
CONTENTS

1 INTRODUCTION...........................................................................................................1
1.1.1 Background........................................................................................................ 1
1.1.2 Objectives and aim............................................................................................ 2
1.1.3 Material and methods......................................................................................... 2
1.1.4 The study area.................................................................................................... 3
1.1.5 Iron (Fe)............................................................................................................. 5
1.1.6 Iron Minerals and iron ores................................................................................ 6

2 LITERATURE REVIEW.............................................................................................. 9
2.1 Banded Iron Formation (BIF)..................................................................................... 9

2.1.1 Algoma-type...................................................................................................11
2.1.1.1 Indian deposits........................................................................................11
2.1.1.2 Chinese deposits......................................................................................12

2.1.2 Lake superior type...........................................................................................12
2.1.2.1 Hamersley deposits, Australia................................................................ 13
2.1.2.2 Brazilian deposits.................................................................................. 13

2.1.3 Neoproterozoic Iron Formation (NIF)............................................................14
2.2 Ironstones.................................................................................................................15
2.3 Magmatic-hydrothermal iron deposits......................................................................16

2.3.1 Iron-Oxide Cu-Au (IOCG) deposits............................................................ 17
2.3.2 Kiruna-type magnetite-apatite deposits........................................................ 18

2.3.2.1 El Laco magnetite-apatite deposit...........................................................19
2.3.2.2 Central Iran Iron deposits........................................................................ 20

2.3.3 Iron skams (contact metasomatic iron-deposits).......................................... 21
2.3.3.1 Sangan iron deposit (NE Iran)................................................................. 22

2.4 Iron deposits of Afghanistan................................................................................... 23
2.4.1 Hajigak-type iron deposits (CAIB)............................................................. 23
2.4.2 Fe-skams...................................................................................................... 26

3 REGIONAL GEOLOGICAL SETTING................................................................... 27

3.1 Tectonic of Afghanistan........................................................................................... 27
3.2 Geology of the Central (middle) Afghanistan.......................................................... 29

3.2.1 Precambrian Basement................................................................................. 30
3.2.2 Paleozoic Sequence...................................................................................... 33
3.2.3 Mesozoic-Cenozoic Cover........................................................................... 34

3.3 Igneous Complexes................................................................................................... 34
3.3.1 Paymuri granite-gneiss................................................................................ 35
3.3.2 The Western Hindukush (Bamyan) Granitoids........................................... 35
3.3.3 Kuhi-Baba Magmatic-Volcanic Arc........................................................... 38
3.3.4 Hajigak Intrusive and Volcanic Rocks........................................................ 42

3.3.4.1 Gabbro-dolerite Series............................................................................42
3.3.4.2 Volcanic Series........................................................................................45

3.3.5 Tectonic Setting of Granitoids.....................................................................47
V

http://d-nb.info/1114408727


4 GEOLOGY OF HAJIGAK IRON DEPOSIT AREA............................................ 48
4.1 Introduction.............................................................................................................48
4.2 Stratigraphy.............................................................................................................48

4.2.1 Jawqul Formation........................................................................................ 50
4.2.2 Kab Formation............................................................................................. 50
4.2.3 Awband Formation...................................................................................... 52
4.2.4 Green Schist Formation............................................................................... 58
4.2.5 Hajigak Formation....................................................................................... 60
4.2.6 Kharzar Formation....................................................................................... 61
4.2.7 Post Carboniferous sediments...................................................................... 63

4.3 Alteration and veining........................................................................................... 64
4.4 Structural evolution of the study area....................................................................66

5 Fe-MINERALIZATION & IRON ORE CHARACTERESTICS......................... 68
5.1 Central Afghanistan Iron Belt (CAIB)...................................................................... 68
5.2 The eastern belt......................................................................................................... 68

5.2.1 The Khish block......................................................................................... 69
5.2.2 Kharzar block (block A).............................................................................. 71
5.2.3 Hajigak block (block B).............................................................................. 72
5.2.4 Kalu deposits (block C and D).................................................................... 74

5.3 The Western be lt...................................................................................................... 77
5.3.1 Sya-Dara deposits........................................................................................ 79
5.3.2 Andah deposit............................................................................................. 81
5.3.3 Karga deposit............................................................................................... 81

5.4 Ore Mineralogy and Petrography..............................................................................82
5.4.1 Pyrite-magnetite ore type............................................................................ 83
5.4.2 Goethite-martite (hematite) ore type........................................................... 87
5.4.3 Fe-carbonate mineralization........................................................................ 88
5.4.4 Jaspilite (hematite-quartz) mineralization............................................  88

6 IRON ORES AND HOST ROCKS GEOCHEMISTRY......................................89
6.1 Whole rock geochemistry........................................................................................ 89

6.1.1 Host rock composition (Awband Formation).............................................. 90
6.1.2 Major composition of iron o re ..................................................................... 92
6.1.3 Trace elements distribution.......................................................................... 96

6.2 Mineral geochemistry............................................................................................. 99
6.2.1 Magnetite....................................................................................................100
6.2.2 Hematite......................................................................................................101
6.2.3 Goethite........................................................................................................101
6.2.4 Pyrite & other sulfides.................................................................................102
6.2.5 Siderite/Fe-dolomite (ankerite)...................................................................102
6.2.6 Fe-talc...........................................................................................................103
6.2.7 Other minerals..............................................................................................103



7 RARE EARTH ELEMENTS....................................................................................... 106
7.1 Introduction............................................................................................................. 106
7.2 Whole rock REE-distribution....................................................................................108

7.2.1 REE-pattems of major igneous rocks (chondrite-normalized)....................109
7.2.2 REE-pattems of host rocks ................................................................... I l l
7.2.3 REE-pattems of iron ores (chondrite normalized).....................................112
7.2.4 REE+Y-Patterns of iron ores (shale normalized).......................................112

7.3 REE-anomalies and discussion..................................................................................114

8 OXYGEN AND CARBON ISOTOPE STUDIES...................................................... 121
8.1 Introduction.............................................................................................................121
8.2 Material and methods...............................................................................................121
8.3 Results......................................................................................................................124
8.4 Preliminary thermometry.........................................................................................127
8.5 Rock/Fluid Interaction.............................................................................................128
8.6 Discussion and conclusion...................................................................................... 130

9 ZIRCON GEOCHRONOLOGY (U/Pb DATING).................................................... 131
9.1 Introduction...............................................................................................................131
9.2 Material and Methods..............................................................................................131
9.3 Results and discussion...............................................................................................135

10 GENESIS OF THE HAJIGAK-TYPE IRON ORE DEPOSITS.............................. 141
10.1 Introduction....................................................................................................141

10.1.1 Suggested genetic models..........................................................................143
10.1.2 Syngenetic volcano-sedimentary Model....................................................143
10.1.3 Epigenetic Magmatic-Hydrothermal Model..............................................144

10.2 Evolution of the Hajigak-type iron deposits- a composite model.........................146
10.2.1 Volcano-sedimentary stage........................................................................148
10.2.2 Hydrothermal-hypogene Stage..................................................................148
10.2.3 Supergene-stage (ore stage-4)....................................................................151

10.3 Conclusions...........................................................................................................152
10.4 Suggestions and future studies..............................................................................153

REFERENCES................................................................................................................. 155
APPENDICES: Supplementary Data...................................................................................171
Appendix-1: Sample description...........................................................................................173
Appendix-11: Major Elements...............................................................................................181
Appendix-111: Trace Elements..............................................................................................189


