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Inner Moray Firth Basimg superimposed rift system

Western part of the North Seatrilete rift :

system Formedmainly in the
NESW dlpsllp trendlng faults

Central Ilighland Terrane

Modified after Rojas and Underhill (2017Zanellak. & Coward M.P. 2003, and British Geological Survey (BGS), UK. Using:
EDINA GeologyDigimap Service, <http://edina.ac.uk/digimap>
From Tamas et al., 2020 in prep.
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TheIMFBforms the western part of the North Searift and

: openedmainly during Upper Jurasside.g. Underhill 1991).

The IMFBis a petroleum province, although it is not very
prolific comparedto the other parts of the North Sea This
iIs mainly due to the perceived complex, superimposed
deformation history in the area

The basinis characterisedmainly by regionally developed
NEcSW trending faults formed during NW-SW extension
(e.g. Underhill, 1991, Davieset al., 2001).

It is superimposedon Devoniansinistral transtensionalrift

system ( ) characterisedmainly by north to-

easttrending dip-slip/oblique-sinistral faults formed during

EcW to ENEWSWextension(e.g. Wilsonet al., 2010.

The IMFB is also superimposed on PermoTriassic
depocentersand experienceduplift and fault reactivation

during the Cenozoice.g. Underhill, 1991).

This kind of complex evolution leads to significant
uncertaintiesand cancausecontradictory interpretations.
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e Cenozoigeactivation ¢ dextral reactivation of GGF

B andsinistralreactivation of Helmsdale are thought to hav
EEEEEEEE /;‘/gﬁﬁ—/w OCCUI‘I‘ed(e.g: Thomson and Underhill, 1993, . Le Breton et al., 2013)
x Relative timing, extent, impact?
Jurassic openingmany models suggested:
i3 1. oblique /dextralslip on GGFke.g.McQuiliin et al., 1982)
2. dip-slip on GGKrrosticket al., 1988)
3. strike-slip on GGF/Helmsda(roberts et al, 1990)
coger oo 4. dip-slip on Helmsdaleunderhill, 1991)
W<, 5. no evidence of obliqueslip faults(pavies et al., 2001,
Goums § '\ Akl N Long &mber2010,Lapadagt al., 2018)
e Modified after Rojas and Underhill (2017anellakE. & Coward M.P. 2003, and British
Key To Geological Map I Neoproterozoic Sedimentary Rocks Geological Survey (BGS), UK. Using: EDINA Geol@jgimap Service,
Eocene Sedimentary Rocks W Neoproterozoic Moine Supergroup <http://edina.ac.uk/digimap>
(0 Crmceos Sasimantas ks | [ e v e From Tamas etal., 20201n prep.
| Jurassic Sedimentary Rocks I igneous Rocks
| | Permo-Triassic Sedimentary Rocks |— Faults
|| pevonian 0ld Red Sandstone
- - — e Permo-Triassicrifting or no rifting?
¢ Role of Devonian pr@XIStlng structures?? rifting during PermianRoberts et al, 19901 Triassi¢Frosticket al.,

1988)
The potential influence of older structures related to the Orcadian Basin @n  no active riftingsubsidencaAndrews et al, 1990, Thomson and

the kinematics of later basin opening has received little attention, partly due Underhill, 1993)
to the poor resolution of seismic reflection data at depth or sparse well data.
g




__—0 earlier kinematic history of the basin

—@ role of inherited Devonian faults
—@ subseismic structural styles

~—@0 fault reactivation
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Lower Devonian alluvial fans a

vial

Modified after British Geological Survey (BGSXK. Using: EDINA GeologPpigimap Service, mal_nly
<http://edina.ac.uk/digimap> plalns.
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Several localities along the coast of Moray Firth have been investigated during three fieldwork campaigns, along with tr
interpretation of 2D and 3D pl’Oﬁl@cfShOre(Notethat these data are confidential and cannot be shared in this onlfoeum).

The results shown in the next slides are mainly presenting data from the representative #inesotith-eastern Caithness
(e.g.WhaligoeSteps, N coast of IMFB)Nnd Turriff Devonianbasins (e.gPennanand New Aberdour, Scoast ofMFB)



Turriff Basing evidence of Upper Jurassic reactivation of Devonia

structures

Mainly N-Sto NNESSWstriking faults andfractures (a).Fault
panels show bothdip-slip/slighty oblique-sinistrallineations
(c)and normaltdextral slickenfibres(d).

The normal/oblique-sinistral N-S to NNESSWfaults are syn
sedimentarybasedon the widespreadpreservationof growth
strata.

Examplesof faulting and associatedstructurescrosscutting Devoniansandstone Sige
(New Aberdour Bay, southern coast of Moray Firth). a) Top view orthomosaic
obtained from UAV photographyi,illustrating dextral reactivated NNESSWstriking I
faults (red),sinistaNW-SEstriking faults (white) and gentleto b) tight folds. Bedding § ‘ %
is highlighted in orange Fault panel showingc) early dip-slip slickenlinesand d) |
overprintingobliquedextral calciteslickenfiber{ Tamaset al., 2020in prep.). b - F % "% v Sk :



Turriff Basing evidence of Upper Jurassic reactivation of Devonia

structures

mosaicimage -

Also NW-SE sinistral faults (a) and NNWSSEto NW-SE
trending folds (b) are presentin the area

Normakdextral slip along N-Sto NNESSWand sinistral slip
along NW-SEfaults are consistentlylater and associatedwith
calcite mineralization (e.g. as slickenfibresor in Riedelshear
fractures)

Selected structural data fronTurriff Basin
Bedding

poles to planes and Kamb
Y contours (c.i. 10 sigma)

Faults - poles to planes

‘ B Non-mineralised faults
| © Interpreted from 3D

3 = - H Calcite-mineralised faults
e/ outcrops - R
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’ j N=111

Fold hinges }/ /. Ccalcite-mineralised Riedel
T . shear fractures around
.‘} major dextral NNE-SSW

/ trending fault
/ Rose plot of azimuth distributions

Sector angle - 10°

and Kamb contours \
(c.i. 2 sigma)

equal area, lower hemisphere Tamas et a|’ 2020 |n re )



Turriff Basing evidence of Upper Jurassic reactivation of Devonia

structures
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calcite mineralised O

N-S to NNESSW show evidence of (after Angelier, 1990)
dextral reactivation

Our results suggestthat the N-Sto
NNESSW striking growth faults
developed during ENEWSW
extension and are related to the
openingof the OrcadianBasin

Devonian trends have then been
dextrally reactivated during NNW
SSExtension

U-Pb dating of synkinematic
calcite veins yield Upper Jurassic
(Kimmeridgian) ages,  which

NNW.SS E 74 &7%

coincides with the main stage of
IMFBopeningseenoffshore.

Tamas et al., 2020 (in prep



WhaligoeSteps, SE Caithness

fis 3D outcrop at
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Bedding Fractures BT T L
poles toplanes poles to planes andamb| FiSeta 15 7% . RE Ch S A Mainly ESEWNW to NESW trending

contours €.i. 2 sigma) structures Fault panels show dip-slip to

oblique-sinistrallineationsor slickenfibres

A NNWSSEto NNESSWstriking faults are
often crosscut by later ESBEWNWto NESW
trending faults (seenext slide).

equal area, lower hemisphere


https://skfb.ly/6S7sr

stress inversion otalcite
mineralisedfaults in the area

Angeiier-piot, Schridi-net, lower hemisphere

ESBAVNW to NESW trending structures are constantly associatedwith

calcitemineralisation

They developed during NNWASSEextension, similar to the extension
direction related to the Upper Jurassicreactivation of the NNESSW
Devonianstructures

Thistrend alsocoincidedwith the major UpperJurassioffshore structures

The NNWASSHo NNESSWrending faults are earlier, Devonian,structures
and are rarely associatedwith calcite mineralisation The presence of
mineralisationcouldindicate UpperJurassiceactivation.

top view

(inferred)
Upper Jurassic

(inferred)
Devonian




Conclusions

Devoniandeformation Upper Jurassi®eformation

Upper Jurassic deformation is
associated with complex fault
pattern where dip-slip, oblique-
sinistral and oblique-dextral faults
coexist This may suggest a
. % T . transtensional opening of the
dip-slip, oblique-sinistral Dextral reactivated NS to NNE Dip-slip to obliquesinistral NESW basin )
SSW trending faults to ESEWVNW trending faults Devonian trends have then been
structural map with “influential - d@Xtrally reactivated during Upper
compression
growth faults are related to I
the opening of the Orcadian

data’ ty highlighti . .

of rapid 30 geometicvarianons,  JUrassic Thus,NNWESSEextension
Basin This implies that the transpression
regionalsinistraltranstensional

ingthe faul . .
—_— leads to reservoirscale structural
complexity due to widespread
model developedin Caithness
(eg DIChIarante et a.I, 20].6) transtension

oblique reactivation of earlier
extendsto the southern limits .

Orcadian Basin structures This
pattern is widely recognised
of the Orcadian Basin in the I
CentralHighlands extension

=5 |

Our results suggest that the
NNWLSSHO NNESSWstriking

COMPRESSION

- || strikeslip

onshore and extends offshore as
en-echelon Upper JurassicN-S to
NNESSW  trending faults,
consistent with dextral slip have

stress regime computedafter Delvaux been recognlsed on 3D seismic
et al.,1997) based on stregaversion ; -~ data.
of major calcite mineralised faults Tamas et al., 2020 (in pre
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Implications

(V) Wb Sndormation addsvalue, not from changingpre-drill risk, but from decisionsmade asa consequence
(Peel and Brooks, 20

reconstruct deformation history| critical tobasin modeliing Relevant to any subsurface
improvesrisk analysis R
activity in the IMFB as well as

providing a better understanding
fracture characterisation

sub-seismic structural style heterogeneities of su perimposecbasins
compartmentalisation

Integration of fieldwork with subsurface interpretations have the ability to unlock the full potential of the are:



Thank You and Stay Safe!
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