
~.P~~-:,~ ,. --t 

d v v <, ✓• 

Upper Mesozoic flysch of Tierra del Fuego and 
South Georgia Island: A sedimentologic approach 
to lithosphere plate restoration 

R. D. WINN, JR. • Department o( Geology & Geophysics, University o( Wisconsin, Madison, Wisconsin 94706 

ABSTRACT 

The South Georgia lsland segment of the North Scotia Ridge is 
interpreted as having o nce been adjacent to Tierra del Fuego, South 
America. The upper Mesozoic graywackes, mudsrones, and cuffs of 
South Georgia (Cumberland Bay and Sandebugten srrata) and 
Tierra del Fuego (Yahgan Formation and Tekenika Beds) are the 
infill of a marginal basin that formed between the South American 
conrinent and an active calc-alkalic are. The former are site is now 
occupied by the Patagonian batholith; ophiolites represcnr the 
fonner basin sea floo r. 

Scdimcnt graviry flow fabrics, sedimcntary structurcs, and bcd­
ding sryles and rclatively deep-warcr trace fossils (Phycosiphon, 
Helminthopsis, Taenidium, Zoophycos, Chondrites, Scalarituba?, 
Lophoctenium ?) indicate dcpositinn o n submarinc fans. Paleocur­
rent and pcrrographic analyscs indicatc bilateral infilling o f the ba­
sin. The only known possiblc sources for the Sandebugten 
s.indstones are silicic volcanic and interbedded sedimentary rocks 
oí 1he Jurassic Tobifera Formation of South Ame rica; this evidence 
indicates former juxtapositioning of Sourh Georgia and Tierra del 
Fuego. The Sandebugten-type sandstones and the Jurassic volcanic 
rocks have abundant quartz and plagioclase, uncommo n potassic 
feldspar, and essentially no pyroxene and amphibole. Li thic frag­
menrs in these sandsrones have identical counterparts in the Juras­
sic volcanic and sedimenrary rocks. The Yahgan and C umberland 
Bay dastic rocks were eroded chieíly from calc-alkalic volcanic 
rocks positioned south o f their depositio nal arcas. The latter 
sandstones are made up dominantly o f andesite ;md dacite tuff and 
Aow fragments. Plagioclase is common; quartz, ferromagnesian 
mincrals, and mafic volcanic fragments are uncommon. Basin clo­
rure and deformation occurred during the Late Crctaceo us Andca n 
orogeny when the rocks were metamorphosed ro pre hnite­
pumpellyite grade. South Georgia was translated relatively east­
ward, probably as the result o f collision of the Drake Passage 
ipreading zone with the continent during Oligocene to Miocene 
time. 

íNTRODUCTlON 

Sourh Georgia Island, on rhe no rthem limb o f rhe Scoria are, is 
loatcd abour 2,000 km east o f the sourhe m tip of rhe South 
American continent (Tierra del Fuego; Fig. 1). The island is geolog-

• Prescnr addrcss: Denvcr Research Ccnrcr, Marathon Oil Company, 
P.O. Box 269, Littlcton, Colorado 80 160. 

ically anomalous in irs presenr position. lt is underlain by a rhick, 
srrongly deformed, Ayschlike sequencc rhat is intruded by silicic to 
intermediare p lutonic rocks yet is surro unded by oceanic crust 
(Trendall, 1953, 1959; Ewing and others, 1971 ). 

The flyschlike rocks of South Georgia have been divided into two 
un its - the Cumbcrland Bay "type" o r "series" and the Sandebug­
ten "rype" or "series"1 (Trendall, 1953, 1959). The Mesozoic 
Cumberland Bay unit has been thought to be correlative w ith the 
M esozoic flyschlike Yahgan Formarion o f Tie rra del Fuego 
(Wilckens, 1933; Mathews, 1959; Katz and Watters, 1966; Dalziel 
and Elliot, 1973), suggesring thar South Georgia o nce lay adjacenr 
ro Tierra del Fuego and south of Burdwood Bank (Fig. 2; Dalziel 
and Ellio r, 1971, 1973 ). On che basis of strucrure and petrography 
rhe Sandcbugtcn is rhoughr also to be Mesozoic in age (see Dalziel 
a nd others, 1975). Unril thc study described here, no o ne had fi rst­
hand knowledge of both the South Georgia Island and Tierra del 
Fuego Mesozoic flysch. In this p:iper rhe Dalziel-Elliot reconstruc­
tion is investigated by testing correlatio n o f the Mesozoic fl yschlike 
unirs and derennining their genesis. 

This srudy compares rhe ages, depositional environments and 
dispersa! parre rns, deformacio n sryles and meramorphic grades, 
and especia lly rhe provenance cha racteristics of Lhe Mesozoic units 
as dercnnined per rographica lly. The problem differs slighrly from 
the correlarion of units within continental jpteriors o r on continen­
tal trailing edges. Flyschlike units ryp ically a re thick, poorly dated, 
likely ro be srrongly deformcd, and lacking in marker horizons. 
Convc,1 gcnt-plate-margin sedimenta ry rocks such as rhe flyschlike 
unirs of South Georgia and Tierra del Fuego, reflect an active 
rectonic envi ronment and thus are characterisrically immarure. 
Therefore. abumhnr source-area informatio n partially o ffsets other 
problems in correlation. This srudy demonstrates rhat field­
o riented sedimenro logic srudies can be used to decipher complex 
lithosphere piare motions. Moreover, pre-Jurassic plate movemenrs 
can be determined only by sedimentologic and orher field-oriented 
invesrigario ns. Preliminary sedimenrologic and perrographic resµ lrs 
fro m this study were reported by Dalziel and others (1975), Do tt 
(1974), and Winn and Dott ( 1975, 1976, 1977). 

Field work was conducted on South Geo rgia in January and Fcb­
ruary, 1973. Work was concentrated in rhe Cumberland Bay and 
Srromness Bay a rcas (Fig. 3), because both the Sandebugten and 
Cumberland Bay units are well exposed here and because move­
ment across the island is nearly impossible. Movement in Cumber-

1 As used by British geologists, rhc rcrm "series" has no time-srratigraph ic 
significance; chis is rhc only way " series" is uscd in this papcr. 
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Figure l. Tectonic configuration of Scotia Sea 
rc:gion (modified from Barkcr, 1970, 1972a, 
1972b; Herron and Tuchollce, 1976). Positioning 
of Drake Passage-Wcst Scotia Sea ,-prcading 
ridge is only approxima1e. Dated sca-Boor 
magnetic anomalics are in million years. Rccent 
DSDP boles in souchcast Paciiic are indica1cd 
(from Craddock and Hollister, 1976). 
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Figure 2. Simplificd gcologic: map of Sou1h America (modificd from Oalziel and ochers, 1974b) and hypochcsized rccónstruction position of South 
Georgia microcontincnt by Dah.id and Ellio1 (1973). Numbers of palcocurrenl arrows indicatc (1) Sandcbugten, (2) Cumbcrland Bay, w1d (3) Yahgan 
formations. 
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bnd Bay was accomplished by motorized rubber boars, bur thesc 
were deemed unsafe for unsupported movemcnt in rhc open ocean. 
Landings were made from the RRS Bra11sfield in the Bay of lslcs 
and ar Bird Island. Field work in Tierra del Fuego was conducted 
during March and Apri l, 1973, in the a rea around Ushuaia, Argen­
tina (Fig. 4), and during May and Junc, 1974 (wirh logistic suppo rt 
lrorn rhc R/V Hero) on Isla Navarin(l, on Isla Hosre, along rhe 
wcsrern Beagle Channel, and in rhc Islas Wollastons and 011 Cape 
Hom (Figs. 2, 4). 

ncroNic ANO STRA TIGRAPHIC SETTING 

Tierra del Fuego 

Northeasr of rhe sourhern Andean cordillera, southem Sourh 
Amcrica consists mostly of Paleozoic and older rocks, defonncd 
during thc Permian-Triassic Gondwanan orogeny, overlain by cx­
tensive silicic volcanic and associated sedimcntary rocks of Jurassic 
age (Tobifcra Formation and cquivalents) (Duroir, 1937; Dalzicl, 
1974¡ Natland and others, 1974). Surface ourcrop, drill -holc, and 
stisrnic-refracri0n data indicare thar rhese volcanic rocks cxtend 
ovcr alrnosr rhe entire sourhem 1,500 km of South Arncrica :ind 
likely are present in the shelf basins off rhe eastern coast and on 
Burdwood Bank (Ludwig and orhers, 1968). A Middle ro Late 
Jurassic age is provided by paleonrologic and ra<liometric daring 
(Feruglio, 1949; Srepanicic, 1967; Narland and orhcrs, 1974). 

The Tobifera volcánic rocks consist of fragmenta! and crysral 
ruffs. agglornerares, lavas, and ignimbrites. With few exceptions 
they are quartz larires to soda rhyolires in composirion (Srepanicic 
and Rcig, 1955; Dalziel and others, 1974a). Tracc-elcmcnt chemis­
rry suggests thar most of rhe volcanic rocks were derived from 

Figure 3. Geologic and paleocurrent map of 
South Georgia lsland. Bimodal histograms indi­
catc grooves; o thers depict cross-lamin a tions. 
Open arrows in summarion indica te single Autes; 
open arrows on map indicare single Autes or 
grooves. Starions in which both grooves and rip­
ple forescts were mcasured are indicated (Strnm­
ncss Bay area). T rcndaU's ( 1959) cum:nt direc­
tions are shown in in set. Don ( 1974) discussed 
rotation procedurcs used in study of highly de­
formed South Georgia strata. 
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melted continental crust (R. Bruhn, 1977, oral commun.) and are 
related to rhe early srages of subducrion bcneath rhe western edgc 
of Sourh America, with perhaps a component due to volcanism as­
sociated wirh rhe brcak-up of Gondwanaland. 

Jurassic volcanic rocks also exisr farther north in South Ame rica, 
on the Antarctic Península, and in Africa. Probable Jurassic-agc 
volcanic rocks form much of thc Anrarctic Península (scc Adic, 
1972; Dalziel and Ellior, 1973; Suárez, 1976). Thesc range in com­
position from basalr to rhyolite, bur most appear ro be rhyoliric ro 
andesitic. E ven rhough small volumes of intermediate-co mposirion 
volcanic rocks are prescnr within rhe Tobifera Fo rmation, rhe 
Jurassic volcanic rocks in the southern part of South America are 
cxceptiona lly siliceous. 

A disconrinuous bclr of Late Jurassic ophiolitic rocks along rhc 
western edge of southern Sourh America, long called "Rocas Ver­
des," is intcrpreted as represcnting rhe floor of a small marginal 
ocean basin (Fig. 2; Kan, 1964, 1972; Dalziel and others, 19746). 
Where besr exposcd, rhe Rocas Verdes consist of a layered gabbro 
zone at sea levcl th:ir is cut by and passes upward into a sheetcd 
dike cornplex, which is in rurn overlain by basaltic pillows, brcc­
cias, and aquagcne ruffs. Ulrrarnafic components are nor visible ap­
parenrly only beca use of rhe level of ex-posure. TI1e grccnstones in­
rrude and separate blocks and horscs of cratonic basemcnt. 

Overlying rhe ophiolires is an uppermost Jurassic ro Lower Cre­
raceous fl yschlike sequence (Yahgan Formarion, Tekenika Bcds; 
Fig. 5), which is a minimum of 5 to 6 km thick. The section is not 
wel l dated. The Tekenika Beds concordantly overl ie rhe Yahg:in, 
and palconrologic cvidencc suggcsrs a late Mcsozoic age for bo rh 
unirs (Hoffstettc r, 1957; Dott and orhers, 1977). Karz and Warers 
( 1966) foun<l rhe Yahgan Fo rmarion o n Isla ava rino to consist of 
more rhan 3,000 m of graywacke, a rgillire, chcrt, and conglomcr-
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Figure 4. Geologic and paleocurrent map of 
Tierra del Fuego. Bipolar histograms indicatc 
grooves; othcrs rcprescnt medium-scale cross­
sets or cross-laminations. Date of pluton inrrud­
ing Yahgan rocks is given. Site near Ushuaia was 
too deforrned ro give anything bue qualitative, 
easterly flow direcrion. S BÁHIA SCOTCHWELL 
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ate. The llysch in the Islas Wollaston is lithologically indistinguish­
able from the Yahgan Formarion, but no paleo ntologic evidence is 
known rhere that would prove a similar age. The Mesozoic rocks 
along che western edge of sourhern sourh America wt:re deformed 
during the mid-Cretaceous to early Cenozoic Andean orogcny by 
closure of the marginal basin (Dalziel and others, 1974b; Bruhn 
anti Dalziel, 1977). 

0 11 the Pacific side of rhe greens1o ne-llysch belt are the 
intermediare-composition plutons of the Patagonian batholi th (Fig. 
2), which rangc in age from Middle Jurassic ro Miocene but are 
mostly Creraceous (H alpern, 1973; De Wit, 1977). The batholiths 
are rhought to represent the roors of a fo rmer calc-alkalic a re that 
formed after ruprure of the conrinenr's edge during formation of 
the marginal basin (Dalzicl and orhers, 1974b, 1975). The Anrarc­
ric Península was probably a continuation of the la te Mesozoic are 
(Dalziel, 1974; Suárez, 1976). 

South Georgia Island 

T he island is undcrlain mostly by a sequence o f graded 
graywacke and mudstone flysch ar least 5,000 m rhick. Trendall 
( 1953) divided rhe rocks imo rhe Cumberland Bay and Sandebug­
ren units (Fig. 3 ) 011 the basis of srrucrural and lirho logic d iffer­
ences. The C umberland Bay is rich in anJesiric debris and has in­
terbedded volcanic flows; the Sandebugren is quarrzose a nd lacks 
flo ws. In rhe areas observed by Trendall, rhe units have opposcd 
vcrgences, the Cumberland Bay bcing overmrned ro the no rtheasr, 

rhc Sandebugten to tht! sourhwest. Dalziel and Bruhn (in Dalziel 
and others, 1975) confirmed the contempó raneous deformarion be­
tween rhe units as posrulared by Trendall ( 1959). The unirs are 
separatcd by a clear thrust conract (see Fig. 5 in Dalzid and orhers, 
1975). Dating of boch unirs is poo r, but an Early C retaceous age is 
indicared by fossils in rhe upper part of the C umberland Bay. Thc 
Sandebugren has yct to be dared paleonro logically, bur the la.:k uf 
an older deformation fabric seems to demand that ir was deposired 
afte r the widespr,·.,d Permian-Triassic Gondwanan orogeny. 

Thc southeast end oí the island is underlain by a complex igne­
ous, pluto nic, and conract meramorphic rerrane (Trendall, 1959). 
lnr rusive rocks include granirc, gneiss, migmatite, quartz diorice, 
and gabbro bodies. In rhis area pillow lavas are inrcrbeddeJ with 
C umberland Bay scdimenrary rocks. The gabbros and pillow lavas 
might be genetically related to the ophiolite sequences in sourh.:rn 
South America (see Su:írcz and Pettigrew, 1976). 

T ectorúc Setting of Seo ria Sea 

W here sufficient seismic and petrologic data have been o brained, 
rhe various ridge segmenrs of the Scotia are have been shown to 
have conrincnral crusr (see Griffirhs and Barkt:r, 1972; Dalziel and 
Ellio t, 1973) . The only exceprion is the very young (4 ro 8 m.y. 
old), dominamly rholeiirii: Sourh Sandwich volcanic i:hain formed 
o n oceanic crust (Fig. l ; Baker, 1968; Ewing and o thers, 197 1 ). 
Burdwood Bank appcars seismically conrinenral , alrho ugh ir is 
separated from the Falkland Plareau ro rhe norrh by a strip of 
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occanic crusr (Ludwig and others, 1968 ). The South Georgia plat­
form data are ambiguous - rhe recorded seismic-refraction ve­
lociries rnighr correspord to a continental-rype basement dipp ing to 
thc easr, orto a quasi-oceanic !ayer (oceanic layer 3 ) dipping no rth 
(Ewing and others, 1971, p . 7127). 

Scismic-refracrion :md bathymerric invesrigatio ns have shown 
thc Scotia Sea to have an oceanic crusr, although che crustal struc­
ture is complex (see Barker, 1972a, 19726; Ewing and othe rs, 
197 1; Griffiths and Barker, 1972). Two active spreading centers, 
the Chile Rise and a ridge in the Easr Scotia Sea, and o ne inacrive 
spreading zone in che D rake Passage a re present (Fig. 1 ). A sc-ismi­
cally active rrench with inte rmediare- and deep-focus epicentc rs lies 
east of the Sourh Sandwich chain (Heezen and Johnson, 1965). The 
srisrnica lly inacrive southem segmenr of rhe Peru-Chile Trench ex­
tends sourh along rhe west coasr o f South America from lar 46 ºS 
unril truncated in the vicini ry of che Drake Passage spreading zone 
(Haycs, 1965). An inactive trench is present parallel ro and no rth­
wesr of rhe South Shetland Islands (Barker, 1972a, 19726). 

AGE, SEDIMENTOLOGY, ANO GENESIS OF 
YAHGAN ANO CUMBERLAND BAY STRATA 

Agc 

An assemblage of fossils collecred from rhe upper pa rt of rhe 
Curnberland Bay stra ta on Annenkov lsland (sec Fig. 3) were iden-

rified by Wilckens (1937, 194 7) as being Early Creraceous {late 
Aptian ) in age. lde nt ifi able ammonites included Puzosia, 
Tropaeum. and Sanmartinoceras, a nd a new form, Georgioceras. 
C ascy (1961, p. 56) tho ught rh at che Puzosia mo re closely rcsem­
bled che slightly o lder Pleisiopiticeras (Early Cretaceous, Haure r­
ivian) and that the Georgioceras more closely resembled Neoco­
mian rhan Aptian ammonites. Belemnite fossils from Annenkov 
werc dated as late Aptian(?)-Albian by Pcttigrew and Willey 
( 1975). Belemnites in Cumberland Bay-like morainal debris werc 
dated by Stone and Willey (1973) as Late Jurassic-Earl y C rera­
ceous. 

H o ffsrcrter ( 1957) summarized and updated paleomolog ical evi­
dence from che Yahgan Fo rmarion and, mostly o n the basis of bel­
emnitc and lnoceramus remains, concluded thar thc unir is C rera­
ceous and possibly Uppcr Ju rassic (T ithonian). A fossil o f Early 
C reraceous age (Neocomian; Favrella americana o r F. stei11111anni) 
was found on Gardner lsland (Fig. 4; Halpern and Rex , 1972). 
M. Thompso n of the Britrsh Anta rctic Survey a nd R. H. Do tt, Jr. 
identified ammonites found d uring the p rcsem srudy on Is la H oste 
a t Bahia Scorchwell and the bay jusr to rhe south (Fig. 4 ) as a lso 
probably being a species of Favrella. The mudsrones immcdiately 
o verl ying the T obifera Formation o n Isla de los Estados (Fig. 2), 
here intc rpreted as cquivalenr in age to the base o f rhe Yaghan 
Fo rmarion, have been dared from Belemnopsis rcmains as Late 
Jurassic (Tithonian; Harrington, 1943). The Yahgan Fo rmation, 
and th us thc concordant Tekenika Beds, a re certa inly o lder than che 



538 R. D. WlNN, J R. 

isoropically dared 79 ± 5-m.y.-old (approx imarely Sanronian o r 
Campanian, Late C reraccous) crosscutting pluron on Isla Navarino 
and Isla Hoste (Fig. 4; Halpern and Rex, 1972). Altho ugh rhe data 
are skimpy, both appea r to havc been deposited chieíly during 
Early Crell!ceous time, but there is evidence rhat the Yahgan depo­
sition may have begun in latest Jurassic time. 

Lithologies, Bedding Sryles, and Sedimenrary Strucrurcs 
of Yahgan and C umberland Bay Units 

T he Yahgan and Cumbcrland Bay units consist do111inanrly of in­
terbedded graywackes and 111udstones; both conrain cliamicrires, 
conglomerares, and sedimentary breccias. Bo th unirs have sedimen­
tary structures expected for deposirion by sediment graviry ílow (see 
Middleron and Harnp to n, 1973). Grading is very common in the 
sandstones, as a re sole markings, ílames and load structures, rip-up 
mudsrone intraclasts, and convolure bedd ing. Sandsto nes are all 
poorly sorred, and most can be described using Bo uma-interval 
rerminology. Peneconremporaneous slumps a re uncommon, bur 
small ones are p resem in borh unirs. 

Conspicuous whitP quartz-prehnite st ra ta, common in the 
Yahgan Formarion and Cumberland Bay, range in thickness fro m a 
few millimerres to as much as 20 c111. Srrata consisring a lmost en­
tirely o f p rehnice and quartz mosc commo nly appcar massive. Toe 
"puriry," thinness, and pcr~istence o f rhese quarrz-prehnite beds, 
and the presence, alrho ugh uncommon, o f shard and ash fabrics 
indicate that these units represenr former ruffs and tuffaceous sed­
iments. Much of this tuffaceous sedi ment was reworked by scdi­
mcnt grav ity ílows or bottom currenrs. 

The sequences in both regions coarsen upward (see Fig. 5). 
Agglomerates a re p resent only in the upper part o f thc C umberland 
Bay in che southwestern pan of Sourh Georgia and on Annenkov 
lsland; on the latter they are inte rbedded w ith vo lcanic ílo ws 
(Trendall, 1959; Suárez and Pettigrew, 1976). The basal part o f che 
Yahgan Formation in the Beagle Channd area is fine graincd and 
thinly bedded o r laminated. Coarser strata are present in the upper 
pan: oí che Y:1hgan Fo rmation on Isla N avarino and in southcrn 
Isla Hoste and in the Islas Wo llasron ílysch. T he coarsest beds, with 
boulders as la rge as 2.5 m, occur in sourhwestern Isla N:ivarino. 
Al rho ugh much coa rser than the ave rage a nd containing medium­
scnlc cross-bedding, rhese beds were also Jeposited from scdiment 
graviry flows (Winn and Dutt , 1976, 1977). 

Trace Fossils 

The trace fossi ls found in bo th units were clearly made by more 
or less systematic deposit fceders. Phycosipho11, Scalarit11ba?, 
Lophoctenium ?, 1-lelmin tho psis, Chondrites , Tae11idiu111, 
Gyrochorte, and Paleophycus a re present in the Cumberland Bay 
(also see Wilckens, 1947); Chu11drites, Phycosiphon, Zoophycos, 
and Helminthopsis ichnogenera werc idcnrified from the Yahgan 
Fo rmation. The assemblagc gencrally corresponds to che Cho11-
drites facies o f Chamberlain ( 1971 ), which he believcd typ ical o f 
bathyal depths. No characreriscically shallow-watcr forms were 
found. 

Deep-Sea Fan Deposition for Yahgan and Cumbcrland Bay Straca 

T he greatest volume of modern ru rbiJite sequcnccs is found on 
submarine fans o r eones built ai rhc bases of the continental slo pes 
(see Nelson and Kulm, 1973 ; Norma rk, 1974). Thc arca :ind vol-

ume of modern deep-sea f.111s supporrs the analogy for ancient de­
posits (Mutti, 1974) a nd spccifically fo r the Yahgan and C umber­
land Bay smna. Both units havc deep-water trace foss ils compatible 
with che occan deprhs in which concemporary fans are being de­
posited. 

Palcocurrents 

The paleoccurent analyses are b:ised mostly on 111< Jsuremencs of 
ripple c ross-laminations and grooves. Addicio nal J1recrional evi­
dence was obrained fro m a few ílures (in both units), and in the 
Yagh:in Formarion lrom medium-scale c ross-stra t ification, rarely 
observed imbricatio n, anda rippled surface. The results (Figs. 3, 4), 
indicare thac bo th che Yahgan and Cumberla nd Bay strata were de­
positcd by currents ílowing generally north o r northwest.2 

The cross-laminatio n measuremenrs in chis srudy are repl icable, 
a re nor highly dispersed, and generally agree with groove mea­
surements in che same localii ies. On Souch Georgia, the Cumber­
land Bay g roovc marks have a bipola r norrhwesr-southeast rrend, 
b ut these a re resolved to a no nhwest di rection by consi<lering as­
sociated cross-laminarions and the fcw flutes (Fig. 3). Thc resulis 
agree closely wich Trendall's ( J 959) mo re qualitative evaluation of 
currenc directions as deduced fro m ripple foresets at severa) scat­
tered localities (Fig. J, inset). 

Pecrography 

Conscirucents. In addition to specimens I collecred, severa) 
samples from Annenkov lsland (Fig. 3) were supplied by geologiMs 
of ihe Brirish Antarc tic Su rvey. No ne o f the major constituents in 
the sandsrones (T able 1) a re unique to either che C umberland Bay 
of So uth Georgia o r the Yaghan Fonnation ofTierra del Fuego (see 
foo tnote 2 co o rder cop y o f Appendix Table 2, Detrital Con­
stituem s o f Yaghan Formation and C umbcrland Bay Sandstones). 
The rocks contain trace amounts o f epidote, biotite, opaques, mus­
covirc, apatile, zi rcon, to urmaline, sphenc, and plant ami shell de­
bris. 

Modal Analysis. Po int counrs were made o f detriral con­
srituems (Table 1 ); pseudo mo rphed and altered grains were iden­
ttfied as ro thcir o riginal compositio ns wherever possible. Thc 
sandsto nes are ali very poorly sorred (mafrix consrirutes 13% to 
40% oí the average s1111J srone) ; therefore, ali detritus slighdy 
rhicke r th:in the slide wa~ idenrified as grains, and o nly mate ri31 
finer than about 0.03 mm was counred as matrix (see Dott , 1964). 
One effect o f the dcformation and alterario n com mon in 
sandston.:s from bo rh South Georgia and Tierra del Fuego is to 
o bscure the disrinction between lithic grains a nd matrix. During 
po int counring, a rcas we rc idencified as lithic grains o nly if grain 
outl ine~ wcre discernible. Because a range from unaffecreJ to mod­
eratcly affecced samples was used from bo th units, 1 do not feel thai 
chis procedurc hinders che petrographic comparison. 

Two composirio nal modes, intermediare volcanicl:isric and 
q uartz rich, a re present in che Yahgan Fo rmacion and Cumbcrland 
Bay sandstoncs (moJes are subdivided in Table 1 and Fig. 6). The 
lithic clases in a lmost ali sandstones a re dominantly volcanic rock 

2 Scc Appcndix Table 1, Summary Scarisrics fo r Oriemations of Currenr 
Srrucrurc~. Copies of rh is and thc othcr Appendix rabies may be obramed by 
ordcring GSA supplcmemary m:iierial 78-3 from Documents Sccrcrary, 
Gcological Sodcry of A,11erica, 3300 Pcnrosc Place, Bouldcr, Colorado 
80301. 



TABLE l. SUMMARY OF DETRITAL MODES OF YAHGAN, CUMBERLAND BAY, ANO SANDEBUGTEN SANDSTONES 

Lithic fragments 

Plagioclase 

Potassic feldspar 

Quam 

Pyroxene 

Amphibole 

Biotite 

Muscovite 

Epidote 
t Opaques 

Plant and shell debris 

Polycrystalline quartzltotal quartz 

Plagioclase/total feldspar 

Volcanic rock fragments/total unstable 
lithic grains 

Mica (%) 

No. of specimens 

Yahgan Fonnation 
Intermedia te 

volcaniclastic rocks 
Avg Range 

69.7 (6.2): 24-95 

22.9 (±5.4) 1-75 

0.1 0-1 

3.6 (±3.1) 0- 14 

1.1 0- 16 

1.1 0-29 

tr. 0 - tr. 

tr. 0-tr. 

0.1 0-1 

0.6 D-3 
tr. 0- 3 

0.18 

0.99 

0.99 

<1 

55 

Quartzose• 
sandstones 

21.9 

17.3 

1.2 

58.9 

o 
tr. 

tr. 

tr. 

0.1 

0.6 

tr. 

8 

Note: At least 300 counts were made pcr sample; matrix counts were excluded to oompute clast 
percentages. Points falling on recognizable crystals in lithic grains were count~d as part of the lithic 
grain caregory. Polycrystalli r r. quam and chalccdony grains are included in thc Q category only if 
they contain miniscule amounts of mica or opaques; otherwise they are included with the labilc 
lithic fragments. Ali values in percent. 

• Most samples in these categories a re highly deformed and altered; as a consequence, no t ali 
point counts are replicable. 

Cumberland Bay 
Intermediare 

volcaniclastic rocks 
Avg Range 

81. 1 (±5.2) 54-95 

15.1 {±4.7) 4-37 

0.1 0-1 

2.4 (± 1.4) 0-10 

0.3 0-3 

tr. 0-1 

tr. 0-tr. 

tr. 0-tr. 

0.1 0-1 

0.8 0-2 

tr. 0-1 

0.15 

0.99 

0.99 

<1 

37 

Quartzose• 
sandstoncs 

43.1 

26.1 

1.1 

28.4 

o 
o 
0.2 

0.1 

0.2 

0.9 

o 

3 

Intermedia te 
volcaniclasric 

rocks 

79.2 

17.2 

rr. 

3.5 

tr. 

o 
o 
tr. 

0.1 

o 

3 

Sandebugten 
Q uamose sandstones 
Avg Range 

43.1 (±6.6) 17-59 

19.4 (±5.2) 8-39 

1.8 0-1 

35.4 (±6.3) 23-59 

tr. 0-tr. 

tr. 0-1 

tr. 0-tr. 

tr. 0 - 1 

0. 1 0-2 

0.2 0- 3 

rr. 0-1 

O.SO 

0.92 

0.97 

< 1 

19 

t Ali opaques are included herein; ir is almost impossible to determine modes from metamorphic 
fonns where both are presenr in the sarnc sample. 

t The range is detennined from the average counts ata 95% confidence interval (from Van de 
Plas and Tob1, 1965). 
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fragments. Plagioclase is moderately abundant, quartz much less 
so. Quartz is very abundant, though, in a few samples wherein it is 
associated with siliceous volcanic fragments. 

Rock fragments. Many of the rock fragments are severely 
alrered, but even within mosr of rhese grains, relict textures and 
structures are strongly indicative of the original rock rype and 
composition (resulrs summarized in Fig. 7; see foomote 2 tO ordcr 
copy of Appendix Table 3, Lirhic Fragment Classification, and Ap­
pendix Table 4, Comparison of Lithic Fragment Abundances of 
Yaghan, Cumberland Bay, and Sandebugren Sandscones). Most 
siliceous volcanics are vitrophyric or hyalopilitic; andesitic flows 
tend to be porphyritic with a piloraxitic groundmass; inte rgranuJar 
texrure is almosr exclusively confined to basalt. Feldspar microlites, 
amygdules, and relict shard or ash textures indicare that almost ali 
of the microcrysralline to crypcocrystalline, rurbid, green ro gray or 
brown phyllosilicate grains common in most Cumberland Bay and 
Yahgan sandsrones were derived originally from glassy rocks of an 
intermediare composirion. The fels ite grains were derived chiefly 
from dacitic and rhyolitic flows and tuffs, bur a few appear to resuJt 
from the albitization of intermediare volcanic fragmenrs. Nonvol­
canic rock clasts include quartzose sedimenrary grains and un­
common shell fragments. 

Source Terranes. The Yahgan Formation and Cumberland Bay 
units cover identical areas of the QFL diagram and have idenrical 
lithic fragment rypes (Figs. 6, 7). The rwo composirional modes 
recognized are the fo llowing. 

Intermediate-volcaniclastic Mode. More than 95 percent of the 
Yahgan and Cumberland Bay sandsrones fall in chis category. 
These sandsrones consist dominantly of volcanic lithic fragments 

Q 

with lesser amounts of plagioclase and small quantities of quarn. 
This mode has petrographic characteristics indicating derivarion 
from a moderately siliceous but still intermediate-composition 
(calc-alkalic) volcanic terrane (compare Table 1 here with Dickin­
son, 1969). Rock-fragment types and abundances bcrwcen rhe 
sandsrones of che two units are almost identical; most are andesite 
and dacite flow and ruff fragments (compare Table 1, Figs. 8 and 9, 
and hisrograms of Fig. 6). The almosr identical petrographic 
characreristics indicare very similar calc-alkalic volcanic prove­
nances for both units. Paleocurrent data posirion these sources ap­
proximately ro the south of their respective deposirional a reas. The 
Yahgan and Cumberland Bay source terranes are slightly atypical 
for most calc-alkalic volcanic rocks, in that they are fai rly siliceous 
bo th in detrital mode abundances (ferromagnesian minerals are less 
abundant than quartz) and lithic fragment types (compare Fig. 7 
and Table 1 to Dickinson, 1974). Within borh units, textural 
rhyolire and basalt ro andesitic basalt grains are both uncommon 
but abour equal in amount. Most of the polycrysralline quam 
grains were eroded from siliceous ashes and flows, but others derive 
from amygdules and vein fillings of more mafic volcanic rocks. The 
rwo origins cannot always be separated petrographically. 

Quartz-rich Mode. The clase content of these rare sandsrones is 
made up of subequal amounts of quartz, feldspar (chiefly plag.io­
clase but sorne orthoclase and very uncommon microcline), and 
lithic fragments (Fig. 10). Mafic minerals are uncommon, bur bio­
rite, epidote, and amphibole are present. T race heavy minerals in­
elude zircon, apatite, rourmaline, and sphene. The li thic clasts con­
sisr mostly of textural rhyolire, mosaic quartz, felsite, and siliceous 
volcanic fragments. A few l.ithic grains are quarnose sedimenrary 
rock fragments. The quartz-rich mode is dominanr in only a few 
percenr of the sandstones of eirher unir. These beds are concen­
trated, bue not exclusively found, at the base of rhe Yahgan Forma-

QUARTZOSE VOLCANICLASTICS 

F 

F 

• • • 
CUMBERLAND BAY 

SANDEBUGTEN 
YAHGAN 

1 NTERMEDIATE VOLCANICLASTICS 

o 
o 

L 

CUMBERLAND BAY 
SANDEBUGTEN 

YAHGAN 

+ TEKENIKA BEDS 

Figure 6. QFL (quam.­
fcldspar-lithic frnw11c111) 
diagram of ln1crmcdi:11c­
volcanidastic and quanzosc 
sandstoncs of Y ahgan For­
mation and T ekcnika Beds, 
Tierra del Fuego, and Cum­
berland Bay and Sandebug• 
ten, South Georgia. Dia­
gram constructed from data 
of Table l plus 28 poim 
counts of Cumberland Bay 
by Skidmore ( 1972). Skid­
morc's data were recalcu­
lated to cxclude l:tis matrix 
counts from lilhic grain cat­
egory. 
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rion. ln detrital mineralogy, modal abundanccs, and lithic fragment 
typcs, the quanz-rich-mode sampks are identical ro the Sandebug­
tcn sandsrones. 

SE.DIMENTOLOGY AND GENESIS OF 
SANDEBUGTEN STRA TA 

Sedimentary strucrures, fabrics, bedding styles, and trace fossils 
indicate that the Sandebugren sandstone of South Georgia was de­
posited by sediment graviry flows in deep water, presumably in a 
drcp-sea fan environment. The unit is composed of evenly st ratified 
alrernations of sandstone and slaty mudsrone, which appears su­
pcrficially very much like the C umberland Bay unit. Most 
sandstones are graded; ali have sediment gravity flow interna! fab­
rics. Sole marks are common (altho ugh ra rely observed in plan 
view because of the very strong cleavage in the arca), as are flames, 
mudstone intraclasts, and small scours. The sandstones are ali 
poorly sorted. Only decper-water trace fossi ls (such as Choncfrites, 
Scalarituba) were observed. The unir is finer graincd and more 
thinly bedded than the Cumberland 13ay. Paleocurrent measurc­
ments of ripple cross-laminae indicare a bimodal northward and 
southward pattern, with the southem mode dominant (Fig. 3.) 

Pctrography 

The sandstone clasts are mostly feldspar (chiefly plagioclase), 
quam, and lithic fragrnents (Table 1). Ir is significant that the QFL 
plors of the Sandebugten overlap the few quartz-rich modal plots of 

INTERMEDIATE QUARTZOSE 

\OLCANICLASTICS SANDSTONES 

YAHGAN FORMATION 

BASALT .-:::. tef-\"I( FRAGMENTS 
ANDESITIC BASA~T, OUARTZOSE SEDIMENTARY 

ANDESITE {}\// !~~~~NI~ ~~~~~~TciUARTZ 

CUMBERLAND BAY 

CD 
SANDEBUGTEN 

Figure 7. Comparison of rclative imporrance of typcs of rock fragmcnts 
within sandstoncs, and thus rclative parcnt terranc conrributions, of 
Yahgan Formation, Cumbcrland Bay, and Sandcbugtcn (computcd from 
Appcndix Table 4). Textura) rhyolitc, seriátic grains, and polycrysrallinc 
qua.rtz are combincd for rhyolite-mosaic quartz group; siliccous volcanic 
rodcs and fclsitc grains are combincd for siliác volcanic group; textura! 
andcsitc, microlitc grains, and andcsiric tuff fragmcnts are groupcd for 
andcsitc class; intcrscrtal, intcrgranular, and subophitic grains are com­
bined for basaltic andcsitc to basalt class. Quartzosc scdimcntary fragmcn IS 

are includcd in histog:rams. 

the Yahgan Formation and Curnberland Bay srrata (Fig. 6). T hrec 
specimens studied, however, are closer compositionally to the 
intermediate-vo lcanic sandsrones oí the Yahgan and Cumberland 
Bay. . 

None of the Sandebugren outcrops are far removed from the 
major thrust fault scparating the two units on South Georgia, and 
consequently, ali Sandebugren samples are strongly affected by the 
intensificd dcformarion near thar faul t. Regardless of the specimen 
limitations, the petrographic characteristics of the Sandebugrcn 
sandstones lea ve little doubt as to the p rovenance (see Fig. 11 ). The 
o nly known possible source for rhe quartz-rich Sandebugten-type 
sands is the silicic volcanic and scdimentary rocks of the Jurassic 
Tobifera Formation a nd equiva lents in southem South America. 
Typically, the e Ju rassic volcanic rocks are po rphyritic. Pheno­
crysts of quartz and sodic plagioclase and less common potassic 
feldspar a re characteristic; biotite is rnre, and pyroxene and am- · 
phibo le are virtually absent. The quartt and feldspar phenocrysts 
are characteristically set in a silicn o r felsite groundmass (Dalziel 
and others, 1974a). The textura! rhyolite, felsire, and "siliceo us" 
volcanic fragments in the Sandebugten sandsto ne have counter­
pa rts in the Tobífera volcanic rocks (compare Figs. 11 A, 11 B, 
11 C). Po lycrystalline mosaic grains and sericitic fragments in the 
Sandebugten correspond to groundmass arcas in the Ju rassic ruffs 
and flows. Morcovcr, erosio n of such a source would yield sands 
rich in quartz and plagioclase, low in potassic feldspar, and with 
few ferromagnes ian mineral grains. These are characteristícs of the 
Sandcbugten and subordinare q uarrz-rich sandstones of the 
Yahgan and Cumberland Bay srrara (see Table 1; Figs. 6 , 7, 10). 

Sil icic volcanic rocks exist and may be abundant in inter­
mediate-co1npositio n volcanic terranes (for example, the western 
United States; Lipman and others, 1972). They could be cxpccted 
in the ancient dacitic-andesitic source that p rovided almost a li of 
thc Yahgan and Cumberland Bay sediments. The la rge volume and 
stratigraphic thickness and rhe uni fo rm compositio n of the sil icic 
sands of the Sandchugren, however, suggest another o rigin for this 
unir. Intermediare vo lcanic debris fo rms an insignificant volumc 
(less than 2%) of thc Sandebugten sandsrone. Moreover, dominant 
Sandebugten paleocurrent trends are significantly different fro m 
Cumberland Bay trends, furrher suggesting a different sourcc (sce 
Fig. 3). In the reconsrrucred posirion o f South Georgia sourheast o f 
Tierra del Fuego (Fig. 2), the dominant sourhern paleocurrent 
mode of the Sandebugren is consistent with a continen tal South 
American sourcc. 

The p resence of quartzose sedimentary fragments in the San­
debugten and in sorne of the quam.- rich sandstones of the Yahgan 
and C umberland Bay strata also argues against derivation of these 
sands from silicic volcanic rocks interbedded in a dacitic-andesitic 
terranc. These scdimcnrary fragments are made up almost entirely 
of volcanic quartz grains, sorne grains moderately to well rouncled, 
hr ld togethe r by a phyl losilicate o r silica cement (Fig. 10). Plagio­
clase and silicic volcanic fragmenrs a re common constituents. The 
quartzose sedimentary grains are not fi rst cycle but were derived 
from existing sedimentary rocks. Thci r probable source was 
scdimentary rocks interbedded with the Jurassic silicic volcan ic 
rocks. 

Minor microcl inc and sorne of the dctrital heavy mine ra Is, such 
as tourma line, suggest that a very small amount o f the 
Sandebugten-type sandstone was derived from coarser plutonic 
rocks. This minor contriburion could have been either from shal­
low intrusio ns associated with the silicic volcanics or from o lder 
p lutonic rocks underlying thc Tobifera. 
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Figure 8. Phoromicrograph oí rypical 
mcdium- 10 coarsc-graincd volc:micl:mic rock oí 
Cumbcrland Bay srrara. Note andcsire grain (a), 
microliric grain (b), rurbid ruífoccous grain (e), 
angular plagioclase (d), and poor soning. Com­
pare with Figure 9. 

Figure 9. Photomicrograph oí rypical Yaghan 
volcaniclasric rock. Norc ruff fragmcnt (a), angu­
lar plagioclase (b) in andesire grain bcing re­
placed by prchnite (Pr), felsite grain (e), and very 
poor sorring. 

DEFORMATION ANO METAMORPHISM OF YAHGAN, 
CUMBERLAND BAY, ANO SANOEBUGTEN STRATA 

Strucrural Sryle 

Soutb Georgia lsland. Along the island's northeast coast, the 
Somh Georgia llysch uni rs are defo rmed by right asymmetric folds 
with planar limbs and narrow hinge zones (see Fig. J of Dalziel and 
orhcrs, 1975). The rocks in rhis area are affet red by a ve ry strong 
axial-planar slary cleavage. The Cumberland tiJ y unir vcrges ro rhc 
nonhcast. The Sandebugren rocks verge to rhc sourhwest in rhe 
rhrust area, bur axial planes and cleavagc swing rhrough rhc verti­
cal an<l overturn roward rhe northcasr on Barff Pcninsuln, Mineral 
and dasr clongation is parallel in borh units, and both units have 
only one major ser of srructures. Sandebugren and Cumbcrland Bay 
srrara are inrerprcted ro h:ive been affcctcd by only one period of 
fol<ling. The fold hinge linc:s of borh sets are approximarcly parallel 
ro 1he long dimcnsion of 1hc islan<l . Cleav:ige and folding die out 
upward in che Cumbcrla?1d Bay strata. 

Tierra del Fuego. The Yahgan Formation has a similar srruc­
mral sryle to rhe Cumberland Bay. Oeformation is very sevcre 
norrh of rhc Beagle Channel, where rhc rocks appear to have been 
1hrust a11 undetermined disrance ro rhe north. In this arca, rhe 
Yahgan is domina1cd by l:uge-scale, right, asymmcrric fol<ls (see 
Fig. 4 of Bruhn and Dalziel, 1977), and rhe rocks show a very 
srrong penerrarivc cleavage. The folds in rhe Yahgan are essenrially 
uprighr or overturned to rhe norrh. The fold hinge line, srrike easr 
ro easr-sourheasr. Folding dies out to rhe south, as II does in rhe 
Sourh Georgia rocks. In rhe Bahia Tekenika are:1 and sourhward 
(sce Fig. 4), rhe rocks are onl;· broadly folded, and deavage is weak 
ro nonexistenr. 

Regional Metamorphism 

Sccondary minerals common ro rhc low-grade Cumbcrland Bay, 
Yahgan Formation, and Sandebugten srrara a re quarrz, albire, 
muscovirc, chloritc, epidmc, cl inozoisirc, srilpno111 .. l:111c, pumpel-

Figure 10. Phoromlcrograph oí Yahgan Formation quartzosc volcan­
iclasric rock collccred from wcs1cm Isla Navarino. N o te largc amount of 
quarn, angular plagiodase (a), siliceous volcanic fragmcnr (b), mosaic 
quarn (e), and 1ermina1ions and embaymenrs oí volcanic quart2 crysr.~I (d). 

lyirc, prehnite, calcire and sphene (see foomore 2 to order Appcndix 
T:iblc 5, Occu rrcncc of Sccondary Minerals by Arca). Mos1 minc rJI 
assemblages correspond ro rhe prehnire-pumpellyite foeic 
(Coombs and orhers, 1970; Bishop, 1972). Prehnite is ve ry abun­
dan! in rhe Mesozoic llysch of both areas typically associarc<l wirh 
and alrering ro epidorc ancJ clinozoisire. Pumpellyire is uncomrnon. 
The prevalence of prehnire was one of 1he o bservarions rh:H fir~r 
suggesrc<l 1ha1 rhe Yahg:in lnd Cumberland Ba)' srrata wcrc equiva­
len1 (Trendall, 1959; Warr::rs, 1965; Karz and Watrers, 1966). The 
highcst grade rocks in Tierra del Fuego anJ Sourh Gcl)rgia a re 
fou nd along rhe Beagle Canal and ar thc Cumberland Bar­
Sandcbugren rhrust conract, respecrivdy (Figs. 3, 4). An Fe-puur 
rremolit ic amphihole and garner occur locally wirh prehnite in rhc 
la1ter area. Lowcr-gra<le heulandite, analcime, laumo nrire, ami :111 

unidenrified zeolire are presenr l·o-exisring with prehni rc in s:implr~ 
from sourhwes1ern Isla Navarino and sourhcrn Isla Hoste. Prchnire 
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.,, ~ 'li?ijllí.;!~. .,. 
Figure 11A. Photomicrograph of Sandebugten siliccous volean idas tic 

rock. Mosaic qunn:i grain (b) is a.lmou idencical to mosa ic quartt in Tobi­
fora ruff in Figure llB (a); scricitc groundmass in lithic rocks (e) corre­
sponds to sericitic groundmass of T obifera tuffs (Fig. 1 lB, e). Note texrura.l 
rhyolitc fr:tgmcnt (a), angular plagioclase, and poor sorring. 

Figure t 1 C. Pbotornicrogmph of Sandcbugren volcaa iclastic rock. Norc 
sedimcnmry fragmcnt (a) and rcx.rural rh yolite (b ). Pels ire grain (e) corre­
sponds ro fclsirc groundmass in T obifcm tuffs (Fig. 11B, b) and ffows. 

werc deformed idenricall y and meramorphosed ro rhe same dcgree. 
Thesc are rhc c rite ria 1 set o ut to demonstra te, but thci r equivalence 
does not uniqucly provc former juxtaposirioning of Sourh Georgia 
Island and Tierra del Fuego. Lnte rmediare-compositio n volcanic 
rocks are very commo n a lo ng long t retches o f ce rta in plate mar­
gins (for cxample, the prcsent convergcn r pia re boundary along che 
weste rn Pacific). Conceivably, sedimenrary rocks derived fro m such 
volcanics could be quite similar even though chey were deposited in 
wide ly separarcd areas. Yet 1 do infer tha t Sourl:i Georgia and 
Tierra del Fuego were juxtaposed. The most compelling evidencc is 
furn ished by rhe Sandebugren-rypc sands. There is no source fo r 
these sands in rhe present viciniry o f Souch Georgia; indecd thc ir 
only known possible source líes in rhe Ju rassic volc,1nic rocks o f 

' Tierra del Fuego or the Antarcric Península. Bcsides being d oser. 
only rhe J urassic volcanics o f Sourh America are sufficiently and 
unifo rmly s il iceous to se rve as a source. 

Figure 118. Photomicrogr:tph of T obifera Formacion ruff samplc. Note 
mosaic quan:z (a), fclsite area (b ), scricitic arca (e), and quam. crystals (d). 

is absenr from heuland ire-bea ring rocks from Anncnkov; rhe rocks 
there appear ro be a rrue zeolire facies (also see Winn, J 975). 

Bccause o f similar pa renr composirio ns and deformation sryles. 
the near-identical mctamorphic mincra ls and associa tions indicare 
thar genera ll y simila r meramo rphic condi rions exisred for rhc 
graywackcs o f borh rhc Yahgan Fo rmario n and Cumbc rland Bayas 
well as thc Sandebugtcn. In genera l, ir is tho ughr rhar thc prchnire­
pumpellyire facies represenrs an in te rmedia te-pressure- lo w­
tcrnperaturc rype o f mcramorphism (le than abour 5 kb pressurc 
and approximatcly 200 ro 300 ºC, according to Bisho p, 1972). 

PALfNSPASTIC RESTORATION 

lmplications of Tobifcra Sourcc fo r Sandcbugtcn-rype Sands 

Thc Yahgan and Cumberland Bay srrara h avc been show n ro be 
srrarigraph ically cq uiva lcnt. Thcy have fossib of simila r age; rheir 
sediments were eroded from similar source re rranes - do mina nrly 
calc-a lkalic volcanie rock ourh o f rhei r respccrivc deposirional 
areas; both werc dcpositcd in deep-sca fa n environmenrs; and borh 

Petrographic and srra tigraph ic evidcnce confi rms thc Mcsozoic 
age fo r the Sandebugten as infe rred fo r structu ral reasons (sce Dal­
ziel a nd o rhers, 1975) . T he inrermediare-volcaniclas ric and 
siliceous-volcaniclasric rocks inte rfinger; ra re quartzosc sands are 
presenr 011 South Georgia wirh in rocks tha r have C umberland Bay 
vergence, a nd convcrscly, uncommo n intennediatc-volcaniclas tic 
rocks are pre ent wirhin rhe Sandcbugrcn on Barff Península ( ce 
Figs. 6 and 7 and Table l ). Sandebugrcn-like sand rones are con­
centrated near rhe hase of che Yahgan Formarion norrh o f thc 
Beagle Ch annel, where rhcy make up about 80% o f the sandstone 
pecimens collccted . Fo rmer in rc rmediare ruffs (now p rehnite-

qua rrz beds) a re interbedded wirhin rhe quarnose and imcr­
mediare-volcaniclasric rocks in this zone. Rare Tobifera-de rivcd 
sandsto nes al o a re scarte red thro ughout rhc Yahgan Formarion on 
Isla avarino ( ce Fig. 10) . The paleocurrenr di recrions furrhe r 
suggest tha r rhe Isla avarino and Beaglc C hannel arca was a sitc 
o f mixing (Fig. 4); che currcnts a re highl y di per cd, in con trasr to 
readings taken t0 rhc south, and localities wirh easr- a nd wesr­
rrcncling mean o rie111a tio11s suggest lo ngitudina l fill. 

Late M csozoic Tect0nics 

Geophy ical evidencc and che general geologic sirn ilari1y o f 
southern Sourh America, the Anra rccic Peninsula , South Georgia , 
and rhe orher i lands a nd ridges o f rhe Scoria are (wi rh the exccp-
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1ion of rhe young volcanic Sourh SanJwich Isl:rnds) a rgue~ fo r ali of 
the c.: a rcas being fragmcnrs o f a more o r less cominuous .l\.1t!sozoic 
orogcnic belt (sec Dalziel and Elliot, 1973; Suárez, 1976 ; De Wir, 
1977). Resrorarion of rhe Andean-Ancarctic Peninsula orogcnic 
belt is accomplished by closure of rhe Drakc Pa~~:igc. Limircd 
palcogeographic d:ira suggesr rha r bending of South Amc.: ri ca ap­
parcnrly occurred along norrhwc r- and easr-rrcnding rransfo rm 
foults in Tierra del Fuego (Bruhn :ind Dalziel, 1977). Lefr-larcral 
movemenr a long rhesc foulrs and easrward relarive movc.:mcnr o f 
South Georgia a re almosr cerrainly generically rdatcd. 

The Anrarcrandes of rhe Anrarcric Península and 1hc Andes de­
vclopcd as a resulr of conve rgencc fi rsr of Gondwanaland and laccr, 
afrer che Arlamic opencd (ar 125 ro 130 m.y. :igo or mid­
Neocomian time; Larson and Ladd, 1973 ), o f Gondwanaland 
fragment~ wirh Pacific occan crusr (Fig. 12). Thc.: ~ilicic volcanic 
rocks of 1he Jurassic Tobifc:ra Formarion of Sourh Americ:i may 
rcpresenr rhe early sragcs o f subducrion and a re formarion a lo ng 
che western edge of che i:onrinenr. lmmediarely follo wing or duri11g 
1he latter srages of rhe silicic volcanism , continued easr Pacifi c.: siib­
duction resul1ed in fragmenrarion of rhe conrinenral margin and rhe 
generarion o f new oceanic sea floor in the rifr zo ncs berween slivers 
o f basemenc rocks overlain by rhe Tobifc:ra Forma1ion. 

The Paragonian ba1holirh appea rs to be rhe pluron ic c.:quivalcnr 
of a conremporaneous calc-alkalic.: volcanic chain in Tierra del 
Fuego. Alrho ugh remnanrs of the volcanic sup rastrucrure are ab­
senr, i1s derritus a re preserved in che Yahgan, Cumberland Bay, and 
Tekenika unics. These sedimencs represenr rhe bulk o f rhe fill of a 
marginal basin char formed berween the active a re and rhe conri­
ncnt. The Jurassic ro Miocene age span of che plurons (H:ilpc.:rn, 
1973) overlaps the age of 1he volcaniclasti c rocks and consc4uenrly 
che agc span o f rhe formcr volcan ic chain. The volcanic sourcc te r­
rane was made up mosrly o f dacirc and andesire flows and ruffs; 
mo re mane volcanics were very rare. The are was more siliceous 
than most ancient and modcm calc•alkalic ares, p robably owing to 
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rhc assimil.uion o f large volumes o f continental material. T he 
P:u agonian barholirh was inrruded into a slive r of continental 
bascmem (note basemcnr wcsr o f the batho lirh in Fig. 2) and con­
rains large xenolirhs o f continenta l rock. The Tierra dd Fucgo­
South Georgia lslan<l segment of rhe marginal basin was likely 
never mo re rhan abour 250 ro 300 km wide, becau,e modcraccly 
coarse fan sedimenrs dcrivcd fro m each side incerfingcr, which 
would 1101 have been possiblc if the basin edges were far removed. 
The mall basin width a lso resulrs in rhe likdihoo d of conrinued 
assimila rion o f continental crust during developmem of rhc a re. 

Deposirion of the Yahgan and C umberland Bay volcaniclasric 
rocks was in a moderarely dcep-sea environmcmt (Fig. 12). Concur­
renrl y, quarrz-rich sedimenr eroded fro m rhe Jurassic Tobifera 
Fo rmarion was being deposired in deep-sea fans g rowing south­
wesrward frorn rhe conrinenr. lnferred water deprhs appc.:a r com­
parable ro rhe ocean ic dcprhs of modern marginal basins in 1he 
western Pacific (approximatdy 2.5 ro 5.5 km deep; sce Karig, 
197 1). 

The volcanic are was active in the Tierra del Fuego segmenr u111il 
a r lcasr midd le ro tarly Late C reraceous (age of rhe upper parr of 
rhe Cumberlan<l Bay unir). The Yahgan Formacion is ovcrlain con­
cordanrly by rhe C reraceous Tekenika Bcds. The Tekenika 
sandsrones and conglomerares were derived from a sourcc 1errane 
a lmosr idcntical, although perhaps wirh a few more exposed 
pluronic rocks, ro rhe calc-alkalic a re rhat supplied rhe detritus of 
the Yahgan and umberland Bay unirs. The Yahgan Fo rmarion, 
Tekc-it ika Beds, Cumberland Bay, and Sandebugren were deformed 
by closure of rhe marginal basin during che Andean Orogeny (Dal­
zie l and orhers, 19746). This closure occurred before a late-recronic 
pluton, datcd ar 79± 5 111 .y. ago, was emplaced inro folded Yahgan 
Formario n rocks (Halpern and Rcx, 1972). 

T hc final major convergence phase in T ierra del Fuego appea rs ro 
have been the collision of rhe spreading ridge with rhe conrincni 
edge, which probably caused che break-up o f the conrinent anJ 
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Figure 12. Schcmatic 
dcvclopmcnl o f northcrn 
Scotia are. Ma~inal ba. in 
opcncd in u1c Jur:issic 10 
E.irly Cretaccous r.ime and 
was char:ictercizcd by bila1-
cra l infilling on dccp-sca 
fans. Fan outlincs in A cor­
rcspond to anJ havc samc 
diménsions as severa( íam 
off Oregon and Washington 
(A is La J olla - Navy­
Coronada fan system; B is 
Astoria fan; C is Delgada 
fan, D is Monterey fan). At­
lan ric opencd in E.irly Crc­
tace ous time . M a rginJI 
basin in South Arnerica 
closcd by 80 m.y. B.I'. By 
early Ccnozoic time (ap­
proximately 64 m.y. B.P.) a 
new ridge system formcd in 
eastcrn Pacilic. Sou1h of 
triple juncrion this ridgc is 
called Aluk Rise; Chile Ris~ 
is desccndent of scgmc111 
north of triple junction. 
South Ge o rgia mi c ro­
conrinent was transl.u cd 
rela tivcly eastwa rd aftcr 
ridge-conrinent collision in 
mid-Ccno20ic time. 
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formation o f the Scotia Sea; this col lision profound ly rco rienred 
piare boundaries. 

Separation of South Georgia from T ierra del Fuego 

The oceanic crust west of southern South America , wesr of the 
Anta rctic Península, and on rhe sea floo r of rhc Drakc Passage ap­
pears to have formcd at an active riclge system (Aluk Ridgc­
ancestral Ch ile R ise) rhat o riginatcd in Late C rt>taceous to 
Cenozoic time (Hcrron, 1974 ; Dott, 1976; H erron and T ur holkc, 
1976). T hc o ldcst sea floo r is wcsr o f rhe Antarctic Peninsula and is 
perhaps as o ld a s 64 m.y. (Fig. 1; approximarcly the C rcraceous­
Ccnozoic boundary; Herron a nd T ucho lkc, 1976) . The C h ile Rise 
is a seismica lly active norrhern exrcnsion of rhe former spreading 
ridge. Magnetic anomalics wesr of southern So uth Amcrica and 
west of the Antarc1ic Peninsula becorne o lder away fro m thc re­
spective continents, indica ting rhc overrid ing o í segments of fo rmer 
ridge by continem a l crust . In borh a rcas, collision of the ridge a nd 
1rench has drastica lly slowed o r s toppcd su6ducrion (see Forsyth, 
1975). Ir is not known whether rhe Drakc Passagc sp rcacling zone is 
a direct re mnant of rhe Mesozoic-Cenozoic r idge sy tcm o r not. 
Herron and Tucholke ( 1976) po inted o ur th ar rhe a6sence of a ny 
lime overlap 6etween the anomalies west o f rhe Anrarcric Península 
and thc Drake Passage anom alies (see Fig. 1) suggests rhat thc ridge 
segments may not have 6een parr of o ne co nrinuo us sysrern ; rather, 
rhcsc ridge segments m ay ha ve been discrete e nti t ics separating 
small, cphemeral piares. O n the orher hand, thc parallelism of 
magnetic lineations berween rhese rwo arcas suggests that the 
ridges are genetically relared. T he eastward relative movernent of 
Sourh Georgia is posrulatcd to have occurrcd along a t ransform 
faulr that leads from the southcrn edge of Burdwood Bank to rhe 
viciniry of the no rthern edge of South Georgia Island (W ilson, 
1966; Barker, 1970; Dott, 1976). 

The t iming of scparation of South Georg ia from Tie rra del Fuego 
can be estimatcd by considering thc sea- floor evidence and thc t im­
ing of events in South Ame rica and the Anrarctic Península, 6ut 
dcfin itive evidence is sca n t. South Geo rgia a nd T ie r rn del Fuego 
were certa inly connecred through rhc pe riod of m arginal basin 
opening and closure . T he geology of South Georgia indicares jux­
tapositio n rh rough a lare-orogenic p erio d o f si licic p luron 
emplacement (approximatel y 8() m. y. ago). 

On the basis of magnetic hneatio ns, Barke r (1970, 1972a, 
19726) esrirnared rhe Scotia Sea ro be a maximum of 40 rn.y. o ld 
(Eocene-O liogef!C 6oundary). Because the Scot ia Are ap parenrly 
owes its inception ro the spreading axis-continen t collis ion a nd 
dates fro m the fragmentation of the fo rmerly continuous orogen, 
this date also suggests the earl iest date of sep:irarion." T hc o ldes t 
dated sea floor in the Sco tia Sea is a6out 20 m.y. o ld (early 
Miocenc) in the D ra ke Passage (Fig. 1; Ba rker, 1970, 1972a, 

3 De Wir ( 1977) has suggested that rhc sea floor bcnvccn the South 
Orkneys and South Georgia is pan of the Early Cretaccous ma rginal basin 
of South America and that thc South Georgia flysch is merely a norrhem 
exposure of correlative volcaniclastic rocks that underlic rhc central Scotia 
Sea. 1 do not feel thar the evidence supports this interpreta tion. Paleornrrcnr 
dara indicare thar the Cumberland Bay strata of South Georgia were derived 
from a southerly sourcc. Thcse dcposirs are moderarcly to very coarse fan 
dcposirs, so the southerly source had ro be fairly close throughout Early 
Crcraccous time. At mosr, the central Seo ria Sea cou Id be Late Crctact'Ous 
and rcprcsent a rc-opening of rhc marginal basin after rhe mid-Crcraceous 
defonnation. The age of rhe central Scoria Sea, rhus, 111ay nor ind icare thc 
cast Pacific ridgc-continent collision. 

19726; H erro n and Tucholke, 1976). The separa t ion rates calcu­
lared fro rn these two dares (5 to 10 cm/yr) gene rall y correspond to 

the maximum a nd minimu m sp reading rates calculated from the 
South Pacific (4 to 10 cm/yr; He rron, 1972). An ave rage separation 
faste r rhan about I O cmiyr (thus post-M iocene sep aration of South 
Georgia) seems unrea lisric (Hc rro n, ·1972; D ott, 1976). 

The srrucru ra l and st ra tigraphic evidence from Sou th America 
and the Antarctic Península supports the above interpretario n. Dott 
( 1976) noted that p re-M iocene rocks around the Sco t ia a re gener­
a lly sho w a simila r tcctonic history, b ut the later Ccnozoic rocks 
a re d issimi la r and unconfnrmably overli e the pre-M iocenc units. 
C raddock and H ollisrer ( 1976) in terp reted a m issing Paleocene to 
larc O ligoccne o r early Miocene sectio n in two Dccp Sea D rilling 
Projecr boles just west of the Anrarctic Península (see Fig . 1) as due 
to scouring. The d isconformity is tho ught to date inceprion o f the 
circurn-Antarcric current, and hence break-up of the o riginRI con­
necrion . Ali available information suggests that separat ion oc­
cu rred somerime berween early Oligocene and m idd le M iocene 
time. 
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