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Abstract : The "Cretaceous" (in fact Latest Jurassic -
Paleocene) history of the Peru - Bolivia Andes has deve-
loped in an active margin setting for about 90 Ma. An
evolving variegated paleogeography, including marginal
basin, external back-arc and fractured cratonic areas, can
be reconstructed. In Peru, sedimentation was grossly cha-
racterized by mainly deltaic siliciclastic deposits during
the Latest Jurassic - Early Aptian interval, carbonate
shelves till Campanian times, and continental red beds
later on. Only Cenomanian and Santonian marine trans-
gressions reached the Bolivian territory, where continental
| facies had deposited since Latest Jurassic times, till a
| major transgression covered it during the Late Campanian -
| Early Paleocene interval, .
| Numerous sedimentary discontinuities are observed and
paleontologically dated, but only a few of them extend
throughout the study area, impeding the definition of a
unigue sequence stratigraphy for all regions. However, an
eastuard and southeastuward "migration" of discontinuities
through time is evidenced, and this enlightens the intimate
conjugation of eustatic and tectonic processes. in the
Cretaceous evolution of the Peru - Bolivia Andes.

I. INTRODUCTION

During Cretaceous times, the central Andes were sub-
mitted to. the subductionmn of the oceanic Phoenix plate
beneath the western edge of the South American continental
plate (James, 18713 Audebaud et al., 18733 Mégard, 1884,
1987). Since Late Cretaceous times, the Scuth American
western margin has undergone important deformations. The
complex Andean mountain belt edificated mostly during
Cenozoic times. Though the structure of the Andes of Peru
and Bolivia is still poorly wunderstood, two major
structural belts can be distinguished (Sempere et al.,
1988), which roughly correspond to distinctive paleogeo-
graphic domains.

The western domain is restricted to western Peru and
comprises from W to E: (a) a coastal zone within which
intracontinental marginal basins and subsequent post-Albian
continental magmatic arcs developed; (b) a westward-sloping
marine shelf (West Peruvian Shelf = WPS) which was bounded
eastwards by ,highs with reduced sedimentation (Marafién and
Santa Lucia swells). In northwesternmost Peru, the Lancones
and Talara basins individualized in Albian and Campanian
times respectively.
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The eastern domain includes from W to E: (a) the
Peruvian Altiplano and the Bolivian Andes; (b) the
Ecuadorian-Peruvian eastern basin (Oriente); and {(c) the
mostly emerged Precambrian Guianese and Brazilian shields.

Though the Cretaceous stratigraphy of the central Andes
is still only approximately known, stratigraphic syntheses
have been attempted by Myers (1874, 1980), Rivera et al,
(1975) and Guevara (19B0) for the coastal zane; by
Benavides (1956), Wilson (1983), Mégard (1978), Vicente
(1981) and Jaillard (1987) for the WPS; by Newell (1949),
Audebaud et al. {1976) and Laubacher and Marocco (1988) for
the Peruvian Altiplano; Kummel (1948), Tschopp (1953), Koch
and Blissenbach (1860), Reyes (1872), Cherroni (1977) and
Sempere et al. (1987, 1988) have dealt with the Oriente and
Bolivia. In the Peruvian Altiplano, Klinck et al. (18988)
proposed new stratigraphic interpretations that have not
been confirmed by our field work, and will not been taken
into account in this paper.

This paper is a preliminary attempt to synthetize the
present knowledge concerning the age and nature of the
major discontinuities recognized in the central Andes,'in
order to precise the sequence stratigraphy proposed by -
Jaillard (1987, 1888), Sempere et al. (1987, 1988),
Macellari (1888) and Marocco (1989). Concluding remarks
shortly deal with 'some tectonic and geodynamic interpreta-
tions, which will be developed in a forthcoming work,

Synthetized stratigraphic data for each megasequence are
presented iIn appendix, together with additional references.
In order to be as objective as possible, we have included
in these tables all the paleontological determinations
reported from the stratigraphic wunits, without discussing
them. Thus local contradictions may appear, illustrating
the difficulties met in establishing such a stratigraphic
framework. However, revisions of Latest Cretaceous-Earliest
Tertiary stratigraphy are still under way (e.g. Sempere et
al., 1987 Mourier et al., 1988; Feist et al., 1983), and
new data will be presented in forthcoming papers (Sempere,
1988; Jaillard et al., in progress).

II. METHODS AND NOMENCLATURE

In this paper, we use sedimentary discontinuity surfaces
as base tools to define sedimentary events that we arbitra-
rily admit to be "instantaneous" and synchronous in first
approximation, though possible cases of diachronism and
sedimentary gap will be discussed too.

Each discontinuity is referred to by the letter "k"
followed by a one-digit (major discontinuities) or two-
digit (discontinuity of lesser importance) number. Five
major discontinuity surfaces are thus termed k 0, k 1 (= k
10), k 2 (= k 20), k 4 (= k 40) and k 5 (= k 5080). The
Middle to Late Cenomanian period (k 3 epoch) comprises
three important discontinuities which closely succeed in
time, and are termed k 3A, k 3B  and k 3C (= k 30). k0O and
k5 actually bound the "Cretaceous" supersequence.




Minor intercalated discontinuities are identified by an
additional digit (for example, k 21 and k 22 intercalate
between k 2 and k 3A). : ’ )

We call "sequence" a sedimentary unit limited by tuwo
discontinuities, which will be identified by the letter "K"
followed by the index numbers of the two bounding disconti-
nuities (for instance, K 1-2 is the mepgasequence bounded by
k 1 and k 23 K 21-22 is the sequence defined by k 21 and k
22).

A discontinuity defined in a particular locality is not
usually recognized in all the study area (i.e. Peru and
Bolivia) but only over a domain that we term "influence
area of the discontinuity. For instance, in part of the
Potosi basin (Bolivia), the sedimentary succession betuween
k 0 and k 3B is apparently continuous, and this region
therefore does not belong to the influence area of k 1, k 2
and k 3A. ‘

In this paper we use the time-scale of Hag et al.
(1987). We use the following conventions: Gp = Groups; Fm =
Formationy Mb = Member.

-III. AGE AND NATURE OF THE DISCONTINUITIES AND SEQUENCES.
1 Seguence (Kimmeridgian ? - Latest
Berriasian). -

Because of the scarcity of the outecrops, the presence of
tectonic décollements and the difficult diagnosis of the
fauna, the age of this segquence is still poorly
constrained, and stratigraphic data will be exposed with
some details before discussing possible correlations. The
k0 surface has been defined by Sempere et al. (1988) in
Bolivia, where coarse, often conglomeratic deposits (Condo
Fm) unconformably ocverlie Paleczoic or Mesozoic rocks. This
sharp unconformity has been related by these authors to the
Kimmeridgian "Araucan" tectonic event of Chile and
Argentina (Stipanicic and Rodrigo, 1969), because of its
association with numerous tensional features (see also
Martinez and Vargas, 1888). The basal conglomerates verti-
cally and laterally pass to alluvial sandstones and red
beds, paleogeographically controlled by tensional
structures.

In the Peruvian Altiplano, similar conglomerates of
alluvial-fan origin (Chupa Fm, Ellison, 19853 Klinck et
al,, 1986) are overlain by shallow marine to lagoconal
carbonate deposits (Sipin Fm), followed by intertidal red
shales and sandstones (Muni Fm) of Late Jurassic to Early
Cretaceous age (Newell, 1949). These three units are affec-
ted by tensional synsedimentary tectonics, which obscure
their stratigraphic Telationships.

In the southern WPS, shallow marine clastics {(Labra Fm,
Benavides, 18823 Vicente et al., 1982) sharply overlie
Callovian to Early Oxfordian black shales (Vicente, 1985),
with local disconformity (Yanca Fm of Olchauski, 1880), and
grade upward into Early Tithonian lagoon-barrier deposits
(Gramadal Fm, Chavez, 19823 Batty and Jaillard, 1988). The




latter usually disconformably underlie the k 1 discon-
tinuity. Nevertheless, Late Tithonian black shales and
sands are locally known (Tiabaya outcrops, Geyer, 1983).

In the central WPS and in the coastal area, similar
Early Tithonian carbonate deposits are knouwn (Jaguay Fm,
Ruegg, 19613 Caldas, 1978), and Berriasian black shales
underlie the k 1 discontinuity (Bellido, 18563 Puente
Piedra Fm, Rivera et al., 1975; Wiedmann, 1981). In the
Lima area, the Latest Berriasian black shales postdate the
functioning of a marginal basin (Atherton et al., 1985).

In the northern WPS, lagoonal deposits of probable Early
Tithonian age (Simbal Fm, Jaillard and Jacay, 188B889) are
sharply overlain by a thick aggradational sequence in-
cluding proximal turbidites, slope deposits, and basinal
black shales of Late Tithonian and Berriasian age (part of
the Chicama Gp, Wiedmann, 19813 Geyer, 18833 Jaillard and
Jacay, 1888). Another discontinuity precedes the deposition
of a fining-upward deltaic sequence (Tinajones Fm), partly
eroded beneath k 1.

In summary k 0O can be tentatively correlated with the
basal contact ' of the Labra Fm (Kimmeridgian ?), but it is
still unknown farther North. k 01 is defined as the basal
contact of the Chicama turbidites of earliest Late
Tithonian age. It could be responsible for the sedimentary
gap (Late Tithonian-Berriasian) in the southern WPS (Batty
and Jaillard, 1988). The base of the Tinajones .Fm of the
narthezn WPS, of (Early ?) Berriasian age represents k 02,
which is unknown farther south.

2 Seguence (Earliest Valanginian - Late
Aptian).

The Neocomian clastics (Goyllarisquizga Gp, Huancané Fm,
Lower Cotacucho Gp, Cushabatay Fm) often disconformably
overlie Berriasian, Jurassic or Paleozoic rocks (Mégard,
1878), thus defining the k 1 disconformity.

In the WPS, k 1 overlies beds of Latest Berriasian age
(Viedmann, 1981). On the other hand, it is postdated by an
Early to Middle Valanginian fauna, found less than 100 m
above (Herradura Fm of the Lima area, Fernéndez, 19583
Rivera et al., 1975; Wiedmann, 1981). Thus, in the Lima
area, k 1 can be considered as Earliest Valanginian in age.
This east-proceeding detritics may have deposited somewhat
garlier in the eastern areas, but the geographic extension
of the phenomenon suggests that the diachronism, if
present, is minor. A

Two transgressive stages are later recorded, in Early to
Middle Valanginian times (Herradura Fm) and in Late
Valanginian to Earliest Hauterivian times (Lower Pamplona
Fm, Rivera et al., 18753 Santa Fm, Benavides, 1958). Till
Aptian times, the clastic sedimentation went on in the WPS,
and recorded various eustatic sequences of unknown age
(Moulin and Séguret, 1989; Batty and Jaillard, 1988), while
a carbonate shelf developed in the coastal area (Pamplona
and Atocongo Fms, Rivera et al., 18753 Ostermann et al.,
1982).




In the eastern domain, the whole pre-Albian Cretaceous
period is represented by a thick detrital series. In the
Oriente, k 1 is a large-scale disconformity recognized in
field and subsurface studies (Kummel, 18483 Tschopp, 18533
Rodriguez and Chalco, 19753 Laurent, 1885).

In Bolivia, k 1 is only known in the southwestern part
of the Potosi basin, where fluvial to upper delta
sandstones ("P 12" seguence of Sempere et al., 1988)
sharply overlie alluvial plain red beds (Kosmina Fm).
Elsewhere, red alluvial sedimentation went on without clear
discontinuities. Synsedimentary tensional tectonics
progressively produced a deep change in the basin
structure, and led to the individualization of a lacustrine
graben in the northeastern part of the Potosi basin
(Tawarreja-Thokeori graben), where deposition went on
continuously till discontinuity k 3B.

3 Seguence (Late Aptian - Early
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Cenomanian).

"The base of the third megaseguence is marked by a major
transgressive discontinuity (k 2), which is postdated by
"Late Aptian fauna, and led to the rapid waning of the
detrital supply,

In northern and central Western Peru, K 1-2 is overlain
by shallow marine terrigenous sediments (Huamancay Fm,
Myers, 18803 Chilca and Chancay Fm, Rivera et al., 19753
Inca and Pariahuanca Fm, Benavides, 18563 Wilson, 18633
Moulin, thesis in progress). In the southern WPS, azoic
continental to lagoonal red beds abruptly overlile the Early
Cretaceous sandstones (Mara Fm, Pecho, 19813 Humbo Fm of
Batty and Jaillard, 1888). A few tectenic features suggest
a weak tectonic instability (Jaillard, 1887).

In the esastern domain, k 2 has not been identified.

In the whole WPS, k 21 marks the beginning of an open
marine sedimentation of well-documented Early to Middle
Albian age (K 21-22 sequence: Chulec and Pariatambo Fms,
base of the Ferrobamba and Arcurquina Fms). It also under-
lies the transgression of the Pananga and Muerto Fms of the
Lancones basin (Fisher, 19563 Zufiiga and Cruzado, 189793
Reyes and Caldas, 18987). As it is pre- and postdated by
Early Albian fauna, k 21 is of Early Albian age.

In the coastal area, k 21 roughly coincides with the
beginning of a major effusive episode, which is interpreted
as the opening of an intracontinental marginal basin
(Atherton et al., 1983) (Casma Gp, Myers, 19743 GCuevara,
19803 Ostermann et al., 1882; Copara Fm, Caldas, 18979).
Coeval volcanics are also known in the socuthern WUPS
(Matalaque Fm, Marocco and Del Pino, 19663 Batty and
Jaillard, 19889), and in the Lancones basin (Reyes and
Caldas, 1987). The volcanics locally directly overlie the K
1-2 sequence, thus indicating either local diachronism or
erosional processes (Batty and Jaillard, 1983).

In the northern and western parts of the eastern domain,
the K 21-22 transgression is attested by Albian ammonites

(Raya Fm, Kummel, 19483 Lower Napo Fm, Tschopp, 19533 Lower




Moho Gp, Lisson, 19243 Cabrera and Petersen, 193683 Louwer
Chonta Fm, Zegarra, 19643 Davila and Ponce de Lebn, 1971),
while continental detrital sedimentation went on in its
eastern and southern parts (part of Cotacucho Gp, Laubacher
and Marocco, 19893 Kosmina and/or Tarapaya Fms, Sempere et
al., 1988).

In many places of the WPS, the K 21-22 sequence ends up
with intertidal to continental facies (top of the
Pariatambo and Muerto Fms, Mégard, 1868; Séranne, 1987;
Jaillard, 19893 Moulin, thesis in progress), which are
sharply overlain (k 22) by marine marls and limestones (K
22-3A). The teop of K 21-22 is of well-established mid-
Albian age (Benavides, 19563 Jaillard, 1887), but can
locally reach Late Albian times, since some Mortoniceras
species have been reported (Mégard, 19683 Janjou, 1981). 0On
the other hand, K 22-3A 1s of Late Albian and Early
Cenomanian age (Yamagual Fm, Benavides, 19563 base of the
Jumasha Fm, Wilson, 1863%; Jaillard, 1886; first Ayavacas
limestone member, Cabrera and Petersen, 19386), and k 22
thus can be ascribed to earliest Late Albian times.

In the whole WPS, and as far as the western Peruvian
Altiplano, K 22-3A is a shallowing-upward sequence, which
is locally cappéd by regressive, deltaic sandstones and
bears clear evidences of strong coeval tectoniecs (Audebaud,
18713 Jaillard, 1987, 1988). In the coastal areay volcanic
effusions went on in the marginal trough, but compressive

deformation began during Late Albian times (Cobbing et al.,

19813 Bussel, 1883; Mégard, 1884, 1887).

The tectonic activity recorded in the upper part of K
22-3AR is interpreted as the result of the eclosure of the
coastal marginal basin, which was achieved at the Early-
Middle Cenomanian boundary (Jaillard, 1887). Then, the
coastal area possibly remained emerged and an active magma-
tic arc developed (Coastal Batholith, Cobbing. et al., 19813
Beckinsale et al., 19853 Soler and Bonhomme, 1989),

In the Oriente this time span seems to be represented by
two lower part of the regressive deltaic Agua Caliente Fm
(Soto, 19793 Jaillard, 188%7). In the eastern Peruvian
Altiplano, clastic sedimentaticn went on (part of the
Cotacucho 6&p). '

In Bolivia, the base of the Tarapaya Fm (pelitic red
beds) may rest upon different Paleozoic and Mesozoic units,
and locally even pass transitionally to the underlying
Kosmina Fm (e.g. in the Tawarreja-Thokori graben). It is
clearly diachronous, and cannot be correlated with the
discontinuities characterized above, though it is posterior
to the K 1-2 sequence.

III.4. The K 3A-3C hinge-period (Middle and Late
Cenomanian).

In the whole Peru, this time span separates the Albian
transgression from the Turonian one, while a major trans-
gression is recorded in the socutheastern domain.

In the WPS, k 3A separates the regressive top of K 22-
23, from the transgressive base of the shallowing-upuward




carbonate shelf K 3A-3B sequence, of mid-Cenomanian age
(Mujarrdn Fm, Benavides, 18563 Jaillard, 18873 parts of the
Jumasha, Arcurquina and Ferrobamba Fms). It seems that this
new transgression deposited a second Ayavacas limestone
.member on the western Peruvian Altiplano.

In the Lancones basin, k3A seems to correspond to the end
of the volcanic outflows (Reyes and Caldas, 1987), and with
the beginning of thick turbiditic deposition (Copa Sombrero
Fm, Morris and Aleman, 1875). Nevertheless, in its western
part {(part of the Talara basin), the carbonate sedimenta-
tion went on till (Late ?) Cenomanian times (Muerto Fam,
Zufiiga and Cruzado, 18789).

In the Oriente, the deltaic sedimentation continued
(upper parts of the lower Napo and Agua Caliente Fms). In
Belivia, the non-marine red beds of the Tarapaya Fm under-
lie the K 3B-3C seguence with a discontinuity so slight
that no chronological gap can be inferred from this
surface. Therefore, the top of the Tarapaya Fm is consi-
dered as Mid-Cenomanian in age, and no correlations can be
established with k 3A.

In the WPS, k 3B records a first major transgression,
expressed by the overlying open marine marls of late Middle

"-Cenomanian, and Late Cenomanian age (Romirbdn Fm, Benavides,

19563 Jaillard, 19873 parts of the Jumasha and Ferrobamba
Fms, Hillebrandt, 18703 Jaillard, 1886).

In the Oriente, the Huaya Mb (top of the Agua Caliente
Fm) of supposed Cenomanian age (Kummel, 1948) may represent
the k 3B transgression. '

In southern Peru and Bolivia, Neelobites specimens cha-
racterize altogether the K 3B-3C sequence of the Arcurquina
Fm of the Arequipa region (Benavides, 1862), the Yuncaypata
Fm of the Cuzco area (Kalafatovitech, 1857), the probably
third member of the Ayavacas limestones of the Peruvian
Altiplano (Lisson, 18243 Cabrera and Petersen, 19368), and
the Miraflores Fm of Bolivia (Branisa et al., 19863
Branisa, 1868). Therefore, the Late Cenomanian carbonate
shelf sequence seems to represent the maximum southeastward
extension of the pre-Senonian transgression. Thus, the
"Huatasane dolostone” of the eastern Peruvian Altiplano
(Newell, 1949) is probably correlative with this episode
(Audebaud et al., 1876: Laubacher and Marocco, 1888).

4 Seguence (Earliest Turonian - Late
Campanian).

In the WPS, k 3C (=k 30) is a major transgressive dis-
continuity which gives way to the deposition of the subse-
guent well-dated Early Turonian open marine marls (Caonorz
Fm, Benavides, 19856). In most of the Oriente, the base of
the Chonta Fm is of Early Turonian age (Kummel, 18483
Rosenzweig, 19533 Ducloz and Rivera, 1956), thus recording
the k 3C transgression., Afterwards, in the whole area, a
Late Turonian carbonate shelf developed (Cajamarca, middle
Napo, and middle Chonta Fms, Tschopp, 18533 Benavides,
19563 Sotoc, 19793 Jaillard, 1987), and probably reached the

westernmost Peruvian Altiplano where a fourth, thin-bedded




Ayavacas limestone member is locally known, Farther east,
undated marine clastics (tecp of Cotacucho Gp) abruptly
overlie (k 30) the presumably Cenomanian "Huatasane
dolostone".

’ In central and northern Peru, k 31 separates the Late
Turonian shelf limestones from overlying marine marls of
Early Coniacian age (Celendin, upper MNapo and upper Chonta
Fms). In the southern WPS, k 31 precedes the deposition of
azoic evaporitic red shales (Chilcane Fm) which pass upward
(perhaps disconformably, Vicente et al., 1979) to fluvial
red beds (Lower Querque Fm, Vicente, 1981).

In the Peruvian Altiplano, lacustrine red marls (Lower
Vilquechico Fm, middle Moho Gp, Newell, 1849), and evapori-
tic red shales (upper Yuncaypata, Kalafatovitch, 1857) may
be correlative with K 31-32. In the Potosi basin of
Bolivia, k 31 is not identified. K 30-32 is characterized
there by widespread rifting processes, associated with
numerous basaltic flows, and with thick red bed deposits.
These fill reactivated or newly-formed troughs and end
locally with gypsum and halite deposited in structurally-
controlled endoreic lakes (Aroifilla and lower Torotoro
Fms, Sempere et al., 1988).

The k 32 surface has been defined in Bolivia (Sempere et
al., 1988) and in southern Peru, but its identification
elsewhere in Peru is not yet possible. In the nodrthern WPS
and in the Oriente, marly marine sedimentation went on, and
k 32 might be represented by the apparent gap expressed by
the lack of Late Coniacian fauna (Mourier et al., 1888).
K31-40 is ogenerally considered as ending after Early
.Santonian times (Benavides, 19563 Mégard, 1978), but in
Rentema, it reaches Mid-Campanian times (Mourier et al.,
1988). There, marine deposits quickly grade upward into
flood plain red beds of possible Campanian age (El Triunfo
Fmy, Mourier et al., 1986, 1888). However,. unsufficient
stratigraphic data do no allow to state whether k 40 is
correlative with the base or the top of the E1 Triunfo Fm.

In the scuthern WPS, the k 32 transgression is recorded
by shallow marine limestones of Early Santonian age (parts
of the GQuerque and Omoye Fms, Hosttas, 19673 Vicente,
1881). The upper part of K 32-40 is represented by coarse-
ning-upward fluvial deposits.

In the eastern Peruvian Altiplano, k 32 may be represen-
ted by the transgressive sandy base of a marine to la-
custrine regressive series, probably correlative with K 32-
40. In this area, and in the Cuzco zone, charophyte oogons
indicate a Senonian age (Peck and Recker, 19473
Kalafatovitch, 1957). ‘

In the Potosi basin, red shales sharply overlie the red
beds or evaporites of the top of K 3C-32, and pass upward
to the marine "basal limestones" of the Chaunaca Fm, which
yielded a palynological assemblage of Santonian to Earliest
Campanian age (P&rez, 1987). This organic-rich, locally
euxinic transgressive limestones and marls are correlated
with the k 32 transgressive deposits of socuthern Peru. The
rest of K 32-40 mostly consists of red beds of coastal

plain to continental originm, which frequently present a




thickening- and coarsening-upward trend (Coroma Fm)., The
same organization is observed in the Cuzco-Sicuani basin
Noblet et al., 19873 K’ayra Fm of L6pez and Cédrdova, 1988),
which displays all the characteristics of a very subsident
foreland basin.

During most of the K 3-4 interval, the Lancones basin
received turbiditic deposits, locally -and sporadically
associated with submarine volcanics {(Morcis and Aleman,
1875).

III.6. The K 4-5 Seguence (Late Campanian - Latest
Paleocene).

The k 4 discontinuity is often marked by the onset of
relatively coarse detrital sedimentation, followed in some
areas by an important marine transgressien (eastern domain,
Talara basin). The stratigraphy of K 4-5 has been establi-
shed in Bolivia (Sempere et al., 1887) and generalized to .
other areas when possible. -

In the esastern domain, the base of K 40-41 is often
characterized by light-coloured sandstones or coarser sedi-
ments of fluvial to coastal- origin (base of the Tena,
Areniscas de Azucar and E1 Molino Fms, upper part of the
Vilquechico Fm and of the Moho Gp). In the Oriente, these
sandstones yielded a Campanian palynological assemblage
(Vivian Fm, Seminario and Guizado, 1976). In basinward
localities of Baolivia, facies superposition is clearly
retrogradational and thus indicates a rapid transgression,
In the Talara basin of northwesternmost Peru, the Tablones
conglomerates unconformably overlie Paleozoic and Mesozoic
rocks (k 40), and pass upward to Campanian marine shales
(0lsson, 19443 Zufiiga and Cruzado, 19783 Séranne, 1987).
These chronological data and the ones from the underlying K
32-40 sequence support an intra-Campanian, probably Late
Campanian age for k 4 (= 77 Ma).

The marine realm reached its Late Cretaceous maximum
extension in the whole gsastern domain after the k 41 dis-
continuity, which marks a further and apparently instanta-
neous transgression (Sempere et al., 1987; Sempere, 1888),
The K 41-42 transgression in the eastern domain {Cachiyacu
Fm, Areniscas de Azucar 2 and 3, parts of E1 Molino and
upper VYilquechico Fms) may have also reached part of the
WPS, since Mabire (1961) reports marine Cretaceous forami-
nifera from Central Peru.

Regressive sedimentary successions are first observed
after the k 42 discontinuity, which seems mostly of clima-
tic origin. K 42-43 shows the areal development of red
continental sedimentation in the eastern domain.

Though a weak easterly transgressive pulse and a clima-
tic change (drying) are recorded with the k 43 surface,
K 43-44 presents a paleogeographic map view similar to the
previous one.

The mainly climatiec k 44 discontinuity also marks a
regression in some areas of the eastern domain. Below k 44
dinosaur footprints, sclerorhynchid selachians, ammonites.
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Cretaceous age for the K 40-44 interval (E1 Molino and
Arenisca de Azlcar Fmss; Koch and Blissenbach, 19603 D&vila
and Ponce de Lebn, 1971; Seminario and Guizado, 1976; de
Muizon et al., 19833 Sempere et al., 19873 Sempere, 1989).
The red beds K 44-45 sequence yielded in northwestern
Argentina an Early Cenozoic mammal fauna only 18 m above Kk

.44 (Mealla Fms; Pascual et al., 1878), suggesting that the
j*Cretaceous-Tertiary boundary is close to this discontinuity

(Sempere et al., 1987). Total regression was completed

9'during the K 44-45 interval.

The K 45-50 sequence {(Impora Fm) only shows alluvial to
lacustrine facies in a few outcrops preserved in southern
Bolivia belaow the k 5 unconformity, and in the Oriente
where sedimentation seems to be more continuaous.
Palynological data from northwestern Argentina (Volkheimer
et al., 1984) suggest a Late Paleocene age for this sequen-
ce (Sempere et al., 1888).

In most of the western domain, continental sedimentation
progressively established during the K 3-4 interval and
remained unaffected by the Latest Cretacecus marine trans-
gression. For instance, coarsening-upward foreland sedimen-
tation continued in the Cuzco-Sicuani basin during Latest
Cretaceous times (Soncco Fm, Lbpez and Cbrdova, 1988), but
seems to have waned during Paleoccene times (Noblet et al.,
1987). In the southern WPS, similar undated foreland depo-
sits (Uchurca Fm, Vicente et al., 1979) disconformably
overlie the K 3-4 sequence.

I11.7. Ihe kK 5 unconformity (Latest Paleocene, = 58 Ma).

The younger boundary of the "Cretaceous®" supersequence
(K 0-5) is a widespread unconformity characterized on the
whole margin by the sudden onset of coarse continental
sedimentation (e.g. Cirbién et al., 1986).

In Bolivia, the Cayara Fm of Latest Paleocene to Early
Eocene age (Sigé et al., 1884) can rest on the K 42-43 to K
45-50 sequences, with local angular unconformity, or on the
Ordovician basement (Marocce et al., 1887). In the eastern
Peruvian Altiplano, the Mufani Fm of Early Tertiary (Eoccene
?) age (Audebaud et al., 1976; Feist et al., 1889) similary
overlie the Latest Cretaceous Vilquechico Fm. In the
Oriente, the same unconformity could be represented by the
base of the Contamana Gp (Sempere, 1988) or by the base of
the Capas Rojas 3 Fm (Koch and Blissenbach, 1960). Fartther
north, i1t could be correlative with the Tiyuyacu Fm
(Tschopp, 1853) of Paleocene or Early Eocene age (Bristouw
and Hoffstetter, 1877).

In the northerzn WPS, volcanic intercalations in the con-
glomerates of the unconformable Chota Fm provide K-Ar ages
close to the Early-Middle Eocene boundary (49-50 Ma, Noble
et al., 1988). In the Talara basin, the "basal Salinas"
conglaomerates disconformably overlie the Paleocene
hemipelagic-Balcones Fm -and are transitionally overlain by
the Eocene fluvio-deltaic Salinas Gp (Zuffiga and Cruzadao,
1979; Séranne, 1987).




In summary, kK 5 marks the end of a perlod of partly
marine, fine detrital sedimentation in the esastern domain,
and seals a noteworthy tectonic event of Late Paleocene age
(Marocco et al., 1987). From then on, the geodynamic evo-
lution of the central Andes back-arc develops in an almost
exclusively continental setting, characterized by the depo-
sition of thick foreland sedimentary wedges (Sempere et
al., 1989),

CONCLUDING REMARKS

Many of the pre-Senonilan discontinuities recognized 1in
the Peru-Bolivia margin coincide with major sedimentary
discontinuities defined by seismic stratigraphy analysis
(Hag et al., 1987) (see k 0, k01, k 10, k21, k22 and k 31
for example). Eustatic changes thus played a leading part
in the pre-Senonian evolution of the central Andean margin.
This clearly appears in the WPS during the K 1-2 megase-
quence (Moulin and Séguret, 1888), and less evidently
during the Aptian-Senonian period (K 2-4 period){Jaillard,
1987, 1889). ' *

Nevertheless, tectonic events played a significant role
at various times, either reinforcing the eustatic effects,
or disturbing them (fig. 2). Discontinuity k 0 has been
ascribed to the Araucan phase of Latest Jurassic age
(Sempere et al., 1988); k 01 has been related to the
collision of allochthonous terranes (Jaillard and Jacay,
1988); and k 1 to the incipient rifting of the South
‘Atlantic Ocean. These events seem to be linked with drastic
geodynamic changes (Aspden et al., 1987; Jaillard et al.,
in press).

During Late Aptian times, weak and/or localized tectonic
instability accompanied both the opening of the Huarmey
marginal basin, and the beginning of an important volcanic
activity. The end of this volcanic episode and the closure
of the Huarmey trough are marked by important tectonic
events in most of the western domain during Late Albian to
garly Mid-Cenomanian times (Cobbing et al., 1981; Jaillard,
1987 and unpublished data). K 3-4 is characterized by the
diachronous beginning of tectonics in the Peru-Bolivia
realm., It is recorded by Turonian times in Bolivia (rifting
processes, Sempere et al., 1988); by Coniacian times in the
southern WPS (emersion); by Santonian times in most of the
Wps (tectonic uplift, Me&gard, 1878), and by middle
Campanian times in the northeastern WPS (rapid emersion,
Mourier et al., 1988).

As a result of both eustatic and tectonic phenomena, the
locus of marine sedimentation progressively shifted
eastwards through time, During the K 0-2 interval, marine
sedimentation occurred mostly in the coastal areaj; during K
2-3, marine sedimentation took place in the whole western
domain, and locally reached the eastern realm; whereas
during most of K 3-4, the coastal area emerged, and marine
deposits occupied both the WPS and great parts of the
eastern domain. By the end of K 3-4, the WPS progressively



emerged, and marine sedimentation was restricted to the
eastern domain during K 4-5.

As a consequence, the classical notion of a single
"peruvian phase" has to be reconsidered. The Senonian
emersion of the WPS rather appears to be a progressive
process which began by Earliest Senonian times in the
southern areas, and was grossly achieved with the
widespread intra - Campanian discontinuity (see also
Macellari, 1888).

Moreover, further studies might concentrate on the Late
Paleocene tectonic phase, the effects of which seem to have
been often mistaken either for the so-called "Peruvian
phase", or for the subsequent "Incaic phase".
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APPENDIX 1: Stratigraplic data lrow the K 0-) sequence.

LATE CALLOVIAN - EARLY OXFORDIAN R

kO v
Fauna reported [rom the LADRA Fm {Jower part of K 00-01)(Diagnosis often difficult).
Ammonites: Peltocéras (Peitomorphites) sp. (19) Spiticepas ef, negrelli {15)

Other apec}es from correlative formalions:

*

Ammonites: ﬁopliles (Favrella) lorensls {A17) Peltoceras euaspidoceras sp. {B18)
_Fauna from the GRAMADAL and JAGUAY Ims (upper part ol K 00-01), and other occurrences
Ammonites; Anpjdoceras ap, {12

Aulaconéhxnc[uideu sp, {20) Hogltxns cf. Rn‘egr}nun (e
Perisphinctes sy. J Perigphinclen ¢l colibrinus {12)
Perisphinctes all. transitorlus (12) 7 Pronicevan sp, (12
Simoceras ¢l, catrianum (17) Virgatosphinclea mexjcanus (7%
Virgatosphinctes all. pseudolivtior (7) Virgalosphiuctes ap, (7,14,20,d9)
Corals: Astrocoenia (5,7,17) Gagtropods: Nerjnea (5,7)

Other specles from correlated lormations:
Ammonites: Subateuwervcerns ap. (C2i,08) Brachioppds: Terebratula gubtetraedra (D22
OXFORDIAN ({?)} - EARLY TITHONIAN

k017
Index fauna Trom the FONTA MOREND and ZAPOTAL Fuwg (K 01-00), aud other ocourrencen:

A@mqnilgn: Milacogphinelng ¢l . subvetuntus (21)
)] rriau?II'ﬂﬂE (2},"16) Durangilen ap. (21
liimalayites egregius %21) Wimalayltes ap, {2),46)
Micracanthocetas ap. (2,49 Horavisphincten np, (21)
? Neocosmocerar ap, {21) ) Farnwlacoapliinelen ef. eudichotoms (21)
parodonioceras sp. (21,16 Jlbg Protacanthodisens ap. {21)
Substeuveroceras &p. (af,ah,dib)

Other species from the vorrelated TIABAYA outcrops, awl other occurrences:

. Ammonites: Bertrjavella [rawilaug (15)

Percjaselia (Heqarite]la) cf. ?acnhi (15 Uerriauelln (Malbogineras) dorls (15)
Berriasella cf{. chillonengis { Berriasella ap, (10,49

Cuyaniceras sp. ex gr transYrediens {(15) Dickersonia ramonengin (15)
Hemispiticeras steimanni (I5) Leptoceras sp. ex gr hubach;)(IS)

Hicracanthoceras c¢f. vetustum (15) Neochetoceran tiahnchse 15
Parahoplitidae (10) Farodontovetas antilleanum (15)
LATE TITHONIAN (7) - DERRIASIAN

K02 ?

Ihdex fauna from the PUENTE PIEDRA Fm (K 02-10 ?), and other occurrences:

humonites: Mlacosphinctes aff. proximus (3)

Berrjaaelja limensis (3) perviasella chillonensis {3
Berriasella laxicostata (3,915} Berrianel]a brugg
Berriasella callisto (3,13,41,J2,09,913} TDevriasella callistoides- {3,J1,32,1 4)
Berrjasella peruviana ib) Berriagsella curvicostata (3]
perriasella_caudelaensig (3) Berriasella all. tenyicaututa {3)
Le?toceras ligson (3 131 Leptoceras steinmanni (3)
Octagoniceras occiden&ai a (33 Prolacanthod;scus quadripartitug (% }3)
Protacanthodiscus pacificum (3) Protacanthodincus puentelingaensis k]
Protancyloceras sp, { 31 spitjceras limaeysis (3,13
Substeueroceras steveri (3,99) Supsteueroceras koeneni (3, ruled out:13,d15)
substeueioceraa permulticoutatum (3} snbateveroceras auuauma{caeuais (3,d6,98,49)
Thurmanniceras pertransis (3,1]) CThurmanniceras douvillel (3)

Other species {rom correlative formatious: '

Anmoniteg: Berciasella sp. (1 4)

Eerri§é§0 1t§€ {116} ) Substeuerocer?n ep. (1 4)

eopoldia cf. peruvianum
X 1p P LATEST TITHONIAN {?) -~ LATEST BERRIASIAN

EARLY to MIDDLE VALANGINIAN

Other species from the undifferentiated CHITANA BEDS (K 0-1):

Ammonites: Asf!doceraa cf. acanthicum 51 13)
ulacospiiinctes aff, saldensis {2) Aulacosphincten mangaengis 15

ulagoaphincten s8p, 1ib} Berrjasella vetustug (1)
erriagella chaperl {1,13) Berrjaselja nyveli

err}asella cl, aspera 6) Berriasella cl, krantzi {(15)

erriasella afl, mendozana (2) \ Berriasella all. privasensis_{9)
Berrjasejla (Malbosiceras I) jnaequicostata {16 Berriasella sp. 9,
Dlanfordiceras nlaypenheck {15) Cuyaniceran cf. transgrediens {15)
Cuyanjceras acanthicum (15) Cuyanjcerans sp. {15

Luynnlfeyau pravneocomienne (15) Cuyaplceras pp, ex gr raripartitum {15)
lemst ticeras siejnmann} (15) fiimalavites egregiug {1H

Limaites nup, {(15,=0{reblites griesbachi of 3 llimalayites sp. (0
{icracanthocerag ﬁapla (1%) Hicracanlhoreras cl. submendozapum (15)
ficracanthoceras ap. ex yr veiugtum {15} Neocomitesg praeneocomiepsis (2,9
Olcogtephanus sp, ex afi. {(Bpiticeras) conservang (1,6 Ulcostephanus_sp, {1,8)
‘arodontoceras ~cf. beneckei (15) Parodontaceras sp, ex gr call?ataldeu (15)
rerisphinctes interspinosus {9) Riasanites ? sp.

Simocerag cl. volanense (1,13} Substeverocerns disputabile (15)
hurmanniceras angasmarcaensis (1,15) Thurmanniceras sp. (8,15)
Virgatosphinctes sp, (9}

EARLY TITHONIAN - DERRIASIAN

Formations: As Clhuchycamane; B: Querullpa; €: Siwbal: b Sipin; E: Tiabayva outcrops;
F:— Punta Noreng; Gi zapolal: it Tinajones; I: unuamn d5 ne v 2d:
& johumtg Ho undlf!erentlgted. aj I nuamned beds near Castrovirreyna} J:

Referencesn: } Welter 1913; 2: Stappenbedk 1929; 3: Rivera 1951, 1979, Rivera ¢ .
19797 4 Eell]do 19%6; 5 Benav}dgg 962; 6 Cruzado 1959; 7! ﬁﬁegg 19617 g: ang}o
1964; 9: Cossjo and dapn 1967; 10! Garcia 1968, Vargas 1970; 11i Garcia 197¢: 123
Galdas 18787 "13; “Wiednann 1988; 14: chavez 1982; 15: Geyer 1983: 16: ¥ilson 1984; 17:
Salinas 1985; 18: Garcia 7, 1687: 19t Loza 1987 20: Batty in progress; 21: Jacay in
progresa; 32% Emp. Petrol. Flue, Interaal repori.
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APPENDIX 2: Stratigraphic data Lrom the K 1-2 sequence:

LATE BERRIASIAN

k1
Index fauiia from the UIERRADURA Fm (upper part ol K 10-11):

- Ammonites: , © Argentiniceras aff. malarguense (3)
Argentiniceras pardoi (7, contested by 8) Favrella lovensis (7, contested by 8)
Hopliteg aff., augtrateg (3) Ligsonia riverai {(3,7,8
Raimondiceras raimondii (7,8) Raimondiceras ptlucﬁerl (7N "

‘11 EARLY TO MIDDLE VALANGINIAN
Index fauna from the MARCAVILCA Fm (base of K 11-12):
Ammonites: | . Ligsonia riveroi (7L :
Raimofiidiceras raimondii (3.7) Raimondiceras plluckeri (7)
Index fauna from the PAMPFLONA Fm (upper part of K 11-12 and part of K 12-13):
Ammonites: . Capeloites larosai éC7 €8,C9)
Olcosteplianus aff. agtierianus (C7,C8) Olcostephanus cf. boussaingaulti (C9)

Olcostephanus c¢f. delicatecostatus (C9)
LATE VALANGINIAN - EARLIEST HAUTERIVIAN

Fauna [rom Ulie SANTA and lower CARHUAZ Fms, correlated with the PAMPLONA Fm:

" Ammonites: Oleostephanids (D1) Valanginites broggi (D1)

Pelecypods: Pavaglauconja studeri (D1,D4,D5)
Cyrena huarazeusis, (Dl,D4,DN5) Paraglauuonzn gtrowbifornis (D1,D2,Dd)
Buchotrigonia glex1eosfata () Paraglauconia sp. (DG)

Buchotrigonia inca {(D1) Buchotrigonia gerthi (D1)

) LATE VALANGINIAN

k 13 to k 20 no detailed stratigraphic studies

k 2
LATE APTIAN
"Wealdian" flora _ from Llhe undlfferentiated CGOYLLARISQUIZGA group (K 1-2):
Alethopteris, dutholitus, UEachrphyllum, Cladoplilehis, Cycadoleply, Equisetites,
Filicites, Klukia, Otozamites, Todozamites, Ruifordia Sphenogt ris, Taenlopteris,
Thuites, Welchselia, Zamitea, Zamiostrobus, ..., gee ﬁerrg (1922), steimann (1929),
Rivera et al. (1975), Doublinger & Marocco {1976), Caldaa (1978),...

)
Cycadocarpidium ig reported by Alleman (1985).

Formationg: A: Herradura; B: Marcavilea; C: Pamploma; D: Santa and lower Carhuaz; E:
unnammed Dpeds near Caslrovirreyna. :

References: 1: Benavides 1956; 2: Bellido 1956; 13: Fernandez 1958: 4: Cryzado 1959;
5:  Wilgou 1[963; 6: Hillebrandt 1970; 7: Rivera et al. 1975, Rivera 1979; 8¢ Wiedmann
1980, 1981; 9: Thleuloy unpublistied.
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AL FENDIX 3: Stratigraphic dala from the K

2.3 sequence:

"k 20

NEOCOHIAN

Index fauna from Lhe IKCA Fum (K 20-21),

Ammonites:
Deswotetas Ehimuense (1)
Knemiceras ollonense (7,20
parahoplites nicholsoni (I,ul,ud M)

Other species from correlated lormations

and other oceurrences:

raraliopliies quxlln (7,26)

Farahoplites iuti |

l'araboplites sp. (11 15,27,09,C17)
: Parahoplites sutoni {A18)

LATE;A%TIAN ~ EARLIEST ALBIAN

k 21
Index fauna from the CHULLC I'm (lower pa

Ammo iteq'
Drancucex 35 aegoceratoides (7,9, 15&;75

Deamoceras cf. schlwant\exll (lhf
gonvx{{e{cexnn monx%f
ouvijlletceras sp

bouvidlelcerae o1 (13ah01 hlﬂ u11 TERIEY]
Knemiceras uvalv )

Knemiceras alieunatwn (7,9,29,E3,1 1)
Knemjceras syriacum (7

Knemjceras gabbi 5

Knemiceras trian uiare .9}

Knemiceras cragsinodogum (21,5
knemjceras ¢ zlemay,

Knemiceras raimondii (7,9.21,24,25,26,27,28,E

rt of K 21-22), and other occurrences:

Lyelliceran lyellj E10)
Lyelliceras sp. (11, 15,“1 55 EJ FIYIF 24)

Parahoplites sp. (1%)
Parenyonocerag haasi (7,15)

farengonoceras pernodosum (7,9,14,2]),25)
) Parenqonnerias qundnlupnrl0|mn (7,]55
Favengonoveras tetranodosum (7,9,27,i124)
PFarewonnceran ? Lhnminraeunv (7,124}
Parengonoueras sp. y15, 24,080, 014, 0124)
Prolyelliveras peruviapum (7,14,F22)
Protanjsoceras blancheti ( '9132

Protanisoceras cf. blauchetx
Prnlanxsoveras ap. 8)

' EARLY ALBIAN - EARLY MIDDLE ALRIAN

Index fauna Irom the PARTATANRO Fm (nppe

Ammonites:

Acnnfhocerat‘ceaus (21 ; Mortoniceratid (24,F22)
Brancoceras lyelli (27 Oxytropidoceras catbonarium (7 9,14,
brancoceratid” {21) 1 El.plb F17,H26}
besmoceras lat:doxqatum {7,9.27) Ox)tropidocexas 8eruv1anu| t7,18,F16)
Dipoloceras sp. 9,13,21§ Oxytropidoceras douglasi_ (7,9,E3,E10,E16)
byelliceras pseudo yelll { ,9 Oxyiropidoceras sp, (11,13 .21,53,510,06,
. Lyelliceras, n1r1ch1 (7.9,14.2 FJ E16) G20,113,1 4)
Hojaisoviczia SY' (1) Venezoliceras venezolanum (7,9,2?)
Hortoniceras af inllatum (1) venezoliceras harrisoni (7,9 14)
i Venezoliceras sp. (13,14, 21 Fi1l,1 4)
Pelecypods: Inoceramun concentricus (7,9,14,E3,428)

r part nl N 22), and other oceurrences:

MIDDLE ALBIAN - EARLIEST LATE ALDXAN

Other species fvom [ormations corvelalive with K 21-22:

Ammonites: Neughl)txceras sp. {1 4) i
Brancocetas_sp. (F17) Oxytropidoceras parinensis, (GZ)
Hamitid (F17 oxytropidoceras karsteni (62)

liysteroceras orbigny (F17)
Khemiceras semicoStatum (EJ)
Ruemiceras crassicostatum (E3)
Knemiceras moorei

Laymeriella sp. (F17)
byelliceras mathewsi (E3
Lyelliceras ulrichi (7,9

oxviropidoceras hosei éfJ)
Oxytropidoceras hubbarp (E3)
Oxytropidoceras lyltifidum (I 4)
Pervinquiera sp. 6)
Placenticeras oy. (G2)
Venezoliceras ¢ karsteni (1 4

k 22
Index [auna from the YUNAGUAL Fw (K 22-2
Ammonites: Engonoceras sp. (7)

L)erfxceraa uitichi v
Oxytropidoceras douglasi (7.9)

Pelecypods: Osirea scyphax (7,21,24,27,L8,
Foraminifera:

1), and other occurrences:
Paralurrililes lewesennis ;
Pavalurrilites sp,

Sharpelceras occxdentaie (7)
L23)  Exogyra mermeti (7,K19,L8,MS)

Nommoloculina heimi (24)

MIDDLE (?) and LATE ALBIAN - EARLY CENOMANIAN

Other species Irom formations corvelated with K 22-23:

* Agua Caliente.

Ammonltes. Mantelliceras sp. (F22 Mortoniceras peruvianum (Dl) .
Hortoniceras inflatum (F21) Hortoniceras cf. marrecacia (F23,J28)
‘31 schivenbachia ap. (G2)
HIDDLE CENOMANIAN
Formations: A:; Chilca aud Chancay:; D: Parialivancay C: luamancay; D: Lower Hoho group;
E: Rdya, Esperanza or Dasal Chonta {mW' l. Casma gp; G: Pananga and Muerto; ii:

Crisngjag; 1: Lower Napo; J: La Bocana and Lancones; K: Fertobamba; L: Arcurquina; M:

ferences: 1: Lisson 1924 (also Cabvera and Felersen 1936): 2: Olscon 1934; 3:
KumerosEe 4 Tachopn 19533 5¢ Rosenzwelq 1953 6: Figsher 1956; 7: Bepavides 1396; B3
Benavides 1962; 9: ¥ilson 19637 J0: anarrn 1964; 11: ¥ilson and Reyes 1964; 12: Cosgio

and Jaen 1967; 1J: MWilson et a 9 7, 14: Mé?ard 1968; 15: NWillebrandt 1970; 16:
Dav1la and_Ponce de Leon 1971, 17: fiyers 1974, 1980; 18: Rivera et al. 1975:; 19:
Marocco 1978; 20: Zunxga and Cxu71do 19:9. Cruzado 1985; 2]1: Reyes 1980; 22: Guevara
1980; 23: Olchauski 24: Jaunjou 1981, Janjou et al. 1981; 25: Romani 1982; 26:
#ilson 1984; 27: Cordova 1§86: 28: Heyes and Galdas 1987.
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APPENDIX 4: Stratigraphic data from tlie K 3A-3C period:

EARLY CENOMANIAN

k 3A
Index fauna from the MUJARRUN TFm (K JA-3B}, and other occurrences:
Ammonites: Acanthoceras ap. (11,14) Acanthoteratid (4)

Pelecypods: Exogyra cf, pondevosa {1,11,12.14 Exogyra africana (4,11)
Exog§ra olisgponensis 54,11,12,A6; Neithgid tenouklensis (4,14)

Behinids: Orthopsis titicacana {(4,A6,B3) . .
——— B MIDDLE CENOMANIAN

Other species from correlative formations:
Ammonites: Schloenbachia aff. varians (F2) Schloenbachia sp. (67)

k 3B
Index fauna from the ROMIRON Fm (K 3B-3C), and other occurrences:
Ammonites: . ’ Acapllioceran chasca (4,14)
Acantliocerad pollocense $4 1) . Forbenicervan ap.
Acanthioceras sangajense (4f Ligsoniceras mermeti (4,14)
Acanthoceras gp. (1l) Neolobites Kkummeli (4,D8

Pelecypods: Exogyra olisiponensis (4,11,14,A6) Neitheia alatus {(4,14)
Echinidg: Orthopsis titicacana (4,11,A6,DB3)

Vertebrates: Elasmosaurid (13,14)
_— . - LATE MIDDLE CENOMANIAN - LATE CENOMANIAN

Other species from correlative formations:

Ammonites: Neolohites bhassleri (D1) ) Neolobites sp. (A6,CH)

Foraminifera; Haplophragmoides concavus (E9), ' Hedbergella delrioensis (ES, 110}
Fextulatia cf. chapmani” (E9) lledbergella Ylanlsplra (B9, 1110
Heterohelix cof. washitensis (E9) Globigerinelloides bentonensis (E9,H10)

Other species {rom formations partly correlative with the K 3A-3B sequences:

,Foraminifera: \ Clavilhedbergella simplex (H10)
Glopigerina gauteriensis (i10) Giimbellina ap, (i o
Globpigerina_washitensis (H10) Hedbergella aff. amabilis (H10)
Globigerinelloides aff. algerianus (i1L0) lieterohellx moremani 0
Globigerinelloides aff. eaglefordensis (I1i10) Ticinella aff. aprica (H10)

k 3C
EARLY TURONIAN

Formations; A: Arcurquina; B: Ayavacas limestones; C: Yuncaypata limestones; D: upper
art ol Mirafloreg f{m; E:! part of Jumasha; I: Copa Sombrero; G6: Agua Caliente or

)
&honta; H: Muerfo (of the Talara basin).

%gfgrences: 1t Lisson 1924 (alsoe Cabrera nyd Petersen 1936); 2: Olsgon 1934; 3: Newe

T 4 Benavides 1956; 5; Kalafatovich 1957: 6: Denavideg 1962; 7: Zegarra 196
Branisa et al., 1966; : Hillebrandt 1970; 10: Zunigya and Cruzado 1979, Cruzado
él:d Rey538%980: 12t Janjou 1981, Janjou et al. 1981; 13:¢ Jaillard ef al. 19857
ordova .
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APPENDIX 5: Stratigraphic dala [rem lhe ¥ 3 sequence:

LATE CENOMANIAN

k 3C = k 30
Index fauna from the CONOR Fm (lower part of K 30-31):

Ammoniten: Manmiles sp, (19)
Brouglcclaﬁ“fnmboldli (8‘ Poewdpaspidoveran reesided ()
Broggiceras olsaoni ia.! Vunudoanpidocolnu ap, (18}
Coilopoceras )enkr! 8,21 Thomasiteg [iaheri (8,19)
Hople01des ihea ,18.21 Vascoceras all. si)lvanense (8)

Hammi tes nodosoiden (8,21 vascoceras ap. (19]

Pelecypods:  Inoceramis lahiatus (8,21,05,C2)
Foraminifera: Heterohelix rewssi (19) lledborgella simplex (19)
EARLY TURONIAN

Index lanita [rom the CAJAMARCA Tw {npper parl of K 10-31):

Ammonites: Collopoerras newelli (8,18,19,21)
Foraminifera: Clohnlvvncnna Y:anholvotlca {22
Pavnd“10m|3"1|nunmnnnin [ tephani np

HIDPLE TO LATE TURONIAN

ther species {rom formaliony cgrretated with K 30-21:

Aumonites: Mammjteo aff. havkeri (35)
Cni)upocoxan lnﬂqn]l {cr) HNammiles ap, (&
Collopoceras sp. {(Iih,{6,C7,C11,020) Nenplych[ten sp. juv. (D5)

Vageoievas ameirense (C2)

Foraminifera:  Archalas (perouvianella) pernviana (P15, resilnated by 20)

k 31
Fauna {rom the lower CELFNDIN Fm (enrrelative with K 31-32), aund other occurrencea:

Ammonjtes: ?nllolricclas {Bdavrolsiceras) habertillneli (8 F1,F11
BaonTalceTau Bnrloislceran) kay ’ He texolnsaulla 1eron 9§
Darroigsiceras (Solgerites) brawcoj {(8,21) Heterolinsol ucheri ﬁ ﬁ
Darroisjceras (%orreslella) allualef (R,FT) Hetclqtisnglia pvruvx1ua (1
Barrolalcera? L etatisgolia cf, [ourn
Duchiceras bile atum (s, [0 18,190,020, 21,811 : 11nrulia hedbergi (3,10,“1 rl

. EARLY CONIACIAN
k32 ?

Index fauna Erom the OURROUE Fm {(F 32-31):

Mmmonites: Tissotla stefnmanni (1)
______ EARLY SANTONIAN

Fauna from the middie CELENDIN Fu {rovielative wilh lhe lower part of K 32-33), and
othet occurrences:

Ammonites:

hunlcqni (8,21}
Anapachydisch n aff. gardnevi (21) a bourgeoisi (3}
Bostryg oci Bp. fxanr en (u 10, }B.?J.F11%
Desmophyll Les gaudana {8,10,21) 1 agolia slplumann 8,10, F2 F6,FT,F1}
Desmgphyllltes sp 1snnlna fourneli (8 1h, 20,7
Lenticeras baltal. ! 8 lo&ls,ul,uJ F) Tisouffa balli (B, 21)
Lenticeras lissoni (8 ? Tissotja sxnﬂevwlﬁi {3, F2,16)
Pachydiscus (Parannchyd acnq) nf( gavdnert (3) Tisuwotia sp. (18,F6,F7,F1i)

IN Fm {upper pavt of K 32-33):

Fauna from the uppev CEl

Ammpnites: ~ Lybicoceran sp. {23) Hanamboljten s
Menabrtﬁg"iT‘jz (ij 1thixucnn ap. (23) uhmglléngéeran ap. (23)
v MIDDLE CAMPANIAN
Flora {rom formatlons corvelated sith the upper part of K 33-3):
harophytes: Plaiychala pnll1ta 61,1 9)
Porucrifa ovalis (61,¢4,04,1 9,1 16) forochara sp. {(G1,I 16f
Other specien [rom fovmations correlated with K 31-32 and K 32-33:
parr oAt 1 very (FT) Tent q i (F2)
arro1a1ceras wvelter Paralentiveras niervere
Deamoghyll tes ci. ellsworthi (F2,F7) rerouicelan ape (E5 $7FF11
Eulophoteras berryl (F2,F] ghenndchua sg (14, fo be reconsidered)
Heteroti snot}a 1 ssoli (F2,FT} Tissol{a veesjdeana 1§Z,F6.F7)
lleterotiesotia sp, (Fil) Tigsolia waltheri (F2
henticeras geghardti (F2) T saolia conpressa {F% (%]
Lenticeras an £} Tiogsotia alepbengon F2)
Lenticeras sp. (Fil) Tissolia obesa {F2)
Yertebrates: Ichtyosaurian {F?1))
Other species from [ormations correlative with K 3-4:

Foraminifera: fleterohelix ap. (J17)
Glob“r“nr“ﬁﬁi“I'pparonti (017 ' qlvhouonerxnnxdns c¢f. cretacea (J17)
k 40 s

CANPANIAN

Formations. A~ Arcurquina; B: Hiddle o; €1 Hidd le Chonta; D: Upper Juma
apo pper Chonta: G: Middle Vxlqnethco. iz Upper Mobo. gp; ppUppell thgﬁygatH? 5r
Copa "ombrero.

References: 1: Peck and Recker 1947; 2: xummel 1948: 3: Rivera 1949; 4: Nev -1
TEEEG?EFI?S ¢ 6: Rosenzwely 19%); 7: Ducloz and nzvera 1956; 8 gena i éé ig g: 3:
Kalafatovich 1951; 10 Wz}son 1963; 11: Zugarra 1964; 12; foattas 1967; 13: Hoempler
L T et e Gilte i, 15 TR sl U B e R
ruzado L : Reye ] s ' .
1981% 20: Romani 1982; Da: Jaillard 1987; 33: Mgnrxvr et al. 1333?" 1, danjou et al
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