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Silver and lead mineralogy in
gossan-type deposits of Sierra
de Cartagena, southeast Spain

J. A. Lépez Garcia, R. Lunar and
R. Oyarzun

The strata-bouvnd Pb—Zn-Ag deposits of Sierra de Cartagena,
Murcia province, southeast Spain (Fig. 1), have been inter-
mittently exploited sincc Roman times—first for silver and, in
modern times, for lead, zinc and silver. These deposits are
currently being worked in open-pit operations by the
Sociedad Miners y Meralurgica Penarroya-Espafia. Produc-
tion in 1986 was 34989 t Pb concentrate, 58078t Zn con-
centrale and 25000 kg Ag.

Silver mineralizarion in gossan-typc deposits has presented
4 major mineralogical and metallurgical problem since Roman
times. The Romans were probably the best prospectors and
metalfurgists of classical times and knew bow to exploit Ag-
bearing jarosite-type minerals in the gossans of the Iberian
Pyrite Belt; furthecmore, they may have used jacosite-type
minerals as a guide to the richest Ag horizoas in the ore
deposits. Indeed, they seacched for the lower contact of the
gossans (as shown by the most important Roman workings),
where sitver becomes concentrated in the form of Ag-jarosite
and other oxide minerals.’

Today, clasgical—some may ¢ven say old-fashioned—
studies of gossan mineralogy and textures are of oajor
rcievance (o ¢he extraction of precious metals from thesc and
similar oxide ore deposits in that s knowledge of the ore
mincralogy is essential in planning a heap-leach operarion.
Heap leaching is now used 10 treat Au~Ag bearing gossans at
Tharsis, Huelva province., Sgaia (reserves exceed 5000 000 t
of tailings and in-situ gossan ore grading 1.8 g1 Au and
37.6 g/t Ag®), and al Grantsville, Nevada, U.S.A.. where the
open-pit operation has ceserves of BO0O 000t of gossan ore
grading 4.3 oz/t silver.3

The Sierra de Carragena orebodies exhibit distinct gossan-
type oxidation zones, which ace locally enriched in lead 2nd/
or silver relative 1o the primary ores. Ore grades and the Pb-
and Ag-bearing minerals in the oxide zones at San Valentin
and El Estrecho (Fig. |) were stvdicd as part of 2 preliminary
evaluation of the supergene orebodies, which constitute
reserves of 15000 000 t. Since magnetic scparation has been
considered as 2 commercial method for the preconcentration
of silver miuerals from oxide orc, U1e method was used in the
present study to effect separations from 3 0.10- to0 0.12-mun
size fraction. Threc differcnt magnetic fractions wcere
obtained: non-magnetic (0.5 A); interrnediate (0.5-0.3 A); and
magnetic (0.3 A). The test samples obrained in this way were
chemicaally a2nalysed by atomic absorption spectrophotometry
to determine the distribution of Pb and Ag between the
different fractions.

Geology

The ore deposits of Sierra de Cartagena have been studied by
several authors."® Geologically, the deposits are located in
the intermal zone (Beric Zone) of the Betic Cordilleras; this

Mapuscript fust received by the Insiitwnon of Minicg and Metal-
lurgy on 21 Sepiembee, 1987; revised manusceript reccived op
5 January, 1988. Technica! notc published in Truns, [nsin Min.
Metall. (Sect. B: Appl. earth scr.), 97, May 1988. © The Institulion
of Mining and Metallurgy 1988.
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Fig.2 Simplified stratigraphic column for Sierra de Cartagena area
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Geological map of Sierra de Cartagena, Murcia, Spain (after Ovejero and - -mi=vevs-

recognized in the area: the Nevado-Filabride Complex and
the Alpujarride € on”° -1 (Figs.1 and 1. The com-
plewesaredivided into several units (Fig. 2) whose ages range
from Palaeozoic (Lower Nevado-Filabride) to Permo-Trias-
sic and Triassic (Upper Nevado-Filabride and Aipuiarrde.
respectively).

The pi1uw pa! ore deposits of the area are of the massive
strata-bound type, the local term for which is ‘mantos’. Two
generations of mantos are recognized in the area.® The first
Clanim 1) is located within the base of a carbonate rock
sequence of the Lower Alpuurr-2= unit and is spatially
related to dolerite bodies that %ixlvre to the same unit. The
second  Manre IT) was cmzlieed in the Upper Nevado-
Filabride unit and is also sraiialiv related to basic rocks
(Fig. 2). The mantos underwent strong supergene alteration,
which resulted in the formation of =i Lzl oxide zones.”:12

Minvralogy

Primary ores
Two types of mineralogical association are observed in
the mantos: vrecralils zpawsenile—=arbonaze selpiade- s
(assemblage (1) and ~pleda car-unate: wiac (assemblage
‘2 : Both rypes are present in Mantos I and I1.” The sulph-
ides in assemblage <1° are pyrite, ~plio: e, guivn@a. mar-
casite, tetrahedrite and stannite disseminated in a matrix of
areepabts Aso=nhigee (2) contains  pyrite,
marcasite, p.<h-iz1 and sphalerite as the principal -siiphiz e
Minor amounts of chalcopyrite, arsavriaiic, tetrahedrite,
and stannite are also present. In both .=s=r h|z--- the car-
bonate is siderite with war:ing degrees of substitution by Zn
and Mn.

The =iiver ~e=zrig minerals are gaiera "1 to 3w, Mgt
and tetrahedrite (up to 20 wt%, Mu - Grades in the prirzry
mineralization are 1 wt% Pb, 1.5 wt%, Zn and 15 g/t Ag.

[ b,

Gossans
The gossans of Sierra de Cartagena are the 1+ ol [iye
supergene alteration of pritmnrt assemblages 1> .4 :5: s

form two distinct oxide horizons. The most i:npnrizin ore
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Table 1

San Valentin gossan ore, horizon 1 —TIrand Ag gr..i=: of core =arifh » and associated rii:ne:ic fractions

Total sample Non-magnetic
fraction

Pb, wt% Ag, g/t Pb, wt%
DDH 923
10.0-12.5m 4.70 30 7.35 74
12.5-15.0m 1.85 30 1.94 30
15.0-17.5m 1.60 44 1.05 58
17.5-19.3m 2.15 68 0.90 145
19.3-21.8 m 1.57 62 1.02 85
21.8-22.8m 1.32 45 0.75 185
DDH 93
5.0-7.75m 2.17 15 6.60 60
7.75-10.2m 1.24 80 0.35 36
10.2-13.1m 0.55 39 0.70 38

Ag, g/t

Intermediate Magnetic
fraction fraction

Pb, wt% Ag, g/t Pb, wt9% Ag, g/t
2.30 25 1.44 19
0.98 23 1.37 50
1.48 4 2.84 5
2.00 17 2.25 20
2.65 30 2.50 63
2.65 23 2.35 22
2.92 18 0.68 15
1.43 91 1.71 73
0.72 14 1.06 45

Table 2 San Valentin gossan, horizon (1)—main ore minerals in 1z112nu!i. fractions (cores as Table 1)

Fraction Pb Ag
DDH 923 DDH 931 DDH 923 and DDH 931
Non-magnetic Anglesite (—) Cerussite , anglesite (—) Cerargyrite (+), native silver (—)

Intermediate
Magnetic

Anglesite . Pb-coronadite
Pb-coronadite ( +)

Pb-coronadite
Pb-coronadite

Cerargyrite (), native silver (—)

- . cerussite (—)
: Cerargyrite (. native silver (—)

Proportion in fraction: +, major; +, moderate; - , minor.

Table 3 EI Estrecho gossan ore, horizon (2)—Pb and A srutra of samples and associated

magnetic fractions

Total sample Non-magnetic

fraction

Pb, wt% Ag, g/t Pb, wtY
| 1.15 5 0.09 6
2 2.64 10 0.38 4
3 0.97 2 0.28 2
4 0.89 4 0.05 2
5 5.52 62 0.27 6
6 2.24 35 0.20 4
7 0.37 5 0.05 2
8 1.05 4 0.08 2
9 0.60 10 0.07 4
10 0.67 7 0.02 2

Ag, g/t

Intermediate Magnetic
fraction fraction

Pb, wt9, Ag, g/t Pb, wt% Ag, g/t
0.83 6 1.25 6
2.69 15 2.49 9
0.86 5 1.75 6
0.58 10 1.05 5
7.95 84 5.01 78
4.24 72 2.36 40
0.27 8 0.38 8
0.42 4 1.04 3
0.43 6 0.73 8
1.68 18 1.09 14

Table4 El Estrecho gossan, horizon #—i~zint ore minerals
in magnetic fractions

Fraction Pb Ag

Non-magnetic Anglesite (—) Native silver (—)

Intermediate Pb-coronadite (+), Native silver (43,
Pb-jarosite (—) jarosite (—)
Magnetic Pb-coronadite (+), Native silver (+),

Pb-jarosite jarosite (—)

Proportion in fraction: +, major; +, moderate; —, minor.

metals present in the gossans are lead and silver. These were
leached from the ziiza:+ ores and jrceigriited as =ulpl:aces
(Pb- and 4y-lwarime jarosites, and anglesite), carbonates
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(cerussite), oxides (Pb-bearing coronadite and p.«i1line.
native silver and halides (cerargyrite). A simplified tiszran v
the processes responsible for the formation of these minerals
in the [.iraguemn gimetr o potaenlzd as Ire 30 Ore grades
and zinesizlogy are displeyet in Tables 1-4, and some tex-
tural features of the ores are shown in Figs.4 and 5.

The mineralogical and textural characteristics of the oxide
horizons d-vlied from a=zeanhliges (1) and (2) are dif-
ferent. Whereas in horizon .I; lerve:: from a:-emhliee

| : =sihres occurs mainly as verareyoie and native metal, in
horizon (2) it occurs principally in jarosite and as native silver
disseminated in givLluil. The icid-luwire minerals are also
different: anglesite, cerussite, Mn oxides and goethite in
horizon (1); and Mn oxides and jLu~f: in horizon *
Moreover, ore textures differ from one horizon to the other—
for vaaziplo T send-nzce1 7 textures are frequently observed
in horizon (1) (Fig.4), but in horizon .., =141+ textural
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Fig.3 Simplified schema of formadon of (o) secondsty lead and (b) secondary silver minecals in
supergene horizons (1) and (2) from primary assemblages (1) and (2). Occurrence of galena, for example,
in both assemblages (1) and (2 results in formation of PbSO in harizon (1) or Pb-coronadiic 1n horizons
(1) and (2). Horizons (1) and (2) derived from assemblages (1) and (2), respecsively

features have largely been obliterated (Fig. 3).

The preservation or loss of primary textures, as well as
metal leaching, was related o the availability of iron sulphide
minerals and 1he presence of carbonates, which contsolled the
acidity/alkalinity of the system. An example of chis incer-
dependence is the oxide zones derived from assemblage (2)
(sulphide-carbonartes—silica), where metal leaching was
stronger and primary texqures are infrequenily observed. [n
assemnblage (1) most of the iron is in the form of magnetite and
siderite, whercas in assemblage (2) 289, of the sron forms
pyrite and marcasite. The presence of these iron sulphides
produced lowcr pH conditions ( ~ 3, as indicated by the local
occurrence of jarosite), resulting in a greatcr development of
iron and manganesc oxides. The important presence of Mn
oxides in the oxide hocizon developed from assemblage (2) is
also a consequence of the high primary content of this element
in the manto carbonates, which can contain as much as
(5 wt¥, Mn.?

The presence of a silver halide, such as cerargynte, has a
particular pataeo-covironmemal significance in that this
mineral forms only under arid to semi-arid condirions'*—a
climartic condition that is also indicated by the presence of
smithsonite (a minera) of minor imporiance in the gossans of
Cartagena). A conrributing factor to the formation of
cerargyrite was the proximity of this area to the sea, which
resulted in an importam wind-borne supply of chlorine.

Conclusions

Two strata-bound Pb-Zn-Ag orebodies (mantos) are cus-
rently being worked by the Sociedad Minera y Metalurgica
Penarrova-Espana in the Sierra de Cartagena, southeast
Spain. Associated with the primary ores are gossan-typc
oxidation zones; these supergene ores, which comprise two
distinct minera) associations that were formed from the two
prumary manto assemblages under different pH condinons,
are locally eariched in lead and/or silver.

A preliminary evaluation of the gossan ores at two of the
open-pit mines was undertaken to invesrtigate the distribution
of Pb and Ag in the different magnetic fractions of the ore.
The results indicace that magnctic separation as a first-stage
preconcentration method after crushing could be used sue-
cessfully prior to beneficiation of silver by heap leaching.

Onc of the factors that affect the profitability of heap
leaching is the mineralogy of the ore;'? significantly, a propor-
uon of the silver ore mineralization
silver) at the gossans studied is amepable to heap leaching
(neither mineral is a cyanicide'?®). The dryish, Mediterranean
climate is ideal for heap leaching: minimum and maximum
average temperatures (January and August, respectively) are
5.4° and 31°C (annual rainfall, 287 vom). Hydrometallurgical
tests should indicate the level of Ag cxtracuoa that can be
achyeved and the optimum reagent composition and con-
sumpuion rare, as well as other factors. such as crushing size,
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Fig.4 Supergene horizon (1)---reflected-light photomicrographs of minerals and textures. (A4) Roseate siderite (Sd); (B) roseate siderite (Sd)
showing different stages of alteration to goethite (gz); (C) goethite (gt) replica texture after galena; (D) crystals of anglesite (Ag/) intergrown with
goethite (gz3; (E) intergrowth of magnetite (Mr) and siderite (Sd); (F) hematite crystals (Fm) with goethite (gr) pseudomorphs after siderite; (G)
hematite (Hm) and goethite (gr) preserving original banding of magnetite-siderite; (F) cerargyrite (QJg) crystals with inclusions of native silver
(Ag) and intergrown with goethite (Gr)
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Fig.5 Supergene horizon (2)—reflected-light photomicrographs of minerals and textures. (4) Banded hematite (Ffm) and goethite (Gr) after
marcasite; (B) banded texture of marcasite (Mc) and carbonates (Cbro); (C) goethite (Gr) replica textures after sphalerite; (D) goethite (Gr)
pseudomorphs after siderite; (Hm) hematite; (E) coronadite (Co) and goethite (Gt) pseudomorphs after marcasite; (F) colloidal textures of
coronadite (Co) and goethite (Gz); (G) jarosite (§r) infilling voids in goethite (Gt); (H) colloidal textures of goethite (Gr) and disseminated native
silver (Ag)
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ampount of solution needed 10 saturate the ore, ¢t¢. Before any
major investment, hawewer, careful consideration will have o
be gwwer 10 the rather low gradus of silver (<80 i 1 in bulk
sunp e and 185 g1 in magmnetically separated ore) and 10 the
vcp-—wol markee [-hi<: of the metal.
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New evidence of epithermal gold
potential in andesitic volcanics
of the Central Intier, Jamaica

P. R. Simpson, G. L. Lalor, H. Robotham,
J. Hurdley, &. E. Milodowski, J. A. Plant
and T. K. Smith

Detrital native gold of ~igh fineness is r«pered o drainage
saraples from the Mountain River at Cudjoe Hill on the
southeast r:arzir: of the Central [ndier, St. Catberine Parish,
Jamaica (Fig.1). The gold is associated with volcano-
wcdimertury  sequegces of andesitic affinites and with
anomalous gemchemical haloes for As and Ag, which are
Lcbicalv= ol zprhesmial gold ~eweralzagan ™' The
wikcar:s ‘e hias been locally intruded by Cretaceous
grasodinn s ac Ginger ¥idge, 2.5 km southwest of Juan de
Bolas mountain (Fig. 1).2

The Caribbean plate is a favourable area for gold v<pluza-
tion and, by w=2lopy with the fnl.qe western Pacific plair
murgin, has potential for <pirh-rmnel deposits related to
volcanic hot springs at crustal plate boundaries.® Jamaica has
no record of gold mining, though Sawkins'® recognized the
gold maicns- al of roineralizarioo in the Stamford 14111, Charing
Cross and o' 1 Mine localities in northeast Clarendon31? 1o
the west of the present study area, which he classified as gold
ore.

Geochemistry
Gold was observed in pan concenirates where the Mountain
River emerges from a gorge in the Troy facies of the Troy-
Claremont Formarion (site (10), I1a. 11. Field examination of
andesitic volcanics of the Cenrral Inlier (site (2), Fiz. 1)
indicated the presence of fincly disserninated yYymiv in the
Arthur’s Sear Formation and Eastera Voleanic Group, which
may, therefore, be a prizmary source of gaid

Thirteen pan cobcentrate samples were analywl by X-ray
fluorescence (XRF) for 28 clernents, including the gold path-
finder elements As and Ag, which indicated the presence of a
geochemieal halo. The highest arsenic values coincide with
the presence of <Liphil= jn bedrock ‘5% ppm As at site (2),
ta 1), and the [tpmn silver values tend to reflect sites
favourable for the accumulatien of detritat gold, such as the
Mounrtain River gorge (5-11 ppm Ag), Zrainage samples from
locations underlain by the Guy's Hill Member of che Yellow
Limestone raup (S ppm A4 and the alluvium near Lloyds
(11 ppm Ag) iFiz 1). The ranges for other indicawor elements
are, ppm: Ba, 45-1034; Zn, 217-535; Sb, 0-9; [n, 53-231;
and Mo, 4-9. The kizhur values are anomalous and are also
indicative al ezig=neos mzneraliind .

Livaloy
The gelopica setting for puld in the Mouniain River catch-
ment basin is dominated by andesitic volcanics of the Arthur’s
Seat Formation and Easteen “oi<sinis Group. Tew represent
the oldest of the i Cretaceous subdivisions of the Central
Inlier FFa 1)

The Atthur’s Scat Formation consists of poorly hedded,
unsorted epiclastic volcanic conglomerates and breccias,
together with subordinate laminated volcanic grirs, sand-
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