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—R : 1 ’ ¢ ﬁhﬁgo e = 18722730 EXPLANATION The Hato Puerco Formation was defined by Meyerhoff and
& \ F Smith (1931) and the Frailes Formation by Kaye (1959). Pease
UNCONSOLIDATED DEPOSITS (1968) named the Martin Gonzalez Lava Member of the Guay-
nabo Formation. In the area of the Gurabo and El Yunque quad-
3 Fw— - rangles the Martin Gonzalez Lava was raised to formational
> i x 3 0
Qa - Posholdmhirsupgrscmataly ivoatals. shvreisshnd rankLby Scu::ers(l9?la). Thc;l[‘e;“bor;u;o ;Za‘lgbal:ic;};t; Canbdvanas,
. i e SRR OF BT ras and Lomas Formations were defined by Sei cr_s( : a).
Alluvial deposits z The oldest strata are the unnamed volcaniclastic rocks of the
>E ! u southeastern part of the quadrangle. These rocks are poorly ex-
s [ el posed, largely contact metamorphosed, and have yielded no fos-
¥ g ) ) Fault sils within the quadrangle. An Albian Age is suggested by tenta-
- SEEE o Sh;f::‘fa";;‘::;‘::m':g:l;";:’c‘;t‘;’;'e:io’:_’t"’d";:he dDg‘;::f: tive correlation with beds in the Fajardo quadrangle from which
3 Terrace deposits ~ _ indefinite or inferred; dotted where concealed. U, R. P. Briggs (oral commun., 1967) recovered a specimen of the
S upthrown side; D, downthrown side. In sections: ammonite Manuaniceras. The overlying Tabonuco Formation
z UNGONEQRMITY T, zndwattes m”}mm tgwm‘d observer; A, indicates has yielded both ammonites and planktonic Foraminifera of Al-
. movement away Jjrom observer : 2 s D
¢ INTRUSIVE ROCKS bian A.gg. The Hato Puerco Fo.mltatlon contains Cenoman!an
[} ! Foraminifera and has yielded rudistids of probable Cenomanian
E e ' P T Age west of the quadrangle. Turonian Foraminifera occur in the
5 Tp Inferred anticline basal part of the Cambalache Formation, and the overlying Cano-
3 Showing trace of axial plane vanas Formation contains Foraminifera of Turonian, Coniacian,
g Quartz diorite porphyry and Sgl‘{tonian Age. 'The Frajles Forma!ion is Cafnpanian. The
-1 " 1. —— unfossiliferous Martin Gonzalez Lava is Santonian to Campa-
2 > P .
= g ] o Inferred syneline nian in age. The Lomas Formgtlon of the southwe:stern part of th_e
: §§< Tad >£ Showing trace of azial plane and divection of plunge. quadr?nglg is only observed in fault contact vylth other strati-
; 1 § - E Dotted where concealed graphic units. Its age and correlation are uncertain.
A k| . B Quartz diorite m . STRUCTURE
;,“ IE;;,_ " _ll'-ed v_'__ Y _GB 1 Faults of moderate to possibly large displacement divide the
- 2 s mSt,rik ':;'3?8 ¢ OELEORES quadrangle into three regions of different geological structure. In
e and dip of beds the southwestern part the right-lateral Leprocomio fault separates
. Diorite S 5 the Lomas Formation from strata to the north. Beds in the Lomas
R s L — generally dip to the south and southwest.
3 [9)] . . :
§-§ 5< ) Inclined ~ Vertical To the north the major structures are two broad northeast-
€ 8 E Strike and dip of joints in intrusive rock trending folds; the axis of the Rio Candvanas syncline is located
® s ouw near the western border of the quadrangle and the axis of the Lu-
0§ S <k B2 — quillo anticline is in the southeastern part. The large area between
§§:'§ Mafic dikes and sheets E ] Inclined  Vertical these two fold axes, therefore, is largely underlain by northwest-
7 STRATIFIED ROCKS 2§ ncE Strike and dip of dikes in intrusive rock dipping beds. This area is cut by several northwest- and west-
O northwest-trending faults of small to moderate displacement, here
ROCKS NORTH OF ROCKS SOUTH OF o= - - interpreted as normal faults. In the west-central part the fault
LEPROCOMIO FAULT LEPROCOMIO FAULT ., Inclined Horizontal ve"t'call trending northwest from an apophysis of the Rio Blanco stock
Direction (:(f pll;}';%e‘ of htt;l;lnsl_)‘l’ende:r elongate shows relative displacement down on the southwest side. At the
~ 7 HRLl TRy Iee western border, this fault cuts the axis of Rio Canbdvanas syn-
va cline but apparently produces very little offset of the axis of that
- | / structure. In the Gurabo quadrangle (Seiders, 1971b) to the west,
Frailes Formation / the relative displacement on the same fault is the reverse, suggest-
Contact metamorphosed rocks ing_a hingq-type mqvement wi‘th the 'hingc axis approximately co-
incident with the axis of the Rio Candvanas syncline.
X The Rio Canovanas syncline ends abruptly on the north against
x = iCe a fault trending N. 80° E. North of this fault beds strike east-north-
Martin Gonzéles Lava Chaleopyrite occurrence east and dip northward. At the north edge of the quadrangle the
strike swings to the north to form a gentle syncline opening to the
3 .
S e, northwest. The N. 80° E. fault, therefore, separates areas with fold
§ trends nearly at right angles. The geometry of the fault pattern in
5_: Canévanas Formation the Gurabo quadrangle shows that juxtaposition of the two fold
. trends cannot be the result of large-scale transcurrent displace-
§ ment of pre-existing fold structures. The folds probably were not
) 0 formed by lateral compression but instead, along with most faults,
8 may have resulted from largely vertical movements in the base-
20’ ' Cambalache Formati u g . .
20 ambelache t-)rmatlon ¥ The quartz diorite and diorite of the Rio Blanco stock and
R Kcbv, Toma de Agua Vitrophyre Member 3 g . . 5
s . T g other small intrusive bodies are younger than the folds and faults.
> mas Formation b= - . 4 .
) . . . L The rectilinear outline of the Rio Blanco stock suggests that its
+ Stratigraphic position of unit un- @ . .
o certain. See text O emplacement was influenced by northwest-trending fractures and
E Kll, lava flows - to a lesser degree by the northeast strike of bedding. Exposed con-
~ Hato Pu ¥ ¢ tacts with country rocks are distinct and dip steeply. Emplacement
of N R formaion of the stock produced little or no folding of adjacent bedded rocks.
1] = Khpl, lava flows Most bodies of diabase are also younger than folds and faults.
°_ This is best seen in the Gurabo quadrangle to the west (Seiders,
% 3 - 1971 b)where more abundant diabase dikes have a pronounced N8OW
W Q trend, cross diverse fold trends, and, in part, cut faults or are em-
o & S placed along faults. In the north-central part of the El Yunque
0 < ) . . . : :
| ;: 2 Tabonuco Formation quadrangle a thick diabase dike shows apparent offset in a right-
o W § KTb, breccia-conglomerate member lateral sense across a west-northwest-trending fault. However,
% g < similar offset is not seen where this fault cuts formational contacts
g Y or another fault. The apparent offset of the dike may have resulted
§ from intrusion against a pre-existing fault. In the Gurabo quad-
w3 rangle what may be a small-scale parallel of this situation was ob-
Unnamed volcaniclastic rocks . served in outcrop. Here a thin dike abuts against a small fault at
L Kum, mudstone member J a high angle and has a chilled margin against the fault. A thin band
of dike rock continues along the fault a short distance and then
emerges as a dike on the opposite side. It is suggested that similar
relations account for the large-scale case in the El Yunque quad-
rangle; unfortunately, poor outcrops preclude proof.
CONTACT METAMORPHISM
. . An aureole of contact metamorphism surrounds the Rio Blanco
5 DESCRIPTION OF MAP UNITS to very thick bedded, moderately sorted, grayish-green, stock. An area of similarly metamorphosed rock in the west-cen-
@ UNCONSOLIDATED DEPOSITS Fh“’ﬂy noncalcareous, volcanic sandstone and fine volcan- tral part of the quadrangle presumably lies above an unexposed
N Qa ALLUVIAL DEPOSITS, sand, gravel, silt, and clay in flood ic breccia with subordinate dark-gray to palc:grcen cherty stock. The outer limits of these aureoles are diffuse and are not
2 plains along streams. mudstone. Volcaniclastic rocks composed chiefly of angu- precisely located. Contact metamorphosed volcaniclastic rocks
2 Qt  TERRACE DEPOSITS, sand, gravel, silt, and clay in terraces lar volcanic rock and mineral grains, locally contain mod- typically show greater hardness and, in part, darker colors than
slightly above present flood level. Includes some bouldery erately abundant al!ercd perlite a_nd pumice wnh_ globular their unmetamorphosed equivalents. Volcaniclastic textures are
colluvium and alluvial-fan deposits at the break in slope and attenuated vesicles. Contains rare volcanic quartz partly to completely obscured and the metamorphic rocks com-
where some high-gradient streams leave the mountains. f}l,’?l;:s- ]nblar%cl I;I(i)l(')t SRR WEIeTeRan.  Frnon monly contain more abundant iron sulfides. In thin sections the
STRATIFIED ROCKS lckness about 1,000 m. ) ) chief mineralogical changes are seen to be the development of ac-
Kf  FRAILES FORMATION, poorly sorted, grayish-green vol- Kum  Mudstone member, dark-gray to pale-green, thin- to thick- tinolite, blue-green hornblende, and, locally, biotite in place of
canic breccia. About 25 m of lower part of unit occur in bedded cherty mudstone. Thickness about 100 m. clinopyroxene and chlorite. Close to intrusive contacts clinopy-
northwestern corner of quadrangle. KI LOMAS FORMATION, very thick-bedded, poorly sorted, roxene reappears as a metamorphic mineral and elsewhere is lo-
Kmg MARTIN GONZALEZ LAVA, greenish-gray basaltic an- clinopyroxene-bearing, andesitic to basaltic volcanic brec- cally present as a relict volcanic mineral. Epidote is locally abun-
desite with moderately abundant plagioclase and sparse cia and sandstone and less abundant moderately sorted dant and also occurs sparsely but widely beyond the limits of the
clinopyroxene phenocrysts. Exposed only in northwestern volcanic s.anc!storge. Rocks are vanabl_e in composition, in most conspicuous contact metamorphism.
corner of quadrangle. About 50 m thick. part are rich in clinopyroxene, in part in plagioclase; local- Dark-gray calcareous rocks change abruptly to light-gray rocks
kco CANOVANAS FORMATION, marine-deposited, medium- ly contain altered pumice with globular vesicles. Thickness within the aureole. Many of these rocks are hornfels composed
to dark-gray, medium- to thick-bedded, basaltic volcanic VHOCTIEME; . . _ chiefly of scapolite, plagioclase, and metamorphic clinopyroxene.
sandstone relatively rich in clinopyroxene. Less abundant Kil Lava flows, massive, sparsely amygdaloidal basaltic andesite Actinolitic marble occurs in the breccia-conglomerate member of
medium-dark-gray calcareous mudstone. Sandstone gen- with phenocrysts of plaglqcl_asc, clinopyroxene, and, in the Tabonuco Formation south of La Mina peak. In the inner
erally calcareous, composed chiefly of angular ¥olcanic part, pseudomorphs after olivine. parts of the aureole are found calc-silicate hornfels composed of
rock and mineral grains and less abundant rounded grains INTRUSIVE ROCKS ) _ wollastonite, lime garnet, diopside, and vesuvianite. Near La Mi-
and pebbles of the same composition. Thickness about Tp QUARTZ DI:ORLT(];:ZPOI})P?YRY,hdIke of hghft-glray_ afha- na peak clinozoisite occurs in the calc-silicate rocks.
j Gy 4 A - \ a7 A58 i nitic rock with 0.2 to 0.5 mm phenocrysts of plagioclase,
‘:f' ; KL : . = v L Kb CAMBALACHE FORMATION, marine-deposited, pale- chloritized hornblende, and quartz. Exposed only in west- @ A ECONOMIIC GIZO_LOGY " T
) (CIPON\N@ : |/ , =~ green, grayish-blue-green, and grayish-green, clinopyrox- central part of quadrangle. _ . SpREL— /- CAPPOL PIRIPACEIGEAEE 1St SOILISHEL of 28 Mg
V! / Z P AU A \ N2 77— ene-bearing, andesitic volcanic sandstone and breccia with Tad QUARTZ DIORITE, light-gray, medium- to coarse-grained peak was “forkcd on a sm'all scale between 1866 and 1868. Two
\ \ / subordinate, cilGiiscis and velcane mvddtene. Veleaii rock forming the bulk of the Rio Blanco stock in the south- shallow adits were driven in and a small amount of ore extractef].
b \\ '  _ slastic rockeure churseterized by varable @it of ik eastern part of the quadrangle. A typical mineral composi- Recently the area was furt!wr e)fplored and several diamond drill
N \ 21 0) L 4 tered vitric debris, especially long:tube pumice and perlite, tion is about 26.0 percent quartz, 5.0 percent orthoclase, holes were put down by private interests (W. R. Bergey, oral com-
NN ( % ; are moderately-to-very poorly'sorted, and commonly cons 55.8 percent plagioclase, 7.3 percent hornblende, 3.6 per- mun., 1967). The results were not encouraging and no further ex-
o - : . 1 - cent biotite, 0.7 percent iron oxides, 0.2 percent apatite ploitation has taken place. The chief copper mineral is chalcopy-
tain mudstone chips and slabs. Thickness is about 400 to ’ ; s ’ : : =g :
17'30" 600 m including Toma de Agua Vitrophyre Member. and 1.4 percent fine-grained alteration products and acces- n‘lc. It occurs along with pyrrhotite in a skarn formcq n lhcl brec-
17'30" Kooy s de A Vitronhsre Rlembig: s anssi sory minerals (including zirco.n, tourmaline, _sphene, and Cla‘-COIlg!OmC'rat'C member of the Tabonuco Formation adjacent
with glomeroporphyritic plagioclase and less abundant epidote). Orthoclase locally is absent. Typically shows tointrusive diorite. . .
clinopyroxene. Groundmass is in part black glass but is only slight alteration, is unfoliated, contains abundant an- The possibility of snm:l‘ar skarn deposits exists on the west and
widely devitrified to grayish-green felsite. Commonly gular to we.ll‘-rogndcd more mafic xenoliths, and sparse north margins of the Rio Blan_cq stock. The brec_:cua-conglom~
shows platy jointing and less obvious columnar jointing. mafic to aplitic dikes. In part hornblende crystals and elon- erate member of the Tabonuco is mfer‘red to occur in these areas
Ahsir 18 imchielk, gate xenoliths have parallel orientation. Exposed contacts although actual exposures were not discovered. A float boulder
khe HATO PUERCO FORMATION, chiefly marine-deposited, with countr.y rocks are dlst%nct and.dlp steeply. . ofcalc-'smcatt.: rock contammg‘ small 'a}'nounts of chalcopyrite was
: 5 Td DIORITE, medium-gray., medium-grained hornblende diorite found in a tributary of the Rio Espiritu Santo 2 km west of El
grayish-green, very thick bedded, moderately sorted to i gray, g -
: : ; ’ and mafic quartz diorite. Occurs as local border phase and Yunque peak. The boulder was probably derived from the upper
less commonly, poorly sorted, clinopyroxene-bearing, an- a p .
desitic to basaltic volcanic sandstone and breccia with less apophyses of Rio Blanco stock and as dikes in west-central paitiof the melasmorphosed Tabanuco Formration. Skam depos-
abundant thinner bedded volcanic sandstone, volcanic pi."t of quadranglf;. _Ho_rnblende in part contains cores of its, DHObably quite thin, might also be found in llmest_one-bearmg
mudstone, and calcareous mudstone. Volcaniclastic rocks clinopyroxene. Biotite is absent or replaced by chlorite. breccias of the lower part of the Hato Puerco Formation. Abun-
are composed chiefly of fragments of volcanic rock and K-feldspar is sparse to absent. Quartz content varies wide- dan? limestone l.)OUIdel'S, not converted to skarn, occur 1_n this fO’i'-
minessl peains, werely Sontain. siised phmice Tragarents, ly; locally it is absent. Commonly contains small amounts mation on the ridge northeast of El Yunque peak and in the Rio
Volcanic rock ’fragmenls commonly are in part oxidized. of pyrite or pyrrhotite, and locally sparse chalcopyrite. Gurabo south of El Toro peak. . .
Grains and, rarely, boulders of shallow-water limestone TKkmi MAFIC DIKES AND SHEET, chiefly fine- to coarse-grained Traces of chalcopyrite are PRI A hornblende dmm? a_nd
FEBiiE spars::iy . v'olcaniclastic voiks. Calearcie Sid- diabase and diabase porphyry. Only the larger dikes are mafic quartz diorite but are rare in ic. prevalent quar’tz diorite.
£ : s e mapped; many thinner dikes and, in areas of rain forest A random sample of mafic quartz diorite from the Rio Grande
stones contain planktonic Foraminifera and Radiolaria. ’ . 3 ’ oy . .
Exposed thickness at least about 1,900 m. probably some thicker dikes are not shown. Most bodies 800 m south-southwest of El Cacique peak c_ontanped 0.12 percent
Khpl Lava flows, greenish-gray basaltic to andesitic lava, in part are early Tertiary in age, younger than the major folds and copper. The chalcopyrite occurs chiefly in thin veinlets with
E‘ oxidized ‘grayish-red ’ faults. Includes some andesitic to basaltic dikes related to quartz, chlorite, and epidote in an otherwise little-altered rock.
«o§ Kt TABONUCO FORMATION, marine-deposited, clinopyrox- Cretaceous and lower Tertiary volcanic rocks. Sma}l amounts' of chalcopyrite also occur = the Hato Puerco For-
~ . o . ! mation where it has been metamorphosed in the west-central part
50 ene-bearing, andesitic to basaltic volcanic sandstone of the quadranele
62 (about 60 percent), mudstone (about 30 percent), and vol- STRATIGRAPHY G(.u'a(’I ——Man§ -ears agqo placer gold was taken from alluvium
20 canic breccia and conglomerate (about 10 percent). Vol- The nongenetic classification of volcaniclastic rocks proposed : y gp R i .
T : : 7 : p ; . . : along the lower parts of the Rio Espiritu Santo and the Rio
[$1: canic sandstone is medium- to very thick-bedded, moder- by Fisher (1961) is used here. The classification of bedding accord- M
"] : ; ; : - ameyes. A small abandoned prospect, presumably for gold, oc-
iy ately sorted, composed of angular, non-vesicular to mod- ing to thickness is that of Ingram (1954). s hi K level in the R1. ;
= . . h & m : : i curs in metamorphic rock near stream level in the Rio de la Mina,
P erately vesicular volcanic rock fragments and mineral The stratified rocks of the quadrangle are largely volcaniclastic 570 .
W : 2 ; . . . 2 m upstream from the Rio Mameyes. An analyzed sample of
<3 grains. Rarely contains sparse volcanic quartz crystals. rocks with less abundant interbedded pelagic mudstones and mi- : . : :
N : ; : . . . chalcopyrite-bearing ore from near La Mina peak contained 0.4
e Sandstone is chiefly medium gray, calcareous, less com- nor lava flows. The volcaniclastic rocks are probably chiefly of ppm gold
aN monly grayish-green, noncalcareous. Mudstone is dark primary and reworked pyroclastic origin. Much less abundant Stone s'and and gravel—Moderate amounts of sand and grav-
~7 - gray, thin to thick bedded, pyritic, usually slightly to highly rounded epiclastic debris was probably derived from erosion of a ' £ ’ : o n
iireen . . o el occur in the alluvium and alluvial terrace deposits in the north-
calcareous. About 1,000 m thick including breccia-conglom- coeval volcanoes and their fringing reefs. The moderately good :
. . . . ern part of the quadrangle. Except in small amounts for local use,
erate member. sorting and graded bedding in the volcaniclastic rocks together . . . .
: ; : ; . . these deposits have not been exploited. Most of the volcaniclastic
Ktb Breccia-conglomerate member, fine- to coarse, chiefly poorly with the exclusively planktonic character of the faunas of the in- rocksalthe auadiiaelsiieaiitable fok ws aberinsd stone
48000 sorted, breccia-conglomerate and pebbly mudstone and terbedded mudstones indicate an environment of deposition in 4 € ’
METERS sandstone containing both angular and rounded clasts. at least moderately deep water. A shallow-water depositional en-
‘ Thickness about 25 to 100 m. vironment is suggested only for the Lomas Formation which is
Ku UNNAMED VOLCANICLASTIC ROCKS, marine-depos- typically very poorly sorted and generally lacks graded beds and
~ . . ) . . o et .
8 ited, clinopyroxene-bearing, andesitic to basaltic(?), thick pelagic mudstones. REFERENCES CITED
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