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What Is the scientific problem?
| 26 R2S& 0(0KS FEdZARAFAOIFIGOAZY 2F | OZ

Mud Volcanoes in Onshore Azerbaijan
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Outline of the talk

. What is a diapir? Salt vs. Shale diapirs
. Some principles

Mechanical model for mobile shales

. Tectonic setting of mobile shales

. Structural styles of mobile shales

Experimental models of shales under compression
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. Concluding remarks
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@ What is a diapir?

Experimental Model

AWe use the term Adiapiro strictly to
pierced, shallower overburden (O'Brien, 1968). Natural diapirs are separated from t
cover by a strain discontinuitppndiapiricstructures are in conformable contact with
their overburden. o (Jackson & Tal bot,
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(w Salt vs. Shale diapirs
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Source layer, presalt, suprasalt (overburden), and subsalt

Allochthonous salt
I —

Jackson & Hudec, 2017

PPPPPP D
GGGGGGGGGGG 1136
LAB! ORY



National Central University. Taoyuan (May 31, 20:

@ Piercing mechanisms

a Reactive piercement b Active piercement

NN A
‘\\l/-

AnPi er ¢ Empacement of
a diapir to create a discordant
contact, in which the diapiric

Salt margin crosscuts surrounding
n Di & Pptructure in which a
Thrust piercement d Erosional “pviercement” mobile material pierces its
C P P over burdeno

(Jackson & Talbot, 1983)

-

Vendevilleet al., 1992a, 1992b
Jackson et al., 1994
(taken from Hudec & Soto, 2021)
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® Mechanical model for mobile shales

3.1 Mechanical behavior of shales vs. salt

S,

Salt

non-mobile/
behaviour / mobile
; behaviour

!
/
/
9 ; shale

no creep
93“

2cm

Reza Taheri et al., 2021

Marcellus shale . . .
Increasing confining pressure

00 - S3 gs:

significant creep deformation
below shear strength

Deviatoric stress to shear strength (g/q,)

Shear strain rate

| <= shear fracture

== 0 SYaArzy FNI Ol dzNB

ﬁ layering ﬁ ﬁ Soto et al., 2021b
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3.2 Experimental deformation of a natural shale

¢ Principles of soil mechanics can be extrapolated to cemented sfaalesnes and Addis, 1986; Brown, 18@yet al., 2020)
Aa 0KS)las2sdntefpropbriioNBf paie pressurd:(

¢ Following¢ S NJ ledu&tidnQstfective stressQ U

¢ Stages duringindrainedtriaxial tests on clays/shales:

@to Uniaxial burial to final depth to'
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Horizootapressiorn(s Gs,<0; sheatinduced overpressure)

@ () Strain softening (sheanduced overpressure, formation of continuous fractures)
@) Critical Stated KA 3K 2 SNIINB&adzNBX FEONRO O2ff I LIAST dzyf A

Deviatoric stress (G, - G},) (kPa)
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Soto et al., 2021b

10136



National Central University. Taoyuan (May 31, 20:

3.3 Evolution of the fabric

@/ 2YLNBaaA2ys diNBaasSa 0St24 L]

30 - pressure

at peak strength =s formation of continuous fractures £ ) Mean eficive stess
.. . . 'i 4]o‘$‘ . SIU (M)(kpa)
@ at critical state == complete destruction of the fabric (collapse) £ .. TN, 3
é -20 " "‘
.g pore-fluid

Shortening (Acp> 0, Agp> 0)

© O,

strain softening
(Aop< 0)

40

\

strain hardening
(Aor>0)

—— flow fabric/
fracture

st PrEVious
— structures

L A ___ ]

— clay platelet awm pressure solution
- void surface (stylolite)

m nonclay fraction —— fracture Soto et al., 2021b
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3.4 Mobile shales as bodies deforming at critical state

G . 2 RA S &ichxadiment dr fedimentary rock undergoing penetrativeisco)
LI F A0A0 RSF2NXNIFGA2Y G GKS ONRGAOIf &f¢

At critical state, shale behaves as a

) . S5ST2NXYI GA2Y LI GOGSNY Fd ONRMI
HerschelBulkleyfluid material
. O,
14 tension/
paths for P yd;aulic =
racture
5 73.2% fluidized shales N
T 1.0./, shear
o fracture/
PO N 2 XSS zones
@ o4 | e % o
£ e 1
D 06- 86.3% (watercontent) | \ N
O e - e S e T e : hear
e— | =SS Q AN g — stylolite shea
% 0.4 - \ T 7 cleavage fabric
0.2
London clay$kepton 1948)
0.0

Shear strain ——

C At critical state, shales deform with a high shear strain without any additional shear stress
C Strength decreases with water content
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(@ Tectonic setting of mobile shales | -
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5 20N ¢ Shale-salt detachment

% » Volcanic-related and

4 0° serpentinite mud-volcano (V)
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mobile shales

Plate boundaries |

: DS
— Divergent B AW
— Transform g gi
— Convergent 5000 km
—— Other 80°

(scale at equator)
Robinson projection

Soto et al., 2021b
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(@ Tectonic setting of mobile shales

Accretionary Wedges (Barbados

Barbados Mobile Shales

SRR N 0N '%'{‘@E-'-/”-rﬂ'

’ . Akata Fm.

H:V x2.5 20 km

Corredor et al. (2005), Wiener et al. (2010)
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(® Structural styles of mobile shales

5.1 Mud volcanoes

DashgiMud Volcano (Azerbaija

2 Bas- 1536
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(® Structural styles of mobile shales

Offshore
5.1 Mud volcanoes Barbados
(b) =) (data courtesy
HR contact 3 of REPSOL)
g
S
®—_  reflect. loss 0
due to fluids
diffractions
" due to fluids - =
' : ®—— out-of-section
500 m H:V x1 conduit
s -~
Soto et al., 2021a 1636
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(® Structural styles of mobile shales
5.2 Mud (gas) pipes B T

Iceberg groove marks
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QAGI; Maestrelliet al., 2017 176
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(® Structural styles of mobile shales

5.3 Detachment fold¢with homogeneous strata) ¢, x4  ngr1s c2t& . Std 6Ddx 7

1 km

- Soto et al., under review
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(® Structural styles of mobile shales

5.3 Detachment foldgwith heterogeneous layered strata)

1 km

1 km Soto et al., under review
V.E.x1 1936
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(® Structural styles of mobile shales

Field examples of detachment anticlines | —
ngeborgfjelletcliff in

Spitsbergen
(Svalbard,
Norway)

Image
courtesy of
Prof. O lafur
Ingdlfsson
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