A Middle Mesozoic Oceanic Terrane

in the Central Cordillera
of Western Colombia

LA ASPOEN v W.i McBOURT

—— RESUMEN

Un terrena sospechoso existe a lo largo del flanco occidental de fa Cordillera Central en los Andes
Colombianos. Esti constituido por piso ocednico, material de una dorsal (7), del Jurisico o de comienzos
del Cretdcico, que fue acrecentado al margen continental hace 125130 ma. a lo kargo de la falla de Ro-

ABSTRACT —

A suspect terrane exists along the western flank of the Central Cordillera in the Colombian Andes.
It consists of ocean floor, (7)ridge material, of Jurassic or lowermost Cretaceous age that was accreted
onto the continental edge some 125-130 m y ago slong the Romeral Fault,

INTRODUCTION

Thick sequences of Upper Mesofoic ocosanic basalis
are found throughout western Colombia These rocks can
b= divided into two major units which occur in the Paclfie
Coastal Range (the Serrania de Baudd), and the Western
Cordillera respectively (fig. 11, The former correspands to
part of the Basic lgneous Complex of GOOSSENS er ol
{(1977] and the latter sequence, the Disbass Group of
NELSOMN (1957), extends eastwards to inchude similar rocks
which are exposed along the western edge of the Central
Cordillera. Subsequent workers in  western Colombia
(BEARRERD, 1978; PARIS & MARIM, 1975 MILLWARD

ef ol 1984) have accepted Nelwon's correlation and the

assumption implicit In it, namely that the basalts of the
“Western and Central Cordilleras are the contemporaneous

1. British Geologicel Survey Keywort, Mottinghan NG 12588

T ——

products of a single volcanotectonic cycle. INGEOMINAS
(1883}, howewver, separated the Nestern and Central Cordi-
lleran basalt sequences structurally, although still considering
them to be essantislly coeval, plecing them fn the Dagua
and ric Cauca - Romeral torrangs respectivaly,

Following the completion of a d-yesrs geological
mapping project In central wastern Colombia, MeCOURT
& ASPDEN [1983) and McCOURT. #f &/ (1984} suggested
that the basaltic rocks of the '-'I'ES-!EI"n and i.'.'enn'al  Cordlila-
s were nl dﬂlemnl oGt and that they mptue-nled W0
distinct pﬂiﬂd-i ol w:n.*tinn The 'Western Cordillera
l:rrJEmu: sequience, 'which 1r|:[ude1 n-nt only baialts but sliso
wifs and volcanoclastic rocks togather with Enlnrhndd-a;l
:-'.'dln_l:ntirr and _matasedimentary rocks, B dﬂm:njnﬂl,.-
UP‘DEF Cretaceous  Turonian - ‘ullus-:r]:.ﬁmm in age
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(ALVAREZ, 1983; ASPDEN 1084). Based on regional
‘comiderations MeCOURT or o [1084) argued that the
Westdrn Cordillera, togethsr with ity southern extension in
Ecuador, in unlikely to contain rocks which are older than
120 m v (ef. HOWELL er af. T983) and that it represents an
aflechthomous terrane which was scoreted between B0 - 65
m y aga, from the SW, onto the continental edge along the
fine of the Cauca Patfa Fault (fig. 1). In contrast the basalts
aof the Central Cordillera, the Amalme Formation, have
been shown 1o be older (McCOURT, 1984). This paper
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discusses the geology of these rocks, that of the Ginebra
Ophiclitic Massif, and an associated suite of high pressure
metamorphic. Those rocks, together with similar sequences
from elsewhere In Colombia, form a narrow, dicontinuous
bl that can be traced for approximately 600 km [fig. 1)
The available evidence indicates that this belt of oceanic
rocks, here named the Amaime terrane, represents the
renants of 2 Jurassiclowermost Cretaceous orogenic
sccretionary cycle that ended approximately 126-130 my
A,



AMAIME FORMATION

The Amaime Formation consists of a suite of basie
volcanic rocks composed largely of massive tholeiites with
extensive horizoms of pillew lavas and local komatiitic
bagalts (ESPINOSA, 1982, pers. com. ), The formation crops
out along the western edge of the Central Cordillera where
it occurs a8 a narrow, afongate, NW.SE orientated belt up to
20 km wide and 200 km in lefgth. The eastern fimit of the
formation corresponds to & major regional fault rone, the
Romeral Fault, and this also defines the western limit of
the Faam:ugn m_vglmmmh]: mu:h- thal miake g | ma bulk of
thq- l:-l,!ﬂll'i] Cordilbera, In gmaul the western limit of the
Amaime Formation is hidden beneath the younger Tertkary
and Quaternary deposits of the Cauca Valley (graben), but
locally it is defined by 'the Guabas - Pradera Fault (fig. 1),

The Amalme basalts are typically aphyrlz, amd
hyallne 1o holoerystalline, Small phenocrysts of pyroxene
gré, common fn the microcrystalline varieties: and, with
plagioclase, form subophitic textures, The clinopyroxenas
are gerarally fresh sugite and show only minor marginal
uralitization, howesver labradorite is commanly exténsively
sausiuritized, Phenocrysts generally form Iess than 5%
imadall of the rock and in some parphyritic samples
alivine, complataly pseudomarphed by serpentine minerals,
b5 present.

The Amaime Formation basalts have a restricted
compositional ronge {Table 1). They are characterized by
low K.O and other LIL sloments (K20 <0LZ2% , Rb 2.3
ppm, Ba 2054 ppm, Th << 1 ppm) and they have 510,
values of between 49-52.5 % Fe” /Mg [Fe”, total Fe expres-
sech as Fe' ") varies between 1 - 1.5, The pasitive correlation
of Fe"/Mg with Fe®, the presence of normative hypers-
thane, and the position of the Amaime basalts on a stendard
AFM plot confirms thair tholeiitic character,

Chrondrite-normalized REE plots range from LREE
depleted to LREE enriched, with LaM/YHM ratios of .85 -
1.35; absolute abundances 927 times chrondrites, and Eu
anomalies are absent (McCOURT, 1984), Deailed compari-
somn ol the minor and trace eloment chemvistry of these rocks
with average tholefite basalts from varlous tectonic environ-
ments [figs: 2, 3) suggest a strong affinity 1o tramsitional
mid-ocean basalts (T-MORB) (SUN er &/, 18978, TARNEY
efal. 1979; WOOD er of. 1878),

TABLE 1. SELECTED ANALYSES AMAIME FORMATION

SI0;, 5050 5020 4920 4920 50.50

Ti0, .04 083 1.9 170 1.08
Al;O; 1420 1360 1380 1270 14,40
Fe;0, 1095  10.14 1206 170 10.24

MnO 017 018 0.20 0.18 0.17
MgO 8.9 8.95 2.35 .79 B.50
Ca0 .82 13.61 10.28 1057 13,98

Na, 0 1.91 1.55 3.38 7.84 1.65
K:O 0.21 005 0.8 0.11  0.18
P;O; 008 008 011 014  0.08

TOTAL 9897 80,32 97.86 9695  09.06

Trace elements (ppm)

Mi 144 139 4 26 1440
Cr 444 443 210 206 140
W 283 227 345 326 284
Rb 3 2 2 2 2
Sr 1M1 B0 104 141 102
¥ 18 15 25 21 18
ar B3 48 " 84 55
Hf 1.32 .23 1.95 2.55 1.48
Wb B 5 5 11 L
Ta 0.30 0.26 0.28 0,73 0.30
Ba 35 18 29 50 53
La 3.44 278 3.2 B84 an
Ce 841 1.61 9.57 21.02 9.38
Nd G.44 873 B.67 14.00 7.33
sm 2.08 1.85 2.85 367 2,20
Eu 0.75 0,70 1.04 1.26 0.81
Gd 2.62 233 3.63 4,08 2.78
Th 0.46 0.43 0.68 0.68 0.52
Tm 032 028 0.48 0.35 0.34
¥b 1.68 1.68 2.55 2.06 1.85
Lu 026 0.28 0.41 0.31 0.31
Th 041 0.36 0.33 0.83 0.40

GINEBRA DPHIOLITIC MASSIF

The Ginebra Ophiolitic Massif consist of a sequence
ol peridotites, layered and cumulate, gabbros, diabase
dykes, metabasatts and plagiogranites (ESPINDSA, it litt).
Ulrrabasic and basic rocks are gxposed mainky in the south
and from the base upwards they consist of dunite cumulates,
wehrlite comulates, and norite gabbros, Primary magmatic
Layering Iz well displayved, especially I the cumulate rocks,
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FIG, 2a'd: Discrirninent functicn disgrarms (PEARCE, 1976) for
the Amalmes Formation basalty, OF8 equaly ocesn floor
baalts: CAB vouals cale-alicsfine basalts: LET squals low-E tholedites.

Fi = 0008850, -00774Ti0; + 0.0102 AlaOy + 0.0066Fe0
00170 - 0. 1430e0 001 55N O 0.0007K 20

F2 = Q0135507 -0.0185Ti07 0,01 3Aa1 0y -0.0134Fe0) 0.03Mg0
-0.0204CH0 -0.0481Nay O + 0.0715K 5,0
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FIG. 2e: 540+ v Fa® /Mg for the Amalme Formation basalts. Ca-Th

lime represents the bowndary betesen cale-alkaling and tha-
faiitic finlde MORE & the fiedd of mid-ocean ridos bassles: AT &
tha “lld=?f islarsd mro tholedlies. Fo® equaly oo1e? iron sxprosssd B
Fel [Fa” ),
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FiG, 3: Multielemant minor and traoe slement disgrarms for T-type
MOREB bmain compared 1o the Amakme Formation beslits,
ponmallzed o M-type MORB [SAUNDERS and TARMNEY, 1084).

and Is emphasized by preferential weathering of the olivine
rich units. The contact between the ultrabasic rocks and the
norite gabbros is gradational where exposed, Dykes of
diabase and wveins of plaglogranitic material are comman in
the gabbrole unit. Metabasalts | the amphicbolites of
ESPINOSA, 1884) are by far the most common rock type
and these m:I-nw the ultrabasic/basic units In apparent
structural conformity. The metsbasalts are interpreted a
representing 2 lower level within the Amaime Formation
ard the high temperature and cumulate metamaorphlsm
([ESPINOSA, 1983, pors. commy ] to be the resulf of contact
metamorphism due to the intrusion of the Buga Batholith
along the Guabas-Pradera Fault (fig.1). Similar amphibalites

are also locally developed in the Amaime Formation along
its contact with this intrusion (DE ARMAS, 1084),

REGIONAL CORRELATION AND AGE

The Ginebra Massif and the Amalme Formation
together with correlative rocks of similar composition that
occur elsewhere in the Central Cordillers make up the
Amaime terrane (fig. 1), In particular they include the Caucs
Ophiolitic Complex to the North and the Lot Azules Ophiol-
Itic complex to the south (RESTREPO and TOUSSAINT,
1975; ESPINOSA, 1980, 1984).

The basic to ulwrabasic composition of the Amaime
terrane and the genarally high level of tectonism suffered
by these rocks makes them difficult 1o date by direct means.,
Both the Amaime and Glnebra SOuEnces are hawever fn-
truded and contact metamorphosed by the calc-alkaline
Buga Batholit from which TOUSSAINT er ol (1978) have
roporied & KA (Hoat.) age of 113+ 10 muy, More recent
studies, using Rb/Sr {hbifbior), indicate a minimum in-
vrusive age of 9824 m y with younger mineral age reflecting
fater tectonic movemanis (BROOEK, 1984).

A KA date of 1262 12 muy, from a gabbro of the
Cauca Ophiolitic Complex (TOUSSAINT and RESTREPOD,
1975} together with the fact that these rocki are structur-
ally cwerlain by sediments which contain Barremifan fosils
also indicates a minimum lower Cretsceous age for the
comy bex is considered here to represent s partially resot age,
refiecting later tectonism

HIGH PRESSURE METAMORPHIC ROCKS

Hlﬂh pressure rocks consisting of Im'mn]ta-gliuan-

Hanquﬂ Fpult Thw ocour wilhrn a nafrow, well defined,
MNNE trending, elongate belt some 510 km east of the main
Romeral Fault. The balt has a minimum strile length of 50
km-and the high pressure racks occur & isolated, discontis
nuous, faultbounded blocks within Paleozoic graphitie
schists,

Leweonite - glascophane - pumpellyite - albite
sericite « quartz schists aré found In the area sround Barra-
gan (McCOURT and FEININGER, 1984). The prosance of
this mineral assemblage indicates that metamorphism took
place at high pressure and low temperature in the lawsonite-
albite facles under estimated P-T conditions of 326 = 50"
and 5.5 £ 2.5 Kbars (WINKLER, 1978).
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The eclogites occur in Intimate msociation with
highly tectondzed and serpentinized ultrabasic rocks. Ome
phacite, its compositlon conflrmed by microprobe analysis,
pccurs s ragged grains that are partly destroyed by retro
grade metamorphism and surrounded by kelphytic rims of
ephdote, amphibole, chiorite, and (?iplagioclase. The garnats
are weakly zoned slmandines with more than 26% grossular,
Relative to the cores the rims are enriched in pyrope and
depleted in spessarting, The amphiboles are subcaleie,
aluminc-edenitic homblendss. with 3.2 - 34 T NayO
[(FEININGER, 1983, pers, comm, ). Wsing the geothermeo-
maters of PERCHUK (1968) and RAHEIM and GREEN
(1974) the P-T conditions of formation for the eclogltes
are estimated a1 530° £ 40°C and B £ 3 Kbars.

Eimilar associations of high presure. rocks are
known from elsewhere In the Central Cordillera: They have
been described from the Jambald and Tacusyd sreas to the
south, in the Department of Cauca, whers they aré also spa-
tially associated with the Romeral Fault [(ORREGO #f &/,
1980: FEININGER, 1980, 1982: MURCIA & GONZALEZ,
1982]. Radiomerrie KSAr determination of the Barragan
antd Jamball rocks give ages of 120 £ 5 my., and 1252 15
my respectively (BROOK, 1984; ORREGO or &, 1980},

DISCUSSION

The Amalme Formation and Ginebra Massil are
interpreted to be o fragmem of an ophiolite. The Jimited
geochemical evidence suggests that the Amaime basalts have
& T-MORE type chemintry, and these, together with the
e tshaealns of the Gindbra Massif, areé contiderad 1o repres-
ented layer 2 of the ocean crust. The gabbros and ultrama fic
rocks of the Ginebra Massil could equate 10 kayer 3 and the
fault contact between the Ginebra and Amaime seguences
is probably the result of syn or post emplacement tectenlsm
In the fiekd the saster limiit of these rocks corréspondds 1o
the principal fault of the Romeral Fault system but the
prasence of a discontinous belt of high pressure rocks
{blusschists) within the fault Tone (cf, FEININGER, 19821
[eads 1o the conchision that the accretion of the ooranic
Amairme and Ginebra sequences probably took place along
thiks fine,

According to the episodic accretion and plutonism
madel of RAYMOND and SWANSON (1880], in orogonic
sottings, plutonism alternates with acorétion. We believe
that o similer model can alo be used 1o explain the Meso-
zobe avolution of the Central Cordillera, |n Colomiia during

L

the Meazole it i possible 1o recognize two distinct pluton-
ie eycles (McCOURT ef 2., 1984}, The older cycle s Juras-
gic b age and ranges from approximataly 185142 my. Itis
made up of an extensive balt of calcalkallne plutons, located
along the esstern flank of the Central Cordillera (fig. 1)
This belt, which can be traced southward into Ecuador
(McCOURT wr &, 1884}, is interpreted as 8 plutonic arg
formed as a resdlt of the wbduction of ocean floor material
beppath MY South Amerlea. At sporoximately 140 muy.
plutonism ceased and did not recommence until 124 m.y.
whian the Tamesis Stock was emplaced (CALLE o1 o, 1880],
Thiz yvounger (Cretaceous) plutonic cycle, which ranges
from spproximately 124 - 70 muy., was focussad along the
vaestarn flanks of the Central Cordillera, 11 includes the 113-
89 myy, Buga Batholith (CALLE ¢ of 1880) mentioned
earlier, which intrudes and contact metamorphoses both
the Amalme Formation and the Ginebra Maisif, While the
Buga Bathalith dates obviously provide a minimum estimate
for the age of these ocepnic rocks we would argue that they
st have bean accrotod peior to the ondet of the Cretaceous
plutonic eycle. According to RAYMOND and SWANSON
{1980}, gaps in plutonism can be matchod by periods of
pocretion: and therefore it §s suggested thar sometime
baraeen the cessathon of the Jurassic plutonic cycle and the
onset of the Croteceous one (e 140-124 m y, the oceanic
rocks of the Amabme terrane were scorated onto the western
edge of the Central Cordillera.

The wvailable blusschizt age, which range from 125
£ 15 - 120 £ 5 m vy, ark interpreted as reflecting the later
stages of sccretlon, The slight overlap between thess and
the 124 + § my [K/Ar, hblL) reported for the Tamesls
Stock [CALLE ef &, 1980} may be resolved in tha future
by mare detailed geochronology, At the mamant, howewer,
we belives that wificient evidence oxists to conclude that
the Amaime terrane cannot have boen formed before ap-
proximately 130:125 my and §t seems Iikely that v may
reprasent 8 portion of the Jursssic ocean floor, the subdue-
tion of which gave rise to a plutonic, cal-alkaling arc
throughout mich of NW South America
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