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Abstract 
Forearc basins are important archives for understanding the tectonic evolution of 
the plate margin and subduction zone through deep time because they preserve a 
tectonostratigraphic record of temporal and spatial interactions of eustasy, sediment 
supply, climate, basin physiography and tectonism.  However, forearc basins have received 
less attention than rift and foreland basins, due to the limited number of exposed examples 
and classification traditionally restricted to accretionary margins. 
The Talara Basin in the northern Peruvian forearc, where the oceanic Nazca plate is 
being subducted beneath the continental South American plate, is a well-known example of 
a subduction-erosion margin, where the edge of the continental plate is consumed over 
time and accretionary processes play a minor role. From the Late Cretaceous to the Eocene, 
stratigraphic units from deep water to fluvial environments comprise a 9 km-thick basin fill 
that has been episodically deformed by extensional faulting due to forearc vertical 
movements produced by subduction. This work aims to characterise the spatial and 
temporal behaviour of subduction and how these processes are recorded in and affect the 
evolution of the forearc basin. The sequence stratigraphic approach is based on the 
integration of outcrop, well and seismic data sets. 
Sedimentology and analysis of stratal stacking patterns and key stratigraphic 
surfaces, integrated with tectonic studies show that the Eocene Pariñas Formation 
comprises three depositional sequences of fluvio-deltaic deposits that form a highstand 
sequence set. The succession is capped by a previously unrecognised composite sequence 
boundary marked by a regional palaeosol and overlain by the transgressive sequence set of 
the Chacra Formation. The composite sequence boundary may indicate the presence of a 
lowstand sequence set offshore. 
This integrated PhD project identified tectonically-enhanced/driven regressions and 
transgressions through the Eocene. Down-dip and across-strike system asymmetry was a 
response to uplift and extensional collapse events related to periods of locking and release 
of the subduction interface. These observations highlight the importance of a close 
temporal and spatial relationship between plate boundary and basin – a relationship unique 
to forearc basins, with worldwide application. 
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Introduction 
 
 
 
 
 
 
 
 
 
This chapter introduces the research questions addressed 
The thesis structure and the research context of each chapter are outlined 
Chapter 1: Introduction 
1.1 Preamble 
This thesis represents the conclusion of a PhD research project carried out in the 
Department of Earth and Environmental Sciences at the University of Manchester, UK. 
This research was conducted under the supervision of Prof. Stephen Flint (Prof. in 
Stratigraphy), Prof. Mads Huuse (Prof. in Geophysics) and Dr. Rufus Brunt (Lecturer in 
Stratigraphy). 
The study area is the Talara Basin, located in the northern Peruvian forearc, on 
the convergent margin between the Nazca and South American plates. The main 
analyses carried out in this work consist of the geological interpretation of reflection 
seismic data and attributes, wireline log analysis and correlation, core description, 
outcrop stratigraphic logging and sampling, biostratigraphic analysis and thin section 
point counting and petrography. These multi-scale analyses are based on seismic-well-
outcrop data integration, in the onshore and offshore, applied at basin-to-microscope 
scale. 
The fundamental motivation of this study is to address the knowledge gap of 
how the subduction process influences forearc sequence stratigraphy, especially in 
subduction-erosion scenarios since the degree of influence of the factors controlling 
deposition in tectonically-active convergent margins is less well understood than in 
other basin types, due to lack of previous work. 
The overarching research objective of this thesis is to improve our understanding 
of the depositional and tectonic factors involved in the development and stratigraphy of 
forearc basins. 
This study has the following specific objectives: (i) to characterise and classify the 
subduction process and history of the northern Peruvian continental margin; (ii) to 
characterise the forearc geodynamic environment over time and (iii) to build sequence-
stratigraphic and tectonic models to understand the palaeoenvironmental conditions of 
Eocene sedimentation in the Talara basin. 
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1.2 Research questions 
Forearc basins are characterised by stratigraphic patterns that record 
sedimentary processes concomitant with palaeoecological and palaeoclimatic 
environments, sediment flux and tectonic deformation of the continental margin. The 
basin fill may become an archive of plate convergence evolution. 
This study develops a sequence-stratigraphic approach for forearc basins, 
including the role of subduction, which makes this geological setting challenging and 
different to other basin types. Three scientific questions and their rationale are posed 
here, which will be addressed through the data-analysis chapters 3 to 6 and answers 
proposed in Chapter 7. 
1.2.1 Question 1: What additional influences does the subduction process have on 
forearc basin evolution compared to other basin types? 
Rationale: In ocean-continent convergent settings, a dense oceanic plate is subducted 
beneath a continental plate along the trench, and deeper hot inclined subduction zones 
replenish the mantle by partial melting and dehydration of the subducted slab, which 
feed magmatic arcs (Hamilton, 1995). Subduction-related basins are developed in the 
trench, fore arc, intra arc, back arc and retro arc positions (Dickinson, 1974; Martins-
Neto, 2006). Forearc basins lie between the deformation front and the magmatic arc of 
an accretionary margin (Dickinson & Seely, 1979). However, considering not only 
accretion but tectonic erosion during subduction, forearc basins are now classified 
within the range of two end members (Noda, 2016): accretionary- and erosive-margin 
related. This recent classification highlights why most works are directed to 
accretionary-margin forearc basins (e.g., Fuller et al., 2006; Mannu, 2017) while erosive-
margin forearc basins remain poorly understood. 
The present-day Peruvian margin has been identified as subduction-erosion type 
(Clift and Vannucchi, 2004), which is characterised by continental margin truncation 
(front and basal erosion) reducing the trench-arc distance (Scholl and von Huene, 2009; 
Scholl and von Huene, 2010) and therefore the forearc area. 
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To document the subduction-related characteristics of forearc basin compared 
to other types, the northern Peruvian margin is investigated through interpretation of 
seismic, well, seismological and seafloor magnetic anomalies data. Specific research 
questions are: i) What are critical characteristics to differentiate subduction erosion 
from accretion? ii) What subduction-erosion characteristics are recorded in forearc 
basins? iii) Which forearc-basin characteristics are analogous to and different from those 
of other basin types? 
1.2.2 Question 2: How can subduction-related tectonic factors influence 
stratigraphic patterns in a forearc basin? 
Rationale: Relative sea-level fluctuations are controlled both by eustasy and regional 
and local effects of tectonic uplift and subsidence, including also thermal subsidence, 
sediment load, flexure or glacial isostatic adjustment (Catuneanu et al., 2011). 
The relationship between tectonics and depositional patterns has been 
addressed since the middle of the last century (e.g., Dapples et al., 1948; Sloss et al., 
1949). The role of tectonism in the form of subsidence (e.g., Gawthorpe & Leeder, 2000) 
and uplift (Gawthorpe et al., 2000) has been studied in basins of different geological 
settings. However, the identification and role of tectonic factors has been less 
thoroughly addressed in forearc basins (Cornard et al., 2022; Andjić et al., 2018). 
To identify the tectonic background behind regressions and transgressions in the 
forearc, the tectono-stratigraphic features of the Talara Basin are analysed with 
emphasis on the Pariñas Formation.  
1.2.3 Question 3: What factors control lateral variability and hierarchy of 
stratigraphic sequences in forearc basins? 
Rationale:  Specific questions include tectonic influence on lateral (along margin) 
variability in the character of depositional sequences and stacking patterns. To address 
this question and to improve our understanding of lateral facies changes in forearc 
basins, the Chacra Formation and embedded Río Bravo unit are studied. The specific 
research questions are addressed: i) What are the structural elements that control facies 
22 
 
Chapter 1: Introduction 
distribution in the Talara basin? ii) What are the stratigraphic parameters considered in 
the identification of tectonic influence in lateral facies change? iii) What are the criteria 
to determine the stratigraphic hierarchy in tectonically-controlled deposits? 
 
1.3 Thesis layout 
This thesis consists of seven chapters briefly presented in this section, where 
chapters 1, 2 and 7 introduce and then integrate the four data chapters 3, 4, 5 and 6 
(Fig. 1.1). Chapter 3 is in review in Tectonics and chapter 5 is in press in Sedimentary 
Geology.  
 
Chapter 1: Introduction. Thesis introduction, objectives and scientific questions. 
 
Chapter 2: Subduction geodynamics and forearc basin sequence stratigraphy: a review. 
This chapter reviews the current concepts on geotectonics of convergent margins and 
sequence stratigraphy in forearc basins, focused on the geological understanding of the 
Talara Basin in northerwestern Peru. 
 
Chapter 3: Tectono-stratigraphic insights on the dynamics of a complex subduction zone, 
northern Peruvian forearc. This chapter characterises the subduction zone on the 
northern Peruvian margin and its relationship with the forearc basin development based 
on the identification of depositional sequences and structural style across the 
continental margin. The analysis was based mainly on regional seismic interpretation 
integrated with oilfield well data. The subduction type, its lateral and temporal 
variability and the role of eustasy and tectonism are discussed. An evolutionary 
geodynamic model of the Nazca and South American plates in northwestern Peru is 
proposed. 
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Chapter 4: Tectonically-driven transgressions and regressions on subduction-erosion 
margins, Talara Basin, Peru. This chapter analyses the tectonic subsidence in the Talara 
forearc basin based on 1-D backstripping compared in four wells distributed in the 
depocentre and its margin. This study is based on seismic interpretation and attributes, 
as well as well correlation and palynofloral assemblage identification. Uplift-collapse 
control on regressions and transgressions in Eocene deposits is discussed. A basin 
depocentre-margin evolutionary model is proposed. 
 
Chapter 5: Disentangling tectonic and eustatic controls on forearc basin stratigraphy, 
Talara Basin, Peru. This chapter characterises the facies from outcrops of the Pariñas 
Formation and determines the facies associations and sedimentary systems. This study 
integrates well data and discusses the identification of stratal stacking patterns and key 
surfaces to build a sequence stratigraphic model, which incorporates subduction-
erosion-related tectonic factors in the depositional development. A sequence 
stratigraphic and structural evolutionary model of the Pariñas Formation is proposed. 
 
Chapter 6: Lateral sequence variability and hierarchy in a subduction erosion-dominated 
forearc basin, northern Peru. This chapter presents a biostratigraphical and 
sedimentological characterisation of a sandstone unit, known as Río Bravo, based on 
foraminifera and core data. This work discusses the origin of this thick and areally-
restricted progradational unit within a regional transgressive shaly succession of the 
Chacra Formation to establish a sequence stratigraphic model. 
 
Chapter 7: Synthesis, conclusions and future research directions. This chapter proposes 
answers to the research questions from Chapter 1, considering the results obtained in 
chapters 3-6, and presents the general conclusions of the thesis. Potential future 
research directions arising from this work are also presented. 
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1.4 Status of Papers  
At the time of submission, the status of the manuscripts collated in this thesis is as 
follows: 
 
Chapter 3: Tectono-stratigraphic insights on the dynamics of a complex subduction 
zone, northern Peruvian forearc 
Status: In review for Tectonics 
Author contributions: 
1. Lajo-Yáñez, J.: Lead author. Responsible for data collection, processing and 
analysis, and manuscript writing. 
2. Flint, S. S.: In-depth discussion and manuscript review. 
3. Huuse, M.: In-depth discussion and manuscript review. 
4. Brunt, R. L.: Discussion and manuscript review. 
 
Chapter 4: Tectonically-driven transgressions and regressions on subduction-erosion 
margins, Talara Basin, Peru 
Status: Prepared for submission 
Author contributions: 
1. Lajo-Yáñez, J.: Lead author. Responsible for data collection, processing and 
analysis, and manuscript writing. 
2. Flint, S. S.: In-depth discussion and manuscript review. 
3. Huuse, M.: In-depth discussion and manuscript review. 
4. Brunt, R. L.: In-depth discussion and manuscript review. 
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Chapter 5: Disentangling tectonic and eustatic controls on forearc basin stratigraphy, 
Talara Basin, Peru 
Status: Published in Sedimentary Geology, volume 442. (DOI: 
10.1016/j.sedgeo.2022.106277) 
Author contributions: 
1. Lajo-Yáñez, J.: Lead author. Responsible for data collection, processing and 
analysis, and manuscript writing. 
2. Flint, S. S.: In-depth discussion and manuscript review. 
3. Brunt, R. L.: In-depth Discussion and manuscript review. 
4. Huuse, M.: Discussion and manuscript review. 
5. Searle, S. R. A.: biostratigraphic analysis, discussion. 
6. Sheppard, J. M.: biostratigraphic analysis, discussion. 
 
Chapter 6: Lateral sequence variability and hierarchy in a subduction erosion-
dominated forearc basin, northern Peru 
Status: Prepared for submission 
Author contributions: 
1. Lajo-Yáñez, J.: Lead author. Responsible for data collection, processing and 
analysis, and manuscript writing. 
2. Flint, S. S.: In-depth discussion and manuscript review. 
3. Brunt, R. L.: In-depth discussion and manuscript review. 
4. Huuse, M.: Discussion and manuscript review.
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Fig. 1.1. (A) Bubble map 
showing the subject and its 
scale (bubble size) sequentially 
developed in data chapters 3, 
4, 5 and 6. Yellow curved arrow 
represents the active 
interdependence between 
these scopes.  (B) Location of 
Peru in South America. (C) Map 
of the northern Peruvian 
margin showing the location of 
the Talara Basin and the study 
area location of data chapters. 
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1.5 Data sets and methods 
Integrated approaches and techniques were adopted in this study, combining a 
wide range of data sets from outcrop and subsurface, onshore and offshore and 
representative of different scales. A detailed description of the methodology used for 
each data chapter is presented below and summarised in Fig. 1.2. 
 
1.5.1 Seismic data analysis 
1.5.1.1 Seismic interpretation 
Seismic data from all study areas were interpreted utilising Petrel software. For 
the study area of chapter 3, the northern Peruvian margin, interpreted seismic datasets 
consist of seven regional lines acquired within the Ribiana-Petroperú campaign in 1993. 
The latest re-processing job (2014) was carried out using Kirchhoff migration algorithm 
(Post Stack Time Migration) by Spectrum (now TGS). Interpretation was aimed to 
characterise the oceanic crust-subduction zone-continental margin scheme.  
For chapter 4, in the study area of Paita-Lagunitos, 3D seismic used included 
Chira-Yasila survey (422 km2) in offshore area, acquired by Petro-Tech Peruana (2000) 
and re-processed by Savia Perú (2015) using Kirchhoff pre-stack time migration (PSTM). 
In the onshore area, the Portachuelo survey (63.9 km2), acquired and processed through 
a PostSTM by Bureau of Geophysical Prospecting (BGP) (1996), is partly juxtaposed to 
the north by the Mirador survey (67.2 km2), acquired by Geokinetics Exploration Peru 
and processed using pre-stack time migration (PSTM) by Petrologic Geophysical Services 
(2009). 2D seismic was also used to extend interpretation to the north. An offshore grid 
acquired by Western Geophysical (1982) and reprocessed by Savia Perú (2017), and an 
onshore grid acquired along with the Portachuelo 3D survey, both in PostSTM were 
used. Interpretation was focused on the Pariñas Formation covering both the Paita high 
and Lagunitos depocentre areas. 
For chapter 5, in the study area of Negritos, interpretation was carried out on an 
onshore 3D Negritos survey (166 km2) acquired and processed (PostSTM) by BGP-CNPC 
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(1996). Interpretation supported the stratigraphic unit continuity to the east of the study 
area. 
For chapter 6, in the study area of offshore Lobitos, a 3D Lobitos-Peña Negra 
survey was acquired by Petro-Tech Peruana (2000) with the latest re-processing job 
using the Multifocusing technique by Geomage (2016). Interpretation defined the 
northwestern boundary and characterised the seismic facies of the Chacra Formation 
and Río Bravo units. 
1.5.1.2 Seismic attributes 
Using Petrel software, the root-mean-square (RMS) amplitude seismic attribute 
was extracted from the northeastern sector of the 3D Yasila survey, where seismic 
shows less structural complexity. Four reflectors within the Pariñas Formation were 
picked as depositional surfaces and considered as stratal slices for seismic attribute 
analysis: top, base and two internal levels. These seismic measurements were aimed to 
identify sedimentological features related to deltaic system and were applied in chapter 
4. 
 
1.5.2 Well data analysis 
1.5.2.1 Seismic-well tie and time-depth conversion 
Checkshot and vertical seismic profile (VSP) data are time-depth (T-D) surveys 
and were used to set some wells from depth to time domain, where seismic was 
interpreted. This was possible by running a seismic-well tie (SWT) on Petrel software, 
using also sonic and density logs, previously conditioned. Casing data were important to 
avoid non-geological data in logs during conditioning. The Ricker wavelet (frequency: 20 
Hz) was used to compute individual wavelets, which were summed to get the well 
synthetic seismogram. The correlation between well synthetic seismogram and the 
extracted seismic trace from seismic survey (lines or cubes) near to the borehole will 
define the best SWT. Some wells without T-D surveys were important for seismic 
interpretation, whence SWT was run starting from the closest data, as long as the 
29 
 
 Chapter 1: Introduction 
 
perforated stratigraphic column is similar, which requires experience on correlating 
synthetic seismograms and extracted traces. As a result, synthetic T-D allowed location 
of these wells in seismic, which were considered less reliable than wells with real T-D 
data. However, they were useful in regional interpretation. 
1.5.2.2 Wireline log correlation 
Conventional wireline logs used for correlation in data chapters using Kingdom 
and Petrel software were gamma ray (GR), spontaneous potential (SP) and resistivity of 
the uninvaded zone (or deep resistivity in the different presentations: LN, ILD, LLD, 
RD90, etc). Similar log patterns could be followed between wells in a concomitant 
operation with lithologic logs. Other wireline logs (i.e., neutron, density, sonic, etc) in 
some wells supported correlations. Well correlation was integrated with seismic 
interpretation and also was the basis for stratigraphic correlation in areas with no 
seismic. The widespread well distribution allowed well correlation in all the data 
chapters. 
1.5.2.3 Compaction trend analysis 
Sonic logs from wells that perforated the basement were used to analyse the 
compaction trend in the Talara Basin depocentre and margin. For that end, porosity was 
derived from sonic (SPHI) using the Wyllie time-average equation that relates sonic 
velocities to the porosity of a rock. Compaction trends were obtained from four wells, 
plotting an exponential function of porosity vs depth. Although the density log is the one 
that best measures the rock porosity, the coverage limitation down the well required 
work with sonic logs. Only the neutron-Porosity log (NPHI) from well CO1-1X was used 
to compare the compaction trend with other basins worldwide since this is the only well 
that has complete coverage. This analysis was developed in chapter 4. 
1.5.2.4 Backstripping 
1-D backstripping was run on the same four wells as compaction-trend analysis. 
Geological data from the stratigraphic column required as input are: age and 
palaeobathymetry obtained from biostratigraphic data; surface porosity 
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(predetermined values for different lithologies) and porosity decay constant from 
Sclater & Christie (1980); eustatic sea level from Miller et al. (2020) for Cenozoic and 
Kominz et al. (2008) for Cretaceous; density from wireline logs; top and base. As younger 
units were removed backwards in time, calculations were run to obtain porosity of older 
units at their new depth, bulk density of that new stratigraphic column and basement 
depth corrected for sediment load, which was treated as a local Airy isostatic balance. 
The results obtained are represented by curves of tectonic and total (including sediment 
load) subsidence corrected for compaction, palaeobathymetry and eustatic sea level. 
The iterative calculation was programmed in a Python code. This technique was used in 
chapter 4. 
1.5.2.5 Core description and other analyses 
Core photographs from well LO3-24 were gathered, stitched and their images 
were enhanced. It was not possible to have direct access to the cores since most of them 
acquired before the 1990s were not properly preserved. However, the image resolution 
of the longitudinal cut face of the core was suitable to perform a sedimentological 
description. Described characteristics are lithology, colour, sedimentary structures, bed 
contacts, deformation and bioturbation. Core description logs of three more wells were 
used to assist the sedimentological study, which is reported in chapter 6. 
Other pre-existing well biostratigraphic data were used for nannofossil 
correlation-based age determination, addressed in chapter 4, palynofloral assemblage 
analysis performed for chapter 5 and foraminifera rework analysis, for chapter 6. 
 
1.5.3 Field data collection and analysis 
Five outcrop areas in the Negritos area were studied during a field season in 
2019. Additional fieldwork planned for 2020 could not take place due to the Covid 
pandemic. The main activities consisted of collecting sedimentological and stratigraphic 
data including sedimentary logging (1090 m in total), bedding structural dip and 
palaeocurrent measurements, outcrop photography and drone photogrammetry. 
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Systematic sampling through vertical sections of shales from the Pale Greda, Pariñas and 
Chacra Formations was carried out for biostratigraphic and sedimentological purposes. 
In parallel, samples of sandstones from the Pariñas Formation were obtained to perform 
petrographic analysis. 
1.5.3.1 3-D outcrop modelling 
UAV (Unnamed aerial vehicles) photogrammetry data using a DJI Phantom 3 Pro 
drone were obtained from 2 outcrop areas to cover tens-of-metres-scale stratigraphic 
(deltaic and coastal facies associations) and structural features (syn-sedimentary 
faulting and soft-sediment deformation) in the Pariñas Formation. Hundreds of drone 
photographs were taken scanning the outcrops from different positions and angles in 
order to generate a solid imagery database to be used in the 3-D outcrop modelling. The 
photo set was imported into Agisoft Photoscan software, which processed the photos 
through detection and matching algorithms to get their alignment, relative positioning, 
point-cloud generation, mesh building and texture model building. The two outcrop 
models are used in chapter 5. 
1.5.3.2 Biostratigraphy 
Palynological, foraminiferal and calcareous nannofossil analyses were carried 
out on shale samples in Petrostrat’s laboratories to determine the ages and 
palaeoenvironments of the Pariñas and Chacra Formations, which were correlated with 
nannofossil data from well 12202. The results are presented in chapters 5 and 6. 
Palynological analyses involved removal of all mineral material from samples by 
hydrofluoric acid digestion and sieving to produce residues at 20 micron and above size 
and 5–20-micron size for each sample. Preparation of these size fractions was achieved 
by sieving through a 20-micron mesh (to remove palynomorphs larger than 20 microns) 
over a 5-micron mesh (to retain remaining palynomorphs larger than 5 microns). 
Palynological analyses involve, where possible, an initial count of 100 in 
situ palynomorph specimens - of all types - on the 5-micron coverslip, which contains a 
size fraction of smaller palynomorphs of between 5 and 20 microns. This is to ensure 
recovery of the smaller miospores. Any obvious reworked or caved specimens of any 
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type are counted in addition to the 100 in situ specimens and are not included in the 
100 counts. The rest of the 5-micron coverslip is then scanned for additional taxa present 
outside the count. To take account of the larger pollen and spores, as well as any marine 
and freshwater algae, a 100 count was also carried out, where possible, on the 20-
micron coverslip. Again, the rest of the 20-micron coverslip was then scanned for 
additional taxa present outside the count. The microscope used for this analysis was a 
Nikon Eclipse E600. 
Microfaunal analyses involved taking a fixed amount of wet cuttings, around 30 
g, which was washed thoroughly through a 63 micron sieve. The dried residue was 
sieved through a set of sieves to provide four splits namely: 500 microns, 500-250 
microns, 250-125 microns and <125 microns. A similar quantity of residue from each 
split was spread on consecutive picking trays. All microfossils were picked from each tray 
split and all specimens picked were logged quantitatively. The microscope employed 
was a Nikon G-AL. 
Nannofossil slides were made according to a simple smear slide technique.  
Nannofossil analyses involved counting all specimens within a standard traverse (= 60 
fields of view at x1000 magnification) plus subsequent scanning of the remainder of the 
slide for rare species. In richly nannofossiliferous samples a ‘cascading count’ procedure 
was applied; in this way abundant species are quickly eliminated from the count and 
their counts are factored up to equate with a full 60 field of view traverse. The 
microscope employed was a Zeiss Axiolab. 
1.5.3.3 X-ray fluorescence 
Chemical elemental composition analysis was performed using a portable XRF 
spectrometer Niton XL3t XRF Analyzer assembled on a mobile test stand. Shale chips 
were put within the stand-incorporated chamber, where the spectrometer is attached. 
Each sample was exposed to a primary beam radiation inducing the production of 
fluorescent x-rays for around 2 minutes, in TestAll Geo mode. 
The purpose of this analysis was to perform a chemical identification of the 
reddish oxidised bands in the shale succession of the Chacra Formation and to evaluate 
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if they were related to outcrop surface weathering or sedimentary palaeo-redox 
periods. Outcrop samples were analysed to define chemostratigraphic zones through 
the Chacra Formation, which were correlated with the lithologic log of well 3835. The 
results are presented in chapter 6. 
 
 
Fig. 1.2. Base map of main data types (seismic, well and outcrop) utilised in data chapters 3, 
4, 5 and 6. The details of the analyses performed with specific data are described in each 
research chapter. SI: Seismic interpretation, EA: Earthquake analysis, MA: Seafloor magnetic 
anomalies interpretation, SA: Seismic attributes, BA: Biostratigraphic analysis, Sed: 
Sedimentological analysis, Pe: Petrographic analysis, XRF: X-ray fluorescence analysis, PA: 
Palynofloral assemblage interpretation, NF: Nannofossil correlation, FR: Foraminifera rework, 
WC. Well correlation, B: 1D backstripping, CD: Core description. See Fig. 1.1 for location. 
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basin sequence stratigraphy: a review 
 
 
 
 
 
 
 
 
 
This chapter provides an overview of the state-of-the-art knowledge on sequence 
stratigraphy of forearc basins in the subduction-erosion context as well as the regional 
geological setting of the study area 
 
 
Chapter 2: Subduction geodynamics and forearc basin sequence stratigraphy: a review 
2.1 Subduction settings 
2.1.1 Erosive and accretionary margins 
Subduction zones have been analysed and outlined around the Circum-Pacific 
Ring of Fire convergent margins based on the dominant long-term subduction zone 
processes and overriding plate margin configuration, which can be classified into two 
main types: erosional and accretionary (Fig. 2.1) (Scholl et al., 1980, Cloos & Shreve, 
1988; Clift & Vannucchi, 2004; von Huene et al., 2004; Noda, 2016). 
 
Fig. 2.1. Comparison of the main characteristics that define an (A) accretionary margin and (B) 
erosive margin (modified from Clift and Vannucchi, 2004). The Peruvian margin is considered 
as an erosive margin. 
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Subduction erosion is characterised by a lack of accretionary prisms and missing 
masses of crustal material derived from the front and base of the overriding plate, which 
are assimilated in the subduction channel, through shear with the subducting plate (von 
Huene & Lallemand, 1990; von Huene & Scholl, 1991; Scholl & von Huene, 2007; Stern, 
2011). Conversely, subduction accretion develops thick frontal prisms of thrusted 
sediment due to off-scrapping at the plate interface (Seely et al., 1974; Dickinson & 
Seely, 1979; Gulick et al., 2004). Another characteristic of this subduction type is 
sediment underplating where the ocean trench contains a high volume of sediment 
(Scholl, 2021). The underplating occurs underneath the forearc wedge, deeper inside 
the subduction megathrust, which can re-configure the forearc (Clift & Vannucchi, 
2004). However, some subduction zones record shared elements between these 
accretionary and erosional end members to a lesser or greater degree (von Huene & 
Lallemand, 1990; Stern, 2011), characterised by small frontal prisms (von Huene & 
Scholl, 1991) or some sediment underplating interacting with plate basal erosion (Collot 
et al., 2008; Genge et al., 2020). 
In the eastern Pacific, the Ecuadorian, Peruvian, and north Chilean margins have 
been identified as driven by subduction-erosion (Clift & Vannucchi, 2004). 
2.1.2 Subduction-erosion mechanism 
Tectonic erosion is the principal geodynamic mechanism in subduction erosion 
that occurs on the overriding plate margin (Fig. 2.2), and can be of two types: basal and 
frontal (von Huene & Lallemand, 1990; von Huene & Scholl, 1991; Stern, 2011). Basal 
erosion acts at the base of the overriding plate by oceanic crust abrasion (Murauchi & 
Ludwig, 1980; Langseth et al., 1981), due to hydrofracturing by fluid overpressure along 
the plate interface (von Huene et al., 2004), and can be intensified by the occurrence of 
seamounts and oceanic ridges in the subducting oceanic crust (Lallemand et al., 1994). 
Frontal erosion occurs over the lower slope of the forearc, where material comes off 
and is transported to the trench to then be dragged downdip by the subducting plate. 
Both types of eroded material are transferred to the mantle through the subduction 
channel (von Huene et al., 2004; Clift & Vannucchi, 2004). 
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As a result, the continental plate margin undergoes thinning and simultaneous 
landward retreat of the trench (Scholl et al., 1980; Scholl & von Huene, 2007; Scholl & 
von Huene, 2010), producing tectonic subsidence (von Huene et al., 2004) accompanied 
by extensional structural deformation. 
 
Fig. 2.2. Subduction erosion mechanism model showing frontal and basal tectonic erosion (von 
Huene et al., 2004). 
 
2.1.3 Continental truncation by subduction erosion 
As tectonic erosion consumes the continental plate margin, the position of the 
trench migrates landward relative to a fixed point on the upper plate (Scholl & von 
Huene, 2010). This continental truncation acts at different rates along the trench, where 
the Peruvian margin has been truncated at 3.5 km My-1 (Fig. 2.3). Forearc sediment and 
crustal material removal have been observed in modern continental-oceanic crust 
subduction zones based on deep translation (3-5 km) of non-marine or shelf deposits 
near the present-day trench. 
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Fig. 2.3. Subduction-erosion zones long-term rates of continental margin truncation causing 
landward trench migration (Scholl and von Huene, 2010). Average rate along the Peruvian 
margin is 3.5 km My-1. 
 
 
Fig. 2.4. Magmatic arc productivity throughout subduction erosion producing seaward 
migration of arc massifs (Scholl and von Huene, 2009). In the northern Peruvian forearc, the 
Triassic arc massifs are very close to the trench (~85 km). 
 
Another important observation is the occurrence of arc massifs in coastal and 
offshore regions showing former forearc remnants (Fig. 2.4), which indicates the 
production of arc magmatism supplying juvenile igneous material through subduction 
erosion (Scholl & von Huene, 2009). This process represents crustal recycling following 
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margin truncation. The analysis allows the interpretative location of the past continental 
margin, formerly extended seaward, and therefore the ancient trench axis at that time. 
In the northern Peruvian forearc, the distance between the outcropping Triassic 
magmatic arc intruding the Palaeozoic low-degree metamorphic rocks, known as the 
Coastal Range (Sánchez et al., 2006; Bellido et al., 2009) and the present-day trench is 
~85 km, which represents a long history of continental margin truncation since Triassic 
magmatism. 
 
2.2 Forearc basins 
In the mid-1970s and early 1980s and after the plate tectonic revolution, pioneer 
works provided approaches to classify sedimentary basins (e.g., Dickinson, 1974; Bally, 
1980; Klemme, 1980; Kingston et al., 1983). Basins have been classified according to the 
geodynamic setting that controlled their development, morphology and tectonic 
location. The geological history of each basin is based on its basin-forming tectonics, 
depositional sequences and basin-modifying tectonics (Kingston et al, 1983). The main 
tectonic settings for basin formation are: plate interior, divergent, convergent, 
transform, collision and hybrid (Klein, 1987; Ingersoll et al., 1988). Forearc basins are 
sedimentary basins that lie between the deformation front and the magmatic arc of a 
margin (Dickinson & Seely, 1979; Ingersoll, 1988; Dickinson, 1995), where the 
stratigraphic patterns record the tectonic history of the continental margin, whether 
erosive or accretionary. 
2.2.1 Accretionary-margin versus erosive-margin forearc basins 
Three main characteristics of forearc basins define their geological configuration 
related to the degree of continental margin truncation (Scholl & von Huene, 2010), and 
allow the identification of margin type where they develop. These characteristics are: 
basin fill thickness, basin areal extent and structural deformation. Two type basins are 
shown for comparative analysis: The southern Sandino Basin (Stephens, 2014) on the 
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erosive margin of offshore NW Costa Rica (Fig. 2.5), and the Kumano Basin (Moore et 
al., 2009) on the accretionary margin of offshore Japan (Fig. 2.6). 
 
Fig. 2.5. (A) Uninterpreted and (B) interpreted seismic line of the southern Sandino Forearc 
Basin developed on an erosive margin, offshore NW Costa Rica (Stephens, 2014). Similar 
geological characteristics have been identified in the central Peruvian forearc basins. 
 
 
Fig. 2.6. (A) Uninterpreted and (B) interpreted seismic line of the Kumano Forearc Basin (green 
polygon) developed on an accretionary margin, offshore Japan (Moore et al., 2009). 
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In the same way as subduction zones, some forearc basins may present a 
combination of these characteristics, which define them within a range between these 
two end members, as seen in the central and northern Sandino Basin (McIntosh et al., 
2007; Ranero et al., 2000, respectively). These examples show tectonic erosion and 
accretion as the subduction direction varied over time between oblique and orthogonal. 
Forearc basins on erosive margins develop thick sedimentary fills, while forearc 
basins on accretionary margins develop a thin basin fill due to limited basal tectonic 
erosion (Scholl et al., 2015). More preserved continental crust underneath forearc will 
reduce basin accommodation. 
In erosive margins, the forearc basin fill extends from arc to trench, which is 
consistent with a very strong consumption of the margin through truncation, while in 
accretionary margins, basin size is restricted between the arc and accretionary prism 
due to limited accommodation by accretionary prism development. Large prisms will 
lead to basins with restricted extent. 
The structural style and degree of deformation of the forearc basin will be 
extensional with high-density normal faulting on erosive margins due to continental 
margin thinning that produces terrain collapse. In accretionary margins, forearc basins 
will undergo limited structural deformation. Less tectonic erosion gives the forearc more 
stability. 
The central Peruvian forearc has been identified as the subduction-erosion type 
based on backstripping analyses on the Lima (Clift et al., 2003) and Trujillo (Herbozo et 
al., 2020) Basins that determined a marked tectonic subsidence history. In the Ecuador-
Peru border area, the same type of forearc basin has been characterised through trench-
margin regional seismic interpretation (Collot et al., 2011). 
2.2.2 Forearc-basin classification 
This classification was developed from the compilation of subduction profiles for 
several modern forearcs worldwide by Noda (2016), and is based on analysis of the 
material transfer between the subducting-oceanic and overriding plates and the 
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relationship between the tectonic configuration of the forearc and continental margin 
(Fig. 2.7). The three main types of forearc basin are compressional, neutral, and 
extensional, while the overriding plate margin can be accretionary and erosional (non-
accretionary). The combination of these forearc-plate margin features gives rise to the 
five types of forearc basin, involving their size and trench-fill thickness addressed in the 
last section. 
The central Peruvian margin was part of this study, where the Lima, Trujillo and 
Salaverry forearc basins were classified as the extensional-erosional type. 
 
Fig. 2.7. Classification of forearc basins by Noda (2016). Central Peruvian forearc basins are 
classified as extensional erosional type. 
 
2.2.3 Forearc tectonic history: uplift and subsidence 
Two subduction-related mechanisms have been proposed to explain the origins 
of uplift and subsequent collapse in forearc areas. Interplate asperity can cause periods 
of locked subduction that trigger forearc regional (interseismic) uplifts, followed by 
(coseismic) extensional collapse as gravitational faulting when subduction is unlocked 
(Dragert et al., 1994) (Fig. 2.8A). 
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Fig. 2.8. Forearc uplift-subsidence models: (A1) Schematic diagram illustrating the pattern of 
locked (interseismic) and unlocked (coesismic) subduction forearc deformation resulting in 
uplift and subsidence, respectively (Dragert et al., 1994). (A2) Schematic northern Peruvian 
forearc profile, based on seismic and outcrops showing long-term locked and unlocked 
subduction zone (Bourgois et al., 2007), B) Central Chile margin profile based on seismic line 
SO161-24, incorporating underplating from sandbox models (Melnick et al., 2006), and (C) 
Sketch of seamount geometry producing stress released through earthquakes (EQ) swarm and 
tilting the margin seaward (Collot et al., 2016). 
44 
 
Chapter 2: Subduction geodynamics and forearc basin sequence stratigraphy: a review 
Alternatively, sediment underplating along the subduction zone (Collot et al., 
2008; Melnick et al., 2006; Genge et al, 2020) is considered a factor in co-seismic crustal 
uplift (Fig. 2.8B). In both cases, evidence for uplift is provided by raised marine cliffs or 
reefal terraces with associated notches. 
In northwestern Peru, extensive marine terraces of the Pleistocene Tablazo 
Formation (DeVries, 1988; Pedoja et al., 2006), unconformably overlying Eocene strata 
of the Talara Basin (Fig. 2.8A), indicate that subduction has been driving long-term uplift 
along the coastal plain and long-term subsidence along the continental margin (Bourgois 
et al., 2007). These features are consistent with a low degree of plate coupling that 
supports a subduction erosion process. In addition, local uplift-collapse events may be 
due to subducting oceanic crust seamounts and ridges (Dominguez et al., 1998; von 
Huene et al., 2004; Fleury et al., 2009; Geersen et al., 2015; Collot et al, 2016), which 
produces a seaward tilt of the forearc (Fig. 2.8C). 
 
2.3 Sea-level changes 
2.3.1 Eustatic sea level: Glacio- and tectono-eustasy 
Eustasy is defined as the global sea level and is measured between the sea 
surface and the centre of the Earth as a fixed datum (Jervey, 1988). Eustatic sea-level 
variations occur due to tectonic, glacial, and other large-scale processes, where 
tectonism accounts for first-order and most second-order cycles (Vail et al., 1977). 
Variations in eustatic sea-level (Fig. 2.9A-D) can be due to changes in world-
ocean mass as a consequence of melting of continental ice sheets, termed glacio-eustasy 
(Fairbridge, 1961), driven by orbitally-influenced climatic processes. Other minor 
climate-related mechanisms contribute in a lesser degree to changes in ocean volume: 
thermo-eustasy (Church et al., 2013), which is driven by thermal expansion of ocean 
masses; and limno-eustasy (Wagreich et al., 2014), driven by water density variations 
and continental-ocean water exchange, known also as hydro-eustasy (Rovere et al., 
2016) or aquifer-eustasy (Ray et al., 2019; Davies et al., 2020). 
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Geotectonic processes can also change global sea level by modifying the ocean 
basin volume, which can be related mainly to rifting (Jacquin & de Graciansky, 1998) or 
ocean-ridge spreading (Hays & Pitman, 1973; Rona, 1995; Rovere et al., 2016) producing 
tectono-eustasy. In terms of duration, climate-related eustasy occurs during tens to 
hundreds of thousands of years, while tectono-eustasy acts over tens to hundreds of 
millions of years (Fig. 2.9E). 
 
 
Fig. 2.9. (A) Four main types of eustasy. (B) Amplitude and duration of processes causing 
eustatic sea-level changes (Rovere et al., 2016). 
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2.3.2 Cenozoic eustatic sea level in the Pacific region 
Miller et al. (2020) estimated the Cenozoic global mean sea level of the Pacific 
region using benthic foraminiferal δ18O (Fig. 2.10A) and Mg/Ca palaeotemperature (Fig. 
2.10B) records from 7 ODP sites from the South China Sea to the southeastern Pacific 
Ocean and comparing these data with core data from the New Jersey margin of the US. 
The resultant δ18O-Mg/Ca eustatic sea-level curve provides a Milankovitch-scale 
resolution (Fig. 2.10C), and was smoothed removing periods shorter than 490 Ka (Fig. 
2.10D). 
The estimated eustatic sea level incorporated records of sea-level fall periods, 
but not the high amplitudes from seismic and sequence stratigraphic studies of Late 
Cretaceous to Miocene (Vail & Mitchum, 1977; Haq et al., 1987) across different 
worldwide areas, including New Jersey. Sea-level amplitudes, on the order of 10 to 60 
m, were extracted from backstripped cores, logs and seismic profiles from the Atlantic 
U.S. Coastal Plain (Miller et al., 2005; Kominz et al., 2008; Miller et al., 2011). For 
Palaeocene to Early Eocene, δ18O-Mg/Ca records are not accurate, therefore, thermal 
history was constrained inferring sea-level fluctuation greater than 70 m and ice 
volumes greater than today. Temperatures derived from Mg/Ca and therefore sea-level 
amplitudes are not very reliable before 48 Ma; however, the timing of astronomical sea-
level variations are still captured. This eustatic sea-level curve does not account for the 
PETM (Palaeocene-Eocene Thermal Maximum). 
The results indicate the Early Eocene (56 to 48 Ma) was a “Hothouse”, with 
elevated eustatic sea level, high CO2 levels and polar regions free of ice. The Middle and 
Late Eocene (48 to 34 Ma) were characteristic of a “Cool Greenhouse” climate. The 
Oligocene started with an “Icehouse” with a continental-scale ice sheet until middle 
Miocene (34 to 12.8 Ma). A bipolar glaciation occurred at the beginning of the 
Pleistocene (2.5 Ma). Miller et al. (2020) point out that one consideration of this work is 
that another sea-level proxy of this kind is needed to resolve the effect of the non-
thermal tectonism in the eustatic sea level behaviour.
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Fig. 2.10. Summary of Cenozoic Pacific eustatic sea level (modified from Miller et al., 2020). (A) Benthic foraminiferal δ18O splice reported to 
Cibicidoides spp. (B) Temperature estimates based on Mg/Ca. (C) Milankovitch-scale resolution sea level obtained from new benthic foraminifera 
δ18O calibrated with Mg/Ca temperature. (D) Smoothed sea-level estimated in C and compared with backstripped onshore New Jersey estimates.
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2.4 Relative sea level in tectonically-active basins 
Relative sea level is the product of the combination of eustatic sea-level and solid 
Earth surface vertical movements and leads to topographic and bathymetric variations 
(Rovere et al., 2016), especially in tectonically-active settings. Thus, land uplift and 
subsidence can trigger relative sea-level fall or rise, respectively, which is observed from 
a land fixed point while the ocean mass does not change. 
Other coeval factors that can contribute to relative sea-level change are glacial 
isostatic adjustment, mantle dynamic topography, sediment compaction, sediment 
redistribution, karst isostasy, volcanic isostasy and extraction of natural resources. 
Relative sea level fluctuations give rise to the third-order depositional units, 
defined as stratigraphic sequences by different authors and compiled by Embry (2002) 
and Catuneanu (2017). 
2.4.1 Uplift-driven regressions 
The role of tectonism, specifically tectonic and thermal uplifts producing 
regressive stratigraphic successions, has been documented in basins of different 
geological settings (Fig. 2.11).  
Interpreted examples are normal-fault propagation uplift in the Gulf of Suez rift 
(Gawthorpe et al., 2000) and Lusitanian Basin (Azerêdo et al., 2002); thermal uplift in 
the North Sea (Went et al., 2013); thrust-related uplift in the Ainsa sag basin (Dreyer et 
al., 1999; Gawthorpe et al., 2000); and piggy-back uplift in the Adana foreland basin 
(Ilgar et al., 2013). 
Basin margin uplift lowers the base level restricting the accommodation 
basinward. Uplift-driven regressions in accretionary active margins have been poorly 
analysed and are even less well understood in erosive active margins. 
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Fig. 2.11. Uplift-driven forced regression models in different basin types: (A) Normal fault 
propagation in rifts, Gulf of Suez (Gawthorpe et al., 2000), (B) thermal uplift, North Sea (Went 
et al., 2013), (C) thrust-related uplift, Ainsa sag basin (Gawthorpe et al., 2000), and (D) piggy-
back uplift, Adana foreland basin (Ilgar et al., 2013). 
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Fig. 2.12. Subsidence-driven transgression models in different basin types: (A) Syn-
sedimentary normal faulting in rifts, Gulf of Suez (Gawthorpe et al., 2000), (B) Syn-sedimentary 
normal faulting in sags, Canning Basin (Seyedmehdi, 2019), (C) Foredeep deepening in 
foreland, Magallanes-Austral Basin (Rivera et al., 2020). 
51 
 
Chapter 2: Subduction geodynamics and forearc basin sequence stratigraphy: a review 
2.4.2 Subsidence-driven transgressions 
Transgression triggered by subsidence has been studied in three types of basins 
(Fig. 2.12), such as normal-faulting propagated to surface producing half grabens in the 
Gulf of Suez rift (Gawthorpe et al., 2000); downwarping with extensional faulting in the 
Canning sag basin (Seyedmehdi, 2019); and enhanced foredeep subsidence deepening 
due to wedge top advance in the Magallanes-Austral Basin (Rivera et al., 2020). 
Subsidence in the basin increases accommodation, elevating the base level, 
which produces retrogradation in the depositional units. Subsidence-driven 
transgression in forearc basins has been less well documented. However, as mentioned 
above, continental margins controlled by subduction erosion are prone to intermittent 
tectonic subsidence due to constant continental margin truncation, and are therefore a 
relevant factor to consider in the development in those types of forearc basins. 
2.4.3 Tectonically-active depositional settings 
Tectonic activity on margins gives rise to narrow shelves (Fig. 2.13), allowing 
sediment to be transported relatively short distances from the source area 
predominantly by hyperpycnal flows, which are different from larger passive margin 
systems, transporting sediments in nepheloid flows driven by waves and currents across 
wide shelves (Sømme et al., 2009). 
A geotectonic model has not been defined for forearc basins in convergent 
margins driven by subduction erosion. However, the closest structural analogue comes 
from rift basins, where the main tectonic characteristic is normal faulting in an 
extensional setting (Fig. 2.14). In the hanging wall, as normal faults develop, 
accommodation is increased by the subsidence, where eustatic sea-level can go into the 
background. Accommodation is large close to the fault and decreases away to the axis 
of fault rotation (Ravnås & Steel, 1998). 
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Fig. 2.13. Comparison of source-to-sink morphological profiles and related sediment transport 
between passive and active margins (Sømme et al., 2009). 
 
Sediment input points arise mainly from transfer zones (Gawthorpe & Hurst, 
1993) and footwall crests and islands (Leeder et al., 1991; Roberts et al., 1993), which 
are uplifted and partly eroded forming a sequence boundary (Gawthorpe et al. 1994; 
Howell & Flint, 1996; Gawthorpe & Leeder, 2000). 
Gawthorpe et al. (1994) show five examples of stratal stacking patterns in 
different locations around half-graben depocentres as shown in Fig. 2.14. In footwall-
derived systems (Locs. 1 and 5), sediment supply is low, unless there is an antecedent 
drainage system, and the sequence boundary is coincident with transgressive and 
maximum flooding surfaces. Sequence set stacking pattern is aggradational and no 
lowstand system tracts are developed. In hanging-wall drainage catchment, subject to 
subsidence (Loc. 4) or uplift (Loc.2), eustatic sea level dominates relative sea level due 
to low rates of tectonic deformation. These sequences may be subject to forced 
regressions during relative sea level falls. If the hanging wall is dominated by subsidence, 
the sequence stacking pattern is progradational with an aggradational component; if 
dominated by uplift, the progradational stacking pattern may be incised and develop 
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offlap. Transfer zone-derived systems (Loc. 3) are stacked into progradational to 
aggradational sets due to high sediment supply controlled by tilting and subsidence due 
to fault activity. 
 
Fig. 2.14. Stratal stacking patterns development and relative sea-level variation in different 
locations of rift basin complex: Locs. 1, 4 and 5 in the hangingwall, 2 in the footwall, and Loc. 
3 in the relay ramp of a transfer zone (Gawthorpe et al., 1994). 
 
2.4.4 Fluvio- and fan-deltaic tectonically-controlled sedimentation 
Syn-depositional faults controlling deltaic systems have been studied in rift 
settings (Soreghan et al., 1999; Jia et al., 2019) and influence slope instability and failure 
(Back et al., 2005; Chen et al., 2014; Olariu & Ambrose, 2016). Progradation in these 
settings is controlled by fault development, which establishes an interplay between 
subsidence and sediment supply (Olariu & Ambrose, 2016). Huang et al. (2012) and Chen 
et al. (2014) highlighted the importance of slope breaks in controlling the development 
and dispersion of depositional systems based on the Qikou Sag study and proposed 
three types. The fault-controlled steep slope (Fig. 2.15A) is suitable for the deposition 
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of fan deltas (Jia et al., 2019). The flexural slope break (Fig. 2.15B), with a gradual 
basinward deepening morphology, is associated with basin-fill onlapping. In an 
advanced phase of a fault-controlled steep slope, the multistage fault terrace zone (Fig. 
2.15C) is made up of several coeval normal faults and adopts a step-shaped profile. 
Transfer zone control on deposition (Fig. 2.15D) was also identified in the rift phase of 
the basin, which follows the characterisation of Gawthorpe et al. (1994). 
 
Fig. 2.15. Structural control of deltaic deposition in four types of slope breaks: (A) Fault-
controlled steep slope, (B) Flexural slope break and (C) Multistage fault terrace; which are 
compared to (D) Transfer fault zone (Chen et al., 2014). 
 
In convergent margins controlled by subduction erosion, development of normal 
faulting is also characteristic as seen in the southern sector of the Sandino Basin (Fig. 
2.5). This type of margin lacks a sequence stratigraphic-structural analogue model. 
However, some rift-related elements and sedimentary processes may be applied in 
subduction-erosion-related forearcs as in the Talara basin.
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ABSTRACT 
Two main types of subduction are recognised around the world: accretionary 
and erosive. The northern Peruvian margin is a well-known example of a margin 
subjected to subduction erosion but to date the along-margin variability and temporal 
changes in subduction process and forearc basin evolution have not been characterised 
in detail. Interpretation of regional seismic lines and integration of well data captures 
the erosive nature of subduction underneath the forearc with only a minor accretionary 
component to the north. The subduction history is complex and includes the interaction 
of a Triassic magmatic arc massif with the subduction zone, due to subduction erosion. 
This process resulted in the intermittently-locked normal subduction process that 
started in the Miocene. Seismological data indicate the activity of a present-day 
transpressional system, represented by large-scale structures of the Peru fault and the 
Illescas fault-propagation anticlines, cutting the subduction zone and affecting both 
plates due to the formation of the Nazca Plate Sliver, identified by magnetic and 
bathymetric data. This feature escaped to the northeast in response to a postulated 
locked subduction, which may explain the seismic gap in southern Ecuador and northern 
Peru. The temporal variability in subduction processes is preserved in the Talara forearc 
basin as episodes of uplift driven by partially-locked subduction. Each episode was 
followed by normal faulting/extensional collapse as subduction resumed. The 
extensional episodes produced structural traps for hydrocarbons. This mechanism 
explains the dominance of normal faulting across the forearc until the Oligocene with a 
slight reactivation within the Miocene. 
 
3.1 Introduction 
Characterisation of subduction process is a crucial element in understanding 
forearc basin evolution, particularly for structurally-complex examples. Subduction zone 
processes have been studied in several examples around the Circum-Pacific Ring of Fire, 
and can be classified into two main types of overriding plate margin: accretionary and 
erosive (Scholl et al., 1980, Cloos & Shreve, 1988; Clift & Vannucchi, 2004; von Huene et 
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al., 2004; Noda, 2016). In the southeastern Pacific, the subduction margins of Colombia 
(Collot et al., 2008), Ecuador (Collot et al., 2011), central Peru (von Huene & Lallemand, 
1990; Clift et al., 2003; Herbozo et al. 2020; Genge et al., 2020), and northern and central 
Chile (von Huene & Scholl, 1991; Contreras-Reyes et al., 2015) have been identified as 
the subduction erosion type. The section of the northern Peruvian forearc in the present 
study bridges the gap between these better studied areas to the north and south. 
This paper presents a multi-scale analysis, addressing aspects of plate tectonics 
and basin structure and mega-sequences, and is based on the integration of oil industry 
and academic datasets of the northern Peruvian forearc which allows us to re-evaluate 
the models of subduction. The study area comprises a region from 1° S to 9° S in 
northwestern Peru, between the Peru Trench off Chimbote city to the south, and 
southwestern Ecuador to the north (Fig. 3.1). This corresponds to the forearc region of 
the Talara Basin where the Pacific margin of the South American Plate overrides the 
Nazca Plate. 
The aim of this study is to analyse the basin and subduction zone elements in 
order to critically test the application of the subduction erosion model to the northern 
Peruvian forearc, especially to the Talara Basin. The results, defining the specific type of 
subduction mechanism in the area and its development through geological time, help 
us identify possible relationships between the subduction history and Talara Basin 
evolution.  
Stratigraphic and structural aspects of the Talara Basin have been studied at an 
intra-basin scale (Iddings & Olsson, 1928; Baldry, 1938; Travis, 1953; Stainforth, 1954; 
Weiss, 1955; Peralta, 1967; Murany, 1975; Euribe, 1976; Gonzales, 1976; Travis et al., 
1976; Séranne, 1987; Marsaglia & Carozzi, 1990; Bush et al. 1994; Higley, 2004; Fildani, 
2008, Hessler & Sharman, 2018); however elements such as relative sea level, origin of 
the accommodation for the different sequences, sedimentary environments and 
tectonic history have remained unresolved. For instance, one of the most frequent 
questions is how the Talara Basin accumulated a sedimentary fill of about 8 km thickness 
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during the Late Cretaceous, Palaeocene and Eocene. Is this anomalously thick basin fill 
related to some aspect of the subduction zone dynamics?  
 
Fig. 3.1. (A) Sea-floor age map (Müller et al., 2008) showing the location of the study area 
within the context of the oceanic Nazca Plate subducting beneath the continental South 
American Plate. (B) Bathymetry and topography from GMRT synthesis showing the 
distribution of Ribiana-Petroperú 2D seismic surveys and well data over the Talara forearc 
basin. SZ = shear zone. 
 
3.2 Geological framework 
3.2.1 Northern Peruvian forearc and the Talara Basin 
The northern Peruvian forearc is located on the Pacific convergent margin where 
the oceanic Nazca Plate is being subducted beneath the continental South American 
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Plate (Moberly et al., 1982). To the east, the area is bounded by Palaeozoic metamorphic 
rocks of the Coastal Range, intruded by Triassic igneous rocks of the early magmatic arc 
(Sánchez et al., 2006; Bellido et al., 2009). The western margin is the Peru Trench with 
~5 km of present-day water depth (Fig. 3.1). 
The Late Cretaceous to Late Eocene Talara Basin lies in the forearc, along with 
Oligocene-Miocene and younger basins. The Talara Basin-fill comprises an 8-km thick 
succession of mainly siliciclastic sediments (Travis et al., 1976) and is separated by 
unconformities from the Early Cretaceous and Palaeozoic metasedimentary basement 
(Higley, 2004). The boundaries of the Talara Basin are poorly defined (Fildani et al., 
2008), except for the eastern limit with the Coastal Range. Towards the north, Late 
Cretaceous and Eocene stratigraphic units are found in southwestern Ecuador, to the 
south of the Chongón-Colonche mountains, with a good biostratigraphic correlation 
(Galloway, 1929; Vaughan, 1937; Frizzell, 1945; Thalmann, 1946; Stainforth, 1948; 
Hofker, 1956; Coxall, 2000); therefore, there is a possibility that those units make up the 
northern boundary of the basin, passing through the Gulf of Guayaquil. In the same way, 
the southern limit has been defined to the south of Illescas hills as part of the Palaeozoic 
mountains (Higley, 2004), although the early Cenozoic portion of the Talara Basin 
stratigraphic section may be correlated to the Trujillo Basin farther south (Thornburg & 
Kulm, 1981). 
3.2.2 Subduction erosion on the Peruvian Pacific margin 
The concept of sediment subduction and subduction erosion at convergent 
margins appeared from the 1960s (Coats, 1962; Miller, 1970; Murauchi, 1971; Scholl et 
al, 1980; Hilde, 1983) as a different process to subduction accretion (Seely et al., 1974; 
Dickinson & Seely, 1979). Three main differentiating features were identified: 
unbalanced volumes in sediment budget, the lack of pelagic oceanic deposits in 
outcropping subduction complexes and the poor development, or absence of an 
accretionary prism (Scholl et al., 1980; Scholl, 1987; von Huene & Scholl, 1991). 
Erosive margins are the result of subduction erosion and represent more than 
half of the present-day subduction margins around the world (von Huene & Scholl, 1991; 
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von Huene et al., 2004; Clift & Vannucchi, 2004). However, subduction erosion is also 
present, to a lesser or greater degree, even in accretionary margins (von Huene & 
Lallemand, 1990; Stern, 2011), with small frontal prisms (von Huene & Scholl, 1991). In 
the process of subduction erosion, missing masses of crustal material derived from the 
overriding plate are assimilated in the subduction channel, through shear with the 
subducting plate (Scholl & von Huene, 2007). This type of subduction implies tectonic 
erosion that can be frontal, over the lower slope of the forearc, and basal, at the base 
of the upper plate (von Huene & Lallemand, 1990; von Huene & Scholl, 1991; Stern, 
2011). As a consequence, tectonic erosion causes thinning and loss of continental plate 
margin material by oceanic crust abrasion (Murauchi & Ludwig, 1980; Langseth et al., 
1981) and a simultaneous landward retreat of the trench (Scholl et al., 1980; Scholl & 
von Huene, 2007; Scholl & von Huene, 2010). 
Subduction in northwestern Peru is driving long-term uplift along the coastal 
plain and long-term subsidence along the continental margin, suggesting a low degree 
of coupling that indicates a subduction erosion process (Bourgois et al., 2007). This 
erosive margin model for the northern Peruvian forearc is comparable with analogue 
seismic studies across upper plate - trench – subducting plate profiles from Central 
America to northern Chile and most of the western Pacific plate boundaries (Clift & 
Vannucchi, 2004; Scholl & von Huene, 2007; Noda, 2017). 
The subduction style was originally interpreted at the latitudes of Bayóvar bay 
and Trujillo city, characterized by an accretionary complex of >15 km length (Bourgois 
et al., 1988; von Huene & Miller, 1988; von Huene et al., 1989), to the south of the study 
area. However, towards the north, the mechanism of subduction erosion in the Gulf of 
Guayaquil, in southwestern Ecuador, shows development of a subduction channel and 
an incipient accretionary prism (Collot et al., 2011), immediately to the north of the 
present study area. 
3.2.3 Nazca Plate 
The geodynamic conditions between the Nazca and South American Plates have 
varied over time. Pardo-Casas & Molnar (1987) determined the Nazca Plate convergence 
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rate relative to the South American Plate. Convergence was slow from the end of the 
Cretaceous until the Late Eocene, with high rates during the Middle Eocene and from 
the beginning of the Oligocene, when the Farallón Plate split into the Nazca and Cocos 
plates (Lonsdale, 2005). At the same time, the Farallón Plate changed its relative drift 
direction, from generally north in the Late Cretaceous to east-northeast today as the 
Nazca Plate. Based on earthquake, volcanic activity and outcrop data, the northern and 
central Peruvian margins overlie a segment of oceanic crust known as the Peruvian Flat 
Slab, which has a low-angle subduction plane beneath the South American Plate 
(Barazangi & Isacks, 1976; Barazangi & Isacks, 1979; Ramos & Folguera, 2009). 
The structural configuration in the northern region of the Nazca Plate is 
represented by the Grijalva, Alvarado and Sarmiento ridges. These features have 
southwest-northeast orientations and lie in front of the northern Peruvian forearc. They 
have been interpreted as ancient transform faults of the Farallón Plate by Mammrickx 
et al. (1975) and eruptive fractures by Lonsdale (2005). Some hundreds of kilometres to 
the south, Huchon & Bourgois (1990) identified a large fracture zone called Virú with an 
orientation to the northeast, which deviates to the north-northeast where it begins to 
show thrust-faulted structures of the Trujillo ridges and towards the Illescas hills. Those 
positive structural elements were interpreted as due to oceanic plate fragmentation 
induced by subduction. Prince et al. (1974), Prince & Kulm (1975) and Kulm et al. (1982) 
considered the ridges to the west of the Peru Trench off Chimbote city to be the result 
of imbricate thrusting due to oceanic crust rupture. 
 
3.3 Datasets and methods 
The main database for this study is six regional seismic reflection lines, which 
cover the subduction zone between the Nazca and South American Plates. These lines 
were acquired in 1993 by Ribiana Inc. in agreement with the Peruvian national company 
Petroperú S.A. This work uses the latest reprocessing performed by Spectrum (now TGS) 
in 2014, based on post-stack time migration and converted to the depth domain using 
the processing velocity. The reason for displaying the seismic lines in depth is to avoid 
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the effect of deep-water bathymetry in the time domain that could mislead seismic 
interpretation due to visual distortion of the subduction zone geometry. In addition, 
bathymetry and topography data were obtained from the GMRT (Global Multi-
Resolution Topography) synthesis and Geersen et al. (2019), which include seafloor 
mapping by research vessels in previous campaigns around the Peru Trench, 
accompanied by scientific publications: Nazca Project in 1972 (Prince et al., 1974; Prince 
& Kulm, 1975; Kulm et al., 1982), SEAPERC in 1986 (Bourgois et al., 1988; Huchon & 
Bourgois; 1990), NAUTIPERC in 1991 (Bourgois et al., 1993; Sosson et al., 1994; Duperret 
et al., 1995; Aquilina et al., 1997) and GEOPECO in 2000 (Krabbenhöft et al., 2004). These 
campaigns also include seismic and sampling data that were integrated into this work. 
Other data used are the seafloor magnetic anomalies map from the NOAA (Maus et al, 
2009). Oil industry well data, provided by the Peruvian government institution 
Perupetro S.A., were important as a control in following the horizons of different Talara 
Basin sequences. The onshore outcropping lithologies were covered by surface 
geological maps from INGEMMET (Instituto Geológico, Minero y Metalúrgico del Perú). 
Structural and stratigraphic interpretation of west-east seismic lines 93-01, 93-
10, 93-16 and 93-19 characterised the subduction profile along the northern Peruvian 
forearc from south to north, beneath the Talara Basin. At the same time, the 
interpretation of a south-north margin-parallel seismic line 93-20 was run to link the 
west-east lines. A bathymetry interpretation was carried out to analyse the surficial 
structural features in the area around the Peru Trench, and thus to calibrate seismic 
interpretation in the shallow area. Finally, an interpretation of the seafloor magnetic 
anomalies in front of the Peruvian and Ecuadorian margin of the South American Plate 
delineated the northernmost Nazca Plate segment, herein termed the Talara Segment, 
and visualise its geometry and structural configuration to investigate the causes of its 
drift and deformation. Additional onshore seismological data from Nocquet et al. (2014), 
Villegas-Lanza et al. (2016a) and Villegas-Lanza et al. (2016b) was integrated. 
The analysis was sub-divided into three main aspects. The tectonic analysis 
consisted of identifying and characterising each element of the subduction zone 
beneath the northern Peruvian forearc, in order to determine the subduction 
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mechanism specific to the study area. An important point considered in this analysis was 
the timing of any changes in subduction process related to basin evolution. Structural 
analysis concerns the deformation mechanism and therefore the structural style of the 
basin. Faults and other structural element interpretation through geological time 
enabled the structural restoration to inform the sequence stratigraphic analysis. 
 
3.4 Seafloor structural configuration around the northern Peru Trench 
The high-resolution seafloor mapping by ship-based multibeam acoustic data 
(Fig. 3.2A and B) images seafloor geomorphology and can be linked directly or indirectly 
to subsurface structural elements imaged in seismic lines. This information 
complemented the subsurface interpreted geology and vice versa, especially around the 
northern Peru Trench where it provided map views of the surface boundary of the South 
American Plate. 
3.4.1 Nazca Plate 
3.4.1.1 Oceanic plate bend faulting 
Slope shading of bathymetry (Fig. 3.2B) highlights normal faults which can be 
easily seen on the present-day seafloor, identified as bend faults (Ranero et al., 2005; 
Kita & Ferrand, 2018; Geersen et al., 2022). A key observation of bend faulting is their 
distribution within the Nazca Plate and relationship with adjacent structures. These 
faults are surrounding the western margin of the trench, facing the Gulf of Guayaquil, 
Talara and Trujillo sector of the forearc (Fig. 3.2C). Bend faulting in the southern sector 
preserves a general north-northwest alignment, parallel to the seafloor magnetic 
anomalies map used in this work (Maus et al., 2009). This alignment suggests a spreading 
fabric source for the faults that are reactivated as they approach the plate bending (blue 
thin lines in Fig. 3.2C). From the area between lines 93-16 and 93-10 to the north, the 
trench axis direction changes northwards and bend faulting undergoes a reconfiguration 
that aligns with the new trench axis direction, suggesting the formation of new bend 
faults beside the reactivated ones. 
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3.4.1.2 Thrust- and strike-slip structures 
Mammerickx et al. (1975) identified parallel ridges on the seafloor, aligned to the 
northeast, in front of the northern Peruvian forearc and Gulf of Guayaquil, known as the 
Sarmiento, Alvarado, and Grijalva ridges (Fig. 3.2C), and were classified as fracture zones 
related to transform faults of the Farallón Plate. A fourth one identified in this work is 
named the Yáñez ridge. However, Lonsdale (2005) argued that they do not cross the 
oceanic crust magnetic anomalies orthogonally, as in the case of the Mendaña fracture 
zone, and proposed an origin as volcanic ridges built over eruptive fractures. 
We identified localised deviations in the bend-faulting alignment around the 
intersection with the ridges that would indicate a dextral strike-slip kinematic behaviour; 
therefore, we interpret the ridges as shear zones not related to transform faults. To the 
south (~8° S), a zone of seafloor structures related to thrust faults was documented by 
Prince & Kulm (1975) and Huchon & Bourgois (1990), herein named Trujillo ridges, which 
are connected to the Virú Fracture Zone (Figs. 3.1 and 3.2). While the thrusts mostly 
strike northwards and dip eastwards towards the Peru Trench, the Virú Fracture Zone 
has a northeast trajectory. In a wrench fault kinematic context, these two structural 
features could mark possible intraplate dextral transpressional deformation of the 
Nazca Plate. 
In the southeast of the Trujillo ridges (~9° S), an area of ridges off the Chimbote 
city was identified aligned to the trench western margin by Prince & Kulm (1975), Kulm 
et al. (1982), and Bourgois et al. (1988).  Two main positive geomorphological structures 
are herein termed the Chimbote ridges. Based on interpretation of single- and multi-
channel seismic, previous authors interpreted the structures as westward directed 
imbricate thrusts related to oceanic crust rupture. The ridges can be imaged in detail 
through ship-based bathymetry data compiled in Fig. 3.2. The eastern flank of the 
southernmost ridge is flat and dips steeply towards the trench, while the western side 
shows a fault-like scarp. Thus, the Chimbote ridges could also belong to the 
transpressional system.  
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Fig. 3.2. High-resolution integrated bathymetric and topographic maps showing the main 
surficial structural features in the oceanic crust, the Peru Trench, and the South American Plate 
margin (source: GMRT synthesis and Geersen et al. (2019)). (A) HSV shading (Hue Saturation 
Value), (B) Slope shading and (C) Interpretation map of the different morpho-structural 
elements potentially involved in the northern Peruvian and southern Ecuadorian forearc 
configuration. Seismic lines (red) and well data (yellow) used for subsurface interpretation, 
where the Illescas faulted-anticlines (light green) and Peru fault (cyan) are the proposed 
structures in this work. 
 
3.4.2 Northern Peru Trench 
The trench is recognised by a deep and elongated flat surface bounded by the 
South American Plate margin and the outcropping oceanic crust, which define the inner 
and outer walls, respectively. This represents the youngest undeformed sedimentary 
layer of the trench fill. 
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Bathymetry augmented by HSV shading (Fig. 3.2A) shows that the eastern 
margins of the Alvarado and Yáñez shear zones cross the trench, potentially blocking 
sediment transport, and from that point to the north the trench top becomes shallower. 
This zone coincides with the bend-faulting azimuth deviation and could be an area 
uplifted by the wrench movement of the interpreted shear zones. The next trench area 
to the north is much narrower and shallower (<4 kmbsl) as it is affected by the Carnegie 
Ridge (Michaud et al., 2009). 
3.4.3 Northern Peru and Southern Ecuador slope and shelf 
In order to determine the slope along the Ecuadorian – Peruvian forearc, the 
200-metres sub-sea contour was extracted from the bathymetric map since it 
approximates the shelf edge (Fig. 3.2C). Thus, in map view the slope widens to the north 
in the Gulf of Guayaquil and to the south of the Illescas hills. The Peru Bank, identified 
in line 93-01 (Fig. 3.3) is raised as an important elongated morpho-structural element 
which has a southwest-northeast axis direction and a similar flat shallow water relief as 
the shelf. Seismic data show a group of anticlines developed underneath the Peru Bank, 
which are interpreted as the cause of the structural elevation. Due to its alignment with 
the Yáñez and Alvarado shear zones, there is a possibility to associate the Peru Bank 
formation to the dextral wrench faulting within the Nazca Plate. 
 
3.5 Geological configuration of the northern Peruvian forearc and the Talara Basin 
Based on geological interpretation of the longest and most representative 
seismic lines across the northern Peruvian forearc, the predominant structural styles 
developed in different areas of the basin are described in conjunction with the regional 
sedimentary mega-sequences. Analysis of the Nazca oceanic plate and subduction zone 
relationships to basin evolution are developed in the next sections. 
3.5.1 Northern zone (3° S – 4° S) 
The seismic line 93-01 (Fig. 3.3) shows a transverse section of the Talara Basin 
northern region. Late Cretaceous-Palaeocene formations are absent in this section in 
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contrast to biostratigraphically constrained Late Cretaceous deposits in southwestern 
Ecuador. This suggests no continuation between Peruvian and Ecuadorian forearc basins 
at that time. In the north, the stratigraphy comprises Eocene strata of the Talara Basin, 
overlain by Oligocene, Miocene and Pliocene strata of the Tumbes Basin, which is 
calibrated by well Corvina-40-X-1 to the east (Fig. 3.3). The Eocene mega-sequence does 
not reach the trench inner wall likely due to non-deposition, possibly augmented by 
erosion, suggesting an uplifted area during that period, which is overlain by Miocene-
Pliocene strata. The main tectonic and structural features seen at this latitude are 
southwest-northeast trending extensional faults, the most prominent of which is the 
large growth fault with a southeast dip direction, named the Peru fault in this study 
(right-hand side of Fig. 3.3). Seismic and oilfield well data show a northwest-directed 
tilting and thickening of the Early Eocene mega-sequence, suggesting accommodation 
was higher in the northwest of the Talara Basin at this time. During the Oligocene, 
sedimentation filled the northwestern depression, which started to form a regional 
subsidence to the southeast of the Peru Bank in the Early Miocene. The Peru fault was 
activated producing a half-graben, where overlying Miocene sequences exhibit 
divergent seismic facies towards the fault, confirming the growth behaviour of the Peru 
fault (seismic reflectors between green dashed lines of Fig. 3.3), until onlapping the 
footwall block. To the west of the half-graben, Eocene and Miocene mega-sequences 
are conformable, which means that this sector was stable and without accommodation 
during the half-graben formation. With a listric geometry, the Peru fault is a critical 
structural element displacing both continental and oceanic crust.  
Fig. 3.3. ▶ (A) Interpreted west-east seismic line 93-01, crossing the northern part of the 
northern Peruvian forearc, and also the Peru Bank. As this line does not cover the trench, the 
western section of line SIS-72 was projected onto this line due to their proximity (~21 km). 
Seismic profile only was taken from Collot et al. (2011) and interpreted in this work. In spectral 
decomposition performed on a 3D survey ~4 km to the south of line 93-01, the frequency 
anomalies displacement indicates a possible strike-slip reactivation of the Peru growth fault 
during the Miocene, that formed a half-graben in the Oligocene. (B) Zoomed-in view of the 
upper section of the Peru fault showing the syn-sedimentary activity during the Miocene.  (C) 
Spectral decomposition by Borda and Bianchi (2020) approximately located by blue dashed 
circle in basemap. Wireline logs used are gamma ray (green), spontaneous potential (red), and 
deep resistivity (black). OCB: Oceanic crust basement, SC: Subduction channel, Pz+: Palaeozoic 
basement and older units, E: Eocene, O: Oligocene, M: Miocene, P: Pliocene.  
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In addition, another group of large listric faults (left hand-side of Fig. 3.3) defines 
a horst and cuts only the continental crust, terminating close to the subduction channel. 
Pliocene strata onlapping the eroded top of the Miocene mega-sequence on the horst, 
suggest an Early Pliocene age of formation, likely related to a subsidence period.  
Consequently, folding and uplifting of the entire sedimentary fill below the Peru 
Bank (submarine plateau at the centre of Fig. 3.3), including the underlying Palaeozoic 
basement, represent the second phase. The compressional stress caused folding that 
extended to the west of the Peru fault and reactivated it with dextral strike-slip 
kinematics in the Miocene, which shows the upper 3 km of the fault plane slightly 
overturning eastwards.  
Spectral decomposition performed on a seismic cube 4km to the south of line 
93-01 over Miocene sequences by Borda & Bianchi (2020), indicates the later strike-slip 
behaviour of the Peru fault. This seismic attribute shows a stratigraphic feature, possibly 
related to a fan with a sedimentation direction to the SE, whose frequency anomalies 
show a dextral displacement. This feature would be located in the interval of the thick 
black dashed line seen in Fig. 3.3, as an upper continuation of the Peru fault trace. 
Finally, several normal faults affect mostly the Oligocene and younger strata. The 
fault density is higher to the west of the Peru fault and may represent the third and last 
deformation phase in the area as a strain release period following the compression. 
3.5.2 Central zone (4° S – 5.4° S) 
Interpretation of Line 93-10 demonstrates a near constant thickness of stratal 
units within the Late Cretaceous-Palaeocene and Eocene mega-sequences overlying the 
Palaeozoic basement extending to the trench inner wall in the west and recorded by 
wells drilled in the Negritos oilfield to the east of this seismic survey (right of Fig. 3.4). 
The Eocene mega-sequence overlies nearly parallel Late Cretaceous-Palaeocene strata 
generally with a subtle unconformity, which indicates no abrupt tectonic event during 
sedimentation through this period. The Oligocene-Miocene mega-sequence is almost 
fully restricted in the deepest half of the margin slope (central part of Fig. 3.4). These 
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strata overlie the Eocene unit with an angular unconformity, denoting a structural 
rearrangement in the late Eocene or Early Oligocene. 
The only structural style characterising this area is normal faults, most of them 
dipping to the west. Kinematic restorations suggest most of the normal faults initiated 
in the Oligocene. This normal faulting is interpreted to represent a local collapse of the 
overriding plate edge, producing subsidence filled by Oligocene, Miocene and Pliocene 
mega-sequences and bounded by deep normal faulting at the frontal wedge and the 
upper slope, that terminates in the subduction zone. 
The Coastal Range is a key geological element in the study area formed by the 
Triassic magmatic arc emplacement, and sets the eastern boundary of the Talara Basin 
(Figs. 3.1 and 3.2). It forms a large block that resisted frontal deformation from 
subduction and is evident on the eastern side of almost all the sections (Figs. 3.4 to 3.8). 
A typical distance between present-day active magmatic arcs and trenches ranges from 
150 to 300 km, inversely proportional to subduction angle, as in the case for the Eastern 
Aleutian and Izu Arcs, with high and low inclinations, respectively (Stern, 2002). In 
addition, this distance decreases throughout geological time and is attributed to 
tectonic erosion by underthrusting (Moore, 2001) producing long-term continental plate 
margin truncation (Scholl & von Huene, 2010). In the northern Peruvian forearc, the 
shortest distance between the outcropping Triassic magmatic arc (Coastal Range) and 
the current trench is ~85 km in front of the Illescas hills in the southern zone. In the 
subsurface, a much shorter distance is ~35 km, from the front of the Triassic intrusive 
body to the subduction zone (Fig. 3.6), which highlights the intense subduction erosion 
activity. 
Fig. 3.4. ▶ Interpreted west-east seismic line 93-10, located in the central part of the northern 
Peruvian forearc from the Peru Trench to the Coastal Range. This is a section with major well 
control for interpretation (Negritos oilfield), which shows a larger development of the Talara 
Basin Cretaceous to Eocene sequences than to the north and south. The main structural 
characteristic is the high-density of normal faulting verging to the west, giving a configuration 
of a collapsed forearc. Wireline logs used are gamma ray (green), spontaneous potential (red), 
and deep resistivity (black). OCB: Oceanic crust basement, SC: Subduction channel, SB: 
Subduction bulge, Pz+: Palaeozoic basement and older units, K-P: Late Cretaceous and 
Palaeocene, E: Eocene, O: Oligocene, M: Miocene, P: Pliocene. 
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3.5.3 Southern zone (5.4° S – 7° S) 
Similar to the central zone, lines 93-16 and 93-19 (Figs. 3.5 and 3.6) show the 
western boundary of Late Cretaceous-Palaeocene sediments at the trench inner wall. 
The Eocene mega-sequence shows a dramatic thickness decrease and discontinuous 
vestiges seaward left by intense erosion and is overlain by Miocene, Pliocene, and 
Pleistocene deposits, separated by unconformities. Both mega-sequences onlap the 
Coastal Range which comprises the Triassic magmatic arc to the east. In the east, Eocene 
strata directly overlie the Palaeozoic basement, showing a clear continuation landward 
through the Coastal Range zone. As in the central zone, the Eocene and Late Cretaceous-
Palaeocene strata are sub-parallel, confirming no major tectonic activity between these 
mega-sequences. 
The structural style is extensional with a high fault density with westward dip 
throughout the slope, further increasing in intensity towards the plate edge. 
Interpretation around the subduction zone shows compressional deformation forming 
a kilometre-scale group of large, west-dipping-fault-propagation anticlines formed in 
front of the Illescas Palaeozoic high. These structures show development in lines 93-16, 
93-19, 93-23 and 93-25 (Figs. 3.5 to 3.8) and show a general strain direction to the east, 
coincident with the Nazca Plate drift direction. The folding appears to affect not only the 
continental crust, but the subduction zone and oceanic crust. The angular unconformity 
of the Miocene over the folded older sequences at the top of the anticline zone suggests 
that the structural deformation took place in Early Miocene.  
 
Fig. 3.5. ▶ (A) Interpreted west-east seismic line 93-16, representing the south of the northern 
Peruvian forearc, passing through the Nazca Plate and the Peru Trench to the Bayóvar bay. An 
incipient Illescas fault-propagation anticline is forming (light-green lines) and deforming both 
the oceanic and continental crust. Nautile submersible survey helped interpretation of the 
shallow stratigraphy on the slope. The Cretaceous of the Talara Basin is restricted to the centre 
and west. The positions of two earthquakes close to the line recorded in 2009 (see Fig. 3.13) 
are projected (black dashed circles). (B) Zoomed-in view of the subduction bulge, in front of 
the Triassic intrusive body. OCB: Oceanic crust basement, SC: Subduction channel, SB: 
Subduction bulge, Pz+: Palaeozoic basement and older units, K-P: Late Cretaceous and 
Palaeocene, E: Eocene, O: Oligocene, M: Miocene, P: Pliocene, MTDs: Mass-transport deposits.
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Seafloor dives in the Chiclayo canyon performed by the submersible Nautile 
(Sosson et al., 1994) sampled Palaeozoic black schists and quartzites, which correlate 
with the basement drilled by deep wells in the oilfields and outcrops in the Coastal 
Range. Seismic line 93-25 crosses the Chiclayo canyon and records the sub-sea outcrop 
in subsurface as a large-scale uplifted Palaeozoic structure that is part of the fault-
propagation anticlines from seismic interpretation (Fig. 3.7). 
Other northward deep-sea dives from this submersible on the slope to the west 
of Bayóvar bay identified a key group of features consisting of three main curved 
collapse scarps and Late Pleistocene debris-avalanche deposits in the middle and lower 
slope, respectively. These features were mapped with the integration of ship-based 
bathymetry collected by the Jean Charcot and Sonne research vessels (Bourgois et al., 
1988; von Huene et al., 1989; Bourgois et al., 1993).  
Seismic lines 93-16 and 93-19 cross the mapped area (Fig. 3.2C) and show 
discontinuous seismic reflections with internal low-amplitude bounded by an erosional 
base located in the lower slope (Fig. 3.12C). These deposits are distributed seaward 
adjacent to the uplift produced in the middle slope by the development of 
compressional structures identified as the Illescas fault-propagation anticlines, located 
just below the two scarps detected on the seafloor, which are related in the subsurface 
to normal faulting. 
The lowermost scarp, originally related to the subduction zone, is well displayed 
in line 93-16 as a listric fault cutting the plate wedge tip and the sedimentary deposits 
of the oceanic crust. This scarp is ~5 km up dip from the identified subduction entry. The 
interpretation proposes an unstable submarine slope, developing MTDs that flowed into 
the trench, related to tectonic activity of the Illescas anticlines. 
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Fig. 3.6. (A) Interpreted west-east seismic line 93-19, further south in the 
northern Peruvian forearc, covering the section between the Peru 
Trench and the Palaeozoic Coastal Range represented by the Illescas 
hills, where the Triassic magmatic arc is currently outcropping. An 
earthquake, close to the line (see Fig. 3.13), is projected (thick black 
arrow) and is associated with the subduction zone activity. (B) Zoomed-
in view of the Illescas fault-propagation anticlines. Wireline logs used 
are gamma ray (green) and deep resistivity (black). OCB: Oceanic crust 
basement, SC: Subduction channel, SB: Subduction bulge, Pz+: 
Palaeozoic basement and older units, K-P: Late Cretaceous and 
Palaeocene, E: Eocene, O: Oligocene, M: Miocene, P: Pliocene, MTDs: 
Mass-transport deposits, BSR: Bottom-simulating reflector. 
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Fig. 3.7. (A) Interpreted southwest-northeast seismic line 93-23, to the southwest of 
the Illescas hills, in the northern Peruvian forearc. The Illescas fault-propagation 
anticlines pushed the continental crust against the Triassic intrusive massif, which 
prevented passage of the subduction channel underneath. (B) An anticline is related 
to the subduction bulge. OCB: Oceanic crust basement, SC: Subduction channel, SB: 
Subduction bulge, Pz+: Palaeozoic basement and older units, K-P: Late Cretaceous and 
Palaeocene, E: Eocene, O: Oligocene, M: Miocene, P: Pliocene, BSR: Bottom-simulating 
reflector 
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Fig. 3.8.   (A) Interpreted southwest-northeast 
seismic line 93-25, in the southernmost part 
of the northern Peruvian forearc, crossing the 
Chiclayo canyon (left-hand side), where the 
submersible Nautile (Sosson et al., 1994) 
sampled part of the seafloor made up of 
Palaeozoic black schists and quartzites 
lithologically similar to the basement drilled 
in the Talara oilfields and outcropping in the 
Coastal Range. The sub-sea outcrop implies a 
large-scale uplifted structure and supports 
the fault-propagation anticlines from seismic 
interpretation. (B) Zoomed-in view of the 
closest Illescas fault-propagation anticline to 
the Triassic intrusive body. OCB: Oceanic 
crust basement, SC: Subduction channel, SB: 
Subduction bulge, Pz+: Palaeozoic basement 
and older units, K-P: Late Cretaceous and 
Palaeocene, E: Eocene, O: Oligocene, M: 
Miocene, P: Pliocene, BSR: Bottom-
simulating reflector. 
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3.5.4 Lateral variability in the forearc  
The south-north line 93-20 (Fig. 3.9) records the variable distribution of the 
mega-sequences along the northern Peruvian forearc, provides the critical seismic 
stratigraphic tie between the main west-east cross sections (Fig. 3.10), and gives spatial 
context to the stratigraphic and structural features. Along the plate margin, the Talara 
Basin extends from the Peru Trench inner wall in the west to the Coastal Range in the 
east. The distance between these boundaries is less than 100 km which is consistent 
with active subduction erosion. As the basal mega-sequence of the Talara Basin, the Late 
Cretaceous-Palaeocene strata have a near constant and considerable thickness of about 
2.5 km from the south to the central zone and then thins towards the north, pinching 
out before the intersection with line 93-01. In an opposite sense, the Eocene mega-
sequence appears thicker in the northern half of the forearc; however, west-east lines 
support the evidence for an angular unconformity below the Miocene and younger 
mega-sequences, which means that Eocene strata could have originally been more 
regional. Within this mega-sequence, oil well data and local seismic surveys record a 
thicker Early Eocene sequence to the north, which is absent in the southern area. Middle 
and particularly Late Eocene deposits covered the whole basin. Accommodation history 
in the northern Peruvian forearc can therefore be summarised as follows: a) high sea 
level in Late Cretaceous, probably coinciding with global highstand (Miller et al., 2005; 
Kominz et al., 2008; Haq, 2014; Simmons et al, 2020), b) northern subsidence in Early 
Eocene, c) relative sea level rise in Middle and Late Eocene due to local normal faulting 
along the basin, and d) subsequent normal faulting period from Oligocene. 
High-density normal faulting has resulted in a collapse configuration to the 
forearc, mostly in the centre and south. The two main oceanic-continental crust 
structural features, also shown in west-east lines, are identified north and south of line 
93-20 (Fig. 3.9). They are the Peru growth fault (thick cyan lines in Figs. 3.3 and 3.9) and 
the Illescas fault-propagation anticlines (thick light-green lines in Figs. 3.5 to 3.9), 
respectively. The transpressional and compressional deformation related to these large 
structures suggests an intra-Miocene initiation as seen in lines 93-01 and 93-19, 
respectively.
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Fig. 3.9. Interpreted south-north seismic line 93-20, along the Northern Peruvian forearc, showing the Peru growth fault, to the north, and the fault-propagation anticline, to the south. In this line is possible to see how the 
thickness of the subduction channel (pale yellow layer) varies from south to north and how this affects the vertical displacement of the overlying continental crust and basins. For location of the line see Fig. 3.2. OCB: Oceanic 
crust basement, SC: Subduction channel, SB: Subduction bulge, Pz+: Palaeozoic basement and older units, K-P: Late Cretaceous and Palaeocene, E: Eocene, O: Oligocene, M: Miocene, P: Pliocene, BSR: Bottom-simulating reflector. 
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Fig. 3.10. West-east geological profiles from seismic lines along the northern Peruvian forearc. 
Most of the lines intersect with south-north line 93-20 (red dashed line). The Talara Basin 
extends from the Peru Trench eastwards to the Coastal Range. High-density normal faulting 
has resulted in a collapse configuration in the centre and south. The two main structural 
elements identified in the forearc are the Peru growth fault (thick dark line) to the north and 
the Illescas fault-propagation anticlines (thick light-green line). These structures are cutting 
both the continental and oceanic crusts. 
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3.5.5 Geodynamic development of the Talara Basin  
A chronostratigraphic chart, shown in Fig. 3.11, was constructed to analyse the 
tectonic factors involved in the evolution of the Talara Basin within the geodynamics of 
the northern Peruvian forearc. The chronostratigraphic logs of the Talara Basin built 
from northern, central, and southern seismic interpretations, and calibrated with well 
data (Figs. 3.3 to 3.5), are integrated with the oxygen isotope-derived eustatic sea level 
history in the Pacific region (Kominz et al., 2008; Miller et al., 2020) and the plate 
convergence rate of the eastern Pacific margin through the Mesozoic and Cenozoic 
(Larson & Pitman, 1972; Pardo-Casas & Molnar, 1987).  
The chronostratigraphic chart shows that in the Ypresian, an abrupt increase in 
the plate convergence rate from 5 to 15 cm yr-1 occurred. That shift represents an 
oceanic plate drift acceleration and is interpreted as the beginning of a major plate 
decoupling. Over the same period, a eustatic sea level rise is interpreted, following a 
long-term fall of about 100 m through the Maastrichtian to Danian. Both curves tracked 
a concordant behaviour until the Neogene, being another notable shift, the abrupt plate 
convergence deceleration and eustatic sea level fall ending up the Eocene. Therefore, it 
is also interpreted that a tectono-eustatic curve characterised almost all the Cenozoic. 
During the Maastritchian to Danian the eustatic sea level gradually fell along a constant 
plate convergence rate of ~5 cm yr-1, suggesting a glacio-eustatic behaviour of the sea 
level. The increase in rate of plate convergence through almost all the Eocene suggests 
the most intense period of subduction erosion. The concomitant sea level rise may have 
been amplified by an increase in mid-ocean ridge spreading (Flemming & Roberts, 1973; 
Mörner, 1980; Vail et al., 1984). 
That geodynamic and eustatic transition marks an important geological change 
in the Talara Basin, which can be subdivided in an early interval made up mostly by deep-
water systems, and a later section represented by shallow-water sequences, based on 
micropaleontological determinations (Frizzell, 1943; Cushman & Stone, 1949; 
Stainforth, 1954; Weiss, 1955; Vegas, 1970; Euribe, 1976; Gonzales, 1976).
82 
 
Chapter 3: Tectono-stratigraphic insights on the dynamics of a complex subduction zone 
 
83 
 
 
 
Chapter 3: Tectono-stratigraphic insights on the dynamics of a complex subduction zone 
Fig. 3.11. ◀ Chrono-tectonostratigraphic chart of the northern Peruvian forearc showing the 
relationship of Talara Basin development with the plate convergence rate and eustatic sea 
level curves. The basin was formed during a period of subduction erosion coincident with an 
abrupt increase in the convergence rate of the Nazca and South American Plates. During this 
period, instability in the forearc also increased due to a high incidence of uplift-collapse events 
preserved in the stratigraphic record as episodes of extensional fault-controlled 
sedimentation. Eustatic sea level started to track convergence rate, possibly due to an increase 
of mid-ocean ridge spreading. 
 
The transition of these two intervals of the basin coincides with the subduction 
acceleration in the Ypresian, which is accompanied by an instability in the forearc, 
expressed in the high incidence of uplift-collapse events due to subduction erosion, seen 
in a close fault-sedimentation relationship. The early section is recorded on stratigraphy 
as a less tectonically controlled period and confirmed through the two curves analysed. 
 
3.6 Subduction-erosion elements and mechanisms in the northern Peruvian 
forearc 
3.6.1 Trench fill 
Seismic data show that the trench fill has an average thickness <1 km and also 
extends landward beyond the trench, below the continental margin as seen in the 
northern (line SIS-72) and central (line 93-10) zones. These sediments entered the 
subduction zone and were deformed by friction at the base of the South American Plate 
(Fig. 3.12). Seismic images also confirm the higher bathymetry of the trench in the 
northern zone, at 4.6 kmbsl, than central and southern zones, at 5.2 kmbsl. 
In lines SIS-72 and 93-10 (Fig. 3.12A and B), the trench fill shows moderate-
amplitude and subparallel continuous seismic reflections. The stratigraphic succession 
in the northern lines is interpreted to be similar to those seen around the Trujillo ridges, 
to the south, where seismic data shows the same seismic facies (Prince et al., 1974; 
Huchon & Bourgois, 1990). In this sector of the Peru Trench, a pilot core of ~5 m length 
and shorter piston cores taken from the uppermost interval recovered an intercalation 
of clay and turbidites of Pleistocene – Holocene age (Prince et al., 1974). The silty base 
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composed of quartz, feldspars and rock fragments, and the organic matter indicates a 
continental source. By contrast, trench fill seismic facies in line 93-16 (Fig. 3.12C) are 
discontinuous with low-to-moderate amplitude in a chaotic pattern, which suggests the 
development of mass-transport deposits (MTDs), characteristic of an unstable 
submarine slope (Posamentier & Martinsen, 2011), as seen in Ecuador to the north off 
the study area (Ratzov et al., 2010). Considering the subduction-related geodynamic 
settings, tectonic activity appears to be the most likely cause of slope instability. 
In central (line 93-10) and southern (line 93-16) zones, a subgroup of normal 
faults (white lines in Fig 3.12) cut the oceanic crust until the base of the trench fill, and 
do not rupture the seafloor, either because they do not have a displacement great 
enough or they have been buried by younger oceanic strata. In addition, thicker oceanic 
deposits are preserved in some grabens indicating syn-sedimentary fault movement and 
in other cases with upwards continuation of the fault with shorter displacement, 
suggesting reactivation periods. These features demonstrate that the fault density is 
much greater than that captured by bathymetry data alone (e.g., bend faulting). 
3.6.2 Accretionary prism 
The northern Peruvian and southern Ecuadorian forearc, involving the study area 
are characterised by an absent to poorly-developed accretionary prism (Aquilina et al., 
1997; Collot et al., 2011), indicating a high efficiency situation of subduction erosion. 
The inverse relationship between prism accretion and subduction erosion has been 
discussed in conceptual models from Cloos & Shreve (1988), von Huene & Scholl (1991), 
Clift & Vannucchi (2004), von Huene et al. (2004), and Noda (2016). 
In the south, represented by line 93-16, is an area where no accretion has been 
produced, such that the South American Plate edge abuts the trench with no 
compressional deformation related to subduction (Fig. 3.12C). A conspicuous listric 
normal fault dips into the trench and affects the margin wedge toe. This kind of feature 
has been considered as linked to frontal subduction erosion along the surface of the 
forearc wedge (von Huene & Lallemand, 1990; von Huene & Scholl, 1991; Stern, 2011). 
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Fig. 3.12. Image zooms from seismic lines (A) SIS-72 in the north, (B) 93-10 in the centre and 
(C) 93-16 in the south. The close-ups in lines SIS-72 and 93-10 show the only minor development 
of the accretionary prism, with less than 10 km of single duplex formation starting from the 
trench. Surrounding low degree of deformation is marked by short-displacement reverse faults 
(red lines). Line 93-16 shows no accretion to the south, and mass-transport deposits are 
identified in the slope and trench fill, represented by chaotic seismic facies. 
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In the central area, based on line 93-10, a small accretionary prism is identified 
with a duplex structure in the lithosphere (including the Palaeozoic basement). This is 
the sector that shows the highest degree of deformation in the study area with two 
thrusts (yellow line in Fig. 3.12B). In the north, near the Peru-Ecuador border, line SIS-
72 also shows a small prism with a duplex structure (Fig. 3.12A). Collot et al. (2011) 
described this accretionary prism as incipient. The line SIS-72 was re-interpreted in this 
study in order to be included in the comparative analysis of the frontal prism at different 
latitudes, with lines 93-16 to the south and 93-10 to the centre. 
3.6.3 Frontal accretion versus subducting deposits 
There is a proportional relationship between the thickness of oceanic plate 
sediments plus trench fill and margin slope sediments, from ≥1km entering the 
subduction zone, with the amount of prism accretion (von Huene & Scholl, 1991; Clift & 
Vannucchi, 2004; Scholl & von Huene, 2007; Scholl et al., 2015). In the central zone of 
the northern Peruvian forearc margin (Fig. 3.12B) the accretionary prism shows some 
development, relatively higher than in the north, even though it is still incipient. This 
zone has the thickest oceanic deposits at the plate boundary, reaching around 2.2 km 
thick. In the southern zone (Fig. 3.12C), where there is no accretion, oceanic deposits 
are thinner (0.7 km). In the northern zone (Fig. 3.12A) the very small accretionary prism 
is consistent with oceanic deposits less than 1 km thick. 
3.6.4 Subduction channel 
The subduction channel is a layer of viscous material sandwiched between the 
base of the overriding plate and the downgoing slab and acts as a lubricant in the 
subduction process (Cloos & Shreve, 1988a). Some authors consider that when oceanic 
plate deposits, trench fill, and lower sediments enter the subduction zone in a 
subduction erosion environment, they become part of the subduction channel (Scholl & 
von Huene, 2010; Vannucchi et al., 2012; Moore, 2019). Other authors propose that 
subducted oceanic deposits remain differentiated from the subduction channel (von 
Huene et al., 2004). In both cases, an interplate viscous material with high pore fluid 
pressure along the subduction zone (Shreve & Cloos, 1986; Vannucchi et al., 2012) 
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hydrofractures the overriding plate, dislodging and dragging fragments towards the 
mantle due to active interface thrusting (von Huene et al., 2004). 
In the study area, interpretation of seismic data suggests that the subduction 
channel underlies the megathrust plane with variable thickness and extent. It was 
possible to delineate the subduction channel as a single and undifferentiated layer 
beneath the South American Plate (pale yellow layer in all the seismic lines). The 
comparative analysis in Fig. 3.10 involves the variation in thickness of the subduction 
channel. In the north (Line 93-01), the subduction channel is interpreted to have 
extended further landwards. Central and northern areas show the thickest section. 
3.6.5 Forearc collapse 
Structural deformation in the overriding South American Plate is represented by 
normal faults, which are mostly concentrated on the slope and are part of the structural 
style dominating the rest of the forearc (black lines in all the sections), which is the result 
of material loss at the overriding plate base during subduction erosion. 
Through a fault kinematic restoration, most of these faults depict extensional 
strain from the Oligocene. Moreover, it is seen that some of the normal faults cut the 
folding, such as the Illescas fault-propagation anticlines, and the overlying 
unconformable Miocene strata, which shows them to have been the last to form. The 
relationship between those fault groups is interpreted as sequential strains; reverse 
faults responded to a compressional stress due to the Nazca Plate drift acceleration 
against the South American Plate and once the stress started to diminish, the margin of 
the continental plate experienced subsequent extensional collapse in the Oligocene.  
These events are thought to have continued through geological time and be 
associated with the stress build-up and release intervals due to increases in plate 
coupling and decoupling, respectively, in the Quaternary identified by DeVries (1988), 
Pedoja et al. (2006) and Bourgois et al. (2007). 
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3.7 Discussion: Spatial and temporal subduction heterogeneity beneath the 
northern Peruvian forearc 
3.7.1 Interaction with the Triassic magmatic arc massif 
3.7.1.1 Subduction bulge 
In the southern area, lines 93-16, 93-19, 93-23 and 93-25 (Figs. 3.5 to 3.8) show 
that the subduction channel is seismically truncated against the Triassic magmatic arc, 
acquiring a mound-shaped termination. It is interpreted that the magmatic arc rocks are 
hard enough to resist deep hydrofracturing at the base, preventing somehow the 
subduction channel advancing landward and thus it forms a feature herein termed 
‘subduction bulge’. Considering the size of the bulge and the total volume of continental 
crust eroded, it is not easy to discriminate whether the subduction channel disappears 
or not beneath the magmatic basement. 
3.7.1.2 Deformation at subduction entry 
A set of structures across and adjacent to the South American Plate edge was 
produced by compressional strain interpreted as formed in response to the difficulty in 
the advance of the Nazca Plate and is represented by folding and reverse faulting (red 
lines in Fig. 3.12). The associated high angle faults have short displacements and the 
folds affect the oceanic deposits at the subduction entry where they have acquired a 
wrinkled appearance. In addition, this type of faulting is mostly affecting the South 
American Plate frontal prism, the trench fill, and the oceanic deposits underneath in a 
localized area of the oceanic and continental crusts, behind the subduction entry. This 
current configuration would make impossible the continuation of normal subduction 
since these faults are continuous across the subduction plane and result from a tectonic 
event apart from normal process of subduction. 
Therefore, the possibility to relate this deformation with offscraping is discarded. 
Based on the localization of these compressional features, oceanic deposits show a more 
ductile behaviour than a predominantly brittle continental plate margin. 
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3.7.2 The transpressional system in the northern Peruvian forearc 
The South American Plate margin includes two large structural elements that 
could have interrupted the normal subduction mechanism, locking movement on the 
megathrust underneath the northern Peruvian forearc. The Peru growth fault and the 
Illescas fault-propagation anticlines are described in seismic lines 93-01 to the north 
(Fig. 3.3) and 93-19 to the south (Fig. 3.6), respectively. These structures affect not only 
the lithosphere, but the subduction zone and oceanic crust. Their resultant structural 
configuration would act as a wall, which would make it difficult for the Nazca Plate to 
continue advancing in the same direction. 
Fig. 3.13 shows that the Illescas fault-propagation anticlines in the continental 
margin seem to be linked to the similar-oriented thrust faults in the Trujillo ridges 
(yellow aligned polygons) and the Virú shear zone (red aligned polygons) identified in 
the oceanic plate by Huchon & Bourgois (1990), and in the structural analysis on 
bathymetric map (Fig. 3.2).  
The seafloor magnetic anomaly map (Maus et al, 2009), shown in Fig. 3.14A, 
demonstrates oceanic crust deformation produced by dextral displacement of the Virú 
shear zone (light blue line), and confirms the observations from Hussong et al. (1984, as 
cited in Huchon & Bourgois et al., 1990) and Lonsdale (2005), who identified a right-
lateral shift of the magnetic anomalies surrounding the Virú shear zone, linked with the 
reverse structures of the Trujillo ridges that fit with the shear trajectory change of the 
strike-slip kinematics to the north-northeast (yellow jagged lines in Fig. 3.14D). These 
two structural elements are integrated with the Illescas fault-propagation anticlines 
(light-green jagged lines in Fig. 3.14D) identified specially in lines 93-19, 93-23, and 93-
25 (Figs. 3.6 to 3.8), deviating the structural alignment to the north-northwest. Based 
on the angular unconformity of the Miocene strata over the deformed Cretaceous, 
Eocene and Oligocene mega-sequences, the main compressional strain was produced 
probably at the beginning of the Miocene. The similarity of alignment of the Chimbote 
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ridges (Fig. 3.2C), to the very south, with the geometry of the Trujillo structures, 
suggests the same causative strain and, therefore, belong to the same system. 
The last element interpreted as part of the transpressional system in the 
northern Peruvian forearc is the Peru growth fault shown in line 93-01 (Fig. 3.3). The 
development of this fault with an overturned upper section of the plane associated with 
folding in the footwall can be recognized on seismic up to a level within the Miocene 
(upper green dashed line of Fig. 3.3), which suggests reactivation as a dextral strike-slip 
structure as interpreted on spectral decomposition images performed on 3D seismic in 
offshore Tumbes (Borda & Bianchi, 2020), to the southwest of the Peru Bank (Fig. 3.3), 
during the Miocene when the transpressional system started to form. 
Further northeast, projection of the transpressional system coincides with the 
dextral strike-slip Dolores-Guayaquil mega-shear, identified by Case et al. (1971) 
through seismological, gravimetric, and magnetometric analyses, extended beneath the 
Gulf of Guayaquil until Colombia. However, the part of this structure that extends into 
the study area is the deep and active Puná-Pallatanga fault in southwestern Ecuador 
analysed by Tamay et al. (2021) (Fig. 3.14D). Earthquake focal mechanisms indicate 
dextral strike-slip behaviour in the Gulf of Guayaquil, around Puná island, turning into 
dextral transtensional across the southern Western Cordillera (Ecuadorian Northern 
Andes) with rates of ~10 mm yr-1. 
The analysis also suggests current disconnection of this fault from other aligned 
deformation features further north. The Progreso Basin, considered to be a pull-apart 
structure, developed in the Miocene to the south of the Cretaceous oceanic crust 
outcrops of the Chongón-Colonche mountains (Hungerbühler et al., 2002), and is here 
interpreted to be the result of the dextral wrench deformation of the Puná-Pallatanga 
fault. In a plan view, the La Cruz and Carrizal normal faults join at the northwest end, 
forming a v-shaped graben where the Miocene basin was situated. Our kinematic 
interpretation is a rotation of the area caused by the Puná-Pallatanga fault that dragged 
and extended the Early Miocene palaeotopography and deviated the southern axis of 
the Chongón-Colonche mountains (Fig. 3.14C’). The trajectory, kinematics, 
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seismological activity and associated features of this fault system are consistent with 
similar characteristics of the Peru fault; therefore, they are interpreted as belonging to 
the transpressional system of the northern Peruvian forearc. 
3.7.3 Seismological expressions of the transpressional system activity 
The major seismological activity in the northern Peruvian margin is represented 
by the two earthquakes recorded in 1953 and 1959, with Mw 7.8 and Mw 7.5, respectively 
(Villegas-Lanza et al., 2016a), with rupture areas represented by red ellipses in Fig. 
3.13A, that are aligned to the Peru fault azimuth. Daudt et al. (2009) reported an 
earthquake of Mw 4.7 on 22nd April 2007 (Fig. 3.13C), whose epicentre was located on 
the Peru fault area, altering oil seepages in the Talara region and increasing temporarily 
oil production from its oilfields. 
Duperret et al. (1995) defined the two major areas of earthquakes at a depth 
below 6 km recorded by the world seismic network, from 1981 to 1992 on the northern 
Peruvian margin (Fig. 3.13B), which coincided with the area of the Peru fault and the 
Illescas fault-propagation anticlines. Using the focal mechanism method, the type of 
northern slips was determined as reverse and strike-slip, and the southern as reverse. 
These data confirm the relationship between two main areas of shallow earthquakes in 
the study area and the transpressional system of the northern Peruvian forearc. 
From February to September 2009, four periods of earthquakes were recorded 
to the west of the Illescas hills by the National Seismic Network of Peru (Fig. 3.13C). 
Villegas-Lanza et al. (2016b) identified a reverse kinematic stress followed by a five-
month period of relative quiescence, and then a final event with normal-kinematic 
stress. This seismically active area is located exactly over the Illescas fault-propagation 
anticline interpreted in this work, thus the first and the third seismic events which 
occurred at 8-12 km depth confirms the existence and activity of these large structures. 
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Fig. 3.13. The transpressional system interpreted in the northern Peruvian forearc includes the 
Peru fault to the north (thick cyan line) and the Illescas fault-propagation anticline (thick green 
jagged lines). (A) Rupture areas of all the largest earthquakes (>7.5 Mw) registered in the 
forearc; two occurred in the north (red ellipses) and one related to a tsunami to the south (light 
blue ellipse). (B) Focal mechanisms from earthquakes recorded between 1981 and 1992, 
showing reverse and strike-slip kinematics to the north and reverse to the south. (C) 
Earthquake registered in 2007 to the north and earthquake monitoring through 2009 with 
focal mechanism of the four largest to the south. Note that all the seismological expressions 
compiled in all the different periods are concentrated in two main areas coinciding with the 
Peru fault to the north and the Illescas fault-propagation anticline to the south. 
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3.7.4 The Ecuadorian-Peruvian seismic gap as an indicator of locked subduction 
Along convergent margins, earthquakes occur as a rupture that propagates along 
the megathrust in a subduction complex (McCann et al., 1979). The Andean plate margin 
has experienced many earthquakes during historical times but there are some segments 
referred to as seismic gaps. This is the case in northwestern Peru and southern Ecuador, 
where no Mw > 8 subduction-related earthquake is known to have occurred (Nocquet et 
al., 2014; Villegas-Lanza et al., 2016). 
Using the GPS velocity field map by Nocquet et al. (2014), shown in Fig. 3.14D, 
three seismological sectors are differentiated. The North Andean Sliver (NAS; northern 
Ecuador) and southern (southern Peru) sectors have a clear motion towards the east, 
with an average of 15 mm yr-1. However, the middle sector (northern Peru and southern 
Ecuador) has a minor motion to the south-east of about 5 mm yr-1, confirming the 
seismic gap in the study area. In addition, the minimum and maximum inter-seismic 
coupling scenarios of the model from Villegas-Lanza et al. (2016), shows that the section 
in front of the Guayaquil, Talara and Trujillo forearcs shows the lowest coupling values. 
The northern boundary of the seismic gap is represented by the abrupt change in 
magnitude and direction of the GPS velocity fields, which delineates the North Andean 
Sliver (Nocquet et al., 2014), and coincides with the Puná-Pallatanga fault system, in 
southwestern Ecuador, considered as the continuation of the transpressional system of 
the northern Peruvian forearc. 
3.7.5 The Nazca Sliver escape and the Peru Bank uplift 
Using the seafloor magnetic anomalies map from Maus et al. (2009) in Fig. 3.14D’ 
and the Farallón-Nazca Plate drift reconstruction from Pardo-Casas & Molnar (1987), an 
evolutionary model of the Nazca Sliver is proposed. In the Oligocene (~26 Ma), when the 
Farallon Plate (Fig. 3.14A) split into the Nazca and Cocos Plates, creation of a microplate 
initiated and, at the same time, a second microplate formed from the East Pacific Rise 
(mid-ocean ridge) (Fig. 3.14B). 
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Fig. 3.14. Evolutionary model of the Nazca Sliver: (A-D) Plate convergence from Early Oligocene 
to Present day showing the microplate development since Farallón Plate split, which pushed 
the Talara Segment of the Nazca Plate, producing the Nazca Sliver. (C’) Zoom on the Puná-
Pallatanga dextral strike-slip fault and the consequent formation of the Miocene Progreso 
Basin. (D’) 2-arc-minute resolution magnetic anomaly grid (Maus et al., 2009) of oceanic crust 
off Peru and Ecuador continental margin. The two main structures that cut the continental and 
oceanic crust are the Peru fault (cyan line) to the north, and the Virú-Illescas transpressional 
system (yellow jagged lines) to the south. Seafloor ages modified from Müller et al. (2008). TF: 
transform fault, SZ: shear zone. 
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These two new sections of oceanic crust expanded and pushed the Talara 
Segment of the Nazca Plate to the south and east, respectively, expelling a portion of 
oceanic crust that advanced abruptly beneath the South American Plate margin with a 
north-east direction, herein termed the Nazca Plate Sliver (Fig. 3.14C). The convergence 
rate curve, in Fig. 3.11, shows a rapid increase in convergence rate until the Miocene, 
which is when the last magmatic arc was emplaced to the east beyond the study area. 
The Nazca Sliver may have driven dextral wrench reactivation of the Peru fault in the 
Early Miocene. 
Line 93-01 (Fig. 3.3) shows that the last major compression by the Nazca Plate 
Sliver occurred in the Peru fault footwall during the Pliocene-Pleistocene transition, 
which folded and thickened the continental crust, uplifting the northern area, and giving 
rise to the Peru Bank. The Yáñez, Alvarado, and Sarmiento shear zones are located within 
the Nazca Sliver and may be products of dextral wrench deformation due to 
heterogeneous displacement between the compressional and transpressional domains 
in the southern and northern areas of the sliver, respectively (Fig. 3.14D). This 
differential displacement suggests that currently the northern sector of the Nazca Sliver 
is advancing more towards the Gulf of Guayaquil than in the south in front of the Illescas 
anticlines. Some small normal, reverse, and even reactivated faulting identified in the 
youngest strata suggest a compressional-extensional strain related to the Nazca Sliver 
to date. 
3.7.6 Subduction erosion model related to abandoned magmatic arc and trench 
migration 
In this work we have shown the effects of subduction erosion on the overriding 
continental margin as plate thinning and minor or null accretionary prism development. 
The process is also important in the spatial and temporal distribution of accommodation 
in forearc basins and fault activation through uplift-collapse events. These 
characteristics are well represented in all subduction erosion models (Scholl et al., 1980, 
Cloos & Shreve, 1988; Clift & Vannucchi, 2004; von Huene et al., 2004; Scholl & von 
Huene, 2010; Noda, 2016), which are compiled in Fig. 3.15B. 
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Fig. 3.15. (A) Conceptual model of the subduction erosion mechanism, compiled from several 
authors, representing the initial configuration of the northern Peruvian forearc. (B) Model of 
the current configuration, proposed in this work, for a scenario of trench and abandoned 
magmatic arc interaction, showing the erosion of the subduction channel by the base of the 
intrusive massif as it forms the subduction bulge. Large-scale faulting cuts the subduction 
zone. Local bumpy structures can be formed in the continental crust, with effects being 
preserved in the forearc basin fill. 
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The model developed in this work is presented in Fig. 3.15B and includes the 
specific case of interaction between a trench and an abandoned magmatic arc due to 
subduction erosion (trench-magmatic arc average distance in this work is 80 km). This 
setting can play an important role in the configuration over time of the subduction 
complex as well as the evolution of the forearc basin. It shows how the frontal and basal 
erosion of the continental margin led to the cannibalisation of parts of the forearc basin 
and basement, respectively, producing landward trench migration. 
As the front margin is consumed, the active arc retreats leaving older emplaced 
intrusive rocks. These intrusive massifs, already cooled and now considered as an 
abandoned magmatic arc, erode and deform the subduction channel (white line in Fig. 
3.15B), resulting in deformation termed ‘subduction bulge’ in this work, that is 
preserved in front of the intrusive body base. Consequent deformations along the 
subduction zone are a contiguous large-scale faulting cutting the subduction zone 
(Illescas fault- propagation anticlines and Peru fault in this case) and a deformation at 
the subduction entry also deforming the subduction plane and the incipient frontal 
prism. This deformation is reflected in the forearc basin fill as bumpy structures. The 
consequences of this deformation are a greater degree of coupling. This scenario could 
be then accompanied by thrusting over the subduction zone entry (red lines in Fig. 
3.15B), which could indicate the alteration of the subduction mechanism. 
 
3.8 Conclusions 
The northern Peruvian forearc represents a continental margin characterised by 
subduction erosion, with clear along-margin variability. In the south there is no 
accretion, while the central and northern areas exhibit a poorly-developed accretionary 
prism. 
The structural configuration of the northern Peruvian forearc is dominated by 
gravity-driven normal fault systems, active following uplift episodes related to intense, 
and short periods of Nazca Plate advance during the Oligocene and Miocene, starting 
~26 Ma ago, when the Farallon Plate split into Nazca and Cocos Plates. 
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Second-order discontinuities identified along the northern Peruvian forearc 
include a nonconformity separating Palaeozoic metamorphic basement from overlying 
sedimentary sequences and an angular unconformity between the Talara and younger 
basins. Within the Talara Basin, the Eocene mega-sequence overlies Late Cretaceous-
Palaeocene strata in a sub-parallel position, which depicts a continuous subduction 
erosion process during the formation of the basin since there is no basin-scale 
unconformity found between them. Basin fill processes were driven by a combination 
of subduction zone extensional tectonics and eustasy. 
The integration of seismic and well interpretations, plate convergence rate and 
eustatic history indicate that the Cretaceous – Palaeocene of the Talara Basin deposition 
was controlled by glacio-eustasy, while in the Ypresian (Eocene), sedimentation was 
controlled by episodes of uplift and extensional collapse due to coupling and decoupling 
in the subduction zone, respectively, moderated by a tectono-eustatic sea level change. 
Subduction-erosion dynamics beneath the northern Peruvian forearc underwent 
a change in the Miocene with the abandoned Triassic magmatic arc subject to 
trenchward migration. Large-scale faults, that cut both continental and oceanic crust, 
locked the normal subduction process. The two main examples are the Peru growth fault 
to the north and the Illescas fault-propagation anticlines to the south. This deformation 
is associated with the reverse faulting at the entry point to subduction. 
The Nazca Sliver is a portion of oceanic crust identified to the north of the Nazca 
Plate (Talara Segment). It is interpreted to be formed by the development of microplates 
from the East Pacific Rise from the Oligocene (~ 26 Ma) and an acceleration in mid-ocean 
ridge spreading rate in the Miocene (~20 Ma). The deformation caused in the 
continental and oceanic plates may have affected the normal subduction process.
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ABSTRACT 
Deconvolving regressions and transgressions controlled by tectonic uplift and 
subsidence from eustatic sea-level variation in some tectonically-active basins is an area 
roughly addressed; however, this phenomenon remains unstudied in forearc basins. The 
Talara Basin of NW Peru comprises strata from Late Cretaceous to Late Eocene age, 
deposited on a margin with dominantly-extensional tectonism related to subduction 
erosion. An evolutionary model of the basin integrating seismic, outcrop and oil well 
data defines two second-order sequences deposited in environments ranging from deep 
water to continental. The lower mega-sequence was deposited during regular 
subsidence, while the upper records periods of uplift and subsequent collapse. The 
Pariñas systems provides an example of regressive strata deposited during tectonically-
driven sea-level change depositing during a tectonically-driven regression triggered by 
uplift of the basin margin locally identified in the Paita high. This unit was subsequently 
covered by a ‘tectonic transgression’ of the Middle and Upper Eocene induced by 
subsequent tectonic subsidence. The terms of tectonically-driven regression and 
transgression, herein proposed, are intended to explain the regression forced by 
tectonic events when the eustatic sea sea-level stand is still or even is slightly rising. This 
model was developed for erosive active margins, and could provide some insights to 
other tectonically-active basins worldwide. 
 
4.1 Introduction 
Basin fill development depends on a combination of eustatic sea level, sediment 
supply, climate, basin physiography, and tectonism (Williams, 1993; Myers & Milton, 
1996; Posamentier & Allen, 1999; Miall, 2010). Eustatic sea-level variations occur due to 
tectonic, glacial, and other large-scale processes, where tectonism accounts for first-
order and most second-order cycles (Vail et al., 1977); the latter gives rise to the 
‘stratigraphic sequence’ as defined by different authors and compiled by Embry (2002) 
and Catuneanu (2017). 
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The dominant role of tectonism, specifically tectonic uplift and subsidence 
producing forced-regressive and transgressive stratigraphic sequences, respectively, has 
been documented in the following basin types: rift (Gawthorpe et al., 2000, Azerêdo et 
al., 2002), foreland (Ilgar et al., 2013), and piggyback (Dreyer et al., 1999; Gawthorpe et 
al., 2000). Stratigraphic sequences have also been analysed in accretionary active 
margins (Schmidt & Seyfried, 1991; Kolb & Schmidt, 1991; Winsemann & Seyfried, 
1991), although lacking the detail necessary to fully explain controls on depositional 
systems. This kind of analysis in erosive active margins is even less well understood. 
The Peruvian continental margin is classified as the subduction-erosion type (Clift 
& Vannucchi, 2004; Stern, 2011). These are characterised by long-term uplift events and 
subsequent subsidence through extensional collapse driven by changes in plate coupling 
and decoupling cycles (Bourgois et al., 2007). Previous work on the Talara Basin has been 
based on poorly-integrated structural and stratigraphic studies, resulting in generalised 
depositional models with imprecise tectonic timing and source of deformation. This 
work discusses the development of the Talara Basin, focused on the Ypresian Pariñas 
system as a regional regression proposed to be driven by a subduction erosion cycle. 
The specific objectives are to build the geohistory of the Talara Basin, quantify the 
tectonic subsidence through backstripping, perform a seismic stratigraphic 
characterisation of the Pariñas sedimentary systems, and integrate the results into an 
evolutionary model. The study area is located to the northwest of the Paita hills, on the 
eastern half of the central Talara Basin (Fig. 4.1). 
 
4.2 Geological background 
4.2.1 Subduction erosion at the northern Peruvian Pacific margin 
Erosive convergent margins are the result of subduction erosion and represent 
more than half of the present-day subduction zones (von Huene & Scholl, 1991; ne et 
al., 2004; Clift & Vannucchi, 2004). In subduction erosion, material is removed from the 
base of the overriding plate (von Huene & Lallemand, 1990; Clift & Vannucchi, 2004) and 
is assimilated in the subduction channel (Scholl & von Huene, 2007). Tectonic erosion 
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leads to thinning and loss of the continental plate margin by oceanic crust abrasion 
(Murauchi & Ludwig, 1980; Langseth et al., 1981) and a landward retreat of the trench 
(Scholl et al., 1980; Scholl & von Huene, 2007; Scholl & von Huene, 2010). The process 
is also present, to a lesser or greater degree, in accretionary margins (Stern, 2011), 
characterized by small frontal prisms (von Huene & Scholl, 1991).  
 
 
Fig. 4.1. (A) Location of Peru in South America. (B) The study area (red polygon) is located in 
the Talara forearc basin, northern Peruvian Pacific convergent margin of the South American 
Plate. Current plate-convergence rate in mm yr-1 (yellow arrows). (C) Zoom of the study area, 
consisting of two main morpho-structural elements of the Paita high (Paita hills as part of the 
Coastal Range) and Lagunitos depocentre. Bathymetry and topography from Global Multi-
Resolution Topography Synthesis. 
 
The subduction erosion scheme of the northern Peruvian continental margin has 
been imaged by Lajo-Yáñez et al. (2022), where there is no accretion in the south and a 
minor accretionary prism developed in the central and northern sectors, entering the 
103 
 
 Chapter 4: Tectonically-driven regressions and transgressions in subduction-erosion margins  
Gulf of Guayaquil, in southwestern Ecuador. The megathrust has been related to long-
term uplift and subsidence, indicating periods of high and low plate coupling, 
respectively (Bourgois et al., 2007). Subduction erosion in central Peruvian forearc has 
been interpreted within the Trujillo (Herbozo et al., 2020) and Lima Basins (Clift et al., 
2003) through backstripping, to the south outside the study area.  
4.2.2 The Talara Basin 
The Talara Basin is located on the northern Peruvian forearc of the South 
American Plate (Fig. 4.1A). From Late Cretaceous to Eocene times about ~9000 m of 
stratigraphy was deposited in the basin. During this time, deep seated extensional faults 
configured the basin into compartmentalised blocks (Bosworth, 1922). As a result, 
lithological and thickness changes were produced through the sedimentary fill (Travis, 
1953). Only the eastern and western boundaries of the basin are clearly defined. To the 
east, the basin fill onlaps the Coastal Range (Iddings, & Olsson, 1928; Travis, 1953; 
Zevallos, 1970; Martínez, 1970; Travis et al., 1974). This range comprises Palaeozoic 
partly-metamorphic rocks intruded by igneous rocks of the Triassic magmatic arc 
(Bellido et al., 2009; Sánchez et al., 2006). The western basin boundary is defined by the 
inner wall of the trench and associated with a minor accretionary complex. This 
arrangement denotes very strong consumption of the continental margin due to 
subduction erosion in the northern Peruvian forearc (Lajo-Yáñez et al., 2022). 
The sedimentary succession of the study area is represented by the stratigraphic 
column of the central sector of the Talara Basin shown in Fig. 4.2. During the Campanian, 
the Talara Basin started to form, at this time deposition of red breccia-conglomerates of 
the Sandino Formation took place, interpreted as fan-delta deposits (Stainforth, 1949). 
A transgression filled early depressions with conglomerates of the Tablones Formation, 
grading to shelfal marine shales of the Redondo Formation (Gonzales, 1976, Euribe, 
1976) that also covered the Alamor-Lancones Basin in its culminating development 
period. The last unit in this period is marked by regressive shallow marine conglomerates 
and sandstones of the Monte Grande Formation (Iddings & Olsson, 1928; Olsson, 1934; 
Euribe, 1976). Sedimentation continued through the Maastrichtian until the Danian, 
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with the Mal Paso Group, consisting of a thick section of dense, dark and micaceous 
hemipelagic shales intercalated with turbidites indicating a deep-water environment 
(Travis, 1953; Stainforth, 1955; Euribe, 1976; Gonzales, 1976). Frizzell (1943) described 
the characteristic Late Cretaceous-Danian foraminifera and Cruzado (1980) defined their 
zonation. 
 
Fig. 4.2. Stratigraphy of the Talara Basin in the Lagunitos depocentre with the Pariñas 
Formation highlighted in yellow. This stratigraphic column is a compilation from different oil 
companies and previous works. 
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During the Ypresian, sedimentation of the Salina Group initiated with submarine 
fans of the Basal Salina Formation (Lajo-Yáñez, 2016), grading to a nearshore 
environment during a regression (Marsaglia & Carozzi, 1990). Subsequently, 
progradational fluvio-deltaic and estuarine systems of the Salina Formation covered 
most of the basin due to a high sediment supply (Gonzales, 1976). The following 
transgressive period gave rise to a thick shale succession occasionally interbedded with 
siltstones and sandstones from shallow to marginal marine of the Pale Greda Formation 
determined by a rich assemblage of planktonic and benthic foraminifera (Weiss, 1955). 
The subsequent sedimentation of sandstone and conglomerate intervals with 
some thin shale beds of the Pariñas Formation are interpreted to represent regression 
driven environmental change to fluvio-deltaic systems related to shoreface and tidal 
environments (Iddings & Olsson, 1928; Stainforth, 1954; Gonzales, 1976; Carozzi & 
Palomino, 1993). Several levels of silicified tree trunks are present through the whole 
section, some of which are characterised by teredolites ichnofacies, indicating 
woodgrounds in open marine waters (Bromley et al., 1984). This formation is overlain 
by the Chacra Formation, a thick greenish-grey shale with some fine-grained sandstone 
beds, previously interpreted as a shelf environment (Travis, 1953; Euribe, 1976; 
Gonzales, 1976).  
The overlying Middle Eocene Talara Group consists of a thick transgressive 
succession of brownish hemipelagic shale interspersed with some sandstone and 
conglomeratic bodies interpret to have been deposited in a deep-water domain (Travis, 
1953; Stainforth, 1954). This group unconformably overlies any older units through a 
Pre-Talara lacuna (Stainforth, 1955, Euribe, 1976). The Talara Basin culminated in the 
Late Eocene with the deposition of the Lagunitos Group of intercalated massive 
sandstone and shale units interpreted as a deep-water environment (Gonzales, 1976; 
Duerichen, 2005). 
During a hiatus between the Oligocene and Pliocene, accommodation was 
restricted to the north and south of the Talara Basin developing the Tumbes and Sechura 
Basins, respectively. Only in the Pleistocene, marine terrace sedimentation of the 
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Tablazo Formation resumed discordantly over a flat surface with a large extent across 
the Talara region (Bosworth, 1922; DeVries, 1988), made up of the Talara, Lobitos and 
Máncora marine terraces. 
4.2.3 Age of the Pariñas and Chacra Formations 
Previous workers assignment of ages to these units fluctuated between Early and 
Middle Eocene (Cushman & Stone, 1949; Stainforth, 1954; Stainforth, 1955; Gonzales, 
1976a; Euribe, 1976; Zúñiga & Cruzado, 1979). A biostratigraphic analysis performed by 
Petrostrat (Lajo-Yáñez et al., 2022) on foraminifera, palynomorphs and nannofossils 
from shale samples of the Keswick hills outcrops improved age control facilitating this 
work. The results, correlated with calcareous nannofossil data from well 12220 (Narváez 
& Petri, 2001; Narváez-Rodríguez & Pardo-Arguedas, 2009), indicate an Ypresian-
Lutetian transition in the lowermost part of the Chacra Formation at ~48 Ma. Therefore, 
the Pariñas Formation and the base of the Chacra Formation are from Ypresian age, and 
the overlying section of the Chacra Formation and Talara Group, from Lutetian age. 
 
4.3 Datasets and methods 
The data for this study are seismic reflection surveys and well logs (Fig. 4.3). 
Three PSTM (post-stacked time migrated) 3D seismic surveys cover most of the study 
area: Yasila offshore with 422 km2, and Portachuelo and Mirador onshore, with 63.9 km2 
and 67.2 km2, respectively. 2D seismic lines were used to extrapolate the 
interpretations. Well data included lithological, biostratigraphic, wireline logs, and were 
integrated into the study with palynological analyses from ditch samples. Surface 
geological maps were compiled to tie the subsurface structural interpretation of the 
Palaeozoic basement and the basin stratigraphy.  
Seismic interpretation was used to define the structural and stratigraphic (stratal 
termination) configuration of the basin fill. Compaction analysis and backstripping was 
performed to identify periods of uplift and erosion and the degree of tectonic 
subsidence produced by subduction erosion. Bio-litho and wireline log stratigraphic 
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correlation integrated with palynofloral assemblages built from previous palynological 
analysis (Petro-Tech Peruana, 1995; Savia, 2012) was undertaken between wells to track 
the Pariñas Formation palaeoshoreline position and interpreted palaeoclimate. 
Palaeobathymetry determination was supported by different distribution charts of 
benthic foraminifera (Haq & Boersma, 1998; Olson & Leckie, 2003; Saraswati & 
Srinivasan, 2015). Seismic interpretation constrained the geometry and distribution of 
the unit and seismic attribute analysis assisted stratigraphic characterisation. The 
evolution of this part of the basin was represented in a model as a function of tectonic 
uplift and subsidence, and eustatic sea-level. 
 
4.4 Central Talara Basin and Coastal Range present-day configuration 
4.4.1 Surface 
The Paita high is made up of a group of hills in the Coastal Range with an average 
height of 125 m (Fig. 4.3). The high is composed of Palaeozoic metamorphic rocks 
intruded by the Higuerón plutons, of 221.5 ± 1.2 Ma, from a Late Triassic magmatic arc 
(Sánchez et al., 2006). Previous fieldwork (Belco, 1985; Jaillard et al., 1998; Taipe et al., 
2003) described the Talara Basin stratigraphy surrounding the Paita hills, which records 
sequences related to a continental environment with alluvial facies, changing to 
transgressive shelf, some carbonates, and beach or lagoon deposits. 
In addition to the basin-scale unconformity between the Late Cretaceous basin 
deposits and the Palaeozoic basement, local unconformities were identified between 
Cenozoic stratigraphic units and also with the basement. The absence of Oligocene-to-
Pliocene units is explained by an upper unconformity of the Eocene basin deposits with 
Pleistocene marine terraces (Tablazo Formation). Talara Basin depositional units that 
are missing from the Paita high are interpreted to be due to local depositional hiatuses 
as a result of accommodation decrease by either eustatic sea-level fall or uplift of the 
Paita high compensated by tectonic subsidence into the basin. Basal sedimentary 
breccia units that drape the unconformities, specifically from the Palaeocene and Early 
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Eocene, suggest that the Paita high was a long-term area of sediment supply, formed 
possibly since the Triassic, and maintaining its positive morphology until today. 
 
Fig. 4.3. (A) Geological map of the Paita-Chira study area (modified from INGEMMET, 2017; 
and Taipe, 2003), including the Paita high and the northern coast, showing seismic and well 
data used for backstripping, stratigraphic correlation, seismic interpretation and attributes 
analysis. (B) Zoom of coastal geology in front of well PHX-A (modified from Belco, 1985). 
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In a comparison with the depocentre in the Lagunitos area, where the Pale 
Greda, Pariñas, and Chacra Formations are present, the Paita high is marked by a 
conspicuous unconformity between the Salina Formation and the onlapping Talara 
Group (Belco Petroleum, 1985; Petro-Tech Peruana, 2001; Savia, 2011). 
Four normal fault systems were identified in coastal outcrops on the Paita high, 
affecting the Palaeozoic basement and all overlying strata, suggesting a period of 
faulting after Talara Basin development. All these faults dip to the SSE and have 
generated rotated blocks, indicating a common deformation mechanism. The structural 
configuration is highlighted in the closest N-S seismic line to the shoreline (Fig. 4.5) 
extrapolating the fault planes seaward (black dashed lines in Fig. 4.3A and B). 
Interpretation of the surrounding 3D seismic volume, to produce a top basement map 
(Fig. 4.4), shows the western continuation and geometry of the fault systems trajectory. 
4.4.2 Subsurface 
A top Palaeozoic basement map (Fig. 4.4) was derived from interpretation of all 
2D and 3D seismic in the study area. The map gives a regional view of the current 
morpho-structural configuration of the Coastal Range at this latitude, and the basal 
geometry of the Talara basin to the west, depicted by the Lagunitos low. 
The largest structural element to be recognised is the Paita high, which forms the 
present-day Paita hills (Fig. 4.3). In addition, the Tamarindo high is visible as a subsurface 
branch extending northward from the Paita High. Seismic also shows that this structure 
underlies the onlapping units of the Talara Basin (Figs. 4.5 and 4.6), suggesting an origin 
and timing related to uplift by Triassic intrusions. A second structure, herein named the 
Colán high, due to the solitary CO1-1X well, was formed attached to the western front 
of the Paita high (Fig. 4.4). A seismic line across the Colán high (Fig. 4.6) shows the entire 
stratigraphic succession is tilted with the basement. This configuration is interpreted as 
a result of an uplift that formed the structural Colán high after Eocene Talara Basin 
development. Therefore, its formation is different from the Paita high in terms of 
geologic time- and, possibly structural mechanism. 
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Late Cretaceous and Palaeocene successions (green units) constitute the first 
half of the Talara Basin fill, which onlap, but do not cover the Paita Hills (Fig. 4.5 and 
4.6). The reflectors of the basal Redondo Formation are subparallel to the Palaeozoic 
basement, suggesting a nearly flat palaeotopography. The overlying Cretaceous-
Palaeocene units of the thick Mal Paso Group onlap the Redondo Formation and 
Palaeozoic basement, indicating a basinward palaeo-tilting. 
 
Fig. 4.4. Seismic map at top of Palaeozoic basement showing the Colán, Paita and Tamarindo 
structural highs with the surface expression of the Paita hills outcrops (purple and pink 
polygons). This large structural high is part of the Coastal Range and is surrounding the Talara 
Basin to the east, specifically the Lagunitos depocentre in the study area. 
 
Early Eocene (Ypresian) deposits of the Salina Formation (orange unit) extended 
over the entire study area, indicating a lateral expansion of accommodation. It is unlikely 
that the Coastal Range, supported by the Triassic magmatic arc, underwent considerable 
subsidence, therefore eustatic sea-level rise is interpreted to have driven this growth in 
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accommodation. The overlying Pale Greda Formation (light orange polygon) is mostly 
concordant, but locally onlaps the Salina Formation near fault zones, which suggests a 
subsidence period at the end of the Salina Formation. 
 
Fig. 4.5. NW-SE composite seismic line A-A’ connecting wells EX4-15X, NPXB-24XD, PHX-e and 
PHX-A, in the direction to the Paita high, to the right of the section. Cretaceous and Palaeocene 
are onlapping the Palaeozoic basement until pinching out to the high. Displayed wireline logs 
are gamma-ray (green) and deep resistivity (black); values increase to the right. 
 
An angular unconformity has been identified at the top of the Pale Greda 
Formation around the Paita high, associated with tilting in the same orientation as the 
Paita high slope, suggesting a younger uplift period. Unlike the underlying units, 
distribution of the onlapping Pariñas and Chacra Formations (yellow and dark-green 
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units, respectively) was restricted to the northwest border of the Paita and Tamarindo 
highs, including the Colán area. Some syn-sedimentary faulting affecting those units 
denotes structural control of the accommodation. 
 
Fig. 4.6. SW-NE composite seismic line B-B’ showing the Colán high, connecting 3D seismic 
surveys of Erica Sur, Yasila, and Mirador, in the direction to the Tamarindo high (Portachuelo 
oilfield), as part of the Paita high. (a) Interpreted seismic section. (b) Zoom of the shallow 
section of well CO1-1X showing the angular unconformity between the Talara Basin and the 
recent deposits (Pleistocene?). In the same way as the previous section, Cretaceous and 
Palaeocene units onlap the Palaeozoic basement and pinch out onto the high. Oligocene 
deposits are restricted to the west, seaward of the shelf edge, unconformably overlying the 
Talara Basin. The Colán high is interpreted to be formed after the Talara Basin development. 
Displayed wireline logs are gamma-ray (green) and deep resistivity (black); values increase to 
the right. 
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Deposition of the Talara and Lagunitos Groups (pale-green and blue units), from 
Middle and Late Eocene, respectively, onlaps the full height of the Paita high. These units 
show some syn-sedimentary faulting, indicating continuous deformation until the end 
of the Talara Basin. Oligocene-Miocene (brown and dark-grey units) strata are restricted 
to the west, seaward of the present-day shelf edge with an unconformable contact over 
the Talara Basin fill (Fig. 4.6). This suggests unstable behaviour of the slope, forcing 
westward migration of the Oligocene basin towards the faulted slope, a process that is 
continuing to date.  A top Eocene unconformity defines the upper boundary of the 
Talara Basin in the shelf, and is represented by three seismic reflectors that delineate 
the present-day bathymetry of the study area (Fig. 4.6). Its thin thickness is confirmed 
by soil boring carried out before well CO1-1X was drilled, which encountered the first 
Late Eocene strata at 31.2 m below the seafloor. In the uppermost interval of the Colán 
high, this thin layer of recent deposits is truncating subparallel inclined seismic reflectors 
from Middle (Talara Formation) and Late Eocene (Lagunitos Group) by an angular 
unconformity, suggesting a post-Talara Basin period of uplift and subsequent erosion. 
Onshore, the Talara Basin is covered by thin Pleistocene marine terraces of the Tablazo 
Formation and recent sediments. 
4.4.3 Stratigraphic terminations and discontinuities  
The schematic section C-C’ (Fig. 4.7) integrates well, seismic and surface data to 
link the Colán (well CO1-1X) and Paita highs (wells PHX-E, PHX-A, and CISNE-1X). The 
four wells reached the basement at different depths and recorded different thicknesses 
of the basin fill, which was suitable for a tectonic subsidence analysis performed in the 
next section. The section summarises the stratal relationship between the sequences 
within the Talara Basin and in turn with the Palaeozoic basement. These relationships 
are mostly characterised by onlap and truncation. Furthermore, two first-order 
discontinuities were identified bounding the Talara Basin, which puts it in 
unconformable contact with the Palaeozoic basement and the Pleistocene marine 
terraces. The major unconformity identified within the basin is in the Pale Greda 
Formation, from the Ypresian, and is interpreted to be formed regionally, indicating it 
as a second-order discontinuity. 
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Fig. 4.7. Schematic section C-C’, based on seismic (e.g., Figs. 5 and 6), showing the present-day geological configuration of the study area (datum at 
present sea level), and the four wells that drilled the Palaeozoic basement across the Paita and Colán highs. The main features characterising the 
area are angular unconformity, normal faulting following the direction of subsidence, and onlapping strata. The basinal subsidence took place at 
three main times: Late Cretaceous, Ypresian and Middle and Late Eocene. Displayed wireline logs are gamma-ray (GR) and deep resistivity (Rd); 
values increase to the right. 
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4.5 Basin depocentre-margin tectonic subsidence related to subduction-erosion 
4.5.1 Compaction trend of the Talara Basin 
The well CO1-1X recorded the most complete stratigraphic section of the Talara 
Basin in the study area, with ~3300 m of distal facies, represented by silty mudstones of 
Late Cretaceous to Late Eocene age. This location is representative of the Lagunitos 
depocentre. In addition, the entire section is under normal pressure conditions with a 
continuous wireline log set, providing the opportunity to study compaction for the 
complete stratigraphic column, which is an important consideration according to Giles 
et al. (1998). A cross plot depth of burial depth vs porosity derived from the density log 
(DPHI) was constructed based on Athy’s (1930) equation, to calculate the compaction 
trend as a function of depth, excluding the metamorphic basement. 
 
Fig. 4.8. Porosity-depth chart comparing the compaction behaviour between the silty shale 
succession of the Talara Basin, represented by well CO1-1X, with other basins around the 
world. 
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Well CO1-1X suggests the fill of the Talara Basin shares the normal compaction 
behaviour with other basins of similar lithology as in Oklahoma (Athy, 1930), Sarawak 
(Giles et al., 1998), and Nagaoka (Magara, 1968) (Fig. 4.8). The variation in the porosity 
range depends mainly on the lithology and geohistory, but also on the overburden 
pressure and the clay chemistry (Issler, 1992), even on temperature and time (Schmoker 
& Gautier 1989). The porosity decay constant obtained from well CO1-1X trend line is 
0.85 km-1, and differs from 0.51 km-1 determined for shales in the North Sea by Sclater 
& Christie (1980), which is used as a theoretical value for backstripping in areas with no 
available data (Allen & Allen, 2013). Porosity at surface for mudstone is not reliable since 
the stratigraphy of the Colán area has been uplifted. Instead, 45% was obtained from 
well CISNE-1X. 
4.5.2 Uplift-erosion periods through compaction trends  
A comparative diagram of compaction trend charts between wells of the 
schematic section C-C’ (Fig. 4.7) is shown in Fig. 4.9. In this analysis, porosity derived 
from the sonic log (SPHI) was used since not all the wells have density logs along the 
entire well. The main difference between both log types is that SPHI values tend to be 
higher than DPHI. In addition, formation thickness is not critically affected by faulting. 
The exception is a minor fault passing through the Chacra Formation in well CO1-1X, 
which does not affect the section for this kind of analyses. 
The charts show increased compaction in the basement of more than 10% at 
greater depths (purple polygon in Fig. 4.9), from the top of the Paita high (well CISNE-
1X) to the Lagunitos depocentre (well CO1-1X), which is consistent with a thicker basin 
overburden. However, there is an abrupt decrease in porosity between the basin fill and 
the Palaeozoic basement in the three wells closest to the Paita high, revealing a long-
term uplift and erosion of the basement, during the Cretaceous (well PHX-E), before 
Early Eocene (well PHX-A) until before Middle Eocene (well CISNE-1X). This shift in 
porosity trends supports the idea of a perennial Paita high from the Triassic interpreted 
from outcrops, otherwise, a continuous compaction decrease should be expected from 
all the four sites.
117 
 
Chapter 5: Disentangling tectonic and eustatic controls on forearc basin stratigraphy 
118 
 
 
 
Chapter 4: Tectonically-driven regressions and transgressions in subduction-erosion margins  
Fig. 4.9. ◀ Porosity-depth charts derived from sonic logs (SPHI) from wells CO1-1X, PHX-E, PHX-
A and CISNE-1X, of the four wells located at different distances from the Paita high. The 
diagram shows the compaction variability related to the amount of overburden and the facies 
distribution, and reveals periods of relative uplift and erosion. Charts trend line (white line) 
represents the compaction behaviour, and projection (black line) the strata interpreted as 
uplifted and eroded.  Negative porosity values from metamorphic Palaeozoic basement do not 
represent error since the density logs are referenced to limestone scale. 
 
The unconformity above the Pale Greda Formation (red bold line in Fig. 4.9) 
cannot be depicted as an abrupt porosity shift as seen above the Palaeozoic basement. 
The explanation is the very short time for the strata that were buried, highly compacted, 
and then eroded during the Ypresian compared to several tens of million years for the 
same process on the basement since the Palaeozoic. 
An upwards shift of porosity gradient is recorded in wells PHX-A and CO1-1X 
porosity-depth charts. This effect, represented by the compaction trend line and its 
projection (white and black lines in Fig. 4.9, respectively), reveals a period of relative 
uplift and collapse at the end of the Middle Eocene, which is supported by sub-horizontal 
and onlapping Late Eocene strata between wells PHX-E and PHX-A (Fig. 4.5). Post-Talara 
Basin Colán uplift and erosion are interpreted for CO1-1X, being consistent with the 
angular unconformity of Middle and Late Eocene strata truncated against the seafloor 
horizon layer seen in seismic (Fig. 4.6). Lack of well porosity logs on thin Quaternary and 
recent units at shallow depths preclude the quantification of uplift and erosion in those 
two wells. 
Another important insight from It is important to note that within the basin fill, 
the Salina Formation (orange polygon in Fig. 4.9) demonstrates the variability of 
compaction between the four wells as a function of lithofacies distribution under 
overburden pressure, where the silty mudstones in well CO1-1X are more compacted 
than the sandstones and siltstones in wells PHX-E and PHX-A. Mudstones of the Talara 
and Lagunitos Groups (pale-green and blue polygons in Fig. 4.9) lie at shallow depths 
from ~ 600 m to surface in most of the wells. They show a wide range of porosity with 
the lowest values starting around 40%, similar to the Pale Greda, Pariñas and Chacra 
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Formations found only in well CO1-1X. This similarity occurs because clay undergoes 
significant mechanical grain rearrangement and rapid porosity loss within the first 500 
m to then be lithified into a mudstone or shale in a normal compaction gradient as depth 
increases (Hamilton, 1976; Issler, 1992).  
4.5.3 Tectonic subsidence and the Ypresian hiatus 
1D backstripping was performed on the four wells from the schematic section C-
C’ (Fig. 4.7) to identify tectonic uplift between Lagunitos depocentre (Colán high) and 
Paita high and quantify the total subsidence of the basin produced by subduction 
erosion. Subsidence curves were assembled with a transverse chronostratigraphic chart 
(Fig. 4.10). The total subsidence curve involves the sediment accumulation, corrected 
for compaction, palaeobathymetry, and eustatic sea level. Once the sedimentary load is 
removed backwards in time, the resultant curve expresses the tectonic subsidence 
(Angevine et al., 1990; Allen & Allen, 2013). The divergence between both curves is more 
evident as more sediment is deposited in the basin, making it clear that the Lagunitos 
depocentre was recorded by well CO1-1X and the basin margin by the other three wells. 
The tectonic subsidence development of the Lagunitos depocentre started with 
constantly increasing rate of ~30 m Myr-1, reaching ~600 m in the Late Cretaceous, 
which slowed down to zero during the Palaeocene. From the Ypresian, tectonic 
subsidence resumed doubling its rate to ~65 m Myr-1, and deepening the basin an 
additional ~400 m until deposition of the Pale Greda Formation. An important uplift took 
place between Pale Greda and Pariñas Formations deposition, corresponding to the 
second-order discontinuity identified in seismic. This uplift restricted the distribution of 
the Pariñas and Chacra Formations and resulted in an angular unconformity. Subsequent 
tectonic subsidence reached the highest rates in the basin geohistory of ~74 m Myr-1 
through the rest of the Ypresian (Chacra Formation) and Middle Eocene, slightly 
decreasing in the Late Eocene, reaching a final total subsidence of ~ 1800 m before Colán 
uplift. Insights from seismic interpretation gave an approximate 1600 m of eroded 
Middle and Late Eocene strata due to uplift in well CO1-1X to obtain a restored 
stratigraphic column, which yielded a calculated tectonic subsidence of ~600m. 
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Fig. 4.10. 1D backstripping showing a comparison of tectonic and total (including sedimentary) 
subsidence between wells CO1-1X, PHX-E and PHX-A located in three different distances from 
the Paita high. This diagram is integrated to a chronostratigraphic chart to display the main 
hiatuses before, during and after deposition of the Talara Basin fill (grey polygons). Striped 
area between subsidence curves of well CO1-1X represents the Middle and Upper Eocene 
strata eroded after the end of Talara basin deposition. 
 
In parallel, the chronostratigraphic chart (Fig. 4.10) shows Triassic and Jurassic 
hiatus before the development of the Talara Basin, which is supported by all wells that 
reached the Palaeozoic basement. In addition, this chart shows continuous 
sedimentation in the basin from the Late Cretaceous until early Ypresian. An important 
intra-Ypresian hiatus seen in the tectonic subsidence history of the three wells on the 
Paita high, suggests a relative sea-level fall for the Pariñas and Chacra Formations 
restricted deposition in the Lagunitos depocentre (CO1-1X), where the Ypresian 
sedimentation was continuous. A second minor hiatus is shown by the absence of the 
Late Eocene in well PHX-A and is interpreted as a local hiatus that represents the last 
subsidence period in the basin around the well. The post-Talara Basin hiatus, from the 
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Oligocene to Pleistocene, is supported by the Tablazo Formation overlying the Lagunitos 
Group in well CISNE-1X. 
 
4.6 Sedimentary environment development in the Early – Middle Eocene 
Based on the restricted distribution of the Pariñas Formation to the northwest 
of the Paita high outlined in this work, a sedimentary model of this unit is proposed that 
captures the interpreted influence of tectonic subsidence on deposition since it was the 
first stratigraphic unit to be deposited after the post-Pale Greda unconformity. 
4.6.1 Pale Greda shelf to marginal marine 
This almost entirely shale unit underlies the Pariñas Formation records genera of 
Bulimina and Valvulineria throughout the entire section, indicating an outer shelf 
environment with some shallower periods determined by the occasional appearance of 
Trochammina and Robulus. However, foraminifera occurrence decreases significantly in 
the upper section of this formation (red unit in Fig. 4.11), and correlates with a subtle 
increase of siltstone and fine sandstone, a variation in GR, and resistivity increment. 
Therefore, it is possible to subdivide the Pale Greda unit into two sections. The lower 
200-300 m, with presence of glauconite, supporting a predominantly outer shelf 
environment, and the upper 200-300 m, where glauconite occurrence decreases and in-
situ coal starts to appear. In well EX4-15X, red grains (oxidised) are found in the upper 
half. These characteristics indicate that the sedimentary environment changed from 
outer shelf to marginal marine. The fluctuating sea level from the upper Pale Greda is 
considered the major factor that affected the foraminiferal communities with a hostile 
environment. This kind of disturbance brings with it mainly changes in temperature, 
dissolved oxygen, and/or food productivity (Olson & Leckie, 2003). The appearance of a 
small percentage of siltstone and fine-grained sandstone suggests the sediment supply 
as a concomitant environmental factor. These two rate variations support a regression 
that could be time equivalent to the beginning of the uplift identified in the 
backstripping that formed a sequence boundary in the subaerially exposed area (middle 
bold red line in Fig. 4.7). 
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4.6.2 Tropical and humid Pariñas coast 
The Pariñas Formation does not contain foraminifera due to the hostile 
environment set by high-energy sedimentation. The unit is characterised by fine- to 
coarse-grained sandstone bodies with occasional pebbles according to the lithological 
logs and low values of GR motifs. 
Quantitative palynological analyses (Petro-Tech Peruana, 1995; Savia, 2012) 
from offshore wells NPXB-24XD, CO1-1X, and EX4-15X (Fig. 4.11A) were compiled and 
integrated as proxy data to reconstruct the Pariñas palaeoclimate, palaeoshoreline 
position, and palaeoenvironment. The most representative pollen species from trees 
and shrubs in these wells are Bombacacidites sp., and Liliacidites sp., respectively. 
However, they are present in abundance in well NPXB-24XD, which is supported by the 
high occurrence of fossil wood and coal in the lithological log. The most common spore 
species present in the three wells is Smooth trilete spore, belonging to fern families. The 
pollen species Monosulcites medium and Peltandrapites sp. also present in these wells 
derive from mangroves. Dinoflagellates such as Hystrichospheridium sp. are a direct 
indicator of a marine-brackish environment, and are present in well CO1-1X, but more 
commonly in well EX4-15. The identified palynofloral assemblages were systematically 
analysed in a percentile distribution and indicate a tropical and humid palaeoclimate 
area (Fig. 4.11C). Well NPXB-24XD falls in a continental – transitional environment, well 
CO1-1X in a transitional environment, and well EX4-15X in a shallow marine – marginal 
environment.  
The constant occurrence of pyrite, commonly associated with coal in all 
correlated wells, supports the marginal environment for the Pariñas Formation. The 
resultant palaeoshoreline has a SW-NE trajectory, perpendicular to the current in the 
study area. 
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 Fig. 4.11. Stratigraphic section D-D’ of wells 
that recorded the Pariñas Formation in the 
Lagunitos (a) offshore and (b) onshore areas, 
based on micropaleontological 
(FORAMINIFERA), mineral accessories (ACC), 
lithological (LITHO) and wireline data. 
Displayed electrical logs are gamma-ray (GR), 
spontaneous potential (SP) and deep 
resistivity (Rd); values increase to the right. 
The wells to the southeast of the sections 
penetrated the Talara Group (Middle Eocene) 
overlying the Pale Greda and older units with 
a marked unconformity. (c) Palynofloral 
percentile distribution of the tropical humid 
paleoclimate, palaeoshoreline (blue thick line) 
and shallow-water-to-marginal 
palaeoenvironment during Pariñas 
deposition. 
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4.6.3 Back to the shelf with the Chacra transgression 
The overlying Chacra Formation, consisting of hemipelagic shales and siltstones, 
is present only in offshore wells. In onshore, the Pariñas Formation is directly overlain 
by the younger Talara Group, with a similar fine-grained lithology, sporadically 
separated by conglomeratic bodies between them, better seen in well EX4-15X. The 
genus Valvulineria appears again as the most common foraminifera and indicates a 
return to the outer shelf setting. Occasional occurrences of the genera Robulus and 
Quinqueloculina represent shifts to the middle shelf and marginal environment, 
respectively. The only planktonic foraminifera present in the three wells is the genus 
Globigerina which is a middle shelf or deeper indicator (Boudagher, 2010). The overlying 
Talara Group maintained an outer shelf environment, in this case indicated by the genus 
Discorbis, with Trochammina indicating more proximal conditions. The presence of in-
situ coal in wells CO1-1X and NPXB-24XD, suggests a more proximal area than well EX4-
15X. 
 
4.7 Seismic stratigraphic characterisation of the Pariñas systems 
4.7.1 The Pale Greda unconformity 
Seismic shows a conspicuous angular unconformity over the basinward-tilted 
Pale Greda Formation and older units towards the Palaeozoic Paita high (Fig. 4.13), 
which is interpreted to be formed during a period of uplift of the study area. This 
unconformable surface with its basinward correlative conformity, shown in Fig. 4.12, 
represents a similar structural configuration of the Pariñas-time depocentre (yellow 
line), which is partly masked by the Colán uplift and the northeastern subsidence that 
occurred in the southwest and northeast, respectively (large white numbers 1 and 2 in 
Fig. 4.12), formed after the Talara Basin development. 
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Fig. 4.12. Seismic time structural map at the Post-Pale Greda sequence boundary and 
correlative conformity, which represents the palaeo-topography for the Pariñas depocentre 
(yellow outline). The map also shows the two main post-Talara Basin structures, the Colán 
high to the southwest (1), and the northeastern subsidence (2). The high density of southwest-
verging normal faulting characterises the Pariñas depocentre (northwestern sector), different 
from the poorly undeformed Paita high (southeastern sector), partly bordered by a NW- and 
W-verging Yasila fault systems (red polygons). 
 
The area can be divided in two main structural domains, the northwestern sector 
affected by large west-verging normal faults with kinematic restoration indicating a 
post-Talara Basin formation. These faults also involve the Colán high and the northeast 
subsidence, which suggest a coeval deformation. The southeastern sector is much less 
faulted and is represented by the Paita high, which is consistent with a rigid region borne 
by the Triassic magmatic arc. The region between these two sectors is mostly delineated 
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by a large-scale normal fault system dipping to the NW, herein named Yasila fault 
systems (red polygons in Fig. 4.12), forming a large-scale half graben. 
4.7.2 Pariñas systems distribution and limits 
3D seismic interpretation shows how the Pariñas systems infill palaeotopography 
created during uplift associated with the Pale Greda unconformity (Fig. 4.12). This 
relationship is evident at the southwestern boundary where the Pariñas systems onlap 
the Pale Greda unconformity at the slope of the Paita high (thin red horizon in Fig. 4.13).  
The palaeoshoreline determined by palynofloral assemblage analysis from wells 
(Fig. 4.11C) fits the southwestern seismic boundary and determines it as proximal. The 
trajectory of this proximal boundary (yellow line in Fig. 4.12) outlines the northwestern 
side of the Paita high, denoting a close structural control marked by an uplift 
compensated by surrounding subsidence that led to collapse normal faulting, mainly 
represented by the Yasila fault systems (red bold line in Fig. 4.13). 
The Pariñas Formation is thin from the proximal boundary (recorded by wells 
CO1-1X, NPXB-24XD, 4715, and 5890) towards the large Yasila fault systems, where a 
marked increase of thickness is seen at the hanging wall, which is generally parallel to 
the margin. These fault systems formed before Pariñas deposition, indicating structural 
influence on sedimentation, preserving a thicker section in the half graben, which were 
reactivated during Middle and Upper Eocene. 
Also evident in the seismic are other faults buried by Pariñas deposition as well 
as faults that cut the unit without any thickness variation (Fig. 4.13), suggesting pre- 
(without reactivation) and post-Pariñas activity, respectively. The distal margin of these 
deposits, to the northwest, gently onlaps the Pale Greda palaeotopography, which 
represents the depocentre configuration. The restricted distribution of the Pariñas 
systems within the depression indicates that accommodation was tectonically 
controlled. 
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Fig. 4.13. Yasila 3D seismic inline passing through well NPXB-24XD and showing the post-Pale 
Greda angular unconformity (thin red horizon), represented in Fig. 4.12, that configured the 
palaeotopography for the onlapping Pariñas system deposition (yellow polygon). Pre-, syn-, 
and post- Pariñas faulting reveals multi-episodic geodynamic events related to uplift and 
collapse related to the subduction-erosion process. The red bold line represents the Yasila 
fault, which controlled the Pariñas deposition and was subsequently reactivated. Displayed 
wireline logs are gamma-ray (GR) and deep resistivity (Rd); values increase to the right. 
The Pariñas Formation is thin from the proximal boundary (recorded by wells 
CO1-1X, NPXB-24XD, 4715, and 5890) towards the large Yasila fault systems, where a 
marked increase of thickness is seen at the hanging wall, which is generally parallel to 
the margin. These fault systems formed before Pariñas deposition, indicating structural 
influence on sedimentation, preserving a thicker section in the half graben, which was 
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reactivated during Middle and Upper Eocene. Also evident in the seismic are other faults 
buried by Pariñas deposition as well as faults that cut the unit without any thickness 
variation (Fig. 4.13), suggesting pre- (without reactivation) and post-Pariñas activity, 
respectively. The distal margin of these deposits, to the northwest, gently onlaps the 
Pale Greda palaeotopography, which represents the depocentre configuration. The 
restricted distribution of the Pariñas systems within the depression indicates that 
accommodation was tectonically controlled. 
 
Fig. 4.14. (a) Seismic time isopach map of the Pariñas Formation showing three major fan-
shaped bodies of the Pariñas depocentre, interpreted as the main three deltaic systems. Yellow 
arrows 1, 2, and 3 indicate possible delta feeder location. The dark portion of the map was 
obtained from 2D seismic. (b) Top Pariñas time structural map, showing the main later fault 
activity including the reactivated fault system that initially prepared the Pariñas 
palaeotopography, and the post-Talara Basin Colán high and northeastern subsidence as 
indicated in Fig. 4.12.   
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An isopach map of the Pariñas Systems shows the distribution of three fan-
shaped bodies, which thicken northwards from the Yasila fault system (isopach thinning 
alignment and corresponding red polygon in Fig. 4.14), and whose interpreted feeders 
are derived from the Paita high (yellow arrows 1, 2, and 3 in Fig. 4.14A). Integration with 
palynofloral assemblage analysis and lithological well data suggests these three thick 
bodies are deltaic systems, and points out well EX4-15X at the most distal position 
penetrated on the system 3. 
The top Pariñas surface does not show any seismic structural relationship with 
the overlying Chacra Formation. However, an oxidised level between these two units, 
partly covered by a condensed shell bed, identified in the Negritos outcrop to the north 
off the study area, indicates a sequence boundary followed by a wave-ravinement 
surface (Lajo-Yáñez et al., 2022). These horizons are assumed to also be present in the 
study area, although local and Negritos oil wells do not record those lithological features 
due to low logging resolution, except for the condensed shell bed expressed with 
relatively high resistivity. In addition, considering the transgressive nature of the Chacra 
Formation, it is interpreted that part of the top Pariñas would have been exposed to 
subaerial erosion at the maximum regressive surface prior to the transgressive system. 
4.7.3 Inferred palaeocurrent directions 
RMS (root mean square) amplitude stratal slicing was performed at four different 
levels on part of the Pariñas systems 2 and 3 since that is the least structurally-deformed 
area of the depocentre covered by the Yasila 3D seismic survey (Fig. 4.15). 
The basinward divergent aspect of the highest seismic amplitudes supports the 
deltaic characteristics of the two Pariñas systems.  Two main points around the Yasila 
fault are interpreted as feeders to these delta systems, and display apparent distributive 
patterns to the NNW and NW for systems 2 and 3, respectively (yellow arrows in Fig. 
4.15). Integration with the palynofloral assemblage analysis and the isopach map, 
sediment supply is interpreted to come from the Paita high. However, incised valley fills 
were not found and are interpreted to be the result of erosion on the Pariñas margin, 
considering that the Paita high was constantly uplifted. 
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Fig. 4.15. RMS amplitude stratal slicing at different horizons of the Pariñas systems 1 and 2, 
partially covered by Yasila 3D seismic, starting from (a) top Pale Greda (base Pariñas), (b) 
lower-intra, (c) upper-intra, and (d) top Pariñas. Yellow arrows, indicate the NNW and NW 
inferred palaeocurrent direction of two of the three main Pariñas deltaic systems, which is 
consistent with a sediment source area of the Paita high. Absence of incised valleys is 
interpreted as removed by erosion. 
 
The upward increasing seismic amplitude through the four Pariñas levels 
correlated with well EX4-15X logs, is suggestive of a slight progradational pattern, and 
the development of low-angle clinoforms on an almost flat Pariñas palaeotopography 
considering the absence of conspicuous clinoforms. These characteristics could be 
accompanied by the existence of subseismic clinoforms as shown in stratal slicing in 
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shallow-water progradational sequences performed by Zeng et al. (2013) in the Gulf of 
Mexico and Songliao Basin.  
 
4.8 Discussion 
4.8.1 Subduction-erosion signature in the Talara Basin discontinuities 
The Talara Basin is bounded by two first-order discontinuities that are directly 
related to significant changes in the eustatic sea level and subduction rate, and separate 
it from the Early-Late Cretaceous Alamor-Lancones Basin and the Oligo-Miocene 
Sechura and Tumbes Basins (number 1 in Fig. 4.16). The Talara Basin can be subdivided 
into two tectonic stages. The first stage includes Late Cretaceous and Palaeocene 
continuous sedimentation filling the depressions in the Palaeozoic basement driven by 
the initiation of subduction erosion on the northern Peruvian forearc. 
The second phase starts when the convergence rate increased abruptly from ~5 
cm yr-1 to ~15 cm yr-1 in the Ypresian, and was subject to uplift and subsidence periods. 
The intra-basinal unconformity at late Pale Greda time is interpreted as a second-order 
discontinuity (number 2 in Fig. 4.16), as a response to that geodynamic change, 
characterised by an abrupt tectonic subsidence concomitant with normal faulting due 
to terrain instability. 
In this more dynamic tectonic regime, uplift and collapse events influencing the 
relative sea-level variations started to control the accommodation of the Pariñas 
Systems. A series of unconformities before, during, and after Pariñas deposition, 
coincident with a period of high eustatic sea level, is a clear example of a strong influence 
of tectonics in the T-R cycles.
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Fig. 4.16. ◀ Chronostratigraphic chart of the northern Peruvian forearc showing the 
relationship between the plate convergence rate and eustatic sea level. The Talara Basin 
developed during a period of subduction erosion and is marked by an abrupt increase of the 
convergence rate in the Ypresian. In that period, the instability in the forearc also increased 
producing a high incidence of uplift-collapse periods identified in the relative sea level of the 
study area. The main intra-basinal discontinuity is the angular unconformity after the Pale 
Greda shelf shale deposition, when the area started to uplift followed by collapse through 
normal faulting that gave rise to accommodation for the Pariñas Formation. Event correlations 
referred to: 1) First-order discontinuity marked by the initiation of the Talara Basin with the 
Redondo Formation; 2) Second-order discontinuity due to Coastal Range uplift producing the 
Pale Greda-Pariñas tectonic regression; and 3) First-order discontinuity marking the end of the 
Talara Basin development in the Late Eocene. 
 
4.8.2 Tectono-sedimentary evolution of the Talara Basin eastern boundary 
 Integration of the plate convergence rate (Larsen & Pitman, 1972; Pardo-Casas 
& Molnar, 1987), eustatic sea level history (Kominz et al., 2008; Miller et al., 2020), and 
well benthic foraminifera data as a bathymetric proxy according to charts from Culver 
(1988), Haq & Boersma (1998), Scott et al. (2004), and Sarawati & Srinivasan (2015) was 
used to reconstruct the tectono-stratigraphic development of the Talara Basin and to 
identify the T-R cycles in the study area, especially of the Pariñas system, within the 
existing age control. This is represented in a 2-D evolution model from seismic section 
A-A’ (Fig. 4.5) shown in Fig. 4.17: 
A. Initiation of the Talara Basin started in the Campanian with the Redondo Formation 
during a period of high eustatic sea level. Endemic occurrence of the foraminifera 
genus Siphogenerinoides indicates an outer shelf environment during that period. 
Subduction erosion initiation, coinciding with the North Andean accretion, 
produced subsidence over the forearc, which gave accommodation for the first 
formations of the Mal Paso Group ending the Cretaceous. The occurrence of the 
genera Rzehakina (epigona) and Pseudoclavulina (clavata) point out sedimentation 
in a bathyal environment and Pelosina (complanata) in an abyssal, consistent with 
deep-water deposits, despite a eustatic sea-level fall, reflecting the subduction 
erosion effect. Eustatic sea level continued falling along with the deposition of the 
uppermost section of the Mal Paso group during the Palaeocene. Representative 
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genera Eponides (huaynai), Discorbis (huascari), Trochammina (ondegardoi), and 
Haplophragmoides (atahuallpai) indicate a shelf to marginal marine environment, 
which suggests a eustatic sea-level fall higher than the subduction rate. 
 
B. In the Ypresian, the eustatic sea level started to rise from its lowest point (~0 m), 
and the Salina Formation was deposited in a shallow marine to continental 
environment covering partially the Paita high during a constant subduction erosion 
acceleration. This unit is barren of foraminifera; however, the regular reddish 
bedding indicates a subaerial exposure. 
 
C. The subduction erosion underwent an abrupt acceleration with a plate convergence 
rate from ~10 cm yr-1 to ~15 cm yr-1, which was replicated in the eustatic sea level. 
A transgression of the Pale Greda Formation occurred in the basin, where 
foraminiferal genera of Chillostomella (polsoni) and Bulimina (debilis, schenckii, 
virguliniformis) were living in a bathyal to outer-shelf environment, characterised 
by high glauconite occurrence. Later, the environment turned alternately into 
middle shelf represented by the genera Robulus (youngquisty) and Valvulineria 
(palegredensis). 
 
D. The eustatic sea level remained slightly rising with some fluctuation, and the 
deposition changed to a hostile environment, where scarce foraminifera could 
develop. The presence of in-situ coal is consistent with some continental influence. 
The area exposed to subaerial erosion let the sequence boundary expand since late 
Pale Greda deposition. The main cause was an uplift accompanied by normal 
faulting as a tectonic subsidence response, produced by a high plate convergence 
rate. The relatively higher stability of the Paita high was given by the Triassic pluton 
which resisted more the subduction erosion and, therefore, the subsidence. More 
importantly, this surface marks the beginning of a structural-influenced 
development of the basin. 
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Fig. 4.17. Schematic four-stage evolutionary model of the Talara Basin focused in the Eocene 
uplift – subsidence period in the basin margin, the Paita high. When transgressions and 
regressions driven by tectonism are more intense than eustasy, they can reset the sequence 
stratigraphy of the area and overlap the eustatic effect. Stages from A to I are explained in the 
text. 
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E. With a minimised eustatic sea level change, the deltaic systems of the Pariñas 
Formation were deposited in a restricted area to the northwest of the Paita high 
due to uplift continuation. Normal faulting was accentuated and partly defined the 
Pariñas palaeotopography and controlled its sedimentation. 
 
F. The eustatic sea level fell more than 20 m which produced a post-Pariñas forced 
regression and continued falling gradually when the tectonic subsidence led to the 
Chacra Formation transgression in an outer to middle shelf environment 
represented by the genera Bulimina (expansa; Desinobulimina in old classification) 
Valvulineria (suturalis) and Fursenkoina (restinensis; Virgulina in old classification). 
 
G. Tectonic subsidence continued during the Middle Eocene, with periods of collapse 
due to normal faulting, which was produced by a constant maximum convergence 
rate of 15 cm yr-1. The alternating environments are from shelf and marginal marine 
diagnosed by Cibicides (quemadanus), Discorbis (berryi), and Trochammina 
(samanica), changing in the Late Eocene to bathyal with Nodosaria, Cassidulina, and 
Chillostomella, and abyssal with Bathysiphon and Rhabdammina. 
 
H. The end of the basin is marked by a eustatic sea-level fall of more than 60 m and an 
abrupt decrease in the plate convergence rate to 7 cm yr-1, which produced a 
forearc collapse and restricted the Oligocene accommodation to surrounding 
depressed areas and continental slope. 
 
4.9 Conclusions 
The basin fill in a forearc dominated by subduction-erosion records a complex 
compound stratigraphic-structural configuration embodied in evidence provided by 
relative sea-level fluctuations. It is possible and important to analyse these patterns 
through sequence stratigraphy for a better understanding of basin development. 
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In active margins, such as the Talara Basin, tectonic uplift and subsidence are 
determinant factors in creating accommodation for stratigraphic sequences, possibly 
overcoming the influence of eustatic sea level and sediment supply. Tectonic uplift 
originates from periods of convergent plate coupling, where it may become the main 
factor controlling regressions, implying that not every forced regression is caused 
predominantly by a eustatic sea-level fall. Uplift generates a sequence boundary linked 
laterally to a correlative conformity overlain by a regressive sequence deposited in a 
restricted area basinward of the uplifted area. Accommodation in the basinward area 
could be enhanced by normal faulting as an expression of surrounding terrain collapse. 
Subsequently, a process of plate decoupling, that produces a period of tectonic 
subsidence, induces low-frequency transgressions, where minor eustatic sea-level 
fluctuations and sediment supply can produce lesser-scale regressions. Transgressive 
sequences onlap slopes associated with the episodic uplift. This period is a function of 
the subsidence duration along with eustatic variations, where the occurrence of more 
than one maximum flooding surface is a possibility. In this context, the magnitude of the 
regressive and transgressive shoreline displacement will depend on the scale of 
geotectonic deformation of the area. 
This model shows a tectonically-driven forced regression, unlike forced 
regressive deposits in non-tectonically active areas (Posamentier and others), where the 
shoreline is shifted basinward following the highstand deposits palaeotopography. 
Therefore, we propose the terms tectonically-driven transgressions and regressions, 
which are differentiated from the ones of eustatic (transgression and forced regression) 
and sediment supply (normal regression) origin.
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ABSTRACT 
The controls on basin-fill stratigraphy such as sediment supply, climate, eustasy 
and tectonics are well understood in many basin types, but there are few examples 
documented from forearc basins. Traditional evolutionary models for forearc basins 
emphasise the importance of accretionary processes under a largely contractional 
tectonic regime. The Talara Basin of northwestern Peru preserves a lower Eocene 
stratigraphic record of dominantly extensional collapse tectonics punctuated by periods 
of uplift, driven by variability of the subduction process. The margin is dominated by 
subduction erosion and only minor accretion processes. In this geodynamic setting, we 
present for the first time a sedimentological and sequence stratigraphic model for the 
350 m-thick fluvio-deltaic succession of the Pariñas Formation. Three depositional 
sequences are stacked into a highstand sequence set comprising proximal fluvial strata 
that correlate down dip into marginal marine and marine deposits. Syn-sedimentary 
normal faulting related to episodes of subduction erosion restricted much of the Pariñas 
to hanging-wall locations subject to minor-scale transgressions. The succession evolved 
from shelf-confined clinoforms to later basin margin scale clinoforms, related to long-
term sea-level rise. The interaction of eustasy, sediment supply and episodes of 
subduction erosion are integrated into an evolutionary model that may have application 
in other non-accretionary forearc basins worldwide. Although the model shares 
characteristics with extensional models for rift basins, the episodic subduction-driven 
uplift events add another component of relative sea-level complexity. 
 
5.1 Introduction 
The fill of a sedimentary basin is mainly controlled by eustatic sea level, sediment 
supply, climate, basin physiography and tectonism (Vail et al., 1977; Williams, 1993; 
Myers & Milton, 1996; Posamentier & Allen, 1999; Miall, 2010; Catuneanu et al., 2011). 
In tectonically active basins uplift and subsidence events convolved with eustatic sea-
level history result in spatially and temporally variable accommodation histories, 
sedimentary environments and stratal stacking patterns. This relationship has been 
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documented in several tectonic contexts, mostly in rifts (Howell & Flint, 1996; Schlische 
& Anders, 1996; Gawthorpe & Leeder, 2000; Athmer & Luthi, 2011), as well as in sag 
(Seyedmehdi, 2019), foreland (DeCelles & Giles, 1996) and pull-apart settings (Gürbüz, 
2010). However, the effects of subduction-zone tectonics on sedimentation in forearc 
basins have been less studied and previous work has focussed on forearcs dominated 
by an accretionary prism (Fuller et al., 2006; Noda, 2016; Mannu et al., 2017). The 
Peruvian margin has negligible accretionary history and has been interpreted as being 
dominated by subduction erosion (Scholl et al., 1980; Clift & Vannucchi, 2004; von 
Huene et al., 2004; Noda, 2016). This process results in dominantly extensional tectonics 
linked to temporal variations in subduction-zone geodynamics. Some recent 
publications have questioned the dominance of subduction erosion, favouring the role 
of sediment underplating on margins of this type (Collot et al., 2008; Genge et al., 2020). 
Most of the previous work on the Talara Basin of northwestern Peru comes from 
geological evaluations by oil companies, with stratigraphic studies limited to 
lithostratigraphy and depositional models focussed on reservoir and seal evaluation. 
There has been generalised integration of structural geology and stratigraphy, and age 
control is limited to low-resolution biostratigraphy. This paper presents a 
sedimentological and sequence-stratigraphic analysis of the Eocene Pariñas system to 
deconvolve the interplay of eustasy and subduction-zone-related tectonism within the 
convergent margin setting. The specific objectives are to classify the Pariñas systems 
facies, determine the main stratigraphic surfaces and boundaries, and capture stacking 
patterns. The results are synthesised in an integrated 3-D evolutionary model that may 
have an application in other non-accretionary forearc basins. 
The Eocene succession was studied in the Negritos hills area (Fig. 5.1B), in the 
centre of the Talara Basin (Fig. 5.1A). The Pariñas and Chacra Formations were analysed 
in five areas: 1) Lomitos, to the east, 2) Keswick, as the central and main area, 3) Punta 
Pariñas and Punta Balcones, to the west, 4) Providencia along the northern coast, and 
5) Yerba Blanca, to the south (Fig. 5.1C). 
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Fig. 5.1. (A) Location of Peru in South America. (B) Digital elevation model of northwestern 
Peru, on the Pacific convergent margin of the Nazca and South American plates and the Talara 
forearc basin (yellow polygon). Current plate-convergence rate (yellow arrows) by Kendrick et 
al. (2003, cited in Villegas-Lanza et al., 2016). (C) Topography in the study area of the Negritos 
outcrops. The main outcrops of the Pariñas Formation are marked by black and white arrows. 
 
5.2 Geological background 
5.2.1 The Talara Basin 
The Talara Basin developed on the northern Peruvian Pacific margin of the South 
American plate during the Late Cretaceous until the Late Eocene. The basin overlies a 
Palaeozoic metasedimentary basement, and part of Lower Cretaceous units to the east 
(Higley, 2004). The low-grade metamorphic basement extends landward to the Coastal 
Range (Iddings & Olsson, 1928; Travis, 1953; Martínez, 1970; Zevallos, 1970; Travis et 
al., 1976), which is intruded by igneous rocks of the Triassic magmatic arc (Sánchez et 
al., 2006; Bellido et al., 2009). The western boundary of the basin is the present-day Peru 
Trench (Higley, 2004; Hessler & Sharman, 2018), which is the surface expression of the 
subduction zone between the Nazca and South American plates. The northern boundary 
has been interpreted as the Pilar de Zorritos, a southwest-northeast-oriented structural 
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high related to the Dolores-Guayaquil Megashear (Shepperd & Moberly, 1981; Higley, 
2004; Fildani et al., 2008). However, biostratigraphic correlation with the Upper 
Cretaceous and Eocene stratigraphic units in southwestern Ecuador (Galloway & 
Morrey, 1929; Frizzell, 1945; Vaughan, 1937; Thalmann, 1946; Stainforth, 1948; Hofker, 
1956; Coxall, 2000) suggests the continuation of the Talara Basin to the north. 
Alternative published interpretations of the southern Talara Basin boundary include the 
Illescas hills (Fildani et al., 2008) or extending Cenozoic strata into the Trujillo Basin 
further south (Travis et al., 1976; Thornburg & Kulm, 1981). 
 
Fig. 5.2. Stratigraphy of the Talara Basin in the Negritos study area, based on a compilation 
from oil companies and previous works by Higley (2004). The Pariñas and Chacra Formations 
are the study units (indicated by the dark blue bar). 
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The basin fill, of around 9 km, records a long period of subsidence and has been 
deformed into a series of fault-bounded blocks (Bosworth et al., 1922), with marked 
thickness changes (Travis, 1953). The stratigraphic column (Fig. 5.2) comprises Upper 
Cretaceous to Eocene units deposited in environments ranging from deep-water to 
fluvial (Iddings & Olsson, 1928; Travis, 1953; Stainforth, 1954; Weiss, 1955; Euribe, 1976; 
Gonzales, 1976; Travis et al., 1976; Marsaglia & Carozzi, 1990; Higley, 2004; Fildani et 
al., 2008, Hessler & Sharman, 2018).  
Several interpretations have been proposed to explain the structural complexity 
of the Talara Basin, as documented by Fildani et al. (2008). The main structural style has 
been identified as normal faulting, diagnostic of an extensional regime (Iddings & 
Olsson, 1928; Travis, 1953), potentially accompanied by low-angle gravity sliding 
(Baldry, 1938; Peralta, 1967). However, there are local areas where thrust faulting has 
produced structural repetitions of the stratigraphic units (Séranne, 1987; Bush et al. 
1994). In addition, wrench faults are also interpreted as an alternative deformation 
mechanism of the basin (Murany, 1975).  
5.2.2 Previous sedimentary models for the Pariñas Formation  
Previous sedimentary interpretations for the Pariñas Formation proposed a 
fluvio-deltaic sedimentary system (Muñoz, 1975; Murany, 1975; Bolaños & Céspedes, 
1981; Séranne, 1987; Carozzi & Palomino, 1993) deposited in a regressive setting with 
sediment supply higher than subsidence rate (Bolaños & Céspedes, 1981). The 
measurements of directional sedimentary structures including channel axes and trough 
and planar cross-lamination yielded an average palaeocurrent to the west-southwest 
with a minor component to the northwest (Muñoz, 1975; Bolaños & Céspedes, 1981). 
The three main depositional environments reported from base to top of the Pariñas 
Formation include marginal marine bioclastic conglomerate sheets, anastomosed fluvial 
channels and shoreface deposits (Bolaños & Céspedes, 1981). Palaeoclimate was 
interpreted as tropical and humid based on palynomorphs (Aliaga, 1970) and fossil tree 
trunks (Woodcock et al., 2005). Petrographic analysis of Pariñas sandstone core samples 
by Muñoz (1975) shows a composition based mainly on quartz with minor proportions 
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of quartzite, feldspars and mineral accessories (pyrite, zircon, tourmaline, hornblende 
and chlorite), cemented by calcite and silica, and occasionally by clay, limonite and 
sericite. The sedimentary provenance is proposed to be from the northeast (Carozzi & 
Palomino, 1993), La Brea hills to the east (Murany, 1975) and the southeast (Séranne, 
1987). In all cases, the distal area of the system is towards the west, the same direction 
as the present-day offshore (Fig. 5.3). 
 
5.3 Data sets and methods 
A geological map produced from fieldwork and interpretation of satellite imagery 
(Fig. 5.3), supported by a compilation of previous mapping from industry reports, 
delineates the Pariñas and Chacra outcrops and shows the data used in this study: 
outcrop stratigraphic logs and samples, drone photography, well logs, cores and a 
seismic reflection survey. 
Micropalaeontological, palynological and nannofossil analyses were undertaken 
on five outcrop samples to provide information on relative age and 
palaeoenvironment.Facies analysis from outcrops, integrated with core from two wells 
(~100 m length) and drone and satellite imagery, defined facies associations and allowed 
interpretation of depositional environments. Structural analysis aimed to identify the 
contribution of faulting to depositional patterns. Interpretation of well data and partial 
seismic coverage, integrated with surface mapping, helped in characterising the 
subsurface configuration and mapping the continuity of lithological and seismic facies.  
Sequence stratigraphic analysis on outcrop and well data, based on identification 
of key surfaces, led to the study of stratal stacking patterns and the definition of 
sequence hierarchy that allowed the development of a conceptual geological model. All 
the results were spatially and chronologically integrated and represented in a 3-D 
evolutionary model. 
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Fig. 5.3. Geological map of the Negritos study area highlighting Eocene Pariñas and Chacra 
Formation outcrops in yellow and green, respectively. Southern and central outcrops form part 
of the Negritos structural high. The Lagunitos fault system forms the southern boundary of the 
Negritos high, and the Great fault system separates it from the Malacas structural low to the 
north, where the northern outcrops are exposed along the coast. Distribution of well (circles 
of different colours) and seismic (magenta dashed line) data used in the study are also 
displayed, plus geological sections A-A’ and B-B’ and sequence-stratigraphic section C-C’. 
 
5.4 Age of the Pariñas and Chacra Formations 
Earlier biostratigraphic studies assigned an age to these formations ranging from 
Early to Middle Eocene (Cushman & Stone, 1949; Stainforth, 1955; Euribe, 1976; 
Gonzales, 1976). With the aim of tightening age control for this study, a biostratigraphic 
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analysis was undertaken by Petrostrat on foraminifera, palynomorphs and nannofossils 
from shale samples of the Keswick outcrops. 
The palynological results are referred to an age proxy of zone T-06, which 
represents an age range from 48.6 to 38 Ma (Jaramillo et al., 2011). The upper three 
quarters of the Chacra Formation palynomorph assembly indicates an age no older than 
T-06. A sample from the Pariñas Formation yielded an assembly no younger than that 
zone. Good yields from the micropalaeontological zone E8-?E7 (Berggren & Pearson, 
2006; Wade et al., 2011) and calcareous nannofossil zone NP-12 (Martini, 1971; Perch-
Nielsen, 1985) in one sample indicate an Ypresian age at the base of the Chacra 
Formation. 
 
 
Fig. 5.4. Biostratigraphic correlation of well 12202 and Keswick stratigraphic log, showing the 
correlation of calcareous nannofossils, as well as micropaleontological and palynological 
analyses. Well ditch cuttings and outcrop sample analyses determine the Ypresian – Lutetian 
transition (~48 Ma) in the basal Chacra Formation. This correlation follows part of the 
geological section A-A’ of Fig. 5.8. Displayed wireline logs are gamma-ray (GR), spontaneous-
potential (SP) and deep resistivity (Rd); values increase to the right. 
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These results were correlated with calcareous nannofossil data from well 12202 
(Narváez & Petri, 2001; Narváez-Rodríguez & Pardo-Arguedas, 2009), and established 
the Ypresian-Lutetian transition (~48 Ma) in the lowermost part of the Chacra Formation 
(Fig. 5.4). 
This analysis supports a Ypresian age for the Pariñas Formation and the lower 
Chacra Formation, and a Lutetian age for the middle and upper Chacra Formation. The 
results solved the age uncertainty from previous biostratigraphic analyses and provides 
a chronological tie point to match with the eustatic sea-level curve of Miller et al. (2020). 
 
5.5 Facies analysis 
5.5.1 Sedimentary facies classification 
Eleven sedimentary facies were identified in the Pariñas Formation (Table 1) 
from outcrop observations that include grain size, nature of contacts, internal 
lamination style and the presence of any trace or body fossils. The four main lithologies 
include conglomerate, sandstone, siltstone and claystone. 
5.5.2 Facies associations 
Five facies associations have been interpreted from characteristic facies trends 
that can be linked to depositional environments (Fig. 5.5). 
Application of outcrop observations to ground truth wireline log data has 
permitted westward interpolation of sedimentological interpretations to well data in 
present-day offshore subsurface areas of the basin and eastern proximal areas. 
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Table 5.1. Description and interpretation of the characteristic facies of the Pariñas Formation in the Negritos area. 
Lithofacies Description Interpreted sedimentary process Outcrop 
Rounded clasts suggest long period of transport. Poor 
Lithology: Yellowish highly-friable polymictic conglomerate. 1-10 cm-
sorting and imbrication involve rapid decrease in 
diameter rounded clasts of quartz and chert, mainly. Faint clast 
sedimentation flow speed. Channels belonging to a 
imbrication identified (~N300°E) throughout the study area. Very 
F1 more proximal part of the deltaic system, based on 
poorly-sorted matrix with calcareous cement. 
Clast-supported silicified wood embedded in this facies that does not 
Geometry: Highly-discontinuous lens-shaped bodies up to 1 m in 
conglomerate present teredolites borings compared to the distal diameter. 
outcrops to the west. Several channels laterally and 
Occurrence: Within sandstone sections as interbedded lenses with 
vertically distributed suggest development of a braided 
higher clast concentrations at the base. 
fluvial system.  
Lithology: Poorly-sorted, friable, polymictic conglomerate, with well-
rounded clasts of ~3 cm in diameter, commonly made up of chert, 
quartz and bioclasts (turritellas). Light-brown matrix of fine- to 
F2 medium-grained slightly-compacted sandstone with calcareous 
High-energy and high-density flows. Lowermost 
Clast- and cement. Clast-supported conglomerate at the base turning into 
conglomerate beds in the prograding succession as 
matrix- matrix-supported upwards. 
debris flow deposits. Occurrence of teredolites 
supported Geometry: 1.5 m-thick average in a slightly-variable and laterally- indicates marine influence. 
conglomerate spread layer around the entire outcrop. 
Occurrence: As amalgamated layers within sandstone intervals. This 
facies is accompanied by tree trunks, in some cases with teredolites  
borings. 
Lithology: Dark-grey compacted micro-conglomerate. Very coarse 
angular grains and some rounded granules as clasts (~2 cm in 
F3 diameter) of quartz and chert, mainly.  Siliceous cement, and very The presence of subangular micro-clasts together with 
Matrix- poor sorting. Faint visual cm-scale cross-bedding. No clast the rounded bigger clasts suggests re-sedimentation of 
supported imbrication possible to identify. a pre-existing conglomerate, possibly related to a 
micro- Geometry: Continuous tabular beds with constant thickness of 60 cm short-term relative sea-level fall and rise. It also can be 
conglomerate average. produced by different sediment sources. 
Occurrence: At the top of sandstone layers. They are present in the 
upper sections of coarsening-upward sections at outcrop.  
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Table 5.1. Continued 
Lithofacies Description Interpreted sedimentary process Outcrop 
Lithology: Yellowish-grey, friable and poorly-sorted sandstone, with 
F4 mica and/or pyrite? Medium-to-coarse grain size, subangular and 
Trough- and subrounded clasts with calcareous cement. 
Saltation-load deposits lain down in three-dimensional 
planar-cross- Geometry: Thickness of ~2 m. Body with continuous lateral 
dunes in high flow hydrodynamics. 
bedded distribution over the outcrop with wedge-shaped bed sets. 
sandstone Occurrence: Within sandstone intervals, along the entire outcrop. 
The most common facies. 
 
Lithology: Brownish-grey sandstone with calcareous cement, 
coarsening-upward from very fine to fine. Millimetre-scale 
F5 lamination starting from the base until massive centimetre-scale 
layer at the top. Low-flow regime deposition in an extensive- and low-
Low-angle 
Geometry: 50 cm-average strata thickness in laterally-restricted relief area. Thin parasequences deposition still 
cross- and flat-
layers (metre scale). The base shows lamination which thickens dominated by flooding, but marking the initial 
bedded upwards until becoming strata up to 5 cm. development of a prograding section. 
sandstone Occurrence: As bodies within a thick shale section. This assemblage 
is present in the interval underlying the lithostratigraphic Pariñas 
Formation.   
F6 Lithology: Millimetre-scale ripples and hummocky cross-
Heterolithic stratification of very fine to fine sandstone, interlaminated with mud 
bedding with drapes. Minor erosion is present from bed-level truncation to 50 cm Tractional deposition in a low-flow regime. Varying 
climbing ripples deep channel-shaped scours. from bidirectional (hummocky) to unidirectional 
to hummocky Geometry: At least 2 metres in thickness and exposed over the width (climbing ripples) flow direction, suggesting a mixed-
and swaley of the outcrop.  influence of energy. 
cross- Occurrence: Occurs in the most distal exposures. Climbing ripples 
and hummocky cross-bedding are intercalated. 
stratification  
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Table 5.1. Continued 
Lithofacies Description Interpreted sedimentary process Outcrop 
Lithology: Highly-weathered, friable and poorly-sorted brownish-grey 
F7 sandstone of very fine grain size with calcareous cement. Interbedded 
with thin (centimetre-scale) conglomerate layers, with dispersed 
Massive Massive sandstone can occur in fluvial channels as 
rounded clasts of chert and quartz. Few calcareous nodules. 
sandstone and tabular beds as rapid deposition from suspension 
Geometry: Strata thickness of 2 m average. The lateral distribution 
scattered-clast floods or in the delta front. extends over the whole outcrop as a tabular layer. 
conglomerate Occurrence: In the middle of sandstone sections. The clasts become 
more disperse until disappear above and below these bodies. 
 
Lithology: Brick-red-to-purple-coloured highly-oxidised and poorly-
F8 sorted medium to fine grain size sandstone. Massive with siliceous Weathered uppermost section in sandstone of the 
cement. uppermost prograding succession indicates that there 
Oxidised 
Geometry: Uniform thickness of 50 cm along the top of the outcrop was sub-aerial exposure and oxidisation before 
sandstone ridge. transgression and deposition of the overlying shale-
horizon Occurrence: At the top of the prograding Pariñas sequence, right dominated Chacra and Talara Formations. 
below overlying shale section. 
 
F9 Lithology: Grey siltstone and very fine sandstone interbedded with Siltstone-shale interbedding represents a period of 
some coal lenses, yellowish horizons of sulphide and other reddish 
Interbedded flooding. The coal-sulphide association suggests 
colourations, indicative of oxidisation. 
siltstone and reducing conditions in swampy areas and lagoons with 
Geometry: From cm to a few m of interbedded units, cut by gypsum 
shale with coal organic matter. The oxidised levels suggest subaerial lenses and veins. 
laminae exposure.  Occurrence: Within sandstone sections. 
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Table 5.1. Continued 
Lithofacies Description Interpreted sedimentary process Outcrop 
F10 Lithology: Shale rip-up clasts ranging from granule to pebble, mostly Shale layers being exposed and eroded or failed in 
subangular, poorly sorted. 
Shale rip-up chunks, which were dragged into a flow related to 
Geometry: Generally, they are deposited in centimetre-scale layers in 
clasts in channels and coastal environments, normally at the 
a relative restricted area. 
sandstone beginning of a new sedimentary process. Occurrence: Common at the base of sandstone layers. 
 
Lithology: Dark-grey to grey shale with some siltstone laminations. 
Presence of reddish levels at the base of the interval. 
F11 Shallow and gradual transgression with low siliciclastic 
Geometry: ~5 m-average layers within sandstone sections, typically 
Shale sediment supply. 
exposed over full width of outcrop. 
Occurrence: As continuous shale layer of the stratigraphic column. 
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Fig. 5.5. (A) Satellite image (Google Earth) of the five main Pariñas and Chacra outcrop areas. (B) Facies association distribution from proximal to 
medial areas analysed in Lomitos, Keswick and Punta Pariñas outcrop logs, which are shown in detail in Figs. 5.6 and 5.7. 
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FA1 – Fluvial-channel belts 
Description. Lomitos (Fig. 5.6A) and Keswick (Fig. 5.6B) outcrops comprise clast-
supported and erosionally-based conglomerate, with polymictic and rounded granules 
and pebbles (F1), interbedded with cross-bedded sandstone (F4) in bodies up to 5 m 
thick. Bed parallel silicified tree trunks (up to 8 m in length) are common within the 
conglomerates.  The association fines upward to massive sandstones with dispersed 
granules and pebbles of quartz and lithic fragments (F7). The western side of the Lomitos 
outcrops cuts transversally these facies associations leaving them exposed as variously 
oriented cuts through channel bodies. Correlation of Lomitos outcrops with wireline logs 
and core from well 6332, ~2.3 km to the east (Fig. 5.11) is consistent with blocky gamma-
ray (GR) profiles with sharp bases representing conglomerates and sandstones. 
Interpretation. Massive sandstone can occur in multiple depositional 
environments but the contextual data support an interpretation as the fills of fluvial 
channels as tabular beds following deposition from suspension floods (Collinson, 1996), 
and in delta-front areas (Olariu, 2014). Fossil tree trunks found in the deposits are 
possible palms (Woodcock et al., 2005), which indicate a tropical palaeoclimate. 
Seasonal floods (Bridge, 2003) or flashy discharge from brief and sudden rainfall events 
with high-magnitude peak flows (Wilson et al., 2014). Sporadic presence of shale rip-up 
clasts and shell fragments as bioclasts support the erosional nature of the flows (Li et 
al., 2017). At outcrop, channel geometries within larger-scale sheets are consistent with 
braided rivers and limited preservation of cross-bedding may also indicate flashy 
discharge. The linkage between outcrops and core/wireline log data from well 6332 
allowed confident interpretation of this facies association in other wells and regional 
mapping of the fluvial complexes. 
FA2 – Overbank deposits 
Description. These deposits are made up of flat-bedded intercalations of 
brownish-grey and reddish shale, siltstone and very fine-grained sandstone, with 
parallel and occasional wavy laminations. These thin bed packages range from a few cm 
to 3 m in thickness, and may contain coal laminae and sulphide associations as found in 
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the Punta Pariñas outcrops (Fig. 5.7D). Leaf marks were found in a few intervals. In cores 
from wells 6332 and 6706, at a spacing of ~145 m, occasional coalified layers of ~10 cm-
thick dark grey shale, mostly carbonaceous associated with pyrite and with high gamma-
ray values are described from below the fluvial channel interval. 
Interpretation. These facies developed in alternating sub-aerially exposed and 
poorly-drained areas spatially associated with fluvial facies. Coal layers were deposited 
on these flooded zones from organic matter concentrations in conditions of poor 
oxygenation, conducive to sulphide formation. These conditions intermittently turned 
oxidising depending on the level of the water table and the distance from the 
palaeoshoreline (Retallack, 2008; Varela et al., 2012). Other sub-aerial exposure 
indicators are pedogenic slickensides in shales (Gray & Nickelsen, 1989) as observed in 
the core of well 6706 in five regular intervals. These overbank packages have good 
continuity along the outcrops and can be mapped regionally.  
FA3 – Debris-flow deposits 
Description. Found only in few intervals in the Keswick outcrops (Fig. 5.6B) this 
association is limited to ~4 m in thickness. It comprises 50 cm-thick beds of matrix-
supported conglomerate and breccia grading upward to massive sandstone with 
dispersed granules and pebbles of quartz and lithic fragments (F7), with some faint 
cross-bedding associated rarely with silicified wood (F4) and shale rip-up clasts (F10). 
Interpretation. These deposits are interpreted as gravity-driven rapid flows of 
sediment and water mixtures that form poorly-sorted and massive deposits carrying 
immature clasts (Sharp & Nobles, 1953; Fisher, 1971; Sohn et al., 1997). Their location, 
restricted to the hanging-wall section close to the Acholado fault, suggests fan-deltaic 
systems developed within syn-sedimentary instability due to tectonically steepened 
gradients associated with fault movement. 
Fig. 5.6. ▶ (A) Detailed stratigraphic log of the uppermost 20 m of Lomitos outcrop, showing 
a vertical succession of multi-storey fluvial channel belt facies. (B) Detailed stratigraphic log 
of 46 m in the middle section of Keswick outcrops, showing a vertical succession of fluvial (FA1) 
and distributary channels (FA4) and debris flow facies (FA3). 41 cm pick and 10 cm Jacob’s staff 
divisions for scale. Log trajectory is shown in Fig. 5.5B. 
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FA4 – Distributary channels 
Description. These deposits have lenticular geometries with an erosional base 
and a maximum thickness of 20 m. Granule conglomerates (F1) fine upward into cross-
bedded coarse to fine sandstone (F4), capped by a 2 m-thick brownish-grey shale 
horizon (F11; Fig. 5.6B). Fossil tree trunks oriented parallel to bedding surfaces are 
common within the F1 facies and show extensive teredolites burrows which may 
remove more than 50% of the original woody material.  A high percentage of this facies 
association is made up of massive sandstone (F7). In well 3835, ~900 m to the east of 
the Keswick outcrop (Fig. 5.11), this facies association is represented by a bell-shaped 
spontaneous potential (SP) log pattern. 
Interpretation. The combination of lenticular geometries, erosional bases, basal 
conglomerate and fining-upward patterns are consistent with a channel or channel 
complex. The nature of the bounding shales suggests marine inundation between every 
channel-complex development. Deposition in distributary channels is typically from uni-
directional tractional currents (Allen, 1963). They can be differentiated from fluvial 
channels (FA1) based on the depositional setting of the system, whether it is a delta or 
alluvial plain, respectively. In the study area, a typical distributary channel features a 
multi-storey succession infilled with massive sandstones, with a basal erosional surface 
occasionally including scattered clasts and shale rip-up clasts (Li et al., 2017). The heavily 
bioturbated fossil tree trunks indicate a marine influence, suggestive of the lower delta 
plain. The distributary channel successions are located in the aggradation succession 
above the fluvial facies in Keswick outcrops (Fig. 5.11). 
FA5 – Shoreface and foreshore deposits 
Description. This facies association comprises medium-grained sandstone with 
hummocky and swaley cross-stratification (F6) and trough cross-bedding (F4). The 
sandstones are intercalated with microconglomerates of angular clasts with rounded 
granules and pebbles (F3), which contain unburrowed silicified tree trunks aligned to the 
regional westward average palaeocurrent of 270°. Another important facies present is 
flat to low-angle cross-bedded sandstones (F5). FA5 is best developed in outcrops of the 
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upper 30 m of the Pariñas systems in Keswick and Punta Pariñas (Fig. 5.11). In the 
Lomitos outcrops (Fig. 5.6A), FA5 is also present in the upper 30 m and intercalated with 
a succession dominated by fluvial channel belts (FA1). The same intercalation but with 
less FA1 presence is shown at the base of the Pariñas outcrops (Fig. 5.7). 
 
 
Fig. 5.7. (A) Punta Pariñas outcrop profile and location. (B) Drone imagery geological 
interpretation of the lower section of Punta Pariñas outcrop. A channel complex set of three 
distributary channel complexes (orange) lies within coastal plain deposits (yellow to grey). (C) 
Drone photos showing the base of the lower distributary channel complex. (D) Detailed 
stratigraphic log of Punta Pariñas outcrop showing the succession of mainly shoreface and 
distributary channel deposits. Log trajectory is shown in Fig. 5.5B. 
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Interpretation. The Keswick and Pariñas coarsening-upward succession in the 
upper section of wells P-25-2 and EPF-B-6BX-1 are interpreted as offshore through 
shoreface to foreshore deposits, consistent with a large shallow shelf. The lower 
shoreface is characterised by non-amalgamated hummocky cross-stratification (HCS). 
Sandstone percentage increases upward and HCS becomes amalgamated and shifts to 
swaley cross-stratification. Large-scale trough cross-bedding represents dune migration 
in the upper shoreface (Dumas & Arnott, 2006), where longshore bars are developed 
(Plint, 2010). Foreshore deposits consist of low-angle cross-beds seen in the upper 
interval and are indicative of seaward dipping dune sets characteristic of high energy 
conditions (Dingler, 2019). The intermittent occurrence of microconglomerates with 
silicified wood is interpreted to mark times of fluvial flooding. 
 
5.6 Discussion 
5.6.1 Structural style and timing of deformation 
Interpretation of seismic and well datasets (Figs. 5.8 and 5.9) shows that the 
structural style of the study area is dominated by listric normal faults mostly dipping to 
the west, producing a compartmentalisation within eastward dipping rotated blocks. 
Thus, younger Eocene formations lie towards the east within each outcrop block. The 
structural configuration approximates the imbricate listric normal fault model (Wernicke 
& Burchfiel, 1982), which resembles a domino configuration at the surface (Darros de 
Matos, 1993; Roberts, et al., 1993; Waltham et al., 1993). Each faulted block is known 
as a rider within the imbrication fan (Fossen & Rotevatn, 2016), converging to a low-
angle detachment, in this case, within the Cretaceous succession. Tectonic dip of 
outcropping strata gradually decreases from ~35° at the coast (left-hand side of Fig. 5.9) 
to almost horizontal landward. Gradual westward thickening of stratigraphic units 
indicates accommodation from the Cretaceous until Eocene was increasing basinward. 
Seismic data show Upper Eocene deposits of the Lagunitos Group (the uppermost 
stratigraphy of the Talara Basin) to the east of the study area, onlapping Middle Eocene 
strata and healing any fault-related topography (Fig. 5.9).
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Fig. 5.8. Structural section A-A’ (light-blue bold line) crossing the Great fault and linking the Providencia and Keswick outcrops. This fault system was 
not active during deposition of the Pariñas and Chacra Formations as no thickening across the fault is evident. Displayed wireline logs are gamma-
ray (green), spontaneous-potential (red) and deep resistivity (black); values increase to the right. S-log: Stratigraphic log. Satellite image 3-D display 
from Google Earth. Base map is shown in Fig. 5.3.
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This stratigraphic setting is interpreted to have originated through listric-fault-
driven extensional collapse at the end of the Middle Eocene. Furthermore, the 
geological map (Fig. 5.3) shows these deposits to have remained unaffected by 
development of the Negritos high and Malacas and Lagunitos lows. These features 
suggest that major faulting developed until the end of Talara Group sedimentation in 
the Middle Eocene. The best example is the Great fault, identified in surface and 
subsurface data (blue bold line in Fig. 5.8), with general west-east orientation, dipping 
to the north and delimiting the northern boundary of the Negritos structural high. 
5.6.1.1 The syn-sedimentary Acholado fault system 
Syn-depositional faults controlling deltaic systems have been studied in rift 
settings (Soreghan et al., 1999; Jia et al., 2019), where they are associated with slope 
instability and failure (Back et al., 2005; Chen et al., 2014; Olariu & Ambrose, 2016), and 
many analogous features can be identified in the subduction framework. A key 
structural control in the study area is the north-south trending, westward dipping 
Acholado listric fault system interpreted from well and seismic data. A marked 
stratigraphic thickening from footwall to hanging wall indicates syn-sedimentary fault 
movement (Fig. 5.9). Pariñas deposits are approximately three times thicker in the 
hanging wall, where the overlying Chacra Formation is restricted. A consequence of this 
is that the younger Talara Group directly overlies the Pariñas Formation in the footwall 
zone. Another important fault-related feature at outcrop is a large area of slumps that 
interacted with normal faulting, present in the Yerba Blanca foothills outcrops (Fig. 
5.10), and could be related to collapse of the sedimentary pile caused by growth faults. 
The drone photomosaic captures the transitional contact of the Pariñas Formation with 
the underlying Pale Greda Formation, expressed as intercalation of fine- and coarse-
grained strata and exposed as differential erosion of the outcrop surface. The variation 
in depositional thickness suggests accommodation was controlled by active faulting, 
promoting a terrain prone to instability and collapse. The normal faulting evident in the 
photomosaic (right-hand side of Fig. 5.10) is interpreted as a local-scale representation 
of the syn- and post-depositional style associated with the Acholado fault.
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Fig. 5.9. Block diagram showing the integration of outcrop, satellite, well and seismic data for the study area. The structural section B-B’ crosses the 
Acholado syn-sedimentary fault system (red bold line). The Pariñas Formation (yellow unit) is much thicker in the hanging wall and the Chacra 
Formation (dark green) is absent in the footwall, suggesting the fault was active both during Pariñas Formation deposition and post- Chacra 
Formation. Displayed wireline logs are gamma-ray (green), spontaneous-potential (red) and deep resistivity (black); values increase to the right. S-
log: Stratigraphic log. Satellite image 3-D display from Google Earth. Base map is shown in Fig. 5.3. 
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Fig. 5.10. (A) Location, digital elevation model and drone photomosaic of Yerba Blanca 
outcrops, in the south of the study area. (B) Geological interpretation at the transitional 
contact between the Pale Greda and Pariñas Formations. (C) Slumped sandstone block of the 
middle layer. 
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5.6.2 Sequence stratigraphic analysis 
Sequence stratigraphic analysis of the Pariñas fluvio-deltaic systems was based 
on outcrops, which expose the proximal and middle parts of a depositional dip section, 
based on palaeocurrents and regional palaeogeographic model. Integration of wells 
extended data coverage into distal deposits in the current offshore area (Fig. 5.11). The 
identification of key stratigraphic surfaces allowed the study of stacking patterns and 
the development of a sequence stratigraphic model. The geometry of the ~350 m-thick 
succession is characterised by large topsets and short foreset clinoforms, suggesting a 
nearly-flat palaeotopography.  
5.6.2.1 Stacking patterns and hierarchy  
Laterally extensive fine-grained intervals recognised on well logs are correlated 
with shallow marine and marginal shaly facies from outcrop stratigraphic logs and 
available core data, partly constrained by biostratigraphic analysis (Fig. 5.4). These 
interpreted flooding surfaces bound 10 m- to 30 m-thick packages interpreted as 
parasequences. These parasequences are coarsening upward shoreface deposits in the 
shallow marine section and correlate up-dip to internally more variable fluvial facies, 
bounded by flooding surfaces. 
Parasequence stacking patterns coupled with vertical facies changes, recorded 
mainly from outcrops and well data, have led to the interpretation of three depositional 
sequences S1 – S3 (Fig. 5.11). These three sequences are dominated volumetrically by 
their highstand systems tracts and are further interpreted as a highstand sequence set 
(HSS), incorporating part of the hierarchy approach proposed by Neal & Abreu (2009). 
Parasequence topset thicknesses through the succession range from 15 – 30 m 
in sequence S1, to a mean of 20 m in sequence S2, and thin to 10-15 m in sequence S3. 
The parasequence geometry in a low shelf gradient of the Pariñas systems is consistent 
with the inverse relationship between parasequence thickness and progradation 
distance (Ainsworth et al., 2020).
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Fig. 5.11. Depositional dip section with sequence stratigraphic interpretation of the Pariñas succession, integrating well logs, core and outcrop logs. Tectonic dip and post-depositional faults are restored to post-Chacra Formation 
(Talara Group) time. Movement on the Acholado fault during Pariñas Formation deposition explains the thickness variation of the deltaic system to the west. S1-S3: Sequence S1 – S3, HSS: Highstand sequence set, TSS: 
Transgressive sequence set, SB1-SB3: Sequence boundary, CSB: Composite sequence boundary, WRS: wave-ravinement surface, OSB: Onlap shell bed, LST: Lowstand system tract. Displayed wireline logs are gamma-ray (GR), 
spontaneous-potential (SP) and deep resistivity (Rd); values increase to the right. Section trajectory is shown in Fig. 5.3
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Thus, the high gradient left in the palaeorelief by the retrogradational clinoform 
of sequence S3 was conducive to the formation of larger foresets developed in the 
progradational upper part, which suggests shelf-confined clinoforms that evolved into a 
shelf-edge system in the last phase of deposition, following the approach of Patruno & 
Helland-Hansen (2018). This upward change is consistent with high eustatic sea level at 
this time. 
5.6.2.2 Sequence vertical development 
The lower part of sequence S1, which overlies the siltstones and shales of the 
Pale Greda Formation, consists of a retrogradational succession of siltstone intercalated 
with extensive sandstone and conglomerate sheets accompanied by fossil tree trunks 
with teredolites marine borings (Figs. 5.11 and 5.12A, D). Core data from well 6332 
(Figs. 5.11 and 5.12B), located in the footwall of the Acholado fault, to the east of the 
study area, indicate an unconformable basal relationship suggestive of lower 
accommodation in an up-dip area that formed a sequence boundary SB1. A widespread 
shale is interpreted as a maximum flooding surface and is overlain by a progradational 
succession of extensive sandstone and conglomerate horizons of upper sequence S1, 
which is interpreted as a highstand systems tract. Coarsening-upward patterns in 
wireline logs in the proximal and distal part of the hanging wall of the Acholado fault 
indicate strong progradation of upper sequence S1. In up-dip sections in the Keswick 
outcrops, an upward increase in fossil tree trunks without teredolites borings is 
consistent with non-marine conditions linked to fluvial progradation. 
Fig. 5.11 shows a major turnaround in parasequence stacking pattern from 
progradational to retrogradational in the middle section of the Pariñas Formation. 
Dominant facies include laminated fine sandstones with wave ripples and minor mud 
drapes with a restricted marine trace fossil assemblage. Occasional thin conglomerate 
beds suggest continued fluvial input into an estuarine channel setting. This change in 
parasequence stacking pattern and change in facies to transgressive estuarine deposits 
is interpreted as marking a sequence boundary SB2 and overlying transgressive systems 
tract of sequence S2. 
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Fig. 5.12. ◀ (A) Well log of the transitional contact between Pale Greda and Pariñas 
Formations. (B) Well 6332 – Lomitos logs and core showing unconformities at the base and the 
top of the Pariñas Formation, representing the proximal sub-aerial area during deposition and 
the following Chacra transgression. Accommodation in the Lomitos area was not available 
until the Lutetian, marked by the younger Talara Group. (C) Northward change of the Pariñas 
Formation to possible inter-distributary bay facies. (D) Lower contact of the Pariñas Formation 
with the Pale Greda seen in Keswick outcrops. Displayed wireline logs are gamma-ray (GR), 
spontaneous-potential (SP), deep resistivity (Rd) and shallow resistivity (Rs); values increase 
to the right. Satellite image 3-D display from Google Earth. Location is shown in Fig. 5.5B. 
 
Mapping shows no incised valley deposits associated with this sequence 
boundary, which is interpreted to indicate only minor relative sea-level fall. The TST of 
sequence S2 shows reappearance of teredolites borings in fossil tree trunks in the 
Keswick and Punta Pariñas outcrops, combined with a fining-upward pattern on wireline 
logs in well 3835. The maximum flooding surface of sequence S2 is interpreted on the 
basis of a thick marine shale in distal wells and Pariñas outcrops. Overlying 
progradational parasequences are consistent with the highstand systems tract of S2. A 
further turnaround to retrogradational stacking of parasequences is interpreted as SB3 
and the transgressive system tract of sequence S3. The upper section of sequence S3, 
logged in the Punta Pariñas, Keswick and Lomitos outcrops, is characterised by a high 
incidence of trough cross-bedding and hummocky cross-stratification representing a 
shoreface and foreshore facies association (FA5). This uppermost part represents final 
progradation of the Pariñas system as the S3 highstand systems tract. It exhibits larger-
scale clinoform geometries and may reflect a change to basin margin scale clinoforms 
related to long-term sea-level rise and subsequent fall ahead of the Chacra 
transgression. Shelf-edge trajectory analysis shows a marked progradational stacking 
pattern represented by stepped-top and attached stratal architecture of interpreted 
forced regressive deposits (Posamentier & Morris, 2000). 
Publications from the 1920s to the 1990s describe the stratigraphic relationship 
between the Pariñas and the overlying Chacra Formation as conformable and 
gradational (Iddings & Olsson, 1928; Stainforth, 1954; Muñoz,1975; Euribe, 1976), 
locating both units in the same sedimentary cycle (Murany, 1975; Gonzales, 1976; 
Séranne, 1987; Carozzi & Palomino, 1993). 
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Fig. 5.13. (A) Well log through the hanging wall section showing interpreted key surfaces and 
horizons involved in the Chacra transgression. (B) Upper contact of Pariñas Formation with the 
Chacra Formation in Keswick outcrops, zoomed-in outcrop photo above. (C) The onlapping 
shell bed (OSB) overlies a subaerial exposure surface interpreted as a sequence boundary (SB) 
characterised by an oxidised horizon, which was identified in between. Displayed wireline logs 
are gamma-ray (GR), spontaneous-potential (SP), deep resistivity (Rd) and shallow resistivity 
(Rs); values increase to the right. 41 cm pick for scale. SB location and extent are shown in Fig. 
5.5B (unconformity: U). 
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Our observations from all top Pariñas Formation outcrops reveal an abrupt 
sandstone-shale contact that can be identified and mapped regionally and could be 
interpreted as a simple flooding surface. Closer examination of the contact shows a 
regionally developed centimetre-scale reddish-purple horizon that is interpreted as an 
intensively-weathered palaeosol (Fig. 5.13A, B), consistent with a regional subaerial 
exposure surface. This surface is interpreted as a composite sequence boundary (CSB) 
marking the termination of the Pariñas highstand sequence set. This surface may be 
regionally important and opens the possibility of a lowstand sequence set in the present-
day offshore. 
The CSB palaeosol is overlain by interbedded marine shale and siltstone of the 
Chacra Formation (facies F11), the base of which is interpreted as a major regional 
flooding surface. This unit is up to 500 m thick and has not been studied in detail. We 
tentatively interpret it as a transgressive sequence set (TSS) but further work is required 
to clarify the stratigraphic hierarchy. The Chacra transgression is interpreted as 
representing a relative sea-level rise driven largely by tectonic subsidence during a 
eustatic sea-level fall that started at the Ypresian-Lutetian transition (Miller et al., 2020), 
correlating with our base Chacra age control at ~48 Ma. Accommodation was restricted 
to the hanging wall of the Acholado fault while the footwall was subaerially exposed.  
A ~30 cm-thick bed of shell fragments in a sandstone matrix, only identified in 
the Keswick outcrops, is found directly above the CSB (Fig. 5.13C), suggestive of a 
transgressive lag controlled by the Acholado fault scarp. During transgression, waves 
may rework older deposits, a process known as wave ravinement (Posamentier & Vail, 
1988; Posamentier & Allen, 1999; Cattaneo & Steel, 2003). The wave ravinement surface 
(WRS) commonly contains onlapping shell beds (OSB) and/or lags from substrate 
(Zecchin et al., 2019). 
5.6.3 Geodynamics of the northern Peruvian forearc 
The Peruvian plate margin has been classified as an erosive margin (Clift & 
Vannucchi, 2004; Scholl & von Huene, 2007; Noda, 2017), which is subjected to the 
170 
 
Chapter 5: Disentangling tectonic and eustatic controls on forearc basin stratigraphy 
 
process of subduction erosion and characterised by small to absent frontal accretionary 
prisms (von Huene & Scholl, 1991; von Huene et al., 2004). 
Episodes of uplift followed by extensional faulting are interpreted to have been 
driven by the alternation of periods of high plate coupling that uplift the forearc, and 
subduction erosion producing subsidence (Bourgois et al., 2007). More recently, authors 
have suggested the origin of forearc uplift was a result of sediment underplating coeval 
with subduction erosion (Collot et al., 2008; Genge et al., 2020). This process requires 
large volumes (thickness > 1-2 km) of available sediment in the ocean trench. However, 
interpretation of W-E regional seismic line 93-10 (Fig. 5.14), across the northern 
Peruvian forearc, shows a trench sediment thickness of much less than 1 km, which does 
not support the underplating model. Another characteristic of the subduction zone at 
this latitude is the poorly-developed accretionary prism, indicating a subduction-erosion 
domain. This seismic line also passes through the study area (sections B-B’ and C-C’) and 
shows a structural style defined by normal faults dominantly dipping to the west, which 
is interpreted as a response to tectonic erosion at the base of the South American plate 
(von Huene & Lallemand, 1990; Clift & Vannucchi, 2004). In the study area, the Acholado 
fault is one example of these extensional structures. 
 
 
 
 
Fig. 5.14. ▶ Uninterpreted and interpreted W-E seismic line 93-10 from Ribiana-Petroperú 
campaign in 1993, with the last reprocessed version by Spectrum (now TGS) in 2014, located 
in the central part of the Talara Basin and covering sections B-B’ and C-C’. Uplift-subsidence 
events are interpreted as the main cause of the extensional structural configuration with the 
Acholado fault (red arrow) active during deposition of the Pariñas Formation (yellow top 
horizon). Triassic igneous massif dating from Bellido et al. (2009). Wireline logs used are 
gamma ray (green), spontaneous potential (red) and deep resistivity (black); values increase 
to the right. OCB: Oceanic crust basement, SC: Subduction channel, Pz+: Palaeozoic basement 
and older units, K-P: Late Cretaceous and Palaeocene, E: Eocene, O: Oligocene, M: Miocene, P: 
Pliocene. 
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5.6.4 Degree of structural control on sedimentation 
Our interpretation of the Pariñas to Chacra stratigraphic succession proposes a 
composite model with both eustatic and tectonic drivers. Eustatic sea-level fluctuations 
(Miller et al., 2020) are consistent with the system tract succession within the Pariñas 
highstand sequence set. However, retrogradational stacking patterns of parasequences 
took place across a complex structural framework produced by tectonic subsidence, 
with direct evidence for activity on the Acholado fault as the source of accommodation 
in the hanging wall that produced transgressive system tracts. The direct influence of 
tectonic subsidence is evidenced in the deposition of the subsequent transgression 
(possibly sequence set) marked by the Chacra shale and the Middle and Late Eocene 
transgression throughout a eustatic sea-level fall. 
Fig. 5.15 illustrates the Palaeogene global climate-driven eustatic sea level 
(Miller et al., 2020) in comparison with the plate-convergence rate of the eastern Pacific 
margin (Pardo-Casas & Molnar, 1987), and shows that during the Ypresian, an abrupt 
increase in the convergence rate occurred, and is interpreted as the most intense period 
of subduction erosion, linked to plate decoupling. At the same time, the eustatic curve 
records a clear period of sea level rise followed by a subsequent generalised fall, tracking 
the plate-convergence curve until the Neogene. We interpret this coupled tectono-
eustatic behaviour as the dominant control on the Pariñas and Chacra stratigraphy until 
the end of Talara Basin development. 
5.6.5 3-D Sequence-stratigraphic evolution of the Pariñas highstand sequence set 
Through the integration of facies associations, key sequence stratigraphic surfaces, 
stacking patterns and structural features analysed in the present work, an eight-stage 3-
D evolutionary model of the Pariñas systems is proposed (Fig. 5.16A-H): 
A. Initiation of the Pariñas systems is marked by the gradual facies change from marine 
shales and siltstones of the Pale Greda Formation to fluvio-deltaic deposits.
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Fig. 5.15. Chronostratigraphic chart of the northern Peruvian forearc showing the relationship of basin development with plate-convergence rate 
(Pardo-Casas and Molnar, 1987) and eustatic sea-level curve (Miller et al., 2020). The Pariñas succession was deposited during a period of subduction 
erosion coincident with an abrupt increase in the convergence rate between the Nazca and South American plates. Instability in the forearc also 
increased due to a high incidence of uplift-collapse events seen in the stratigraphic record as extensional fault-controlled sedimentation. The right-
hand column shows a Wheeler diagram of the Pariñas highstand sequence set (HSS), derived from Fig. 5.11. SB: Sequence boundary, MFS: Maximum 
flooding surface. 
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B. Uplift and erosion of the eastern margin of the Talara Basin, due to plate coupling, 
increased sediment supply to the Pariñas systems. Following uplift, a nascent 
Acholado fault started to generate additional hanging wall subsidence in a down-dip 
direction. Deposition started with sandstone and thin sheets of shell-bearing 
conglomerate in a marginal-to-shallow marine environment of sequence S1. 
 
C. Increasing rates of uplift are interpreted to have tilted the Talara area basinward. As 
a consequence, the lower Pariñas (river-dominated delta of sequence S1) shows a 
progradational parasequence stacking pattern in the regional dip section. 
 
D. A turnaround in stacking pattern from progradational to retrogradational (estuarine 
systems of sequence S2) and development of estuarine facies associations in the 
Punta Pariñas outcrops are consistent with crossing a sequence boundary and 
development of an overlying transgressive systems tract. The driver for this 
backstepping may have been a eustatic sea-level rise. However, restriction of these 
transgressive deposits to the hanging wall of the Acholado fault suggests movement 
on the fault related to tectonic subsidence. The palaeotopographic reconfiguration 
due to faulting produced estuarine systems with localised development of fan-deltaic 
systems. In this period, the increase in accommodation restricted to the hanging wall 
resulted in a thicker stratigraphic interval compared to the footwall. 
 
E. Renewed progradation of the Pariñas delta indicates that sediment supply exceeded 
accommodation generation, consistent with the highstand systems tract of sequence 
S2. 
 
F. Another turnaround in stacking pattern to backstepping is interpreted as a sequence 
boundary and transgressive systems tract of sequence S3 induced by fault 
reactivation, which is overlain by progradational wave-influenced highstand systems 
tract deposits in the upper Pariñas. The 3 sequences of the Pariñas are each 
dominated by their highstand systems tracts.  
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Fig. 5.16. Eight-stage sequence-stratigraphic evolutionary model of the Pariñas sequences S1, 
S2 and S3 within the interpreted highstand sequence set (HSS). See text for details. 
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G. Regional red-stained palaeosol marks subaerial exposure of the underlying shallow 
marine deposits and an interfluve sequence boundary, thereby predicting the 
presence of incised valleys elsewhere on the basin margin, but not encountered in 
this dataset. This sequence boundary is considered to separate the Pariñas highstand 
sequence set from the Chacra transgressive sequence set, and is therefore a 
composite sequence boundary. This raises the possibility of a Pariñas-aged sandy 
lowstand sequence set further to the west in the present-day offshore area. 
 
H. Transgressive sequence set of the Chacra Formation is marked by widespread 
shallow- to marginal marine shales and siltstones. However, the transgression was 
restricted to the hanging wall block of the Acholado fault in the outcrop area, 
indicating the continued importance of structural topography on sequence 
development. 
 
5.7 Conclusions 
The Talara Basin provides a model for the stratigraphic evolution of a forearc 
basin dominated by extensional tectonics related to erosive subduction-zone processes. 
This model has similarities but also key differences from models based on extensional 
fault systems in rift settings documented by many authors. The key difference is cycles 
of uplift driven by subduction-zone geodynamics that are followed by extensional 
collapse and periods of tectonic quiescence. These uplift cycles add another component 
to understanding relative sea-level changes in forearc basins. At its simplest, uplift 
forced regressions and subsequent tectonic subsidence, accompanied by extensional 
faulting readjustment, led to thicker transgressive deposits, particularly in the hanging 
walls of syn-sedimentary faults, which often onlap older deposits. 
Recognition of the mature weathered horizon and associated sequence 
boundary between the highstand Pariñas and transgressive Chacra formations predicts 
the likely presence of a lowstand succession (a possible hydrocarbon exploration target) 
further basinward in the present-day offshore area. We interpret the sequence 
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boundary as caused by a eustatic fall sufficient to overcome the tectonic subsidence. 
This work emphasises the important influence of tectonics on sedimentation in forearc 
basins through the process of subduction erosion and provides an example of how syn-
sedimentary faulting resulting from uplift-subsidence events can change the 
sedimentation parameters.  
This paper also demonstrates that a traditional lithostratigraphic boundary lies 
within a depositional sequence. Therefore, it is only through a sequence-stratigraphic 
approach that a holistic model for forearc basin evolution can be developed.
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ABSTRACT 
The Talara Basin is situated in the northern Peruvian forearc and includes a 
complex succession of sedimentary systems from Late Cretaceous to Eocene in age, 
deposited in a tectonic setting characterised by subduction erosion. Previous 
lithostratigraphic correlations between outcrops and subsurface oil well datasets failed 
to recognise important lateral facies changes within the basin, which strongly influence 
hydrocarbon reservoir development. Transgressive shales of the Eocene Chacra 
Formation form a regional seal to underlying reservoir sandstones. However, a 
pronounced along-strike south to north facies change into the time-equivalent ~500 m-
thick fluvio-deltaic Río Bravo unit marks major lateral heterogeneity and development 
of an additional reservoir succession of ~35 km2 areal extent. The Río Bravo unit is the 
only case of its kind identified within the Chacra Formation, which indicates locally-high 
sediment supply and could be correlated to the Chacra-equivalent sandstone facies to 
the north of the study area. In the Eocene, the Lobitos area underwent tectonic uplift 
followed by basinward subsidence that generated accommodation for a regression in 
the middle of a long-term transgression. The origin of this local uplift and subsequent 
extensional subsidence is interpreted as due to local subduction zone locking and 
subsequent release. This work shows how subduction erosion plays an important 
tectonic role in the development of a forearc basin. This new outlook opens the 
possibilities to find similar hydrocarbon-related opportunities further offshore of 
northern Peru and offers an application in other analogue forearc basins. 
Keywords: Regressive system tract, transgressive sequence set, forced regression, 
subsidence, subduction erosion, Talara forearc basin. 
 
6.1 Introduction 
In the development of a sedimentary basin, eustatic sea level, sediment supply, 
climate, basin physiography, and tectonism are determinant factors (Williams, 1993; 
Myers & Milton, 1996; Posamentier & Allen, 1999; Miall, 2010); however, the latter 
becomes more important in tectonically-active settings. 
180 
  
Chapter 6: Lateral sequence variability and hierarchy in erosive-margin forearc basins 
The northern Peruvian plate margin (Fig. 6.1A) is defined as a subduction-erosion 
type (Cloos & Shreve, 1988; Clift & Vannucchi, 2004; von Huene et al., 2004) with only a 
minor accretionary component (Lajo-Yáñez et al., 2022a). Periods of regional uplift and 
subsidence in the Pleistocene, expressed in extensional terrain collapse, occurred as a 
response to cycles of plate coupling and decoupling (Bourgois et al., 2007), which 
occurred throughout the history of the Talara forearc basin (Lajo-Yáñez et al., 2022b). 
Sedimentation related to other tectonic factors has been documented in rift (Gawthrope 
et al., 1994; Gawthorpe et al., 2000; Gawthorpe & Leeder, 2000, Azerêdo et al., 2002), 
foreland (Ilgar et al., 2013), and piggyback (Dreyer et al., 1999; Gawthrope et al., 2000) 
basins. 
 
 
Fig. 6.1. (A) Location of Peru in South America. (B) Location of the study area in the Talara 
forearc basin (red polygon), in Northwestern Peru, in the Pacific convergent margin of the 
South American Plate (satellite image from Global Multi-Resolution Topography Synthesis). 
(C) Study area of Lobitos offshore, to the north, in correlation with Negritos area outcrops, to 
the south, displaying the dataset used in this work. 
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Previous studies of the Talara Basin are documented in technical reports from oil 
companies and took a lithostratigraphic approach, concentrating on reservoir and seal 
assessment without a tectono-stratigraphic characterisation. This approach was not 
able to reconcile the existence of a local oil-bearing sandstone-dominated unit within 
the regionally mapped transgressive shale section of the Chacra Formation. This 
sandstone unit was originally named the Río Bravo Formation.  
This paper provides a first sequence-stratigraphic analysis of the Río Bravo unit, 
an example of along-margin variability in tectonostratigraphic development in a forearc 
basin associated with long-term subduction erosion. This analysis is based on facies 
analysis, identification of key stratigraphic surfaces and determination of stacking 
patterns, which are presented in a plan-view evolutionary model. The study area 
includes the northern Lobitos offshore oilfields and southern Negritos outcrops (Fig. 
6.1B). 
 
6.2 Geological background 
6.2.1 The Talara Basin 
On the northern Peruvian Pacific margin of the South American Plate, the Talara 
Basin preserves a ~9000 m thick sedimentary fill from Late Cretaceous to Eocene age 
(Fig. 6.2). The basin fill overlies a Palaeozoic metasedimentary basement and, in some 
eastern regions, Early Cretaceous strata from the Alamor-Lancones Basin (Higley, 2004). 
The different stratigraphic units reveal a range of depositional environments from deep 
water to fluvial (Iddings & Olsson, 1928; Travis, 1953; Stainforth, 1954; Weiss, 1955; 
Euribe, 1976; Gonzales, 1976a; Travis et al., 1976; Marsaglia & Carozzi, 1990; Higley, 
2004; Fildani et al., 2008, Hessler & Sharman, 2018). An extensional structural 
configuration of normal fault-bounded blocks (Bosworth et al., 1922), accompanied by 
marked stratigraphic thickness changes (Travis, 1953) are the main structural style of 
the basin in a geodynamic history dominated by subduction-erosion (Lajo-Yáñez et al., 
2022a). The basin is bounded to the east by Palaeozoic metasedimentary rocks of the 
Coastal Range (Iddings & Olsson, 1928; Travis, 1953; Zevallos, 1970; Martínez, 1970; 
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Travis et al., 1976), which was intruded by igneous rocks of the Triassic magmatic arc 
(Bellido et al., 2009; Sánchez et al., 2006). The present-day Peru Trench, that marks the 
subduction zone between the Nazca and South American plates, is the western 
boundary of the basin (Lajo-Yáñez et al., 2022a). The northern and southern boundaries 
remain uncertain and the basin may extend northwards into southwestern Ecuador 
(Galloway & Morrey, 1929; Frizzell, 1945; Vaughan, 1937; Thalmann, 1946; Stainforth, 
1948; Hofker, 1956; Coxall, 2000) and into the Trujillo Basin to the south (Travis et al., 
1976; Thornburg & Kulm, 1981), respectively. 
 
Fig. 6.2. Stratigraphy of the Talara Basin in the Lobitos offshore oilfield showing the Chacra 
and Río Bravo Formations as the units analysed in this study (highlighted in yellow). This 
stratigraphic column is a compilation of previous work, where the Río Bravo Formation has 
been lithostratigraphically correlated with the Pale Greda and Pariñas Formations. 
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6.2.2 Previous sedimentary models for the Chacra and Río Bravo units 
The Chacra Formation lacks previous sedimentological studies and only few 
biostratigraphic analyses have been undertaken. A study of biofacies distribution by 
Martínez (1948) identified the palaeocology of benthic foraminifera, defining hostile 
environments in the eastern margin, in the current onshore, and shallow marine 
towards the west. Other studies determined the relative age of the formation (Cushman 
& Stone, 1949; Knights, 1959); these analyses aimed to determine foraminifera and 
palynomorph zones through the shale unit (Stone, 1945; Euribe, 1976). Previous 
interpretations of the Río Bravo sedimentary systems have ranged between fluvio-
deltaic (Palomino, 1975; Muñoz, 1980), and submarine fan (Carrozi & Palomino, 1993). 
6.2.3 Age of the Chacra Formations 
A biostratigraphic analysis based on foraminifera, palynomorphs and 
nannofossils, performed by Petrostrat (Lajo-Yáñez et al., 2022b), on fine-grained 
samples of the Chacra and Pariñas Formations, and Talara Group of the Keswick 
outcrops (Fig. 6.3), in the Negritos area, was aimed to tighten the relative age control to 
allow correlation with eustatic sea level and Nazca-South American Plate convergence 
rate. 
Good yields through the micropalaeontological zone E8-?E7 (Berggren & 
Pearson, 2006; Wade et al., 2011) and calcareous nannofossil zone NP-12 (Perch-
Nielsen, 1985; Martini, 1971) were found at the base of the Chacra Formation, indicating 
that the Lower-Middle Eocene transition falls at that level, equivalent to ~48 Ma. In 
addition, the identified palynomorph assembly is no younger than a proxy zone T-06 
(48.6 to 38 Ma; Jaramillo et al., 2011) for the Pariñas Formation, and no older than the 
same zone for the Chacra Formation, which confirms a Lower Eocene and Middle Eocene 
age, respectively. Integration with calcareous nannofossil data from well 12202 
(Narváez & Petri, 2001; Narváez-Rodríguez & Pardo-Arguedas, 2009), ~2.6 km to the 
north of Keswick outcrops supports this age determination and indicates the Talara 
Group as being Middle Eocene too. 
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Fig. 6.3. Biostratigraphic correlation of well 12202 and the Negritos and Keswick stratigraphic 
log, showing the correlation of calcareous nannofossils, micropaleontological and 
palynological analyses. Well ditch cuttings and outcrop sample analysis determined the 
Ypresian – Lutetian transition in the early stage of Chacra Formation deposition (post-Pariñas 
transgression). Displayed wireline logs are gamma-ray (GR), spontaneous potential (SP) and 
deep resistivity (Rd); values increase to the right. 
 
6.3 Data sets and methods 
The data used for this work involves fine-grained samples of the Chacra 
Formation in the Negritos area (Keswick outcrops), ~23.5 km to the SSE of the Lobitos 
area. Partial-coverage 3D seismic (Lobitos survey), core, lithological, biostratigraphic, 
and wireline logs of more than 470 wells in Lobitos area were the main data set. 
The initial part of this work was focused on the Chacra Formation from the 
Negritos area, consisting of biostratigraphic, XRF (X-ray fluorescence), and petrographic 
analysis of fine-grained samples to document lithological and sedimentological 
characteristics of this unit to be correlated with the Lobitos area. 
The second part was focused on the Lobitos area; structural analysis allowed 
palaeotopographic reconstruction and identification of any syn-sedimentary faulting, 
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based on correlation of dense well datapoints integrated with seismic data. 
Micropalaeontological analysis of well ditch cuttings from well LO6-7, and facies analysis 
of cores from well LO3-24, including core descriptions from four other wells, provided 
an understanding of the sedimentary environment of the Río Bravo Formation. 
Sequence stratigraphic analysis was carried out to develop an evolutionary model. 
 
6.4 Sedimentological analysis of the Chacra Formation 
6.4.1 Negritos area 
Due to the absence of Chacra Formation outcrops in the Lobitos area, where the 
Río Bravo unit is located, the Negritos area contains the closest outcrops. The Chacra 
Formation is a continuous 170 m-thick section of transgressive shales in the Keswick 
outcrops, overlying the Pariñas Formation and capped by the Talara Group (Fig. 6.4). 
Previous work has demonstrated a base Chacra unconformity overlain by a onlapping 
shell bed (OSB) interpreted as a wave ravinement surface (WRS) (Lajo-Yáñez et al., 
2022b). The outcrop stratigraphic log shows a nearly homogeneous shale intercalated 
with silty shale and sporadic silty sandstone horizons. The section correlates with well 
3835 (~50 m away), which recorded a general lithology of shale containing iron oxide, 
and nearly undeflected spontaneous potential and resistivity motifs (left-hand side of 
Fig. 6.5). XRF elemental analysis was run on outcrop samples to define 
chemostratigraphic zones relating to possible stratigraphic changes. Results shows a 
high incidence of iron (right-hand curve in Fig. 6.5), which correlates with the iron oxide 
recorded throughout almost the entire Chacra section in well 3835. The integration with 
the shale colours in the stratigraphic log supports the interpretation of intercalated 
sedimentary palaeo-redox periods. The benthic foraminifera assembly recorded in wells 
across the area defines four biozones according to Euribe (1976). From base to top they 
are: Virgulina restinensis, Valvulineria suturalis, Virgulina diversa and Quinqueloculina 
mauricensis. The genus Virgulina is currently considered as Fursenkoina.
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Fig. 6.4. (A) Keswick outcrops photos of the Chacra Formation shale succession overlying the Pariñas Formation. Stratigraphic log trajectory (dashed magenta line) and samples for biostratigraphic (orange triangles) and 
petrographic (pink triangles) analyses are displayed. (B) Middle point of the Chacra Formation stratigraphic section showing fine sandstone layers (orange arrow) intercalated with reddish (oxidised) silty shale levels (light-
green arrows). OSB: Onlapping shell bed; WZ: Weathered zone at top Pariñas Formation.
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Fig. 6.5. Stratigraphic log of the Chacra Formation from the Keswick outcrops, Negritos area, 
correlated with contiguous well 3835. Displayed wireline logs are spontaneous-potential (SP) 
and deep resistivity (Rd); values increase to the right. Samples taken along the silty shale 
column underwent biostratigraphic (Petrostrat) and XRF elemental analyses to obtain 
palaeoenvironmental records, and petrographic analysis for facies analysis. 
 
According to the palaeobathymetric proxy based on benthic foraminifera 
distribution profiles from Culver (1988), Haq & Boersma (1998), Scott et al. (2004), and 
Saraswati & Srinivasan (2015), the Chacra palaeoenvironment was middle shelf to near 
shore in the upper section. Biostratigraphic analysis performed by Petrostrat also 
determined the environments across the Chacra shale succession (right-hand side in Fig. 
6.5). An initial inner-middle shelf palaeoenvironment was identified at the base, 
followed by shallow-marine to near-shore (supported by scarce microfossils and 
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occurrence of iron oxide in samples) representing almost the entire column until the 
base of the Talara Group. 
 
Fig. 6.6. Photomicrographs of thin-bedded silt-bearing shale of the Chacra Formation samples 
from Keswick outcrops showing the main characteristic microfacies: (A) Muddy siltstone beds 
of sub-angular grains, normally graded with erosional base. (B) Well-banded intercalation of 
shale (dark levels delimited by yellow dotted lines) with fine silty-shale forming faint bedding 
(yellow arrows). (C) Silty shale with inverse-to-normal graded bedding. (D) Section parallel to 
bedding with similar lithology from sample C, dark areas represent iron-rich matrix. (E) Well-
banded silt-bearing shale, similar to B. (F) Faintly bedded shale showing laterally 
discontinuous thin beds (yellow arrow). 
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A petrographic analysis was performed on outcrop samples through the entire 
section of the Chacra Formation (right-hand column in Fig. 6.6). Microscope analysis of 
thin sections identified thin-bedded silt-bearing shale and muddy siltstone microfacies. 
Photomicrographs in PPL (plain-polarised light) show normally-graded muddy siltstone 
beds with erosional bases; intercalation of shale with fine silty-shale forming faint 
bedding; and silty shale with inverse-to-normal graded bedding. 
6.4.2 Correlation with Lobitos area 
The Chacra Formation lithologies recorded by well logs in the Lobitos area are 
shale with some intercalations of siltstone and sandstone, similar to the Negritos 
outcrops. Towards the centre of the area the intercalations develop into discontinuous 
thin sandstone and conglomerate deposits, and to the northwest, sandstone, siltstone, 
and shale intercalations become common and thick (~500 m), which was referred to as 
the Río Bravo Formation. Benthic foraminifera of this unit in Lobitos are mainly 
represented by the specimens Virgulina restinensis and Valvulineria suturalis, 
corresponding to a shelf-dominated palaeobathymetry. The common specimen 
Quinqueloculina mauricensis, a near-shore palaeobathymetry indicator found in the 
Chacra upper section of the Negritos area, is absent in Lobitos, suggesting the shale 
development in a deeper middle shelf setting. 
The vertical distribution of the Chacra foraminifera supports the occurrence of 
this unit above and below the Río Bravo unit in the northwestern sector as well as in the 
centre, where the thin coarse-grained deposits now are also considered as the same 
unit. Therefore, the Río Bravo unit represents lateral facies change within the Chacra 
Formation, which is consistent with its restricted distribution within the study area. 
 
6.5 Río Bravo: A sandstone unit within the Chacra Formation 
6.5.1 Reworked fauna 
Biostratigraphic well logs shows that benthic foraminifera are present through 
the entire section of the Río Bravo unit. Micropalaeontological analysis performed in 
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well LO6-7 (Fig. 6.7) shows a mixed fauna of Valvulineria palegredensis, Robulus 
navarroensis, and Robulus youngquisti, representative of the Pale Greda Formation, and 
Valvulineria suturalis and Robulus midwayensis, characteristic of the Chacra Formation.  
 
Fig. 6.7. Foraminiferal analysis of well LO6-7 through the Río Bravo unit showing reworked 
fauna characteristic of Pale Greda and Chacra Formations. Photos of specimens, compared 
with type specimens of catalogues from Cushman and Stone (1949) and Weiss (1955), show 
clear cracks, wear, deformation, and darkening. 
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In a comparison with type specimens of these species represented in catalogues 
from Cushman & Stone (1949) and Weiss (1955), the specimens from the well samples 
show cracks, wear, deformation, and darkening of their tests. These characteristics are 
consistent with fauna reworked during Río Bravo deposition, suggesting the Pale Greda 
Formation and older section of the Chacra Formation as the sediment source from a 
higher palaeotopographic position, possibly from the southeastern sector of the Lobitos 
area. 
These results, integrated with the lithological log, also suggest an 
environmentally stressed high-energy environment and reduce the possibility to 
consider finding autochthonous foraminifera development through this interval. 
6.5.2 Facies analysis 
Facies characterisation of the middle and distal part of the Rio Bravo unit was 
possible with available data from four cores of well LO3-24 (Fig. 6.8). Description of 
conventional cores of three more wells from the study area: MM-13X, A3-14, and A3-
17, supports the analysis. The more proximal areas have data only from wireline and 
lithological logs. 
6.5.2.1 Sedimentary facies classification 
Seven sedimentary facies were identified in the Río Bravo unit (Table 1), 
consisting of three main lithologies: sandstone, siltstone, and shale. 
6.5.2.2 Facies associations 
The main stratigraphic characteristics of the Río Bavo unit are its restricted 
distribution and considerable thickness. Sedimentological relationships of lithofacies are 
organised into three facies associations based on sedimentological relationships. 
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Fig. 6.8. Well LO3-24 wireline and lithological logs showing conventional core #2 p hotographs from the Río Bravo unit characteristic lithofacies in two coarsening-upward successions, correlated with gamma-ray log (GR, values 
increase to the right). The contact between them is abrupt and bioturbated with some shell fragments, consistent with a marginal environment being then flooded. Cores #1, 3, 4, and 5 show the same lithofacies. Well location 
is indicated in Fig. 6.9. 
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Table 6.1. Description and interpretation of the characteristic facies of the Río Bravo unit in the Lobitos area. 
LITHOFACIES DESCRIPTION INTERPRETED SEDIMENTARY PROCESS CORE 
Highly-weathered, friable and poorly-sorted grey High-velocity deposition, high-density 
F1 
sandstone of very fine to medium grain size with sediment gravity flows. Massive sandstone 
Massive 
calcareous cement. Regular occurrence of mica flakes. can occur in fluvial channels as tabular beds 
sandstone 
Occasional presence of scattered quartz grains (> 1cm). as rapid deposition from suspension floods. 
 
Grey well-sorted medium-grained sandstone. < 20° dip 
F2 Low-flow regime deposition in an extensive 
bedding planes, some of them are filled by coal laminae. 
Planar- and low relief area. Deposition still 
Some thick intervals pass upward into massive 
bedded dominated by flooding, but marking the 
sandstone. 
sandstone initial development of a prograding section. 
 
 
F3 Benthic organism activity on sediment 
Bioturbated surface or below, destroying original 
Fine-grained sandstone, with irregular bioturbation 
Sandstone sedimentary structures. 
patches mixed with shell fragments, having a speckled 
and shale with High-energy environments that concentrate 
aspect. Overlying shale horizon is also bioturbated. 
shell hard parts of skeletons preserved from 
fragments molluscs that were living in beaches. 
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Table 6.1. Continued 
LITHOFACIES DESCRIPTION INTERPRETED SEDIMENTARY PROCESS CORE 
F4 Shale horizons being exposed and eroded or 
Shale rip-up clasts ranging from granule to pebble, 
Shale rip-up failed in chunks, which were dragged into a 
mostly subangular, poorly sorted. Commonly deposited 
clasts in flow related to channels and coastal 
at the bases of sandstone horizons. 
sandstone environments. 
 
Marine sedimentation with 
suspension/traction ratio >1 in alternated 
Fine-grained sandstone and shale with undulated 
F5 deposition and erosion processes (tidal flats 
lamination, predominantly shale at the base with some 
Heterolithic or turbidites). These deposits are 
isolated sandstone lenses (lenticular bedding), passing 
deposits characteristic of a very-low energy 
upward into wavy bedding, and possible flaser bedding. 
environment. It can also be present in fluvial 
levees.  
Shallow and gradual transgression with low 
F6 siliciclastic sediment supply as regional 
Dark-grey homogeneous shale deposit with occasional 
Massive drapes. Background hemipelagic deposition 
silt bands intercalations. 
Shale in offshore environment with occasional 
distal turbidity currents. 
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Table 6.1. Continued 
LITHOFACIES DESCRIPTION INTERPRETED SEDIMENTARY PROCESS CORE 
Post-depositional deformation of soft-
Grey fine-grained sandstone showing deformed 
F7 sediment, with occasionally localised 
lamination in ball-and-pillow, flame, convolute, slumps, 
Soft-sediment brecciation. High deposition rates prone to 
and isolated blocks structures surrounded by shale. The 
deformed deformation due to liquefaction, dewatering, 
deformed interval does not affect overlying and 
sandstone etc. Probably triggered by overloading 
underlying beds. 
and/or fault movement. 
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FA1 – Fluvial channels  
Description. This facies association is interpreted from well wireline and 
lithological logs in the centre of the Lobitos area. Low gamma ray (GR) and high 
resistivity values define a ~45 m-thick sharp-based blocky motif, sometimes fining-
upward. Lithology logs indicate quarzitic sandstone with fine to conglomeratic grain size. 
Upper and lower contacts are with shales of the Chacra Formation. The mapped 
distribution of these bodies is discontinuous and restricted to three main areas. The type 
log described is from well H-16-3 (Fig. 6.11), which shows iron oxide traces interbedded 
with reddish shale. 
Interpretation Fluvial channels are characterised by an erosional base 
accompanied occasionally by iron oxide, which is consistent with a subaerial 
environment. The wide range in grain size is consistent with hydrodynamic variation of 
fluvial flows, which can be controlled by seasonal floods (Bridge, 2003) or sudden and 
brief rainfall peak flows producing flashy discharge (Wilson et al., 2014). Wireline log 
response of these intervals delineates different stacked bodies, which is interpreted as 
multi-storey channel deposits. Mapping of these bodies shows a sinuously-aligned 
distribution, which suggests the formation of incised valley fills (IVF) and represents the 
three main fluvial systems that fed the Río Bravo lobes. Development of fluvial facies 
within the Chacra shales involves subaerial exposure of the shallow marine facies, 
turning the environment into continental, and a return to a transgressive shelf. 
FA2 – Deltaic lobes 
Description. Almost all facies described in well LO3-24 core (F1 to F5) are 
associated as sandstone lobes. In core #2 (Fig. 6.8), two characteristic coarsening-
upward successions were identified., which starts from the base with sandstone and 
siltstone thin beds (lenticular, wavy, and then flaser bedding), followed by planar-
bedded sandstone, and capped by massive sandstone. Lower massive sandstone 
interval in core shows coal laminae, bioturbation and shell fragments. 
Interpretation. Heterolithic bedding (F5) related to deltaic systems is deposited 
by storm waves and tidal currents as a result of poorly-efficient flows. The presence of 
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shale rip-up clasts (F4) is consistent with the erosional nature of the flows (Li et al., 
2017). As flooding decreases, low-angle planar bedding sandstones are deposited 
turning into massive sandstone with floating quartz grains (F1), which indicates high 
sedimentation rates. Sometimes they are accompanied by shell fragments (F3) as 
bioclasts. The progradational pattern of the two successions in core #2 of well LO3-24 is 
consistent with regressive sedimentation of these lobes in the middle Río Bravo section. 
GR blocky motifs, similar to FA1, in some thin well-developed sections could be related 
to distributary channels. Sedimentary flows generated from relatively local- and high-
gradient flood-influenced fluvial-deltaic systems related to local structural control, 
accumulating very thick shelfal sand deposits in a restricted area, with a channel-lobe 
motif. 
FA3 – Prodelta 
Description. A structureless shale section intercalated with some siltstone bands 
(F6) is located between the two sandstone-dominated successions in core #2 of well 
LO3-24. Its upper contact is gradual through heterolithic bedding (F5), and the lower is 
abrupt over bioturbated sandstone (F3). 
Interpretation. Structureless shale (F6) characterises the distal facies of the Río 
Bravo systems. Northwesternmost wells record slightly-serrated high GR values log 
motifs. Suspension settling within prodelta can be accelerated due to hyperpycnal fluid 
muds and hypopycnal plume collapse (Bhattacharya, 2010). Short transgressive periods 
allowed shales to be deposit landward, flooding bioturbated and shell-fragment-bearing 
(F3) deltaic lobes (FA2) marking a sharp contact. Bioturbation persists at the shale base, 
indicating the transgression initiation that then achieve a maximum flooding to start a 
new progradational succession, captured by funnel-shape GR motifs (Fig. 6.8). 
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6.6 Discussion 
6.6.1 Structural configuration and sedimentary system geometry 
A grid of geological cross-sections of the Lobitos area allowed the identification 
of the structural style and the depositional boundaries of the Río Bravo unit, where, two 
perpendicular sections capture these units in depositional strike and dip directions (Fig. 
6.9). High compartmentalisation in blocks produced by normal faulting with different 
azimuths characterises the area with horsts and grabens, as seen across the basin 
(Bosworth et al., 1922; Iddings & Olsson, 1928; Travis, 1953; Higley, 2004). Most of the 
faults cut both Chacra and Río Bravo units, suggesting a later activation and absence of 
syn-sedimentary faulting. However, the higher throw and burial of a few faults beneath 
the Río Bravo unit indicate an activation between this unit and the underlying Pariñas 
Formation. 
The Lobitos area shows a current regional northwestern tectonic dip, although 
after a structural restoration of the Río Bravo fluvio-deltaic model, the Pariñas 
Formation (underlying the Chacra Formation and partially the Río Bravo unit) shows a 
pre-existing structural dip to the NW (left-hand side of Fig. 6.9B). 3D Seismic coverage 
of the middle and distal part of the systems allowed extension of the interpretation 
further southwest and northwest of the two cross-sections (Fig. 6.10) and shows the Río 
Bravo lateral boundary to be structurally-controlled by a pre-Pariñas horst, and this unit 
pinches out to the northwest, where the Chacra seismic facies continued depositing. 
 
 
 
Fig. 6.9. ▶ Depositional (A) strike and (B) dip geological well-based sections of the Eocene 
stratigraphy in the Lobitos area, showing the boundaries of the Río Bravo Member and the 
sub-units RB1, RB2, and RB3, within the Chacra Formation. Wireline logs displayed in sections 
are gamma ray (green) and deep resistivity (black), at the left and right of the well trajectory, 
respectively; values increase to the right. The compartmentalised structural configuration is 
given by normal faulting, mostly developed during post-Río Bravo sedimentation. 
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Fig. 6.10. Uninterpreted and interpreted Lobitos 3D seismic time sections from (A) SW-NE 
section A-A’ and (B) SE-NW section B-B’. To the southwest, the Río Bravo unit lateral boundary 
was structurally controlled by pre-existing positive structures on older units. The seismic facies 
are truncated by the Chacra unit, which is the only unit that reached the structure top. To the 
northwest, the most distal Chacra unit extends basinward, where the Río Bravo distal seismic 
facies pinch out, with the possibility of having developed a deeper coeval system (reflector 
labelled with question mark and bounded green dashed lines). See base map of Fig. 6.9 for 
location. Wireline logs displayed in sections are gamma ray (green) and deep resistivity 
(black), at the left and right of the well trajectory, respectively; values increase to the right. 
 
6.6.2 Sequence stratigraphic analysis  
 The sequence stratigraphic analysis of the Río Bravo fluvio-deltaic systems is 
based mainly on well logs and cores. A depositional dip section C-C’ (Fig. 6.11A), sub-
parallel to section B-B’, shows a ~500 m thick succession characterised by low-angle 
clinoforms, indicating a gently-sloping palaeotopography.  
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6.6.2.1 Parasequences 
Structureless shale (F6) described in cores was mapped through the entire Río 
Bravo section, correlated with the highest peaks on the GR curve (Fig. 6.8), and was 
laterally extrapolated in all the wells. These thin intervals have a regional extent, and 
are interpreted as flooding surfaces. Between each of these flooding surfaces is a 20-30 
m thick sandy unit interpreted as a parasequence. Core-wireline log data integration 
allowed the identification of three parasequence sets within the Río Bravo unit 
according their stacking patterns (e.g., Posamentier & Vail et al., 1988; van Wagoner et 
al., 1990): RB1 – progradational, RB2 – aggradational, and RB3 – retrogradational 
stacking patterns. Vertical coupling of these stacking patterns led to the interpretation 
of two depositional sequences in the Río Bravo unit: S1 (RB1+RB2) and S2 (RB3). 
6.6.2.2 Sequences 
In the central Lobitos area, fluvial channels (FA1) abruptly overlie the lower 
section of the Chacra shale across a surface marked by iron oxide, reported in some 
wells such as H-16-3 and H-5-3 (Fig. 6.11B). This surface was extrapolated basinward to 
the proximal part of parasequence set RB1 progradational lobes, which lie with an 
erosional contact over the Chacra shales. Therefore, the basal contact of the Río Bravo 
unit is interpreted as a sequence boundary (SB) and its correlative conformity (CC). In 
the distal area, Chacra shales reappear between the Pariñas Formation and the Río 
Bravo unit. 
The Río Bravo system initiated with deltaic lobe deposits (FA2) of progradational 
parasequence set RB1, overlain by aggradational RB2, which subsequently ended up in 
retrogradational RB3. This succession represents a turnaround in stacking patterns, 
passing through sequences S1 and S2, including the development of a sequence 
boundary in between. 
The relative-sea level behaviour is interpretated as an initial regression. 
Subsequently, a period of equilibrium between relative sea-level and sediment supply 
rates led to a thick aggradational succession, where the uppermost parasequence marks 
a maximum regressive surface (MRS) that was then capped by a transgression until 
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reaching a maximum flooding surface (MFS), resuming the Chacra transgression. A 
maximum flooding surface was tentatively located at the top of RB3. However, the thick 
Chacra shale succession represents a transgression that continued for a long period 
without any sand supply. 
Biostratigraphic well logs show Chacra-type foraminifera above and below the 
Río Bravo unit, which locates this unit within the transgressive Chacra shales and, 
therefore, suggests a transgressive sequence set (TSS) with internal development of the 
Río Bravo sequences S1 and S2. The classification of sequences based on their relative 
scale and stratigraphic significance follows part of the sequence stratigraphy hierarchy 
approach of Neal & Abreu (2009). 
6.6.3 Tectonic mechanism proposed for the Río Bravo forced regression 
In the Early-Middle Eocene transition, the high plate convergence rate (~15 cm 
yr-1) and the falling eustatic sea level since ~48 Ma (Fig. 6.12F), suggest the Chacra 
transgression may have been tectonically-controlled (Lajo-Yáñez et al., 2022b). In 
addition, the structural configuration of the Lobitos area at post-Río Bravo time, 
accompanied by a considerable thinning of the Chacra Formation, suggests that the 
creation of accommodation for the Río Bravo sequences was caused by differential 
subsidence, where the southeastern sector underwent less subsidence, remaining 
relatively higher than the northwestern zone. This vertical movement triggered an initial 
forced regression marked by a progradation of the first parasequence set RB1. The 
following transition to a thick aggradational parasequence set RB2, is consistent with a 
balance between sediment supply and accommodation. The uppermost parasequence 
set RB3 has a retrograding stacking pattern and is considered as part of the resumption 
of the long-term Chacra transgression. The tectonic subsidence in the forearc that 
played a role in the accommodation for the Río Bravo deposition is interpreted as terrain 
collapse due to plate decoupling, produced by subduction release, after preceding 
locked subduction that, on the contrary, was producing uplift (Dragert et al., 1994). This 
subduction mechanism driven continental crust tectonic erosion occurred throughout 
the development of the basin (Lajo-Yáñez et al., 2022a).  
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Fig. 6.11. Sequence stratigraphic (A) C-C’ dip and (B) D-D’ strike sections showing the sequence stratigraphic model for the Río Bravo systems, integrating well log and core data. (A.1) Zoomed view of RB1 parasequence 
correlation. Tectonic dip and faults are restored at post-Río Bravo deposition time. Occurrence of Chacra foraminifera above and below the Río Bravo Member is consistent with a forced regression in the middle of a transgression. 
Occurrence of iron oxide through 30-50-m thick conglomeratic bodies (light green polygons) of wells H-16-3 and H-5-2 in the proximal part (section B-B’) supports the subaerial environment (red line) where fluvial systems 
developed in three incised valley fills (IVFs) while Chacra transgression was interrupted.  The thick and local development of the Río Bravo suggests a tectonic source for the forced regression related to an uplift in the 
southwestern sector of the Lobitos area. Section datum reconstructing the MFS of sequence S2 to represent the Río Bravo systems right after deposition. Wireline logs displayed in sections are gamma ray (green) and deep 
resistivity (black); values increase to the right. 
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6.6.4 Tectono-sedimentary evolution of the Río Bravo system 
 Detailed correlation through all the well data in the study area allowed 
delineation of the different Río Bravo lobes, attached to their fluvial feeders, better 
mapped in the central Lobitos area. A five-stage evolution model (Fig. 6.12) has been 
constructed based on parasequence set stacking patterns (RB1, RB2 and RB3) within 
sequences S1 and S2: 
A. The first stage represents the palaeotopography before Río Bravo deposition. 
Differential subsidence caused the interruption of the Chacra TSS and forced 
relative sea level fall and sequence boundary erosion over the lower Chacra shales. 
Fluvial systems started to develop from the topographically high sector. 
B. The second stage is marked by progradational deltaic lobes of parasequence set 
RB1, fed by a more developed fluvial systems supplying sediment from the local 
high. The large graben with NW axis, seen on seismic, controlled the Río Bravo lobes. 
C. The third stage initiates with aggradational parasequence set RB2, the thickest and 
most developed unit within the Río Bravo unit, capped by a MRS, suggests a steady-
state relative sea level related to persistent subsidence against constant sediment 
supply. 
D. The fourth stage is marked by relative sea-level rise, allowing resumption of the 
Chacra TSS with the backstepping lobes of parasequence set RB3. 
E. The fifth and last stage represents the long-term Chacra transgression covering the 
entire study area. 
 
 
Fig. 6.12. ▶ (A-E) five-stage evolutionary model in a plan view of the Río Bravo unit (S1 + S2) 
within the Chacra transgressive sequence set (TSS). Retrogradational parasequence set RB3 
belongs to the resumption of the Chacra transgression. Less subsidence on the southeastern 
sector of the Lobitos area is interpreted to be the main cause of the Río Bravo regression. (F) 
Comparison between the plate convergence rate (Pardo-Casas and Molnar, 1987), eustatic sea 
level (Miller et al., 2020), and the relative sea level around the Early-Middle Eocene transition 
in the Lobitos area, showing a tectonic effect in the Chacra transgression during maximum 
plate convergence and eustatic sea-level fall. Age control is given by Petrostrat’s analysis. 
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6.7 Conclusions 
In forearc basins dominated by subduction-erosion, such as the Talara Basin, 
periods of tectonic uplift and subsidence (collapse) can considerably affect the relative 
sea-level history. The case of the Río Bravo unit proposes differential subsidence that 
left a relatively-higher sector in the study area and led to a relative sea-level fall.  
The facies associations from core and well log data of the Río Bravo are 
consistent with the development of deltaic systems that were fed by fluvial systems 
from the southeast. These depositional sequences represent a localised interruption of 
a long-term transgressive shelf, depositing the shales of the Chacra Formation 
(biostratigraphically dated), a progradation within a greater-scale retrogradation, which 
is only present in the Lobitos offshore area.  In the Negritos outcrops, to the south, a 
continuous shale and siltstone section of the Chacra Formation is recorded. As a 
consequence, changes in stacking patterns are produced. In this context, determination 
of physical hierarchy of depositional sequences in tectonically-active basins requires a 
more-detailed analysis focused on the tectonic factor activity, as seen in the subduction 
erosion locking and release periods affecting the forearc structural configuration. The 
importance of integrating biostratigraphic data in hierarchy determination lies on the 
recognition of sequences that can reappear in a succession and therefore embed 
smaller-scale units, which may lead to the modification of the stratigraphic column as 
proposed in this work, with a Chacra-time equivalent Río Bravo. 
Along-strike facies variability in forearc basins is temporally and spatially related 
to structures formed before or during sedimentation, which are the result of the 
subduction geodynamics. This sequence stratigraphic approach characterises a unit 
developed in tectonically-active settings and demonstrated a close plate-basin 
relationship, which may be applied in other erosive-margin forearc basins. 
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This chapter addresses the research questions posed in Chapter 1, within the contextual 
concepts presented in Chapter 2, and the main findings from Chapters 3 to 6 
This chapter also proposes future work directions 
 
Chapter 7: Synthesis, Conclusions and Future Research Directions 
7.1 Synthesis 
7.1.1 What additional influences does the subduction process have on forearc basin 
evolution compared to other basin types? 
General basin classification considers forearc basins as the classic accretionary 
type, developed between the deformation front (accretionary prism) and the magmatic 
arc (Dickinson, 1995). In this type of forearc basin, initial deformation on the edge of the 
overriding crust leads to flexural loading by the growing accretionary prism (Willett et 
al., 1993). The topographic depression is amplified by sediment load as the main 
subsidence mechanism (Angevine et al., 1990). This means that tectonic subsidence is 
not a dominant component in this case. 
Forearc basins on erosive margins, more recently included in the classification 
(Noda, 2016), present contrasting characteristics as shown in the Talara Basin. The main 
characteristics that differentiate forearc basins in erosive margins from the accretionary 
and other basin types emerge from the continental margin truncation by tectonic 
erosion. As tectonic erosion consumes the continental plate margin, the position of the 
trench migrates landward relative to a fixed point on the upper plate (Scholl & von 
Huene, 2010). Tectonic erosion can also be present in accretionary margins, but to a 
lesser degree, and can be frontal and basal (von Huene & Lallemand, 1990; von Huene 
& Scholl, 1991; Stern, 2011), which are proposed in this work as the mechanisms of 
subsidence and basin degradation, respectively. 
The continental margin truncation evidenced on the northern Peruvian margin 
(Chapter 3) shows that the subsidence mechanism is related to basal tectonic erosion in 
subduction, producing mass loss at the base of the continental crust by the subducting 
oceanic crust. During basal tectonic erosion, hydrofracturing by fluid overpressure takes 
place along the plate interface (von Huene et al., 2004). As a result, the overriding plate 
undergoes crustal thinning accompanied by the development of gravitational normal 
fault systems, which may be one of the main causes of subsidence (von Huene & 
Lallemand, 1990). However, crust basal erosion is considered more accurate in this study 
as the main subsidence mechanism since “crust thinning” is also produced by stretching 
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during rifting. Frontal tectonic erosion is also evidenced on the northern Peruvian 
margin, produced by erosion of the continental margin edge, where the trenchward 
border of the forearc basin is constantly consumed by the trench and subduction zone. 
Due to the absence or poor development of an accretionary prism, the basin fill develops 
across all the forearc up to the trench inner wall, being just covered by layers of fine 
recent sediment. The trenchward margin of the basin undergoes degradation by frontal 
erosion and its area is reduced. Foreland basins can undergo a reduction in their area 
with eventual complete inversion as a piggyback basin, but in these basins the driver is 
shortening by compression. 
Within the different basin types, rift basins share a similar kind of extensional 
structural deformation to erosive-margin forearc basins. However, the subsidence 
mechanisms are different (Fig. 7.1). Subsidence in rifts is controlled by stretching and 
thinning of continental lithosphere, accompanied by normal faulting, due to 
asthenosphere upwelling (Péron-Pinvidic & Manatschal, 2009). This process may 
progress to production of oceanic crust or may cease. In both rift and erosive-margin 
forearc settings, normal faulting is verging to the thinnest part of the continental crust, 
towards the mid-ocean ridge in rifts and the trench in forearc settings. In addition, their 
kinematics show combined extensional and gravitational components. However, 
development of half-graben depocentres restricted to the deepest parts of hangingwalls 
have a configuration of rotated blocks in rifts (Gawthorpe & Leeder, 2000), which are 
different from the downthrown blocks with negligible rotation that generate 
accommodation over the collapsed blocks as seen in the erosive-margin case of the 
Talara forearc basin. Therefore, this study considers the gravitational component in 
normal faulting as the dominant mechanism in erosive-margin forearc settings 
compared to rifts, to compensate for the removed crust portion that was tectonically 
eroded (Fig. 7.2). 
Another difference is the timing of normal faulting, which will be constant in 
forearc basins subject to constant subduction erosion until it changes its regime (i.e., 
oblique subduction, subduction accretion) with the possibility to resume it. In rift 
settings, normal faulting is restricted to the syn-rift period.
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Fig. 7.1. Geodynamic comparison between forearc and rift basins. A) Cross section comparing the subsidence mechanism. B) Plan view comparing 
the basin extension evolution. 
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7.1.2 How can subduction-related tectonic factors influence stratigraphic patterns in 
a forearc basin? 
The Talara Basin margin analysed is the Paita high (Chapter 4), which is part of 
the Coastal Range intruded by a Triassic intrusive massive. Results from backstripping 
reveal the high subsidence rate (~30m myr1) in the Lagunitos depocentre, which is nearly 
absent on the Paita high. A deceleration stage can be seen in at the end of the Late 
Cretaceous, which is followed by a resumption of subsidence in the early Ypresian, with 
an even higher rate (~65 m myr-1), which generated accommodation over the Paita high. 
Consequently, an uplift is shown by a slight rise in the tectonic subsidence curve 
corresponding to the deposition of the southern system of the Pariñas Formation, which 
correlates with a relevant hiatus in the other three wells closer to the Paita high. These 
results are interpreted as an uplift that resulted in a relative sea level fall, restricting 
deposition of the Pariñas Formation to the depocentre. 
Palynofloral assemblages show that the Pariñas palaeoshoreline lies in the area 
of the current southeastern boundary of the unit onlapping the Paita high. These data 
are consistent with migration of the early palaeoshoreline during early Ypresian around 
the Paita high top downward to the depocentre at Pariñas sedimentation time, 
schematically represented in Fig. 7.2B, leaving a partly-eroded underlying Pale Greda 
Formation, which was uplifted and tilted following the Paita high slope. After Pariñas 
deposition, the basin underwent tectonic subsidence with the highest rate (~74 m myr-
1) until the end of its development. 
According to the tectonic subsidence curve, this is the major, or possibly only, 
uplift regionally seen at least in the central area of the Talara Basin. The relative sea-
level behaviour is interpreted as a tectonically-driven forced regression, which can be 
analogous to uplifts leading to forced regressions in rift basins (Gawthorpe et al., 2000, 
Azerêdo et al., 2002), foreland basins (Ilgar et al., 2013), and piggyback basins (Dreyer 
et al., 1999; Gawthorpe et al., 2000). In addition, general subsidence rate increasing over 
time is consistent with the subsidence mechanism of loss of crustal mass due to 
subduction erosion, addressed in the previous section. 
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Deposition controlled by normal fault activity is another case present in the 
Pariñas Formation, in the Negritos area (Chapter 5). The Acholado fault activity triggered 
transgressions in the hangingwall producing turnarounds in the stacking pattern from 
progradational river-dominanted delta to retrogradational estuarine systems. The 
limited accommodation in the footwall led to thickness variation of this unit across the 
fault. Analogous cases can be seen in rift settings (Gawthorpe et al., 1994; Howell & 
Flint, 1996; Gawthorpe & Leeder, 2000). 
 
7.1.3 What factors control lateral variability and hierarchy of stratigraphic sequences 
in forearc basins? 
The main driving allogenic mechanisms of stratigraphic architecture take place 
at different timescales and rates: basin-forming tectonism, tectono-eustasy and climate 
change (106 – 108 yr); intraplate stress, glacio-eustasy and also climate change (104 – 106 
yr); and local tectonism and Milankovitch cycles (101 – 104 yr) (compilation of several 
authors in Catuneanu, 2019). 
Biostratigraphic analysis of shale samples from the Pariñas and Chacra 
Formations (Chapter 5) yielded an age tie point of ~48 Ma at the base of the Chacra 
Formation, which corresponds to the Ypresian-Lutetian transition. Results from the 
Pariñas Formation study suggest that local tectonism, as a result of Acholado fault 
activity, is the main allogenic mechanism that controlled deposition. However, 
Milankovitch cycles are also considered as another, albeit minor, concomitant factor. At 
a greater scale, subduction erosion dynamics is conceived as the mechanism controlling 
deposition of the Talara Basin, although the interplay of eustasy and climate may have 
a control as background mechanisms. With another age tie point at the top of the Pale 
Greda Formation, which underlies the Pariñas Formation, the duration of the Pariñas 
Formation sedimentation and, therefore, the mechanisms responsible for the 
stratigraphic architecture could be defined with more certainty.  
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Fig. 7.2. ◀ Three-stage 3D tectonostratigraphic evolutionary model of an erosive-margin 
forearc. The eustatic sea level is assumed to be in a steady state throughout the three stages. 
(A) Stable forearc with an active subduction mechanism. (B) Forearc uplift due to locking in 
the subduction process, producing a tectonically- driven forced regression (TDFR). In the study 
area, the eustatic sea-level was rising, which then outpaced the uplift rate; and during this 
period The Pariñas fluvio-deltaic highstand sequence set was deposited. (C) Forearc collapse 
due to the released subduction process, producing a tectonically-driven transgression (TDT). 
In the study area, normal faulting formed a local trough that gave accommodation for the Río 
Bravo regressive system tract during the Chacra shelfal transgressive sequence set.  
 
Along-strike variations in palaeotopography are characteristic of tectonically-
active settings. In forearc basins under erosive margin regimes, uplift and collapse 
periods are produced at different scales and times, which result in a heterogeneous 
structural configuration across the forearc and variable accommodation and facies 
changes in stratigraphic units (Fig. 7.2C).  
Seismic data show that the structural configuration of the Talara Basin is 
compartmentalised in blocks by fault systems with variable azimuths. In the Lobitos 
offshore area (Chapter 6), these fault systems were associated with a more localised 
subsidence zone, different from the Negritos area to the south, during deposition of the 
Chacra Formation accumulating a ~190 m-thick transgressive shelf. The Rio Bravo unit is 
a local-scale fluvio-deltaic system, approximately ten times smaller than the Pariñas 
system in the Negritos area, and interrupts the retrogradational stacking pattern of the 
Chacra succession. Seismic data in the Lobitos area, covering the southwestern 
boundary of the Río Bravo deposits show a depression configured by normal faulting 
with a SE-NW-oriented axis, which was filled by the Río Bravo systems with NW 
palaeocurrents, indicating an along-strike structural control. The palaeotopography of 
the local trough explains the ~500 m-thick fill distributed over ~350 km2 of the Río Bravo 
unit resulting in a total of ~900 m of the Chacra succession. This negative structure is 
consistent with an episode of forearc collapse due to subduction erosion. 
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7.2 Conclusions 
This PhD thesis presents a sequence stratigraphic approach to investigate forearc 
basins developed in a subduction-erosion regime, and presents integrated outcrop, 
seismic and well dataset analyses that support interpretations in a complex tectono-
stratigraphic configuration. Three original approaches resulting from this work are 
presented: 1) New perspectives in the characterisation of the subduction and forearc 
zones; 2) Identification of tectono-structural factors through geohistory analysis of 
erosive-margin forearc basins; and 3) Sequence stratigraphic analysis of structurally-
controlled/influenced forearc deposits. 
The evolution of a forearc basin is closely related to the development of the 
underlying subduction zone. Lateral variability in the subduction zone will affect the 
forearc basin over time. Differential changes in uplift and extensional collapse may 
laterally partition accommodation history and sediment supply. In the northern 
Peruvian forearc, the Upper Cretaceous units thicken in the south-central area, the 
Eocene deposits had more accommodation in the north-centre and the Oligocene-
Pliocene units were restricted to the north, south and slope. The along-strike 
redistribution of accommodation in the forearc was related to spatial variations in the 
subduction erosion rate. This spatial and temporal variability continue to be seen in the 
present-day subduction zone, which shows a minor accretionary component in the 
north-central area, represented by an incipient frontal prism. This variation is consistent 
with a change in the oceanic plate direction driven by the proposed Nazca Sliver since 
the middle Miocene. 
The main development mechanism of forearc basins under a subduction-erosion 
regime is continental margin truncation. The consequence is the distance between the 
trench and intrusive massif (abandoned magmatic arc), which is shortened and 
therefore reduces the original forearc area, which is consumed by the subduction 
process. This produces the development of contiguous basins in the new forearc formed 
between the intrusive massif and the active magmatic arc, as is the case of the Alamor-
Lancones forearc basin, formed to the east of the Talara Basin between intrusive rocks 
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of Triassic (Coastal Range) and Early Cretaceous ages. This model could be applied to 
other analogous settings (e.g., Mesozoic intrusive massifs of the Chilean Coastal Range). 
It is interpreted that the intrusive massif interacts with the subduction zone at shallower 
depths as it approaches the trench, affecting the subduction rate. 
Subduction erosion produces subsidence in the forearc and thus provides 
significant accommodation to the basin. The forearc collapse is accompanied by gravity-
driven extensional deformation, mostly represented by normal faulting over the period 
of the basin formation. The resultant configuration is of relatively-narrow geometry 
along strike of the continental margin, with a thick sedimentary fill and the seaward 
boundary controlled by the trench. 
Sequence stratigraphic analysis of the Talara Basin represents an effort in 
decoupling tectonism from the other main factors involved in fill development.  
Geodynamic behaviour of Intermittent periods of uplift and subsequent collapse affects 
relative sea level behaviour, driving changes in stratal stacking patterns consistent with 
forced regressions and transgressions. The magnitude of tectonically-enhanced 
transgressions and regressions will be conditioned by the local or regional dimensions 
of an active structure. 
 
7.3 Contributions and applications 
Most of the literature on forearc basins focuses on the accretionary type, so this 
work represents a contribution to the understanding of erosional margin forearc basins. 
One of the effects from the results of this work is the re-definition of some 
empirical points of the stratigraphic column of the Talara Basin. The main updates 
recorded are the sequence boundary between the Pariñas and Chacra Formation, 
considered before as a concordant formational contact, and identification within the 
Chacra Formation of the Río Bravo unit, which was considered as a younger formation, 
correlative with the Pariñas or Pale Greda Formations. 
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Part of the world hydrocarbon production comes from oilfields in forearc basins, 
such as the Talara Basin, which is important for the economy of Peru. A sequence 
stratigraphic approach will improve reservoir characterisation that was based previously 
on lithostratigraphy, and predicts additional lowstand potential reservoir in exploration 
projects. 
Furthermore, the geodynamic characterisation of subduction-related basins will 
contribute to modelling the development of volcanogenic massive sulphide (VMS) ore 
deposits in Lower Cretaceous strata related to an arc-rift phase in the Alamor-Lancones 
forearc basin, contiguous to the Talara Basin, to the east of Coastal Range. The sequence 
stratigraphic approach may be applied to the improve our understanding of the 
environment of the sedimentary succession intercalated with volcanoclastic-rich and 
lava-flow facies. The results will contribute in developing more commercial 
opportunities such as the giant Cu-Zn-Au-Ag-bearing Tambogrande project (Winter et 
al., 2010). 
These reservoirs could be utilised for environmental projects based on carbon 
capture, utilisation and storage (CCUS). Therefore, forearc sequence stratigraphy 
represents a scientific gap that is called to be addressed for a better understanding of 
the hydrocarbon production and an optimisation of future energy projects. 
 
7.4 Future research directions 
7.4.1 Lateral and temporal variability of the northern Peruvian subduction zone and 
forearc basins 
The Sandino Basin, located in the Costa Rican and Nicaraguan forearcs, is an 
example of how the basin developed different structural styles and stratigraphic 
thicknesses conditioned by a transitional subduction zone from oblique to orthogonal 
during the breakup of the Farallón Plate (Stephens, 2014; Andjić et al, 2018). This has 
been possible with a good 2D seismic coverage of the trench, which allowed continuous 
imaging of the subduction zone and the forearc (McIntosh et al., 2007). To that end, 
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acquisition of more seismic surveys crossing the Peru Trench is recommended, as well 
as seafloor coring in the slope to be integrated with well data from oil fields. This will 
strengthen the spatial and temporal analysis of the northern Peruvian margin. 
7.4.2 Reservoir sequence stratigraphic characterisation of the Pariñas Formation for 
carbon, capture and storage (CCS) projects 
The Pariñas Formation has been one the main oil-producing reservoirs in the 
Talara Basin. After more than a century of production, this stratigraphic unit is in a 
depleted state in some of the oil fields. Taking the sequence stratigraphic approach to 
the Pariñas Formation in this work, the next step could be to move on reservoir 
characterisation and modelling to define continuity, connectivity and heterogeneity. 
The results will contribute to implementation of CCS projects in Peru. As a first approach, 
Pomar-Castromonte et al. (2021) performed analytical and numerical modelling to 
assess CO2 storage in this formation, in the Bellavista onshore sector, using its reservoir 
properties obtained from oil company reports; however, without a detailed enough 
geological model to obtain consistent results. 
7.4.3 Thermochronological analysis 
The northern Peruvian forearc is considered as a tectonically-active setting. 
Therefore, it is necessary to identify uplift events with more accuracy in the source areas 
feeding sediments for the Pariñas Formation sandstones. This could be obtained by 
thermochronological ages determination of heavy minerals (e.g., zircon) related to 
cooling events that will indicate exhumation periods. 
7.4.4 Chemostratigraphic analysis 
The Pariñas Formation shows sedimentary processes controlled by fault activity, 
where the stratigraphic correlation between footwall and hanging wall becomes more 
complex.  Chemostratigraphic analysis could enhance the correlation made with 
datasets used in this work, with a focus on the key sequence stratigraphic surfaces, in 
units deposited during fault activity. 
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7.4.5 Palaeoclimate and weathering interpretation 
Another important aspect in the better understanding of the sedimentary 
environment of the Pariñas Formation is the identification of the potential role of 
palaeoclimate. It is recommended to analyse spectral gamma-ray well logs, integrated 
with core data, to determine clay composition and palaeo-redox conditions. These 
parameters will be the basis to discuss the weathering degree on provenance (e.g., 
fluvial sedimentation). 
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