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INTRODUCTION 
The Deseado Massif Geological Province (DM), in 

the Argentinean Patagonia, is charactcrizcd by an 
cxtcnsivc nliddlc to latc Jurassic volcanisn~ that covcrs 
approximately 35,000 krn2. Pankhurst, et al. (1998) joined 
the DM with the rest of Patagonian and Western 
Antarctic Jurassic volcanic rocks in a Large Igneous 
Province (LTP) called Chon Aike. 

Associated with the late stage of this Jurassic 
volcanisn~, hydrothermal systems generated diverse 
cpitcnnal deposits in thc DM, mainly classified into thc 
Low Sulphidation (LS) type (Schalamn~~k, et al., 1997). 

Despite some new dctailed works (Gonzalez Guillot, 
et al., 2004; Jovic, et al., 2004) the mineralization is 
characterized by quartz veins, hydrothermal breccias, 
veinlets and stockwork. with anomalies in precious 
metals, in some cases with econonlic importance, as 
Ccrro Vanguardia Minc and Martha Mine. 

Eureka-La Mariana (E-LM) arca is locatcd in the 
northwestern region (Fig. 1) and is one of the most 
outstanding epithennal projects in the DM. This study is 
focused 011 the detern~ination of metals and fluid source 
from this Au-Ag deposit and its relationship with the 
middle to late Jurassic volcano-pyroclastic sequence that 
host mineralization. 

Schalamuk ct al. (1997) and Moreira et al. (2005) 
dcternlinatc for some cpithclnlal dcposits of ccntral DM, 
an interval of Pb isotopes of 18.307-18.722 for 
'06pblZo4F'b, 15.590-15.953 for 207Pb/204~b and 38.290- 
39.527 for 2""b/:"4~b, by analyzing five samples of 
galena and three of pyrite and sphalerite respectively. 

GEOLOGICAL SETTING 
REGIONAL GEOLOGY 

Thc middlc to late Jurassic volcanism that 
characterize the DM was regionally described as 
intermediate lava flows and volcanic agglomerates (Bajo 
Pobre Formation) covered by acidic pyroclastic deposits, 
with minor lava flows and domes (Chon Aike and La 
Matilde Formations), placed in grave& under an 
extensional tectonic setting. 

The bascmcnt of those units is composed by igneous 
and metamorphic rocks of late Precambrian to Paleozoic 
age (Rio Deseado Complex), covered by Permian to 

Triassic continental sedimentary sequences (La 
Golondrina, La Juanita and El Tranquil0 Formations), 
latc Triassic.--early Jurassic granitoids (La Lcona 
Fornlation) and early Jurassic tuffs (Roca Blanca 
Formation). 

The middle to late Jurassic succession is generally 
covered by Late Jurassic to early Cretaceous tuffs and 
tuffites (Bajo Grande and Baquer6 Formations), Tertiary 
marine and continental sedimenta~y rocks (Patagonia and 
Santa C ~ u z  Formations), Tertia~y to Quaternary plateau 
basalts and fluvioglacial gravels. 
LOCAL GEOLOGY 

The E-LM area (Fig. I )  is characterized by a conlplex. 
interbedded, Jurassic volcano-pyroclastic sequence of 
basandesitic to rhyolitic composition. Tt was mapped with 
volcanic facies criteria (Lopez, 2006), avoiding 
formational names and using the Bahia Laura Complex 
(BLC) terminology, in order to show its complexih. 
Those rocks arc partially covercd by Tcrtiary scdimcntap 
rocks and basaltic plateaux and Quaternary sediments. 

The BLC is colnposed by intercalations of andesitic 
lava flows (Lower and Middle Andesitic Lava Flows) aod 
dacitic ignimbrites. Andesitic and dacitic subvolcanii 
bodies are intniding this sequence. A new period of 
extrusive rocks took place, first rhyolitic domes, dikes 
a& lava flows were cnlplaced, and then, a last andesirii 
lava flow (Uppcr Andesitic Lava Flows). The Jurassic 
BLC sequence ends with andesitic volcanic agglomerates. 
ash-fall tuffs and reworkedtundifferentiated volcaniclasti: 
rocks. 

LS EPITERMAL DEPOSITS 
The area comprises the westernmost part of the Cerc  

Ncgro Project (Oroplata S.A.). Mineralization in the zs 
is well represented by diffcrcnt lcvcls of thc cpi themi  
model, with shallow features as carbonate stromatolir~ 
(Guido et al., 2002) and silica sinter (Lopez et al.. 7005 . 
intermediate level structures as La Mariana South Ye,: 
(the only one without presenting sulfides) and C e n ~ .  
Hydrothermal Breccia and deeper examples as Eurz>2 
North Vein, Northern Veinlcts and La Mariana Scr.5 
Vcin (Fig. 1). There are also inany quartz veinlets .,r: 
hydrothermal alteration zones. 
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Central Hvdrothermal Breccia (CHB) consists in a quartz cement. The host rock is a silicified ignimbrite, 
200 meters long and 2 lneters wide structure, orientated that has abundant disseminated pyrite, but in association 
N33S0, filled by an hydrothe~mal breccia with vein with later fractures. 
fragments of crustifornl texture, in a massive saccharoid 

Lagoons and temporaty creeks I 
-a LS epithermal qr veins I breccia. ,- o Subvolcanic andesitic bod! 

farms Undifferentiated volcaniclastic rocks A! ' Subvolcanic dacitic body e 2 
0 Modern sediments Ash-fall tuffs OS? O -) Middle andesitic lava flows 
i . .  

Fluv~oglac~al gravels (Pleistocene) Andesitic volcanic agglomerate 5 Ash-flow tuffs(ignimbrites) 
-la, m .  

Cont~nental sedimentary rocks (Late Mioc.) Upper andesitic lava flows 
'5 5 
C X  Lower andesitic lava flows 
$5  lZ3 Basalts (Eocene) Rhvolitic lava domes. dikes and flows 0 1000 2000m 

Figure 1: Geological and Mineralialtions map 

Eureka Ouartz Vein (EuV) has general N 300' to 3 10" 
azimuth, and steeply dips (70' to SO0) to the southwest. It 
is 4,500 meters long, outcropping discontinuously 
through several aligned hills, displaced by perpendicular 
faults. 
The main characteristics of the vein changes over its 
length that is why it was subdivided in three: north, 
center and south, showing deeper to shallower 
hydrothemil features respectively (Lopez, 2006). 

Eureka north vein generally has a unique body of 
about 5, up to 25 meters wide filled by quartz and 
chalcedony, with crustifonn, coloform, cockade and 
breccia textures, hosted in intensely altered andesitic lava 

flows. At the northwestern extreme of the vein, the host 
rock has disseminated pyrite. This part of the vein has the 
most important anomalies in Au and Ag. 

Eureka center vein includes three branches from 1 to 
3 meters wide each, mainly with brecciated texture, with 
angular clasts of the Eureka north vein pulses in a Fe-rich 
silica cement, and a later event of Fe-Mn oxides that took 
place inside the bands of the crustifonn texture, or as the 
cclnent of a new hydrothermal brcccia. 

Eureka south vein is the most regular of the threc 
segments. It has a width, from 1 to 2 lneters and is 
composed by veinlets of quartz in some places with a 
singular densification, giving place to breccia texture, 

V South American Symposium on Isotope Geology -April 2006 5?? 



Isotopic studies in mineral and oil exploration 

with abundant host rocks clasts in an saccliaroid quartz 
cement, hosted in ash fall tuffs. 

The alteration patterns change taking into account tlie 
host rocks, but always fonning a halo of 30 incters to 
each side of the vein. If the host rock is acidic in 
composition (tuffs, ignimbrites, etc.) the alteration 
assemblage consists in quartz, sericite, illite + epidote, 
while if they are intermediate, the typical alteration 
mineralogy is chlorite, epidote, smectites, calcite, and 
zeolites. 

Northern Veinlets (NV) consists in a group of veins 
and vcinlcts that arc dividcd bccausc of its composition 
in: fillcd by quartz or by carbonatc. 

The silicic ones are veinlets with hvo main 
orientations: NW-SE and E-W. Thcy have 2 centimeters 
to 1 meter wide and up to 100 meters in  length, with 
infilling of quartz with comb texture. The crossing 
veinlets produce some breccia textures. They generate 
propylitic + argillic or silicic + argillic alteration bands of 
0.5 to 2 metcrs in width, depcnding on thc intermediate or 
acidic composition of the host rocks. 

In the other hand, the carbonate veinlets join in real 
veins of up to1 ineter in width. The host rocks are 
intermediate, where propylitic is the main alteration, 
forming bands of 10 meters wide to each side of the vein. 
Veins are con~posed in 95% by calcite, but also quartz 
aincthyst, adularia and pyritc arc prcscnt. 

La Mariana North Vein (LMNV) has N 3-60" azimn~lth; 
up to 2 meters in width and it is 200 meters long. Quartz 

is white to gray, and has typical epithermal tilling 
textures: massive, saccharoid, cmstiform and colofornl 
banding and calcite pseudomorphs. Occasionally quartz is 
highly porous, with limonite filling the porcs. Therc are 
inany limonite patinas and patches and fine dissenlinated 
pyrite. It is hosted in gray to green fine air fall tuffs with 
intense alteration. Tt is possible to recognize argillized 
crystaloclasts and many limonite patinas and patches. 

PB TSOTOPY 
The lcad isotopic compositions of sulphidcs and 

quartz fro111 thc samplcs of the main mineralizations in E- 
LM area are radiogenic and relatively honlogeneous 
(Table 1) with 2"6Pb/2'"Pb ratios ranging from 18.343 to 
18.460; 207~b/204Pb froin 15.599 to  15.63 1 and '08Pb/'04Pb 
from 38.344 to 38.479. The Pb isotopic con~positions 
cluster between the orogen and upper crust curves in the 
manogenic diagram of the plumbotectonic model of 
Zartman and Doc (1981) (Fig. 2). 

The host rocks display Pb isotopic con~positions for 
206~b/2"Pb; 207Pb/203Pb and 2 0 8 ~ b / 2 w ~ b ,  between 18.474 - 
18.662; 15.595 - 15.621 and 38.575 - 38.831 respectively. 
The lead isotopic signature of the intermedite rocks range 
from 18.474 to 18.621; from 15.595 to 15.603 and from 
38.575 to 38.738 for 20"b/204~b; '07~b/ '04~b and 
20"b/204~b respectively. The present day average Pb 
isotopic compositions for host rocks are morc radiogenic 
than the sulphidcs as expcctcd. 

Table 1 : Lead isotopes results of Eureka-La Mariana wen. 

In tlie Pb-Pb diagram (Fig. 3) the ficld defincd by 
analytical points from dacitic subvolcanic body, 
ignimbrite and rhyolitc fall along an array that trends 
towards to mineralized structures Pb isotope 
compositions, while the Pb isotopic evolution line 
regression for the andesites do not intercept the Pb 
isotopes field for sulphides and quartz. Based on the 
evidences listed above it is possible to consider that the 
behavior of the Pb isotopic colnposition of sulphidcs 
suggest a mixing of Pb dcrivcd from crustal rock sourccs, 
but mainly with lead contribution fiom the acidic suite. 

In thc 2wPb/2M~b V C ~ S ~ I S  207Pb/'/204Pb diagram. ~!!e 
analytical points fiom sulphidc dcfinc a lincar array. which 
intcrcept thc Staccy & Kramrncrs (1975) Pb isotopi: 
evolution curve at approxilnately 200 Ma (Fig. 3). This Pb- 
Pb model age, despite of the low precision, suggest 3 
jurassic age for the hydrothemla1 activity associated m5 
the E-LM area. In addition, it was detemlined. for a sm.?ls 
of Lower Andesitic Lava Flows a model TDw age of 1.2 
Ga, that indicate the prcscncc of older continental cmst 2: 

the area, and the vNd value indicates an lower continen-: 
cnlst source for this rock (Lopez et al., 2006). 
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Figure 3: Pb isotopic evolulion curve by Stacey & Krammers (1975) 

"'Pblm4P b CONCLUDING REMARKS 
The results obtained in this work fall within the 

intei-val of Deseado Massif previous Pb isotopes 
(Schalamuk ct al., 1997 and Morcira et al., 2005), but 

Finally, the model age of  1.2 Ga froin the Lower 
andesitic flows (Lopez, et al., 2006) is indicating a 
"Grenvillian" continental crust source for the this rocks, 
in agreement with the hypothesis of crustal Pb taking part 
in the mineralized fluids. 

- near to the minor values in the case of '06~b/'"~b and 

15.6- '07~b/'04Pb ratios. 
Considering our preliminary investigation of Pb-Pb 

and Sm-Nd isotopic systematics and field observations 
we may suggest that the main ~nineralizations cropping 
out in Eureka-La Mariana area, formed due to the 
developlncnt of  widespread convective hydrothcrinal 
activity within upper continental crust with leaching of . 
Pb and, probably gold, mainly from the acidic suite of 

20sPb120"b host rocks (ignimbrite, dacitic subvolcanic body and 

15 16 17 18 19 20 
rhyolitic rocks) or through a complex miczg of P'r\ f:,r 

Figure 2: Pb Isotopic evolution curves for terrestrial these rocks together a subordinzt- zzclx.r  sf D'? 2f-:~: 
geochemical reservoir by Zartman y Doe (1 98 1). from the andesite. 
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RESUMEN 
I 

El area Eureka-La Mariana (E-LM) se ubica en el noroccidente de la Provincia Geol6gica Macizo dcl Deseado 
(MD), caracterizada por la presencia de una compleja secuencia volcano-piroclastica juraslca, basandesitica a riolitica 
en composici6n (Conlplcjo Bahia Laura), dondc sc clcsarroll6 n1incralizaci6n hidrotcnnal con anomalias cn Au-Ag, 
representada por diferentes niveles dentro del sisten~a epitermal de tipo baja sulfi1raci611, con rasgos superficiales como 
cstrolnatolitos carboniticos o profundos como la vcta Eureka Nortc. 

Facies volcano-piroclhsticas jurasicas, asi como las principales estructuras mineralizadas heron analizadas por 
idtopos de Pb. Las co~nposiciones isot6picas de 10s sulhros y el cuarzo resultaron radiogenicas y relativan~ente 
homogdncas, dcntro dcl intcrvalo rcgistrado por 10s cscasos datos prcvios corrcspondicntcs al ccntro dcl MD. 

En el diagrama uranogknico del modelo ylumbotect6nico de Zartman y Doe (1981) se disponen elitre las curvas del 
or6gcno y la cortcza superior. En este ~nisnlo grhfico. el canlpo dc las mincralizacioncs analizadas cs intcrccptado por la 
tendencia del representative de las rocas icidas mientras que no ocurre lo mislno con el gnlpo de rocas intennedias. 

La linea ~ncdia dc 10s valorcs dc las n~incralizacioncs intcrccpt6 a la curva dc Staccy & Kra~nlncrs (1975) 
aproximadainente a 10s 200Ma indicando edad jurasica para la actividad hidrotemn~al del area. 

Por lo tanto se interpreta que la mineralizaci6n se debi6 al desal~ollo de una actividad hidrotermal a escala regional. 
dcntro dc la cortcza supcrior contincntal, con lixiviaci6n dc Pb, y probablcmente oro, dc la suitc bcida, o a travCs dc una 
compleja mezcla de Pb de Csta fdtima con una cantidad subordinada de Pb de la suite intennedia. 
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