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SIS IS,J DESCRIPTION OF MAP UNITS INTRODUCTION
’ ey, Qal Alluvium (Holocene)—Poorly to moderately sorted and moderately to well-bedded The Mayagiiez and Rosario quadrangles are underlain by an older complex of amphibolite,
L # sand, silt, and cobble or boulder gravel, chiefly along streams; includes unsorted serpentinite, and spilitized basalt of pre-Cretaceous to Early Cretaceous age, and by an unconformably
P = rock-fall and landslide debris at foot of steep slopes superposed younger sequence of volcaniclastic and calcareous rocks known to be of Cretaceous and
\ SN e e s . y . q ) Tertiary age in the Monte Guilarte quadrangle (Krushensky and Curet, 1984), but known to be of
i 142" e Bea:;t:eg,fors;?n(ci};?i]‘::f:s?: )of h:f?edlrr;;ﬂzstov‘g'lac“ari(i)cﬂri?hisz r;fa:tl;d ::I;\‘:rct" grnadv%cca?l; Cretaceous age in this map area. Both sequences are intruded by andesitic and basaltic hypabyssal rocks.
¢ ’ ' ’ ! Areally, the older complex is restricted to a narrow belt outcropping mainly along the central portion of
quartz both quadrangles. Volcanic breccias and conglomerates, volcanic sandstone, siltstone, mudstone, and
- Swamp deposits (Holocene)—Clay, silt, and organic matter; commonly covered by minor tuffs of the younger sequence are widespread.
= thick vegetation Structurally, the area is characterized by brittle failure as opposed to failure through folding. Both
7 105 Qm Mangrove swamp deposits (Holocene)—Moderately to well -sorted, fine-grained ;sedir;ent‘aryl and intrusive rocks are extensively displaced by north-northwest- and north-northeast-
o dre i i rending faults.
e sand and silt with variable amounts of organic matter Volcaniclastic rocks have been named following the classification of Fisher (1961). The epiclastic
162 68 - Artificial fill (Holocene)—Sand, gravel, and rocks from various but commonly near- rocks are those in which the major part of the lithic and mineral clasts, especially in the coarser fraction,
; 55 . by sources show a considerable degree of rounding. The pyroclastic rocks are characterized by clasts in which
B . QTs Quartz sand deposits (Quaternary and Tertiary)—Mottled reddish-orange to bound‘ing su_rfaces. whether curved, concave, or convex, meet at sha.rp angles or at points, and (or) by
i orange-brown. locally with alternating bands of pale-pink and pale-yellow, mas- clasts in u:rhn:h sharply angular forms or the euhedral shapes of mlperal cl'asts have been preserved.
: sive, friable sand; quartz grains suspended in a clayey matrix of kaolinite, hema- Rocks derived from coeval pyroclastic debris and reworked pyroclastic debris are common throughout
s tite, and goethite. Sparse to abundant iron and manganese nodules (perdigones) the younger sequence. The'relatwe abundance of pyroclastic, r_eworked pyroclastic, and epiclastic rock
2 are locally concentrated along and define crude bedding planes. Quartz grains fragments varies greatly within one formation and from one location to another.
2 X comprise as much as 80 percent and average 50 to 60 percent of the deposits.
156 / ] i /3 i & Anhedral, angular to subangular grains, range in size between 1 and 2 mm, com-
7 . ; i i v y Miramarf\ & monly susp_ende: in thedcl7yey matrix, but Iocaély touch if thfe‘ c'lc}ay. ccintgnt is l_?]\:r. STRATIGRAPHY
/ % 58 P MARINGS X S ron and manganase concretions range in sse from about 2.0 mm o 45 cm; rare The older complex, named the Bermeja Complex. by Matison (1960, 1979), cansists of amphibolit,
- g b =1 \kmq‘lﬂo RAL %O\ X larger concretions are lustrous and consist of spherical to irregular pisolitic‘mas- serpentinite, spilite, and the Mariquita Chert, ‘.”h'Ch is not present in the Mayagiiez and Rosario
P _ ; \ 2 I : i i ivi i five mappable units: the Yauco
i : N e 4 N \0 : 2 ses of geothite. Many are composite and consist of pisolites or fragments of piso- quadrapgles e oveflymg younger 'sequence is here divided into appa
s s, ey 31/ - 0 e, X lités: bound: withi tiall ‘6F & 1 isolite. M. tai ) vt Formation, Pefiones Limestone, Maricao Formation, Sabana Grande Formation, and the Lago Garzas
% S : - o : & I ~ e osu nd within t?l s:he I(; ?l' argert p1solx e tha ny con '-:.m.tenc osed quartz Formation. All of these formations except the Pefiones are widely mapped in adjacent areas. Quartz sand
7 £ A = ErRNS-20Ine INICigie H19 aICHED MM LEENYINE (e Sepentnie deposits of Late Tertiary and Quaternary age overlie the serpentinite of the Bermeja Complex.
i Two-pyroxene basalt (Early Tertiary to Maestrichtian)—Light-greenish-gray to Hypabyssal stocks of hornblende- and augite-bearing diorite and quartz diorite, two-pyroxene andesitic
; o light- to dark-gray, porphyritic augite-hypersthene-plagioclase basalt. Weathers basalt, augite trachybasalt, and hornblende-pyroxene andesite intrude both sequences. These stocks
A 25 to a light-brownish-gray or light-brown grus soil. Preserved rounded masses of apparently range in age from Maestrichtian to Tertiary.
fresh rock are common in saprolite. Rock consists of 10-20 percent euhedral to Although the unconformable nature of the contact between the younger sequence and the older
2 i _ AL subhedral, generally slightly altered, embayed, and poikilitic augite (1-4 mm complex (Bermeja Complex) is clear, the age of part of the older complex is questionable. In the Sierra
/ Ve ; S i 29 . ~ T i\ ﬁaré"' = 12307 long), 5-15 percent of only slightly altered, poikilitic and embayed hypersthene Bermeja area to the south, serpentinite and amphibolite are unconformably overlain by the Mariquita
' =2 b ) BAHIA ' o ‘ .l- S (1-20 mm long); and 10-15 percent of commonly altered, euhedral to subhedral Chert and subordinate volcanic rocks (all part of older complex). The Mariquita is of Late Jurassic
5 v A 56 Ty M AY AGUEZ\ \ Wa plagioclase (An 50), (1-4 mm long) in an abundant pilotaxitic to intersertal (Kimmeridgian and Tithonian undifferentiated) to Cretaceous (Aptian or possibly Turonian) age on the
/"/ & A D | NG il 3 A \ -, O S e groundmass of finely crystalline plagioclase, augite, hypersthene, and magnetite, basis of radiolarians (Mattson and Pessagno, 1979; Volckmann, 1984). Cox and others (1977, p. 689),
‘ [ N — l:\;& ; \ \ . 'G === and minor chlorite after glass. Augite is locally altered to chlorite; hypersthene is have indicated a K-Ar age of 126 m.y. (Early Cretaceous) for amphibolite from the eastern end of the
e / \ L Py e i i \ Faro® 3 il Ay By d / ; altered to chlorite, uralite, and iron oxides; and plagioclase is commonly altered Sierra Bermeja.
P > \ W A - R 20 \ \ - ’ e N e dsy Sl A AT : ! > to sericite, illite, and kaolinite. Olivine is present in as much as 2 percent of the Locally, as in the Cordillera Sabana Alta area in the southern part of the Mayagiiez quadrangle,

. P \ YA \ . . IS R o oAt A G P e SAIREIRN rock. It is invariably altered to iddingsite. Magnetite makes up to as much as 2 serpentinite appears to protrude into the younger volcanic sequence. Although definitive proof is lacking,
( / o | i o ! . percent of the rock. A felted to intersertal groundmass of finely crystalline this relationship may indicate remobilization of serpentinite and its protrusion or cold intrusion as one

e 5 e _ 20 ! 24 Faro® plagioclase. augite, hypersthene and magnetite and minor chlorite after glass consequence of tectonism. The highly sheared nature of the serpentinite suggests that it was forcefully
‘ ( S = G . j : Lz A composes from 50 to 70 percent of the rock injected in the solid state, possibly as diapirs.
.f'\\ S = ) M A YA GU EZ - Porphyritic andesite-diorite (Early Tertiary to Maestrichtian)—Light-gray to light- A thin sequence of apparently epiclastic serpentinite, chiefly serpentinite conglomerate in which both
SN i 1€ Fapsidy 3 Nels lish light- ! desi 3 d matrix and larger pebbles are composed of serpentinite, locally overlies massive sheared serpentinite.
Hit \ % o = purplish-gray to light-purple, massive, porphyritic andesite grading into diorite. Thi it i ¥ ohistkial & 3 i 6l thae L™ aika B
/ \ it 1 The rock weathers to a pale-purple-gray saprolite that locally preserves the texture This epiclastic serpentinite crops out chielly along the southern margin of the Las Mesas serpentinite body
> sy \\ / o 29 ] _ = < Sy of the original rock. Remnants of fresh rock preserved in the saprolite are rare. in the .N.Iayaguez quadrangle. Epiclastic serpentinite also crops out along the margins of_sheared
\ - 20 ghsigy by s e / 17 ~=-Escuela RESCU.EI? ‘E Typically the rock consists of 20-40 percent euhedral to subhedral plagioclase (An Eerpenm:&te a_bct;;:t II:(IS km easlanonl-ieast of the town of Rosario, and along State Road 119 in Barrio
\ i \ = 3 ¢ poseveltly F 46) phenocrysts (1-3 mm long); 5-10 percent poikilitic, euhedral to subhedral, osa;oﬁ s '“L, € 093"019:3 r;'a;g e o h a5 ] ——

18 i : B YL ) generally altered augite phenocrysts (1-3.5 mm long); and 0-5 percent euhedral " ERENES I!mestone— £ ralones: LnesKne, e:e namec, d’5 ﬁ ﬁa e-gray, massnfg. lch‘- ;'d N
/] { i : = o A / oSS ) to subhedral, dark-green to olive-brown, poikilitic, and commonly altered imestone _and imestone }3::ecc1a composed of: clasts of pelecypo shells, _stromatoporm s, echinoderm
; 7i J ) : . -Condelari'a/ hornblende phenocrysts (1-1.5 mm long) in a pilotaxitic to intersertal ground- plates, rudists, and foraminifera (from 20 to 80 percent); intraclasts of micrite, breccia and biomicrite (up
Koy e /i eete / p=e \ b ; h = A mass. Both augite and hornblende are replaced by chlorite and epidote; in addi- to 24 percent); and subordinate fecal pellets. Its type.loca_xlity is a steep-sided limestone boss called Lc_ss
s s / : 1 & J tion, augite may be partly to completely replaced by calcite. Olivine is present in Penones, 1.8_ km southeagt of the town of R_osano, in ‘.h? .F‘osano quadrangle. The Pefiones is
N g ‘q/ £ —acr i b trace amounts only. Magnetite makes up as much as 10 percent of the rock. The concordantly interbedded with the Yauco Formation; locally it is intruded and metamorphosed by small

o F Jal i 25 3 = pilotaxitic to intersertal groundmass composes from 40 to 70 percent of the rock. stocks. o ) e _ )

) \ , ey A A / A It consists of finely crystalline plagioclase augite, hypersthene and chlorite, epi- The presence of Globigerinelloides sp. cf. G. multispina (Lalicker), Pseudotextularia elegans

\ } 54 Vo5 G 2o T ) A & e ——c dote, prehnite, calcite, and minor quartz. Locally the rock contains amygdules of (Rzehak), Rugoglobigerina "O'”m-;‘“m BFonmman_nv R rugasa (Plummer), a"d~ GJobotmnca.na arca

=T |7 Tidal Flat = o L Artaita de Rade chlorite and calcite. Margins of the intrusive rock are brecciated; clasts and matrix (Cushman) suggests that the Pefiones is Maestrichtian in age. Some of the limestone bodies here
" 1o e i 1 i J ictic but clasts are texturally alike mapped as Pefiones Limestone were described by Mattson (1960, p. 341) as the Cotui Limestone

. \ Wy ) / — 15 are monomictic but ¢ y a » ! '
N ] Vi ety i Vi S Member of the San German Formation. Other limestone, here mapped as Pefiones, was included by
B NN b i ( A { 10 . . Mattson (1960, plate 1) as limestone units in the Yauco and Sabana Grande Formations. Although
B e Y T Tt / - A i Altered porphyritic andesite-diorite (Early Tertiary to Maestrichtian)—Intrusive Volckmann (1984) has abandoned the name “San German Formation,” he retained the term “Cotui
SN 29 e : rock noted above (TKpa) is weathered to a light-reddish-brown or light-orange- Limestone Member™, raised it to formational rank, and suggested that its usage be restricted to rudist-rich
\ A 9 brown massive saprolite. Contact with the unaltered rock ranges from grada- limestone that crops out in the San Germéan gquadrangle. The Pefiones Limestone is apparently

Vo \ 25\,\ 0 - D o tional to sharp. Evidence of former mafic minerals in the saprolite is destroyed equivalent in age to the upper part of the Cotui Limestone (Volckmann, oral commun., 1979).

AR i e A - \ § 3 Porphyritic hornblende diorite (Early Tertiary to Maestrichtian)—Dark- to light- Mattson (1960) indicated that the Pefiones limestone bodies formed part of a gravity-glide block

i g - S < gray, massive, porphyritic diorite and quartz diorite. Weathers to a light-purple- which slid northward and came to rest on the Sabana Grande Formation. The rock unit mapped by

; A i - \ O gray saprolite. Flow foliation is apparent near margins of some intrusive bodies. Mattson (1960) in the Rosario area as the Sabana Grande Andesite, on which the limestone was

1‘9\\ ‘l (SR b ) i ) ; 1 = 1% Typically consists of 5 to 20 percent green or brown, euhedral to subhedral, emplaced. is here considered to be intrusive (porphyritic pyroxene andesite-diorite) rather than the
ST s D = . B \ ¢ § pilotaxitic hornblende phenocrysts (up to 6 mm long); 20 to 50 percent euhedral sedimentary Sabana Grande Formation as redefined by Volckmann (1984). In new road exposures, the
— e = to subhedral plagioclase phenocrysts (An 39-41) (1-5 mm long); and 10-20 per- intrusive nature of rock subjacent to the Pefiones Limestone is indicated by its igneous texture, by
3 cent poikilitic augite phenocrysts (1-5 mm long). Hornblende is commonly al- metamorphism of the overlying limestone, and by cross-cutting contacts of the intrusive. Under only one
\ 1 7 Tty tered to chlorite, epidote, and calcite, augite is commonly unaltered. Inclusions small mass of Pefiones, located south of the town of Rosario on State Road 347, is there evidence
22 Loy | ! R in hornblende and augite are magnetite, plagioclase, and apatite and minor suggesting an allochthonous origin for the limestone. The brecciated base of the limestone at this location
30 Pl S & clinopyroxene in hornblende. The major part of the intrusive rock is dioritic be- rests on sheared pyroxene andesite intrusive. Shearing is parallel to the contact, dips downslope toward
S I 9 ) cause quartz is either absent or present in minor amounts. Locally quartz in the an adjacent valley, and blocks of nonmetamorphosed limestone are incorporated in the shear zone. The
%A / 5 groundmass constitutes as much as 10 percent of the rock. The pilotaxitic to in- lack of continuity of this shear zone with that at the base of the nearby limestone at the Los Pefiones
o A F g = ' tersertal groundmass consists chiefly of finely crystalline plagioclase, augite, mag- location suggests gliding downslope after cutting of the valley between the topographic high at Los

,fﬂ i 23 : & s® netite and subordinate hornblende, quartz and chlorite after glass Pefiones and the small allochthonous block.

{ S €< Porphyritic augite basalt (Early Tertiary to Maestrichtian)—Dark-bluish-gray, AGE OF STOCKS AND DIKES
/ G e dark- to light-gray massive basalt. Weathers to light-orange-brown, light-orange . L ) . .
/ = : S A eat BRI S R W e e e Y ) e m i e g rager S . G OBTENG e T h, SSUE L ) R e e S e et A S " < to dark-brown saprolite which commonly encloses rounded masses of fresh rock. T.he age of various stocks and dikes in the map area gannot be determined with precision. All of
4 N g: The saprolite commonly preserves the texture of the fresh rock. Contains 10 to these u?trusn‘ve bodies cut rocks of Campam.?n and Maefstnch_tnan age: therefore, they are Latle Cretac_eous
i / ; j ok 50 percent euhedral to subhedral plagioclase (An 50-54) phenocrysts (0.2 to 0.5 or Tgmary_m age. Clas?s in the coarsgr—gramed volcaniclastic deposits are textura!]y and mmeraloglca_lly
/9 J /3 p ® 3 c¢m) that are commonly altered to sericite, kaolinite, illite, chlorite, and minor epi- identical u_nth the intrusive stgcks. which suggests that thg sto_cks were subvolcanic sources of extrusive
i { /5 s dote; 5-20 percent poikilitic but generally unaltered, euhedral to subhedral au- rocks making up the Campanian and Maestrichtian volcaniclastic units.
gite phenocrysts (0.5-20 cm long); 0 to 5 percent brown to dark-gray-green, gen-

M erally altered, euhedral to subhedral hornblende phenocrysts (0.25 to 5 mm ) D‘EPOS!_TIONAL. MOD_EL ) ) )

J ‘ long); and as much as 5 percent magnetite. Olivine is locally present in as much The following ‘model for the sedimentation of lth](l sections _oi coarse-grained and fine-grained

b 20 ' as 2 percent of the rock. The pilotaxitic groundmass makes up as much as 55 per- volcaniclastic material within a shallow-water marine environment is suggested by the geology of the

b J /6 cent of the rock, and is composed of finely crystalline plagioclase, clinopyroxene, Mayagiiez and Rosario areas. Basically, fluvial sediments were supplied to one or more shallow-water
£ ! 7 magnetite, chlorite and epidote (the latter two minerals after glass). Locally, near basins, and a delta complex was constructed on the periphery of a volcanic island or islands. The
V8 / - e margins, the rock is amygdaloidal and brecciated. Clasts are mineralogically volcanic centers were chiefly and probably entirely subaerial, and magma was erupted both as lava flows
bs _ | /9. ) e - identical with the enclosing matrix and each other, but they differ from the matrix and pyroclastics. Emplacement of volcaniclastic debris probably included massive debris flows from the
{ \ M S in texture, crystal size, and to some extent, color. This intrusive rock is cogenetic subaerial volcanic highlands. Progradation of the delta into pro_gresswely deeper marine waters Ief:i .to
. Qal : ‘ ‘.\ with the major part of volcaniclastic debris in the Maricao Formation increasting ir:istadbility lc:)f lher de_lta friont iatr_\d leven;uallytto iil.umpntng of the an::iml fcl)rmat_ion (;ft:\urbéd}g
N / h vl V4 20 | / o currents, an ownslope slipping of relatively coherent sediment masses. rFartial slumping o e de
A \5 / 20 \\ et Lago Garzas Formation (Late and Middle Maes‘tri'chtian)—_Chal.'actenst.acally dark- front could have been triggered by volcano-related earthquakes or by overload produced by a flush of
| A ; purple, also light-grayish-red, massive, polymictic, volcaniclastic breccia, subordi- debris-flow materials.
E s / nate cobnglog(e}rate, tuff, \frolr::ar;lclastlg sa“gsg";fe- and llmestonel. B‘rec'?a f_consn- Therefore, debris-flow materials may have been a major sediment source for the construction of
\ tuteds. about ¢ c;’aercecrin of the dorn?fatflor_\. eB ing is present or:)y IP t lel 1“:' to deltas along the periphery of the volcanic island complex. The debris flows may also have continued to
\rz/ "“\ & me 1u1n-g|:ame San ;‘,O"e (a',‘ll-' tuf t"";‘ets)' Ieccla 1 .mass;ve,bbut ocla ys lows move downslope and come to rest on the deeper ocean floor. Eruptive activity maintained the steep
= i ~ e Punta Guanajibo normal or inverse grading. Clasts in the breccia consists of ga ;o. plagiocione- slopes in the volcanic centers, and heavy rains produced lahars or volcanic debris flows.
o / 2/ Cogil augite porphyry, hornblende porphyry, and plagioclase porphyry. Although Sand and coarse-grained material. products of debris-flow slumps, were camied by turbidity currents
i >\ clasts vary widely in texture, and to a slight degree in color and mineralogic com- and were deposited or redeposited as graded and crossbedded layers. Contacts with underlying beds are
. 2N _posntlon, most are an.desiltu_:. Clasts range from 2,_25 cm across, and neither 50,”' sharply defined. Most of the coarse-grained material moved downslope as laminar, subaqueous gravity
/. i ing nor preferred %I’Ie;\ltatlon of breccia clasts.d is apparent. Commonly. E]luglte flow, debris flow, or grain flow. Some of the tuibidity flows apparently contained a high particle
’5 X phenocrysts are both smaller and subordinate in quantity to plagio- concentration and, even though most may have moved as laminar flows, some were sufficiently turbulent
}_- e : clas'elphenocrg:jsts in lithic c_Iasts ;)f the"brelccg_a falmes. li.?;:ecxi::a magnx, :Ib;kedthﬁ vol- to have injected material into underlying sediments.
{ /’ /) /9 20 camc aft;‘: 2an stonei con;nst‘s © s}r‘na der it r:llc clagts 'él ose lescr ell - IF;\I:?. Carbonate banks, including organic reefs and fore-reef and back-reef deposits, bordered the
L / n;mtera : ragr:enctis, N tgre g_assh_s arbs. an f'ulrln“:e- °m1mt°'l" y'ltsmad fr 'hl 15 volcanic island complex except in the vicinity of river mouths or downwind from active volcanos, and
o ( c‘:"s S ‘.1"?155 5 ac; 8 %"t p"’cnl'"cf dfvel e lpar |:n§ ao c@)tmp etely amerel :lfe :ci grew slowly seaward. Parts of the growing bank were broken off and rolled or slid seaward and formed
\ \ :' e'h(l:a cll e; an . ‘:p' ode. I 35 3 °h plagioc afte ; “19‘ eltarec;:?mth only after fore-reef talus deposits. Locally, the talus was mixed with volcaniclastic detritus and generated debris-
e = eora(is orite, epidote and calcite, whereas augite is rarely altered to the same min- flows. dlue eit;\er todouersteedpen:ing of tll;e slope or to earthquakes. Mixed volcaniclastic-reef-generated
~— \ 4 Nt ey material was then redeposited in deeper basins.
Nz s \ ] Pla”tg'di T'aia}:?‘e?to - Limestone of Las Marfas in Lago Garzas Formation—Light-gray to pinkish-gray, fine- Depositional mechanisms of the types described are inferred to be active in submarine canyons and
3 4 | e RUAECRE to coarse-grained limestone composed of angular to subrounded fossils and frag- submarine fans (Stanley and Unrug, 1972; Walker and Mutti, 1973; Nelson and Nilsen, 1974). These
\ | ments of fossils (pelecypods) and carbonate intraclasts in a micritic, or rarely submarine fan deposits commonly occur or are inferred to have been deposited at bathyal or greater
| ’ sparry matrix. Clasts and carbonate intraclasts range from 1-3 mm across. Rarely depths. The occurrence of submarine-fan deposits in deep water, however, does not preclude formation
! i | clasts of rudists are as much as 35 cm across. Clasts are commonly abraded and of fans in shallow water. A localized sediment source and sharp break in slope might result in the
| [ S unsorted formation of a fan regardless of water depth.
/ o / 5.2 . ] The sedimentary facies in the study area corresponds to inner- and middle-fan deposits described
' /2 ivd TS Y Maﬂ;;:?ﬂf:;‘}:‘::tgi}?tl-l 1(':{?511{2::’::;‘:; E;:t-g:mﬂa'::kzlgg al::i:z:fhlﬂgmctt?c IT:‘? by Walker and Mutti (1973). Specific sedimentary facies recognized in the study area that occur in these
1 s E : i cally monomicticg vgicanic!astlc breccia, surtl:or‘dinate co'nglomeral‘e, volcanici.;stic depositional environments are, in the terminology of Walker nd Mt (.1973.‘ table 1): Ay, disorganb:ed
| dstone and limestone. Breccia commonly constitutes up to 95 percent of the conglomeratgs: Az, _graded conglomeratgs; B". Tnassve sapdston_e _wﬁh_ dish structures; By, fnassve
\\. ?an 5 tion. Characteristically, the Maricao contains strikingly large and abundant sandstone without dish structures; C, classic turbidite; D, classic turbidite with base cut out; F, beds which
\ pol:;ac:::c:yéts of augit;su';atoyil cm long, and an abfnf danceggf cogarse and angular have suffered downslope movement after deposition. The widespread occurrence of these facies and
3 = augite crystal fragments in the breccia'matrix. Lithic clasts in the breccia are pre- their complex interfingering throughout southwestem Puen_o Rics (CL!I’E*, 1976; .KmShemky' l979‘ g
4o 43 B BAHIA dems r!:l 15 it b dedl e Gemeliuhmanlt d mi limestone commun.) suggest that they represent a number of coalescing submarine fans adjacent to a volcanic arc.
.// N "-,\ cl?::'tmaar:\ dy oa::g:l :; di;::tar;u:o:ks.atﬂhi ;;itz r:;age' fi:gm 'g'_%%' cm acros s; Thinning towargls the west of some of the volcaniclastic units, and paleocurrent data strongly indicate
i \ \ most are 15-30 cm across. Augite trachybasalt clasts may be as large as 3 m = weslern_dlrechon‘of fransport With:3 scurce:to tiie east-_northﬁasl. )
\ across. The breccia matrix is composed of angular sand-sized lithic clasts like ) Massxye breccia units which occur in many forrnatnonslt ro:nghout southwestern Puerto Rico were
/5 \ | BRAMADERO those described above. crystal fragments, and glass shards. Angular and gener- chiefly derived from numerous sources. Each of these breccia units probably represents a locally derived
i A ; | e ally unsorted crystal fri'agr:ents thagl coml:;ose asg much &s 7'5 percent of the ma- sediment from either one or several of separate volcanic centers. Explosive eruptions resulted in
/ / | ¥ tri:s: consist of augite, plagioclase, hornblende, and magnetite. Plagioclase and widespread pyroclastic fallout and intermixing or interbedding of the pyroclastic, volcaniclastic and
v / ! i 12 hor;'nblen de clastsgre'csmﬁaonl la rilu to comp'letel S R dl; kaalinite. chias epiclastic sediments. The variation in composition of the volcaniclastic sediments suggests that various
AEse ek / I L g wel geiter il clastys pare ycommonly frgsh pSan dstgne Seds R volcanic sources were providing material to the basin and that the material was being mixed before
// o / o Mari pl'k ; gite i i - ded. and : deposition. When volcanic activity ceased, sedimentation of planktonic foraminifers continued.
; o / ® aricao are like the breccia matrix in composition, normally graded, and contain Coeval with the volcanic activity was the injection of hypabyssal bodies into the volcanic complex
<) i minor quartz. A maximum thickness of 1,100 m is exposed in one fault block. i : 2 ) ol ypatn A aaies Il e o e
i el { \\ Maidmiumm thickiiass is iiot knawn because of:-closely spsced and pervasive fault: and into the volcanic-sedimentary sequence accumulating in adjacent sedimentary basins. The abundant
bt /' X 7 ina’:n“:ﬁe mac :gsarlea © ¢ Y SP P primary pyroclastic material consists of euhedral crystals, pumice, and glass shards. The compeosition and
42 | Yode 8 PP texture of some of the volcaniclastic marine sedimentary rocks is identical with the igneous intrusive
.' 1 o 2 \ Peiiones limestone (Maestrichtian)—Light-gray-brown, fine- to coarse-grained, bodies which cut them.
; i | 12 massive to thick-bedded limestone that consists of angular to subrounded, ab-
! o it raded, and unsorted to moderately sorted fossils. Foraminifera, fragments of
i ! i | pelecypod shells, stromotoporoids, echinoderm plates and spines, and rare rudist METAMORPHISM
ki [ o fragments constitute from 20 to 85 percent of the rock. Coarser clasts range from T - R . d Rosari d locall db i d
1-3 mm across, rarely to 20 mm across. Carbonate intraclasts constitute as much h okgamc astic roc ]s WLt ayalguez and hosano qua ralnglesHére oeaLy Sponf. Y zeo ltes',dan
] as 25 percent but more commonly 10 percent of the formation. Mineral and lithic the tocksare Jominoii) dull gray w ere zeolmzano_n e comp e '_ghe' grade prehnite- and Nl
i ! et clasts are commonly angular, up to 1 cm across, and lithologically similar to the FJearmg rocks are drab and are more gmformly grayish green in color; thesg rockg are commonly highly
t .‘ { larger clasts in the Maricao and Lago Garzas Formations. A dark-brown, micritic indurated. Typically, the rocks are foliated only near major faults, otherwise original textures of most
o \ | \ matrix constitutes as much as 40 percent of the rock rocks are well preserved. _ _ _ )
\ 24 ! L ) Zeolite-facies metamorphism predominates, but higher grade prehnite-pumpellyite, metagraywackes,
| 8 Purita Arena Ksg Sabana Grande Formation (Maestrichtian to Turonian)—Light- to dark-gray to and greenschist-grade rocks also occur. The classification of low-grade mineral facies and zones used
i = light-reddish-brown, polyml-ctlc, massive, volcaniclastic breccia with st{bcl)rdmate herein is that proposed by Coombs and others (1959) and Brown and Thayer (1963).
f} /8 conglomerate, sandstone, siltstone, claystone, and limestone. Coarse lithic clasts The low-grade zeolite facies (heulandite-analcime zone) occurs in rocks of the study area. In addition
i \ - in the predominant breccia facies constitute as much as 80 percent of the rock to the characteristic heulandite-quartz mineral assemblage, associated secondary minerals are
24 and consist of subangular to subrounded, locally well-rounded pyroxene or montmorillonite, chlorite, calcite, and celadonite. Phenocrysts which occur with this assemblage are
! o hornblende andesite, and amygdaloidal basalt clasts which vary somewhat in commonly unaltered. Most of the secondary minerals probably formed from the alteration of glass.
e ! color and texture. Neither sorting nor preferred orientation of larger lithic clasts Volcanic glass, probably of andesitic composition, is common to abundant in the volcanic-sedimentary
] is apparent. The breccia matrix is composed of angular lithic clasts, like those de- sequence in the study area. It occurs both in the groundmass of hypabyssal intrusive bodies and as glass
/ TAGIINA scribed above, and plagioclase, pyroxene, and hornblende crystal clasts as well shards, pumice, and glassy rock fragments in the volcaniclastic sandstone and breccias.
/ ) as glass shards, pumice, and quartz clasts. Lithic clasts in both the breccia matrix In the study area, high-grade zeolite facies rocks (laumontite zone) are characterized by the
& : and in sandstone are commonly partly to completely chloritized, epidotized or laumontite-quartz assemblage. Associated minerals are albite, clays, chlorite, and calcite. Plagioclase
o JOYUDA otherwise altered. Limestone in the Sabana Grande Formation consists of cal- phenocrysts in this facies are commonly extensively altered to albite, minor calcite, and probably some
{ \ carenite lenses composed of angular to subrounded fossils and fragments of fos- laumontite.
i \ sils and carbonate intraclasts in a micritic matrix or rarely in a sparry matrix. Fecal The prehnite-pumpellyite metagraywacke facies is also present in the rocks studied. Pumpellyite is
| 22 \ 0.3 pellets, volcanic lithic clasts, quartz, plagioclase, and magnetite are minor, but rare, but prehnite and epidote are fairly common. Characteristic mineral assemblages are quartz-prehnite
\ locally constitute as much as 15 percent of the calcarenite. A minimum thickness and quartz-prehnite-epidote. Associated minerals are albite, chlorite, calcite, and rare pumpellyite.
39 { s of 1,000 m is present in the mapped area, but a maximum thickness was not de- The greenschist facies is locally attained near contacts with intrusive bodies. The characteristic
\ termined mineral assemblage is quartz-albite-epidote-chlorite.
\ " - Yauco Formation (Maestrichtian and Campanian)—Dark-bluish-gray to dark-gray, i No systematic dlsmbupoq of the various lo_w- and medlgm-grade faf:xes was observed in t!qe field.
! to dark-greenish-gray, interbedded, calcareous, volcaniclastic sandstone, owever, Glougr (1971) indicated l_ha_: there is a systematic trend of increasing metamorphic grade
/ e siltstone, mudstone, claystone, limestone, and subordinate breccia and conglom- towa?rds ti’!e major centers of _bathohth:c mtru‘mon.ln‘central Puerl_o Rico. He also suggestgd that _the
5 | _ 8%% erte characterisically hin- (o meduumbeaded and fne- 1o medumoraned,  sealaaphic dsibuon of hobergade lace lndcated o major theml evnt, that s pssbly
5 L J e 5 t ] = 1 i e = &
S — : . s b N o o . / A=\ SONR NX SNy i l 4% \k [BENAVENTE B - F b= Qal /\ o gzé);c:lrlz,r:aes:?v:a—ansgﬁagggti ;ﬁslgx;::slzlgkﬁs]?;gthb‘;’:g;::; Osra:\%rsl?cl)ﬁzlet::éi | Jolg_, (1970) indi;;'ated thar: the rlocks. a: a result of 1»;:ondiftions d}:n‘ng bgn'al.d h?‘ve been affe:k:lted t:y
v/ oy ( \ ) /caBo R : ] T ana ¥ ) 19 ‘ - , ' ] R s — : ; ; o 18°07'30" are normally graded. Load clasts and slump folds are common in less competent ow-grade metamorphism to the zeolite prehnite-pumpellyite facies. He attributed the metamorphism to
67°12'30" Mg [;O;?; (PUERTO REAL) \ CaBo k00 7 KM, 10 4 v e CAEOI‘RRngf?Ajé. o \ 7'30" SABANA Gg':f:fbéq 5 k. - 5 (SAN GERMAN kil PN Wk 0K 67°00' beds. Foldes:ig;nd otherwise deformed raft.fof more competent facies comfnonly a short-lived temperature increase resulting from a sudden surge of shallow plutonic activity.
Base from U.S. Geological Survey, 1964 SCALE 1:20 000 Geoloay maoped 1976-80 float in less competent calcareous sandstone and mudstone. Scour-and-fill struc- i ‘nM:ta:i\orphtlic‘effec:lsf ?Ibs‘:{v‘i:c;"t;te lecar_nc-s_aladian:ptaryL;;eglgrr:;: are pro:gbzr'iela.;:?ﬁg'mﬁﬁe‘:
2,000-meter grid based on Puerto Rico coordinate system 2 1 .5 0 1 2 3 KILOMETERS . - o R ture:arid smalscale crassbedding:mangeiirany are to comman. Flaser bigdging Ce fact metarn vntgl wf;c ¥ g_c dik camcdpne k o fe Th ceo]us ?f b 4 d i l‘wh field
' z —_—— e ey e —— . @ ! = present in claystone and sandstone facies of the formation. Some beds show evi- ontact metamorphic effects adjacent to dikes and stocks are minor. The only effect observed in the fie
: dence of extreme bioturbation, and microfossils as well as clasts of megafossils and in th_m section is the local silicification of some uolcanxc-sednmenpry units. Serp_ennmte. near the
E 1 1 0 1 MILE PUERTO RICO are common. The Yauco characteristically weathers to a light-orange-brown sap- contact with the two-pyroxene basalt, shows bastite pseudomorphs partially altered to clinopyroxene.
——— — E T i = rolite that preserves the texture and structure of the original rock. Abundant The abundance of hy.pabys_.sal igneous rocks in the area may have caused the low-grade
APPROXIMATE MEAN QUAREANGLE, LOGATION claystone and some siltstone commonly weather into elongate “pencil-like” cylin- metamorphism of the volcanic-sedimentary sequence.
ShEEhTIS CONTOUR INTERVAL 10 METERS IN EASTERN PART OF MAP ders which show conchoidal fracture. Volcaniclastic sandstone, which makes up
AND 5 METERS IN WESTERN PART as much as 40 percent of the formation, is composed of angular to subrounded
DOTTED LINES REPRESENT 5-1 METER CONTOURS soltl:‘agic, ]!thlic, an%]crysta(l (f:lastsi glis)s shgrds, and c]i:turnicedi? a ﬂroundmass of STRUCTURAL GEOLOGY
A IS M A L ark-brown clay, chlorite (after glass?), and iron oxides, and locally a sparry ce- . . .
O S%UTP:JI;\:N(;SS I:A:éé&_{);?’fﬁ P —— ment. Clasts range from relatively fresh, easily identified volcaniclastic rocks, to The study area is located south of the southern Puertf: Rico Eat_lll zone (Glover, .1971],_wh|ch
SHORELINE SHOWN REPRESENTS THE APPROXIMATE LINE OF MEAN HIGH WATER clasts composed of calcite, chlorite, epidote, and quartz. Mineral clasts are chiefly separates the southern and central structural blocks of the island. This fault zone consists mainly of
THE MEAN RANGE OF TIDE IS APPROXIMATELY 0.2 METERS plagioclase, augite, minor hornblende, quartz, and magnetite-ilmenite. Plagio- northwest-trending, high-angle faults that are cut locally by north-northeast-trending, high-angle cross
S COMPLES T WATENAL AP ACCLRACT STANDA3 Ciae nd sugie tang rom rah to compleelylerd Fner gromed Uedscon: (e ey nd Moproe 78, T one o e e, it lns e
i r quantities of microfossils, chief inifera, an stal ¢ '
REFERENCES CITED :;l‘;‘dgl:?,:zn:l g:er litliic clsste. Limestone i]r?’tr;a\?;uc: iZ' chigf; rgark ;:rl::t,st:;: has been interpreted to be part of thg Greater Antilles fracture system (Glover, 1971). No major fgld
Brown, C. E., and Thayer, T. P., 1963, Low grade mineral facies in Upper Triassic and Lower to medium bedded, and consists of angular to subrounded, poorly sorted mac- Z?'fﬁ;"{:ﬂﬁgfe ‘(l.']{enf::gn:::%ngnﬂor::xr lfgl?ds}axes SRRl o gt diecsihe
itérsassw rocks of the Aldrich Mts., Oregon: Journal of Sedimentary Petrology, v. 33, p. 411- ::;?rsli‘] (c:lra:sttsélr::cl)::s :;ge{ezg{ap::g:: ﬁg;;?ydcg?;?)g::tzs];‘t:;ga:;szgi paerT;irt“; Some of the high:angle faults in southwestern Puerto Rico have been defined as wrench faults with
Coombs, D. S.. Ellis, A. J., Fyfe, W. S., and Taylor, A. M., 1959, The zeolite facies with the rock. Very minor breccia and conglomerate consist chiefly of clasts of vol- §’°bzble}fe“'t‘:§eﬁ' d's"'alcg-,.'“;,""" gG""’e'-thl"”i G‘°"e{ja“‘é M""s"]“g 13567,:: .1:73‘ M;’I:,‘f‘:c‘; 1975&
comments on the interpretation of hydrothermal synthesis: Geochimica et Cosmochemica caniclastic rocks that range from 4-15 cm across and some clasts of limestone, S en? Y ARG IO, Iy lw I?reas: el:s ar':a COI‘ISI hﬁre b auTI..' rsdiiedotn drlh ?nha t
Acta, v. 17, p. 53-107. siltstone, mudstone, and chert. The matrix is composed of similar but smaller mlent:n mouementklis generally lacking (Krushensky and Monroe, 1978). The extensive width of shear
@ Cox, D. ’ P. Niarvin, R. F., M'Gonigle, J. W., Mcintyre, D. H., and Rogers, C. L., 1977, sand-sized lithic clasts like those noted above, and plagioclase, augite, and ?"9}5{ OVErlUfn;gd folds, 6(23755-)53181‘3(2(1. (?lljggzl)ﬁugli fracturgs Msut%sgeﬂ(lle;tﬁ-l;tig]?;mm:l&gIaccon?lngg'itsc;
5 C ° Potassium-argon geochronology of some metamorphic, igneous, and hydrothermal events in hornblende clasts and clay. A minimum thickness of 1,300 m is present in the hrus enay ag h onroe g over . Lrover. and, anson ’ » B Miciniyre
< g 5 wiiade S US. \saicsl Survey. Jourmal of Research. . 5. 10, mapped area ave indicated the presence of left-lateral wrenching in widely separated areas on the southemn Puerto
A : A’ B B’ ETERS § s guertgsgnc_;nognd the Virgin Islands: U.S. Geological Survey i 3 Rico fault zone
Z o = D002 ) - Yauco and Lago Garzas Formations, interbedded (Maestrichtian and Campa- The age of wrench faulting is poorly understood. Although Glover (1971) suggested that it began
METERS é METERS METERS & METERS 500 2 ‘% = Curet, A. F., 1'976, Geology of the Cretaceous-Tertlary.rocks of the son-.lthw.est quarter of the nian)—Dark-purple to grayish-red, massive, polymictic, volcaniclastic breccias, in the Cresz:ceous, Mclntyre 897{3‘0 195.'!.5) suggested a posgl-middle E(ocene' inc?i:;on diite faultgizg

B : g 0 400 $ w — 400 400 b E 3 Monte Guilarte quadrangle, west-central Puerto Rico: Duluth,, University .of Minnesota, subordinate conglomerates, tuffs, and volcaniclastic sandstone of the Lago Gar- affected units of that age in the Central La Plata quadrangle. Krushensky and Monroe (1978) indicate

300 £ 2 | a0 - ) S z 5- i g P 8 - 3 & hunpgblshe;ighg-ls- Igheﬂs. Ia?l IP- B e B g e 8 e e e zas Formation irregularly interbedded with dark-bluish-gray to dark-gray and that some of the faults in the Pefiuelas quadrangle affect the upper part of the Juana Diaz Formation

- g § . 3 Ig 2 BO: 300 300 . g ﬁ% Ko & a is grc’mie-ty - Eﬂ?es:ian 3a75; :g 9 p. 1409-1414 : g Slaaryks?c:::rg:?l;grz’y‘ ca!?reou:vglcamclastlc sandstone, siltstone, mudstone, and of early Oligocene to early Miocene age. Therefore, wrenching in that area is of early Miocene or

] & B 200 5 5 200 200 189 3 Ky y 1 of the Coame o Rico, and its relation to the volcanic RINBIER T RITRED younger age. ) :
] SaTs Jee ‘ (g | 55 100 KsgQa ] é: 8 i Glovaerz_tl;z:.r:lr,‘ laIi.s;g'gtli,ogealggsézL:ZeiCCa?iasmu?v:reg}cf’ft;:;tgnal Péper 636 102 5 _ Marican and Sabana Grande Farmations, interbedded, (Masstrichtian and Cam: In the northeast part of the Rosario quadrangle, the Cerro Goden fault, a major strand of the
Yy 2 " s 100 100 O s E g R Mitior. P H g 1967 Thz JaEHeais; Cioupan centre] saitiiern Prierin panian)—Maricao Formation, dark-grayish-green, masssive, unsorted, polymic- southern Puerto Ric9 fault zone, separates formations of similar age but different character (Yauco and
SEA LEVEL + SEA LEVEL SEA LEVEL — - SEA LEVEL SEA LEVEL Ric o Cohos BN West W S and Willle. L. C. Chanisés insteatigranhic hiomenelatin tic, volcaniclastic breccias and subordinate volcanic sandstone with abundant Lago Garzas Formations). No evidence for direction and extent of movement on the Cerro Goden fault
lcini-ohee, b Ve, WES, T 2 ANE WIS L e MR atigrap il d 1 : 1 £ both i i din th was observed in the study area. Mclntyre (1975) observed that both movement in subsidiary faults and

100 100 - by the U.S. Geological Survey, 1966: U.S. Geological Survey Bulletin 1254A, p. A29-A39. coarse and angular augite crystal fragments both in the breccia matrix and in the ; sl i i

100 100 100 v : FIeE Y A S Y 2 : lasts: i larly interbedded with light-reddish- lumicti i 2 regional relations indicates left-lateral motion with minor amounts of dip-slip movement and suggests a

1973, Geologic map of the Rio Descalabrado quadrangle, Puerto Rico: U.S. clasts; irregularly interbedded with light-reddish-brown, polymictic, massive, vol . E pe hi | . hic-ch is ob d To th
2007 20 ] 200 200 Geological S,urvey Miscellaneous Geologic Investigations Map 1-735, scale 1:20,000. caniclastic breccias with subordinate conglomerate, sandstone, siltstone and post-middle Eocene age of meement Acreds this falt, 2 Teyor topo;;rap ;f change Is o ﬁe rved. 1o the
300 — 300 300 — 300 Jolly, W. T., 1970, Petrologic studies of the Robles Formation, south-central Puerto Rico: claystones of the Sabana Grande Formation ;O:ttzrl];;le;:d '::;;mf%ﬁgi&'ghlgtslrtfgtul:;::':Of&n2?‘:;‘2}3:;“‘;?1:3'\;0&;ILT;’;ZZ"[; fvetgm:g i:
300 Binghamton, State University of New York, unpublished Ph.D thesis. - Clastic serpentinite (Early Cretaceous)—Dark-greenish-gray to light-grayish-green, a more stable tectonic énvironmgeg:t longer than the rocks south of the fault, and thus that the topography

400 400 400 400 400 s e Krushensky, R. D., and Curet, A. F., 1984, Geologic map of the Monte Guilarte quadrangle, massive serpentinite breccia and conglomerate. Serpentinite is present as both to the south is younger. '

1:”290"80 gico: US. Geological Survey Miscellaneous Investigations Map 1-1556, scale fla;t(;s and mi’m"‘l-haaﬂiagl cc;mmon]y a?gut]aar to 5“&:"0‘:“‘1:‘1 al“d gonsltitute 40 South of the Cerro Goden fault, the faults are mainly high angle. Although the actual fault planes
:20,000. o ercent of the rock. Clasts commonly show greater textural and color varia- i is i

Krushensky, R. D., and Monroe, W. H., 1975, Geologic map of the Ponce quadrangle, Puerto tion t}?an nearby or adjacent sheared or s;nassi\.veg serpentinite. They range from ?J:t;;;es:ﬁozbs;r‘;;ga;;z; P;is: n:ge:a::fe;;idgg S%f,};s: V;gf{',:ea;;aizx; ':,'Zitf:;gfoﬁ?:;s;:g“;fé
Rico: U.S. Geological Survey Miscellaneous Investigations Map 1-863, scale 1:20,000. mesh to fibrous textured to finely sheared or a combination of these. Clasts range Maestrichtian or younger in age because they affect Upper Cretaceous rocks. Minor faults and shears

1978, Geologic map of the Pefiuelas and Punta Cuchara quadrangles, Puerto Rico: in size from 2 to 50 cm. Sorting is very poor. Commonly clastic serpentinite is un- are invariably present in the rocks adjacent to intrusive igneous bodies ’
U.S. Geological Survey Miscellaneous Investigations Map [-1042, scale 1:20,000. ] sheared, and both larger clasts and supporting matrix retain a characteristic epic- The Cordillera fault, named by Slodowski (1956), is apparently. one of the youngest faults in the
Mattg:xrlll,e meu‘ %?6:’ Gseogogglr 83281 Mayagiiez area, Puerto Rico: Geological Society of America lastic appearance area since it cuts the post-middle Eocene Cerro Goden fault in the adjcent Maricao quadrangle (Mcintyre,
e Log MG, P : iz : . : ; Spilite (Early Cretaceous (?) and Jurassic)—Dark-greenish-gray to light-gray, 1975). Mclntyre (1975) suggests 11 km of left-lateral displacement on the basis of displaced folds and
D 8 D’ Carribeal}n?j:t’u nglu :fd ézg?:éy b‘? u8y7a n:“o ﬂép{;lnzgésigg4stnke-3hp fadlttng b the: nocthem g aph;nitic,y locally vesicular, moderately to )flnely crgystalllne‘?geierallygmgsi\?e plutonic bodies: No evider!ce for this displacement (.)r.magnitude of movement is obse.rvec.i in the study

METERS & METERS Maitson. P H Shd Péccasiuo-E 4 A' Jr' 197'9 .Jurassic and Eiiflv Cretaceous radiolatians in basalt composed of 55-60 percent of anhedral to subhedral, twinned plagioclase area. The Cordillera [e.:ult dies out to the west where it is cut by oth(_ar cross faults in Bamo Limon.

% 8 68°00' P ’rt Rica hiolit tgct. n'. irﬁ‘ lic;tio ; ‘Geolo .70, gy 440 which shows a pervasive replacement by high-sodium plagio- Few folds occur in the map area. Most of them are present in the Yauco Formation, but they are

600 & TKhp T SRS ACETYGNAS a - & 600 Nl t;:fe % ;?Ianlgel llo (13 :;li Oo‘fcthepCentra?ia P]atagyﬁac-ira’nglé F-’lférto R_mico- U 5. Seslogesl clase (An 10 or less), calcite, sericite, kaolinite, and minor chlorite; 20-25 per- related to soft-sediment def?rmaﬁon or progimity t_o an intm§iue body. One minor fold is present in the

500 5 : § M S i | Survey Miscellaneous | nugzti afiors Ma 1660 sca?e 1:20.000 s cent anhedral to subhedral clinopyroxene which is pervasively altered to epidote, southern part of the Mayagiiez quadrangle in Barrio Guanajibo. There, the Yauco and Sabana Grande

£ i 8 = I an y 1975 Geologic mag of the illaricao’ e dra.n l'e F;uerto Rice: US: Geoloatcal chlorite, and green hornblende; about 15 percent chlorite in the groundmass, Formations are folded into a southeast-plunging syncline. The folding in the study area affected

400 "] 2 Q b3 TKab g Ky Kylg g 400 E g ap. ! a i gle, % SEE g and accessory magnetite-ilmentite Maestrichtian rocks and. therefore, is Maestrichtian or younger.

Io n % o - . el .._‘ . BULL Survey Miscellaneous Investigations Map 1-918, scale 1:20,000. Although Mattson (1960) suggested that serpentinites in the mapped area occurred as cores of

300 < : & 1 v 300 i Nelson, C. H., and Nilsen, T. H., 1974, Depositional trends of modern and ancient deep-sea fans, Jse Serpentinite (Pre-late Kimmeridgian (?))—Light-green, light-greenish-blue, blue- anticlines, no such anticlines are present, Most of the contacts between the serpentinites and the adjacent

200 = i - eress : in Moder;\Eand anciegtlgeosylnclinal se(;:lill\-ldaentallion; sutémarinlepcal:lyon anti’ fan1 9de[:nogi‘;s: green, ar':d gray-gr:en \ghare llfaSt weathereld; d;rk—g:ieer;isll:-bro;m to dark-gra]g];- volcanic-sedimenta ry rocks are obscureci by the intrusion of a two-pyroxene basalt (Rio Loco Formation

- ciety o i ntologists an iner ists, Special Publication No. 19, p. 69— reen where weathered. Rock is pervasively sheared, slickensides are ic : . : : :
100 I 100 PEn - ; 8(1) Y conomic Taieonioes neres : i afell developed. Locally serpentinilze is mass?ve and may show concentr;ytignsa 0&; of ]Sl?,.c.’é:::ttl ilgiéw:;edg& 'ﬁ b&rnat;s%n ‘;L}cz?ﬁ,}:;:gznnz?}:ﬁ;nsep;n Ofnglrﬁt:rgzd?gh:;:\iﬂlrgﬁ
i (ﬁ ‘\’L Slodwoski, T. R., 1956, Geology of the Yauco area, Puerto Rico: Princeton, New Jersey, bastite in bands up to 1 cm wide. All but the most intensely sheared serpentinite ;o ean ll 1 d fp " Y Th e di 4 P IDe i lap th tinit
SEA LEVEL — SEA LEVEL 863 Princeton University, unpublished Ph.D thesis, 130 p. outcrops show irregular, faceted knobs or cores of unsheared bastite-bearing ser- ¥ regonalaucnisl Celaimation. tue sadmantary SERuence ane ntappear wionap thesementinge
Isla'de Mona Yy, unp ) p ) i rop ’ guiar, ) g directly anywhere.
100 L 100 = Stanley, D. J., and Unrug, R., 1972, Submarine channel deposits, fluxoturbidites and other pentinite. Veins of fibrous serpentinite bordered with magnetite commonly cut The nature of the contacts of limestone bodies considered by Mattson (1960) to be allochthonous
- indicators of slope and base-of-slope environments in modern and ancient marine basins, in outcrops. Bastite pseudomorphs after orthopyroxene compose 3-15 percent of has been described above. None of the bodies appears allochthonous and most contacts are clearly
200 - 200 CARIBBEAN  ° Recognition of ancient sedimentary environments: Society of Economic Paleontologists and the rock, diopsidic clinopyroxene ranges from 0-15 percent of the rock, and ac- St s ienses mapped by Mattson (1960) as the San German Formation grade into
Mineralogists, Special Publication No. 16, p. 287-340. cessory spinel (picotite) and magnetite make up 1 percent or less of the rock. The s g : ; P ;

s - 300 Volckmann, R. P., 1984, Upper Cretaceous stratigraphy of southwest Puerto Rico: U.S. serpentinite consists chiefly of altered harzburgite and minor lherzolite fine-grained sandstone of the Yauca without interruption. These are not gravity-giide plates; rather, they

400

are simple sedimentary lenses deposited in continuity with surrounding sedimentary rocks.

Amphibolite (Pre-late Kimmeridgian)—Light-gray to light-greenish-gray, finely to A single minor shear zone occurs near the contact between igneous rock and the Pefiones
500

[~ Geological Su.’fVey Bullel:ln 1537—A, P- A73-A83. -
400 0 10 20 30 40 50 KILOMETERS
— L A . J I Walkel, R. C;, and Muttl, E., 19;3, Iul’bidite faCleS aSS()(:.latIDﬂ, in Turbidites and deep-water
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sedimentation: Los Angeles, Society of Economic Paleontologists and Mineralogists, Pacific
Section [short course], p. 119-157.

moderately crystalline, nonfoliated to slightly foliated. Composed of about 40
percent anhedral to euhedral, moderately to strongly pleochroic (brown to
green) hornblende ranging from highly poikilitic to inclusion free; about 6 per-
cent of anhedral, generally unaltered augite; about 35 percent of prehnitized and
sericitized plagioclase (oligoclase—andesine); about 4 percent of anhedral quartz
showing undulatory extinction; and accessory magnetite, apatite, and zircon

Limestone in a small roadcut 1 km south of Rosario. The subhorizontal shear zone is characterized by
2-m-thick, red, slickenside-riddled clayey fault gouge, at the base of the limestone. The shear zone occurs
exclusively in the underlying porphyritic pyroxene andesite. The limestone is brecciated near the contact,
and isolated blocks of limestone are present within the shear zone. The northward dip of the shear zone
and the presence of contorted masses of pyroxene andesite suggest a recent movement of the limestone
block down the present slope.
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