37 38 30 40 41 42 43 44 45 43 47 48 49 50 51 52 53 54
Rb | Sr Y Zr Nb Mo | Te Ru | Rh | Pd | Ag | Cd In Sn | Sh | Te 1 Xe
8547 |87.62|88.01]91.22| 9291 |0594 | (08) [101.1(102.9)|106.4|107.9) 1124 [ 1148 | 1187|121 8]127.6|1269)131.3
55 56 8771 72 73 74 75 7G| T7 i 79 B0 &1 a2 a3 84 85 | 86
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H Periodic Table of the Elements He z EIP

1.008| 2 13 14 15 16 17 |4003f |S@3|[F
3 | 4 _ 5 | 6 | 7 | 8] 9 | 0 AEAllE

L | Be chemistry=aors Blc|nlolF|nel| |s52p

6.941|9.012 10.81]12.01 | 14.01 [ 15.00| 19.00 | 20.18 25|l
| 12 15 | 14 | 15 | 16 | 17 | 18 £ gll=

Na | Mg M| oSi P ] cl | Ar ~ S|iE

2299|2431] 3 4 5 6 7 B 9 10 11 12 |26.98|28.08|30.97|32.07|35.45]39.85 m
18 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 20 | 30 | a1 | a2 | 35 | 34 | 35 | @6 o

K Ca | Sc Ti v Cr | Mn | Fe | Co Mi Cu| Zn | Ga | Ge | As | Se Br Kr E)

39.10|40.08 | 44.96 [47.67| 50.54 |52.00| 54.94 | 55.85|58.93 | 58.69 | 63.55|65.41 |69.72 | 72.6 | 74.92 [ 79.00| 79.90| 83 80 i
LA

Cs Ba Hf Ta L) Re Os Ir Pt Au Hg Ti P Bi Po At Rn
132.8)137.3 178.5| 181.0 |183.8|186.2|190.2(192.2 | 185.1 | 197.0| 200.6 | 204.4 | 207.2 | 209.0] (209) | (210} | (222)
87 86 (e | 104 | 105 | 106 | 107 | 108 [ 109 | 110 | 111 | 112 114
Fr Ra it Rf Db Sg Bh Hs Mt | Uun | Uou | Uub Uug
(223) | (226) (261)] (262) | (266} | (264) | (277} | (268) | (281) | (272) | (285) (289)

57 | 58 | 59 &0 1] 62 63 64 [:13] B6 67 (1] 68 70 T
* Lanthanide Sernes La | Ce Pr Nd Pm | 3m | Eu Gd Th Dy Ha Er Tm | Yb Lu
136.90140.1 ] 140.9 | 144.2 | (145) [150.3 [152.0|157.3]158.9 | 162.5 | 164.9[ 167.3 | 168.9|173.0|175.0
83 | 80 | 91 az a3 a4 a5 96 a7 98 95 | 100 | 101 | 102 | 103
Ac | Th | Pa u Mp | Pu | Am | Cm | Bk Cf Es | Fm | Md | No Lr
(22723200 231.0 | 2380 [ (237) | (244) | (243) | (2477 | (247) | (251} | (252) | (257) | (268) | (258) | (262)

Courtesy of the American Chemical Society

# Actinide Series

Quartz 1a. Silexite
1b. Quartz-rich Granitoid
IUGS Plutonic Rock 2. Alkali-Feldspar Granite
identification chart. 3. Granite
4. Granodiorite
5. Tonalite
6a. Alkali-Feldspar Quartz Syenite
6b. Alkali-Feldspar Syenite
6c. Foid-bearing Alkali-Feldspar Syenite
7a. Quartz Syenite
7b. Syenite
7c. Foid-bearing Syenite
8a. Quartz Monzonite
8b. Monzonite
8c. Foid-bearing Monzonite
9a. Quartz Monzodiorite
10 Quartz Monzogabbro
; 9b. Monzodiorite
Plagioclase Monzogabbro
9c. Foid-bearing Monzodiorite
Foid-bearing Monzogabbro
10a. Quartz Diorite
Quartz Gabbro
Quartz Anorthosite
10b. Diorite
Gabbro
Anorthaosite
10c. Foid-bearing Diorite

Foid-bearing Gabbro
v v v 40
15 11. Foid Syenite
30

12. Foid Monzosyenite
80 13. Foid Monzodiorite
20 Foid Monzogabbro
10 14. Foid Diorite

) Foid Gabbro
Feldspathoid 15. Foidolites

Orthoclase

\/

70

90




Classification of

IGNEOUS ROCKS

Match the texture with
the composition of the
rock to identify it.

Phaneritic

COMPOSITION

Felsic

Intermediate
>10% quartz

>50% feldspar »50% plagioclase

<15% mafic min- >10% orthoclase
erals \“50% mafic mineral

>10% quantz

Ultramafic

Olivine & pyroxene

IGNEOUS ROCKS & THEIR
TEXTURES IN THE FIELD

Size terms for equigranular rocks

Phaneritic - mineral grains farge enough 1o be vaible withowt
magnification. {Covers grains of mean size Imm or greater)
Aphanitic - meersl grams 100 small to be seen without
magnification. Mean size below Imm

Glassy - complete lack of crystal structure

Fabric terms

Used 10 describe the quality of the development of cryscal faces. in
this example the mvineral 2 Homblende

’ S = 3?‘\:‘{5\‘
T} =y
Euhedral Subhedral Anhedral

Specific textures

Mineral Composition (%)
w
o
]

SiO3 (%)

Quartz

Na-rich
Biotite

Amphibole

~— 48% Pyroxene —»|==——52% Plagioclase—>

Rssghost Granite Diorite Gabbro  Peridotite
e Rhyolite  Andesite Basalt i// /%
Y| > e o e %///
- 7|
Glassy Obsidian % % %//% %////% g § g 5 g §
p— RhyOIiot:C Tuff Andes(i)tric Tuff Basa|girc Tuff %/7 % =
(fragmental) Voleanc rec- - Valcanic arec:  Vocanic src- / //%% gg ggg gg %
R 1
650 FELSIC INTERMEDIATE MAFIC ULTRAMAFIC
90 —{ Potassium Feldspar Eacrich

Olivine

Pyroxene

_ GRANITE

INTRUSIVE
(PLUTONIC)

EXTRUSIVE
(VOLCANICQ)

@ R.Weller/ Cochise College
@ K. Panchuk

K. Panchuk
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13 -
- trachyte (TAS)
11 k- {q <20%)
foidite tra dacite
- (TAS) (g =20%)
9 - rhyolite (TAS)
: /tephrits
TTAS)
7 k S (ol =10%) . .
basanite basalitic-trachyandesite
B (TAS)
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5 L
Imm;altl
i}
picrobasalt
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ULTRABASIC BASIC INTERMEDIATE ACID Si0; witk
45 52 63
Further subdivisions basaltic-
trachybasalt — trachyandesite
of shaded fields —_— trachyandesite _—
Ma,0 - 2.0 = K,0 hawaiite mugearite benmoreite
potassic- N .
HE:G -20= Kz'D mm“__ shoshonite latite (TAS)




o Grain size Roundness
= mm v
Very Angular Angular Sub-Angular  Sub-Rounded Rounded Vel Rounded
pebble 25 3.5 . 55
© 4 mm .
Dy
granule 8o
o 2 mm — =
very coarse sand 3
e 1 mm GE 0
coarse sand E
© i
0.5 mm =
o
medium sand R E
[« %
. 0.25 mm S 9
fine sand w5
=)
< &
0.125 mm & w
very fine sand s
@
@ 0.063 mm ?
silt/clay (mud) fu
0.5 1 2
~ Roundness and Sphericity chart. (AGI graphic, adapted from various sources).
. [ ]
=
(&]
Gravel
Conglomerate
Sandy
conglomerate
30 N X \' X 7 ' 3
Conglom;, - \ / NI N\ N/ N/
eratic Congloneratu: Conglomeratic R — Lou /
sand- mugey mudstone \.\ ,\ / \ / NN N 590
stone sandstone Sandy Loarn AV VAR \
z 10 50 a0 \ \ '\ﬁ“\ / \_\ v‘,_,' \_.\ /\\ . /:/\
/ / Muddy sandstone Sandy mudstone \ \ / \/ \ \/ \V \ Sit 100
Sand > Sandstone Mudstone Mud 70 60 0 W w0 2 10
PERCENT SAND
(_—
b Rounding

High sphericity . . ‘ ' .
Low sphericity - ' - - -

Well Sorted
Far «— Distance From Source—— Close

Rounded Angular

Pooly Sorted

Far «— Distance From Source ———> Close



Depth (km)
N
o
]

400
1

600

10 -+

30 4

Conditions

Contact metamorphism

d

thatdon’t
exist on Earth P
40 = :
Texture  |Grain Size| Composition (Metamorphic Type Comments Rock name Map symbol Picture
5 Metamorphism of shale N e
1 ; NN \\ 3
Fine M_"I"
é breaks along slaty cleavage Slate ?\\\\\%\\%\\\\\\:\\\\\\\‘%
o
@ s . , . P . ’,',";:: ol
L Fine ' bhlni mllcas barely VISIbee Phyllite ‘z)‘ :'|.2}:IIY'( u.\\
5| = e o Regional reaks along wavy surfaces BB AN
S| 2 | medium =D (Heat and Mica visible with bumps of .
el = s pressure silicate minerals* Schist
0 .
increase)
Minerals segregated into Enei
° Medium light and dark bands HESE
©
= to coarse Y |Mixed igneous and A
= metamorphic textures Igimeiie
. . Metamorphism of .
Fine Carbon Regional i Anthracite coal
bituminous coal
Various Contact Various rocks changed
Fine ; : - Hornfels
minerals (heating) by heating by magma/lava
Fine to Metamorphism of quartz
uartz i i
coarse 0 Regional sandstone Qisrkzire
or
E Fineto | Calcite and/or contact Metamorphism of Marble ==
.S coarse dolomite limestone or dolostone = == = = ‘fi: =
9
e
= . ” : )
S Coarss Va.nous Regional Pebbles will be distorted Meta
minerals or stretched conglomerate
. AVAVAVAVAVAVA
Coarse | Basalt Regional >75% amphibole and Amphibolite AVAY AV AV AV AY AV
feldspar AVAYVAYAYAYAYAY
AN AN AN AY AN AN AY
. Subduction metamorphism ’ E1E3E3EIEAEIEIEAE
Coarse | Basalt Regional ra i pymen: P Eclogite Bl et
) ) PP PP
Fine Ultramafic Regional Serpentine minerals Serpentinite Sl i s ,;'a o0 P
o6 6 6 % 6 41 B

Not shown are greenstone, mylonite, metasandstone, blueschist, talc schist, jadeitite, augen gneiss, granulite and many more.
* Silicate minerals typically include garnet, andalusite, sillimanite, kyanite, staurolite, and cordierite.

Virginia Sisson




hanging wall

Figure AS.1

inclined fault plane

Diogram of an oblique-slip foult, onnotated with terms for

its main components. The actual displacement |green arrows| can be
divided into two components: dip-slip component [ds] and strikeslip

component [ss).

dip of axial plane ! degrees

steeply
inclined
0 ]

upright
90°

maoderately
inclined

]

gently
inclined

recumbent

10° qo

0o
sub- M
horizontal

10°

0‘4//

—=

gently

piunging ﬂ

30°

moderately
plunging

plunge of fold hinge / degress

GD"’\
steeply \)

plunging

80°

90°-

Figure A8.4 Classification of fold types using a combination of the dip of the axial plane and the plunge of

hinge line.

reclined folds

fold axis
anial |

steeply
dipping limb

shallowly hinge
dipping limb zone

Figure A8.2 Diagram of a typical fold pair, labelled with terms for the
main parts of fold structures. The terms antiform and synform describe the
form of the folds. If the sequence is rightway up [i.e. the stippled layer is
younger than the pale blue layer], then the anfiform is an anficline, and
the synform is a synclina.

180°

120

o

o

30°

120°
180°

Figure A8.3 Schematic illusiration of different types of fold fightness,
defined according to the angle between the two fold limbs (the interlimb
angla). [Bosed on Fleuty 1964 )



a b A
/ A
4 A
A
x4
Chlorite
halo
D
Quartz-
sericite
halo
2cm
L ] A

B
K-feldspar
halo
VEINLET CHRONOLOGY
—— Biotite > M M Magnetitexactinolite
o y
Granul rz- Quartz-magnetite-
lcopyrie: & ATTTA chacopyrie

AT A chalcopyritexbomite

Quartz-molybdenitex Quartz-chalcopyrite

P
B == == = B chalcopyrite+pyrite - .
T Yy Chlorite-pyritezquartz:
” {esuture by chalcopyrite
t Quartz-pyrite+
D — b chalcop‘;'%e

Fic. 13. Schematic chronology of typical veinlet sequences in a. porphyry Cu-Mo deposits and b. porphyry Cu-Au de-
posits associated with calc-alkaline intrusions. Porphyry Cu-Au deposits hosted by alkaline intrusions are typically veinlet
poor (Barr et al., 1976; Lang et al., 1993; Sillitoe, 2000, 2002). Background alteration between veinlets is mainly potassic,
which is likely to contain more K-feldspar in the Mo-rich than the Au-rich porphyry Cu stockworks. Note the common ab-
sence of B- and D-type veinlets from Au-rich porphyry Cu stockworks and M-, magnetite-bearing A-, and chlorite-rich vein-
lets from Mao-rich porphyry Cu stockworks. Veinlet nomenclature follows Gustafson and Hunt (1975; A, B, and D types) and
Arancibia and Clark (1996: M type).

High-sulfidation epithermal
— disseminated Au = Ag = Cu

i \ntermediate- *

sulfidation
¥, epithermal Au-Ag

High-sulfidatian
lode Cu-Au = Ag

Base of
B Carbonate-replacement
lithocap Zn-Ph-Ag = Au (or Cu
| o Cu-Au skam
|
tkm =,
=
Tkm J R
i
s
. 1]
Late-mineral porphyry LITHOCAP E Phreatic breccia

mﬂp"mv Intermineral magmatic-hydrothermal breccia
srocl Intermineral porphyry
[* . ] Early porphyry
m%{ﬁgﬁm Equigranular intrusive rock
Dacite dome
Felsic tuff unit
Andesitic velcanic unit

¥

B

‘Subvolcanic basement / carbonate horizon

hyry Cu
+ An + Mo depsit In 3 multiphase porphyry stock and its immediate host rocks; peripheral proximal and distal skarn, car-
bonate-replacement (chimney-manto), and sediment-hosted (distal-disseminated ) deposits in a carbonate unit and subey
ithermal veims in noncarbonate rocks; and overlying high- and intermediate-sulfidation epithermal deposits m and .ah)ngbl(i:
the lithocap environment. The legend explains the temporal sequence of rock types, with the porphyry stock predating maar-
diatreme emplacement, which in turn overlaps lithocap and phreal Only by do inci-
vidual systems contain several of the deposit types illustrated, as discussed m the : Table 3). Notw
sertion that cartoons of this imeluding Fig. 10) add bule w the understanding of porphyry
Enaudi, 200 oy embexdy the relationships ebserved in the fiek] and, hence, aid the explorationist. Modifiec
toe (1995, 1999h, 2000)

Fic. . Aoy of s telescope porplay Ca st showiag spalal ltrelatlonsbips of 3 centrll ot e
.

Vuggy residual
quartzgsiliciﬁcation

==

-

alunite

Chlorite-
sericite

Propylitic

Multiphase
porphyry
stoc

kaolinite
4—— Chloritic

Quartz-
pyrophyllite

Quartz-

1km
1km

FiG. 11. Generalized alteration-mineralization zoning pattern for a non-
telescoped porphyry Cu system, emphasizing the appreciable, commonly
barren gap that exists between the lithocap and underlying porphyry stock.

Legend as in Figure 10.



E)r(“p!acn:lg:)i;; Kaol - Kaolinite
Epi - Epidote Alun - Alunite
Carb - Carbonate P~ CoPPer
Q - Quartz gal - Galena

. sl - Sulfide
Ser - Sericite -y
K-feld - Potassium 3

Ag - Silver

Feldspar )
Bi - Biotite mb - Molybdenite
Anh - Anhydrite mag - Magnetite
py - Pyrite Argillic

Q-Kaol-Alun

Propylitic
Chl-Epi-Carb

Phyllic

Q

A Chl-Ser-Epi-mag

Oxidation

4FeS; +150, + 14 H,0 —= 4 Fe(OH), + 8 H,S0,

4 CuFeS, + 170, + 10 H,0 —= 4 Fe(OH), + 4 H,50, + 4 CuSO,

OXIDISED

2 Cuy(C0O,),(0H); + H,0 —= 3 Cu,y(CO,)O0H); + CO;

PARTLY OXIDISED

H,0 + €O, —= H,CO, \\\ ‘4‘_" / \‘ ‘\"\ \

2 CUSOupy + 2 N3,C0yuy —= Cu(COL)OH); 4+ 2 N3;S04 0y + CO;

Hydrothermal Alteration Zones, Minerals,
and Ores in a Porphyry Copper Deposit

o
- ~

e Peripheral S~ Pyrite Shell
4 ™ 10%
cp-gal-sl-Au-Ag S

4 \_ cp .01-3%

B (Modified from Lowell and Guilbert, 1970)

\\ 0L T
Metallur

-

S FeS, + 14 CuSO, + 12 H,0 —= 7 CuyS +5 FeS0, + 12 H,50,

CuFeS; + CuSO, —= 2 CuS + FeSO,
PbS + CuSO4 —= CuS + PbSO,

REDUCED

FRESH

Primary mineralisation,

Gossan

limonite Fe(OH),
Leached zone =
C
]
‘Cu"m, native copper Cu ';2(
: malachite Cux(CO;)(OH): | ©

Oxide zone azurite Cu3(CO3)(OH)z

cuprite Cu,0
chrysocolla CuSiO4H,0

Secondary Sulphide Watertable
: covelliet CuS c
Enrichment zone e e 5
©
(4

Hypogene

chalcopyrite CuFeS;

Protore .
©Bastian Asmus 2013



Pyroclastic (explosive volcanism)

Antidilational (crush)

Volcanic Neutral (abrasion)
Autobreccia (shattering) -
Factomis Dilation (implosion)
Intrusive }Magmatic .
Brecciation Processes |
'Hydraulic (shattering) 7
- Karstic
i i Collapse
Phreatic (explosion) ) , Phreatlc p .
— . Lahar
Phreatomagmatic (explosion)
CLASSIFICATION OF IGNEOUS ROCKS
— LIGHT COLOURED DARK COLOURED -
With free quartz Quartz rare or absent O:f':;‘;:'" Quartz absent
. { Acid ) ( Intermediate ) ( Basic) (Ultrabasic )
TEXTURE %g < 40 % dork minerals = 4,2;:;,‘:‘,’: k
= £ | Orthoclase > | Plagiociase > | Orthoclase > | Plagioclase > | Plagioclase > No
8 | Plagioclase Orthoclase Plagioclase Orthoclase Orthoclase feldspar
( Alkaline ) ( Caleic) (Alkaline ) ( Calcic) (Calcic)
FRAGMENTAL Tuff , Breccia, Ash, Cinders
Scorq Basic gloss of
GLASSY Obsidian (glass) , Pumice (frothy glass) Basalfic obsidion
portritic | Rhyolite Dacife | Trachyte | Andesite Basalt .
FINE Quariz Quartz Orthoclase | Plagioclase o
orthoclase plagioclase hyr : 3
Porphyritic Porphyritic Porphyritic Porphyritic "
rhyolite dacife frachyfe andesite
MEDIUM | Generally non-|  Aplite o (0o o : "
GRAINED| porphyritic | Microgranite = granodiorite | Microsyenite | Microdiorite Dolerite Peridotite =
- 2
COARSE | Generally non-| Granite 8 o S 5 s =
GRAINED| porphyritic | Pegmatite 2 Granodiorite Syenite Diorite Gabbro =

Felsite : A term applied to fine-grained , non - porphyritic, light coloured and low S.G. rocks; viz rhyolite,
dacite, trachyte. Fine-grained darker and heavier rocks may be andesites or basalls.

© Water Search, Angaston, South Australia 5353

Printed by Preview Plastics , Adelaide, Sth Aust.



a. Tectonic Breccia

Characteristics:
- grain reduction
- fragments preferred orientation
- frequently monogenic

Fragment

Process of formation =
- Fault activity with comminution b
and grain reduction Tectonic

b. Hydrothermal Breccia

Characteristics:
- rounded monogenic fragments
- matrix-supported breccia
- occurrence of matrix and final

Fragment

cement ,

Process of formation . , —
- Hydrothermal fluid emplacement " N &8 & RS "

Fluid action

¢. Magmatic Breccia

Characteristics:
- rounded polygenic fragments
- matrix-supported breccia
- No cement, magmatic matrix

. » . ) .“ * P l o
Process of formation “ - Fragment
- Explosno_n.llnk with magmatic ) groaii
activity .

Expfc;sion

d. Collapse Breccia

Characteristics:
- systematic cement
- grain-supported breccia
- polygenic or monogenic
Process of formation
- Collpase of the fragments and
subsequent cementation

Fragment

Cement with
comb quartz
db

Fallingblocks

e. Crackle Breccia

Characteristics:
- monogenic
- low matrix
Process of formation
- Beginning of fragmentation due to
tectonics or fluid overpressure

Fragmented
rocks

Low matrix

— .4

f. Hydraulic Breccia
Characteristics:
- jigsaw geometry
- monogenic character
- matrix-supported breccia

Process of formation i TN 2, Fragmmem
- Cracking by fluid overpressure . © w3 MRy T

®s
Hydraulic
fracturing




TaBLE 1

pyroclastic deposits.

Granulometric classification of pyroclasts and of unimodal, well-sorted

Clast size Pyroclast Pyroclastic deposit
(mm)
Mainly Mainly
unconsolidated: consolidated:
tephra pyroclastic rock
Bomb, block Agglomerate, bed Agglomerate,
of blocks or bomb,  pyroclastic breccia
CRYSTALS, ROCK FRAGMENTS 64 mm block tephra
Lapillus Layer, bed of lapill Lapilli tuff
2 mm or lapilli tephra

/16 mm

Coarse ash grain

Coarse ash

Coarse (ash) tuff

Fig 1- Subdivision of tuffs and ashes
according to their composition.

Fine ash grain
(dust grain)

Fine ash (dust)

Fine (ash) tuff
(dust tuff)

TaBLE 2
Terms for mixed pyroclastic-epiclastic rocks.

Pyroclastic* Tuffites Epiclastic Av. clast size
(mixed pyroclastic-epiclastic) {voleanic and/or nonvolcanic) (mm}
Agglomerate, agglutinate Tuffaceous conglomerate,
pyroclastic breccia tuffaceous breccia Conglomerate, breccia 64
Lapilli tuff coarse Tuffaceous sandstone Sandstone 2
(Ash) tuff fine Tuffaceous siltstone Siltstone /16
Tuffaceous mudstone, shale Mudstone, shale 11256
100 75 25 0% by volume

* Terms according to Table 1.

3.3. RANGE OF ABUNDANCE OF TRACE ELEMENTS IN SOILS'

ppm
10,000

4—— Pyroclasts

——  » Volcanic + nonvolcanic epiclasts ( + minor amounts of biogenic,
chemical sedimentary and authigenic constituents)

1,000 ]

e —N ey

e ——] —]

100

10

0.1

0.01

_Q—p

--—-—4—?—»—-——---—-—-
. [ e~~~ —

-2
4—9—
— (] m—-

D ! Te——

e — —

[ — ; J—
-

) — -

.

E—— —

Range of common values shown by a solid line, with unusual values shown by a dashed line.
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