh%gh abundant do not appear teo occwr in sufficiently pwe concentrations
to warrant their use. Likewise, the ocowrrsnces of disspore, sulfwr and
bhe othe:; ninersls of minor abmdmee do not eppear to b» economically
;zsaful at this tima,

Alumite

’ One af tha prinoipal usss of &luaita is in the maszac‘hm of potas-
’;iwn sv.]fa.te and aluminun su.'l.fata. Fron aluminum sulfate, the crystal
;lma, for ampla, mmim. potasaium, sodium and chrome alum can bhe
iade (Faith, Keyaa md amk, 1950 p. 59—62) Potasaim alun can be made
liract]y hy leaching almi‘ba. ~ The plant mquﬁremnts are simple and can
e Qf almost an;r size, In the mm;’:ctm of alun, the pmaanoa of silica
{a said to be non-deh-mmul ”
Almite has been used in the manufacture of high-grads alunina refrac-
\ory materials (Knisek and Petter, 1950, p. 202-249) and the possibility of
tiafmg it as a souros fér metallic aluninum i3 being Investigatsd, although
woduotdon on & comaercial scale has not yet been achieved (Enickerbocker

ind Koster, 1936, pp. 47-4%).
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Tisnting compuuwnda; wordania, balilng powders {ends—alia), siaboebiss, euot

ptoae and stucco produects, I hug some nedicinal uses and i3 also uwsed
For water purification, treating furs, tanning leather, tawing skins fou:
;;:hita leathef and for decolorising and dacdorizing mineral oils (Johnstone,
19545 Hudd, 1949).

‘ A uvseful publication prepared by Thoenen (1941) shows reserves, grade
raquiremnts (peroent alwmite va. utilization of the rock) and patents
rﬁgarding *bhe procsssing and utilizatinn of almitic rocks.

The alwitic rock of Carro la Tiza con‘aains appreciable amowmntsz of
;uartz 80 that its use should be restricted to processes by which the
juartz -could easily be removed or to f£ields of application in which high
)ilica is not detrimental., Puerto Rico imparts considerable guantities
f aluninum sulfate /Al2(50;)3/ for use as a comgulant in water purifi-
jation processes. The alwnitic rocks of Cerro Ia Tima could be calcined

4 leached, whereby a mixtwe of potasstw alm [Aly(80,) . K;80,. 24H,0/

nd sodium aluwa /A15(80;)3. Nep80;. 2%4H;0/ would be produced and could be
}ssd as a substitute for the imported alumminmum aylfate. Another promising
osaibility for the utilisation of the alunitic rocks in Puerto Hico is in
he manufacture of high-grade alumina refractory materials. The sodimm
ontent of the Cerro le Tiza alumite restricts its use for the production

f‘ fertilizer, inasmuch as high potash alunite is more desirable, The high

ilics content of the alwmite obviates its uss for the productiocn of metullic

Luadnugs,

45



Pyronhyllite

Syiropayllite, beonuwsed its cofiness, mon-alkelline properfy sund il
seous character 1s used as a duat diluvent for insecticides and fumgicides
as D, D. T., rotenons, pyrethrum, chlordane, and other chlorinated
:fcarbons. D. D, 4T., for examplg, cannot be grownd to a powder and dis-
;d in water because 1%t iz waxy and tends to stick together and form

ps. However, when ground in cortain proportions with pyrophylli"be N
;,speraas readily, the pyrophyllite acting as a carrier or distribuﬂng
i; for the ingecticide which then flows easily and adheres well when

iled in the dispersed astete (Brown, 1951, p. 51).
!

f
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Byrophyllite is also used in the manufacture of high grada ceramic proe
fuabyg, espocladly refrectariss. b acts like tadlc for dhds pwpose bub doss
pol £1ux when £ired. ¥For cersmic uses, i% is im;:ﬁor-tant uihen quarrymg to
roject as much quarta and aericite as poassible. The sericite content of
bhe quarried rock should not excead about 4 percent bacause the mserisite
ket 23 a flux. Quartz may be predsent to the extent of 10 to 30 percent.
tmr-grade pyrophyllite, containing as much as 15 percent s£ sericite can
»e substituted for all the flint and some of the feldspar in the production
I porcelain, sanitaryware, artwere, vitreons floor tiles and hotel chinaw
pure. Its use fm. electrical insulatora compares with that of poreslain.

[n s»mi—vitreona dinmmare, pyrophyllite contributes %o high strength and
*a&ucz,s delayed craz:lng. Substi‘mted for feldapar in uall tiles, it lessens
Fazing dve to thermal shock, fire &'aoking, shrinkage and warpage and $t
mcraases the matm'ing of firing ranga. It alac perves ag a source for
lenimm in ghas mut‘ac‘am and is uaed as a loading matsrial far good
'mlity paper, a f.illar in hard and goft rnbbar end a fillar or an extendsr

E expensive pigmsnta in pa.int‘ Pyrophg')lite 33 used for mine dusbing, polish-
an rj,oo, mlding-a'od mi:ﬂngs md in the mamﬁae‘mre at' mpu, roofing feltas,
-pllboard and plutara. wbton mdago, blaaching pevdazr, texbiles, sagger
pdies, stove linings, baby powdar, 1uhr1eanta, foundry :fac.’mga, paroelain
namel and in cosmetica where it competes with talc (Johnatone, 19543 1mdd,
B49).
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vl oguanbliedsn @l ppeonn; Llxls HrO. w8rso b Diza have Down suee
eonelully wmed s o fillew fa the soap dndustry. 20 wight alse oo uselul
in the paint industry as a nop-porous, low-particle~size carrier for pig-
ments for which purpose it is coequal with kaolinite, tale, irom oxids,
chromia and carbon black, (Bmmett, 1954). The pyrophyllite in Puerto Ricc
might also be used in the ceramic tile and ths insecticide and fungicide

industries,
Eaolin group clays

The principal uses of kaolinite are in the ceramics industry where
it 1o used for china, porcelsin, white-wagrs, red-earthenware, potiery,
terracotta, fire<clay brick, duilding and paving brick, drain tiles and
sover pipes, Ksolinits 4: also used in ths manufacture of paper, cement,

, Sov exawple

inorganic snd organie chemicals (esg, aluminum #ylfate, alum and ultre-
narine), medicines, polishing powdsra-and cosmetics. It is uwed in the
clarification of feod produsts and as a covering powdar for finishing
textiles, - It i alsé used as a dust dilusnt or carrier for insecticides -
gnd fungleides, an extender in wino and lead white pigments, a pigment

fn oil.paints and .a £iller or stiffenser in falwics, linscleum, oil cloth,
bapier mache, rubber and imitation leathera (Johnstons, 19543 Mudd, 1949).

!
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In 1945 the Puerto Rico Industrial Development Company removed approxi-

Lo 80 tons of huoldnttis olay From the olee pdt on ferro e Tima o

Xy
v

an a debstituboe Loy dmooried feldsper dn the manwfzetwre of zlags ab

. Cataiio, Pusrto .Rico, glass plant. It was found that the clay, caused!
pdsm (clumping into pellets) in the melt supposedly because of its fine-
és of grain, and its ugse wasg abandoned., Samples of clay from the clsy

. were also found 1o be useful as a ceramic glaze by an industrisl concern.
| Halloysite and ka.oli;lite have the seme composition and have many of
same. economic applications, However, ihey are structurally different./

[— — e

Halloyaite haa a higher surface area than kaolinite and sexves as an
effective catalyst support probably becauss it has a tubular morphology
(Bates, and others, 1950, p. 463-48,). Its higher aurface area can
probs.b]y' be A&ttribzrbed to innsr and outer tubs surfaces and its inabi-
1lity to pack like kaolinite, Kaolinite occwrs most commonly as thin
hexagonal plates that zoquire a preferred orien‘ba‘;ion with their sgheots

'
|

like swfaces a.djoinin_g each other,

f

;& therefore have some different physical properties that place them 4n

| :

Fferent categories with regard to economic spplicability. Halloysite,

r exanple, 4s used as a porous catalyst support of high swfacs area im

o cracking of petrolews (Emmstt, 1954, p. 261).
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Other occuwrrences of hydrothermally aliered rocks in

sastern Puerto Hico

Drpdrer She Fivel wonth of
ro la Tiza arez, nearly identical rocks were discovered in twe small

i11s near the small settlement of Pusblito del Ric approximately 34 kilo-
lers east of the Cerro La Tiza reference point (plate 6). Further explo-
ii&n throughout the Ric Gurabe valley revesled other outcrops of 1ig§zt-
lored hydrothermally alltered rocks that stand in ralisf becauss of their
Hness and resistancs to erosion. Throughoul this valley the occcurrencs

| distribution of mineralized rocks indicates that much of the fiat low-

)i covered by grass and sugar canfe crops may be wnderlain hy hydrother—
L1y altered rocks. & few scattered ocowrences were slso discovered bew
}en the Cerro la Tiza area and ths western end of the Ric Gurabo valley.
ps, it was evident that a belt of hydrothermally altered rocks of consider-
le length extends eastwaerd from Cerro La Tiza. The somevhat later disco~
Fy of light-colored mineralized rocks at Colonia Junio, & small settlement
proximately 4.3 kilometers east and 1 kilometer north of the Humacac plaza,
J. P. Owens and R. B. Guillou of the Geological Swrvey (written commmi-
tion) extended the belt still farther east to the alluviuz covered coastal
kin within 3 kilometers of the Vieques Passage. This belt of hydrother-
l1y altered rocks has besn desimated the Cerro La Tisma-&io Gurabo Velley

Lt.
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decorrones of ydrothermally allsred rocks wers glen fomy’ ouledds
4 tue Corre La Pimsendc Gurabo Valiley oelt. Duvin, the cavly stoges of
K1z irvogtigation the junior aubhor found hydrothermaldly altered rocks on
lerro Marquesa approximately 2.7 kilomsters north northwest of the Aguas
?wm plaza. The Junior author almzo investigated az large light-colorad
?Linsralized zone in the vicinity of Lago ds Cidra northeast of Cidra. Still
ater, hydrothermally altered rocks were found by other Survey goologists
[t several localitiss south of the Cerro la Tiza mineralized belt where
iae:r appear to be diztributed peripheral tc the San lLorenze bathelith, All
Ihs localities where rocks of hydrothermal origin are known to ocour east

i _
ind south of Cerro la Tiza are anown on plate 6.

1

i

!

i
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Togee s Yoo Moo | @ £ Crrestys WM ey Gaals

fhe pocls alone e Sexro Lo Mzs-Ric Gureoo Valley belh vers identi~
23 in the £ield, on the basis of thelr similarity to the stbudied rocks of
wro la Tiza. On the whole they are light coloved; fine grained, hard,
|1 silicsous and range in color from white through shadee of gray awd tan
i zhedes of Wrown and red depending upon thedr iron content and the degres
&d state of Iron cxidation. Dilagnostic features by which they can be
icognizsd in outcrops sre: (1) pocket-like patches or stringers of white
;Olinii;ic clay or waxy, sub-translucent, halloysitic clay; (2) 1ight colored
lnes in which the iron minerals have been bleached, leaving irregulsr-shaped
;ite or mottled, red and gray patches; (3) herd, nodulsr, ferrugincus sones;
i}) nicaceous zones, some coarsely crystalline and highly folimted; (5) sheared
| foliated pyrophyllitic zomes; (6) white to greenish-gray partially sili-
ii‘ied volcanic rocks; {7) banded rock (£ine to coarse banding) with &lter-
imng bands of quarts and alunite; (2) quartzose zomss consisting of either
éxita vein quartz, messive gray chert-like nodules or fine grainsd vhite er
igh% gray aggregates of qﬁa?ta, and serlcite; and (9) fist-aise or smaller,
jdﬁlas of barite. The foliated, micaceous zones are especially noteworthy
| two knolls on each sids of the R{o Grande de loiza in the extreme southeast
ner of the Aguas Bueneas quadrangle. It is not known whether these mica-
ous zones are related to shearingz along the mineralized bell or to meta-
rphism at the border of the San lorenzo pluton. Nevertheless this Toliated
lcaceous rock Indiecates thal therc may be = major shear zone through this

b s
Cde
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Fuzblito del Rie locality

Hydrotherwally altored rocks ocow in twe hnolls northwest of Pusblitc
Réo. (1 and 2 on plate 6) which is approximately 6.6 kilometera due east
the Juncos plaza. One of these knolle is 0.8 kilometers northwest and
other 0.4 kilometers north of Pusblito del Rio. The hydrothermally
ered rocks in these two knollsz have the same gensrel megascopile appear-
e as the Cerro La Tiza Tocks. Laboratory studies ware mada on samples
m this area becauss of their striking resemblance to the banded quartz-
nite rocks of Cerro la Tiza, Thirty samplos were collected and in eight
these, the predominant minsrals are quartsz, alunite, and pyrophyllite;
or constituents are diaspore, hematite, barite and sunyite (2). Identi~
ations wsre made by X-ray examination. Unit cell dimensions of slunite
é determined on five ssmples and wers found to be identical with those
the Cerro la Tisa alunite indicating that the Pusblito del Ric alunite
brobably sedian alunite of the same composition, 'Fist-size nodules of
Ate were found on the floor of a amall quarry at the south base the
ternmost ‘kmoll. No sericite wad found, but this mey be because only the
"Bed', quarts-alumnite rock was sampled.



Lantturallo Loeg Y

At ths Cantazalic loculity (3 on plats %) = prominont ridge approxi-
mately 2.7 kilomsters northwsst of the Juncos plazs, nine ssmples were
collected along the ridge from the base at its western end along the erest
to the base at its eastern end. These semples were exsmined megascopically
but mineral determinations were not made in the laboratory. Host of the
rocks are tan to grayish-white, foliated, and pyrophyllitic.(?). In places
the rocks are stained or mottled reddish~broun and contsin specular hematite
in thin ve:hﬁ and lining the walls of small open fractures. Other zones
conaiﬂ"h of dull, gray, translucent pyrophyllite (?) with a saapy feel and
still athers contain small glistening micaceous plates of tannish-white
auscovite (?).

‘Most of the ridge appears to comsist of foliated pyrophyllitic rocks
partioularly at 't.he western end where there are more exposures. The small
detached knoll sast of the main ridge (3 on plate 6) contains gimilar rocke
but some of these are harder and mey contain alunite. Just below the creat
of this kmoll on its nortlwest slope two smp.ll prospect pita and dumps
pontain both eluitic (7) and pyrophyllitic (?) rocks.

Golonia Junio locality

At the small settlement of Colonia Junio (4 on plate 6) foliated pyro-
yllitic (2) rocks in contact with highly-sheared, greenish-gray velcanic
ocks are exposed in & quarry on the west slope of the hill that bounds the
ettlement on its northeast side. Ferruginous quartzose float blocks also
cowr on this west slope. At the time this areas was investigated, the other
lopes of the hﬁ.l w:é inaccessilie, but banded light-colered rocks repartedly

rear ab tbe. east end of fhia hill. .



Minar occtrrences

Tos localities (5 oun plate L) ol Lydrobherssliy sloesso rocks shousn
in the jntervals betwesn Pusblito del itfe and Colonin Junis were discovered
by J. P. Ovens and R, B. Guillou of the Geologicsl Survey (written communi-
cation). These localitiss were not visited by the authors but ths senicr

' Collected {yowm Yhewn,
quthor has had the opportmity to examine the specimens, They are light-
colored fins-grained siliceous and ferruginous rocks that appear to bs of
hydrjothermal origin., Their mineralogical character could nat be determined
[s¥g imgaacopic oxanination,

At the locality shown at Iss Pifias (6 on plate 6), . reddish-gray quarts
rocks and termish-sthite and reddish-white alummitic (?), pyrophyllitic (2), or
sericitic (?) rocks arop out in road cuts. Small pockets of white arystallin
barite ocour 4n these rocks and mmall loose nodules of barite wers found at
tho base of a cut on the east side of the road to las Pifias.

' Other wotion’ of ‘hydrothetnally altered rocks

At Gerro Marquesa (7 en plate 6), light—aolared rocks of hwﬁrat&m'w

,mgmommmnmmmmnmwwamamumu

tuo television towers. Althoughthe rocks at the highest elevation near the
northwestern tower are ferruginous, good exposwres of light~colored hydro-
theraally altersd rocks weres seen in road cuts near the base of the south-
ecastern tower, Pyrt?phﬂ.lite occurs here in greeﬁish-white, foliated,

radiating, filrous clusters, and dlaspore occurs in large, texnish-white,

neagrly clesr, crystalline massea closely associated with the pyrophyllite
and with fine~grained sericite. These minerals were all identifdad by X-ray

examination. The association of disapore with pyrophyllite has also besn

observed by Edwin B. Eckel of ths Geological Swrvey (written commication)

in Peraguay.
” g



L omane of Dydeotherusdly salerad moadn sbodr 4 dashes Linss extends
ing nortivest of Cerrc larguesa wast of the die de Bayamfn has been racentl;
(swmear 1958) reported by M. H. Pease of the Geological Swrvey (cral commu~
pication) who belisvis that it is a narthwest trending sonc along which the
Cerro. Marguesa ocowrrence 1ies.

Lago de Cidra

Tho lago de Cidra zone of light-colored rocks extends east-northeast
fron a pom’a‘ about 1 kilometexr northweat of Cidra for a distancs of &t leas
nine kilometers (8 on plate 6). Field exsminations indicste that these roc
are 'pu-obamy highi} 8iliceous and a preliminary X-ray examination of two
random samples shows that they congist predominantly of quarts and lesser
amounts of Aseriéite and kaolin group cla;y‘é, |

Other sones in southsastern Fuerto Rico

Coorrences of hydrothermally altered rocks have basn reported in the
Cayey, Patillas, Caguas, Guayama, and Punta Tuna guadrangles by H, L. Berryl
and u;»n. Poaso, Jr. of the Gaological Survey (oral communication). These
Oemenmm shown ox Flate 6. Most notabls is the Monte El Gato gone
in the Cayey quadrangle. Mineralogical data on the rocks of these avdas
are not available.

Othar oscwrrencea of hydrothermally altered rocke will undoubtedly
bo found in the Gurabo, Caguas, Patillas and Cuayams quadrangles which have
not yet bean syslematically investigated,
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