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Architecture and Depositional Style of Gravelly, Deep-Sea Channels:
Lago Sofia Conglomerate, Southern Chile
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Abstract : The Lago Sofia conglomerate in southern Chile is a lenticular unit encased within mudstone-dominated, deep-sea
successions (Cerro Toro Formation, upper Cretaceous), extending from north to south for more than 120 km. The Lago Sofia
conglomerate is a unique example of long, gravelly deep-sea channels, which are rare in the modern environments. In the
northern part (areas of Lago Pehoe and Laguna Goic), the conglomerate unit consists of 3-5 conglomerate bodies intervened by
mudstone sequences. Paleocurrent data from these bodies indicate sediment transport to the east, south, and southeast. The
conglomerate bodies in the northern part are interpreted as the tributary channels that drained down the paleoslope and
converged to form N-S-trending trunk channels. In the southern part (Lago Sofia section), the conglomerate unit comprises a
thick (> 300 m) conglomerate body, which probably formed in axial trunk channels of the N-S-trending foredeep trough. The
well-exposed Lago Sofia section allowed for detailed investigation of sedimentary facies and large-scale architecture of the deep-
sea channel conglomerate. The conglomerate in Lago Sofia section comprises stratified conglomerate, massive-to-graded
conglomerate, and diamictite, which represent bedload deposition under turbidity currents, deposition by high-density turbidity
currents, and muddy debris flows, respectively. Paleocurrent data suggest that the debris flows originated from the failure of
nearby channel banks or slopes flanking the channel system, whereas the turbidity currents flowed parallel to the orientation of
the overall channel system. Architectural elements produced by turbidity currents represent vertical stacking of gravel sheets,
lateral accretion of gravel bars, migration of gravel dunes, and filling of channel thalwegs and scoured hollows, similar to those
in terrestrial gravel-bed braided rivers. Observations of large-scale stratal pattern reveal that the channel bodies are offset stacked
toward the east, suggestive of an eastward migration of the axial trunk channel. The eastward channel migration is probably due
to tectonic tilting related to the uplift of the Andean protocordillera just west of the Lago Sofia deep-sea channel system.

Key words : Lago Sofia conglomerate, gravelly deep-sea channel, architectural analysis, turbidity current, debris flow
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AaiA stme 44 2 Ao HHES HagARcs st
T T ERolth = AEA dm HAZL T wsigad)
AFY 9L T 5 de B 2UE 2FT 9l Mg
Hogw w9 Fositth ol2d FeAo i A stee
B2 Hale Dol A 200 W B AsiA st 7=,
deja B4, T2, sy 58 W] A% we At A
#=o] it} (Clark and Pickering, 1996a). < &3] g
THIE FAeS o8 AsidTe Tul AR sheAl

2
g Aol g o, 4siA stwAlvt SAdskS &
AR A¥A 947 FAE dse] SEAY (Belderson et al.,
1984; Klaucke and Hesse, 1996; Ercilla et al., 1998). olzist
AFa2ES 7] HHFAAN QA &, 4 sk HHE
oA 2 AFHE ATl & Fel74%4 (architecture analysis)
o] AalA o= A= Z=YE ATt (Clark and Pickering,
1996b; Stow and Mayall, 2000). 1211} A|FaAE0] F
ol thet Aol A9 gL, A AsiA stzelA #EHE=
AHQAEL 2 #EIF & W m EE F kmoll €3l 7]
HAZANA ol AYRAE A= 44 4k AXNE FH
193 248E I BFd 3l #8A 7leg sl Jlen
2, @RzAA A8FolA] Kajr), #uk opzf, A
eExpg e U 2x3 AFAEVE §iOR, 55
A sl=Ale] HE 2 FHEE dollvl= oHT

Ay GRe Fxate @l 4AFol HY (Lago Sofia
conglomerate)> F7] Wetr|e] Als) HAZR M= EZF
(Cerro Toro Formation) ol gl=o g Fgwle] glom i
HEko 2 120 km ©)F AAEC} (Figs. 1
1979). AL Ao} ook Aol 71, e A =&
ehlls Aoz, @A 43
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54" s

R =FE5L AaiA stm HA5Y e
= FL 7I8E A B 97 HAA BY
Aol 4ls)A skwAle] 27|72 B Bk o), AElA 3
EA R 2 AXNA FeHE FES 718 e 3
B EAAAE 2R gu, SR HAY 5 7Ied &
e 71Fo=% NFo] FHelTA A (architectural elements)S T
Bt ol F3 9E A4 st=Ale] F8 ARdas 9 93
ZERAE ARG, EE R o7|dA 5A4E Hlge R Al
A sl Zsel A edE HEslaAt gt

XE 7

dolr|gl7te] Wi Zzeht tigo] BelEe B¢t AR
< Ao, o Z3 wepr] 2714 AYE 4 NEA (nift
basinygSo| 3%l FAEUCH (Dalziel e al., 1987). FeEH7l &
Z1elle BT AdiM 2] siHEgol dojwkar, Wetr] 2
71l 52 SR YR syl wERA] (back-are basin)
ol 2712~ wW|Zdl2 EXA] (Rocas-Verdes Basin)7} F/d &%t}
(Hathway, 2000). ©] 5, Wolr} F7]o] QA Z4kg-F0] Al
HEA o] AFel 2Esid AHHE FAgE o vt o=
M), 27k WZdE BA7F BRow, £X]9 7|AE o|FH
L3 eeelE (ophiolite)’t §%F:4] SEAA A= FEHOR ¢
% (obduction)d}Ith (Dalziel and Brown, 1989). t&9] A&
7PAElE §718ked Al 2~ AF (Andean protocordillera)
o] P, 2He] FF AHole EXE siEe o5
7ol dofubHA 7o dHRA] (foreland basin)?] whdE #4]
(Magallanes Baisn)7t BASIATH (Wilson, 1991). ¥3 A&
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Fig. 1. (a) Location map of the study area. (b) Depositional setting of the Magallanes Basin during the Mid-Late Cretaceous. The Magallanes Basin was
formed by flexural subsidence due to thrust loading, east of the uplifted Andean protocordilera. The basin consisted of a deep, N-S-trending foredeep
trough adjacent to the western margin and a gently sloping foreland ramp in its central and eastern parts. Throughout the Late Cretaceous, arc- and
cordillera-derived sediment was dispersed axially along the deep-water trough, resulting in a thick (ca. 7 km) Upper Cretaceous sequence of deep-

water facies.
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Fig. 2. Geologic map of the study area. The study area largely comprises
thick sequences of hemipelagic mudstone and thin-bedded turbidite
sandstone (Cerro Toro Formation, Late Cretaceous). The Cerro
Toro Formation includes a sedimentary lens of Lago Sofia
conglomerate, which extends for more than 120 km from north to
south. The Lago Sofia conglomerate is interpreted as the deposit of
deep-sea channels that developed along the axis of foredeep basin.
Paleocurrent data indicate that sediment was generally dispersed
from north fo south with local sediment transport to the east in the
northern part.
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6.5~7.5 km FAo B3h= Asldel $71 wepr] BHFo] A
H3Aol (Scott, 1966; Winn and Dott, 1979; Wilson, 1991). ¥t
W B FRAE M UiEE © uiSAE $4o] wdsl 3l
ATk 2R SEOZRE Y HAE FFLS N, TR W)
AL oA dMZEZes A&t (Biddle er al., 1986). ©I
23t 22 Bt gAejel 2 wWeoty] wrkx] oF 3dvhd F<to]
U A&E vk, Wety] g wpaEwX|Qlel] slEfaiuo} $-El
2E WYY (Patagonia fold-thrust beltyt ££20 2 o|53l= &
83 Abde] dofyda, o2 <3 rid# BXw= 2y BiE
gal AR 9o & bﬂi}e At (Biddle et al., 1986;
Wilson, 1991). &, A4 EHEo] §7ishs Aozl y TF
o] $Eo 7 ItE ). BXe HAFHAE A §HOE

olE8T. YA ods] §7IAY Yzs TR =N,
BT asjo} ke A §rAR =R BN F7) ul

el7]e] M2 EZZE (Cerro Toro Formation) Woll &0y 9lc}
(Fig. 2). M2 EE22 °F 2000 mY FAZE /AT vhdekA

(hemipelagic) ©1¥# &> AE ARG (turbidite sandstone) =
TFART HE EZSdA BFHE HATAA 5339 wlek
AReheleh HEe| Wg), Tl ARQEEe] T WE 52 o] §3
Fol A A (F7] W]y AXPH (paleoslope)] FFHoE A
ABA Q8182 AAISITE (Scott, 1966). AFust AA%ke] AR
AA] HAE FFAIE £A9] ME| wash A i iele)

FEe AAR.

gl Ao} et

2}aL Agjol A ool AT Asf EASR] AR ERF
(Cerro Toro Formation) Wol] glxitoz Ab&slar W8 wgke
2 120 km °’d d%€rt (Winn and Dott, 1979). HZ EZ
2ol sk Sz uto] W) ol*r Z3glo]] 7}el dol=
A pEe) AMEE weh =y 912“4 Fe) oletd =4

74~— “"7\?’4 P ZelE HolmE, ofyX] o7l A X
Art. AFAANM T B WFSE 50 km ©)F
o] 7I~—OPE¥ (Fig. 2).
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Fig. 3. Columnar logs of Lago Pehoe section in the northern part (a) and
Lago Sofia section in the southern part (b). (a) The Lago Pehoe
section comprises several isolated bodies of conglomerate and
intervening fine-grained deposits. The conglomerate bodies are
interpreted as the deposits of tributary channels. (b) The Lago Sofia
section is characterized by a thick conglomerate body, which
represents an axial trunk channel.

o (Fig. 5). T/ & 22E GYFL BRE E
o) 3452 AL, UA 992 (diamictite)S
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%, o £ 2
H17177} ved Zdshe o Fu7h waE ey
248 2R Yol AsA Sl TR Y ekl
£ Zo% AR (FH 47).

AP B @ 2o} xdye] Bxshs @ Adjol o
& 350 m ol FA ALAS} FA AKEE (F 350 m)
oz A, ojdFE A9 HASHA Yeth (Fig. 3). 34T

2 km \>

Fig. 4. Clast imbrication data from the Lago Pehoe area. The imbrication
data from stratified conglomerate (white) indicates an eastward
sediment transport, whereas those from diamictite beds (gray)
shows variable transport directions.
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k=, ol AlA stz A& AAE AT LA A
9] ArgEole AEF (turbidity current)ell )3 H4-2 X|A]3}
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Fig. 5. Paleocurrent data from the Laguna Goic area. (a) Clast imbrication data from stratified conglomerate beds, indicating sediment transport to the east and
the south. (b) Clast imbrication data from diamictite beds, which show various transport directions but commonly perpendicular or highly ob lique to

those from stratified conglomerate.

Fig. 6. Paleocurrent data from the Lago Sofia area. The clast imbrication
data from stratified conglomerate beds (white) indicate that
sediment was transported to the southwest, whereas those from
diamictite beds (gray) show variable transport directions.

supported) A3k} 7, 71Ae we) Wk opjet U Hage
oz
olgfe slzi7msl 2o] et M el =AY (F24 A, B,

JES A2 FEet AABA Y= FAA
3] H]EF (imbrication)s WU FHE, AT ALY
(low-angle inclined stratification), XZ}=2] AlZ2]  (cross
stratification) 5 TFg SE]7F veidth s F9) FA= dir
T A emolth. Z UEE FE|eh A8 widH (FleTFR)E vie
o= o] Fage AR UA (bedioad) o2 24HHo] HAH
Roz sAFHc} (Winn and Dott, 1979).

HA Be A4 v FolFdyE Eole dYeltt (Fig. 7b).
AEL Il AR 2AE Ho|x, HlErRE &3 #Ed).

Aurs o Halg Aol ula] wlETRe] wee] okt Hojth, F
2 FeUE wold Pevhe FE AYsknE B34 A% fAH

(Lowe, 1982).

Ha oz 71EXAAY z2Fo] 2-Ag Ageltt (Fig. e, d).
Ae eyt $Asht Ud HARS ol FUTH HHY C
gokzo AAHOT Hol FZrj9} o] ARE 7PHA ol
HolZelg Holn, 4R} S¥R e U (Fig To).
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Fig. 7. (a) Stratified conglomerate (Facies A) in the Laguna Goic area. Stratification is marked by the alternation of cobble-grade and pebble-grade
conglomerate strata. Note the clast imbrication. A stick for scale is 95 cm long. (b) Massive conglomerate (Facies B) in the Lago Sofia section. The
conglomerate bed shows crude stratification. (c) A diamictite bed (Facies C) in the Lago Sofia section, comprising clast-supported lower part and
matrix-supported upper part. Note the basal inverse grading and mudstone intraclasts in the upper part. (d) A diamictite bed (Facies C) with large

sandstone blocks. Lago Sofia area.

WA U4 Eger TaeEn. 71344 %

AL Holx FAte|th 9EL F3g wjEH o= Holx]| gfeth
2 U o (intraformational clastyS o}
dd S 2 Holrt 4+ mel
WA Gt SR-E FAA 240G Bl T AUl S

3718 98 Xgske ggew 744 (Flg Te). &3] 7145
o] Aol FEPt wesich JEL HlETRE Holed AR

2eld AT (mass flow)ZHE A8 Ao ), o] 4
Frol Al $UEE §-54 (theology)el E3He 202 o
AR &, ARos dE 7l FER QIE ARV &F
S FAEINM T, T E 7]F e BEa HAd 7]eld A
7t BAGAA (viscoplastic)o] 2L 54 3tk o]l &4
o] 522 HHF (debris flow)’t BAE] TUR AHNeEFE A

o|gh= AN FAE Rom AlEHETH
2f1 4T[0 o4ete| SHEelj+o

SHE M2 (architectural elements)

& AR gzt 1A HANS VIR 519 78
A2 FEIIT (Table 1) (1) BAET HAA (stacked
sheets), (2) &7 58] EAA (laterally-inclined strata), (3) A
W& EHA (foreset strata), (4) =22 FHAA (hollow fills),

18
a2

(5) N1AAA JUE (diamictite). AT HEA= B o
Fo) A Ho] J' HHA T} (Table 1; Fig. 8a). ©] HAA:
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she 92 WS (braided river)ollAl E3] FAEZ, E A7)
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Table 1. Architectural elements of Lago Sofia conglomerate

Ay B 23 4o} (Lago Sofia) 431A 3l o

Q) 3720} 57 2l 29

Elements Geometry Description Interpretation
Stacked sheets (Element S) Sheet-like Stacked sheet—like beds of clast-supported, pebble—cobbie Stacking of broad grave! sheets and
3-50 m thick conglomerate low-relief grave! bars by turbidity

Hundreds of meters in
lateral extent

Well-rounded. commonly imbricated clasts currents
Medium~grained sandstone matrix
Paiallel to subparaliell bed geometry
Individual beds: decimeters thick: massive & graded:
bounded by slightly erosional sutfaces

Thin sandstone intetbeds

Laterafly=inclined strata (Element LIS) Sheet-like or lenticular

7-15 m thick

Several tens to 200 m in
iaterat extent

tow-angle inctined strata of clast~supported, pebble—
cobble conglomerate

Dip of inclined strata, perpendicular or oblique at high currents)
angles to paleocurrent direction

Weli-rounded, commonly imbricated clasts

Medium~grained sandstone matrix

Individual beds: decimeters thick: bounded by conformable

Lateral accretion on gravel bars through
multiple depositional events (turbidily

and slightly erosionat surfaces with Jocal scour holiows
Thin sandstone interbeds, commonly thinning—out updip

Foreset strata (Element FS) Lenticular

Large—scale. planar & tangential cross-stratified, clast—

Downstream migration of large gravel
unes

2-4 m thick supported. pebble-cobble conglomerate
Several meters in lateral Commonly isolated sets with set thickness of upto 3 m
extent QOrganized clast fabric
Hollow filis (Etement HF) Lenticular Lenticular lithosome bounded by concave-up, erosional Filling of thalwegs, minor channel
2-12 m thick surfaces forms, and scours

A few meters to 100 m
in lateral extent

Oiamictite (Element D) Sheet-like

A few meters to 30 m
thick surfaces

Hundreds of meters in
lateral extent

Sheet-like lithosome of mud-rich conglomerate sesting on
concave-up, erosional surfaces and flat. conformable

A single bed or more than one bed of diamictite
individual beds

Occasionally stepped margin

Clast-supported, pebble-boulder conglomerate with
occasionally sandstone interbeds

Concave-up stratitied, massive or crudsly stratified

Sheet-like or tongue-shaped bodies
deposited by debris flows with clast-
rich frontal parts, originated from the
failure of channel banks or slopes
flanking the channei system

Two distinct divisions within individual beds: {1) lower
division of clast-supported, imbricated, pebble~cobble
conglomerate with common basal inverse grading and (2)
upper division of matrix-supported, disorganized. pebble
conglomerate or pebbly sandstone with intraformational

clasts

High variable paleocurrent directions, commonly
perpendicular to those from stratified conglomerates

71, B]""”‘* T °kZl' %1’—‘1“@94 Wl o8l AARHH
AR 2 el 223 (scour surface)o]
aFe AREEel &3] A °]~—‘3ﬂ F7AAe] ez ghopr

aE|= gt} o
wog EZFol %"H‘X»\L‘%% 7‘]/\]5&5}. EEF e §4 o
o] 2eE 2 2AEelA 8] fEs Folw, Allskdel o
dshs EIEn} (point bar)] HEFHQ) Fzxo)7]% St} (Allen,
1983; Miall, 1985; Bridge, 1993). ©|813t g3 2= F9
ZWe P 2= 7 AEe] s8] wgeliA FA4dd
o AR <9l FAd=Ee =WEHZAA  (lateral-accretion
depositp= 2 FER)A] AAA| T, 4 3] F (barplr] Lo
U= Z9EA (lateral accretion)?t FAFSHEIEF Afzbeich

ARE HHAE & 4529 AEYE Hole dAA oder

TAEC} (Table 1; Fig. 8c). o] HAA= &3 Zyd 2d &
g (set) o2 AEEL, 25 0—4 FA= ¢ 3 mol o]t H
Az o) g AdEe = A cm@] FAE 7R o] A

FETE JA S sk 7oA & 4ER A A9 (dune)®
ZE 729 A9 FYSERE (cf Collinson and Thompson,
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Fig. 8. (a) Stacked sheets of clast-supported conglomerate (Element S). Note the parallel to subparallel strata. Laguna Goic area. (b) Laterally-inclined strata
(Element LIS) in the Lago Sofia section (the lower part of the photograph). The conglomerate strata are inclined with respect to the upper boundary.
The dip direction of the strata is highly oblique to the paleocurrent direction measured from clast imbrication. (c) A set of foreset strata (Element FS)
in the Lago Sofia area. The height of the cross strata is ca. 3 m. (d) A hollow-fill unit (Element HF) in the Lago Sofia section. Note the concave-up,
erosional surface cutting into the underlying sandstone beds. A stick for scale is 95 om long. (e) A diamictite bed (Element D, middle part of the
photograph) in the Lago Sofia section, showing sheet-like geometry and slightly erosional base. A stick for scale (circled), 95 cm long.

SE|T4 (architecture)

2 Avlole] Y& A= Zo] oF 1.3 km, %] 300 m
ool Aol gG¢A 7t e} glo] AR st LAY FT
2 FEE & HAFT (Fig. 9). 22 4To} =74 g%
WIAFER (anticling)E ©)1F3 UTH -5 wERY] wiAIR
o] Aol X5l 91, o] R AYFLe HAA
Heret FEle Bl AAA F2 FHE BH, viAE
& TAHOE NFK T NBOZ g0l SloH, FFe
207 7|&o] Ut =Fo| ANolx Aol 7AH|
Ho}l (Fig. 9). ©] 7IAAE Jadez, RRyoz Ay
ol Y& X (groove mark)e] 7AWl & HERO] 9]
Aok 1AM = AER 7199 o AldH g
19e] &0z FAHEY wFeo| FUdFe FFAME 7AW
| FEHoz Zeju) glon, T el 4Wg relth A

2 e BN

r ©
o o i o B Jo

£t e

[¢]

[«
i

T2 FHIUH, F50F 7 duFEe] ¥EeE A%
A7E ZAoz ¥Wlth mefd =ehvt slE AYAle] £ m ol
of o]talel T&o] Fuldl =vh 1w, Aol AAA 7]
AHe] FEAH o e} glo], ALAL 7IAHo] oM B
= A =F9 £ m okl SN Aow FPHET (Fig. 9).
olg{gt FE-L i AaFol BE AMPHoN AT gAY
A=y mgve 2 Fgsitth &, qUAe] s AATE ol g
253 Fefolw, Al ME WEeR FA7L sl &Y
gt ol gt AgAe] Aejel FFXE FelsiaL s @
g HiYs B9k, 2 4o =Fe] JUF2 $Ho =
HAE2A (offset stackingyS HY Zojt}.
Al E WH-e] 2 H4W (major erosional surfaceyS 7)

&
o7 g/ B=E3A| (channel complex)® TEE 4 Utk
(Fig. 9). 2+ sl=83l=s oM 71&$ o8 PHeLE2 74



Lol @ B3 A5t (Lago Sofia) M4 S kel F7mel B suk 31

Stratified conglomerate 7 Diamictite . | Sandstone & Mudstone

325 m

Thinning out
West

Base of Lago
Sofia conglomerate

Fig. 9. Sketch of a large outcrop in the Lago Sofia area, highlighting the
architecture of deep-sea channel conglomerate. The outcrop
consists of stratified conglomerate, diamictite, and sandstone beds
formed in an axial trunk channel. The stratified conglomerate is
interpreted as the deposits of turbidity currents. Clast imbrication in
these conglomerates is indicative of a sediment dispersal to the
southwest, reflecting a southwestward-draining trunk channel.
Diamictite beds were formed by muddy debris flows. Paleocurrents
measured from the diamictite beds are highly oblique to those from
stratified conglomerate, suggesting that the debris flows were
originated from intermittent failure of channel bank or slope
flanking the channel system. Note the progressive eastward shift of
channel complexes (numbered) bounded by major down-cutting
surfaces (thick lines), which implies a long-term migration of the
axial channel to the east. T=thalweg.
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