
INTRODUCTION

The only economically mineable nickel deposit known so 
far in Colombia is located 100 km southeast of Monteria in 
the Department of Córdoba. The mining complex of Cerro 
Matoso has an annual production of approximately 41.1kt of 
ferronickel, 32 Mt total reserves with a pondered average of 
1.2 wt% Ni and thus a static life of 10 years (South32, 2019), 
although the measured + indicated + inferred laterite resourc-
es sum 312 Mt @ 0.9% Ni, + stockpiles of 43 Mt @ 1.2 wt% 
Ni. In this Australian South32-owned complex, the nickel ore 
is mined, molten, and processed to produce, in one of the 
largest lateritic nickel mines worldwide, an alloy of iron and 
nickel of high purity and low carbon content, for exportation 
to the international markets, mainly Asia. Recently, the com-
pany South32 began extraction of laterites from the Queresas 
and Porvenir hills, located 30 km north of Cerro Matoso de-
posit in the Planeta Rica peridotites. The only available report 
so far for the Planeta Rica deposit is from the United Nations, 
published in 1975. This report calculated Ni reserves of 5.2 
Mt on a dry basis. Berger et al. (2011) resumed that laterites 
contain about 70 percent of world nickel resources that have 
been mined for more than 100 years, and account for about 
40 percent of world nickel production.

Using XRD, BSE-EDX and SEM analyses Castrillón 
(2019), described petrographic and mineralogical character-
istics of mudstones overlying the Cerro Matoso peridotites in 
the Pit-1, remarking that this new Fe-Ni-ore unit corresponds 
to deep marine sediments that can be separated in two units, 
LGHQWLÀHG�DV�EODFN�PXGVWRQH�IDFLHV�,�DQG�IDFLHV�,,��7KH�IDFLHV�
I is composed of berthierine + greenalite (55 vol%), siderite 
(38 vol%), and goethite (7 vol%) while the facies II includes 
greenalite (10 to 40 vol%), siderite (30-70 vol%), chromite 
(< 3 vol%), and magnetite (14 vol%). These rocks represent 

sediments which may be ancient analogues of the modern 
metalliferous sediments and oxy-hydroxides in spreading 
ridge areas with volcanic activity.

The formation of deep-sea Fe-rich sediments that overlie 
RFHDQLF�FUXVW�KDV�EHHQ�ZHOO�GRFXPHQWHG�LQ�WKH�3DFLÀF�2FHDQ��
According to Hein et al. (1997) and Kuhn et al. (1998), these 
deposits consist of of Fe-Mn oxyhydroxides and clay miner-
DOV� WKDW� DUH� HIÀFLHQW� VFDYHQJHUV� IRU� WUDFH� HOHPHQWV� VXFK� DV�
Ni, Co, Cu and Rare Earth Elements (REE). Metalliferous 
sediments derived from a complex mixture of a vent plume 
IDOO�RXW�� VXOÀGH�PRXQG� GHEULV�� DQG� ELRJHQLF� VHGLPHQWDWLRQ�
processes (Boström and Peterson, 1969; Metz et al., 1988; 
German et al., 1993; Mills et al., 1993), which are dominated 
E\�SRO\PHWDOOLF�VXOÀGH�FU\VWDOOL]DWLRQ�DQG�)H�R[LGDWLRQ�DQG�
by precipitation of plumes when hot reduced hydrothermal 
ÁXLGV�DUH�PL[HG�ZLWK�FROG�R[\JHQDWHG�GHHS�VHD�ZDWHU��)HHO\�
et al., 1987).

0DULQH�FXUUHQWV�GLVSHUVH�WKH�ÀQH�JUDLQHG�SDUWLFXODWHV�GH-
rived from hydrothermal venting until they eventually settle 
out to form metal-enriched sediments beneath the overlying 
plume (Baker et al., 1985). Plume vent particles from deep-
sea sediments may be related to organic processes that ac-
cording to Toner et al. (2009) participated in the Fe cycling 
in deep-sea hydrothermal plumes. Additionally, they are re-
lated to the high nickel grades in the laterite deposit of Cerro 
0DWRVR��VSHFLÀFDOO\�DW�3LW����ZLWK�1L�JUDGHV�H[FHHGLQJ�����
wt% where black Fe-rich mudstones overlie the peridotites. 
Although little is known about the processes or dynamics of 
the plume environment, some particles have been described 
as bio-mineralization products (e.g., Konhauser et al., 2002; 
Kappler et al., 2005; Konhauser and Riding, 2012).

Microorganism consortia participate in the bio-miner-
DOL]DWLRQ�E\��$20���D�SURFHVV�WKDW�IUHTXHQWO\�LV�FRXSOHG�WR�
sulfate reduction and usually accompanied by methanogens, 
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ABSTRACT

Mineralogical and geochemical analyses (EDS, ICP-MS, XRD) of black mudstones locally overlying the peridotites of Cerro Matoso at Pit-1 link these 
VHGLPHQWV�ZLWK�GHHS�VHD�K\GURWKHUPDO�V\VWHPV��,Q�WKLV�XQLW��URXQGHG�SDUWLFOHV�ZHUH�LGHQWLÀHG�WKDW�ZRXOG�FRUUHVSRQG�ZLWK�RUJDQLF�DJJUHJDWHV�FRPPRQO\�IRXQG�
in reducing environments related to hydrothermal vent systems. These aggregates are formed by methane-producing microorganism (methanogens) metabo-
lism that sustains such extreme environments mediated by anaerobic methane-consuming cell consortia. The organic aggregates register Ni content up to 8 
ZW���)RU�WKLV�IRVVLOL]HG�PHWKDQRJHQ�$20��$QDHURELF�2[LGDWLRQ�RI�0HWKDQH��FRQVRUWLXP�ZH�SURSRVH�DQ�XOWUDPDÀF�FRQWULEXWLRQ��IROORZHG�E\�D�K\GURWKHUPDO�
HQULFKPHQW�RI�%ODFN�:KLWH�6PRNHU�W\SH�DQG�D�VXSSOHPHQWDU\�FRQWULEXWLRQ�RI�ELR�PLQHUDOL]HG�1L�RI�WKH�RUJDQLFV�ZLWKLQ�WKH�VHGLPHQWV�GXULQJ�WKH�IRUPDWLRQ�
RI�WKH�1L�EHDULQJ�GHSRVLW��7KH�VHGLPHQWV�FRQÀJXUHG�DQ�DW\SLFDO�ODWHULWLF�SURÀOH�DW�WKH�3LW���ZKHUH�1L�FRQFHQWUDWLRQV�UHDFKHG�XS�WR���ZW���LQ�FRQWUDVW�WR�WKH�
VRXWKHUQ�3LW���ZKHUH�WKH�SHULGRWLWHV�GHYHORSHG�D�W\SLFDO�ODWHULWLF�SURÀOH�ZLWK�QLFNHO�FRQFHQWUDWLRQV�QRW�H[FHHGLQJ���ZW���'XULQJ�WKH�&UHWDFHRXV�DQG�&HQR]RLF��
WKH�XOWUDPDÀF�URFNV�DQG�DVVRFLDWHG�GHHS�VHD�K\GURWKHUPDO�UHODWHG�VHGLPHQWV�ZHUH�DFFUHWHG�WR� WKH�6RXWK�$PHULFDQ�FRQWLQHQW��7KH\�ZHUH�UHFHQWO\�H[KXPHG�
allowing supergene Ni-enrichment forming the laterite deposit known today with its locally extraordinary high Ni contents. Together with the organics, au-
thigenic phyllosilicates and Fe-(oxy) hydroxides are the main ‘‘ore minerals” that contributed to add the lateritic Ni-enrichment after supergene leaching pro-
cesses due to weathering of the Cerro Matoso peridotites.


