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RESUMEN 

En el área oriental de la pcn{nsula Staines se prescnta, muy bien expuesta, una discordancia angular que separol 
una cubierta volcano-sedimentaria de un complejo del "basamento" con deformación múltiple. Los estratos 
de la cobertura, que se correlacionan con la Formación Tob{fera, están compuestos por rocas volcánicas síliceas 
intercstratificadas con sedimentos volcanoclásticos. El complejo del "basamento", que es una parte integral 
del basamento pre-Jurásico Superior de la cordillera magallánica. está compuesto, en este: Sector, por delgadas 
capas de cuarcitas, metaren~cas, metapelitas y esquistos verdes. Posiblemente, representan litolog{as originales 
de cherts (con niveles bien estratificados), sedimentos f]yschoides y basaltos. 

Las relaciones estructurales entre la cobertura y el basamento indican tres fases de deformación regional. 
Las dos primeras ocurrieron con anterioridad al alzamiento y peneplaniución del basamento, mientras que 
la tercera fase afectó tanto al basamento como a la cubierta volcano-sedimentaria del Jurásico SuperioJ"Cretácico 
Inferior. La primera fase de deformación impone elementos de fábrica oblicuos a la Cordillera, en tanto que la 
segunda y terCera tienen, generalmente, fábricas con rumbos norte-sur. 

Las observaciones estructurales y litológicas, real indas en esta rt'gión, apoyan las correlaciones de este 
basamento con las secuencias del Paleozoico Superior en el archipiélago Madre de Dios y con los complejos 
del basamento expuestos más al norte, en el canal Baker, Puerto Aisén y Arehipiélago de Las Guaitecas. 

ABSTRACT 

A beatifully exposed angular unconformiry in the eutern isthmus area oC Península Staines separates an 
overlying vo!canic/stdimentary cover Crom an underlying polyphase deformed basement complexo T~ cover 
SITara, correlative with the Tobifera Formation, are here composed of silicic volcanics mixed witbin volcani­
eluac sedimentary rock!. The basement complex. forming an integral part oC the "prc-Uppcr Jurassic base­
ment" of the southernmost Andes, is composed here of a) thinly banded quartzites, b) met ... renites and 
metapelites, aud c) greenschists. Feasible protoliths for these rock types are a) bedded chert. b) flysch-Iike 
sediments. and e) basalts. 

Cover basement structural reluions indicate [hree phascs of regional deformation. The first two pha5(:s 
occurred prior to uplift and peneplanation of the basement. while thc third phase ¡nvolved both the basemcnt 
and its (?) Uppcr Jura. .. sic-Lowcr Cretaceous volcanic and sedimentary cover. While the (jru phasc of deforma­
tion imposed fabric elements oblique to the present cordilleran trend. the 5Ccond and third pha. .. e generally 
have consistent north-soutb directions. 

Both Iichologic and structural observations support che correlation oC lhis basement with che Upper Pa­
Icozoic complexes in [he Madre de Dios Archipelago as well as those exposed (O the north in the regions uf 
Canal Baker, Puerto Aisen, and the Guaitecll Archipelago. 

INTRODUCCION 

Peninsula Staines, Jocated In Chile at 5J04O'5 and 
7 J04Q'W, in Region XII , .... cst of Puerto Natales 

(Fig . 1), contains exccllcnt c:xposurcs of a meta · 
morphic , polyphase ueformcd, prc-(?}Uppcr juras-

Ul'vista (;eo¡' i¡:jcu dl' Chile N° JO, p. 3 -15 . . 1 fi¡. s .. Ilám .. 1 labIa, 1980. 
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SIl" haSl"llll'lIl l"ol1lpkx. Morl'O\Tr, thl..' 'ourtan' ot 

the angular lIll({mformity that sl'parate:s thls hase:' 
I1wnt from ltS J urassic ami youngl'r con.:r strata 
can bl.: studil'd owr an area of several square kilo­
mcters within thl.' Península Staincs isthmus zone. 

i\lthough prn'jous authors (Cortés ami Dalzicl, 
1970; Dalzj(.'I. 1970; SCl'\vart et al., unpuulishcd 
report of che Instituto dc Invt:!'itigaciones Gl'oló-

gh:as, 1971; Dalzid and Conés, 1972: ()alzld <lnd 

Ellim. 1973; Dalzicl. 1975; I!ruhn el .. /.. 197M' 
h<l.\'c reponed and cumOlentcd on thl' prcselll'~' 

of this unconformity, we n:port the first Jetailed 
srudy of rhe basemcnt rocks, wirh particular l'lll 
phasis on the lithology. internal srructure, and 
rclation to cover strata. 

REGIONAL SETTING OF TIIE BASEMENT 

The bascment outerops of Peninsula Staines are 
part of a narro\\' zone ofthe pre-{?)Uppcr )urassic 
bascmenr cxposed berwcen plurons of th(.' Parago­
nian uarholirh [o rhe wesr and the bclt of ophio­
¡itie assemblages, forming part of rhe floor of 
rhe "Rocas Verdes" marginal basin, lO the east 
Dalziel el al., 1974). Wirhin this zone che basc­

mcnt is exposed in thrce areas: on Peninsula 
Staines Just wesr of rhe istmus, on Peninsula 
Staines further to rhe south and separated fmm 
the firsr cxposure by a younger pluton, and along 

the northcasc coasC of Seno Vuseff. (sce Fig. 1). 

West of che isthmus of Peninsula 5raines (sce 
Fig, 1), the basement complex is ovcrlain wirh 
angular unconformity by silicic vo1canics .and vol­

canic1astic sedimentary rocks correlated on litho­
logic and regional grounds \Virh the Tobifera For­
marion (Cortés and Dalziel, 1970; Stcwart et al., 
1971; Bruhn et al., 1978), and hence probably 
of Upper Jurassic age. The basc:ment exposed in 
the irnmediate vicinity of the isthmus is intruded 
to the west and south by plutons of rhe Parago­
nian batholith, thar to rhe south heing called here 

the Seno Yuseff pluton. 

The southcrn basemenr exposure is boundc..-d. 

to the north by the Seno Yuscff granític intrusivl: 
hody and to the wcst by orher plutons of tht· 
Pacagonian hatholich. To ehe cast the rocks of 
rhis sourhern bascmcnr outcrop are in fault con­
race wirh wdl hedded volcaniclastic scdimcntary 
rocks. which are corrcJatcd on lithologic grounds 
\Vith rhe Lower Cretaceous Yahgan Formation 
(Karz and Wancrs, 1966). though admincdly I.ck· 
ing fossils. 

1'0 (he easr of Península Staincs, bascment is 
cxposed only within a small coastal fringe along 
the northeasr shore of Seno Yuseff, whl're ir is 
also ovcrlain wirh angular unconformity by rh<.· 
probable equivalent of rhe Tobifera Formarion. 
This rcpresents the casternmost exposure uf ha· 
semcnt in rhe Cordillera at this larirude, ehnugh 
ro rhe north and south limited basement expo­
sures are found further case. Thc covcr setliml'n' 
rary roeks east of rhe isrhmus are complcxly 
bounded by mafic igneous rocks of the Sarmiento 
Complex. The Sarmiento Complex is rhc major 
body in rhis arca of a north-south belt of mafie 
¡gneous rocks which constitute parr of the floor 
of rhe Rocas Verdes marginal hasin (Dalzicl el al., 

1974). 

COVER SEQUENCES 

A basal breceia is locally developerl above the 
irregularly crodcd basement surfacc. This breecia 
is composcd chicfly of suhangular to angular 
block s of oasclllcnr, locally o\'cr onc meH'r in 
diamcter, in a finer dastic matrix . Overlying this 
are wcll bedded scdimentary rocks, rangiog from 
fioe silicic dasrics to eoarse conglomera tes, as ",ell 
as extcnsi\'l' ignimbritcs. and rhyolitic f10ws anu 
ureccias. Srrarigraphic rcJations bctwccn the va­
rious roá types are ('omplex, with marketl facies 

changcs burh latcrally aOO \'(.'nically ami cxrcnsive 

channcling, In places there is also cvidenn' of soft 
scdiment deformarion. 

To rhe east, rhe Tobifcra Formation is in con­
tacr with mafic rocks of rhe Sarmiento Complex . 
Although locally mafic intrusives which may he 
related to rhe Sarmiento Complex cut the Tohi · 
fcra, the cxact nature of the boundary m'l'tis fur o 
ther study. Immediarely south of the arca con:rnl 

in rhis report, intercalated mafic aod sili('ic \'Oka­
nies and sedimcnts may indicare (hat acri\'ity rc­

lated to the Sarmiento Complex was in pan l'OIl ' 
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tcmporaOl..'ous with dcposl1101\ oí' rhe Tubifcra 

Formation. Relarions in othc:r nc.·arh)' parts uf 
rhe compkx. whcn.' prohahle Tobifcra ()c.."Cur~ as 
rc:mnant S("((.'cns hca\ily ¡ntrud .. .'d uy mafie dikt.":i 
of rhe ophiolitc. would SCCnl 10 mtlil"3.tl', howl'vcr, 

rhar rhe Tobifera ¡argely prcdatl's th(' ophiolitc 
(Allcn and Forsythc, unpub . data). Becausc rhe 
baserncllt prcdatcs rhe Tobifera, and thus proba· 
bly rhe Sarmiento Complex, ir is prt'sumably cut 
at depth by rhe plutonic Icvds of rhe Sarmiento 
Complex . 

Deformaríon of rhe tover scquencc oear rhe 
Isthmus is shown by largc scaJe open to tight fold­
ing of rhe unconformity surface as wcll as rhe 
ovcrlying strata. This phase of folding is accom­
panied by rhe devcloprncnr of a pcnetrativc clca­
vage in (he Tobifera that is subparallel to the axial 
plan~s of th~ large scal~ folds (s~e cross scction 
A-A', figure 2, and Dalziel and Conés, 1972, 
plate 2 for phoro of cleavage) . The nonh-south 
orientarion of these structurcs suggests rhat they 
are re!ared to deformation of the Sarmiento Com­
plex and the uplift and destruction of the Rocas 
Verdes marginal basin. These probably oecurred 
in the mid-Cretaceous following arguments oudin­
od by oth« workers (Dalzid et al., 1974, Bruhn 
and Dalzid, 1977). 

The well bedded sedimentary rocks in faulr 
contact with the basement south of the Seno 
Vuseff pluton are grey volcaniclastic flysch-like 
sequences. which in this area contain distinctive 
calcareous lenses and pods. These sedimentary 
rocks are not polyphase deformed and are litho­
logieally identical to scdimentary rocks elsewhere 
observed to be directly overlying the mafic volea-

IJASEMENT N.OCKS. PENI:-.JSUJ.A STAINf-.S 

nies of thl' nearh)' Sarmil'nto Compkx (,\lIen, 
unpub. Jata). Thc sl.:dimcnrary rocks arc in turn 

lithnlogicaJly similar (() rhose of {he Lm\' I.:r en." 

(a,4.:ous Yahgan Fllrmation (Kranck, 1932j Kat1. 
ilnu Waul'rs, 1966), which app(:ar to o\'erlic units 
of the ROGlS Vertks marginal hasin funhl'r to 
the south (Dalzicl el al., 1974; Suárez and Pct­
tigrew, 1976; Winn, 1978). lIem'c, the sedimen­
tar}' rocks in fault contact with [he haSl'ment 
are tcntati\'c1y corrclated with the Yahgan For­
mation. Adjaccnt to the faulr, thesc rocks are 
upward fadng, with hl.'uding striking suhparallc1 
to rhe fault and dipping to thc west. The actual 
fault, marked by extensive loealized fracturing 
uf both rhe probahle Yahgan cquivalcnt and {he 
bascment, is a high angle rcverse fault, dipping 
west and striking northcast. Thc hasement to the 
west is upthrown n:!ativ(.· to the l'over strata lO 

the casto 
The bascment, Ihe Tobifera Formativn, and 

the strata probably equivalent to the Vahgan For­
mation, as wcll as all penctrative structures in 
these sequences, are cut by the intrusive contact 
of rhe Seno Yuseff pluton. Near the plueon all 
rocks are affected by a hornfels zone localIy up 
ro a few hundred meters wide. A whole rocks 
Rb/Sr isochron of 4S ± 6 m.y. has been obtained 
for the Seno Yuscff pluron in the vicinity of the 
Sono Yuseff coast (Halpern, 1973, locality 8) 
From this date, ir would appear that a minimun 
age for the deformarion seen in {he cover srrata 
here is 45 ± 6 m.y. As previously mentioned, 
regional considerations indicare the deformarion 
rook place in the mid-Cretaeeous. 

BASEMENT 

The polyphase deforrned rocks that crop our along 
the castern límits of Península Staines have been 
íncluded within the pre-(?)Uppcr ]urassic base­
ment of (he southernrnost Andes bascd on the 
f<."gional correlation of rhe unconformity, and 
fossils discovered within the eover strata elsewhere 
(Cortés and Dalziel, 1970¡ Dalziel and Cortés, 

1972, Stewart et al., unpublishod report). The 
unpublished report of Stewart et al., (1971) ref~r­

red to rhe basement in the vicinit)' of Peninsula 
Staines as the Staines Formation . Howevcr, becau-

se the degree of deformatíon and metamorphism 
has obseured original stratigraphic relations, and 
also becausc the basement in eludes lithologies 
which are of doubtful original stratigraphic con­
tinuity, the term Staincs Complex is preferred 
here, and is raken to ¡nelude all rocks bc:neath 
thc unconformity within the Peninsula Sraincs 
arca. The main ou{crops of this eomplex are 
illustrated on the aceompanying gcologic map 
(Fig. 1). 
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A. LlTHOLOGIC UNITSOF TlIE STAINES COMPLEX 

Atoog [he ~ast central portions uf Península Stai­
nes (he complcx is predominantly composed of 
an alternaring scqucnce of mcramorphosed sand­
stone. siltstonc, and shale (as prcviously noced 
by Stcwart et R/., unpublishcd report). This meta­
scdirncntary unir, formiog pcrhaps 80 to 90% of 
the basernent tc:rraoc. has a variable metamorphíc 
grade and degree of structural transposition. Where 
(he metamorphism and transposition are leasr in­
tense an original graded derrital character is pre­
served in sorne of (he coarser units. In eh in sec­
tion. (he metasandstones are composed of 40 ro 
50~ fine recrystallizcd groundmass within which 
sorne relie clastic texture is visible in addition to 
wcll preservcd subangular lithic, feldspar, and 
quartz grains. However the abundance of ortho­
matrix present and the difficulty in scparating 
polycrystalline quartz lithic fragments from pol­
ygonized quarrz grains, makes classification of 
these merasandstones difficult. The relative abun­
dance of feldspar and lithic clasts versus quartz 
c1asts however, docs suggest a subquartzose pro­
tolith (Dickinson, 1970). The poorly sorted sub­
angular grains further suggest derivarion of these 
sandstones from a tectonically active, or at least 
unstable source terrane. 

In addirion there exist distincrive lenses oí 
rhyrhmically alrernating quartzite and argilJite 
beds, occasionally reddish in color, whieh occur 
almost randomly ",ithin the flysch-like sequences. 
The quartzite in rhese lenses was suggested ro be 
metachert by Dalzie\ and others (1975). In the 
basemcnt recrane cxposcd direcrly ro rhe south 
of the Seno Yuseff pluton similar units of "meta­
chert" are found intimately inter-foliated with 
chlorire/actinolite greenschists and gneisses. The 
rhyrhmic bedding and reddish color are identieal 
to those of cherts within adjacent basement ter­
ranes in sourhernmost Chile thar are also asso­
ciared with greenstone (Dalziel et al., 1975; For­
sythe, 1978; Forsythe and Mpodozis, 1979). Thus 
the metacherts interpretarion seems quite reaso­
nable and will be accepted here. The individual 
beds of both quartzite and argillite range in thick­
ness (rom 1 to 5 cm (see for example photo 5). 
In thin section rhe individual metachert layers 
seem ro be composed oí lay(rs of polygonized 
quartz and are scpanred by layers of muscovite 
and sericite. The long dimension of the phyllosi­
licare mineral. is usually subparallel lO the com­
posirional layering, and in hand specimen ae-
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counts for a bedding ptane or composirionat lay­
ering fissility. In outcrop [he tenses conraining 
metachert are usually a few meters across and up 
to a few hundred meters in lengrh, howl.'vcr, in 
[he zone to the south of the Seno Yust:ff plutoll 
they form lenses thar when taken together w ith 
the associated greenschists and gneisscs are up 
to several hundred meters wide and a fcw kilo­
meters in length. The dimension of these largcr 
tenses are approximated on the geologie map, and 
are iIlustrated in cross section B-B '. 

The grecnstones and gneisses which form the 
rhird basic unit of the Staines Complex are, as 
mentioned above, exposed only to [he south of 
the Seno Yuseff pluron and are intimatcly in­
(erfoliated with the metachert unics. In thin sec­
tion (hese rocks display no primary mineralogy 
or structure, and are predominantly (70% - 80%) 
composed of radiating splays and mats of acti­
Dolite needles. The remaining portion is compos­
ed of quartz and feldspar and minor sphene and 
opaques. The ubiquitous occurrence of the grecn­
stones with the meracherr suggests an original sub­
marine volcanic origin for the greenstones. 

The three basic units. the flysch-like assem­
blage, the metacherts, and the greenstones, are 
now complexly transposed and interíoliated. While 
no stratigraphic relations can be observed, the in­
timate association oí the metacherts with rhe 
grunstones to the south of the Seno Yuscff 
pluton, as well as the inconsistent variation of 
lithologies along contacts between the grcenstoncl 
metachert lenses and the flysch-like rocks suggcst 
that these boundaries are purely tectonic in origino 

While regionally the basement has a meta mor­
phic grade oí only low to middle greenschist fa­
cies, there exists next to [he intrusive contac[ of 
the Seno Yusefí pluton a small zone oí hornfels 
that is locally a few hundred meters widc, and 
which has sorne lean and copper mineralization. 
Throughout aH three basin lithologies, but much 
more so within the flysch-like units, a pervasiYl' 
quarrz veining exists which is roughly aligncd 
with one of the srructural fabrics to be discusscJ 
further on. 

In addition to the thrcc basic lithologies there 
occur sporadicaHy within the basement terranc 
roughly planar and steeply dipping zones of brcl'­
cia. As these breccias cut across the compositioll­
al layering, they are probably tectonie in origino 
and will be discussed in the next seetion. 
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B. STHUcrlJlU;S 01 ' lilE s r AINES COMPIXX 

Ir has 1Jl"t'n knowll fOT man)' )'t"ars that rhe 

prc-(? )Uppc..·r Jurassic bascment rocks of rhe Pata­
gonian Cordillera expcriclle<-'d a history of poly­

phase dc..'formation prior to rhe regional uplift and 
pencplanation which on regional grounds is known 
to have occurcd prior to rhe mid tu late Jurassic 
deposition of (he Tohifcra Formarion and [he 
inrrusion of [he older Jurassic componc..'nts of (he 
Paragonian batholith (Katz, 1964; Dalzic:l and 
Cortés, 1972; lIalpern. 1973). With careful exami­
nation of [he structural rclations across [he base­
ment/cover unconformity, which is exposed over 
several square kilometers in this area, ir was pos· 
siblt> [o identifv two phases of deformarían, sepa­
rate from and predating rhe ddormaríon which 
generated the open ro tight folding within rhe 
cOVtt sequences. These relations are made clear 
from both a consideration of macroscopic fabríc 
relations across the unconformity as well as from 
a statistical evaluation of fabric data within this 
reglon. 

1. Macroscopic Ohservations 

Cleavages: The Tobifcra strata, which have becn 
openly folded into a series of upringht synclines 
and anticlines as well as faulted in places within 
this arca, usually contain only one cleavage rough­
Iy parallel to the axial planes of the cover folds. 
This cleavage is variably developed in the Tobifera, 
and can be difficult ro find in the rhyolitk f10ws 
or in the basal breccia. 

Irnmediately adjacent to the unconformíty the 
underlyíng basement rocks cJearly contaín two 
subparallel to the compositional layering and rep­
resents the first fabríc to be developed in this 
rock. The second cleavage, which has more of a 
spaced character, is usually a crenulation-style 
cleavage imposed at a high angle to thc bcdding 
and found parallel to the axial planes of srnall 
scale tight asymmerric folds. Subparallcl to rhe 

second cleavage in the basemcnt is a penetrative 
quartz veiníng (see photo 3). Neither the two 
cleavages in the basement, nor the quartz veins, 
can be traced across the unconformity, and in 
many cases neither clcavage is parallel to the 
cleavage in the Tobifera strata. 

Folds, The Tobifcra has been opcnly folded in 
the norrhern extent of the map area into two 
lnticlines and a syncline, which are illustratcd 

BA~EMENT ROCKS, PENINSULA STAINES 

011 lhe accompanying gcologic map ami in cros.<; 
scction (A-A '). Thc axes of thcse folds trend N-S 

ami plunge sligh[ly to the south. Within the ba­
scmcnt two small seale fold systt:ms are devclop­
cd. The firsr system of folds are tighr ro sub­
isodinal folds with axial planes subparallel ro rhe 
first cleavage. These are refolded by a second series 
of folds which are open to tighr asymmetric fold 
trains associareJ w¡eh the seeond spaced cleavagc 
(st:t: photo 6). Whilc the original actitudes of the 
first folds are difficult to dctermine, dlle to their 
later refolding, the second set of asyrnmetrie 
folds has consistent N-S axial traces. The dip of 
the axial planes to seeond folds is, bowever, quíte 
variable (see Fig. 3, stercoplot c). 

Fabries witbin clasts of tbe basal breccÍd of tbe 
Tobifera: The basal brcceia of the Tobifera For­
matíon which directly overlies the irregularly erod­
ed basement contains, almost exclusively, clasts 
of the basement which range in size frorn small 
cobbles to blocks several meters in diameter. 
These breecia fragments contain disoriented first 
and second cleavages as well as displaying many 
small asymmetric seeond folds which have quarrz 
vcins developed subparallel ro their axial surfaee 
(see photo 4). These clasts clearly indicate that 
first and second c1eavages, first and second folds, 
and the pervasive development of quartz veins 
were all developed prior to the uplift and erosion 
of the basement and the deposition of the Tobi­
fera Formation. 

Breeda zones: Within the bascmcnt there locally 
occur subparallel zones of intcnse brecciation. 
These zoncs contain only fragmcnts of basement 
roeks, and vary from an anastomosing set of 
shears separating large lenses of basement to zoncs 
containing randomly oricnted matrix supported 
hasement c1asts. The breccia zones cut across rhe 
hasement c1cavagcs and rclated folds, as well as 
the quartz vcins, and are oricntated roughly pa­
rallcl to the cleavagc in rhe Tobifcra. 

2. Statistical Considerations 

To suhs[anriate macroseopic relations and to as­
eertain {he relati"c importan ce and regionaloricn­
rations of the different fabric elemcnts, first, 
second, and third phase deformation elements 

have becn statistically evaluated. These structural 
data ha ve been hroken down hy arca and by rela­

ti ve age. Regionally, the struCfural data are sepa-
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rarnl Jnto two aTcas. 011(.' ro (hl' north uf tlll' Sello 

Yusdf plu(ol1 and Olll' tu the south. Thc data 

within (:a"h arca have bccn brokt.'n dowll jnro firsr 

and sl..'cond dcformation e1cml'nts. The first is rc· 
pn..'scnted by hcdding and carly (:lcavagl..', and thl' 
sccond by sccond c1eavages, quartz \'cins, and axial 
planes of sccond generar ion folds. 

Nortbern ATea: Contoured fabric data from (his 
regíon arc plotted in Fig. 3. srcrcoplots a and c. 
Thc regional dominance of a NNW or NW strikc 
ano a norchcastward clip of bcdding and firsr clcav­
age is cvidenr from stercoplot a. In taking field 
mcasurements, bcdding was ofren rccordcd by 
taking rhe envclopc oricntation (lf sc(,:'ond genera­

tion (D2 ) fold trains. Thus rhe data plotted re­
present early fabrics rhat are variahly afft'cted 
hy st'cond and rhird generarion srrucrures. 

Second deformar ion (Dl) elemenrs (second 
c1cavagcs, quartz vcins, and axial planes to D2 
folds) art: plotted in srcreoplor c. While rhere is 
considerable variarion in the data, a general north· 
south trend is apparent. The similarity in the sra· 
tisrical variation in rhe dip of rhe Dl fabrics to 
rhe variarion in the bedding measuremenrs taken 
from rhe Tobifera suggesr rhat many of rhc D2 
e1emenrs may have becn partially rorated about 
the hinge lines defined by the open (post-D2) 
folds in rhe Tobifera. Unlike rhe deformation in 
rhe cover which has a well devcloped penctrative 
c1eavage, rhe possible D3 roration of rhe 0 1 ele· 
rnents cannor be rclared ro any penetrative fabric 
clernent in rhe basement. Due to the variable orien­
tarion of D2 e1emenrs the original vergence of rhe 
second generarion folds is diffieulr ro determine 
wirh cerrainry. In two arcas close to the uncon­
formiry oricntations of secood phase cleavages 
were such thar upon earrecrion of the bedding 
tilr of the Tobifera a slight (less than 30°) west­
ward dip of second phase c1eavage was obtained. 

As mentioned aboye, the third phase of deform­
ation did not produce penetrative fabric clements 
and is therefore nor represented staristically. Ho­
wever, zones of brccciation which are locally 
subparallel ro cover fold axial planes are probably 
quite extensive in the basement rerrane, and could 
be relatcd to rotaríon of D2 elements. 

Soutbern Area: Within this domain first and sec­
ond cleavages are all raughly subparallcl ami do 
nor show the sarnc degrec of variation in dip as 
that obscrvcd in the northern doma in (see stcreo-
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pl<lIS 1) ;1]1<1 d). Ihl\\T\'\,'r frolll rhe similarny {lf 

hrhologic"s and strul.:tural fahrKs it IS L'undude.:d 
rhat, in rhis arl'a, thl: sl:l'oml phasl: (lf deforma­
tion resultl.·d in thl: rranspositio\l of the first phasl: 
ekmcnts intu the axial planc oricntation uf Dl 
folc.ls anJ cJcavagl's Ü·ompare the.: distrioutions of 
the dcments in stereoplots b and d). Also, from 
the rclativcly cohercnt distribution of Dl fabrics 
it would appear that the D3 disruption cvidcnccd 
in the norrhern domain dara did Ilot significantly 
rotate 0 1 fabrics of this arca, or if it did, it must 
havc rotatcd the entire domain as a l:ohcrent 

block. 

C. STRUCTURAL SVNTIIESIS 

The macroscopie observations, as extended and 
corroborated by the statistical data, lend support 
to the following pre- and post-Tobifcra structural 
evolution of the bascmcnt. 

l. Pre-Tobifcra Deformation 

Dt.'formation prcdating the uplift and erosion of 
the basement terrane and the dcposition of the 
Tobifera, previously dcscribed as polyphaseJ can 
now be broken up into two discrete structural 
phases for the Peninsula Staines region. 

A firsr phase of deformarion imposcd tight to 
isoclinal folds and an early cleavage, now seen 
subparaHeI to bedding. The maeroseopic orienta­
·tions of bedding envelop~; indicare that first phase 
fabries have general northwestward trends and 
northward dips. From rhe stratigraphic ineompa­
tibility and inconsistent nature of many líthologic 
eontacts ir seerns likcly thar this firsr phase of 
deformation (or perhaps an even earlier one) in­
volved sorne rhrusting or imbrication of the rack 
rypes eomposing the bascrnent. 

A second phase of deformation involved the 
penetrative development of a second c1cavage and 
the generation of small scale tight asyrnrnetrie fold 
traios within che oasernent rocks. The second 
phase cJeavages are subparallel to the orientation 
of pervasive quartz veins in the basernent, whieh 
were generated during and afrer the dcvcloprnent 
of the second phase folds and clcavages, but be­
fore deposition of rhe Tobifera. 

2. Post-Tobifera Deformation 

The third phase of deformation did not involve 
ductile or pcnctrative dcformation of the Staincs 
Complex. lIowcver as the eovcr/basement uncon-
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TABLA I Comparison (lf Rl'Cl'ntly Studu:d Bascmcnt Complexes. S, Chile, 

Arca * Protoliths • Meta morph ism • Structures Rdcr(nccs 

Chonos Archipclago 1, 11, 111 Greenschast or a) NW--SE Jkrve el al., 1976 
Jower h) NE--SW 

Canal Baker. Lago 
Cochranc arca 

1, 11, 111. IV Grcc:nschist or a) NW--SE Kiuke; Nishimunl, 
Jower h) NE--SW 1977; Forsyrhe. un-

e) N--S pub. data 

Madre de Dios 
ArchipeJago 

1, 11, 111, IV Grecnschist or a) E--W Forsythe¡ Mpodozis, 
Jower b) NW--SE 1979; Cecioni. 1956 

e) N--5 

Estrecho Nelson area 1, 11, 111, IV Creenschist or ? Cecioni, t 956; Fo,... 
Jower sy~he, unpub. data 

Desolación area 1, 11 Creensc:hist oc NW- -SE Forsy~he, 1978 
lower 

Península S~liMS l. 11. JI) CrC'C'nschist or a) NW-SE Dalztel et tll.. ) 975. 
tDwer b) N- S Forsythe. Allen. rhlS 

report 

* 1: Flysch-Iike sC'quencC'S; 11: Metachert¡ 111: Metabasalt; IV: Carbonate. 
• Regional metamorphic: grade, excludes locally hi¡h facies al contact metamorphism. 
• Strike of principal foliations or compositionll layedng. 

formi,y is folded along wi,h ,he basal portion of 
the Tobifera Formation, and as Dl structures 
wichin che Sraines Complex display a range of 
oricncations similar to that of the bedding in che 
Tobifera Formation, it scems likely that the de· 
formation thu foMed the Tobifera Formation in 
sorne way also affected the acIjoiníng basement 
rocks. The breccias that have beeo noted in the 
S,aines Complex ,ha, are roughly parallel lO ,he 
deavage in the Tobifera Formarion, and that cut 
boch first and sccond phase deformation structurcs 
may have been one rneans by which strain was ac· 
commodated in the Staines Complex d uring caver 
deformation 

D. REGIONAL CORRELATION 

In recent years work has been completed, or is 
in progress, on many of ,he prc-(?)Upper Juras­
sic bascment complexes in southernmost Chile. 
While the state of knowledge of these tcrranes 
is far (rom complere the surveys can be used in 
a general sense to compare lirhologic, meta mor· 
phic and srructural characteristics ro those of the 
Slaines Complex. Table 1 liSIS six of Ihese com­
plexes. 

AH of these complexes contaio chert or met­
achert, all but the Desolación arca have metabasalt 
or greenstone in association with the mecachcrt. 
and in all síx of the zones the flysch-like uniu 
form the predominant rack type, In all complexes 
metamorphic grades are low. showing no signs af 
regional metamorphism above rhe green$Chist fa· 
cies. The prevalent direcrion of principal foliations 
within these rerranes is quite variable, as is to 
be expected as each of these terranes have a 
polyphase history. However the number of com­
plexes chat have foliarions thac crend obliqucly to 

the north-south directian of the prescot Andes is 
quit< high. 

The association of chert, greenstone, Iimestone 
and flysch-like sedimentary rocks found through­
out all of these rerranes has becn incerprl'tt.'d for 
specific arcas to be representative of a forc::-arc as­
semblage (Dalziel et al., 1975; Barker, Dalzicl el 

al., 1976, de Wit, 1977; Forsy,he, 1978) which 
ineludes allochthonous si ices dcrived {rom a for­
merly convergent ocean floor (Forsythc Jiml Mpo­
dozis, 1979). The prevalen ce of these units both 
ro the west of the Staines Complex as well al' tn 
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(he north Jnd south suggests chat [he entire bast'· 
me.:nr of rhe regio n had a similar history of dcvcl­

oprnent illvolving accrerion and continucd defor-

BASEMENT ROCKS, PENINSULA STAINES 

marion in a late Palaeozoic 10 l·arl), Mcsozoic are 

trcch gap region. 
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