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extensa y de mejor conservación es la que tiene 80 a 130 m. Hay varias terrazas u 
bajas que son del Holoceno. 

Los cambios eustáticos del nivel del mar han sido fuertemente modificados ¡: 
movimientos tectónicos. Durante el Cuaternario, el solevantamiento epirogénico 
sido dominante al norte del Paralelo 40, mientras en general el hundimiento de 
costa ha prevalecido más al sur. Localmente, algunas terrazas han sido desplazac 
hasta 40 o 50 m por movimientos tardíos de bloques fall ados. 

Co,11;epll'1\HBe. Pacc MaTpHBaIOTCH MOpCKHe TeppacbI B "LIHJIH, npOCTHpaI-Oll(He 

BAOJib 60JibWeH 'l3CTH ee no6epe:H<bH, B oco6eHHOCTH Me:H<AY 23-eH H 40-0H n 

PaJIJieJIHMH IO:IKHOH umpoTbl. TeppacbI '13CThIO Bpe3aHbI B KOpeHHYIO nopo;: 

H ·qaCTbl-0 33110JIHeHbI HJIH IlOKp.6ITbl TOHKHM CJJOeM OTJTO)KeHHH 06JIOMO'IH1 

HOPDA· CaMan BhlCOKaH Teppaca A.OCTHraeT npHMepHO 25ü-400 M BblCOTbl H I 

coapeMeHHblM ypOBHeM MOPH B qeHTpaJibHOH H cesepHOH '13CTHX 'l!HJIH H 17 
200 M B ee IO:IKHOH 'laCTH, H, no BCeH BepOHTHOCTH , OTHOCHTCH K flJil'IOqeHy. ,Up 

!'He TeppaChI Bb!COTOIO B 150-240 M, 80-130 M, 3ü-40 M B qeHTpa.JlbHOH H cese 

HOH 'laCTHX, H 70 M, 20- 38 M , 8 - 10 M s l-O)!{HOH '13CTH "llHJIH OTflOCJITCH K nJieHCT 

qeuy. Teppaca Bb!COT0!-0 B 80-130 M HBJIHeTCH H aH60Jiee Bb!THHYTOH H 6oJI 

BCero coxpaHHBIIl€HCH. HMeeTCH HeCKOJihKO 6onee HH3KHX Teppac, npHH3AJI€lfl 

~X K COBpeMeHHOMY nepHOAY· 

TeKTOHH'leCKH\l A 'BHlKeHHH CHJihHO TIOBJIRHJIH Ha 3BCTaTH'leCKRe H3MeHeHI 

ypüBHH MOpH. B Te'<teH.Fle '<teTBepTR'<IHOro nepROAa BepTHKaJihHOe nop;HllTHe KO 

THHeHTaJibHblX TIJIOII.(a,!lefi 6blJIO pac npoc TpaHeHO K cesepy OT copOKOBOH napa 

.nenu, B TO apeMH KaK onycKaHHe 6epera B o6Il(eM npeo6Jia,ta.no 60JibIDe K 101 

B pe3yJI&TaTe He~aBHHX p;Bl'f:IKeHHH c 6pocOBbIX fJibI6 TeppaCbI nepeMeCTHJIH 

a HeKOTOpbIX MeCTaX AO 40-50 M. 
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• lntroduction 
he five authors of this paper are scientists with field experience in Chile. 

1iscussion of thc separate areas of study are arranged frorn south to north 
~ig. 1): Ancud-Puerto Saavedra (Weischet), Río La · l..igua-Río Elqui 
>ascoff), La Serena-Río Huasca (Cookc), and Bahia Salado-Caldera (Seger~ 
rom). 

Part l. Coastal Terraces in Southern Chile 

Wolf gang Weisc/zet 

AB$TRACT 

1bsidcnce of 1+'·1 .6 m took place along thc Chilean coast between lat. 38º and 
:
0 S. during the earthquakc of May 22, 1960. A pre-existing terracc at r.2-1.5 m 
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lbo_ve sea leve! was inundated. Local clisconti1)uous marine terraces exist in the samc 
egion a t 8 - 1 o m, 20-2 5 m, 35-38 m, 70 m, and 1 70-200 m above present sea leve!. 

FORMER TERRACES AT .1.5 M ABOVE SEA LEVEL 

During the carthquake of Ma y. 2 2, r 960, a tectonic depression 1.4 to 1 .6 m 
tlong the coast line of southern Chile developed (Weischet, 1963a). This 
urprising observation was made at three widely separated places: near 
>uerto Saavedra, in lVlehuín, and in the bay of Ancud (see Fig. 2) . 
. Just north of Puerto Saavedra, on füe landward side of a shallow lagoon 
hat resulted from the May 1960 subsidence, the mean higb tidc washes over 
he surface of a !ayer of sedirncn,ts cemented to a depth of about 10 cm by 
ron and manganese oxides (PI. 1, fig. 1 ). This cemented zone is a result of a . 
ormerly higher water table .. lt -is situatcd 1 .5 m above the water table- that 
:xísted prior to de¡press1on of the land. 

An abrasion platfom1 about 40 m wide cut in nearly vertical crystallin'e 
lates at the northern end of Mehuín Bay existcd before the earthquake. 
['he platfonn was about 1.2 m above mean high tide at its seaward end and 
.bout 1.5 m at its landward end, as shown by the upper limit of thc marine 
:mna that litters it. Afrer the May 1960 subsidence the same abrasion plat.
onn had sunk to the leve! of mean high tide. 

In thc southern part of Ancud Baya ·wave-excavated cave anda wave-cut 
totch have becn developed at the bottorn of a cliff. Prior to the land depres
ion in May 1960 both fonns were situated well above the level of mean high 
ide. Now, however, bÓth notch and cave are flooded at high tide (Pl. r, 
tg. 2). . 

Befare th(' r('cént land sinking a broacl "vega terrace" was situated near the 
rf'outh of every river and brook .in the region about r .2 m above the level of 
r1ean high tide. The soil of the terrace was developed on coastal marine sedi
r¡.ents. After subsidence in 1960 this terrace was flooded. 
In the following contribution by Paskoff, geomorphic consequenccs of a 

:mner sea leve! about r .2 m higher than the prescnt one are related to a 
iost-Ple'istocene Dunkirkian transgression for central Chile. The very recent 
hangc of levd by mea ns of tectonic proccsses in southern Chile rem.inds us to 
,e cautious about correlating tcrrace Ievels with glacio-eüstatic changes of 
ea levd. On thc other hand, there is good confonnity of terrace remnants 
)und at diffrrent places along ~he coast of southern Chile above the 1.5-m 
~ve!. 

TERRAGES AHOV:E THE .FORMER I .5-M LEVEL 

A 20-m level exists in the bay of Mchuín, first in a remnant of wave-cut 
ench in a diff (Fig. 3, top diagram), ami second on nearby Playa Chica, 
rhere a broad plaín of gray :sand has been fom1cd . The 20-m leve! also is 
vident in eroded platforms on interfluvial slopes in the vicínity of Quele.· 
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.glJl•rc 3 . .Sclh.ematiic sec.rrons ,t'hrough :tenr.rces at Me'huí.n, rne,ar Valdiv'ia, :and ,0n tt'he 
B-a:y of Hueico'lla, Chile .. T m the micldle dia~ram, ca nagua ;¡,efr1¡;s ,to comented:v0lcaoic 
ash with intcrcal.lated sedime nts; the hig,h tenrace "is 1urnile,rlaio 1by de:ep1y -w.cather'1X'1i 
crystallinc slate. 

~adiier rcports (Brüggen, 1950,; '\Vdí:schet., ll959; 11lies) r.96:0) Jha,v.e tle
ibed the st-rí'king tenaces of accu:rm1l-a,t-iot1 ;aft I c;i and '2Q ni above fS!e,a.level iiR 
bay 1neaT Oorrail aind 11,ea r Vald ivia., .abo.u:t 1.5 km u:1rstr.eam (fig. 3, :n:ü·oltlle 
gram) . The terrnce .deposi,ts co~~is~ mostly of ".canca:gm-ª','' ' <! ,o~ented 
ca n'Íc :aslh wiith urte.rca 1ated la ycrs of b.rackish-wa ter and marine sediments. 
é dep osition su.1lacc --of thc ca i1ca-gma in tl1~Ba¡;---¡;¡ Valdivia had beem 
t dceply dissected, and th.rn i oung sedimcnrs 1b.acl accumula,ted o:n it 
"cischet, r 963b). Frorn the vega tenace ( r .5 m above .s:ea lev.él ib.dfore 'ihe · 
thquake, now at sea leve!) dowr:1 10 30 1ill bdow sea kvd, 0¡;¡1ly ri'.olall--'ttatt 
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sediments have bc:en found by means of drillin~ (filies, 1960). A sequenct' 
events that seerns to fit thesc observations is as follows: (1) formation of t, 
races at 1 o m and 20-22 m during the last intcrglacial perio<l, (2) dissection 
rivers as a consequencc of the lowered sea leve! in thc last glacial epoch, ( 
refilling with tidal-flat sediments up to the highrst sea levcl (plus 1 .5 m ) in t 
postglacial pcriod (vega-terrace), (4) new slight dissection of the vega, il1 

1 (5) tectonic depression of the en tire sequence 1.5 ni in ::'\1ay 1960. J n the sa1 
area, at about 200 m abovc sea levcl, thcrc are numerous renmants of a hi 
terrace with pure quartz_ grains upon dceply .weathered crystallíne sla 
This "peneplaín" must have had íts origin near the end of the Tertia 
period. · 

Landward from the dredged mouth of thc Bay of Hueicolla (Fig. 3, lov. 
diagram), an 8- to 10-m leve! stretches in a crescent for a maximum distan 
of 250 m. This terracc is an accumulation of loose sediments. On a slo 
toward the inland mountains, arcas similar to platfonns can be noticcd 
levcls of 25, 35-38, and 70 m ali around the bay. An exposure in the 25-
terrace shows wave-fonned roundcd pebbles of quartz-phyllite. On the 3.')· 
terrace a slate conglomerate 3 m thick is rhythmically bedded with ycll< 
sand. T his deposit is sufficicntly consolidated to stand on vertical slop, 
Neither conglomerate nor sandstonc shows much weathering. At the 70-
level, however, only pure quartz gravels are found. 
~icolpe Bay the remains of an ag1~011 platform at an a~títude 

7-8 m ~hind the ~m, 2 m of marine éonglo~te ------ ----- -- . --- - - ... .. - --- --- -· 
exposed. -----

Part 2. Preliminary Results of l nvestigations of the 

Quaternary Geology of the Chilean Coast 

Between Lat. 30º and 33º S. 

Roland Pa.skojf 

ABSTRACT 

Well-preserved graded tcrraces cxist along the Chilean coast betwcen la t.. 30º a 
33º S. at 5-7 m, 35-40 m, and 100-\io m above present sea lcvel. Probable ages 
thesc terraces are Würm 1/ 11 interstaa'ial , middle Quaternary, and early Quaterna1 
respectively. Terraces at 4- 5 ro and 1 . 2 m that are less well defined than the higt 
terraces are of possihle Calaisian and Dunkei-quian age. Origin of the two high, 
terraces is not clear, but the lower terraces are probably of glacio-eustatic origin. 

GENERAL STATEMENT 

From_ a study. now in progress of the Chilean coast between lat. 30º at 

33º S., a few preliminary rcsults may be announced. In the midst of are 
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trongly affrcted by late tectonic movements, there are portions that seem 
o.ha,·c been more stable since eady Quaternary time. These portions record 
he morphological changes during the Pleistocene and Recent that have 
1ot resulted from tectonic mo,·ements. Threc graded terraces imply three 
ong periods of high sea leve!. In addition, there is evidence of more recent 
ñd less pronounccd strand lines. The influence of climatic changes is also 
pparent. 

HIGH TERRACE 

At widely separated places (mouth of the Río Elqui, lat. 30º S.; Quebrada 
le la Ballena, lat. 32º 17' S., and the Río La Ligua, lat. 32º 27' S.), the ex
;tence of an old shore line about 100- 300 m abovc sea leve! is indicated by a 
1igh terrace in a good state of preservation. The terrace occurs along the 
,ase of a mountain slope and is partly covered with late alluvial fans. Its 
1arine origin is unmistakable: its surface is littered with pebbles having 
attish shapes characteristic of shingle beaches. Moreover, there is a resistant 
oquina in places. The marine terracc grades upward to one of continental 
rigin, as described by th.e author (1963a) for thc lower course of the Río La 
.igua. The continental terrace deposit consists of coarse torrential ac.cumula
ons resulting from the last great land uplift and erosion under semiarid 
lima tic conditions with well-defincd wet and dry scasons. 
As a result of malacological study of the coquina, the highest terrace is 

ssigned to the early Quaternary. 

MIDDLE TERRAGE 

·A lowcr terrace, separated from thc high terrace by, an escarpment, is 
onspicuously well preserved . The pebbles and coquina that covcr the secon<l · 
!rrace are cvidence of the wave action that took place when sea level was 
5-40 m higher than at present. Thc topographic posirion of this terrace -
!ntatively implies an age of middle Quaternary. 

LOW TERRACE OR CACHAGUA LEVEL 

Th,e la test marine platform is evidence of long stability of the shore line at 
-7 m above present sea leve!. The terrace is bordered by a sea cliff that is 
~markable for its uniform height and its persistcnce. Thc terrace is correlated 
1ith che low-Monasterian level of Europe of late Q uate'rnary age--either 
'. iss-Würm Interglacial or, mon; probably, Würm 1/ 11 interstadial (Paskoff, 
963b; 1963c). 

RECENT SEA-LEVE'L CHANGES 

Archeological rcmains and shore dcposits beyond rcach of present ocean 
,aves provide evidencc for rwo probable postglacial shorc lincs slightly 
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above the present levd of thc sea (Paskoff, 1963c): (1) a 4-5-111 leve! (Cal. 
ian?) that could be contcmporary with the Postglacial Climatic Optimu 
(2) a 1-2-m levcl (Dunkcrquian?) that may date l>ack to the beginning of 
Christian Era. 

Interpretation of thesc tenaces is part of the general prol>lem of lower 
of the oceans during the Q uaternary. The glacio-eustatic explanation se< 
suitable for the lower levds, including the Cachagua leve!. The discussio 
still open concerning thc middle and high er tcrraces- were thcy produeed 
continental uplift, by ocean-level descent related to incomplete deglaeiatic 
or by the opening of new oceanic trcnches? 

Part 3. Evidence of Changing Sea Level 

Between Lat. 28º and 30º S. During Quaternary Tin 
Ronald Cooke 

ABSTRACT 

Three major phases of sea-leve! movement are recognized along the coast of 
southern Atacama desert. Each phase is associated wiLh a distinct group of ma1 
and fluviatile land forms that are brieAy described in four areas. Problems of dat 
correlating, and explaining sea-levcl movements are discussed. 

PHASES OF SEA-LEVEL MOVEMENT 

Three important phases of sea-level movcment are recognized in the a 
(Brüggen, 1950, p. 191 ; Cooke, 1964). A fall of sea level from at least 
m to below its present height accompanied thc first and by far the lon1 
period of land-fonn evolution. Somc raiscd-bcach remnants on the h 
cliffs and sevcral accordant surnrnit levels in the western fringcs of the coa 
mountains indicate the intermittent nature of this fall. The major ri1 
flowed throughout the phase, and fragments of rivcr teITaces, vallcy p, 
ments, and piedrnont deposits record stages in the dcvelopment of tl 
basins. By the end of the phase, the rivers flowed to a sea level below tha 
the present. 

During phase 2, the sea transgressed upon the phase I topography t 

height of 11 o m above present sea level. The transgression was accompar 
by the deposition of fossilifcrous marine sand and gravel along the co 
Contemporaneously, the valleys were aggraded by an dflux of fluviatile 
bris from thc Andes. The phasc culminated with thc formation of an 
tensive aggradation surfac.e or, locally, an abrasion platforn1 related to 
110-m shore line. This stage has been identified at Carrizal Bajo, Hua 
Carrizalillo, and La Serena (Fig. 4). 

Sea level fell to its present height in phase 3, lcaving shore lines, abra: 
platforms, and fossiliferous deposits. The erosion of platforms was n 
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cctive in the unconsoiidated accumulation of the previous phase. Platforms 
: cxtensively and clearly preservcd, for exampk in the deposits around the 
ys of La Serena and Coquimbo. Where the phasc 2 succession has been 
noved ancl tlw phase 1 topogr.aphy exhumed, as at Huasco and Carrizal 
jo, regression stages are gencrally more numcrous, but narrower and less 
tinct. }.fajor S'treams werc rejuvenated at this time and cut rc.markablc 
viatile tcrraccs within the wcathcred vallcy fil! of phase 2 . The terraces are 
nly but completely veneercd with unweathcred river gravels. 

EVlD'ENGE OF T10RMER SEA LEVELS 

lmportant evidencc of sea-le\-cl :flucruations cxists on the southern side 
r{uasco Bay (Fig. 5). Thcre tcrraccs abovc 110 m were fonned during the 
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first major period of sea-leve! fall (phase , ). Severa! platforms and two shl 
lines of'this phase occur on the Cordón El Espinazo. The surfaces, genera 
less than 20 m wide, were eroded in agglomerates, andesites, and diorit 
_They were best devcloped on the western side of the range, which was me 
exposed to dominant wave attack from the southwest. Shore lines occur 
125 m and 11 5 m (a and b respectively in Fig. 5). Thcy are distinguished b~ 
sharp break of slope between cliff and platfonn at constant hcights and 
a few patches of fossiliferous bcach rock on thc adjacent surfaces. Bea 
rock from the Cordón El Espinazo contains a fauna that may be useful 
dating the surfaces (PI. 2). 

The most extensive morphologícal featurc in Huasco Bay is a compos 
erosion surface !hat extends from 85 m to about 110 m. :Minor pauses in S< 

lcvel movements during its fonnation are id cntified by shore lines and bcac 
rock deposits at 100 m (e) and 95 m (d). The great extent of the platfor. 
compared with all other surfaces, suggests that sea leve! was within this ran 
of alticude for a considerable time. D eposits on the surface are largely confin 
to generally unfossiliferous beach rocks. lt is perhaps surprising that a f, 
scattered pe,bbles are the only relicts of the abrasion tools that must ha 
produced the surface. 

Shore lines of the phase 3 regression at 80 m (e), 60 m (h), 54 m (i), a 
43 m (j) are found around a broad embayment ~outheast of Quebrada 
(Fig. 5). They are associated with cliffs up to 5 m high and with surfaces t l 
are thinly covered near the shore lines with indurated sand and shell be, 

Between thc Cord6n El Espinazo and the Alto spur, shore lines 'at 80 
(e), 75 m (f), 71 rn (g), and 43 m (j) mark successive stages in the develop1m 
of Huasco Bay, whose outline has become progressively smallcr and me 
regular (Fig. 5). The only sound criterion for recognizing these shore linei 
the sharp horizontal break of slope between plalform and cliff. Few signs 
marine erosion exist. However , the cliffs are undoubtcdly erosiona!: th 
local linea rity suggests faulting, but they ·actually coincide with a system 
roughly parallel, resistant diorite dikes, whereas the platforms occur in me 
easily eroded schists and phyllites. 

At 30 m (m), a badly prcserv<.>d but important shore line is associated w; 
severa! fossiliferous d eposits up tÓ I o m thick. This is the only shore line d: 
might have been produced after a minor transgression during the over
regression of phase 3. Furthermore, it is the only shore line that is confiden 
correlatcd with a fluviatile terrace by topographic continuity in the ficld. 

Aerial photographs covering the coastal arcas north and south of Hua~ 
. Bay revea! that the steep and high cliff is a fairly persistent feature, its cr 
demarcating direct drainage toward the sea from the intrica te and deeply i 
ciscd quebrada systems of the coastal cordillera. The cliff is flanked by azo 

. of marine terraces, in places more than 3 km wide. The best prescrved terra 



Figu.-e 5. Geomorphic map of part of Huasco Bay, Chile, showing reconstructed shore lines, salient mor-phological features, and major 
fossi,l localities. Contours on part of this map are derived irom a plan providcd by the Instituto Geográfico Militar. 
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w.as fornncd at tibe end of phasc 2. Bd(J)w it ar¡: scvcral ovher terrnces alild ~ 
exceptiornally well-clefincd diffs. Jn om: locality, abol!lt 10 km nortih 
Huasco, .a series of at Jea.st five terraces occuir:;. Thc elevations of shore !11 
have yet to be determined in the fit+d, 1\luch or this coastal zonc, espcci.i 
soutb of Huasco, iis masked by wind-blown sand. 

Briiggen (1950, p. 18B) recognizcs a cfrsscctcd marine surfacc 'in thc t 

:rizalillo ar:ea at about 500 m, ,=tnother ait about 250 rn that he date> 
PJiocene, anda tbiini bct\\1_een 2 '.w m and 160 m that isJ.uore tha1n 5 km w 

and is barcked by a pronounccd chff. AQI belcmg no phase '!. T}¡re mos't ·ext, 
.siv,e surface, produced at thc cnd of phase 2, slopes From a shon: line at ab1 
I w u, N.!> t'he pre:5cn,t cliiffcs 0f Garrizalillio Bay-. H ,igher portions of thc sur,f,, 

:a:rie a•ssocrated wi,tlh an indurated .shelly limcsnone that cootains a11 abl!lifüd, 
m0%uscan fauna. 'Th[s deposiít m,·erlíes v.i.tli a_pparent confurmity a t'tüc1k SJ 
:cessíom ,of coarse, current-beddeed yeHow ,5a~1ds that contai1Ji1 .S0I'lire thín 1 
sililerous hor'umus. Stages ia1 :the vmodification of tro.e surfacc n ,lar-erll i~o 1 

I H.Hm :shore !Lin·e dw·iog phase 3 an: si.ngularly scarc,e,, ahhough 1r.1-<1 

rnnuiraJJHS of shore plarfonNs ,alf'e e~·idemt iin the .rocky pe,ninsulas to tbe uo. 
and sou~h. Tire bay is fringcd by a sbore Jine a t 3-4 rn above ,st,a leve!. 

M :aTimte secLirncnts deposited dul:ing tibe tra11sgre:ssion of phasr: 2 ane \\-\ 

preservcd in La Serena 'Bay, wher·e thcyairt' ca'lkd th.e Ooquimb0Fo.r:rnatic 
Stages in deposiüon are rcprescnted by s1~d1 hanks .at frequent i11:tervals. 1 
exam)pl<e, on füe sornth ·s'ide of'Quebrada Romeral, a s'hort dista:nce :nonlih of 
·Serena, fossiilifre:rous lhorizons occur ait 35 m, '.36 m, 38 m, 4G> rn, aod i8 
abml'e •s·e;a 1,evel. A bruadl agg<radatiom suüacc a t .al.!>out 1uio rn 111a1ks ~ 

ccu'lmination of tlhis phase. 
RemJílanns of suTfaces fonnBd during the n:giression nf the s-c,a in pinas, 

lhave !beén plotted approximately :on ,a height-range diagram (Fig. 6). Tl 
'OCCl]Jjf ext•e:nsively and .a:tmost ci..:ch1sivoly within the phase '2 deposits, 
though some ,sraall phase 3 pl.atforms ;aJ",e found i,lil the rocky peninsula 
Punta T-eat,i,mos. The 1rmrin sur.faces an: .located ,at 87-75 m, 80- 40 m (w 
local dev·elopments ,at 7o-63 m, y~-48 m, a1ud 50-20 m), :{5-1 ·5 m. 18-15 
.and helow w m. Lt is difüc:u:lt \to foca.te ro'ld sea levels ,a1t 1hr baclks oh:hese::;, 
faces bocause sorn,e hav-e been 0bscruirc;cil by :slopewas'h and:l othcrs have bt 
masik:ed by w1ind-b:towJ<1 'Ü.ebnis .. 

.D.A1flNG (G> F Q,UATERNARY V lND F()).RJNl'S 

Whe.neas the relavive chronology of coastall e:rnll!léti0n im thc 1region is de 
i<t must be admiu.ed th.at 11n part 0f the sequence ·of sh.ore-lhre changes has 'bt 
a·ccurately dated .. Altfüough severa:! attcrnpts have hcera made fto cilate ]la 
for:ms ano deposi,ts, Jl'Oire 0f them is based c01<1 unqucstioraable t:vid,er:ice. lI 
,exam¡ple, sev,eraI paleomtdlogical studies of 1the Coquimbo Fon111J..ation .ru 

· been madre, but its ag.e 'ís dispwted . Darwiu l 1896, 'P· '24'7) attr'ilbuíte.s füe fau 
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to the early T ertiary, Steinrnann·s (1896, p. 5'.Vi) detailed analysis lcads hit 
to ascribe a ?\eogene age to the deposits, and \Villis (1929, p. 101) concludc 
that the succession bdongs to both thc Pliocene and the early Pleistoccne. , 
further examplc concerns phase 3. A shorc linc bctween 5 and 7 m occurs ¡; 
severa! localities along thc Chilean littoral and corresponds in altitude wit 
the. Nom1annien shore line in western Francc. Paskoff ( 1 963a, p. 191) l,, 

lieves that thc two shore lines are conte111poraneous. Recent archeologic, 
investigations by Julio Montané (Personal communication, 1964), howeve1 
suggest tha t such long-distance correlatio11 may be inaccuratc. Montané bl 
lieves that the 5-7-m shore lint' was probably fonned about 6000 ycars ag 
(Written communication, l\'ovember 1964). Further work is cssential befor 
shore lines of che 1' ortc Chico can be correlated confidently with those i 
other arcas. Morcover , until the absolute agcs of deposits are known beyon, 
doubt, interpre tations of the processes that caused sea-leve! move111cn ts wi 
remain speculativc. 

JNTERPRETATION OF THE SHORE-LINE SEQUENCE 

The intennittent fall of sea-leve! during phasc r was so great that it w,1 
almost certainly thc result of major earth movemcnts. An imermitte11 
epeirogenic uplift of the continent following the main Andean orogeny seern 
the most reasonable explanation. Examination of thc phase 2 dcposits sug 
gests that the marine transgression at this time was a continu.ous phcnomeno' 
that could be explained either by a continental submergence, as both Willi 
and Brüggcn maintain, or by a major glacio-eustatic change of sea level. 

Phase 3 poses greater problerns. Some authors believe that glacio-eustati 
processes were responsiblc for sea-level changcs, others consider intermitte11 
tcctonic activity the most important process of n:juvenation. If the phase be 
longs eveo in part to thc Quatemary, which secms likely, there must hav 
been somc glacio-custatic control of sea-level movement. As many authm 
have pointed out, on the other hand, it is certain that some recent changes e 
sea level along the Chilean coast havc bccn thc result of tectonic movcmen 
(e.g. Wright, 1961 ). Such movemcnts may havc occurrcd throughou 
Quaternary time. For example, epeirogenic uplift could have begun. in phas 
1, been inteITupted by the transgression of phase 2, and continued into phas 
3. The final solution to this problcm will probably be a compromise be 
tween the opposing vicws. 

Two further problems are associated with the interpretation of phase 
land forms: . 

(r) The condition of sea leve! at ti111es when abrasion platfom1s wer 
formcd is unknown. 'vVere platforn1s cut during minor transgressions in th 
over-all regrcssion? lf this were so, platfonn erosion probably occurrcd durin 
interglacial or interstadia l rises of sea leve!, Alternatively, were plaúorms cu 
during pauses 111 the rcgression ? If this wcre thc case, then intermittc11 



Figure l. Part of section indurated with 1ron and mangancse oxides, Puerto 
Saavedra 

Figure 2. Notch in cliff at low tide, southern part of Ancud Bay. Before earth
quake, the samt: feature was 1.5 m abovt: high tide. Scale shown by ice axe near 
center o( photo 
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TIII~ SH'TIO\' OF HE:\CI 1 ROU.'. FRO\I THE 
COIW(>~ l·.L ESPl'\ ·\ZO, CHILE 

!\ lagnification <> X. l.an.:.:r fragmt:nts ar.: 1krivcd principally from lamcllibrancl 
and gastropuJ~ .. -\ few p.1rticlc-s ,,( grit, .¡uartt, dio rite, ami unaltercd plagi<Jcl,1 
occur. Few fragnKnts .ir,· in conta, t. Th.:y .1rc· ,din a matrix o f calcium carbunJt 

Fl'l.\'Z:\LIJ) . .\ .-\'\'!> OTlll:.l<S, l'I..HI-. 2 
Gcnlogical S<,cicty of .-\m c;rica SpLciaJ l'apcr 1'+ 



Figure l. Unconformity hctwcrn late Tt::rtiary s ilt and ovcr
Tying fossilifcrous Quatcrnary gravd, northwcstcrn part of 
Llanc> de Caldera 

Figure 2. S.-a cliff sc,uth oi mouth oí H ío C0p1apt,, showing 
cont.1ct hcrnct.:n Q\l.tternary m.1rine L,,,ds and undcrlying 
granitic rocks 
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Figure l. \'errical ac·rial photo¡!ra¡,h of :\lurro de Copiapó (black area) 
and a<ljaccnt parr nf 1.lanu ,fr Caldt: ra, $hm1 in¡,¡ north-northt·ast fault. 
Photo takc:n hr 11, t"<J:-.; Company in 1'>55 

Fi¡rurc 2. Granik ¡roqi;c: cu t l,~- thL· Río Copiapó in bedrock ridge buricd 
by thc Llano Je Caldera t~rr,tct• <lcposits wt·st uf i\larí.1 lsabd 

l<iO ("()Pf.\J>(J .\RL:\, CI 111.E 

FCE:\Z.-\1.lf P. :\:\D OTHERS, 1'1..-\TF -! 
Gc·ological Socicty of Ame rica Spc·cial l'.1¡,cr 8-! 
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·peirogcnic uplift may have been the cause. Unfortunately, the limited cvi
lence of deposits and platform morphology is inadequate to answcr thesc 
¡uestions conclusively. 

(2) Sorne shorc lines occur at unifonn altitudes for great distances along 
he coast.The110-m, 15-18-m, ancl 5-7-m shorc lines, for example, are ap
>arcntly horizontal between Carrizal Bajo and La Serena. No differential 
ectonic movements hav·e occurred in this area since thc end of phasc 2. The 
r-ferred changes of sea level wcre not necessarily induced by glacio-eustatic 
:hanges, howevcr. An alternative explanation is possiblc. Thc Chilean coast 
losely.parallcls thc main longitudinal axes of Andcan orogeny. lf epeirogenic 
1plift followed the orogeny, it almost certainly would have bcen parallel to 
hose axes and uniform longitudinally. Epeirogcnic uplift might reasonably be 
xpected to havc bccn uniform for many miles along the coast. 
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Part 4. Ev1dence and Iuterpretatiou for High Stands · 

of the Sea Along the Chileau Coast 

Between Lat. 27° ancl 27º45' S. 

líenneth Segf'Tstrom 

ABSTRACT 

, l.Jroad tcl"l'ace partly cut in bcdrock and partly filled or vcncercd with clast.ic de
osits cxtemls along the Pacifk coa~t south of Caldera, Chile, for a distance of 60 
m. Whcrc it has not brcn erodcd at thc edge by running water or drflatcd in a central 
ortion by colian action the tenace ranges from about 95 to 137 m above present sea 
·vd. Thret! highcr tcrraccs. of which relativdy narro1,· rcrnnant, rcmain, form sea
:t1 rd-facing escarpments at 15-r 17:> m, 208 m, and 238 m. The tcrraccs result from 
1arinc cmbaymcnt of the lowcr Río Copiapó valley and adjaccnt arcas and from 
1bscqucnt withdrawal of the sea. l\fo~t terracc kvl'l, represent pau,cs in thc gC"neral 
iari ne rrgression. 

GE'.'<ERAL STATEMF.~T 

;'\[arinc tcrraccs ancl elevated l.H'achcs south and southcast of Caldera, con
istíng principally of c-ravd, a1 e as high as 26B 111 abo\·e sea leve!. The marine 
._eposits coma in abunda11t n1ollusk;; ~nd ~•lllH: sharks' teeth, most ofwhich are 
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Figure 7. Map of coa~tal arca bctwccn Caldera and Bahía Salado, 
Chile, showing distribution of marine tcrrace dcposits 

morphologically indistinguishable from . the remains that litter . modcr: 
beaches (Segerstrom, 1963). An l signomon collected at about I oo m above se 
level near Q uebrada Seca (Fig. 7) is probably larger than modcrn forms an, 
possibly is a warm-water spccies (José Corvalá n, oral c01mnunication, Jun 
1962). It is believed that ten-ace a11d bcach matcrials were deposited durin 
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(just south ol' ,J in Fig. ; ) through tlic terracc. depo~it~ and a buri!'d bed1 rx· 
1idgc (PI. 4. fig. 2). From the foot (>f thc esca1 pment north nf .\lana lsaiJd, 
137 m, the terracc grad ually cks( e11ds scaward to a11 altitude of ;.¡bout ~.í 1 

in a distanct.: of 16 kili. A depression forn1cd by eolia11 action líe, aboul B k1 
north of thc ri,·cr gorgc (at !/ iu Fí~. 7); th<"re thc trrracc ~urfacc ha~ lwc 
lowercd by dctlation to thc water table, at 8:3 rn above sea Je,·cl. 

I nw Tt::RRACES 

lmmediatrly bordLTÍng thc roast therc is a narrow zonc of lowcr l<"ffa<. 
lcvels and sea cliffs. Except for an arca near Caldera, this znnc is too nMt m 
to be show11 at the scale of Figure 7. Thc boundarr bctwt'en thc Llano el 
Caldera tcrrace and thc low('r tcrracc is marked by a scarp about 10 k11 

south of Caldera (at ]: ncar thcrt·, thc most extcusi,·c onc of the lower t,·r 
niccs is approximatcly 40 111 alim·c sea kvcl). At the mouth of the J{í, 
Copiapó therc are narrow steplikc pla tfon11s at 31, 28, and about 1 7 lll abov, 
sea leve!. 

CONCLUSIONS 

Observa tions that have bceu made of the tenaces and rclatt"d featu res k.:1, 
to the following interpreta tions: 

(1) Therc is cvideuce of a principal marine transgression tha t extended u¡ 
the valley of Río Copia pó farther tha n Caserón, about 35 km east of the pres 
ent coast linc. During a long pause in the withdrawal tha t followed , th, 
broad Llano de Caldera pla tfonn was cut in scdiments dcposited during th, 
transgression and planed on bcclroek. The transgression was p.robably eustati• 
and rcpresents an carly interglacial or interstadial episodc of the Pleistocen, 
cpoch. 

(2) T.he areuate gravcl ridges 011 thc Llano d e Caldera terrace represen 
slrand lincs of a receding sea. 

(3) Altitudes of terraccs and beachcs havc bcen locally influcnced b1 
tcctonic movn11cnts. Dcpe11ding on the amount ofvertical displacemcnt alonf 
the nearby fault, the high marine deposit imnwdiately northcast of the .Morn 
de Copiapó may possibly be correlatcd with the Llano de Caldera tcrracc 01 

with the higher leve! farther cast. 
(4) Sea cliffs in the region are highly localizcd phcnomena, and they d o no 

rcsult from significant stillstands in thc regression of the sea as does the mon 
inland scarp at 150- 175 m . \\'cll-cemcnted shcll beds are more resistant h 
erosion than relatively unconsolidatecl gravel and sand, so that rcduction o 
the Llano de Caldera terracc along its outcr edgc tends to proceed by steps 
with each stt>p capped by a shcll bcd. ln somc places where wave action ha: 
bcen particularly' effectivc, the lowest ' ·step" is al the contact bctwecr 
diorite and overlying sedirnents. 
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Part 5. Summary 

H umberto Fuen~alida V . 

• Along the Chilean coast, tenaces are commonly prcsent, but are unevenly 
listributed. In the southern part minor remains at 10-20 m above present 
ea levcl have been assigned to late-glacia l time. Perhaps thc poor preserva
~011 of southern terraces can be ascribed to vigorous wave action in this beÍt 
,f strong west winds. In central and northcrn Chile, whcre marine tenaces 
1rc bettcr preservcd, three or four levcls persistently occur (Brüggen, 1929, 
>. 403-440). Paskoff suggests that, in addition to the levels recognized by 
3rüggcn, there are othcrs a t 4-5 m and 1 . 2 m that are postglacial. Nine 
erraces of marine abrasion havc been recognizcd betwecn Valparaiso and 
2,uintary (Alvarez, 1964). A coastal plain undcrlain by P!iocene sedirnents is 
,dl prrscrved in thc following arcas: Planicie de Arauco, lower course of the 
tío Rape!, and Carrizalillo (Brüggen, 1950, p . 188-191 ). In northcrn Chile 
en·accs are found on the Peninsula of Mejillones and betwecn the mouth of 
he Río Loa and thc town of !quique (Fig. 1 ). At l\,frjillones a principal 
erracc is cut in bedrock and coquina, and SC\"Cl al steplikc lower tenaces 
,ccur. Many rccent faults makc intcrprctations difficult in this part of the 
ountry. 

For a long time, Brüggen's ideas havc dominatcd theorics on instability of 
he Chilcan coast sine e Pliocenc time. \V eber ( 1 938) assu111ed tha t thc ter
ae es result from still stands of the continent in its general uplift during 
>ieistoccne. Paskoff thinks that this uplift is not universal along the Chilcan 
oast, that stablc scctors cxist where correlations with terraces of other con
incnts can be made, and / or that in late Pleistocene time thc rate of uplift has 
lecreased. He believcs that thc tripa rtitc a rra ngernent of thc terraces favors a 
-tistatic explanation. 

Cookc a11d Scgerstroin belie,·e that rnost of thc tcrraces a re results of a 
ingle transgrcssion and a single withdrawa l, with differcnt pauses in the 
;eneral regression that followcd the trnnsgression. \ Veischet and Cookc 
1rcept the idea that during thc Quatenrnry va rious minor advanccs and rc
rea ts took place--pcrhaps in conncction with cha 11ge in volu111e of water in 
>ct:an hasins. 

\\'e ca11 11ot d cny that fl uc tuations of sea levd havc rcsulted from melting 
>f continenta l ice. Ewing and othcr~ (1 !¡fio) ha\'C' pointcd out that thesc 
luctuatio11s were stro11gcr than was bdic,·cd bcforc ice-depth surveys of 
\ 11tan.: tica werr. rnadt· d uring the luterna ti 011a l Gcophysica l Ycar. If the 
luctu:nions havc not kft traces along thr C:hikan coast, it is because con
.e111porary mo\'ement of trctonic ur epcirog<·nic origin havc compcnsated for 
he risc or fo il of sea kn·J. On th,, other h,1 nt.l, in a country likc Chile we can 
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H• surc tl1at tectu,,ic rnov<·mcnts, both epcirogenic and warping, havc taken 
place throughuut tlll' cporh . Thncforc it is reaso11abk to assume that both 
·ustatic and tcctouic 111u, -cmc11ts ha\'e inAucnccd scé1 -level changcs. 

Segerstrurn shuws that marine ckposits in thc Caldera-Bahía Salado area 
are oldcr thdn 1nari11r-tcrran: cuttin~. Coquina St' diments wcrc d cpositcd on 
3 drowncd coast, prrhaps in rarly Pleistocerw time. Su111eti111e late~, a still
;tand during marine rcgrcssion rrsu lted in tlw rutting of a rnain terrace, 
Ll.inos de Caldera, 95-130 m highcr than prc~cnt sea kvd. Scgcrstrom's data, 
1s t 0111pikd in Figure 8, n:,·cal thn.·1· kvds separa ted b) sea cliffs. 
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1 

1 lkiic:i:ren 
\\'cischct ¡· Puskuff Cookc in Cookc SC'gerstrom 

Valdi\'ia l lu,·icolla l lu,,seo Carrizal\to Caldera Sea lcvcls 
-----¡- ---- -·---
Pliocc:nc len,( :J:0() 170 250 :268 
lligh kwl I 70 1 160- :.b?O 150-240 
l\,kdium leve( 20 25- (35-'.iB) 1 l00- 1:JO fl:,-1 l(l 80- 110 95-137 
1.ower lt-vd 

1 

JO 8 - , () 1 :_¡5- 4o 30 30 40 
Minor lcvcls 

1 
5-7 5- 7 

1.5 J.'..! 

--------- ------ - ---- --

Data shown in Tabk 1 for northern and central Chik a!'l' faírly consistc1i t, 
rJut thcy do not agrcc with thosc for thc southcrn part of thc- country. Ter
,;.,ct:~ are well den.:lopcd a n<l are charactt'rized by major stc-ps uf similar 
::-ha rae ter as far south as Coliquecur.i. (lat. 36º 08' ::>.; Fig. , ). Farther sou.th, 
,1 ge11 rral si11 ki11g has occurn:d <luring Quaternary time, so that south of 
bit.41º S. thc main geolllorphic units nre drowned by the sea. Data provided 
by \Veischt't stronglr suggest that thi~ movemcnt conunenced in early 
Plcistoccnc; the minor vertical distances bctwccn tcrraccs imply that is has 
hl't.:ll fairlv continuous. Pa rts of central Chile (Valparaiso, Quebrada 
Amolanas; Fig. 1) havc becn strongly upliftcd . 

Studil's of tcrraces along the Ch ilean coast gcncrally revea) tha t one leve! 
is outsté-lndingl>· wdl d evelopcrj as compared with thc others. Segerstrom, 
Cookc, a nd Paskoff rcéognizc tha t thc 85-110-111 leve.! is..domi11ant in their 
arcas of study. Along the Río Copiapó this leve! is 16 km widc. On Huasco 
Bay it is thc: most cxtensive rnorphological fcature in thc arca. In the San 
Antonio-Cartagcna arca (lat. 3'.1º 32' S.), thc r 00- 140-111 terracc is the upper-
111ost one and i~ at kast 8 km wide, as Cülllparcd with 1 or 2 km for the others. 
Correlatio11 of this terrace with tc-rraces at comparable al titudes in northern 
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Chile thá t a lso happt·n 111 lw thr h L'i.t d cy1•lopt'd one~ suggests tlia t thl'y art· a 
rd,1ted to a ~i ngle, 1·xr rptiona lly Ion~ st ill!.tand of th \.' sea . 
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