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RESUMEN

Perfiles de rayos gamma espectral del anticlinal del Cerro Ballena, provincia de Santa Cruz: un 
análogo de afloramiento para la caracterización de subsuelo y correlación por perfiles de pozo de 
reservorios de areniscas fluviales.
Los perfiles de rayos gamma espectral (SGR) de afloramiento son útiles para la caracterización 
de análogos de reservorios y para mejorar las correlaciones de perfiles de pozo en subsuelo. Este 
trabajo analiza afloramientos de la Formación Bajo Barreal (Cretácico superior) en el anticlinal del 
Cerro Ballena (provincia de Santa Cruz), combinando mediciones de SGR con datos litológicos 
y mineralógicos. Los afloramientos analizados muestran, en la base, canales pequeños y con 
baja interconectividad dentro de limoarcillitas silicoclásticas (Sección A, 185 m) que evolucionan 
verticalmente a canales de mayor escala y mayor conectividad, intercalados con facies finas de 
planicie de inundación de naturaleza volcaniclástica (Sección B, 270 m). Se realizaron tres perfiles 
de SGR en una sección de 380 m de potencia usando una separación vertical entre mediciones 
de 50 centímetros. En los afloramientos se reconocieron trenes verticales de reducción de K y 
GR total hacia la parte alta de la Sección A, asociados a lavado de K durante la meteorización, 
con incremento simultáneo del contenido de caolinita, que en conjunto implican un incremento 
en la tasa de meteorización química hacia arriba en la Sección A. Los trenes de K y GR total 
identificados en la Sección A permitieron correlacionar el registro del cerro Ballena con perfiles de 
GR del yacimiento Cerro Wenceslao, en donde los ciclos identificados presentan similar potencia. 
Complementariamente, utilizando estimaciones paleohidráulicas en el relleno de 41 canales de 
las secciones A y B, se reconoció incremento en la profundidad de flujo y del ancho del canal, 
aumento de caudal y del tamaño del área de drenaje de los ríos incluidos dentro de la Sección B, 
confirmando de manera independiente mayor disponibilidad de agua en el sistema fluvial, así como 
condiciones de clima más húmedo en la Sección B. Las metodologías utilizadas han demostrado un 
origen climático a los trenes verticales observados en el perfil SGR, y permiten además establecer 
que las variaciones observadas en el apilamiento de los canales entre la Sección A y la Sección B 
están asociadas a cambios climáticos hacia clima más cálido y húmedo.

INTRODUCTION

Spectral gamma ray (SGR) logs are widely used in the oil industry to identify facies, for 
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subsurface correlation and sequence-stratigraphic interpretation (Rider 1999; Catuneanu 2006). 

Outcrop SGR combined with facies analysis and geochemistry proved to be useful for paleoclimatic 

reconstructions (Myers and Wignall 1987; Ruffell et al. 2003; Ghasemi-Nejad et al. 2010), to 

highlight relationships between texture, composition and provenance (North and Boering 1999; 

Corbeanu et al. 2001; Evans et al. 2007; Šimícek et al. 2012), and for stratigraphic analysis (Myers 

and Bristow 1989; Parkinson 1996; North and Boering 1999). Outcrop SGR also allow to correlate 

outcrop sections with wire-line data using the vertical variation of K, U and Th (Hampson et al. 

2005; Keeton et al. 2015). Much of these studies are concentrated in carbonate strata, where the 

dilution of terrigenous Th and K in marine calcium carbonate is interpreted as a proxy for marine 

or continental influence (Postma and Ten Veen 1999; Lüning et al. 2004; Hladil et al. 2006; Babek 

et al. 2007, 2013). In sedimentary successions, potassium is found mainly in K-feldspar, micas and 

illitic clays, whereas thorium is concentrated in sand and silt-sized heavy minerals, phosphates 

or adsorbed and concentrated in clays (Ruffell et al. 2003). Uranium is hosted by heavy minerals 

but can also be enriched in anoxic organic-rich sediments (Myers and Wignall 1987; Anderson 

et al. 1989). Higher gamma ray counts are commonly attributed to mudstone. The presence of 

K-bearing illite, I/S mixed layer clays, sericite and the tendency of U and Th to adsorb on the 

surface of clay minerals and organic matter is common in fine-grained facies (Rider 1999; Lüning 

et al. 2004). Low gamma-ray counts are typical for sandstone and conglomerate facies due to the 

dilution effect of non-radioactive quartz, carbonate cement and pore space (Rider 1990, 1999). 

However, these grain size related effects can be complicated by mineralogy or diagenesis. Many 

siliciclastic facies can include variable amounts of K-bearing grains (e.g. K-feldspars, albite and 

micas) in the sand fraction, Th- and U bearing heavy minerals (zircon, apatite, monazite, rutile, 

davidite, brannerite, etc.) in the sand-to-silt fraction, K-bearing phyllosilicates (illite, glauconite 

and smectite), and the organic matter (cf. Durrance 1986; Doveton 1994; Lindqvist 1997; Jain et 

al. 1998; Svendsen and Hartley 2001). Although GR and SGR well-logs are commonly used for 

correlation and in sequence stratigraphic analysis (Catuneanu 2006), attempts to correlate outcrops 

SGR logs with facies analysis on large-scale depositional systems are not common (Aigner et al. 

1995; Evans et al. 2007), presumably due to usually poorly predictable composition effects of the 

most of siliciclastic sediments. In the Golfo San Jorge basin, SGR well-logs are frequently recorded 

during drilling, although their utility as a proxy for grain size or lithology is not concluding due to 

the variable incorporation of radio-elements in volcaniclastic components delivered to the fluvial 

systems (Acuña et al. 2011). 

The Golfo San Jorge Basin, which is located in Central Patagonia, has produced approximately 

10 billion barrels of oil (1,500 million m3) during its more than 100 years of development history. 

With more than 40.000 drilled wells, it currently provides nearly 50% of all liquid hydrocarbons 

and 13% of all gas of Argentina’s production (Secretaría de Energía 2016). Up to 90% of these 

hydrocarbons are recovered from fluvial channels in the Upper Cretaceous Bajo Barreal Formation, 
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and subsurface equivalents. The exposures of the Bajo Barreal Formation in the Cerro Ballena 

anticline (Santa Cruz province) provide a good subsurface fluvial analog because it is reservoir scale 

(2.5 km wide x 385 m thick) and have well exposed facies relationships. Previous research in the 

Cerro Ballena anticline have identified a siliciclastic section with isolated channels at base (Section 

A, 180 m thick sensu Figari et al. 1998) covered by densely-stacked channel belts encased in a fine-

grained volcaniclastic floodplain (Section B, 182,5 m thick sensu Figari et al. 1998). Those results 

were expanded by Bridge et al. (2000), where qualitative and quantitative information of fluvial 

sandbodies and floodplain facies was presented. An update of the channel belt characteristics and 

fluvial style variations of the Bajo Barreal Formation at Cerro Ballena anticline was presented in 

Paredes et al. (this congress).

In this paper, we provide results of detailed outcrop SGR logging of the two distinctive 

lithological packages with different stacking styles that occur within the Bajo Barreal Formation 

at Cerro Ballena anticline. The field data also provide paleohydraulical parameters derived 

from measurements of cross-bed set thickness, and it is supplemented with laboratory XRD 

measurements of fine-grained mudstones aimed at tracing climatically controlled compositional 

changes. 

GEOLOGICAL FRAMEWORK

The Bajo Barreal Formation (Lesta and Ferello 1972) was deposited in an endorheic basin over 

an area exceeding 150000 km2. Its maximum thickness is up to 1300 m in the subsurface (Fitzgerald 

et al. 1990), whereas at outcrop it reaches 670 meters in the Codo del Senguerr anticline (Paredes 

et al. 2016). Due to its wide distribution, the interpretations of its environment changes across the 

basin, being identified lacustrine fans, volcaniclastic alluvial fans, meandering and braided rivers, 

and ephemeral rivers (Brown et al. 1982; Barcat et al. 1989; Hechem et al. 1990; Legarreta et al. 1993; 

Rodriguez 1993; Hechem 1997; Georgieff and Benedetto 2005; Georgieff et al. 2009; Umazano et 

al. 2008). Outcrop analysis along most of the San Bernardo fold belt recognized a Lower Member 

and an Upper Member, distinction based in the floodplain composition and scale of sandbodies. 

The Lower Member is characterized by channeled sandstones interbedded with fine grained (very 

fine sand-size) tuffaceous strata, whereas the Upper Member is composed of larger-scale, isolated 

channel sandbodies surrounded by grey siltstones and siliciclastic mudstones (Figari et al. 1990; 

Umazano et al. 2008). Although most sedimentological studies at outcrops indicate the occurrence 

of fluvial systems with large discharge variation or ephemeral rivers (Hechem 1997; Umazano et 

al. 2008; Paredes et al. 2016), a palynological assemblage recovered in the subsurface of the basin 

(Archangelsky et al. 1994) from the Lower Bajo Barreal Formation indicate humid, continental 

mild to warm climate.

The Cerro Ballena anticline constitutes the western limb of a faulted, plunging anticline, the 
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axial trace of which is oriented NNW–SSE. Cerro Ballena is bounded to the west by a reverse 

fault, and to the south by the Deseado River. The strike of the strata is N110ºE to N130ºE, and 

dips range from 3º to 50º (Fig. 1). In the area of the Cerro Ballena anticline, Figari et al. (1998) 

identified three main lithological packages defined according to the occurrence of discontinuities, 

lithofacies types and stacking patterns, named A, B and C in ascending order. The Sections A and 

B are exposed in the core and western limb of the Cerro Ballena (Figs 2, 3 and 4) and constitute the 

main subject of this research, while the Section C is partially identified in the southern plunge of 

the anticline and mainly southward of the Deseado river (Figari et al. 1998). The Section A is 180 m 

thick and it consists of pale green and yellow siltstones interbedded with small-scale channel fills 

up to 2.5 m thick, interpreted as unconfined sheetfloods and crevasse splays, ephemeral currents 

and distal mudflows arriving to a low-energy environment with limited paleosol development. 

The Section B is a 300 m thick succession that starts at the base of the first level of red-colored 

tuffaceous mudstone exposed in the western limb of the Cerro Ballena anticline; it is interpreted 

as the record of meandering rivers, with well-preserved overbank deposits and occasional provision 

of ash-fall beds (Figari et al. 1998). The overlying Section C is about 300 m thick and its base is 

correlatable with uppermost levels of Section B of the western limb of the anticline. It consists 

of green to grey mudstones with interbedded sandstones and has been interpreted associated to 

sheetflood processes and deposition from distal mudflows in a barreal environment (Figari et al. 

1998).

Figure 1. A) Location map of the Golfo San Jorge Basin in central Patagonia, Argentina, with indication of the location of the 
Cerro Ballena anticline (star). B) Simplified geological map of the area of the Cerro Ballena anticline, southwestern Golfo San 
Jorge Basin (after Figari et al. 1998). C) GoogleTM image of the Cerro Ballena anticline, with location of the sedimentary logs 
(Logs X, Y and Z). Local roads are indicated as dotted lines. 
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METHODOLOGY

Three outcrop gamma-ray logs (Log X, Log Y and Log Z in Fig. 1C) were obtained along the 

cliff face, through approximately 385 m of the Bajo Barreal Formation, with measurements using 

a vertical separation of 50 centimeters. Weathering and local rubble coverage of the fine-grained 

sections led to the need for extensive trenching to achieve unweathered surface exposures. The 

natural radioactivity of the rock units was measured with a portable device (RS-125), which allows 

to show the result as the numerical value recorded by the spectroscope either as counts per minute 

over the determined sample time or as the content of radioactive elements in the sample (% of 

K2O or ppm of U and Th). A counting time of 2 minutes was adopted during the fieldwork. The 

mineralogical compositions and clay identification of ten fine-grained samples were determined 

via x-ray diffraction (XRD).

We also analyse the vertical evolution of several parameters, including flow depth, 

average and bankfull width, paleoslope and drainage area utilizing set thickness of cross beds, 

measured within eleven fluvial channels of Section A, and in thirty channels of Section B. 

The number of cross sets measured in each data included in this dataset ranges from 4 to 11. 

The scaling relationships used in this research, their sources and descriptions, are presented 

in Table I.  

Table I. Paleomorphological parameters and equations.

SPECTRAL GAMMA-RAY LOGS AT OUTCROPS

The three outcrop SGR logs from the cerro Ballena anticline (Fig. 1C) are shown in Figures 

2-4, together with the sedimentary log. 
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Facies distribution of SGR data

SGR data from the Cerro Ballena anticline shows moderately high radioactivity (dose rate: 

45.6-180 nGy/h; Total GR: 42.4-175 ppm) and concentration of K (0.4-3.5%), U (0-17.6 ppm) and 

Figure 2. Sedimentary log and gamma ray data for Log X (183 m), covering the southern area of the Cerro Ballena Anticline 
(location in Fig. 1C). The diagram shows, from left to right, lithology, grain size, and then the gamma-ray data: Total GR (ppm), 
potassium (K %), uranium (ppm U), thorium (Th ppm), Th:U ratio, and Th:K ratio. Unexposed sections hidden beneath talus, 
where SGR data could not be collected, are shown as gaps. The main subdivisions of Section A, physically correlated and walked 
out along the exposures, are indicated.

Figure 3. Sedimentary log and gamma ray data for Log Y (247 m). Location in Fig. 1C. The diagram shows, from left to right, 
lithology (code facies as in Fig. 3), grain size, and then the gamma-ray data: Total GR (ppm), potassium (K %), uranium (ppm U), 
thorium (Th ppm), Th:U ratio, and Th:K ratio.
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Th (4.2-22.1 ppm). In order to simplify the statistical analysis of data we have grouped the seventeen 

lithofacies identified during the fieldwork (see Paredes et al. this congress) in seven major facies 

categories, as follow: LITH1: Conglomerates, LITH2: Sandstones, LITH3: Siliciclastic siltstones, 

LITH4: Siliciclastic mudstones, LITH5: Fine-grained tuffs, LITH 6: Tuffaceous siltstones, and 

LITH 7: Coarse-grained lahar. Moreover, we have grouped the data obtained from Logs X, Y 

and Z based in their inferred palaeoenvironment, as follow: FA1: fluvial channels; FA2: proximal 

floodplain; FA3 distal floodplain (epiclastic, Section A); FA4 distal floodplain (volcaniclastic, 

Section B), and FA5: coarse-grained lahar (the distinctive marker bed near the base of Section B).

A correlation matrix for total GR and the three radioactive components is shown in Figure 

5 for the overall data, and for the seven main facies categories (LITH 1 to LITH 7). As U (ppm) 

and K (%) values are relatively low, the correlation matrix use count per minute data, to reduce 

the statistical noise.

The Total GR log is dominated by the potassium content (Fig. 5) shown by the high correlation 

between potassium log and the total counts (r=0.78) although U shows highly significative 

correlations with total counts (r=0.75), and Th display the less significant relation with total 

counts (r=0.37). The generally weak correlation between elements (Th-K r=0,20; Th-U r=0,17; 

U-K r=0.35) suggests that the sum radioactivity is sourced from multiple mineral carriers and, 

implies a broad compositional variation within the Bajo Barreal Formation. In conglomerates 

and sandstones, U and Total GR show correlations highly significative (sandstones r=0,83; 

conglomerates r=0,90), evidencing that the main contributor to the total radioactivity is the U 

element (Fig. 5). High-radioactivity in conglomerates and sandstones is relatively common in the 

geological record, being mainly attributed to the contents of mica, K-feldspars, lithic fragments and 

Figure 4. Sedimentary log and outcrop gamma ray data for Log Z (210 m). Location in Fig. 1C. The diagram shows, from left to 
right, lithology (code facies as in Fig. 3), grain size, and then the gamma-ray data: Total GR (ppm), potassium (K %), uranium 
(ppm U), thorium (Th ppm), Th:U ratio, and Th:K ratio.
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heavy minerals (Rider 1999). In our study area, high values of U in conglomerates and sandstones 

are likely associated to diagenetical processes or to fluid migration, and not to the occurrence of 

heavy minerals in the fine-grained matrix, due to the low Th content observed in conglomerates 

and sandstones. A likely source of radioactivity could be the occurrence of hydrocarbons in the 

matrix, due to the common oil staining of the channelized sandstones at outcrops.

The statistical distribution of Total GR, K, U and Th counts in the facies categories are 

presented in Table II. Although the statistical overlapping is important, some trends have been 

observed using SGR data: (i)  Th values show increasing values from conglomerates to mudstones, 

but the differences (Th 5 ppm) is insufficient to use this values as a basis for facies discrimination; 

(ii) U values show decreasing values from conglomerates to mudstones, a trend less defined than 

for Th element; (iii) the distinctive marker bed (LITH 7) located close to the base of Section B 

(sensu Figari et al. 1998) show very low values of K and total GR. Moreover, distal volcaniclastic 

components of the floodplain (FA4 and FA5, see Table II) show lower counts in Total GR than 

fine-grained siliciclastic floodplain facies (FA3).

Although some trends can be identified using concentration of U in sandstones and the Th 

distribution evidence some relation with grain size (Table II), the large overlap of values and small 

diferences between facies categories do now allow to make lithological distinction using basic 

statistics. To obtain a more robust statistical approach, an experimental model based in simple 

Figure 5. Correlation matrix for radioactive elements determined by outcrop SGR data 
(Logs X, Y and Z), and for the assigned facies categories.

Table II. Mean values for total radioactivity, potassium (% K), uranium (ppm U) and thorium (ppm Th) contents of Log X, Log 
Y and Log Z for A) facies categories, B) facies association, and C) Stratigraphic unit within the Bajo Barreal Formation.  Mean 
Th/K and Th/U ratio are also indicated. StD, standard deviation. Red boxes indicate anomalous values, and triangles represent 
grainsize-related tendencies. 
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variance analysis (ANOVA) and Machine Learning algorithms will be presented in a separate 

contribution (Castillo Gamarra et al. this congress).

Outcrop-subsurface correlation

The lateral correlation of the outcrop SGR logs (Fig. 6) use as datum the distinctive volcaniclastic 

marker bed that separates the Section A and B of the Bajo Barreal Formation (see Paredes et al. this 

congress). As mentioned, Section A can be subdivided in several major zones of tens of meters 

according to its sandstone content (indicated as M1, S1, M2, S2 and M3 in ascending order). 

The major subdivisions of Section A can be also traced confidently between the SGR logs with 

minimum thickness variations, evidencing a cake-layer distribution of the main packages. Moreover, 

outcrop SGR data were 

confidently correlated with 

wells CW.x-3002 and CW.x-

3003 of Cerro Wenceslao 

oilfield using two distinctive 

log motifs identified in 

Section A. In the lowermost 

part of the fine-grained 

succession of Section A, a 

subtle upward reduction of 

GR values in subdivision 

M1-B can be compared with 

an equivalent GR motif 

identified in the CW.x-3003 

Figure 6. SGR-log stratigraphic 
correlation between outcrop gamma-
ray logs obtained in the Cerro 
Ballena anticline (Logs X, Y and Z) 
and wells CW.x-3002 and CW.x-3003 
in the Cerro Wenceslao oilfield. The 
horizontal datum corresponds to the 
tuffaceous marker bed (MB) located 
near the base of Section B. The 
lithologies described in the field are 
indicated to the left of the GR logs. 
Major sub-divisions and distinctive 
log pattern observed in Section A and 
B are also represented. Notice upward 
decreasing in Total GR and K counts 
throughout S2 and M3 packages of 
Section A, which can be confidently 
identified in the subsurface. See inset 
map for location. SP=spontaneous 
potential, AT90= deep resistivity.
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well log. A second distinctive GR motif occurs in the S2 subdivision (Fig. 6), associated to an 

upward reduction in both GR and K values.

Due to the long distance (up to 12 km in a straight line) that separates the Cerro Ballena 

exposures and the CW.x-3003 well, we suggest that the origin of this upward decreasing K trend 

could be due to an increase in the chemical weathering rate and associated leaching of K in the 

early diagenesis, evidencing more humid climate conditions upward of Section A (see below). 

Depletion of K has been commonly mentioned as an indicator of high weathering rate due to its 

solubility in aqueous solution, usually water movement (Osmond and Ivanovich 1992; Rosholt 

1992). On the other side, lateral correlation of SGR-derived Logs X, Y and Z in Section B is 

characterized by a complex pattern that avoid making lithological predictions or grain size trends 

using SGR data alone. The three logs contain different “sand:mud” ratio (Log X: 0,42; Log Y: 

0,31; Log Z: 0,45) and neither Total GR nor individual elements follow a reliable log motif across 

Section B.

The origin of SGR vertical trends: climatic control

Numerous studies have successfully correlated the abundance of clay minerals in sedimentary 

rocks to the ratios of K, Th and U (Myers and Bristow 1989; Slatt et al. 1992; Ruffell and Worden 

2000). To help calibrate the geochemical variations seen in total GR and K logs along Section A, 

ten mudstone samples were selected for analysis by x-ray diffraction. The whole rock composition 

is dominated by quartz (about 32–60%) and clay minerals (37–65%), with minor amounts of 

K felspar (traces to 1%), plagioclases (1-3%), and calcite in three samples (traces to 2%). The 

main clay minerals in all ten samples is smectite (45-79%), kaolinite (1-55%), and a single sample 

contains mixed-layer illite-smectite (99%). Smectite can form from the alteration of volcanic or 

volcaniclastic material or from a variety of authigenic processes and climatic conditions (Chamley 

1989; McKinley et al. 2003; Galán 2006), whereas kaolinite is the product of the in situ weathering 

of precursor clay minerals such as smectite, mica, feldspar, or volcanic material under warm and 

humid conditions (Senkayi et al.1987; Thiry 2000; Sáez et al. 2003; Worden and Morad 2003; 

among others). The single sample containing I/S mixed layer results from moderate chemical 

weathering under surficial conditions (Chamley 1989) and can take place due to pedogenetic 

processes under seasonal climates during the transformation of smectite (Wilson 1999; Raucsik 

and Varga 2008) or from altered volcanic material (Lindgreen and Surlyk 2000; Shoval 2004). 

X-ray diffraction data indicate that although feldspars are present, clay minerals are volumetrically 

the most important source in K2O, suggesting that clay mineral distribution and type will be the 

primary control on K2O distribution in the K log. Higher potassium values in basal levels of S2 

sub-unit is probably a result of substitution of K in the structure of smectites before undergoing 

diagenesis (Drief and Nieto 2000). The upward increase in Al2O3-enriched kaolinite through 
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Section A (Fig. 7) constitute the likely reason of lower radiation values in both Total GR and K 

logs, probably reinforced by leaching from feldspars during kaolinite formation (Parkinson 1996). 

We thus consider that the upward K reduction throughout Section A and the corresponding 

increase in kaolinite values are associated to increase of paleo-weathering in wet and humid 

conditions, while the low total GR counts values toward the top of Section A are in such scenario 

associated to both enhanced continental leaching and changes in clay type. From this, a climatic 

origin of the identified log motif is proposed. 

On the other hand, incorporation of tuffaceous siltstones in floodplain facies of Section B 

masked the climatic signal and avoid further climatic inferences using SGR data alone.

Figure 7. Whole rock and clay-size fraction x-ray diffraction (XRD) data obtained in outcrop SGR Log Z (location in Figure 1C). 
Quartz and clay minerals are the predominant components. Clay mineral assemblages of the M3 sub-unit are dominated by 
Al2O3-rich kaolinite, whereas the S2 sub-unit contains more smectite. 

PALEOHYDROLOGICAL ESTIMATIONS

The relevant paleohydrological parameters obtained from measurements of cross beds 

are presented in Table III. Although the calculated values cannot be considered as absolute 

values, they allow to compare the vertical evolution of the fluvial system, and also provide an 

independent methodology to be compared with the dataset of channels widths obtained using 

GPS measurements (see Paredes et al., this congress).

Based in paleohydrological data, channels record an upsection increase in both average flow 

depth and mean channel width from Section A (d=4.05m; Wc=45.4m) to Section B (d=5.76 m; 

Wc=69.5m). Mean true width measured using GPS and paleoflow data indicate that channels of 
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Section A are 45.7 m width (n=58), while channels of Section B show a mean true width of 61.1 

m (n=160) (Paredes et al. this congress), showing a very close correspondence with mean channel 

width values obtained using paleohydraulics (Table III). Upsection increase in Wc and flow depth 

reflect larger availability of water into the channel system. 

Although calculations of average daily discharge (Qm) using two independent methods 

show large disparity in the absolute values (see Table III), both approaches show that the 

resulting Qm values for channels of Section B are larger than those obtained for Section A. As 

discharge values reflect the size of the catchment area (Van der Neut and Ericksson 1999), it 

is inferred that larger rivers on an increasingly broad fluvial system developed upward; stream 

power would also increase along with an enhanced volume of water derived from the larger 

catchment area (Ad).

Moreover, paleoslope (S) estimations were very close to the maximum gradient of 0.0070 

m m-1 for rivers proposed by Blair and McPherson (1994), but far of the 0.026 m m-1 value for 

modern alluvial fans. Furthermore, the resulting parameters for drainage area (Ad) show a ~ 3 

times increase in the catchment area of rivers of Section B in relation to those of Section A. Such 

increase could be associated to stream capture or enlargement of the drainage basin and would 

be the main reason of the change in the provenance of the fine-grained components delivered via 

wash load to the distal floodplain, which in Section B is entirely volcaniclastic.

From this, we have found strong evidence that the vertical increase in the channel proportion 

and larger connectivity of clastic facies are associated to the occurrence of deeper and wider 

channels, triggered by a climatic shift toward more humid and wetter conditions.

CONCLUDING REMARKS

By the first time in the exploration history of the Golfo San Jorge basin, three outcrop 

SGR logs recorded using a portable SGR device has allowed to confidently correlate outcrop 

exposures of the Bajo Barreal Formation in the Cerro Ballena anticline with specific subsurface 

Table III. Summary (average) of palaeohydrological data derived from set thickness of cross 
bedding measured in 41 channels of Sections A and B of the Bajo Barreal Formation. Notice 
the increasing of channel width in Section B. Flow depth, daily and bankfull discharge also 
increase in Section B. The equations employed for each parameter can be found in Table II.
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intervals in the oilfields. At the outcrops, two distinctive log motifs identified in the Section A, 

associated to upward reduction in K values and Total GR counts, were confidently correlated 

to several wells of the Cerro Wenceslao oilfield, involving packages of similar thickness. Based 

in the large areal distribution of these trends, we interpreted that this log motif represents an 

increase in the chemical weathering rate associated to leaching of K upward in the Section A. 

The upward reduction throughout Section A parallel with an increase of the kaolinite content 

identified by XRD, which constitute strong evidence of a climatic shift toward more humid and 

wetter climatic conditions upward. Moreover, paleohydrological parameters obtained from 41 

channels of Section A and Section B confirm an upward increase in channel depth and width 

of the channels, with a corresponding increase in discharge and scale of the drainage network, 

which demonstrate using an independent method larger availability of water upward in the 

Cerro Ballena exposures. 

The set of methodologies demonstrate a climatic origin of the SGR trends, and bring a new 

approach in order to understand the origin of stacking pattern styles of fluvial successions in the 

subsurface of the basin. According to our results, changes in the stacking pattern from isolated 

channels in Section A to densely-stacked channel belts in the Section B are associated to climatic 

changes, and not to coeval changes in subsidence or base level variation.

The overall shape of the K and Total GR log is similar in fine-grained materials, indicating 

that K-bearing minerals are responsible for the majority of the total gamma radiation from these 

rocks. In sandstones and conglomerates the U is the main contributor to the total radioactivity, 

likely associated to diagenetic processes or fluid migration. The generally weak correlation between 

elements (K-U-Th) suggest that the sum radioactivity is sourced from multiple mineral carriers, and 

implies a broad compositional variation within the Bajo Barreal Formation.	 We demonstrate 

that outcrop gamma-ray logging could be a quick and rapid tool to characterize sedimentary 

rocks in the field, to compare this data with subsurface well information, and to determine their 

suitability as analogues.
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