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Bfanches or Geoloa(j: The ﬂe""’% can be divided tnto eeveral moin

and  allied bvanches for easa Studxd of diffévent QSPfds on tre carth.

Mo?r\ b\anches of 8GO|083:

) Rh(‘jsl'cg| 889"% - 91 s the sl.udd of Fhastd Jeotures of the
eoo\{h- Such as  Voleanoes, alqc?cyls, GaS‘lﬂ"Cvmkes, land Slides, vivers cele.,.
dh Hj’nea]oloa‘d - Gt is the Studd of basic fundamental rmaterials which

form‘ma 2ecks and oyes.
Minevals- G4 is a combimabion of Chem?al constiuents in the envionmest

Which  ghould be hav?nﬁ a definite chemical Composition, atemic
Stwctue, Stcture, texture.
iy .

F:ehoioag - Tt is the Study of vpcks which baving différent classifiamlon
S{VUC\TUE:‘“),. textures etc,,.

-
Jaheous Rocks — 9t 1 -be jocks  dhich e Jormed ba wlidifabi on of
molten N‘»Oamg_ (or) lava .

q;s'ed.'men’cara Rocks- These aje the Sjocks johich ovle formed bﬁ sedirmentatien of

ValliouS materials  Such as Sofl, chskj Sand, laaves & dead bedies of Plan{s.

ﬁv)Siruc{Ur:Q\ Glgo\O%%j G 1s e Sl:uc% of Various stvuckures of Yocks
Such as Aolds, faults , joints  and unconformifies.

(V) HiSkOYiCQI Qeoloaa — Gk 15 the Stqdj of Hstorﬂ of Socks and 880'08;'(22’
featares of he eacyth.
Vi) ﬁl_lomtgioaﬁ -~ T is lbe St‘udy of qun{s,' trees, animals.

Vii) F:;Cono=mic Gleolg&(jg- T ‘s the S{QCJU O‘F Qo’Uon‘{aaes O{‘ 86‘01085

Wrth 3espect +o € conomiaa|  Corditlons.
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@ {'nameerma Gleo\°aa:~ Tt is the "lLdy of Slocks aeolOaica\ oaon‘{S;

i Structures ofaeo\oas awun:)wa{m]. al s much oelated Wikh clvil

enamaers in the SIGSPGCLWE'S or bu||dprﬂg’ 9|O:1d5 damg ancl other mcyov
civil  constructions.

© Hﬂdm‘oﬂfj - Gt is the Stucla of around walen and its mo‘e"m{ Positier
C\ﬂd hoqac{enshcs |
""6180 Phas.cs Tt is the stuch of p\-aslcnl Fmop@]bes of socks such as

5\"0’16‘0@53» Stfefﬁth Sesislantes etc.,-
; Normmally Jeo- F!‘aslco.) methads oje:
@ Giravily methed-

ng) Eleckriaal rnethed -

%CC) sefsmic  methad:

(i.d) HaaneH’c method.

) Radio metric methad-

bv1 Gieo- chem?sha;— G $s5 the SEua'd of chemical PWOF@'H@S of 7ocks.

L.’

leFochane of 6160‘0821 i cPvel Enafneerfna with case studies-

The civil @f’aineers am at Sa{éLH,SEabTIHTd , @.conon‘y and Iife o(;“-:the
f9tructureg Hat -khea CanSkruct. civil @na‘nnc-erfna consktrucHons like

' dams and bridaes AN {he?q foundations on 8eol<ﬁ?ca( fosmrations of

the @uth's  Surface. othejeise . the cost of constructon Wil increase-

“These

critical delatls of cevil @na?neevina mportance  Te.,

Dufabﬂ'rfa and Compekence of -t%uncb{-;on Jlocks.
z”*ﬁe?a] deP{h of oCCurrence

éanﬂab‘.ma of éu‘uld»'na rmaterfals.
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\Nea’chenna Plocess:- Gl 1S defined as -the plocess of ‘s.niearagoa _

{(0') A@Compoeution of slocks due 1o different P'}‘jﬁ'm1 , chemical - and
bno\oa.co\ factors. of madure. pue 4o w@qﬁ)ema siocks  becarme  Smalle.
Phasmal factors:: |
(') Rind - Gt is q major {ackor  1ahich d.s,n[eam{;pa +the sjocks hd meanrs
‘0( ovel Skiiking with  punticles.

u, Glmmla T s alse a —F’achv Which Causlna c],s,nteayqf,m of JockS: When
h‘-’c\\ia bOdles -Falhna ‘P?)om, |ona heah.ts !

““' River == Tt is a major cause of drSmteamhon when it is contipucusly
Sﬁlkma With hah velecty, Paesswle head.

'B'Oloanc:al 1%ctors

() 15jess and plants :- Whensver the siepts of the plants and tsees Al
fevetate into @*‘35"8 Colackg of tocks Wil cauges d:sintcavot%on-

@ Animals :- whep insects age diggog the wecks for the peatpose of fod stoting
tests 4bPs Wil cauges clfsmieamhgn

1
|+
|

) Bacleria - whenever  dead badfes e C‘ecumPoSlﬂ ‘H"@J‘e will be cle#nr{e

@ﬁmahon of toxic acids. G i causes d.sm{egvahcm
' Chemical factors :

l

[

i

o ldhen hfah contentrated  dissolution acids aje {formed n betueen
l

the Sfocks due  to envivonmental charﬁes These aclds  have h@l‘) %O%L
OF cJ.Sun‘lsarahon |

¥ .Gleo|08:Ca| Agt‘—’”'tsi
| Gleo(oafCOJ Oﬁen’fs e the maSn 9'8a50ﬂ5 for the C‘?QFHGS in.

the  envivonment - Normaﬂﬁ 8eolc8?cal Qaenfs Volcaneces Cadythq uakes,

Iandshdes Valley s, 8lac:ers, Thundkers | T3 ( Tsuram$ ete.,.
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(m?d lopt S\ ea ;
! gcntj‘ SO{MB) AN

I
i'jn}{.;‘g\ Sla$g.— In ~ibis S{nge “the pale (’.‘;P.IQ{Q‘(J a]n'c'r\ Wi fleco :lapidl;f

-
-~ . = . = & @',?3'
S Ovey tbe SLe\T Sloru‘s; of Bl Due Ho his hﬂ“) thcdl_a “the @vosion 0!
M 1
colll like Aivi deed :‘.nral[

Docks WL takes p\«'\(‘cn Tn ihis :‘?{nae‘ ‘{the  floce
! ]

Stteam hope no sedimentation -takes phcc*.

Yoeth Stage :- dn {his  Slage the divided streams ol fiows owr the,
foot and combined logeters fin -ihis Stage lhe ity 19 bigh and
@;‘:ios‘,on l-\’\lu b‘s (\"8(6 ‘\)}\“n Q\n\fﬁj‘l@& "“O Tn‘;li‘” Si(ﬂf ta) rTbe -‘:(‘("':mn{ﬂrhﬂ

WL not  takes place.

éf\%{m’e Stna. = T hig g{uac_. the opwer fs Mﬁnla developed nle
’l“‘@“’ boc’d - Mege the WOC'\{(‘I will ke less  cohen compared Lo Toibia by
.Umﬂ) mc\aes The aedtmentation Wil 1ake Ph(‘c‘- For Civil QVH\N\\’I'S maluwe

'gtn‘a@ S \md ‘:m[ﬁLon{ Ry dhilizations like Trrigaton, pmestic e,
old s{a(c}e ey Fml S&aae:~~ Tn “this Sln((]\s‘ due to 8“;({;@”[ ~fAmabtion
The VelocHtJ, of Ve “fleco 5 almosk Zevo. “The fiml S{md@ cue to
lack c{r @’\?'35 the viver an be divided oo - Sticams, Hene Sedimnfa-

ton 1) e bigh.
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e e s Ml’m‘zs’a\oad s /\nc:J R”"&,olca?]
* ' Hineral +- A mineral ] .
| al My be defbed as a nadural, 1 organic, ‘mrrman(wmr,l

' Solid Substance

N hﬂ\llna a de'@w-t@ Chemical CfomPn.'JJLfcm, anc Dl‘-’"{}Ukﬁ] atorsite ELT
| Under £y 1% ‘ ‘ |
| aVourable  conditions the Pequlag

! errl Crl'omlc.‘ ‘J{JUC(UW o-( it el s
i Jesults '

I
n the clevetopment of definile  exlernol tacfmw!n’ml shafeie., (.'V('/F;la.ln
¥

f "
%Rock. W defibed as pe forred

by solid ifiention of ' molten rragra. @) fav.
| lgnecus  ojocks! Theee e the ocks

of Vo

_; QJlious i S

g‘,s matetials such qg Sd, dust, sand
F , ,

d} called Sedime
of both %neou

which ane farrmed bfd geclierenitalz,
, deadborlies of  planl, danimal;

Moy Siocks ! These age lhe 9ocks which avje “fovmec] by corntined
S and S@climen'fagy Fecks,

* Di Herent methods  of s’cudﬂ of minevals %~
Eveva mineral has ts own cbhemical Cbm[x,g;t‘,cm ord atomic slructure.
Cormon. ethods of 8‘cud8 ord identification of  minevals "GYG b‘OSced o'n

(i) heir Pb}jsical poopebies (i) thelr chemic Composilion (i) “Iheizy optia

Poopentles  and (IV) theicl  1-1ay amlag%g-

like colour,

L'l)g 5J(Uda of Pbdsicnl PWOP@lHes . Pbaeim\ Pmo[wﬁ-ies of minerals
5}%78 Stesistance o Scratching | dlentily flosility el can be
;j\/mh the Sledference of Bman  mineral gpecirnens-

Studiced

}’ é" S'L“dﬂ of chemiaal Co«fosfﬁcm - EV'-’Ya mineral 38 10 have W8 own

{ édiSHQCE’Ne chemical Comfbs"Hm’ uohich 15 it be fBund| Qra olter  mineval.
E ;'The{c\yre, by chemical cmobdg,'s H composition i3 keocon o identify “the

| . Mineral |
‘&“’ Shdd of OFUCOJ P:ﬂoFerlHes :-the  properties of minevals ke Ca.ﬂouy,
EY@H&(\ C[@cwoﬂe, shape and Pleachvoism ave studied under [”0|05Wff’d
iha}’{ e Studied unden (diessed Nicolswith “the helpoly othe a ccessdiies

I ——
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=|::1 'rs‘\%k—e&{cgmamlﬂg;g makes Use of tbe de-ﬁ:‘ﬁke alomic
F n 4

Sky ﬁra kih;t . sirilany W[y S Rtk eeanes but whaverirstRARREF Bo e velengt
uctuve. They ane S

Yo the distances between atoms in a CYUS[QNDG miperal atte e ‘n the
“‘Ya*d aml:dsis.
ad Phasim\ ’PJ\OP@]HGS of  wmirexals:

QUOJH:’L'. Glroup-
I colowy) - Tts colow) is que
Form - Tks Surface fs rmssive

3 Streak - 1S s’creakirra colour 15 white

Pink-

M. LUS‘[‘U\’@ - s Shiﬂa mockaye is metallic

5+  Cleavege - qis @xish‘ra Cracks 15 Absent - o
G. FS]achxre - Tls surfdce nature T8 even {o Uneven
1. SPecfﬁc arcw'\ﬂd - TJts SP.am\ﬁha/ e Hiah

8- ‘H‘o':]o]ness - haydess P F '

‘ s ave
q. (Dearee 0‘p 'T\-(QnSPC\Y'eDCa — ’lt?’ {Yqﬂgraﬂencb %5 -th'n 6383
'LmnSFoJ]eni: to +ran S lucent-

Quarl 1 -

I colour — Gts colour 79 *Cvreen .

9. Form - 1l Suar-face TS *nassive’ i
3+ Streqk - Tts SEreak’ma olour 1S ‘areen'

Y. luskure - Tts smn.Ei nqture 55 metallie

S C‘eqvaae _ :H:s @x"g\-_-ira Cracksg ;S ﬂb%ﬂ‘k

G F9]ac|_u:']e - s Suﬁ‘l-(c\u‘e m{wle 35 @Ven {0 ureven
is I SPQC"'A:C arav'ltﬁ - f\:ljs S(D-amvi{(&/ ) {’Hah—
8. ﬂ‘wﬁmss - s hafﬂdncss s 3.

“'1‘. Dearee o& Tronsrm]encd ,.’1[3 -qunsfxnlenca, in thin mlaes e
‘(ran(x\ven{ lg -branslucent.

| www.FirstRanker.com



=| :1|;Ei;stRanke r.com

Firstranker's choice _ ,
I pou v‘va.FlrstRanker.com www.FirstRanker.com
Colour -~ fis Colou:] is ole aleeﬂ

Form - §s  surface js  imassive
S{qt’ﬂk— s S{rc—*ak\na colour 15 olive 8“’("‘
lusture - ™s  matwe  in g{md s Nepn-metalic

C‘eqvaae- Tts Gxianﬂ CDFCKS ¢s  Absent
F‘?lqduﬂ]e- s SuerC‘e hcrlu.sle i uneven

SPGC"’G\C 6mvH:U - 9s sp: 8““”?’ s Hi'ah (o) Hedwm
Hadness - 25 hodress s 6 1o

”.[}’aree of ’Tfansfzaslenfa- Tts -anstxns»rsnca %s opaque-
¥ ®Micq 8r0uln:

Hus g vite -

Colow] - Tks colowsy 95 silves|

form - s S“’]‘(Exce ?s lamellay’

Bt‘.jeoqx - T4s Sh@qk;na colow] H CO‘OUﬂ’IleSS
(Res'meous)

l“sﬂﬂ’]e =% Tis shimd natwie s Metallic
1S Pa]es@{

C’ﬂ’ava@e - Tts  existig Cracks
upeven to GVen

Fz]“"’“ﬂe“ Tis Sarfdce Datue i6
Bspeciiic (7“1‘““5— Gis  sprgraily 7S tnedium
thjdness - Tts handress 5 & to 2
Dc‘aree ok Ta;ans/’n%engr Gls —{mnsfm,enca
Biotike :

- Colour — s colow) s Black
Larrellad)

fs  Black

Ahin sheels ©n Transparent

form - Tis SLOI-(&CG s

; 5{9]@”.‘ _ 5{5 S-{-:}F‘qk\ra CO\CXJ.91
l'ugtw’e - T4s sh‘ma m{w]e 15 metq\l?c

Cleamae - Tts eXian{a Cojacks s Pv]osent

uneven

—

| FS"CLC'IEHSIG - S{S Sua]-(aCe DCT[LDIG s

}
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;'Dc-aye@ o-f 'l\rOﬂS[menCa—- Tts deayee o {'Yansfnnemd in 4hin erlae.s ate tranghiea

¥ Asbestos :

(Golow) - dbs  colow) fs 9rey

form - Iis Swiface is  Filous thvjaads
;sls]qu - Tts s%r@akina colowsy {5 GITEJZ/
%Lusw,e T s shing  radyge s Non-metaliic
Edeqwxa@ - Tks  ewishng  csjacks ig pojesent
| FSIQC{w]e = {it3 Quﬁ]'é‘ce mtwe s even to ameven
SF'SC"\C' 8mw¥a— Tts Spnarqvi@ s redium
ﬁq—"‘;c‘ness - fis havidress 1s 4 to 5
| Deaglee ey ’Wangrmpﬁca, als —qunsFmencU fs  opadjue-
| | Talc

| Colowy - Tts colowy is pale green

;Form - Us  swface is Massive
| ;S‘creak— Tts  stieaking  colow is fole gseen
lustne~ gis  shiny  mtuwe is Hetallic
Cleavage - 5ts existing  Copacks 1S Absent
EF91qc£09[e— Tts  Suyface nNate 's €Ven to Uneven <
{Sped'ﬁc ﬁsjava' it qp.amqv}ha fs Medium
gﬂaﬂ;dness~ yilc }nglc‘ness s

!D@%‘]e@ (yf Transfw(enC(L/- ﬂg de?‘;ee o{r —LB]an]OGjleofa fs o/DaWta

s}
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C.ollofcljlrsira Fﬁgr : éc'lﬁ';'&ﬁ s mlmN.Fbi\tsz.Ran ker.com
Form - TS swiface 15 Fibrous bladed
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Stoeax - Tts Sfteqkira Pﬂ’hﬂtﬂ 3 P colow] 15 Pa\é’ blue
lug5‘*’/6’* e sh‘ma natwie s Melallic

Cleav - 7 ‘ol
avage s e)ushra Cojacks 19 PWCSE”E

quctusle,. ks Swl'\(‘qce nqiu,lc_, 's  Oneven to conchodial

S’PSCWC 831@’"{8- s SP-arcwi{a is  High

thoidness~  Gts  handness 1g  ute 5 alona Qenal-h

Deaspe of Talans[quencd' “Thin @daes ane Veﬂa |ess dyansulcent -
¥ G|°9]ne£:

fiolow)- Tts colowy i be\omn.

§F°‘“L‘ tts  suwyiface is  Gojanull]

Slojeax-  Ots s’creqklna Colow) 1S \iah{ Bsjown

lue‘h’Je- s Sh‘ma natuye is Non-metallic

C[quQae - ls e-xisl_-inﬂ Cs]QckS 8 A[)Seﬂ'}:

?F9|ach,o1e - :[(:3 Swrﬁag nor‘.uﬁe lg even
| S{?e cf-ﬁ: 89}0\/5 - Tti SP' 8,0\,‘,{& i s Hedium.
: +'a9ldﬁe-53 -— .Ttg hosldness 'IS 6 o :”
| 26897@6, of T%onSpaﬂjeng - peo T 'hq"ffa‘lfnbd i Ofad/ue-
¥ | Calcite : -
fCo\owl - Gs colow 3 Pale po
| Form - 945 Suﬁl-(&ce e Massive
! Strcak ~ o Sk\r@q}ﬁlﬂa Coleuy 'S pale *:ﬂf\ow’l.
| . - e
glUS{QY@ - Tts gh;na mtae 15 sub- me ] ):
? . n
;Cje‘m‘ﬂe ~ . 9%s e\is’cima Cojacks 5, Hbe
g 'S pneven
Foactuge- g1s  aoface Natee !
?Speciﬁc @mv”t(']’ Tts 5{’8*@“& 18 Medium
| ; 3
- tHagydness - T bagdness ' i f i
| aSenty 15 Thin es (v) transulcen
i Dégg,Ee o']c '19](.103’9&’180%7 - D (deﬂgﬁ 0 8

|
|
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Colour = Gts  colowy 15 Groldish ﬂellcm'
form — Gts  apface (s Hassive

fS{YGQk- Tts Sll@qkl'na Colowy s Pa‘e Ue”w

lusture - th Shina radure 18 Sub-metallic

| Cleavage - g4 existing cracks is  Pbsent

vFﬁlac{uJ]e - Tls aurface ﬁQ’tUJ]@ 1S5 even 10 uneven

le:echq‘c 87(1\:'&:,— ik gr.ammﬁkﬁ 1S ‘H1'ah

fDeayee of TYQDwa]enCd— ﬁonsmencd is ofaqMue.
¥  Hemadile «

Colour - TS coloeo| T G\re%

Form - He quﬁce 1S Sthomble  massive

 Streak - gl SEreqkina colow| IS Gwey

“ustu\’E— 1 Sh'ma natusje s metallic

!C'eqvaﬂe' ic existing  Cracks is Absent

Pojactwie- Tl sworface Patwre is uneven to even

?SF@C&‘(I“C 8rav‘|tj.. ﬁt@ 'SP'E]TQVHB 1S H‘;al')

Colour - JtS colowsy 18 black

Atadness= Gl bosdness s S5 t06 -
Deqopee o ".mnSf)oqen(y_ Tojanspareny s opoque
¥ Haane{‘l{e:

Fomm = Tk  swiface |5 massive

Skreak - Ms  sheqk| coloews; 18 Black
lusture - T}s shiny  Mtyre 15 Gyb-metallc
Cleavage - 0 exiskrg oacks is Abgent

|

;Fslqcku)]c_j[{s swiface nqlare ig  unewen

Gpecific gaauity gt sp-gavily 15 bigh
Hraydress- 95 haydness js 5 6

Deaslee OF'l'fQ"wa]en%_ 1% -transpoden(y is  Opaque-
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olow) - ts colow IS Black

m - q
fo 1 Saface s  Magsive

Stieak - ¢
it S{'I@qkir\a Coleoy s Black
lustare - T
Cleqvaaeﬂ j‘slg "] Miwme is  Non-melall; ¢

exish Cy :
rﬁ‘lqchne- 75 M Gacks is present

il . Swiface paluve ig LReven
pecific 8'“"‘13' Tk
e

Sp-arqv'19 is medium
dness - Th haydpess s Y to 5
P"avee C(TianSFula)Ca_ _';)qns/mqenca S OFOq/ue
lethHc :
Q“o‘”]- HRs cobour is brak grey
form - 9§ suface iS Massive
ak Sffeakina ®lour 15 Dark Jrey
e _Jfg Sh"md nature s  sub-metallic
0° "k GXFSHV’@ Qacks 1§ Absenk
Fsladw‘e- I(E Sorface Datyre 15 even b uneven
sPed'("‘C ﬁ"l“";%' Tl sprgravily s low
tagohess = 36 hayydness 15 10
’Dt’a:q@e GstlanF’Sle”‘b'—Tmﬂ5F"lﬁ’“y 's Ofaque
chromite s
Clow| - Iy Golour is Black coith casylc brocon

form - TG  surface 15 Massive

Streak - \ .
l R A Sﬁ@q}«na Colaur is Black
usture - -
cl 3(5 sh?ng ndare 1S Non- metallie
eavaqe - ~
ae i @XiSHna cracks 1§ Absent

FSIQC“LUBle' 2@' Su\"tFC(CG r)thre ;S Unewen {0 COT\C})OC“()J
.S::C”Q Gravlg - gt Fgavily is Medium
s T pgydness 75 5 06

D@a‘-‘le@ O’f Ts

'anfm,en?l - Transfw/enl}y 15 OPaque

|
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Colowy) = 4ls lawy {9 Black

rO\‘m - 'i\.‘; Scﬂl‘@\(‘e S Gl.'),c\nuuaﬂ

Seak - §te summna colow) 16 Black

{NS{U\G‘ - (\HS ‘5‘\‘\"8 m{u)]e e) sub—me{nlhc

! gent
dmv“ﬂf"ﬂq ﬂis-l'mﬂ cvacks 1S Absen
\ ven
'\““IC\CW(@* Tl 9q—(&cv nadwoe 16 @wen {o une
s low

S‘wiﬁ‘ amvi@- qls sfnafcw‘t‘ra
'ﬁ’d-lciness - Slg hooydness is Gto

DFU‘“' Orjf’lanPoJ]m(a, Tvans[xw;enlz 79 OFCKVue

x |G poum:
Coé‘ja”\ - T['s* Colouyr 1S a)louv‘&% ! th A"": SFOE
Form - 0 b aﬂl'[&&’ 15 Fq bylous B[CILJG

Stteqk - ik s{wqhina Calowr 15 Cblowlless

IUS'{(U‘G = :‘. té Sh.‘rb I‘)Ct‘l.tt‘-‘lé’ ;3 He'{C\nlC

Cleq\na@ = .'fts cxszra m.ho‘e cracky s PYES@D}:

Fs’mdu:‘,e— qlg  aurface hatuve i oven to Gochedial 3
S’oec;ﬁc 8%\/“3- Tl ‘Sp-@rav'alg is low

todoess - T bandpens o, 9
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vanecus Socks:

| Forms  of Tntrusive 1gnecus Rocks

- e Socks Lahich e formed benath
the eoyth surface

(@) Oykes- The Socks  (dhich wje qH:go::;eJ as VEJ]chl

CQ“E’d as | deC‘?S'

i p—

| S A
- ) ""__D}'ke__ -
Ve

solid maderials  age
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Unit-5

Geo physics
Gravity Methods
The gravity field of the Earth can be measured by timing the free fall of an object in a vacuum,
by measuring the period of a pendulum, or in various other ways. Today almost all gravity
surveying is done with gravimeters. Such an instrument typically consists of a weight attached to
a spring that stretches or contracts corresponding to an increase or decrease in gravity. It is
designed to measure differences in gravity accelerations rather than absolute magnitudes.
Gravimeters used in geophysical surveys have an accuracy of about 0.01 milligal (mgal; 1 mgal
= 0.001 centimetre per second per second). That is to say, they are capable of detecting
differences in the Earth's gravitational field as small as one part in 100,000,000.
Gravity differences over the earth’s surface occur because of local density differences between
adjacent rocks. The variations in the density of the crust and cover are presented on a gravity
anomaly map. A gravity anomaly map looks at the difference between the value of gravity
measured at a particular place and the predicted value for that place. Gravity anomalies form a
pattern, which may be mapped as an image or by contours. The wavelength and amplitude of the
gravity anomalies gives geoscientists an idea of the size and depth of the geological structures
causing these anomalies. Deposits of very dense and heavy minerals will also affect gravity at a
given point and produce an anomaly above normal background levels.
Anomalies of exploration interest are often about 0.2 mgal. Data have to be corrected for
variations due to elevation (one metre is equivalent to about 0.2 mgal), latitude (100 metres are
equivalent to about 0.08 mgal), and other factors. Gravity surveys on land often involve meter
readings every kilometre along traverse loops a few kilometres across. It takes only a few
minutes to read a gravimeter, but determining location and elevation accurately requires much
effort.
Gravity measurements can be obtained either from airborne (remote) or ground surveys. The
most sensitive surveys are currently achieved from the ground. Variations of gravity are due to
local changes in rock density and therefore depend on the type of rocks beneath the surface.
Sedimentary rocks are, for example, less dense than granite, which is in turn less dense than
basalt.
In most cases, the density of sedimentary rocks increases with depth because increasing pressure
reduces porosity. Uplifts usually bring denser rocks nearer the surface and thereby create positive
gravity anomalies. Faults that displace rocks of different densities also can cause gravity
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anomalies. Salt domes generally produce negative anomalies because salt is less dense than the
surrounding rocks. Such faults, folds, and salt domes trap oil, and so the detection of gravity
anomalies associated with them are crucial in petroleum exploration. Moreover, gravity
measurements are occasionally used to evaluate the amount of high-density mineral present in an
ore body. They also provide a means of locating hidden caverns, old mine workings, and other
subterranean cavities.

Density contrasts of different materials are also controlled by a number of other factors. The
most important are the grain density of the particles forming the material, the porosity of the
material, and the interstitial fluids within the material. Generally, specific gravities of soil and
shale range from 1.7 to 2.2. Massive limestone averages 2.7. While this range of values may
appear to be fairly large, local contrasts will be only a fraction of this range. A common order of
magnitude for local density contrasts is 0.25.

Gravity surveys provide an inexpensive method of determining regional structures that may be
associated with groundwater aquifers or petroleum traps. Gravity surveys have been one of the
principal exploration tools in regional petroleum exploration surveys. Gravity surveys have
somewhat limited applications in geotechnical investigations.

Electrical Methods

Electrical methods are used to map variations in electrical properties of the subsurface. The main
physical property involved is electrical conductivity, which is a measure of how easily electrical
current can pass through a material. Subsurface materials exhibit a very large range of electrical
conductivity values. Fresh rock is generally a poor conductor of electricity, but a select group of
metallic minerals containing iron, copper or nickel are very good conductors. Layers of graphite
are also very good conductors.

The examples of good conductors mentioned above are quite rare. For most rocks, the electrical
conductivity is governed to a large degree by the amount of water filling the pore spaces and the
amount of salt dissolved in this water. Pure water has a very low electrical conductivity. On the
other hand, seawater, which contains high levels of dissolved salts such as NaCl, is a relatively
good conductor of electrical current. Groundwater can vary in salt content from fresh through
brackish (slightly salty) to saline (similar in salt content to seawater) through to hyper-saline
(more salty than seawater).

Electrical conductivity of rocks is not the only attribute which is of value to exploration
geologists. A number of different electrical properties of rocks are measured and interpreted in
mineral exploration. They depend on:
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a)  Natural currents in rocks — Self-potential method

b)  Polarizability of rocks — Induced polarization method

c) Electrical conductivity or resistivity of rocks — Resistivity method
d)  Induction — Electromagnetic method

Self Potential Method: Some materials tend to become natural batteries that generate natural

electric currents whose effects can be measured. The self-potential method relies on the
oxidation of the upper surface of metallic sulfide minerals by downward-percolating
groundwater to become a natural battery; current flows through the ore body and back through
the surrounding groundwater, which acts as the electrolyte. Measuring the natural voltage
differences - usually 50-400 millivolts (mV), permits the detection of metallic sulfide bodies that
lie above the water table. Other mineral deposits that can generate self-potentials are graphite,
magnetite, anthracite, and pyritized rocks.

Induced Polarization: The passage of an electric current across an interface where conduction

changes from ionic to electronic results in a charge buildup at the interface. This charge builds
up shortly after current flow begins, and it takes a short time to decay after the current circuit is
broken. Such an effect is measured in induced-polarization methods and is used to detect sulfide
ore bodies.

Resistivity Method: Resistivity methods involve passing a current from a generator or other

electric power source between a pair of current electrodes and measuring potential differences
with another pair of electrodes. Various electrode configurations are used to determine the
apparent resistivity from the voltage/current ratio. The resistivity of most rocks varies with
porosity, the salinity of the interstitial fluid, and certain other factors. Rocks containing
appreciable clay usually have low resistivity. The resistivity of rocks containing conducting
minerals such as sulfide ores and graphitized or pyritized rocks depends on the connectivity of
the minerals present. Resistivity methods also are used in engineering and groundwater surveys,
because resistivity often changes markedly at soil/bedrock interfaces, at the water table, and at a
fresh/saline water boundary.

Electromagnetic Methods: The passage of current in the general frequency range of 500-5,000

hertz (Hz) induces in the Earth electromagnetic waves of long wavelength, which have
considerable penetration into the Earth's interior. The effective penetration can be changed by
altering the frequency. Eddy currents are induced where conductors are present, and these
currents generate an alternating magnetic field, which induces in a receiving coil a secondary

voltage that is out of phase with the primary voltage. Electromagnetic methods involve
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measuring this out-of-phase component or other effects, which makes it possible to locate low-
resistivity ore bodies wherein the eddy currents are generated.

A number of electrical methods described above are used in boreholes. The self-potential (SP)
log indicates mainly clay (shale) content, because an electrochemical cell is established at the
shale boundary when the salinity of the borehole (drilling) fluid differs from that of the water in
the rock. Resistivity measurements are made by using several electrode configurations and also
by induction. Borehole methods are used to identify the rocks penetrated by a borehole and to
determine their properties, especially their porosity and the nature of their interstitial fluids.
Magnetic methods

One of the most important tools in modern mineral exploration methods is magnetic
survey. Magnetic surveys are fast, provide a great deal of information for the cost and can
provide information about the distribution of rocks occurring under thin layers of sedimentary
rocks - useful when trying to locate orebodies.

When the Earth's magnetic field interacts with a magnetic mineral contained in a rock, the rock
becomes magnetic. This is called induced magnetism. However, a rock may itself be magnetic if
at least one of the minerals it is composed of is magnetic. The strength of a rock's magnetism is
related not only to the amount of magnetic minerals it contains but also to the physical
properties, such as grain size, of those minerals. The main magnetic mineral is magnetite (Fe3Oa)
- a common mineral found disseminated through most rocks in differing concentrations.
Measurements of the Earth's total magnetic field or of any of its various components can be
made. The oldest magnetic prospecting instrument is the magnetic compass, which measures the
field direction. Other instruments, which are appreciably more accurate include magnetic
balances, fluxgate magnetometers, proton-precession and optical-pumping magnetometers.
Magnetic effects result primarily from the magnetization induced in susceptible rocks by the
Earth's magnetic field. Most sedimentary rocks have very low susceptibility and thus are nearly
transparent to magnetism. Accordingly, in petroleum exploration magnetic surveys are used
negatively - magnetic anomalies indicate the absence of explorable sedimentary rocks. Magnetic
surveys are used for mapping features in igneous and metamorphic rocks, possibly faults, dikes,
or other features that are associated with mineral concentrations. Data are usually displayed in
the form of a contour map of the magnetic field, but interpretation is often made on profiles.

It must be remembered that rocks cannot retain magnetism when the temperature is above the
Curie point ([J 500°C for most magnetic materials), and this restricts magnetic rocks to the upper

40 kilometres of the Earth's interior.
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When exploring for petroleum, magnetic surveys are usually made with magnetometers borne by
aircraft flying in parallel lines spaced two to four kilometres apart at an elevation of about 500
metres. When searching for mineral deposits, the flight lines are spaced 0.5 to 1.0 kilometre
apart at an elevation of roughly 200 metres above the ground. Ground surveys are conducted to
follow up magnetic anomalies identified through aerial surveys. Such surveys may involve
stations spaced only 50 metres apart. A ground monitor is usually used to measure the natural
fluctuations of the Earth's field over time so that corrections can be made. Surveying is generally
suspended during periods of large magnetic fluctuation (magnetic storms).

Seismic Methods:

Seismic methods are based on measurements of the time interval between initiation of a seismic
(elastic) wave and its arrival at detectors. The seismic wave may be generated by an explosion, a
dropped weight, a mechanical vibrator, a bubble of high-pressure air injected into water, or other
sources. The seismic wave is detected by a Geophone on land or by a hydrophone in water. An
electromagnetic Geophone generates a voltage when a seismic wave produces relative motion of
a wire coil in the field of a magnet, whereas a ceramic hydrophone generates a voltage when
deformed by passage of a seismic wave. Data are usually recorded on magnetic tape for
subsequent processing and display. Seismic methods are of two kinds - Refraction methods and
Reflection methods.

Seismic _refraction_methods: Seismic energy travels from source to detector by many paths.

When near the source, the initial seismic energy generally travels by the shortest path, but as
source to geophone distances become greater, seismic waves travelling by longer paths through
rocks of higher seismic velocity may arrive earlier. Such waves are called head waves, and the
refraction method involves their interpretation. From a plot of travel time as a function of source
to geophone distance, the number, thicknesses, and velocities of rock layers present can be
determined for simple situations. The assumptions usually made are that:

a)  Each layer is homogeneous and isotropic (i.e., has the same velocity in all directions)

b)  The boundaries (interfaces) between layers are nearly planar; and

c) Eachsuccessive layer has higher velocity than the one above.

The velocity values determined from time-distance plots depend also on the dip (slope) of
interfaces, apparent velocities increasing when the geophones are updip from the source and
decreasing when downdip. By measuring in both directions the dip and rock velocity, each can
be determined. With sufficient measurements, relief on the interfaces separating the layers also
can be ascertained.
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High-velocity bodies of local extent can be located by fan shooting. Travel times are measured
along different azimuths from a source, and an abnormally early arrival time indicates that a
high-velocity body was encountered at that azimuth. This method has been used to detect salt
domes, reefs, and intrusive bodies that are characterized by higher seismic velocity than the
surrounding rock. Seismic waves may be used for various other purposes. They are employed,
for example, to detect faults that may disrupt a coal seam or fractures that may allow water
penetration into a tunnel.

Seismic_reflection_methods: Most seismic work utilizes reflection techniques. Sources and

geophones are essentially the same as those used in refraction methods. The concept is similar to
echo sounding - seismic waves are reflected at interfaces where rock properties change. The
round-trip travel time, together with velocity information, gives the distance to the interface. The
relief on the interface can be determined by mapping the reflection at many locations. For simple
situations the velocity can be determined from the change in arrival time as source to geophone
distance changes.

In practice, the seismic reflection method is much more complicated. Reflections from most of
the many interfaces within the Earth are very weak and so do not stand out against background
noise. The reflections from closely spaced interfaces interfere with each other. Reflections from
interfaces with different dips, seismic waves that bounce repeatedly between interfaces
("multiples™), converted waves, and waves travelling by other modes interfere with desired
reflections. Also, velocity irregularities bend seismic rays in ways that are sometimes
complicated.

The objective of most seismic work is to map geologic structure by determining the arrival time
of reflectors. Changes in the amplitude and waveshape, however, contain information about
stratigraphic changes and occasionally hydrocarbon accumulations. In some cases, seismic
patterns can be identified with depositional systems, unconformities, channels, and other
features.

The seismic reflection method usually gives better resolution (i.e., makes it possible to see
smaller features) than other methods, with the exception of measurements made in close
proximity, as with borehole logs. In most exploration programs appreciably more money is spent

on seismic reflection work than on all other geophysical methods combined.

www.FirstRanker.com



:'l FirstRanker.comwr-v |
Firstranker's choi
A GCQ‘%waoflrstRanker %Se&lv WWW. Fﬁﬂjn%onrgls

¥ ’Daf“‘ “The swa&ce watey opesowiCes, Sriveys F*ov‘d"’ Copious Supplies of

c‘I‘J‘Q’l which can e stoed in map-made bd acrags the vivel Is @lied a' m!
¥ —rfes ofDams-

l
G)
Gr‘“"'l"d dam - These damg wle heawy and rmassive wall-like SH"'C&MS

|
0( Gncete v which “the ' whas wélahl' acly Verhmllg damds fa Catbdas
' G“Q\th Aqm

i L| il.ﬂ. /I,
G\«N‘"B 4
to_p)Yesc'V !\(\‘} | A S| Y AR

LOOj:

I

i 1A N 1 Al “wl\“-'\i";l.,..’;! “:
N‘) Reseyvpiv f—‘

Hee)

T\'ﬁ(us

otior"vocks

These aje Concrete ehuchules In whuch +here 1S a chock
5"?’"8 upstieam. This deck Lahich {kds' the'" entid load Vg sqpp&l'ed from

behind 67 coalls cualled ¢ BUHress pameg! 0 )

b Buthess Dams:-

‘5u|—|\{\ve‘l&/‘5 | lC‘G Vlewo\j a BUHYQM dqm

PO ) 4 lf ) L e ' ‘ :

'a. A \ TATT T 77T e,/ra“hdahcm ‘ el

Y rch Dams = Thig kind of cam. s anch Sl‘q':ec] and ‘!‘9 alw
Gonvex n the ufsﬁeam side and he dam i$ lad transi@red o the
Qb\ktmeﬂtz IS anpn QS ‘ Arch dams, { \ RE! |

péul- renk
T NN

Abudreent

“Top vieew WW{FﬂStRamkéT.chR




:I :1) F‘bﬁﬁtﬂiﬂkemwmd wheye the unr{mvna 1t wenk Q‘f?‘“

': mQFSi‘r’a%a nfmféthg ici)ht’--‘;e b FerstERaseteedm Pfock © W Fr stRAnkgikedm chepith

S Knoun a5t G th dams!

ot Ao

. /
fesevumy

¢lan | \
cone \

VANV AV )
ro“”"&l’lOﬂ

* Pquosee of dams:- Dams ase Constructed to imfxxﬂ-) otvery curiley '6!
\bdtious Posiposes.
(i\ To Pmo\;;de Sb]eam %eaufaﬁcm

{0 To PAlovide  cntey S“PFW to meet the domsstic | industrial ard irria :
Aequismente: °
:((ft') To 8@0% M

(V) T control floods

M) To pajovide  inland cocily -{,]Q(ﬁb

Gleo\oaiml Congidesiations In the ssfection of @ Dam site:
Gieolgical  Studies bvina ouk the inherent of a site and such

Stude 5 go o lcnca, cma eithen in Sleofuc:‘ra or n lﬂqeasa'n?, the Cost 01[

> dam  Gonsidejably « The im péikant  Qedkgica) Spequuirements fo Sclecken
of & dam sik % as follocws ; ©

e Nospjos ey Valled
. OCCuydjence of the (J@cJﬁ]OCK ot a shallog d@pﬁ\
:;5. Competcnt ocks 1o o%, a Stable ‘Qundakbn

4 P:noFen a@ol(ﬁ;cal SL%cheS-
-i‘ Reses Vid .- G0 be Successfn) i itis mlepiFaH e, if" It doeso't

&;f—@, ‘Glorm omv %¥ious (e&3e ofgnm if 1t has a lmg li fo due
o lsw 3[Qie of Silﬁnﬁ

*

IS known as' eseyVi dy!

www.FirstRanker.com



:I J Eirmkeaisﬁom pIlocess of SIIH% Corre.gfmd?,?/ ochues e

A Firstranker's choice

“the Cofac.tf’ of the wwvi&W%Fié%%anwma"d the "Bt R Og?lfw
the vtemaindey SiHy fBim iy known ay live stotage -"ﬂvei‘f’e’fwd up o shich the

31859‘57\/.’@1 see il F’*ﬁ(fose as @x'oecl-ed an clescribed as ¢ life C’{; “lesenvig!
i v v ko i N HR AR |

# Ropose of Thrvellig s

Livy 90 ] i( "i ”"

() T s exCavated acapess hills 1 @y soads for hafdo 83'@Yansf>87bahbn€"
Jords

j: ;\n tube 91«1":;074 ore planned in vy Bu.sj,and Crowdled ilg . They ac]bbmffjie
' eqyi
Vi swiface  Sueh dumels ase alao effered to as traf2 Hunnel

| \ﬂ: n. vvll‘lna the ‘E:wcjo’ coxitey ‘fhvouah the '&mnels,dua aJana the Vall
“. > Kind ane Known as ' diveysion Hunnels! K
% Effats of 'TEnne[l.'nv..

() In Jdeoge and m8e
?CL-F@C@ the

-Prac}ured and pa1ous <0cks - This 'm:turally ch\iutsely,
Cmnp&{ena: of the ocks  (oncernd-

‘Z’rfa;i:a C{; 7)0_;:; which means -y e stocks Place in brittle and hard Slocks
| g ©r Tllahon during 4umneuina goound ae afpectel.

lt'm’ S#QH'HTT of e a’Wf‘d When fhe “unrelled Cdround hag wm(;.\/owpb(,L
0 Groud coaty  GmdiHons.

fﬂ;n;na of Tunels :- G suppally privicle for the -funre] in the formody
 Sdeel Structures fon Grerele : Tthe rrain pusipose is o gesist He plesger
falom the Quptoundings 2 oof amd palotect the Shage g the tunnel 3 knowen

as ‘Un‘ma dkﬂunnelsf

'-_J* , www.FirstRanker.com



:I :ﬂgfi}, sEkgE[b!égo%ach S;L;a"s‘s 'ﬂa\l lunne|lir .

www.FirstRanker.com w w.FirstRanke{.c m

The 9“@{1 | Sucaess dnd ©@Conom of "lunneilin(d, dd(”'ﬁf ””L\ull/f

ON the ‘aeo\oaiml Cor'\s"nH‘OnS Fa\évcﬂ\in? al ‘“the Gite "W":m")mlw

‘ T | N [ e Jurrpelline
‘Qc\éns phith ‘.nw]oﬁgg,e WHh the Chil enamermrra Pvlom’f /{
) ".f'o-ng ,
dso oe litholegiaal , structuval and 8olound walef conditi
a i b Lt | \
s ‘ “I\ ‘ T )
| (i |
" ! 2l "
\ l v | | { ‘ . ‘ .
| v (1! |
\ e
| | | e
\ b | \ "
l ‘ !
\
l .l | ! 4 l "
i | f ¥
{ i
id | !
@
1 { I | I { ‘| | l |
N (I i |
| | 1! { { \‘/ll 1Yy
{ lit% {

www.FirstRanker.com



