CHAPTER III

RESULTS OF THE STUDY

The results of the study mentioned in chapter I
will be separated into two main parts,petrographic

characteristics and engineering properties.Petrographic

jon of rocks in outcrop scale,

Engineering properties will

“_iﬁd strength of granitic
.J

study will involve observ

hand specimen and thi
be indicated by p

rocks.

Petrographic P

A.
The 'pl ‘ c':‘ “->' r“ ributed in Loei-Chiang
Khan area (Figufe} h ::;"" selected for thin section
preparation. Appro‘i«,dﬁhj;FAV ‘thin sections are made.

Modal volume of quarE£z dspar and plagioclase of

these rocks @ie petrographicallv detaly . The results
il- . . Al

1@ QAP € 2) as suggested by
s€n, 1973).

are plotted 1

rThis diagrdm indicates that the

o o/ ;
plutonic ’ﬂ:mqj ﬁﬂﬂj mﬂ? distributed in
three roc qgro :, gra oi s,:i! to nd dioritoids.

¢ o
0 : | i ), ‘ "1

IUGS (Streckei

o/

o1y

Granites.

~Field investigation of Phu Sanao batholith
involves lithology and weathered features. The lithologic
observation indicates four distinctive types (Table 3-1).

Thus, the rocks 1in the study area can be divided into
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(Ma) H230,
(Jacobson et.al, F 4

%ﬁmwmmmaz@.

— Main fractures DEPARTMENT OF GEOTECHNOLOGY, KKU, 1987.
0.0 Amphoe, Changwat Comoiled by P. Wannakao
=== Main Roads -

Figure 3-1. Map showing granitic distribution in Loei-

Chiang Khan area with some index sample locations.
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four subunits and named after their typical locations as
Phu Sanao, Phu Lek, Ban kok Du, and Ban Na Khaem. Figure
3-3 and Figure 3-4 show the distribution of the four
subunits and lithologic cross-sections of the area
respectively. Whereas Figures 3-5,a,b,¢ and d are close-up

photographs of polished slap sample of each representative

subunits. Distribution o: subunit is also separately

shown with3- dimensi, ,

.and profiles are

carefully obs athering grade

classification nitic rocks in the
study area jing profile of each
subunit is pictor o~ _:-LET ted (Eigures 3-7 to 3-10).
The Phu Lek Subu 7“( atize \ ete weathering profile
ranging from = -}uré 3-7). The Phu Sanao

Subunit showsﬁ&; ntain ridge while

most of the radl u_;idge in the lower

area are in éELde

Subunit exposeddipn, the lowegx, undulating topography are

imicsca B LU RHTIINEINR Fiouee 29 vt

scattering Iresh corestones.

ARIANN I URANYIQY

Large blocks of fresh corestones lying in both

gureﬂ}—a). Ban Na Khaem

continuous and discontinuous frame work are common
features in Ban Kok Du Subunit (Figure 3-10), hence these
weathering profiles «could be designated as grade III to
IV. The map and cross sections of weathering gradation are

established in Figure 3-11 and Figure 3-12, respectively.
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Table 3-1. Type localities and their lithologic descripfion

of the Phu Sanao Granites.

Locations Lithologic Description

Phu Sanao Coarse-grained granites, are pinkish white

(PS) to -\ "/p anerocrystalline of coarse
: EQQQS" orphyritic textures.

kish microclines with

mm. Groundmass is
ly of gquartz and
7£_. “subordinate mafic
‘ \\ These minerals are
yroximately of 30% quartz,
WY

M -5,a).

plagioclase and 1-2%

Phu Lek “f g anites, whiteish pink to
(PL) '

:3 ine  of coarse
V.T!=tic textures with

anhedria to subhedral
@ smicrocline®/ Ej enocrysts. These

ﬂummmu wechad grain size 210

mm while groundmass is awyerage 3-5 mm.
A TTENIT) ekt Veopmastone] & Ehne zoci ars
comprised predominantly of approximately
50 % K-felspar, 30% quartz, and 20%
Plagioclase.and 1-2% subordinate biotite

(Figure 3-5,b).

Ban Kok Du Fine-grained granites, are pink,
(KD) phanerocrystalline,fine - grained, and

equigranular textures with average grain
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Table 3-1 (cont.)

Locations Lithologic Description

size 1.0 mm. They are composed mainly of
K- feldspar (55%) and quartz (40%) and

less ,abundant plagioclase and biotite

Ban Na Khaem jornblen ; 'te medium-grained

(NK) b as|, sare whiteish to

anular textures with
4.0 mm. They are
in mafic mineral
other units. Mineral
tituents . the rock  include
; 22% - quartz; 35% K-

clase, 8% biotite

el

R kure 3-5,4d).

!
¥

AU INENineIng
RINNINANINYAY
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PHOTOSCALE

h'0n1|

Figure 3-5.

different“}gﬁ?

(a)

The

Subunit,

photographs illugtrating
l; ‘Q) ﬁ!‘é
1 00K

(¢) the Kok Du Subunit, (d)

Phufl's ?}& Snunie) - |

ypical qhgracteristics of

the Na Khaem Subunit
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Figure 3-5. (Cont.)

09



ANEINYNINBINS
AN TUUNINGIAE

Figure 3-6. 3-dimensional surface and distribution of the Phu Sanao

granites, (a) Phu Sanao, (b)’Phu Lek, (C) Ban Kok Du and (d)
Ban Na Khaem Subunits.
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Table 3-2 The weathering scheme for granitic material at

Phu Sanao, Amphoe Muang, Changwat Loei.

CLASSIFICATION DESCRIPTION

WEATHERING TERM DISCOLORATION/DECOMPOSITION/DISINTEGRATION

GRADE

ITi (straining) on
rfaces, mineral
,with hardly visible

(F-SW) :
IT IIii  SLIGHTLY / P: *.: —-; lotired (<50%), P, Bi, Hb,
WEATHERED f" ‘iA‘~sed, Microfracturiﬂg are
ITiii sw ), Bi and Hb

are slightly decompo

AU ’mﬂﬂi’n}l’lﬁi 0
AN SN0 8 e

RATELY gritty, without any appreciable weakening

d and beginning to

WEATHERED of the rock.
(MW)

IITi MW Completely discoloured, slightly
decomposed with less than 10% of the rock
material is decomposed, P and K-f are
moderately decomposed (gritty), Bi are

moderately decomposed and staining many
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Table 3-2 (Cont.)

CLASSIFICATION : DESCRIPTION
WEATHERING TERM DISCOLORATION ,DECOMPOSITION ,DISINTEGRATION
GRADE

‘ g minerals.
111 = sly Gigured, Moderately (10-50

T —
ITIii MW ad/or disintergrated to

,..w ale wes ening of the rock)

r A \\\\\ discontinuous seams.

a ATNNN
rock is present

4 \\: quous framework or as

ained, highly decomposed

WEATHERED (3 ~ roek material is decomposed) with

ation developing and

; ise to a fresh of
: woa rock or corestone.
Y - Completely il stained, most of P, K-f

ﬂ % EJ ’J ﬁﬂlﬂ ?%ELQ ﬁ %\posed (clayey)

WEATHERED , so%p K-f are highly decomposed (gritty
QRIRIN U AN INBAERE
disintegration of the rock, but
original structure and texture are still
largely intact.
VI RESIDUAL Residual soil, deep stained, all feldspar
SOIL(RS) decomposed, quartz grains are reduced in
‘size, the mass structure and material
fabric are destroyed and losing of

granitic texture.
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weathering

(a) profile

R Y e

Classification
Grade Term it
Vi RS
\% CWﬁ\
DESCRIPTION'
V HW
\ Brown, texture destroyed
mka‘
\ yellowish brown, complete granular disintegrated,
\ - texture preserved.
]

MW White, highly microfractured {<5 mm. spacing).

Whiteish brown, moderately nmicrofractured (>S5 ma.

spacing) with tighted boundary.

Figure 3-7. ass
photograph of

profile class}fication.

R Ny A%
weathering profile of

measuring section (at

it Yellow, complete stained, without or slightly

u] ﬁ 3 Whiteish pink to pink, coarse grained, without any

s

the Phu Lek subunit,
Phu Lek), (b)

picrofracturing.

(a)

weathering

LS
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(a)

DESCRIPTION 4

fop soil

’qrcyish bla

| Soil, yellowish brown,.

granular,
destroyed texture: =

R o ——
Grade¥, |/
ieathereq:]rock, vhitish. qrey to

yellowish, goarse qrained, resid%gl
quértz 3§ﬁaihsq'ﬁgépdf “1ﬁ$¥n§1

e - f i o
smcture preserved 10

2.26 |
== ==-—=|_ 1, yelloyish brovo
:‘:'T?-:.;{;t—' __ J Fa

weathered_éraniﬂe.drade v
(a)
(b) weathering profile,

Figure 3-8. Measured section of

of the Phu Sanao Subunit, general view showing

Phu Sanao (top right), (c)

measuring section.
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Figure 3-10. The weathering profile of Ban Kok Du Subunit,

shows continuous frame work to discontinuous

corestone of grade I (a) and top left of (b) set

in weathered granitic mass grade IIIii to IV. Fresh

surface of corestone also shows in (c¢c) (top right).
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Figure 3-12. Generalized weathered profilés . across
terrains of Phu Sanao granites, (a) section A-A’,

(b)

section B-B’.
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C. Microscopicd Determination.

Thirty six selected thin sections of Phu Sanao
granitic rocks are examined for mineralogical contents and
textural characteristic. The main mineral composition that

found in the rocks are gquartz, alkali feldspar,

plagioclase, mafic mine W/and accessory minerals.

Textural features ;"' e mineral grain size and
grain contacts. > *:uk‘s . Sroscopic determination
are summarized ) 3 f‘--F-.neral percentages are
also plotted 5 re 3-13). These
microécopic our distinctive
subunits simi bservation. Thus the
rocks could be nao Syenogranite, Phu
Lek Syenogranite bfeldspar granite and

Ban MNa Khaen Monzogranite. Detailed

microscopic descrip subunit is tabulated in

Table 3-4. (B ' s o Ese  subunits  are

illustrated 4n , E. The results in
Table 3-3 canEBe exp das grapJBc plots to initially

compare their refationships (Eigure 3-14, Figure 3-15).

AULINBNINYING
Englneeriny Properties.

MININYINIANEAY, .......

Chapter - are designated to test both physical nd

mechanical properties. Results are summarized in Table
3-5for further interpretation and correlation. The
relationship between some physical and mechanical
properties are also initially shown in Figure 3-16 and

3-17 respectively.
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Figure 3-13. Plot



Petrographic properties of the Phu Sanao granites.
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Figure 3-14. The relationship between major mineral

constituents and average grain size of Phu Sanao,

Phu Lek and Ban Kok Du subunit.
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1

contents and weathering decomposition of Phu Sanao

Phu Lek and Ban Kok Du subunits.
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Table 3-4. Microscopic description and c¢lassification of

the Phu Sanao granites.

Petrographic Microscopic Description

Classification

Phu Sanao It ¢crystalline , medium- to

Syenogranite ““' allotriomorphic with

anu

: ’“hyritic'texture (Plate

‘i_?;xaﬁ‘uhire subhedral perthitic
‘~f\?3\~ost minerals) enclosing
AR

A\

mposed approximately of

N ommonly occurring as

g

(guest minerals) of

rocline, 29% quartz,21%

biotite and minor of

e m e e e 1

N
of dynamic structures

EB are common such as

FJ] u ﬂiﬁﬂﬂmﬁnﬂﬁzlfsuued from
o ARNANIDUURANGAAY . v

rushing gliding and

Syenogranite grained , inequigranular porphyritic, and
allotriomorphié rock. The microcline
phenocrysts preferrably illustrate
perthitic textures and bending

cataclastic structures (Plate 3-3;PL-B3).

The main mineral contents of the rock are
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Table 3-4. (Cont.)

Petrographic Microscopic Description

Classification

perthitic microcline (53%),

plagioclase (16%) and

C3 and PL-D3).
are specially found

Plate 3-3;PL-B3, PL-

Ban Kok Du rained and equigranular
Alkali feldsrar g »;%g-'z o ires with average grain
granite : 7 Its fabrics are granular
: ing contacts to
: “Ee 3-4). Mineral
constituents of tﬁl rock are composed
inl%ﬂ of llkali feldspar (55%), quartz

ﬂ‘lJEJ'IJ;'Kl Ylii%llﬂ’]ﬂ‘i 200 pdues

amountfof accesgory mineradls.

ammmm AN E

Ban Na Khaem is holocrystalline, medium-grained
Hornblende- equigranular allotriomor- phic rock with
biotite average grain size of 2.0 mm. The
Monzogranite The considerable amount of hornblende

content 1is a diagnostic feature of the

subunit. It commonly displays as euhedral
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Table 3-4. (Cont.)

Petrographic Microscopic Description

Classification

crystals with trapped panidiomorphic

usions (Plate 3-5;NK-A5,NK-

Zoning textures of

dmonly present as well

el

lende (Plate 3-5;NK-D5).
“\.“H

- of the rock are
4% K-feldspar, 27%
tz. 8% "blotite, 7%

esser amount of

AULINENINYINg
RINNIUUNIININY
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Plate 3-1. Photomicrographs of the Phu Sanao Subunit
illustrate general texture and mineral

constituents of the rock.
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Plate 3-1. (Cont.)

PS-Al : Syenogranite showing perthitic microcline
oikocryst (bluish grey;right) enclosed
chadacrysts of plagioclase (light grey),

‘biotite (pink) and opaque minerals (black).

Quartz ite) and biotite (green)

are at topped-right and

PS-B1

quartz
( \ ) euhedral plagioclase
; - \\ accessory
h pa {:ﬁx !inerals (black;
ES-C1 : --* g completed crystalli-
plagioclase chadacrysts

e = fﬁ
PS-D1 : { - inequilibrium

i

c .-talllza o} textu perthitic

ﬂ nicfo®iline with @ksolved Ejbite intergrown.

The Phu Sanao Syenogranite #rom Loeisy

vasrlellack6h Gek) 34 WINYaY

(Micrometer, 10 divisions equal 0.25 mm).
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Plate 3-2. Photomicrographs of the Phu Sanao Subunit
illustrate dynamic textures of the stress

granites.

PS-A2




Plate 3-2.

PS-B2

84

(Cont.)
PS-A2 Stress granite showing bending cataclastic

texture of biotite and perthitic pattern
gliding of microcline.

Stress granite showing twin gliding of

plagiocl d-left) and developed of

rtz and feldspars by

dynamic crushing/
\\\\\\\:clase, gquartz, K-
\ 7- twin wglididng of
and microcline

hosgs ;,“-' ctures fine-grained

owing twin gliding of
gory extinction

ar crushed shape

"[pped -right).

i mmﬁiﬁmm‘::::‘;“ i

QAN AN AR AR . ...

and twin gliding of plagioclase (left).

The dynamic syenogranite of the Phu Sanao Subunite ;

Magnification 24X, XPL

(Micrometer, 10 divisions equal 0.25 mm).



Plate 3-3.

Photomicrographs of

the Phu Lek Subunit.
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PL-A3
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Plate. 3=3. (Cont:i.)

PL-A3 : Syenogranite showing almost of perthitic
microcline with guest minerals of guart:z
(topped border), patches of albite and

opaque magnetite (black ; topped-right).

PL-B3 Swvenogranite showing micro—-kink
of perthitic pattern
:L ' 3

PL-C3 : e showing undulatory
 §§$:\~5 with long irregular

.i by \ hlasis.
PL-D3 wing microveinlet of
uartz with saw teeth
\'S\ ure of their 'gxrain
PL—E3 graphic alkali feldspar

o ing micrecgraphic
Eﬁextur- of""esolved ﬂauartz (vellow) on
dpitic-alkalés feldspar and perthitic

AU HIANENIHENRT ceovecrivern.

PL ﬂB : Micrographic K-feldspar ite showing

q Wf] éNeﬂ WN%'}Q\ wﬂcﬂe’azﬂ (gquest) and

albitic-rich feldspar (host).

PL-F3 L/

PL-H3 : Micrographic K-feldspar granite showing
exsolution texture of gquartz and perthitic

microcline.

The Phu Lek Syenogranite from Loei ;
Magnification 24X, XPL

(Micrometer, 10 divisions equal 0.25 mm).
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Plate 3-4. Photomicrographs of the Ban Kok Du Subunit
illustrate general texture and mineral

constituents of the rock.

KD-A4 : Alkali feldspar granite showing fine
grained perthitic microcline (grey),
chlorititic;ybiotite (high birefringence),
quartz (whifﬁi;gpd plagioclase (grey with
albite twin ; cenfral).

KD-B4 : KTﬁéli_ fehdspar 'granite showing fine

P

fd{an%edral quartz (white, yvellow and
e iéﬁ,gﬁeg), microeline (grey and black)
! e

jf§égrpc§a§e (bottom) .

f Y .IrJ_
The Ban Kok Du Agﬁgr Zfeldspar Granite ;

g A sdla
Magnification %h:??L .Ffﬁﬁ

E—

(Micrometer, 10 divisions

regual 0.25 mm.)

= -

KD-A4 KD-B4
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Plate 3-5. Photomicrographs of the Ban Na Khaem Subunit
illustrate typical texture and mineral

constituents of the rock.
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Plate 3-5. (Cont.)

NK-A5 : Hornblende-biotite monzogranite showing
typically noticeable amount of hornblende

(yvellow, euhedral) and biotite. Quartz

(white ,n Wwhikdsh grey and blck) and

) are also present. All

.....

ali rocline host (bluish

L QQQ&~ -Ehttern)

P

£ 2 20

NK-BS nonzogranite showing
ornblende (with

ite inclusion;black)

NK-CS monzogranite showing

with lamella-twin, and

-
-

NK-D5 “if e

I |

ogranite showing

hornblende.

'uvoning plagioclase ané

qmm izﬁmm ny4t



Table 3-5. Summary of Physical and Engineering Properties of Phu Sanao Granites.

Sample Mo.  Sat.Moisture  Porosity Bulk Demsity Bulk Densit \ Coge Sample

Content Saturated dryi;;hlhhl‘j , & - ucs 1850 IDl ID2 % of wear U
(%) (%) (g/ce) glec) - Hoisture petfiLy MN/sq.n  MN/sq.m

ps-1 0.37 1.10 2.91 127.41 §.10 99.67  99.03 43.88 0.25
ps-2 0.50 1.40 2.91 266,51 - 99.52 793,08 - -

ps-3 0.44 1.30 2.89 91.92  10.80 - oy 45.40 0.23
ps-4 0.713 2.10 2.91 114.17 4.57 99.84 99.70 39.98 0.34
ps-§ 1.13 3.30 2.96 78.38 2.85 98.68  98.09 67.03 0.21
ps-6 1.30 3.80 .93 14.76 2.50 98.83 98.19 59.2§ 0.26
ps-1 .12 6.20 2.98 35.81 1.1§ 98.84 97.34 68.26 0.34
ps-8 1.20 3.50 2.92 45.87 2.63 98.36  97.49 §7.16 0.26
ps-9 1219 5.20 2.94 45.07 1.18 98.65 97.20 12,99 0.35
ps-10 1.63 4.70 2.92 54.41 - 97.75 96.42 70.83 0.35
ps-11 0.45 1.30 2.96 - 1.00 99.29 98.67 42.44 0.24
ps-12 0.49 1.40 2.93 — “ 10.55 99.28 98.76 48.36 0.36
pl-18 0.10 0.30 2,88 = 7‘ 150.75 9.85 99.51 195,15 36.23 0.23
pl-19 1.06 3.10 2.96 Iz, 2.93 B ) 151 JRL 56.22 1.50 98.35  97.00 63.96 0.21
pl-20 1.16 3.30 2.9 0.34 2 58 Ll A6 “ 98.67 95.20 40.63 0.48
pl-21 1.64 4.80 ﬂ u EI fa Qn ﬂln j wsﬂ ’tﬂ g A0 138 9590 9343 7556 0.37
kd-24 0.48 1.40 4.89 11.10 99.66  99.53 25.66 0.22
kd-25 0.42 1.3 4 95 15 0.0 2.5 1,58 65,53 12,25 99.62  99.40 26.40 0.22
kd-26 N 1.90 q WO’-I a\ﬁ ﬂsim M% r]sq WSEI rz]za Elz.m 95.96 99.40 86.14  0.52
kd-217 1.60 4.60 2.90 2.86 33y 10.29 0.34

06
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Figure 3-17. The plot of unconfined compressive strehgth

and median grain size of samples from Phu Sanao,
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Phu Lek and Ban Kok Du subunits.
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