





THE STRATIGRAPHIC DEVELOPMENT OF THE PASSIVE MARGIN

sea-level changes were. The record of this can be easily divided into second-order

CRETACEOUS STRATIGRAPHY

Facies boundaries presented in the maps commonly improve upon facies and éigesof the size and shape of the early foredeep basins along the leading edge of the
compiled from our literature search; consequently, map descriptions are only paarly Andes - the area covered by viable source rocks was initially far larger than
The Cretaceous stratigraphy of Venezuela shows a regional transgression, stattaily based on literature. Descriptions presented here contain alternative hypottieeir present distribution and areas of early maturation and the distances over
at the end of the Jurassic and reaching its maximum in the Early Turoniaes and ideas, many of which have been tested whereas others remain untestieidh oil migration has taken place can only be appreciated by developing the
(Phanerozoic MFS). This was followed by a regional regression that continued idtnother issue concerns the thickness of the Cretaceous, both the total thicknesspat@eogeography in the palinspastic framework. In the descriptions of the various
the Cenozoic in western Venezuela, with a latest Cretaceous (Maastrichtitime thickness of individual Cretaceous stages and/or formations. Thicknesses hanagps which follow, we point out specific instances where the palinspastic recon-
Palaeocene) transgressive pulse only in eastern Venezuela. This first-ordeen grossly overestimated in some regions due to non-recognition of low-angteuction is particularly significant, shoowing how the actual basin configuration
sequence filled accommodation space created by relatively local Triassic to Bfaults, largely because many classic studies pre-date the awareness of the impas considerably different to previous interpretations.

remian extension followed by regional thermal subsidence on which any eustdtiace of large-magnitude horizontal displacements.

All the maps show a hypothetical coastal onlap region. The precise location of this

and in some cases into third-order sequences. The use of sequence stratigrpgbinieed to re-stress the importance of the palinspastic reconstruction of the Atal-global hypothetical line that separates regions of erosion from regions of
nomenclature here does not imply an interpretation concerning eustasy but is @@y orogenesis on which the Cretaceous facies and units have been plotted. \daposition) is not possible without a complete seismic grid with accurately dated
descriptive, based on evidence from extensive field work, sedimentological aable amounts and directions of shortening of up to 200 km and huge strike slip affflections. The facies boundary line between shallow-marine facies and coastal
palaeontological analyses, all plotted on retro-deformed base-maps to producestiss have occurred across and within the Andes, depending on locatideposits represents shoreline deposits. Basinward or landward movement of this
Acknowledgment of these displacements is essential to the proper interpretatioriamies boundary is, by definition, transgression or regression, respectively. Trans-
the original size, shape, and configuration of the Cretaceous depositional platfagnession or regression are shown almost independently of shifts in coastal onlap, as
Cretaceous time slices presented in this report were selected in an unconventiandldata-plotting in this palaeo-reference frame allows a more accurate portrayas@fuence stratigraphic theory proposes. In most maps there is an arrow or a series
manner. We have not selected the traditional stage-by-stage approach for the tacies relationships, of the platformal character of the Cretaceous, and of thfearrows that represent what that facies boundary lines were doing for the particu-
struction of the maps nor have we divided the Cretaceous into time slices of equealameters controlling hydrocarbon source rock quality. Also critical is the depitar map interval.

palaesogeographic maps in this atlas.

duration. Instead, our division of the Cretaceous system is based on facies ass

ocia-

tions which can be grouped into sequences and related depositional systems rather

than forced into specific time periods. In several cases, facies or ages shown on-the
maps do not match the published literature for many reasons including: CRETACEOUS STRATIGRAPHIC CHART KEY TO FACIES ON STRATIGRAPHIC CHART
e Poor dating and inadequate stratigraphic philosophies yield different namesi|for, . . . . .
the same unit and the same name applied to different units, both of which _Iaa%.how'”g ages used in thlslsttug); andl p‘;bl'fShed agg[s, C‘;O{ co(gnpanspn.dMost _ _ _
to maps full of spurious and unrelated detail, or artificial grouping of units | |screpantC|es In 39? are rela ef O.f‘ acl Oktamm?n' € ( "’.‘fa- ur [je\t/)l'sel 2 Ssts dominate; fluvial or shallow marine
which may be separated by one or more transgressive/regressive cycles. THQﬁgigorzgeedgdeWOfa aart%” Igrlzrgtgsés}less(c? n?g ofotr;:g c%rr?ggg'lo%rs)bgtn eelr\(?a;\/s
maps presented here have taken care to avoid stratigraphic nomenclatural rroB‘fnd o astorn Ven Fz) II u relation of the Rio Near /Til:l) ith ‘é" pliny Silts dominate; generally marine Chert or highly siliceous shale
lems and if we propose to put two formations in the same map it is because Wéarbon(zstees/claseiic?s'ug l?éir(r:]%rc?sa I\aac%iquees ag d ggrgia FLrJn shaleg bae Igrl{lu'
have our own direct observational evidence rather than assemblages of info mzf— 1 DL g ) ; Al -
tion from the literature 9 o the same transgressive sequence tract; the Aguardiente/Lisure/Pefias A | Marine shales/claystones, non-calcareous Platform carbonates
' with the EI Cantil/Chimana; the very widespread distribution of Albian t Calcareous shales, organic rich, generally o
. Different names for slightly different facies within different basins and nomep- €&/ly Campanian shales of the La Luna, Querecual, San Antonio, Colon Fri | J¢c e d with hemi-pelagic foram-lsts Orbitolina carbonates
clature complications introduced by "competing” companies. survevs ahd/Note also the more abrupt and earlier end Cretaceous regression in westerm _
ure_comp y pelng b ’ y enezuela. The revisions allow us to construct sensible and internally cons| | Calcareous carbonate concretions Condensed deposits, phos-
universities. Why, for example, do names change from the east to the we ! . ; S phates and glauconite
Venezuela or from one side to the other of the Mérida Andes? Questions such a§Nt Sequence stratigraphic cross-sections.
which unit is equivalent to the La Luna or what is the age of the Capacho
become common and difficult to resolve without an adequate biostratigrap |ch
framework. The maps presented herein are viable hypotheses created with| olir LA
biostratigraphic framework and with sequence stratigraphic concepts gn c WESTERN VENEZUE S SARC EAC;Q“TERCN VENEZUELAO 5
meth . TACHIRA LARA PERIJA BARINA P. GARCIA R. QUERECUAL ANZOATEQUI
e OdS IB Mito Juan ~i6 o Oro Mito Ju g"u't; Vidofio ISLANDS OFESHORE Vidofio
« Many different names for completely different facies. In terms of traditional |2 E(;( Caltom SR PUERTO LA CRUZ
stratigraphy it is obviously correct to propose different names for facies that arg”|. Cujisal el ?? ?? o e
different and of the same age (coeval and heteropic) but this complicates under- o col 200 oo ——
standing regional distribution and significance of these facies changes. A cleaf,|>| =" oo Colon Colon Colon ° @00 0o
example is the relationship between the Escandalosa Formation of the Barjnag|:|——— | colon Cuiisal Tres Esquinas Burguta | Burguita 2 ey ose e
Basin, and the coeval Seboruco and La Grita members of the Capacho Forma@ Zfr == = 2 San Antonio | o _ . San Antoni
tion near Mérida. = res Esquinas c— 2 SOoco® | @ o al onio
% = Colon [ i g OO0 © © o
In addition to nomenclatural problems mentioned above, eastern and western Vene=13i 525 855 [ e |- Soely | Glauc. zone Y Cuevedo [ Cusweds R YWY
zuela stratigraphy has been treated as completely different because those| twg|=f #x25% | Chet |25 z i = g & G vom 5
regions are currently separated by a metamorphic belt. The two are more SiMilaE | famm  Fowmpeans taluna . laluna | laluna 2 = Cimayacan| R I
than normally usually thought but their connection gets complicated by poor bips-2[=[58& 5 =D Chefende | _ LaLuna La Morita S®0 oo Querecual
tratigraphic constraints in shallow-water facies and by differences in stratigraphici= f@m = 200 OO g CoCAndalesa e —oow s 2y €30 oo Quercoual
thickness. Furthermore, there are many more stratigraphic nomenclatural problems|z Seboruco » = LT Querecu
- . » NETE ¢ Yy grap . p S [=] Seboruco Chejende |5, gac~o | “Maraca| Maraca Hiatus Escandalosa Chimana Covered Querecual
which are related to the intrinsic nature of some geologists and their need for comi® B = — S - T —
plicating simple explanations proposing new names. The maps presented jand | [T F——— i — oo =o| [Maraca | greensand L =
described in this report were constructed with all these issues and constraints ip La Puya Aguardiente | | e SSS & | chimana | Hiatus
mind and they follow sequence stratigraphic concepts and methods. However, all : £ i ure .
the maps comprise a time interval rather than a time line and may represent seyernal . AR > < T, [T FR—— Ep— ® Chimana S N e —,
depositional sequences which were deposited in a general trend without majof* Brbitolinas % L S =)
breaks in deposition. For this reason the maps contain a mixture of facies of slightly _ Piche : | =1 ® ‘
different ages and should be read bearing this in mind. The maps are accompanied ™| =71 > | et Machiques |___Fiche Guaimaros - Gaca| = EiCanil | Bomacha | _
by detailed sequence stratigraphic cross sections for the map time interval, regoly: |-F—— ~ Shale _|-Guaimaros{ oo o oo < e | o
ing correlatability of facies with better time precision and we also provide summary E z Tibu T = = Machiques Apon —— e [ Gaca_| Garca
stratigraphic cross sectionBgge 5 showing our views on Cretaceous sea-leve ~| RioNegro | RioNegro | RioNegro |—RieNegre—| Tibu Barranquin | Barranquin | _Barranquin_|_Barranguin
behaviour and basin filling . Thisstudy ~ Renz, 1982 Thisstudy  Renz, 1982  Thisstudy  Renz, 1982 Parnaud, 1995 Bartok, 1981 Thisstudy  Renz, 1982 Thisstudy  Thisstudy  Thisstudy Vivas, 1987 Renz, 1982 Vivas, 1987
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EARLY CRETACEOUS PALAEOGEOGRAPHY
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onlap for map time interval
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BERRIASIAN-BARREMIAN PALAEOGEOGRAPHY al deposits of the Barranquin. Facies associations within the time span of thisvaigp depths). In the east, the lower Cretaceous comprises siliciclastic coastal facies

have been regarded as potential reservoirs because of their coarse-grained (Bduranquin Fm) with some restricted shallow -water carbonates (e.g., Morro
Facies associations for this time interval show the effect of differential post-rift thewever, only a few places in northern South America have production from I®leamco, Taguarumo). Coeval, very similar, facies in western Venezuela have been

mal subsidence, locally favouring the development of shallower-water belts @Gedtaceous facies. assigned to the Palanz, Yuruma and Rio Negro fms, also composed of a mixture of
away from the Guyana Craton and resulting in development of additional shallow coastal and shallow-marine siliciclastics with carbonate buildups.
water facies belts away from the paleocoastline. The Cretaceous system transgressed over continental facies of the Girdn, La Quinta

and other Jurassic red bed intervals. Generally the Cretaceous sits on a majorlheeetns of sequence stratigraphy, the Early Cretaceous can be generally assigned to
In the west facies of the Rio Negro have relatively distal equivalents (referrdéhgsunconformity ("breakup u/c") which formed during Jurassic differentaltransgressive systems tract with several regressive episodes. Transgressive-
Aguardiente) and, further offshore, additional proximal equivalents are also calldidence. Coastal onlap stepped south and east towards the Guyana Cratonrégpassive episodes as well as the general transgression that occurred during this
Rio Negro. Strata in the depression between the two shallow-water belts are thickatap generally stepped in those directions throughout the entire Cretaceousméttinterval are shown in the map as a wavy line with an arrow at the end. Direc-
(e.g., the Uribante, Machiques, and Barquisimeto troughs - e.g. see inset for fawiesxceptions (shown on the maps). tionality of the line implies time with the initial portion of the arrow being at the
relationships across one of the troughs). Facies belts in the east were similar but base of the time span comprised in the map and the tip of the arrow at the end of the
lower sedimentation rate favoured more carbonate productivity. Some calcarBoeiEarly Cretaceous transgression is generally composed of shallow-water sitiei-comprised on the map.
units within the Barranquin Formation correlate laterally to the south with relatiwidgtics mixed with carbonate buildups and localized reefs with little shale and few
distal facies of the Valle Grande Formation and further south with fluvial and caastrce rocks (Caqueza Gp in East. Cord. of Colombia is an exception, due to greater
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LATE OLIGOCENE PALAEOGEOGRAPHY
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LATE OLIGOCENE PALAEOGEOGRAPHY Miocene, prior to deposition of the Icotea Fm. The eroded area was then tolmse for Merida Andes uplift is less clear. Chert pebbles in the basal Guayabo Fm

gressed by the La Rosa Formation sea in the Early Miocene, driven by load-indoiggd have come from the Santander Massif. 21-24 Ma AFT ages are known only
From Late Oligocene time, continuing oblique collision was accompanied bystitesidence related to Andean thrusting. By now, the leading edge of subductedr@arthe Valera Granite (?local Bocono Fault related pop-up?) - all other ages are
onset of the Andean Orogeny and tivesetof E-W trending transcurrent faultingibbean lithosphere had reached to beneath eastern Lake Maracaibo, requiring lateé@tiocene. No Mérida-derived alluvial-fan conglomerates are known. In the Bari-
along northern South America, which eventually involved the Falcon Basin. Cotthirnusting along the north side of the Leeward Antilles, at this time located just n@thBasin, the fine-grained alluvial basal Parangula Fm passed south into the coal-
ued eastward migration of the Caribbean Plate required E-W trending dextral fafuRalcon. This "trench" must also have propagated eastwards with the leadingoiaring Gardulio Mb of the Guafita Fm and the Carbonera Fm (Colombian Llanos
to propagate through the allochthons (once part of the Caribbean Plate) oncedissgrs type fault zone (see insetRage 133 with the Leeward islands forming ausage) which may have been part of a broadly NE-directed low gradient
"docked" against northern South America. The eastward propagatiofarge wedge, with likely very complex internal deformation, overlying oppositdl§intermittent marine incursions?) river system which allowed Lake Leon to drain
overthrusting, then docking, implies that strike-slip and associated basinsdifging underthrust zones. At about this time, arc volcanism began in the souitirihe Roblecito foredeep. The Villa de Cura nappe was shedding sediment of
younged east - with present day propagation occuring in easternmost Venezuelassetr Antilles and extension in Grenada Basin slowed. "orogenic" sediment southwards into the Guérico sub-basin of central Venezuela
Trinidad. In the Falcon area, dextral slip may have been incipient at this time (on (regressive, east-younging Chaguaramas Fm). Just west of the Gulf of Barcelona,
Page 13bwe outline why we think this is not thigimary cause of basin inititation) A dramatic increase in rate of westward advance of South America over the nthetlelistostromes of the Tememure Fm reflect rapid trench then accreted to the
but strike-slip and pull-apart formation is more prominent in the Miocene. Propaga@a. 25 Ma seems to have kick-started Andean orogeny in the west, with thaltechthons in the earliest Miocene. Distally along the trench, turbidite sands
tion of crustal-scale dextral faults would have continued the unloading effect ntmieid load of the rising Perija Andes and Santander Massif driving the depressawhed into the proto-Caribbean ocean (Scotland Fm of the Barbados accretionary
on Page 13h enhancing Falcén subsidence and northern Maracaibo reboundfi{lebby "Lake Leon" in the Maracaibo area, which was filled by onlapping cogsaem). In the early Miocene, emergence of the prism provided detritus for the Nar-
inset above). Most of the rebound had occurred by the latest Oligocene or eagigdishents prograding from west (Peroc Fm) and ?NE (Palmar Fm). Explicitieual Fm of the western Serrania.
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SEDIMENTOLOGY AND STRATIGRAPHY OF WESTERN VENEZUELA

2) Orocué Gp (Los Cuervos Fm) and Mirador Fm, Tarra Anticline.

Type area of the Mirador Fm ssts underlain by mud-
stones of the Los Cuervos Formation (Orocué Gp). 1
Lower units of the Orocué, i.e. Catatumbo, Barco Fms
are not exposed here. Nearby, a large oilseep occurs in
Orocué Gp sandstones. ]

OROCUE GP, RIO LOBATERITA (CANYON) OROCUE Gp. + MIRADOR FM., RIO LOBATERITA (ROAD + CANYON)
10 200 A
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Age: Los Cuervos Fm is Paleocene and the Mirador is
lower and middle Eocene, but palynological dating 001
not particularly good in this area.

——= First sand
AN

MIRADOR
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Facies description:Lower 50 m consists of Los Cuer-
vos gray and mottled gray-pink, massive mudstones
with some rootlet levels, with a 6 m cross-stratified
sandstone, with bioturbated upper surface. Nearby 1
there are coal beds lower down.

Mirador is mostly fine-medium sst. Sst up to 15 m
thick are separated by 1 m pale gray, structureless 7
mudstones. Lowest sst has an incised base, with ca. 7
m relief over 40 m laterally with basal 1 to 2 m coarse
grained and oil stained.
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Facies interpretation; Los Cuervos mudstones inter- (]
preted as aggradational paleosoils formed in a fluvial=" ]
or delta-plain overbank setting. The associated sand-
stone interpreted as a fluvial (more likely given dis-

tance from sea) or distributary channel. Mirador sand-
stones interpreted as fluvial deposits, in association
with overbank-paleosoil mudstones. With evidence for |
lateral accretion elsewhere this implies a meandering, §
rather then braided, stream setting. The incised base of
the Mirador, combined with regional thickness varia-
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tions suggests it fills incised valleys, implying an &
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unconformable contact with the Los Cuervos. Palynol-
ogy shows no detectable time gap, suggesting that the |
relative sea-level fall was of short duration, possibly
corresponding to one of the three Type-1 sequence
boundaries clustered near the Paleocene-Eoggng |
boundary on the Hag et al. (1988) chart.

gest deposition in delta or wet alluvial plain lakes cut by channels. In the Los Cueith coarse sand/pebbles common in the lower 2 m of the "second sand" (quartzite
— T T vos Fm, the rhythmic heterolithics are interpreted as offshore-lacustrine depostsd chert), with no burrows. Capping the "second sand" is a thin (1-1.5 m), trough-
8 Asymmetrical-ripple strings may represent dilute, river-fed turbidity currents, coneross-stratified bed whose foresets alternate between fine sandstone and conglomer-
mon in lakes. The mud-draped discordance at 133 m is interpreted as a slideater(base of Carbonera), with some tabular mudclasts up to 40 cm long. The base of
slump scar. In contrast, the channeloid discordance at 145 m is interpreted as a thenbed undulates irregularly; the top has symmetrical ripples. Overlying is a coars-
depositing channel, filled passively after abandonment by onlapping strata, incleding-upward succession, starting with burrow-mottled mudstone, followed by 7 m
3) Orocué Gp (Catatumbo, Barco, Los Cuervos fms), Rio Lobaterita canyon. ing a basal slump bed. The succeeding upward-convex packages are interpreted lasterolithics and topped by the tabular cross-bedded channel-filling "third sand"
(Logs above right) underflow-fed, point-sourced depositional lobes, again found in lakes. The comfgart of Carbonera Fm). Above 243 m, probably faulted Los Cuervos, is dominated
nation all suggests a lacustrine delta-front environment. The mudstones cappingoyie(1) burrow-mottled mudstones; and (2) heterolithics, slightly burrowed facies.
Entirely within the Orocué Gp comprises mudstone-rich intervals at the base ansection may be paleosails, interpreted as floodplain deposits, consistent with Ruoetlets are present in a 10 cm mudstone bed at 285 m. Thin coal beds are noted at
top, separated by a 50 m sandstone-dominated unit, consistent (both lithology @aretall fluvial and/or deltaic Orocué interpretation here. 284 m and at 300 m.
thickness), with the tripartite Orocué Gp regional stratigraphy.
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Facies interpretation: The Los Cuervos (0-160 m) was deposited in a mud-
Age: Fossils are rare in the Orocué Group. Most palynological data suggests lJsOrocué Group (Los Cuervos Fm), Mirador Fm and Carbonera Fm, Rio dominated alluvial or delta floodplain environment prone to emergence (rootlets,

Palaeocene. On our paleogeographic maps, we assume the Catatumbo Formatiowbtaterita valley. (Logs shown above right) palaeosols), with local peat marshes (i.e. coals) consistent with the regional context
be Lower Paleocene and the Los Cuervos Formation to be Upper Paldeages ( and crocodile remains. The base of the Mirador "first sand", representing the con-
10b, 113. The section shows two mudstone units, separated by three thick (10-30 m) saack between the Los Cuervos and Mirador formations, appears to be planar and

stones (160-242 m). The mudstones can be assigned to the Los Cuervos Fmcaieordant, possibly an unconformity of short duration. The "first* and "second"
Facies description:Lower 30 m are dark gray mudstones, succeeded by 50 m agsign only the lower two of the three sands to the Mirador Fm. The "third sansiinds are fluvial-channel deposits fining into laterally accreted upper point-bar
pale gray and mottled gray-pink, massive mudstones with rootlets and coal beudiss the underlying heterolithic interval (206-215 m) probably belong to the Caediments, in a meandering rather than braided channel. Sediments above
The subsequent Barco Fm includes meter-scale sandstones, cross-bedded, |dmatigra Fm with a basal transgressive lag and a different depositional environm@arbonera) represent a transgressing shoreface, leaving a thin lag overlying a
structureless and containing mud chips. Gastropods at 119 m. Above is a 50 m Tieis unconformity (at 205 m) at the base of the Carbonera Fm is noted regionallyavinement surface (the thin pebbly bed at 206 m), with mudclasts derived by
erolithic interval (Los Cuervos Fm), with streaks of silts and asymmetrical ripple wave-erosion of a retreating cliff. The overlying heterolithics are subaquatic, depos-
strings varying rhythmically on a dm scale. There is an undulating discordanceA@e: The Carbonera Fm "third sand" is late Middle or Late Eocene age, coeval witkd above a marine-shelf "flooding surface", show tidal influence, probably depos-
m relief in 10 m) at 133 m filled by mudstone. At 145 m, a channel has ca. 12 mtieé main reservoir at Guafita and Cand Limon, all probably similar tide-influencéed on the fringe of a prograding shelf- or delta-front sand bar (third sand) with a
relief over 50 m laterally, infilled and onlapped by heterolithics. Pale mottled mudelta deposits. Thus this section could be a useful outcrop analog for reservetmured base. Progradation eventually established a delta-plain over the entire

stones with roots and micro-nodules cap the section. modeling studies. The upper mudstone-dominated interval (260-300 m) gaegion (consistent with the coal beds). In the upper, repeated interval of Los Cuer-

palyno-ages of Early Eocene and Late Paleocene-Early Eocene, suggesting a repeti+ormation, the burrowed mudstones and heterolithics are interpreted as
Facies interpretation: The lower dark mudstones are interpreted as offshore dion of the Orocué Gp by a fault, with associated breccia. subaquatic, while the scarce coal beds and rooted intervals indicate occasional
lacustrine, possibly part of a "wet" alluvial, or delta plain. The overlying pale mud- emergence and marsh development, again suggesting an alluvial plain with perma-

stones may be paleosoils, showing long-term aggradation of mud, probably inFaties description:The Los Cuervos Fm (0-160 m) is dominated by variably colnent lakes fringed by marshes.
alluvial or delta plain. The sandstone bodies of the Barco Fom are interpretecb@s] mudstones with rootlets, coal interbeds and crocodile remains. The "first sand"
fluvial or distributary channels. The combined facies of the Catatumbo-Barco samd "second sand" (Mirador Fm) are sharp-based, trough cross-stratified, fine-sand
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SEDIMENTOLOGY AND STRATIGRAPHY OF EASTERN VENEZUELA

CARATAS- LOS JABILLOS UNCONFORMITY, RIO QUERECUAL
FM FACIES DESCRIPTION INTERPRETATION
7.5  quartz arenite, thin bedded minor medium bedded; massive, traces are parallel grooves 4 mm
wn Amalg. dm fs beds, wide on horizontal plane and cross and bend and >10 cm long with apparent star pattern
O _:—s\gi_ x-bedded & burrowed [name?](Jim has photo); horizontal laminations increase upward; fine grained; moderately well to
15 4 AR Tidal shelf/TST well sorted
g Amalg. 10-20 cm
i% ——] massive fs beds 180+
| Poorly sorted cs Transgressive lag
. . [~~~ Type 1SB 1 silty sandstone, grey and black with oil stain, fine grained, cleans upward in upper 0.7 m to
Burrows filled with cs yp clean arenite with better cementation, then transitional to next unit
10 — 175+
Dm-interbedded
erbedde Shelf/TST? 5 clean quartz arenite, moderately sorted, mostly medium grained, massive, off white, rare oil
. nodular mudst & spots, sharp upper contact
b massive sltst/ vfs
= 1.75 subwacke to sandstone, poorly sorted (very fine to granules) grading to moderately sorted
é (fine to medium grained) with oily interval at 20-40 cm level (worst cementation); shades of grey; 1704
< grades up to better sorting, fines upward to next bed
5 o 6 quartz arenite; thin->medium bedded, thickens upward; cleaner upward; massive to horizon-
tally laminated with ~1 cm lams; rosy brown and pale white; tabular beds; rare subhorizontal
traces/burrows ~2 mm diameter and nearly straight for >10 cm; mostly medium grained some
coarse; well sorted except where coarse grained; unit consists of 2 thickening successions; this unit
like others has subangular grains that are moderately sorted [probably not reworked San Juan, but 165+
probably from Shield]
$ é Burrowed fs Shelf/SMST? , ) L .
E 1.5 sandstone, poorly sorted (very fine->coarse grained) with minor silt; abundant orange stain;
0 lens-like bedded in medium beds; better cemented upward
m EE; 3o
a ~ 5 quartz arenite, fine grained, pale white and rust; very hard; thick->medium bedded; mostly medi- 1604
78 um grained, but one bed has granules to 4-6 mm then fines upward; oil stained spots are 2 mm - 2cm and
. scarce; top bedset (with granules) grades to no exposure
. . ,
Refe rence Sect|0n for Los Jab| | IOS Fm, Rio Querecual . 801 - 0 unseen contact 7 quartz arenite; tabular beds of laminated sandstone with very shallow scours; fine to
E=—— gommnsandstone, fine grained and silt laminated; harder upsection [more cement less oil]; 78.5 m on icn%?{:sa?e%L?:Ipeﬁe?gg\?vraeltrsgg??ned' thin to thick bedded [ripples and small shallow scours

104
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1.5  sandstone; moderately well sorted very fine->fine grained with medium grains in scours; scoured
internally with suggestion of trough x-beds; hard; sharp upper contact

6 siltstone and sandstone. sandstone beds are thin->medium bedded, no vertical trend. siltstone is
sandy, very calcareous with nodules in several layers; CO3 cements sandstone too, often irregular nodules
should not be confused with boudinage of sandstone beds, which also is abundant; coarsening upward of
silt from siltstone to very fine grained sand; dark grey at base light at top

7 quartz arenite, fine->medium grained; medium bedded; horizontal and cross laminations in
planar, tabular beds; x-beds are 15-20 cm high; flow to NW; light brown darkening upward to purple
black [oil staining]

0.4 silt/claystone; foliated not laminated; black with oil smell; massive; top at 16 m on column

0.2  sandstone, massive due to bioturbation; very fine->fine grained; black due to oil; rapidly
transitional on top

0.5 sandstone, very hard, originally horizontally laminated with 2-4 mm lams, but bioturbated to
reduce continuity of lams; lams are now black due to silt that is possibly oily; thin bedded; fine-
>medium grained; sharp, undulatory contact above

1 quartz arenite, scoured at base and filled in with wavy bed-parallel laminations of sandstone;
moderately sorted fine->very coarse grained; fining upward rapidly to fine grained; off white; sorting
increases upward; slight oil stain near base

3 sandstone, thin->medium bedded; moderately well sorted very fine->medium grained with
scattered medium->coarse grained; massive to horizontally bedded at ~8 cm spacing; oil-stained grey;
sharp upper contact

3 unexposed, but probably soft siltstone

1.5 quartz arenite, very fine->medium grained; inclined laminations, but very low angle; white;
more brittle and harder; low amplitude undulatory top

25 sandstone, better sorting than below; fine->medium grained with silt, mostly massive but some
horizontal laminations; no CO3, no oil, beige, medium bedded, silty matrix, sharp upper contact

2.5 sandstone with 1 cm diameter burrows covering bottom and locally cross-cutting, density of bur-
rows is high, burrows mostly horizontal on ottom plane but vertical burrows cross into underlying bed,
burrows mostly straight but several fork at *4® bottom plane, burrow walls are 1mm silt and filled by

oily black medium->coarse sand (Jim has photo); sandstone is oil grey, poorly sorted very fine->granules
(finer than burrow fill), grains are subangular/subrounded; crudely laminated; fines upward to medium
grained and poorly sorted, no CO3; grades up to silty sandstone. Basal 3 m of Los Jabillos is a medium-
>coarse grained "wacke" with grain-supported grains in interstitial silty matrix; wacke is medium->thick
bedded, internally massive; medium grey; sharp planar contact.

0.6  sandstone, moderately poorly sorted with fine silty matrix, fine->coarse grained, massive; internal
bed contact is undulatory with ~6 cm relief; oil stain and smell to black; 1 cm siltstone cap

>10 thin->medium bedded, much CO3 cement, very fine->fine grained sandstone, nearly tabular beds;

subhorizontal laminations are wispy and discontinuous; ss/shale is 7/3; shale is sandy siltstone,

calcareous, nearly black; ss-shale contacts are transitional; bed-perpendicular extensional weathering in
sandstone near top

1.5 quartz arenite, poorly sorted (very fine->coarse grained), oil stained dark grey; poorly cemented;
fines up to next unit

6 quartz arenite; thin->thick bedded, thickening upward in firts 3 m, then thinning upward in upper 2
m; fine grained; horizontal laminations, white-rusty; massive or horizontally laminated with low-angle x-
lams and first suggestion of ripples

5.5 quartz arenite; fine->medium grained; thin->thick bedded; medium grey; locally hori-
zontally laminated or bioturbated

1.5  "subwacke" mostly sand and silt (very fine->medium grained); grey-brown; massive

2 quartz arenite; thick bedded, medium grey, thinning up at top; fine->medium grained; sharp
contact above

0.3  sandstone, dark grey with oil? stain; convoluted bedding and lens-like due to scouring

6 quartz arenite; medium->thick bedded, horizontal laminations to massive; very hard; mostly
fine grained; sharp upper contact

0.3 "wacke" black, oil stained, mostly medium grained sand, possibly contains 1-2 mm gypsum
flecks [secondary], massive, no carbonate

0.2  shale, black, oil stained, 1 cm diameter subhorizontal burrows, sharp upper contact; 49.5 m
on column

25 quartz arenite, horizontally laminated; medium grained with minor fine and coarse; very hard;
medium->thick bedded; rosy graey, black, light grey

0.25 quartz sandstone; medium bed; horizontal laminations, hard, medium grey

0.25 "wacke" poorly sorted silt->coarse grained but mostly very fine grained; dark grey; sharp upper
contact

5.5  sandstone; medium->thick bedded; sorting varies from well to moderate; off white to rosy pink;
grades up to quartz arenite, very hard, horizontal laminations to low angle x-beds with flow to NW; fin-
ing upward in unit from medium grained to very fine->fine grained; grading quickly at top; top 0.5 m is
progressively dirtier

2 sandstone, massive, moderately well sorted with pebbles common near base, dark grey,
sharp upper contact; [debris flow??7?]

0.5  "wacke" very poorly sorted (silt to granules matrix supported); [debris-type dump??]
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2 3 beds thinning up of poorly sorted sandstone with oil staining; fine to very coarse
grained with rare granules; moderately indurated (whereas everything else is hard); massive;
oil stained medium grey with minor rust orange weathering; one 10 cm sandstone beds inter-
bedded 30 cm below top [waning pulses - not all one event]; sharp upper contact

2.5  sandstone like before

13.5 quartz arenite; flute casts ~6 mm wide by ~6 cm long in one bed indicate flow to NW

(rake~20 to SW on bed plane); grain size generally fine grained but stringers of medium to

coarse grains are 2-4 mm thick and inpersistent but rare; mostly horizontally laminated (Sh)
but minor scouring with coarse grained intervals; thick beds consist of 1 cm lamina of sand
near 4-5 m level; grain size and bed thickness vary, not uniform but narrow range up to medi-
um to thick bedded and coarse grained; moderately well sorted; rare oil spots 2-4 mm

9.5  quartz arenite; thin to medium bedded, massive, tabular beds; very hard; fine grained to
fine to coarse grained (sorting and grain size vary -> large grain size=poor sorting); rusty pink
white; top 3 m has large channel indicated by inclined bedding, inclined bedded formed by
medium bedded sandstone at angle to bedding (300-90), with flow to N or S; top 1 m is moder-
ately sorted fine to medium grained sandstone with oil spots; [this forms a progradational unit]

1 quartz sandstone, poorly sorted, mostly coarse to very coarse grained with lesser fine to
medium grained and granules; all grains subangular/subrounded; massive; cleaner with respect to
oil than below; fining upward in bed to medium to coarse grained; gradual variations in
cementation; all quartz grains; off white where no oil; oil only in 10 cm bank; stacked second
coarse to granule bed on top of previous bed; base at 119 m on column

8.5  quartz arenite; medium bedded, tabular, medium grained, very hard, off while, sharp upper
contact

2.3  dirty sandstone, poorly sorted but finer than other wacke-like units with max grain size near
medium; dark grey/black with oil; thin bedded; fining upward from medium grained to fine grained;
nearly all quartz; pinch and swell bedding; sharp upper contact





