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GEO210 Structural Geology
Final test. November 13,2020

This test is closed book and closed notes. You have two hours to complete the test. Please be
sure to show all your work. The total value of the test is 100 points. The point value of each

question is shown.

Question 1 (25 points): In the geological map below, the fold predates the fault:
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a. What is the stratigraphic order of units A (yellow) to E (white)? What kind of fold outcrops
in the area?

g-pP-C -8B ~-A
1 1

b. Mark the upthrown (U) and downthrown (D) fault blocks.

C in northern block agoinst D in spouthern block
D in r\ofﬂwn bﬁOC/C aja,f‘/\.(f E in foothern Slockk

joun3¢r in prorthrn block ajanSf Older in s20thern block
Rthlaub 86 B erma bt s s T 20

Blve lines

Shike = 29|

Dip : atan ’% . 53.5°% & 547 (RHE)

d. Draw the fold hinge at the contact between units B (gray) and C (orange) on both sides of
the fault. Notice that since the fold limbs have the same strike, the fold hinge is horizontal
and parallel to the strike of the limbs. Mark the intersection of the fold hinge with the fault on

both sides of the fault. These are piercing points.
See red hinge lines. Nowa/n one ;5§ at elevation SPO m and

infersects the {%/o‘ af SO
Sacﬁﬁcln One 15 of 639 m ond infesrSects the /6/0/ aft 61° ae

Pida‘n peints ase ma//((o/ as :P
e. Draw the fault slip vector. What kind of fault is this? What is the fault throw and heave?

Slp veclor i5 pepunbicolar fo e foult 000 Hherefore
{-Le shp is d)p_slip, The Fa.u/f s a rormol faull

(_l\'od\ja‘rjwall dOwI\WaldS) ond the }Ahows iS5 /3°m (63° -roo)/

ound /"24 heowe 15 110m (;ﬂVIIW/WLq( diS/o,,\Q 0/ .Sl/.)
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2. Question 2 (25 points) For the geologic map below: ij/ M}Qu‘"" e
/ [immb 7
._’ l | | |
‘ ‘ Fm. X | Fm. X i |
{ k. 8 | Fm{ Q | s -b
| f . | .
<’ _ < s T '.‘ \'\ - e </
;s
~ '«/" ] I (1()—{ Fm. X
A ‘ : !-1\‘
5 ||
61 b 54| | €> , | |
o | F T B
L “ |
h ’ i o |
fr . |
| L R
?
Sgnc line
W [imd |5 ovardorned pry



Nestor
Fasit


Student Name: Fasit

a. Draw the axial fold traces in the map. Make sure to label them with their correct symbols.

b. Complete cross section A-A’

c. Formation X displays axial planar cleavage. In the cross section A-A’, draw the cleavage in
Formation X. Do this for all folds along the section.

d. Slickenlines on the bedding surfaces indicate that the folds formed by flexural slip folding.
In the cross section A-A’, indicate the sense of shear along the beds. You can use the top and
bottom of Formation X for this purpose.

=)

e. Sigmoidal veins are present in Formations Q and B. Draw these veins in the cross section
A-A’. Make sure to do this for all folds along the section.

(L ¢
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3. Question 3 (25 points): The gradient of vertical stress in a sedimentary basin is 23 MPa/
km.

a. What is the vertical stress at 3 km depth? If the pore-fluid pressure ratio A (pore fluid
pressure/vertical stress) at this depth is 0.45, what is the effective vertical stress? (remember
that the effective stress is equal to the normal stress minus the pore-fluid pressure).

OV:z23x3 -69 MPa
P : 045« 69 = 31.05 Mfa

OC'v - 69 -31.05 = 3%.95 MpP.

b. The basin is under extension and faulting is controlled by slip on preexisting, cohesionless
crustal discontinuities with ¢, = 30°. Using the Mohr circle diagram below, estimate the

differential stress for normal faulting at 3 km depth and A = 0.45 (notice that in the Mohr
circle, the horizontal axis is effective stress ¢”).

P 2 30" 7“
A7 = f',\(“{*"

o o A:oys
T ) (e)

,}_.'o_AS

0’1401 S‘o ¢'o 1‘0 o'

Y for thevst af 2:0.3

(b) r1- Oy
01-6" 2 25 MPe ( cirde (b))
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¢. Suppose that the pore fluid pressure ratio A at 3 km depth increases to 0.8. What is the
differential stress for normal faulting at this depth and these higher pore-fluid pressures? Use
the Mohr circle diagram above to solve this problem.

Pz 69508 = s5 2 Mpe

o'y - 69 - s5.2 = 138 MPa

F'y-5's = 9 MPR (crle (¢) )

d. At a later time, the basin is positively inverted such that the basin is under horizontal
compression, and normal faults can be reactivated as reverse faults. What is the differential
stress for reverse faulting at 3 km depth and with A = 0.8? Use the Mohr circle diagram above
to solve this problem.

5F'v = 13.8 MPe

\

{;9/ o t st 53

54 - F'3 = 28-30 Mra (arde(d))

e. Do high pore-fluid pressures facilitate the reactivation and inversion of the normal faults as

reverse faults?
(arcle(e))

Yos. If N woold be 045) 1he diffetenpan
stesS (o6 —5’3) /G/ reverse F’vulﬁry woold be
moch ijc/ Fheen ,é( X -0.8.
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Question 4 (25 points): The figure below shows the focal mechanism or beachball diagram
for the M 7.0 Neén Karlovdsion earthquake, off the coast of Greece and Turkey, on October
30, 2020. A stereonet grid is superimposed so you can solve questions (d) and (e) (using

transparent paper and a pin).
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a. Mark the Pand T axes in the diagram

See ) /aq fre

b. What do the P and T axes stand for? What is the angle between these axes and the fault slip
vector?

T)'W/ stand for pressore and fnpon, but }»ﬂév ofe
achja//j {,Qc. pn‘na‘/a/ exfen SSOn ond .onr;Lalnj axes of
t'n/}r\ihﬁm/ Streen ., TACy ove at 4S° Ao + M
Slip veetor.

¢. What kind of faulting regime does the diagram suggest?

NO ma( ,de/?l"r\g

d. Mark on the stereonet the most likely fault plane that generated the earthquake (consider
the Anderson theory of faulting). What is the orientation of this fault plane?

TRe northern dipping Luth dips 30°, while the sovth.,

O‘ipp;n7 booit o 62° According 7o Anderson, normal foouc
f’rmw’ al o dp orgle of T 6O Tj‘/‘zl{’/@/ the Joother~

dipping favlt Seems more likelt.

e. What is the orientation of the movement plane and of the fault slip vector?

QpproXinalely /83/88 (BHR)

b}

Sft‘p veckr is oboolf /85/4’0 L Hend X}o[u,\je)
So HsL moVempt S n\anfj d;pfihp-
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