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T h i s  p u b l i c a t i o n  h a s  e m a n a t e d  f r o m  r e s e a r c h  s u p p o r t e d  i n  p a r t  b y  a  r e s e a r c h  g r a n t  f r o m  S c i e n c e  F o u n d a t i o n  I r e l a n d  ( S F I )  u n d e r  
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S e i s m i c  d a t a  p r o v i d e d  b y  t h e  P e t r o l e u m  A f f a i r s  D i v i s i o n  o f  t h e  D e p a r t m e n t  o f  C o m m u n i c a t i o n s ,  C l i m a t e  A c t i o n  &  E n v i r o n m e n t .

1 .  I N T R O D U C T I O N

Figure 1. a) Bathymetry map of the Hatton Basin showing the main tectonic structures (black) and igneous fea-
tures (blue) in the area. The red rectangle highlights the study area. The well and seismic data used in this study 
are shown on fig. 1b). The red circles represent DSDP boreholes, the BGS boreholes are highlighted in blue and 
the ODP borehole is shown in green. The grey dashed line represents the continent-ocean boundary.

3 .  G R AV I T Y  A N D  M A G N E T I C  M O D E L I N G

The Role of Tectonic Evolution, Crustal Structure and Multiphase Magmatism in the Evolution of the Hatton Rifted Continental 
Margin, Offshore Ireland, Using Seismic Reflection and Potential Field Methods

The Hatton Basin is located at the western European Atlantic Margin, approximately 600 km west of Scotland and Ireland (Fig. 1a). It is bounded by the Rockall Bank to the east and by the Hatton High to the west. The sediments 
in the Hatton Basin can be divided into eight main stratigraphic sequences (Fig. 2), spanning from Jurassic and/or older to Holocene on the basis of seismic reflection interpretation (this study, Fig. 1b), shallow borehole data 
(Hitchen, 2004 and DSDP data), seismic refraction studies (Jacob et al., 1995; Shannon et al., 1995; Vogt et al., 1998) and analogues from neighbouring offshore basins (e.g. McDonnell & Shannon, 2001). Due to the lack of 
deep borehole data in the study area, the Mesozoic evolution of the basin is not fully understood. On the basis of recent seismic reflection data interpretation, the project provides previously unkown seismic stratigraphic control 
on the presumed Mesozoic succession and sedimentary transport routes through time. Moreover, new constraints on the nature and timing of igneous processes and their influence on sedimentation are also recorded.

The results of this project will provide an in depth understanding of the nature and timing of geological processes in the area and thus, contribute to two main themes: (1) Energy security and (2) Climate change. Understanding 
the sedimentary and thermal evolution of the Hatton Basin plays a major role in defining whether there is a working petroleum system with possible hydrocarbon accumulations in the area (1). Furthermore, the study of the igne-
ous evolution of the basin could form the basis for further research on the effects of volcanic activity on the Paleocene-Eocene Thermal Maximum (PETM) global warming event (2). 
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Figure 2. General stratigraphic column of the Hatton Basin showing the mapped regional unconformities and sedimen-
tary megasequences (after Laughton et al., 1972, Hitchen, 2004, Stoker et al., 2001) and the changes in sedimentation 
style and igenous activity during basin evolution (based on DSDP data, McDonnell & Shannon, 2001 and this study). 
Sea level curves are from Miller et al., 2005 (blue) and Sahagian & Jones, 1993 (pink).

2 .  C O R R E L AT I O N  B E T W E E N  S E I S M I C  A N D  F I E L D  D ATA  
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Figure 4. Examples of high-resolution seismic data showing the sedimentary architecture of the Hatton 
Basin at the basin margin (a) and multiple phases of magmatism (b). The volcanoes shown of Fig. 4b 
formed during the regional Late Paleocene-Early Eocene magmatic period (around PETM time), while 
the volcanic cone on the southeastern end of the profile post-dates the breakup along the North Atlantic 
margin. Other magmatic products, such as sills and dykes are also observed in the dataset intruding 
host rocks. f - forced fold, s - sill, v - volcano. For horizon legend, refer to Fig. 2.
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Figure 5. Potential field models of PAD seismic profiles 14-010 (a) and 13-005 (b). The shape and extent of sedimentary blocks between the basement and seabed are based on seismic picks. The horizons were depth converted into the model 
and - with the exception of the top basement pick - were not modified during modeling. On Fig. 5a, the Paleocene block includes the Mesozoic and/or older sediments  beneath (which could not be picked along the whole profile).The top basement 
was interpreted at the bottom of reflectivity on each seismic line and was then modified according to the gravity response during modeling. The models show a basement with highs, horsts and half grabens, accomodating the deposition of thick 
Mesozoic and/or older sediments. The magnetic anomalies represent igneous intrusions at the top of the middle crust/bottom of the upper crust, located in a parallel, linear pattern in 3D view (Fig. 3) with localised volcanism along them. These 
intrusions are likely to had reached the basin through reactivated basement faults. Gravity grid is from Sandwell et al. (2014), magnetic data is from Verhoef et al. (1996), modeling was performed in Geosoft. 
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Figure 3. Gravity (a) and magnetic map (b) of the Hatton Basin (Sandwell et al., 2014; Verhoef et al., 1996). The numbered, NNE-SSW oriented 
anomalies in the basin correlate to increases in the potential field (more pronounced in the magnetic field) when extracted in 2D view (see Fig. 
5). Most of the paleo-volcanic cones in the basin are located along these anomalies, which indicates areas with inherited zones of weaknesses 
in the crust. Combined with results from geophysical modeling, magma is thought to have used these zones - interpreted as major normal faults 
- as pathways to enter the Hatton Basin through deep-seated dike intrusions.  EB - Edoras Bank, HB - Hatton Bank, RB - Rockall Bank.
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