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RESUMEN

Depósitos marinos costeros y fluviales, 
expuestos en el Cerro El Divisadero cerca 
del Rancho La Palma, Baja California 
Sur, México, contienen registro fósil de 
cetáceos (ballenas barbadas). La datación 
de circones de una toba recolectada cerca de 
la base del Cerro El Divisadero arrojó una 
edad de 206Pb/238U de 27.95 ± 0.16 
Ma. Esto sugiere que las capas marinas 
y fluviales que afloran en la localidad 
Rancho La Palma son de edad Rupeliano 
y no del Mioceno temprano como se reportó 
anteriormente. Por lo tanto, los depósitos 
marinos del Cerro El Divisadero pertene-
cen a la Formación El Cien la cual aflora 
en San Juan de La Costa y son contem-
poráneos a la parte media del Miembro 
San Juan, representando una posible facies 
marginal de esta unidad. Nuestros resul-
tados restringen la edad de los fósiles de 
ballenas barbadas recolectados en la sec-
ción Cerro El Divisadero, proporcionando 
pistas sobre la evolución de los cetáceos del 
Oligoceno en el Pacífico Norte.

Palabras clave: estratigrafía
marina-fluvial, geocronología
U-Pb, datación de
circones.

ABSTRACT

Coastal marine and fluvial deposits, 
exposed at Cerro El Divisadero near 
Rancho La Palma, Baja California 
Sur, Mexico, contain a fossil record of  
cetaceans (baleen whales). U–Pb zir-
con dating of  a tuff  horizon collected 
near the base of  Cerro El Divisadero 
yields a 206Pb/238U age of  27.95 
± 0.16 Ma. This suggests that the 
marine and fluvial beds at the Rancho 
La Palma locality are late Rupelian 
in age and not lower Miocene as 
previously reported. Therefore, the 
marine deposits from the Cerro 
El Divisadero section can be cor-
related with the Oligocene El Cien 
Formation at San Juan de La Costa 
and are contemporaneous with the 
middle part of  its San Juan Member, 
representing a marginal facies of  this 
unit. Our results constrain the age of  
the baleen whales found at the Cerro 
El Divisadero section, providing clues 
for Oligocene cetacean evolution in 
the North Pacific.

Keywords: marine-fluvial stra-
tigraphy, U–Pb geochronology, 
zircon dating.
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1. Introduction

Marine sedimentary deposits in the southern Baja 
California Peninsula show an extensive record of  
extinct marine vertebrates, including cetacean 
fossils (Hernández-Cisneros and Nava-Sánchez, 
2022; Viglino et al., 2023). A new study at the 
Rancho La Palma locality, Baja California Sur, 
Mexico, reports the presence of  a new species of  a 
cetacean fossil (Echericetus novellus; Hernández-Cis-
neros et al., 2023) belonging to the Eomysticetidae 
family, an extinct lineage of  baleen whales that 
lived during the Oligocene. 
 The Oligocene (33.9–23.0 Ma) is marked by 
high adaptive radiation in cetacean evolutionary 
history (e.g., Fordyce, 2017), hence the importance 
of  precise ages to improve our knowledge of  tim-
ing, duration and processes that drove cetacean 
evolution.
 The discovery of  baleen whale fossils at the 
Rancho La Palma locality attracts interest in 
understanding the geological context of  the marine 
and fluvial deposits from the Cerro El Divisadero 
section. The cetacean fossil record within the con-
tinuous and well-exposed sedimentary succession 
from the Cerro El Divisadero makes this a unique 
locality that brings valuable information for stud-
ies of  diversification of  baleen whales. 
 However, the lack of  absolute ages in many fos-
siliferous localities makes it challenging to unravel 
and accurately explain ecological succession 
events and evolutive changes regarding marine 
fossil assemblages at southern Baja California pen-
insula. The beds from Cerro El Divisadero have 
been informally dated as lower Miocene based 
on correlation of  near volcanic and sedimentary 
deposits (Schwennicke et al., 1996). 
 Here we report U-Pb zircon dating of  a tuff 
horizon using laser ablation inductively coupled 
plasma mass spectrometry (LA-ICPMS). This 
is the first date to be measured from Cerro El 
Divisadero section at the Rancho La Palma local-
ity, La Paz, Baja California Sur, Mexico (Figure 1)

1.1. STRATIGRAPHIC SETTING

The tuff sample used here for U–Pb dating belongs 
to a lenticular reworked tuff up to 15 cm thick 
located above the basal marine deposits (bed 1, 2) 
of  the Cerro El Divisadero stratigraphic section 
(Figure 1). Schwennicke et al. (1996) divided the 
stratigraphic section at the Cerro El Divisadero 
into three parts. The basal part represents the 
marine beds, mudstone and phosphatic sandstone 
that contains cetacean fossils, the lower part is 
composed of  light-coloured tuffaceous sandstone 
with conglomeratic lenses, and the upper part 
consists of  grey-brown conglomeratic tuffaceous 
sandstones. The marine deposits at the Cerro El 
Divisadero overlie eolian sandstones of  the Salto 
Formation (Schwennicke et al., 1996; Figure 1). 
 Following Schwennicke et al. (1996) and our 
new observations, the bottom layer (bed 1) is a 
sandy conglomerate which grades laterally into 
conglomeratic sandstone representing a gravelly 
beach deposit and marking the beginning of  a 
marine transgression. This basal conglomer-
atic bed contains phosphatic grains and grades 
upwards into sandstone, mudstone, and greenish 
tuffaceous mudstone with sandstone lenses (bed 2), 
exhibiting parallel lamination, some lenticular and 
flaser bedding, and poor bioturbation. 
 Bed 2 reflects a lagoonal depositional environ-
ment influenced by volcanic activity, changing 
texturally upwards into the grey, slightly tuffaceous 
volcaniclastic sandstone of  bed 3, which is 30 m 
thick (Schwennicke et al., 1996). Bed 3 reflects a 
distal fluvial depositional setting. It comprises reg-
ularly sorted, silty fine-grained sandstone to poorly 
sorted, fine to coarse-grained sandstone. 
 The silty sandstone is predominantly found in 
the lowermost portion of  bed 3 (see Schwennicke 
et al., 1996). Scattered volcanic granules and peb-
bles occur in the rock or from thin conglomeratic 
lenses. The lowermost 2 m of  bed 3 typically 
are finely laminated, and the cross-bedding and 
cross-lamination are present in the middle and 
upper parts. Bed 3 grades upwards into coarser 
muddy, and pebbly sandstone, all of  volcaniclas-
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Figure 1   Study site. A. Stratigraphic column from the Cerro El Divisadero at La Palma locality (after Schwennicke et al., 1996), 

B. Location of La Palma locality, southern Baja California Peninsula, Mexico (red star), C. Shows the tuff sample used here for U-Pb dating.
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tic composition (Figure 1). The fluvial deposits 
of  bed 3 are interpreted herein as basal strata of  
the volcaniclastic arc-derived Comondú Group, 
originally defined and described as a formation by 
Heim (1922) and Hausback (1984).

2. Methodology

Zircon grains were separated using standard grav-
imetric and magnetic separation techniques at the 
Jack Satterly Laboratory, University of  Toronto. 
Zircon grains and standards were mounted in 
an epoxy stub and polished to expose the grains. 
Cathodoluminescence images were used to iden-
tify growth zones and inclusions as well as target-
ing the spot locations (Figure 2). 
 U–Pb isotopic analyses were conducted using 
an Agilent 7900 ICPMS and an NWR193 exci-
mer laser system. U–Pb data were collected on 
88Sr (10 ms), 206Pb (30 ms), 207Pb (80 ms), 208Pb (10 
ms) and 235U (20 ms) using spot analyses and were 
conducted with laser wavelength of  193 nm. 235U 
was monitored instead of  238U in order to remain 
below the digital to analog detector threshold. 
 To remove surface contamination, each spot 
was pre-ablated with ten laser shots using a larger 
beam size. Laser beam diameter was 50 µm, with a 
fluence of  about 4 J/cm2 and frequency of  10 Hz. 
Single spot analysis contained 15 sec background 
acquisition followed by 25 sec data acquisition 
and 20 sec washout. Zircon 91500 (Wiedenbeck 
et al., 1995) standard was used between analyses 
to correct for plasma mass and oxide elemental 
fractionation biases. 
 Temora zircon (Black et al., 2004) was used 
as a secondary standard with a measured age of  
416.6 ± 3.4 Ma (2σ, MSWD = 0.91; Figure S1 
in Supplementary Data). Raw data reduction 
was carried out using custom VBA (Visual Basic 
for Applications) software written by D.W. Davis. 
Averaging and regression were carried out using 
Isoplot (Ludwig, 2012). U decay constants are 
from Jaffey et al. (1971).

3. Results and Discussion

The tuffaceous sample yielded fresh-looking zircon
grains of  euhedral long-prismatic morphology 
(Figures 2 and 3). Cathodoluminescence images 
(CLI) show oscillatory zonation, which is typical of
felsic igneous rocks (Corfu et al., 2003). Results of
27 analyses on 22 crystals are presented in Supple-
mentary Data (Table S1). A Wetherill concordia
plot of  U-Pb data is shown in Figure 3. Omit-
ting the oldest analysis, it gives a weighted mean
206Pb/238U age of  27.95 ± 0.16 Ma (2σ, MSWD
= 1.7). Including the oldest does not change the
age significantly (27.99 ± 0.17 Ma) but it raises
the MSWD to 2.1, therefore we have omitted this
analysis. The zircon grains show uniform color
and morphology (Figure 3). Commonly, detrital
zircon grains show variation in color, morphology
and size as well as evidence of  rounding by trans-
port. Therefore, the uniform age of  27.95 ± 0.16
Ma obtained here from the zircon likely represents
an age of  volcanic deposition during sedimenta-
tion of  the marine-fluvial deposits at Rancho La
Palma locality (Figure 1).

The Oligocene age of  27.95 ± 0.16 Ma reported 
here for the Cerro El Divisadero section is signifi-
cantly older than the inferred Lower Miocene age 
(younger than 23.0 Ma) suggested by Schwennicke 
et al. (1996). These authors correlated the volcano-
clastic rocks from the upper part of  the Cerro El 
Divisadero section with volcanoclastic deposits of  
the Comondú Formation (Hausback, 1984; Drake 
et al., 2017; Camarena-Vázquez, 2018) exposed 
at the Cerro Atravesado near the city of  La Paz, 
about 28 km north of  Rancho La Palma (Figure 1), 
which are overlain by a rhyodacite flow, Comondú 
Formation, dated with K-Ar at 19.1 ± 1.2 Ma 
(Hausback, 1984). However, at Cerro Atravesado 
there are no strata that could be correlated with 
the marine deposits from the Cerro El Divisadero 
section at Rancho La Palma locality. 

The nearest Oligocene marine deposits to the 
Cerro El Divisadero section belong to the San 
Juan Member of  El Cien Formation (Fischer et 
al., 1995) exposed in the area around San Juan de 
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Figure 2   Cathodoluminescence images of ablated representative zircon grains from the tuff sample collected at Cerro El Divisadero.
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Figure 3   Wetherill concordia diagram showing U-Pb data for single zircon crystals from the tuff bed, Cerro El Divisadero, Rancho La 

Palma Baja California Sur, Mexico. The black ellipse is omitted from the age regression model.

la Costa, ~40 km northwest of  La Paz (Figure 1). 
The Cien Formation is composed of  siliceous and 
silty mudrock, fine-to coarse-grained sandstone, 
tuff, coquina beds, conglomerate, and phosphatic 
sediment (Applegate, 1986; Schwennicke, 1992; 
Fischer et al., 1995) and is Oligocene in age (Drake 
et al., 2017; Schöllhorn et al., 2020). Zircon age dat-
ing from tuff horizons from the San Juan Member 
(El Cien Formation) at San Juan de la Costa yield 
206Pb/238U ages between 28.6 ± 0.5 Ma and 26.9 ± 

0.5 Ma (Schöllhorn et al., 2020). These Oligocene 
ages overlap with our results indicating that the 
marine-fluvial deposits from Cerro El Divisadero 
section are contemporaneous in age with the San 
Juan Member at San Juan de La Costa, suggesting 
that deposition of  both sedimentary successions 
was influenced by the same volcanic activity of  
the Comondú arc, but deposited under different 
depositional conditions.

The basal part of  the Cerro El Divisadero 
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section shows some palaeontologic and lithologic 
similarities to the marine beds from El Cien 
Formation. Marine deposits from the El Cien 
Formation, the latter includes phosphatic sand-
stone and phosphorite horizons (e.g., Fischer et al., 
1995; Plata-Hernández, 2002; Schöllhorn et al., 
2020) as well as abundant vertebrate fossils such 
as cetaceans (e.g., Hernández-Cisneros et al., 2017). 
However, despite the cetacean fossil content and 
the phosphatic material present in the marine beds 
of  the Cerro El Divisadero section, there is no lith-
ological correlation with the marine deposits from 
the El Cien Formation (San Juan Member). The 
occurrence of  phosphorite horizons (e.g., Fischer 
et al., 1995; Schöllhorn et al., 2020), diatoms (Kim 
and Barron, 1986) as well as abundant marine 
vertebrate fossils, including desmostylians and 
cetaceans (Grimm, 1992; Hernández-Cisneros 
et al., 2017), suggest that the marine succession 
from the middle San Juan Member reflects open 
shelf-near coast and upwelling area deposits. Con-
versely, the marine-fluvial beds exposed at Cerro 
El Divisadero correspond to lagoonal - distal allu-
vial fan deposits (Schwennicke et al., 1996). 
 Therefore, the marine deposits at La Palma 
locality might represent lagoonal and beach set-
tings controlled by a short-lived marine transgres-
sion followed by regression due to volcaniclastic 
influx. These lagoonal-beach facies at La Palma 
locality are coeval with the middle San Juan 
Member but are not exposed in the San Juan de 
La Costa area. 
 The late Rupelian age of  27.95 ± 0.16 Ma 
reported here constrains the age of  the marine 
and fluvial deposits from the Cerro El Divisadero 
as well as the paleontological record of  baleen 
whales. This provides more clues to understand 
the regional marine palaeoenvironment and facil-
itates accurate paleontological correlations with 
other Oligocene localities around the world that 
contain marine fossil assemblages (e.g., cetacean 
faunas). 
 The Oligocene marine deposits in southern 
Baja California are unique due to their marine 
mammal fossil content, making them crucial for 

the studying the North Pacific biota evolutionary 
history.

4. Conclusions

A U–Pb age of  27.95 ± 0.16 Ma is reported and
interpreted here to constrain the time of  marine 
and fluvial deposition from Cerro El Divisadero 
section at Rancho La Palma locality, Baja Cali-
fornia Sur, Mexico. This Oligocene age is in good 
agreement with U–Pb ages reported from similar 
tuff horizons in the middle San Juan Member at 
San Juan de la Costa locality suggesting that the 
marine deposits from the Cerro El Divisadero sec-
tion belong to the El Cien Formation. 
 We conclude that the marine beds in the study 
area are contemporaneous to the middle part of  
the San Juan Member and may represent a mar-
ginal facies of  this unit. The fluvial deposits above 
are therefore interpreted as basal strata of  the vol-
caniclastic arc-derived Comondú Group. In addi-
tion, the age of  27.95 ± 0.16 Ma constrains the 
paleontological record of  cetacean fossils found at 
the Cerro El Divisadero, helping to understand the 
evolution of  baleen whales in the North Pacific.
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Supplementary Data

Figure S1   Wetherill concordia diagram showing U-Pb data for Temora zircon.
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Table S1. U-Pb zircon data from Cerro El Divisadero near Rancho La Palma locality southern Baja California Peninsula, Mexico.
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