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Petrographic and Geochemical Characteristics of the Komatiite
from the Gorgona Islands in the Pacific Ocean
of the Colombia, South America
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Abstract: A spinifex textured komatiite sample of Early Tertiary age, from the Gorgona Islands of
Colombia in South America, was petrographically and geochemically studied, and compared with the
previous researches of the komatiites including other Precambrian komatiites in South Africa, Western
Australia and Canada. The sample shows the komatiitic characteristics in its petrography and geochemistry
very well, i.e. in high specific gravity (2.98) and density (3.2), rock forming minerals, spinifex texture,
major and trace element abundances and REE pattern. In particular the REE pattern for it strongly suggests
that the Gorgona komatiite must have been crystallized from a magma generated from a depleted mantle
as that of Munro Township area in Ontario, Canada which is pyroxenite komatiite or basaltic komatiite of
Group I of the Archean.
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Fig. 1. Generalized locality and geological map of the
Gorgona Island.

Table 1, Simplified geology of the Gorgona Island,
Colombia, South America (Echeverria, 1980).
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Fig. 2. A komatiite sample from the Gorgona Island
shows a spinifex texture in dark grey compact ground-
mass. A vesicle seen in the circle suggests that it con-
tained volatile components during solidified.
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Fig.-3. Photomicrographs of plate microspinifex texture (1, 2) and cumulus texture (3, 4). Abbreviations: Spi; spinifex
tex., Cum; cumulus tex., Ov; olivine, Py; pyroxene, Ant; antigorite, Op; opaque minerals.

300

Dr. An, Au

200 —
Ant

INTENSITY
I

100 —

26 Degree

Fig. 4. XRD pattern for komatiite samples. Abbrevia-
tions: Fo: fosterite, An: anothite, Ant: antigorite, Di:
diopside, Au: augite, Ch: chlorite, Cr: chromite.
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Fig. 5. Photomicrographs of skeletal olivine and pyroxene crystal. Abbreviations: Ske; Skeletal crystal, Ov; olivine, Py;
pyroxene, Ant; antigorite, Op; opage iron oxide, pl; plagioclase.

; - 3 . & B AW .
Fig. 6. Photomicrographs showing the minerals of olivine. 1) Composed of dendritic crystal of olivine, 2 and 3) Phenoc-
rysts of olivine are embedded in a matrix of clinopyroxene and plagio-clase. 4) Partly serpentinized phenocrysts of oli-
vine. Abbreviations: Ov; olivine, Py; pyroxene, Pl; plagioclase, Ant; antigorite, Op; opaque iron oxide.
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Fig. 7. Photomicrographs showing the minerals of pyroxene. 1, 2) Skeletal interplate clinopyroxene from olivine of spin-
ifex texture. 3, 4) Pyroxene enclosed by serpentizied granules of olivine. Abbreviations: Py; pyroxene, Ov; olivine, PI;
plagioclase, Ant; antigorite, Op; opaque iron oxide.

Fig. 8. Photomicrographs showing the minerals of plagioclase and spinel. 1, 2) Consists of plagioclase, pyroxene, spinel
and talc. 3, 4) Spinel(chromite) are embedded in a matrix of serpentizied olivine. Abbreviations: Pl; plagioclase, Sp;
spinel(chromite), Py; pyroxene, Ov; olivine, Ant; antigorite, Op; opaque iron oxide.
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Fig. 9. Photomlcrographs showing the occurrences of antigorite. 1, 2) Antigorite showmg mesh structure derived from
olivine and inclusions of spinel and opaque iron oxide. Abbreviations: Op; opaque iron oxide, Py; pyroxene, Ov; olivine,

Ant; antigorite.

Fig. 10. Photomicrographs showing the occurrences of accessory minerals. 1, 2) Opaque iron oxides and pyrite in ser-
pentinized olivine. 3) Veinlet of talc which is intergrown with the plagioclase and biotite. 4) Plagioclase is replaced by
calcite. Abbreviations: Op; opage iron oxide, Ant; antigorite, Tc; talc, Pl; plagioclase, Bt; biotite, Cc; calcite, Py; pyrox-

ene, Ov; olivine, Pyr; pyrite.
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Table 3. Rare earth elements abundance for the komatiites and basaltic rocks in the Gorgona island, Colombia, South

America (in ppm).

Komatiites Basalts
1* 38 47 6A 23A 70
La 0.996
Ce 1.96 1.77 0.88 4.72 17.05 16.99
Pr 0.535
Nd 315 2.60 1.44 5.60 10.77 12.71
Sm 1.38 1.30 0.74 2.58 3.01 4,12
Eu 0.559 0.63 041 1.19 1.14 1.56
Gd 2.03 2.35 1.61 4.37 4.18 5.84
Tb 0.419
Dy 2.67 2.87 227 5.07 4.13 6.76
Ho 0.573
Er 1.59 1.77 148 2.94 2.31 4.35
Tm 0.220
Yb 143 1.61 1.38 2.63 2.08 4.29
Lu 0.203
>REE 17.715 14.90 10.21 29.10 44.67 56.62
(La/Lu) 0.52
(Ew/Sm)cy 1.072 1.286 1471 1.224 1.005 1.005
(Ce/Sm) 0.343 0.328 0.287 0.442 1.367 0.996
(Sm/Nd) 1.348 1.538 1.581 1417 0279 0.997

(1*); Cretaceous Basaltic Komatiite from the Gorgona Island analyzed by ICP/MS in KIGAM, and others (38, 47, 6A, 23A, 70) from

the Gorgona Island (Echeverria, 1980).

% a2)3 Ahidel eeele Aele] ZoleololE 2
AT 237 o] FurEe PHTe FHEALel §

g o] vt

o] T} FmjgjololEe] FAAEAL(W %) =,
Si0, & 43.37%, TiO, = 0.67%, ALOE 10.97%, total
Fe,0,x 1255%, MnO: 0.18%, MgOT 16.56%,
CaOE 9.30%, Na,Ot 1.23%, K,0 0.09% =18]3
P07t 0.04%%1 o2 EIErt.

o] Fau}e] Fmlejolo|Eg} 1 & A 2| FinjE|o}
o]Eg}. 71-0] n};]‘— ol-M ',] z/ﬂ_,_ {J__,_E, X:,i_l_oﬂ
t MgOE, 2 9 T2 945 y&o] FAshH Fig
113} 2t}

o] ZellA

o

B 5 JEo], Mg02 o uiebA
Zgolo]Ed HFEQL (tholeiitic basal; MgO: 5%-
10%), dF¢a FulE]o}o] E (komatiitic basalt T
basaltic komatiite; MgQ: 10-22%) 122 2| el B
2 3 v}E]o}o] E(peridotitic komatiite; MgO: 22-34%)
Al el gHem FEES 4 Utk 2 o
Aa FME E3] TiO, ALO, Ca0 T MgO
gheko] Aol et A9 HMHO R ek
el AAIEH, TO,, Na,0 183 K,0 &%) df

N

e lo it ol

¢ Bgozy suelelEdl ¢ 2 Ukl 9
o] Tuh TriElololEe) FHE Ux F, CaOf

ALO,=0.85°1™, ALO/TIO,= 1637, CaO/TiO,=13.88,
MgO7t 16.56 %% A& A& 37, o] ZulejelolEx
IF18 SntElote| B diREE Yoz AAHEn
(Smith and Erlank, 1982). ©] ZrvlE|olo|Ee] F4%E
=, Al 7R AEQ] ALQ,, Ca0, MgOE 4ol A
AlF BE, Avict 85 28829 Munro Township
9] g4 Fr}E]olo| E(Pyroxenite komatiite; Arndt er
al, 1977) B ‘golZz]7he] @7gd IutEjolo]E

(Barberton type; Viljoen and Viljoen, 1969)2] Wl

&3}, QA9 B HAHEE # 5 ek 12).

wFga: o] Fa Zulelolo] B o] wgg e
ge 23 7l Ba; 7ppm, Sr; 4ppm, Y; 12
31ppm, Zr; 25ppm, Hf;, 0.78 ppm, Ta;
1.15ppm, Be; <lppm, Cr; 730 ppm, Ni; 580 ppm,
V; 220 ppm, Co; 88 ppm, Cu; 86 ppm, Pb; 12 ppm,
Zn; 60 ppm, Mo; 34 ppm 5% ASE LlElyT)

o] Fu SufElotolE Yo Ni, Cr, 28 VIF
o) rteiAYe) WU PN 2 o] Fag

ppm, Sc;
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Fig, 14. A variation diagram for the major and trace
elements across the spinifex textured mineral and
groundmass in the komatiite from the Gorgona islands.
The hatched boxes denote the spinifex textured zone.

(Turekian and Wedepohl, 1961; Cr=170ppm, Ni=
130 ppm, V=250 ppry R THE ERN ] Folr, vigd
&o) FFORE TupEolelr AP Yol 3

22+ Uk

HEFHA: o] IvtElololE W9 3ERUL] G
Fe o G474 ICPMSE ol&3k 273% 45, 3
EfFdad g¥e o-g3) 20 (Table 3).

ol FHEFULY 7S FTzElolE(chonddite: C1)
#Ho s SlERYL: HdS aed o2
ol MEH el mulelojolEe] ) Zti(Fig. 13).
&, LREE7} HREEXRY ©f Z¥=o] e REE ¥4
< vehliz slew, & S EFI4LY FHEREE
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=175 ppm)°] W4 RF, B EFDA(LREE)S 3
EFYUAMHRERS 3], & (Lalu)CN=052)% =$
3, LREE7} depleted o] U RE efsid, 2
19 ZajglotolE@hdtt Munro Township Yol ¥
E3h FuElolo] B Amdt and Nesbitt, 1982)9F vj
& fAke B S o

sinite

o} FAvlE|ole|EE HulAslolA #aE 4 Sle o
Ho 7 tEo], oF 40200012 FHofsiy 1 2L &
Betgor, X o} BHAE AlMgale o AFde] B4
Arde Sl PIXE(Proton Induced X-ray Emission
Spectrography Y24 712 ] FREAYUAE 7Heu]
3 A2 7mm AL 1mm PHOE 28T beam
Z2 15mmE scanningdl, F4E-Lr9 2 744 w1
LS BAstAChed = 2}, 1990, 1992)(Table 4).

o A, 29UE M spinifex)E AL Je BE
M= sladlaMg), F3S), YAEN) B A0
59 Aol 2udlert fle tE xUe REED
2R gor, vt GEnlEAD, ZHK), THCa),
EIERE(Ti), B7Mn), E(Fe), 2(P), 7 (Cu) & 2
& ez Yelgy FASHE T3 HEs A9 gl
e Ao #Rige], 2dUA2E P43 U F
Bo) Ni, Crt $& Wol gfdhe 7hd4 Solghe R
< AFY 5 AUckFig 14). 2T 2FUHS o]g]
o] RHEojA EAg RE UAE9 Fako] A YR
itk A A kelA FHste 2R 4 39
g, xd Qo] gHs 2mAydR ¥ RrREelwt
= AE gngith

7} FE9] g24e 871 48, AZEREA
(EPMAYS ©l8-5le] B4 st E4rile
Cameca SX-510]3, A& A& 7+&H% 15KeV, &
AMF 20mA, FAMT 93 1um 27 deld AAjE
At}

A4 EPMARA Z3, o] Ivlejelo|Ey AR
FEY ZAe opoadlg 2 (forsterite)] AR
Sl H A rHTable 5). FHAE 949 SEHwrw%)S
Si0,=39.92~40.80%, TiO,=0.01~0.04%, ALO,=0.07
~0.13%, MnO =0.13~0.22%, FeO=8.70~1333%, MgO
=45.90~49.59%, CaO=027-0.36%, K,0=001~0.03%,
Cr,0,=0.09~0.19%2} ¥ 9loln, FEF w& 74
ol sgdsle FEER o shabigol 8ay
B2 Mg (forsterite)o B},
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Table 4. Major and trace element abundance for the spinifex and groundmass of the komatiite from the Gorgona

Islands in Colombia, South America (in ppm).

No Si Ti Al Fe Mn Mg Ca K P S Cr Ni Cu Zn
1 223000 3620 104000 64100 1090 74200 68900 978 1150 840 781 193 156 39
2 224000 3720 102000 64900 1070 73700 70800 762 975 1120 804 217 160 73
3 223000 3330 102000 64100 1110 72700 73600 570 1260 1590 844 167 156 46
4 223000 3450 100000 66200 1130 76000 71900 539 1070 1050 816 183 179 57
5 223000 3660 100000 66300 1090 73200 73500 840 1140 1340 897 205 167 56
6 224000 3680 101000 65600 1120 70400 73900 765 1210 1000 916 196 - 165 40
7 224000 3800 102000 64500 1110 73300 71300 738 1230 1330 888 212 184 389
8 213000 1900 65600 55200 695 167000 35400 327 930 3070 81 1020 116 524
9 215000 1880 76500 52800 656 152000 40300 269 442 1930 861 914 139 458
10 223000 3250 107000 61100 992 72600 70600 656 1200 1060 750 203 153 444
11 224000 3420 105000 65400 1030 70700 69900 824 1150 872 833 199 171 571
12 224000 3540 105000 63200 1050 69700 72400 1080 1130 1120 834 195 166 559
13 226000 3600 104700 60700 1030 67000 72300 1070 1140 1300 835 183 146 343
14 227000 3750 105000 60300 1040 67600 72400 1170 1280 1360 809 200 170 49.7
15 227000 3780 106000 60000 1050 67700 72700 967 1490 933 745 177 168 451
Table 5. Chemical compositions of olivines from the komatiite (wt.%).
Sample No. 1 2 3 4 5 6 7 -8 9 10 11 12 13
as?eﬁf)li:lge olivine+pyroxene serpentinized olivine olivine+spinel
Sio, 406 406 404 40.1 404 408 | 400 402 399 406 403 | 405 408
TiO, 0.01 - - - - 0.04 - - - - - - -
AlLO, 0.10 0.13 0.11 0.09 0.08 0.10 0.08 0.10 0.09 0.13 0.07 0.10 0.10
FeO 967 902 1165 1178 930 9.5 | 1291 1076 1333 9.17 1084 | 992 870
MgO 489 492 472 471 491 492 | 462 478 459 493 479 | 486 496
CaO 034 031 034 032 034 033 | 034 033 033 036 033 | 033 027
Na,0 - - - - - 0.01 - 0.0! - - - 0.01 -
K,0 - - - - - - 003 001 - - - - -
Cr,0, 04 013 009 013 016 015 | 017 o018 010 011 oO.11 [ 019 0.14
MnO 017 016 017 022 013 014 ( 021 013 020 017 016 { 013 0.17
Total 9993 9955 9996 99.74 10004 9992 | 99.94 9952 99.85 99.84 99.71 | 99.78 99.78
1 to 6 skeletal forsterite grains from komatiite.
4 X-31E4 2 EPMA £4] Z3(Table 6), 3 3 Az, FAEC) FHL Table 73 2ok BEH 2

Ao gHE A0l 35 3 (diopside)t B 3
A (augite) 2.2 FRIHATE. FA o] FARE 4] FF
(Wt%)S  Si0,=48.74~50.08.%, TiO,=0.70~1.23%,
ALO,=4.04~6.12%, FeO =8.04~1291%, MnO=0.17~
0.33%, MgO=1295~1421%, CaO =19.93~21.99%,
K,0 =0.01~0.02%, Cr,0,=0.03~0.59% H%|olt}. 7]
ANA Cr,0,0 FHepol 453] A& AFHM | £7)

HAloll A2 o) oJu] Cr Aol WAy wiEelnt.

23d); Fujeloo]E o] AuldlS EPMAE 24

FAYE A Sl AAPE Aoz AzEE Avd
2 AFS FFE AN, dEHOE ul #F
A3l Cr,0,=42.1~46.5%, Al,0,=20.7~23.5%, MgO
~133-149%, 2 FeO=155-183%°|t}F. Cro, %
MgO o] B2 Ro=z Hol 7o 23 zkg
o] dojut Fof AAEHY S ¢ 4 Utk AFHe R
agAM e F2E vlaukthost magma)?] EHE AE)

oA AR st At
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Table 6. Chemical compositions of clinopyroxenes from the komatiite (wt.%).
Sample No. 1 2 3 4 5 6 7 8 9 10 11
Mineral . ..
assemblage pyroxene+plagiocalse pyroxene+olivine
Si0o, 48.8 49.6 493 49.1 49.0 494 50.1 499 49.0 49.5 48.7
TiO, 0.85 0.69 1.06 0.95 0.82 0.74 0.73 0.70 1.02 0.74 1.23
ALO, 541 5.33 5.04 5.08 4.96 4.67 4.04 4.48 4.05 459 6.12
FeO 9.18 8.67 9.03 8.84 9.84 11.4 9.38 8.14 12.5 9.38 8.04
MgO 13.7 13.7 13.7 13.9 133 13.0 14.2 14.0 124 13.6 13.6
Ca0 20.8 217 209 20.6 209 19.9 20.2 220 20.4 21.2 217
Na,0 0.27 0.26 0.30 0.29 0.30 0.29 0.25 0.24 034 0.31 0.24
K,0 - - - 0.01 - 0.02 - - - 0.01 -
Cr,0, 0.26 0.21 0.24 0.59 0.23 0.07 034 032 0.04 027 0.18
MnO 0.26 0.18 0.18 0.22 0.25 033 0.23 0.18 0.23 0.19 0.17
Total 99.53 100.34  99.75 99.58 99.60 99.82 99.47 99.96 99.98 99.79 99.98
Table 7. Chemical compositions of spinel (1-5), antigorite (6-8) from the komatiite (wt.%).
Sample No. 1 2 3 4 5 6 7 8
Mineral inel-+olivine +antigorit antigorite
assemblage spinel+olivine+antigorite 20
Si0, 0.15 0.16 0.14 0.13 0.14 414 414 41.6
TiO, 041 0.28 0.31 0.32 0.34 0.02 0.05 -
ALO, 235 21.2 212 20.7 20.8 1.76 047 0.79
FeO 18.3 169 173 15.7 15.5 2711 2.12 1.84
MgO 14.5 14.9 14.8 13.9 133 39.2 40.5 40.3
Ca0 0.05 0.03 - 0.02 0.02 0.09 - 0.02
Na,0O - - - 0.01 - 0.02 - 0.01
K,0 - - - 0.03 - 0.01 - 0.01
Cr,0, 421 453 45.1 46.5 46.5 0.10 0.12 0.14
MnO - - - - - 0.07 - 0.02
Total 99.01 99.77 98.9 99.09 99.12 85.44 84.67 84.70
g 3 #HES Group 1, Group 12 273} Group 2 AlA o

A, S-Elvere] AAEAENA s ZetEolo|Eet
= S E AL A Yddle BRI 19699
o}z g)7+e] Komati 737H2] AR Greenstone belt2)]
Barberton Mountainland®|A] Viljoen and Viljoenoll <]
3 AL FvlE|clo| Bz g4do] FRIE o) 1
9] o] thEY A (2F 2.7 Ga) gAIA FR1ES
o, 1 Fulgjolo]E9] X|3}87 EAE thh o]
7F o] B 8k Utk (Hess, 1989). 1= 41 ¢
2] o] Mg09) ko] 18%-20% A= A& Fulg]
olo]Erty B2, MgO2] o) 12%-18%% A2
FutgjololEd HEQLO 2 BRI

283 Smith®t  Erlank(1982)%

=

=
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Z g 7}2] Barberton Mountainland Yool A& HE= 3
utEJolo] EZ A ALOYTIO, = 10, CaO/ALO,>1.0(%F 2.0
ol 7Mgth Azolth, 23 o) F Groupd Fr}Ejo}

wo

olE9] FAHE 92 F, Harker?] Jali134 MgOZ x
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