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* New Approaches to Shear Zones

* Not all shear zones are simple: Pure and Simple shear
e A practical guide to modern shear zone analysis o —
* Case Studies T
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Kinematics Simple Shear Zones

The three critical elements

‘%y'% of any shear zone:

 The shear plane S (planar)
* The shear direction L (linear)
) |+ The vorticity vector VV (linear)

/

Plane of Maximum Asymmetry Vorticity Vector
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Lineation


../../SGEM/3D%20Models/Models%20with%203D%20text/Shear%20zones%203D.skp

How do we find the three critical elements?

Shear sense must be
determined in the
shear sense
observation plane,
perpendicular to VV.

VV is perpendicular to
the plane of maximum
asymmetry

VV may be
perpendicular or
parallel to the
lineation
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SC Fabrics

C-Surface

S-Surface



../../SGEM/3D%20Models/New%20Models/Fabrics/SC%20Shear%20zones.skp

Curved foliation
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SC and SC’ Fabrics
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SCC’ Fabrics

C-Surface —

C’-Surface

N

S surface

Enter text
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SC and SC’ Fabrics
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= SC and SC’ Fabrics |a .
Shear S—
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Blenkinsop, T., Treloar, P., 1995. Geometry , classification and

. g _ kinematics of S-C and S-C’ fabrics in the Mushandike area , Zimbabwe.
@ lad School of Earth and J. Struct. Geol. 17, 397-408.
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Auriferous pyrite defining SC fabrics, Freda Rebecca Mine, Zimbabwe
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Symmetric Porphyroclasts

s __ -_ o Porphyroclast systems

Asymmetric Porphyroclasts

Mica Fish
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| .y Porphyroclast systems

(a) Using a ¢ porphyroclast system to give shear sense

________ /.~ Leftdeflection .
of tail indicates
dextral shear
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o porphyroclast
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Blenkinsop, T.G. 2000. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
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Garnet porphyroclast, Northern Marginal Zone, Limpopo belt, Zimbabwe
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Complex porphyroclast
f’, g
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nso TG 00 Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
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Porphyroclasts in the Mtilikwe shear zone, near Renco Mine, Zimbabwe

Blenkinsop, T.G., Kisters, a. F.M., 2005. Steep extrusion of late Archaean granulites in the Northern Marginal Zone,

CARD| FF School of EG?WW: evidence for secular change in orogenic style. Geol. Soc. London, Spec. Publ. 243, 193-204.
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Cannington AgPbZn Mine, Queensland
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Porphyroclast tails as kinematic indicators

i

. Blenkinsop, T.G. 2000. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
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Feldspar porphyroclast, Northern Marginal Zone, Zimbabwe
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Pegmatite porphyroclast, Mitilikwe shear zone, near Renco mine, Zimbabwe
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Blenkinsop, T.G. 2000. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
CARDIFF IR = ket
UNIVERSITY Environmental Sciences

PRIFYSGOL Ysgol Gwyddorau'r
QN NY  Ddaear a'r Amgylchedd




Hornblende fish
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Blenkinsop, T.G. 2000. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; Lon
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Biotite fish

&
nsop, T.G. 2000. Deformatlon microstructures and mechanlsmsm minerals and rocks Dordrecht ; London : Kluwer Academic 2000
CARDIFF IR ST ESPth At
UNIVERSITY Environmental Sciences

UL  Ysgol Gwyddorau'r
@  Ddaear a'r Amgylchedd



-

NN

Fish flash

. Blenkinsop, T.G. 2000. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
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Blenkinsop, T.G. 2000. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
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Discontinuities in Fault Zones

‘

P shears/P foliation

Riedel shears/Synthetic shears
Conjugate Riedel shears/Antithetic
T or extension fractures

Y shears/principle deformation zones
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Initial orientation Sense
low synthetic
low synthetic
high antithetic
45° antithetic
0° synthetic



Extension fractures in garnet

Blenkinsop, T.G., Kisters, a. F.M., 2005. Steep extrusion of late Archaean granulites in the Northern Marginal Zone,
Zimbabwe: evidence for secular change in orogenic style. Geol. Soc. London, Spec. Publ. 243, 193-204.
@ lEE School of Earth and

UNIVERSITY Environmental Sciences

UACIY  Ysgol Gwyddorau'r
@R  Ddaear a'r Amgylchedd




| -

Simple Pressure Fringes
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Pressure Frlnges
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nsop, T.G. 2000. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
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Pressure Fringes

an

B(I)eptirés[gﬁ,‘T.G. %f)oo. Deformation microstructures and mechanisms in minerals and rocks Dordrecht ; London : Kluwer Academic 2000
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Shear band types —

(a)Foliation
parallel:
synthetic
shear

Asymmetric Boudins

(b)Foliation
oblique:
synthetic
shear

(c)Foliation
parallel:
antithetic
shear

(d)Foliation
oblique:
ambiguous,
but train
vergence
reliable
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Kinematics

Wrench
Dominated
Transpression

Vorticity
Vector

S
-----

_—T Tikoff and Teyssier
f 3 1993
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Kinematics

~=}—" X = Lineation

Vorticity Pure Shear
Vector Dominated
Transpression
[Shear
Direction
Tikoff and Teyssier

— 1993
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Kinematics Shear Zones and Ore Body Orientations

; _.’ .”-
_a

. Simple shear dominated Pure shear dominated
Vorticity Vector

b ~ |Lineatfom / C ___// d
- |

Fabric anisotropy Jogs/bends or intersecting fabrics
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Kinematics Orientation of Ore Bodies

Simple Shear dominant, Ore bodies
Fabric control |to L, LV
Simple Shear dominant, Ore bodies
(bends, jogs mtersecting fobrics) . LtoLy[[toV
Pure shear dominant Ore bodies

| to L, || to V
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Kinematics Shear Zones and Ore Body Orientations

Simple Shear Dominated Pure Shear Dominated

Renco mine Lineations

Ore bodies

+ +

Lineations &

Ore bodies

Arcturus Mine

Fabric control

Ore bodies: ||to L, L V ltoL, | toV |toL, || toV
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Kinematics
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Kinematics
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Kinematics Renco
NNW enderbite SSE

Zimbabwe Craton Northern Marginal Zone

amphibolite-to
granulite-facies

2 __,  greenschist-to
g amphibolite facies
- - 4+ - —+ g
« = + + | L D
> + __/ + + ZOne +
— / 0 10 km
e ——— —
X< Xx Razi Suite potassic granites Charnoenderbites, NMZ

+ 1] TTG-Suite, Zimbabwe Craton \\‘ Late-Archaean thrust zones

N
V7Y Greenstone belts __—7 (direction of fluid flow
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Kinematics

Down
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Kinematics |
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\
Shallow \\ Steep
Ore bodies \\ Ore bodies
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u - Quarries
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KI n e m a t I CS CGently dipping Steeply dipping

All data
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” : “Flinn” Plots for ore bodies at Renco a) Gently dipping
Kinematics 10

Open Closed
Low grade o B
— High grade “
e -
Steep Regional] —__
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Kinematics
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Kinematics Renco mine

Gently dipping
" | / ore bodies
inera |
stretching 4
lineations
N
]

1\00m

Dominant fluid
flow parallel to
shear direction

Steeply dipping
ore bodies
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garnet-biotite-alkali-
feldanas-quanz aherstion The importance of rheology
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Kinematics

a) Simple shear dominant b) Pure shear dominant

QU UIA School of Earth and

SNOYTNad Environmental Sciences

WUREIRIY  Ysgol Gwyddorau'r
Ddaear a'r Amgylchedd

(AFRDY{H




Case Study: Golden Pig Mine, Southern Cross Greenstone Belt, Yilgarn Craton

foaﬁ' /Golden Pig mine:

,...E , W 14.5 tonnes Au produced

: ' Marves Locs *Average grade 5.7 g/t
*Production ~ 50 000 oz p.a.
G VicToma *Reserves = 2 years

Nugus, M. J., Blenkinsop, T. G. Dominy, S., and Robson, S. 2003.
Enigmatic Kinematics Resolved in the Taurus Shear Zone, Golden Pig
Gold Mine, Southern Cross, Western Australia: Resource Implications.
Proc. 5th International Mining Geology conference, Australasian
Institute of Mining and Metallurgy, 171-180.

&) Gold Mine & Mill
® Gold Mine

D Sons of Gwalia tenements

[ Greenstone Beit
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West East

Legend
Bif
Mafic
Ultramatfic
B Qtz-crb-pyo-Au Shears
— Shear

0

Figure 2b. Geological Cross Section 14030N (A-B)

QU Scnooior carn ana
WNUTThad Environmental Sciences

AUALIIY  Ysgol Gwyddorau'r
QBN  Ddaear a'r Amgylchedd




(CARDIFF

UNIVERSITY

PRIFYSGOL

(AFRDY

!’ﬁ .
School of Earth anc
Environmental Sciences

Ysgol Gwyddorau'r
Ddaear a'r Amgylchedd




@ llgd School B g

UNIVERSITY Environmental Sciences

LUACIIS  Ysgol Gwyddorau'r
@UNONd  Ddaear a'r Amgylchedd




@ lUIE Schoolo
UNIVERSITY Environmental Sciences

LUACII  Ysgol Gwyddorau'r
QY  Ddaear a'r Amgylchedd




N .
¢ e oA ‘M‘MQ&» ,
Bad

o
2
-

‘ -
l\;.

QY UIE School or cdfurdant
YNV d Environmental Sciences
AUREIY  Ysgol Gwyddorau'r
QU]  Ddaear a'r Amgylchedd

o
oy




@ olId School -
UNIVERSITY Environmental Sciences

LUACII  Ysgol Gwyddorau'r
QY  Ddaear a'r Amgylchedd




@ lUIE School

UNIVERSITY Environmental Sciences

PRIFYSGOL Ysgol Gwyddorau'r
@  Ddaear a'r Amgylchedd




Pull-apart

No deflection o -
of foliation - / — Large L/W

—

No deflection

of clast boundary Q g
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Taurus Shear Zone Shear_
Pure-shear dominant Direction

North

Lineation

Vorticity
vector
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Original Taurus wireframe in long section looking west (after Brandes,
1999).
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High-grade, extensional shoot wireframe in long section looking west (after Robson, 2002)
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Exclusions and Complications

1. Reactivation and obliteration of syn-
mineralization fabrics

2. Strain compatibility at shear zone boundaries
3. Strain partitioning

4. Triclinic shear

5. Lack of lineation
(@ BlIgd School of Earth and

UNIVERSITY Environmental Sciences
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A practical guide to ore body orientations in shear zones:

1. Shear Zone Kinematics

\

2. Structural Controls on Ore Body

|

3. Orientation of Ore Bodies
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1a. Identify foliation, lineation

v

1b. Find Vorticity Vector/
Plane of Maximum Asymmetry

\

I1c. Check lineation:

| Vorticity vector, || to plane | to Vorticity vector, L to plane

=simple shear dominated = pure shear dominated
[@llad School of Earth and
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2. Structural Controls on Ore Body

2a. Strong fabrics = Fabric Anisotropy

2b. Shear Zone Geometry = Bends, Jogs, Splays

QY lUIA School of Earth and
UNIVERSITY Environmental Sciences
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3a. Simple Shear dominant, Ore bodies

Fabric control || to L

3b. Simple Shear dominant, Ore bodies

(bencs, jogsimtersecting fabrics) L to L

3c. Pure shear dominant Ore bodies
| to L
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Type of shear zone Lineation Lineation
and vorticity |and ore
vector bodies

Simple Shear dominant,
Fabric control

1 |

Simple Shear dominant,

Shear zone geometry control, 1 1
(bends, jogs intersecting

fabrics)

Pure shear dominant H H
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Conclusions

* Geometric analysis of structures, networks, and orebodies is the most
basic step in analyzing hydrothermal gold deposits. Geometric analysis can
include network topology.

* Kinematic analysis is essential for relating ore body geometry to
deformation, as well as to relate deposit-scale features to regional
tectonics. Pure shear must be included in shear zone analysis.

* A dynamic analysis of hydrothermal mineralization will assess pore fluid

pressure and stress, and can be used for numerical mechanical models. :
Kupol epithermal gold mine, Russia
* Analysis of rheology is the key in many cases to understanding the

structural controls on orebodies, which are commonly located on

rheological boundaries. Complex structural histories, and hence

reactivation are common.

Blenkinsop, T., Oliver, N., Dirks, P., Nugus, M., Tripp, G., & Sanislay, .
QLU School of Earth and (2020). Structural geology applied to the evaluation of hydrothermal

::.':::ZZ sn;nrfgmejzal Sc.lences gold deposits. In Reviews in Economic Geology, v.21 (pp. 1-23).
sgol Gwyddorau'r . .
Ddaear a'r Amgylchedd https://doi.org/10.5382/rev.21.01
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Summary

* A new understanding of shear zones allows predictions of ore body
geometry if the kinematics of the shear zones are known.

* Relations between the vorticity vector, the lineation and the shear
directions are critical.

* These can be determined well in core.
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