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Abstract

The fieldwork was carried out in three chosen areas in the provinces of Ha Tinh (#23 on
Fig. 1), Binh Dinh (#30 on Fig. 1) and Binh Thuan (#39 on Fig. 1). The samples are of dif-
ferent types such as raw sand, pre-concentrated ilmenite, and separates of ilmenite, rutile,
zircon and monazite. The average grain-size is between 100-200 pm.

With respect to information given on the tour, it was anticipated that the chance for getting
high-grade ilmenite was best in the Binh-Dinh province where the clean ilmenite separate
should contain 54-56 TiO,. The analytical results obtained give another story and pin point
the Ha Tinh province especially the Ky Khang area as the most promising area with high-
grade ilmentie with total TiO,% above 60 %. A second area of possible interest would be
the Bin Thuan province with TiO, grade up to 58%. The latter area is a big province and the
fieldwork had only visited a small part of the potential HM deposits.

It is recommended to do more work in the Binh Thuan region, where we only have a few
samples and our fieldwork was very sporadic. However, in this region there are possibilities
for large deposits and this study show promising results concerning the possibility for high-
grade ilmenite. In the Ha Tinh province, especially the Ky Khang area, where the highest
TiO,% is obtained, it is recommended to get more precise figures of deposit size and ton-
nage's of the heavy minerals.
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10. Yen Bai Yen Bai
11.Sonla Sonla

12, Vinh Phu  Viet Tri

13. Hanoi  Hanoi

14, Hai Hung Hai Duong
15, Haiphong  Haiphong
16. Thai Binh  Thai Binh
17.Ha Tay Ha Dong

18. Hoa Binh  Hoa Binh
19. Nam Ha MNam Dinh
20. Ninh Binh  Minh Binh
21. Thanh Hoa Thanh Hoa
22. Nghe An  Vinh

23. HaTinh Ha Tinh

24. Quang Binh  Quang Binh
25. Quang Tri Dong Ha
26.Thua Thien Hue
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29. Kon Tum Kon Tum
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31. Gia Lai  Pleiku

32. Phu Yen Tuy Hoa

33. Dac Lac  Buon Ma Thuot
34, Khanh Hoa Nha Trang
36. Ninh Thuan Phan Rang
36. Lam Dong Dalat

37. Song Be  Thu Dau Mot
38. Dong Hai Bien Hoa

39. Binh Thuan Phan Thiet
40. Ba Ria Vung Tau

41. Ho Chi Minh City Saigon
42, Tay Ninh  Tay Ninh

43. Long An  Tan An

44, Tien Giang Mytho

45, Ben Tre Ben Tre

46, Tra Vinh  Tra Vinh
47.Vinh Long  Vinh Long
48. Dong Thap Cao Lanh
49, An Giang Long Xuyen
50. Kien Giang Rach Gia
51. Cantho Cantho

52, Soc Trang Soc Trang
53. Minh Hai Camau
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distribution
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Major mineral deposits*
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Hm heavy minerals
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M Cam Ranh
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VI Dong Nai-Song Be

Figure 1. From O'Driscoll 1996.
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Introduction

In the international “scouting” program for high-grade ilmenite deposits outside Denmark,
Vietnam had long been one of the countries we wanted to have a closer look at the black
sands. We decided to make contact to the authorities in Vietham and got an excellent joint
project together with the Department of Geology and Minerals of Vietham (DGMV) in Ha-
noi. The results of the joint project are reported here in the following pages.

The joint venture heavy mineral sampling tour between the Department of Geology and
Minerals of Vietnam (DGMV) and the Geological Survey of Denmark and Greenland
(GEUS) took place from February 24 to March 13 (travel included). The study was carried
out for LLE. du Pont de Nemours & Co. The fieldwork was carried out during an 11 day’s
period, the tour was nearly 4,200 km long and three main areas was visited and sampled.
The plan for the tour and the itinerary was as follows:

February 24 — departure Denmark

February 25 — arrival Hanoi, Vietnam via a transit in Bangkok
February 26 — meetings at DGMV

February 27 — fieldtrip start — Ha Tinh — 375 km

February 28 — fieldwork in the Cam Xuyen area — 160 km
March 1% — fieldwork in the Ky Anh area — 136 km

March 2" — Ha Tinh to Da nang — 456 km

March 3" — Da nang to Quy Nhon — 360 km

March 4 — preparation for fieldwork in Cat Khanh area — 140 km
March 5 — fieldwork in the Cat Khang area — 260 km

March 6 — Quy Nhon — Phan Thiet — 503 km

March 7 — fieldwork in Ham Tan area and drive to Nha Trang — 443 km
Mach. 8 — Nha Trang — Danang — 559 km

March 9 — Danang — Thanh Hoa — 625 km

March 10 — Thanh Hoa — Hanoi —176 km. - meeting at DGMV.
March 11 — meetings at DGMV

Mach. 8 — Nha Trang — Danang — 559 km

March 9 — Danang — Thanh Hoa — 625 km

March 10 — Thanh Hoa — Hanoi —176 km. - meeting at DGMV.
March 11 — meetings at DGMV

March 12 — departure from Hanoi to Bangkok

March 13 — Bangkok to Denmatrk.

The field party consisted of Deputy Director Mr. Hop from DGMV and Mr. Trinh from the
International Co-operation Department, DGMV was the interpreter on the field trip (Figure
2). The driver, Mr. Tinh, of the Toyota four-wheel vehicle was the third Viethamese com-
panion on the tour. The sample list is given in Table 1 and sample locations in Figure 3.
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Figure 2. The field party at Cam Hoa # 1. From left to right: The chief of the miners
groups in Cam Hoa # 1 Mr. Chat, the guide from the Ha Tinh Minerals Office Mr. Nam,
Deputy Director Mr. Hop from DGMV and Interpreter Mr. Trinh from DGMV. In the back-
ground the spiral concentrators can be seen with the pre-concentrated black sands in front.

Objective

The main objectives of the heavy mineral joint project in Vietham are:

To locate an ilmenite deposit with approximately 3 % ilmenite (TiO, > 58 %), rutile, leucox-
ene and zircon combined and heavy mineral (HM) grain-size > 100 micron. The volume
should be approximately 100 mill t raw ore and overburden < 15 m.

To fulfil this aim samples from selected deposits in Vietham were collected and the grade of
the ilmenite determined as well as the HM paragenesis.

GEUS
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Figure 3. Sample localities
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Sample #
V01
V02
V 03
V 04
V 05
V 06
Vv 07
Vv 08
V09
V10
V11
V12
V13
V14
V15
V 16
V17
V18

V19

V 20
V21

V 22

V 23

V 24

V 25

V 26

V 27
DMZ
HANOI
HA TINH
HOI AN
HUE
NHA
TRANG
PHAN
THIET
QUYNH'N
THANH
HOA
Thinh Cam

Lab.no.

2000181
2000182
2000183
2000184
2000185
2000186
2000187
2000188
2000189
2000190
2000191
2000192
2000193
2000194
2000195
2000196
2000197
2000198

2000199

2000200
2000201
2000202
2000203
2000204
2000205
2000206
2000207

Latitude
18.3261556
18.3261556
18.3041024
18.3039254
18.2811910
18.2814914
18.2456088
18.2456088
18.2270426
18.2264096
18.1699974
18.1711507
18.1711507
14.2119474
14.2123604
14.0939731
14.0962261
14.1242552

14.1242552

14.1242552
14.1242552
14.1242552
10.7048089
10.7009626
10.7009626
10.7009626
10.7009626
17.0050925
21.0224033
18.3382416
15.8763278
16.4672131
12.2651035

10.9406823

13.7564224
19.7974921

18.2794100

Longitude

106.0293906
106.0293906
106.0486972
106.0495287
106.0827505
106.0845637
106.1916428
106.1916428
106.2179392
106.2181055
106.2840396
106.2832081
106.2832081
109.1800260
109.1812437
109.2066174
109.2068749
109.2042249

109.2042249

109.2042249
109.2042249
109.2042249
107.8229302
107.8176408
107.8176408
107.8176408
107.8176408
107.0509368
105.8601701
105.8953177
108.3286231
107.5796216
109.1955023

108.1028616

109.2187678
105.7761526

106.0952120

Date = Sample type

28-Feb-02 Raw sand

01-Mar-02 Pre-concentrated HM sand

28-Feb-02 Pre-concentrated HM sand

28-Feb-02 Raw sand

28-Feb-02 Pre-concentrated HM sand

28-Feb-02 Raw sand

28-Feb-02 Raw sand

28-Feb-02 Iimenite 99% concentrate

28-Feb-02 Raw sand

28-Feb-02 Pre-concentrated HM sand

01-Mar-02 Pre-concentrated HM sand

01-Mar-02 Raw sand

02-Mar-02 limenite 99% concentrate

05-Mar-02 Raw sand

05-Mar-02 Raw sand

05-Mar-02 Raw sand

05-Mar-02 Pre-concentrated HM sand

05-Mar-02 limenite 99% concentrate (B-
clean)

06-Mar-02 limenite 99% concentrate (A-
clean)

07-Mar-02 Rutile separate

08-Mar-02 Monazite separate

09-Mar-02 Zircon separate

07-Mar-02 Raw sand

07-Mar-02 Raw sand

08-Mar-02 limenite 99% concentrate

09-Mar-02 Rutile separate - 80-82%

10-Mar-02 Zircon separate - 57%

02-Mar-02 Visit

25-Feb-02 Overnight. DGMV.

27-Feb-02 Overnight

03-Mar-02 Visit

02-Mar-02 Visit

06-Mar-02 Overnight

07-Mar-02 Overnight

04-Mar-02 Overnight
09-Mar-02 Overnight

28-Feb-02 Visit

Table 1. Sample and locality list with geographical co-ordinates in decimal grades.
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Previous investigations

In the magazine Industrial Minerals an article by O'Driscoll (1996) focussed on minerals in
Vietnam with the subtitle 'Sands' future black & white'. The article mentioned that 40 heavy
mineral deposits occurred in Vietnam (Fig. 1). Proven reserves are estimated to total some
11 million tonnes of titanium minerals and 0.5 million tonnes zircon. The principal titanium
mineral is ilmenite accounting for approximately 10 million tonnes, while some rutile and
leucoxene are also of value. In addition, zircon, monazite, and xenotime also count for
some value.

The deposits are described as coastal placer deposits (O'Driscoll 1996) distributed along
the coast and are hosted in Quarternary sediments. In most placer deposits, fine-grained
fractions (0.05-0.15 mm) are dominant and occupy around 80%. Some figures on the dif-
ferent HM deposits are given in the UN ESCAP report from 1990 (Loan 1990).

Another source used in this report is facts deduced from senior expert Dr. Nguyen Van
Quy, DGMV who outlined the heavy mineral deposits of Vietnam in a lecture at DGMV. Dr.
Nguyen Van Quy told about the three major areas that we were going to visit during the
fieldtrip. The three areas are (1) Ha Tinh Province, (2) the Binh Dinh Province, and (3) the
Binh Thuan Province. Figures concerning tonnes, sizes and grades in this report are re-
ferred from this lecture, from local guides and from different not published DGMV notes.

GEUS



Analytical methods

The analysis by Computer Controlled Scanning Microscopy (CCSEM) is described in detail
in Knudsen and Appel (2000). Layout of data sheet can be seen in Appendix 1 where the
results of the individual samples are given. The average grain parameters are shown within
each mineral category. The grain curve is only based on the Ti-containing minerals — this
means that only grains which fall within the categories Ti-magnetite, ilmenite, leucoxene or
rutile are contained in the grain curve. The analytical result of each mineral is given in an
table as well as tables yielding normalised average contents of the valuable Ti-containing
minerals and the weight percentage based on the individual minerals. The concentration
limits of the cations in weight % are given below.

[Imenite: Fe + Ti >= 60; Ti >=42.3; Ti < 66.8

Leucoxene: Fe + Ti >= 60; Ti >= 66.8; Ti < 85.8

Rutile: Fe + Ti >= 65; Ti >= 85.8

Ti magnetite: Fe + Ti >= 60; Ti <42.3; Ti> 15

Magnetite: Fe > 60; Ti <= 15; Cr<=10; S< 40

Chromite: Fe + Cr > 60; Cr > 10

Pyrite: S > 40; Fe >= 20; Fe + S >= 60

Phosphate: P > 25; Zr<3.5; Y <10

Monazite: P > 10; Ce > 20; Zr< 10

Y-phosphate: P > 22; Y >10; Zr< 10

Sphene: Ca + Si + Ti >=90; Ca >= 25; Ti >= 25

Garnet: Si/Al>1.5; Si/ Al <1.8;Si>25; Si<42; Al >15; Al<28; Ca<10

Sillimanite: Al > 55; Si < 40; Si > 30; Fe <5

Staurolite: Al + Si > 70; Fe > 10; Fe < 30; Al > 40; Al <60

Zircon: Si > 18; Zr > 65

Silicate: Na + Mg + Al + Si + K+ Ca > 50; Zr < 3.5; Si > 20

Analytical control

As analytical control five ilmenite concentrates were analysed by both XRF and CCSEM. In
Figure 4 and Table 2 the results are shown together with results from the raw samples
which make the basis for the concentrate samples.

Sample no. Lab. no. Concentrate Concentrate Raw sample Sample no.
XRF CCSEM CCSEM

Concentrate Concentrate  TiO, % TiO, % TiO, % Raw sample
V 08 2000188 53.1 52.6 54.5 V 06
V13 2000193 56.9 58.4 59.9 V11
V18 2000198 56.2 60.3 52.1 V15
V19 2000199 50.5 52.3 52.5 V17
V 25 2000205 52.8 53.5 55.0 V 24

Table 2. CCSEM results of ilmenite concentrates and raw samples compared to XRF
analyses of the ilmenite concentrates.

10
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TiO, %
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60 - o x
58 - <
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52 | % % X
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< Concentrates
X Raw samples

CCSEM

50 52 94 56 58
XRF

Figure 4. CCSEM results of ilmenite concentrates and raw samples compared to XRF
analyses of the ilmenite concentrates.

The results in Table 2 show that the TiO, values of the CCSEM are slightly higher than the
XRF analyses. The raw samples V 15 and V 17 deviate from the concentrate samples by
given much lower values. The concentrate samples V 18 and V 19 are samples from the
same deposit and should be equivalent in content to the raw samples V 15 and V 17. The
two concentrate samples (V 18 and V 19) are given to us by Mr. Doan at the concentrator
plant and explained as A and B cleaned ilmenite concentrate. The reason for the contro-
versy in the results between V 18 and V 19 is not completely clear. It is not an analytical
failure due to duplicate analyses of the samples and the duplicates gave the same results.
Polished sections of sample V18 and V 19 did not show a great difference between the two
samples. They have ilmenite and in addition up to 5% rutile, some zircon and monazite.
Sample V 18 yields the high TiO, content and the XRF analytical results have higher Cr, Y,
Nb, Zr, La and Ce than sample V 19 (Appendix 2). However, this high TiO, value is not the
typical content of the deposit compared to the results of the raw sample (V 15 and V 17)
and the other concentrated sample (V 19). It is concluded that the average content for this
particular deposit is close to 52 TiO, % (see description of the sample locality from the Binh
Dinh area).

11
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Results

Ha Tinh Province

The heavy mineral sand of the Ha Tinh region is all of the aeolian type found in sand
dunes. The ilmenite content of the regions is estimated to be 6-7 million tonnes (Table 4).
Associated minerals are rutile, leucoxene, zircon and monazite, which also are exploited.
The zircon content of the area is estimated to be more than 250,000 t.

The mines in the area belong to the Ha Tinh Minerals and Trading Company, which con-

#. el

Figure 5. Cam Hoa # 1 open pit. The black sand layer is close to the water table.

centrate and separate the heavy minerals locally. Vietham does not have their own proc-
essing plant, thus all products are sold. The ilmenite concentrates goes to Japan and only a
smaller part go to South Korea and Malaysia. Zircon and monazite are sold to China.

Sampling

Together with a guide, Mr. Nam, from the local Minerals Office in Ha Tinh we visited five
operating heavy mineral mines. The three first belongs to the Cam Hoa deposit, which is up
to 18 km long and approximately one km wide in the Cam Xuyen area. The Cam Hoa be-
longs to the Ha Tinh Minerals and Trading Company. The Cam Hoa mines havel-5m over-
burden of sand before you reach the 1-5 m thick heavy mineral layer (Fig. 5). It looks like
that the content of heavy minerals is highest in the northern part of the area and lowest in
the southern part. The HM sands are deposited in sand dunes inland some km from the
coast. From all three Cam Hoa mines a spiral centrifuge pre-concentrates the sand to a
heavy mineral content of 80-85% (Figs. 2 and 5). The landscape is restored after the min-
ing by planting of trees.

12
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CamHoa#1

The chief of the miners group, Mr. Chat, showed the mine to us (Fig. 5). The HM layer is
here in average 1,5 m thick (max. 3m). The mining company only licence in a 500-m belt
but the orebody is here one km wide.

Sample V 01 — 2000181 — Raw sand sample.

Sample V 02 — 2000182 — Pre-concentrated HM sand with 80-85% HM.

Cam Hoa # 2

The chief of the miners group, Mr. Ky, showed the mine to us. The heavy mineral bed is 1-5
m thick and average 3-m (Fig. 6). The content of HM is lower than in Cam Hoa # 1 but the
ilmenite content is very erratic from 1-70% of the raw sand.

Sample V 03 — 2000183 — Pre-concentrated HM sands.

Sample V 04 — 2000184 — Raw sand sample of dune.

Figure 6. Cam Hoa # 2 open pit. The grey layer in the middle of the profile is the heavy
mineral bed. From left to right: The chief of the miners groups in Cam Hoa # 2 Mr. Ky, the
Interpreter Mr. Trinh from DGMV, the guide from the Ha Tinh Minerals Office Mr. Nam,
Deputy Director Mr. Hop from DGMV.

Cam Hoa # 3

The director of the mine enterprise, Mr. Dinh, showed the mine to us. This mine has a
rather low HM content with 1-2%. The cut-off grade is one- % ilmenite. The concentrator is
here more modern and automatic than the two first mines. It was an Australian concentrator
with a capacity of 120 t/h.

13
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Sample VV 05 — 2000185 — Pre--concentrated HM sands.
Sample V 06 — 2000186 — Raw sand sample from the mine but with relatively low HM con-
tent.

Heavy minerals (black sands) in the beach sand in the Cam Hoa area are nearly absent.

Kyxuan # 1

This mine belongs to Company No. 4 under the Vietnam National Minerals Corporation,
Ministry of Industry. The director of Company No. 4 showed us the mine. The orebody is
1.5 km long and 200 m wide with a thickness of 3-5 m. It is a sand dune (Fig. 7) one km
from the coast with very high contents of heavy minerals. The Company 4 has its own plant
for concentration and separation and delivers 99% pure ilmenite concentrate. The produc-
tion is 15-20,000 t/year of ilmenite concentrate.

Sample V 07 — 2000187 — Raw sand sample - rich in HM.

Sample VV 08 — 2000188 — 99% ilmenite separate.

e

e 0

e

Figure 7. Left: Sand dunes with heavy minerals, Kyxuan # 1. Right: Pre-concentrated
black sand, Kyxuan # 2.

Kyxuan # 2

This mine is 1.3 km long and 100 m wide with heavy minerals in a thickness of 6-9 m. The
mine produce 9,000 t/year. The sand is pre-concentrated by washing at site and gives a
concentrate with 54% ilmenite (Fig. 7).

Sample V 09 — 2000189 — Raw sand sample.

Sample V 10 — 2000190 — Pre-concentrated HM sand with 54% ilmenite.

14
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Figure 8. Ky Khang Heavy mineral deposit. The deposit is hosted in a layered (cm-dm
dark layering) sand dune.

Ky Khang

Ky Khang is located 50 km south of Ha Tinh. The deposit also belongs to the Ha Tinh Min-
erals and Trading Company and is the largest deposit in the Ha Tinh region. The Ky Khang
deposit is 7.2 km long, 1-km wide and the HM bed is 7 m thick and contains up to 15% HM
with 3 million t of HM. The deposit is hosted in a layered (cm-dm layering) sand dune (Fig.
8). The heavy minerals are ilmenite, leucoxene, rutile, zircon and monazite but in general
fine-grained. The fine-grained sand sometimes causes problems in the separation process.
Zircon and monazite are sold to China and most of the ilmenite concentrates goes to Japan
and only a smaller part go to South Korea and Malaysia. The separation of the minerals is
done on site in the Ky Anh ilmenite concentration plant, which has the ISO 9001 Standard
certificate.

Sample V 11 — 2000191 — Pre-concentrated HM sands.

Sample V 12 — 2000192 — Raw sample from top of the HM bed.

Sample V 13 - plant site — 2000193 - limenite separate.

Analytical results

The TiO, content of the ilmenite is especially interesting in the Ky Khang area, where the
TiO, content of the ilmenite concentrate varies from 54 to 56% and the overall TiO,% is
over 60 (Tables 3 and 4). In the areas outside Ky Khang TiO; is lower around 54%. The
heavy minerals are ilmenite, leucoxene, rutile, zircon and monazite but in general fine-
grained. The fine-grained sand sometimes causes problems in the separation process. The
XRF values in Table 2 are from an ilmenite concentrate. The detailed results from the

15
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CCSEM analyses can bee seen in Appendix 1 and Table 7 (V01-V13) and XRF results in
Appendix 2 (Sample V 13).

The grain size of the samples from the region range normally from 100-200u. In Figure 9
the grain size distribution is given from Ky Khang where the grain size is a little bit more

fine-grained than the average from the area. The TiO; analytical results from CCSEM and
XRF yielded similar figures.

Distribution of TiO, content in Ti-minerals
30
25
£ 20
T 15
2
= 10
5
l] = s : | . I_II"_-II | - - 1 1 1 I.-I\.-I-.I-.I — L I\.-I- L
30 34 38 42 46 50 54 58 62 66 70 74 V& 82 66 90 94 98
TiO, (Wi}
Apparent grain size distribution of Ti-containing minerals
100 ? *
=
E
=
(5]
0
10 100 1000
Grain diameter (um)

Figure 9. Grain size distribution of sample V11, Ky Khang.
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Normalised average contents Weight perce t on a mineral
basis:
of the valuable Ti-containing Heavy mine-
minerals: ral
Average Category concentrate Raw sand
content limenite Leucoxene Rutile Ti magnetite Category wt % wt %
TiO, wt% 59.9 7.7 94.7 42.1 limenite 56.9 35.9
Fe,Os wit% 34.3 12.6 1.6 35.3 Leucoxene 11.8 7.4
MnO wt% 2.7 0.8 0.2 2.2 Rutile 11.9 7.5
Cr,03 Wt% 0.1 0.2 0.2 0.8 Ti magnetite 0.7 0.5
SiO, wt% 1.5 6.1 2.0 10.2 Magnetite 0.0 0.0
Al,O3 wt% 0.9 2.0 0.8 4.4 Chromite 0.3 0.2
MgO wt% 0.1 0.1 0.1 0.6 Pyrite 0.0 0.0
CaO wt% 0.1 0.1 0.1 0.1 Phosphate 0.0 0.0
ZrO, wt% 0.4 0.4 0.3 4.4 Monazite 0.6 0.3
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.0 0.0
Sphene 0.0 0.0
Garnet 0.0 0.0
Kya/Sill 0.4 0.2
Average TiO, content of all 67.4 Staurolite 1.0 0.6
the TiO, minerals:
‘ Zircon 10.8 6.8
Average TiO, content of all the TiO, mine- 62.8 Silicate 4.6 39.8
rals excl. rutile
‘ Unclassified 1.0 0.7
Valuable heavy minerals in 58.98 Total 100.0 100.0
raw sand:
Table 3. Results from the sample V 011, Ky Khang.
Deposit |Length Thick- |llmen- |Zircon |TiO, % |TiO, % of | Type of| Comments
name (km) x ness ite t of il- CCSEM HM
width (m) [of HM | (mill.t) menite | (ilm. + deposit
bed leucox-
(m) ene)
Cam Hoa |18 x (500- |1 -5 2.3 84,000 |53.3 55-56 Aeolian | Three deposits — 6
1000) samples
(1-3)
Kyxuan1l |1.5x 200 |3-5 0.6 - 53.5 Aeolian | Rich in HM — 2
(XRF) samples
Ky Khang | 7.2 x 1000 | 7 3 150,000 |54-56 |60-63 Aeolian | 15% HM, fine-
57.6 grained — 3 sam-
(XRF) ples
Ky Ninh |7 x 500 0.6-1.1 [0.2 35,000 |- Aeolian | Not sampled

Table 4. Heavy mineral deposits in the Ha Tinh region. The numbers are partly from pub-
lished figures (Loan 1990), Dr. Quy, DGMV, Hanoi (personal communication) and from the
information given by the mining companies during the fieldtrip.
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Binh Dinh Province

The heavy mineral sand of the Binh Dinh region is all of the aeolian type found in sand
dunes but the age differs probably with both Miocene and Quaternary dunes. The ilmenite
content of the regions is estimated to be 2.5 million tonnes (Table 5). Associated minerals
are rutile, leucoxene, zircon and monazite, which also are exploited. The zircon content of
the area is estimated to be more than 250,000 t. The mines in the area belongs to Bimal
Minerals Co. Ltd., which concentrate and separate the heavy minerals locally. A few other
heavy mineral deposits occur in the region namely Dong Xuan and Xuong Ly (Loan 1990;
see Table 5).

Sampling

In Quy Nhon we picked up our guide of the day, Mr. Choung from the local Minerals Office.
The deposit was investigated by the Geological Division no. 5 in Corporation with the Ma-
laysian Geological Survey. At My Tho it was claimed that the overburden down to the Mio-
cene sand should be 1.2 m but we dig down to approximately to 2-m without reaching any
heavy mineral horizon. Instead we took sample of the Quaternary dunes, which obviously
carry heavy minerals with one sample in the middle of the dunes where testing basins had
been exploited and one in a coastal dune profile with mm bands of heavy minerals.

Sample V 14 — 2000194 — Raw sand samples from the middle of Quaternary dune.
Sample V 15 — 2000195 — Raw sand sample from the Quaternary coastal dune.

De Gi and Cat Khang

The De Gi and Cat Khanh deposits are physically the same orebody. Mr. Ly from the Bimal
Minerals Co. Ltd. showed us the mining site and gave us kindly some information about the
orebody. The deposit was investigated by the Geological Division no. 5 in co-operation with
the Malaysian Geological Survey. It is at least 5-km long and 100-1000 m wide and the
thickness of the heavy mineral sands varies from 1-6 m and average 5.6% heavy minerals.
The deposit is Miocene sand dunes with a distinct heavy mineral banding (mm-cm bands).
At the site the heavy mineral sands are pre-concentrated and in the nearby separation
plant the heavy minerals are separated into ilmenite with A and B quality, rutile, monazite,
and zircon concentrates. Mr. Doan at the separation plant provided us kindly with samples
of the different mineral separates.

Sample V 16 — 2000196 — Raw sand sample of Miocene dune.
Sample V 17 — 2000197 — Pre-concentrated 85-90% ilmenite.
Sample V 18 — 2000198 — limenite separate B-clean — 99% ilmenite.
Sample V 19 — 2000199 — limenite separate A-clean — 99% ilmenite.
Sample V 20 — 2000200 — Rutile separate.

Sample V 21 — 2000201 — Monazite separate.

Sample V 22 — 2000202 — Zircon separate.
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Analytical results

The area has low content of TiO, (around 52%) except for one XRF analysis of an ilmenite
concentrate, which yields 56.5%. The grain size varies between 100-200u. The individual
CCSEM results are given in Appendix 1 and Table 7 (V14 - V19). This province was be-
forehand mentioned to be one of the high-grade regions, which turned not to be the case.
The controversy between the TiO, contents in the ilmenite concentrate samples is dis-
cussed in the chapter about the analytical methods. It is concluded that the average con-
tent for the deposits in the area are close to 52 TiO, %.

Deposit | Length | Thick- |llmen- |Zircon |TiO, % of |Type of | Comments
name (km) x |ness |ite ® CCSEM HM de-
width |of HM | (mill.t) (ilm + leu- | posit
(m) bed coxene)
(m)
My Tho 7 x|1.6-4 |0.8 55,000 |51-53 Miocene |3 ore bodies
1000 Aeolian |— 2 samples
Cat Khanh |5 X|1-6 1.6 32,000 |52 Miocene |Av. 5.6% HM
(100- 51-56.5 Aeolian |—7 samples
1000) (XRF)
Xuong Ly |- - 0.02 - - Not sampled
Dong - - 0.1 2,400 - Not sampled
Xuan

Table 5. Heavy mineral deposits in the Binh Dinh Province. The numbers are partly from
published figures (Loan 1990), Dr. Quy, DGMV, Hanoi (personal communication) and from
the information given by the mining company during the fieldtrip.
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Binh Thuan region

From the information given on the fieldtrip the heavy mineral sand deposits in the Ham Tan
area are of the dune type and young Quaternary deposits. The ilmenite potential is huge
with nearly 2 million tonnes of iimenite. In Table 6 data from the overall area is recorded.

Figure 10. Sand dune in the Ham Cam area. The black 'statues' in the upper part of the
sand dune are spiral concentrators.

Sampling

From the Department of Industry the Vice Director Mr. Hung accompanied us to the heavy
mineral fields in the Ham Tan area. In Ham Tan we were guided by Mr. Tan from the ‘II-
menite Exploiting Enterprise’ — a company under the Vietnam National Mineral Corporation,
which has the mineral rights in the area.

Ham Tan

The heavy minerals are in coast parallel sand dunes (Fig. 10). The dunes at the visited site
are 10-15 m high and 30-100 wide and continue along the coast. The heavy mineral con-
tent is 4-5% and the TiO, % in ilmenite is c. 52%. The heavy mineral sand is pre-
concentrated at the site and the mineral separation takes place in Ham Tan at the ‘Enter-
prise of CIDISACO (Mineral Development Corp., HCM City), which belongs to the Vietnam
National Mineral Corporation. The production of ilmenite is more than 10,000 t/year.
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Sample V 23 — 2000203 — Raw sand sample of Quaternary dune.
Sample V 24 — 2000204 — Raw sand sample of Quaternary dune.

Sample V 25 — 2000205 — limenite — 99% ilmenite.
Sample V 26 — 2000206 — Rutile separate — 80-82%.
Sample V 27 — 2000207 — Zircon separate — 57%.

Analytical results

The grade of the TiO, content is moderate to high (55%). If rutile is taken into account the
TiO, percentage is between 57-58% (V23 - V25 in Appendix 1 and Table 7).

Deposit |Length Thick- Ime- |Zircon |[TiO, % |TiO, % of |Type of | Comments
name (km) x ness of nite ()] of il- CCSEM HM de-
width (m) | HM bed (mill.t) menite | (ilm + leu- | posit
(m) coxene)
Ham 2.3x(400- |Av.4.2 1.9 442,000 |53.2 55-56 Aeolian | Three de-
Tan 600) 53.2 (XRF) posits — 5
samples
Ham 7 x (200- 0.6-1.4 0.112 |22,000 |- Aeolian | Not sampled
Tan 300)
stanard.
South
Long Hai | - - 0.072 (10,500 |- Aeolian | Not sampled
Trum 4.5 x (15- 0.9-7.5 0.152 |23,000 Aeolian | Not sampled
Gang 450)
Thien Ai | 1.5 x 250 3.5 0.054 |[15,000 Aeolian | Not sampled
Mui Ne |15 x 1800 2-11 0.46 60,000 |50.0 Aeolian | Not sampled

Table 6. Heavy mineral deposits in the Ha Tinh region. The numbers are partly from pub-
lished figures (Loan 1990) and from Dr. Quy, DGMV, Hanoi (personal communication).
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Conclusions

The fieldwork was carried out in three chosen areas in the provinces Ha Tinh, Binh Dinh
and Binh Thuan was a success and the anticipated sampling program turned out to be sat-
isfactorily. The sample list is given in Table 1 and altogether 27 samples were collected.
The samples are of different types such as raw sand, pre-concentrated ilmenite, and sepa-
rates of ilmenite, rutile, zircon and monazite. The average grain-size is between 100-200
pm. A summary of the CCSEM analytical results is given in Table 7.

The impression from the fieldwork and information given on the tour, it was anticipated that
the chance for getting high-grade ilmenite was best in the Binh-Dinh province where the
clean ilmenite separate should contain 54-56 TiO,. The analytical results obtained give
another story and pin point the Ha Tinh province especially the Ky Khang area as the most
promising area with high-grade ilmenite with total TiO,% above 60 %. A second area of
possible interest would be the Bin Thuan province with TiO, contents up to 58%. The latter
area is a big province and the fieldwork had only visited a small part of the potential HM
deposits.

It is recommended to do more work in the Binh Thuan region, where we only have a few
samples and our fieldwork was very sporadic. However, in this region there are possibilities
for large deposits and this study show promising results concerning the possibility for high-
grade ilmenite. In the Ha Tinh province, especially the Ky Khang area, where the highest
TiO,% is obtained, it is recommended to get more precise figures of the deposit size and
tonnage's of the heavy minerals.
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Locality Field % HM in raw sand | % TiO, in % TiO, in all Ti
no. llmenite minerals
Cam Hoa #1, Ha Tinh V01l 16,9 54,3 55,7
Cam Hoa #1, Ha Tinh V02 74,65 54,3 57,6
Cam Hoa #2, Ha Tinh V04 78,53 53,9 57,4
Cam Hoa #3, Ha Tinh V06 2,74 54,5 61,2
Cam Hoa V08 HM concentrate 52,6 52,8
Kyxuan #2, Ha Tinh V09 21,38 52,9 53,4
Kyxuan #2, Ha Tinh V10 67,96 53,1 53,7
Ky Khang; Ha Tinh V11 63,1 59,9 67,4
Ky Khang, Ha Tinh V12 42,43 56,8 64,4
Ky Khang, Ha Tinh V13 HM concentrate 58,4 59,7
My Tho, Bin Dinh V14 7,18 52,3 51,6
My Tho, Bin Dinh V15 13,05 52,1 53,3
Cat Khang, Bin Dinh V16 16,29 52,0 52,4
Cat Khang, Bin Dinh V17 92,07 52,5 52,5
Cat Khang, Bin Dinh V18 HM concentrate (B) 60,3 62,5
Cat Khang, Bin Dinh V19 HM concentrate (A) 52,3 51,6
Ham Tan, Binh Thuan V23 7,95 55,0 57,2
Ham Tan, Bin Thuan V24 24,67 55,0 57,4
Ham Tan, Bin Thuan V25 HM concentrate 53,5 53,2
Table 7. Summary of the CCSEM analyses
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Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G EUS
Sample Name: W02 No. of frames analysed; 31
Lab. Mame 2000182 No. of panicles analysed: 808
Date: 230502 Heavy minerals in raw
Submitier: DuPentGEUS sand {3} 7485
Country: Vietnam Comments:
Analyzed by: BY
Acc. Voltage/Magnitication; 17KV/S0x
Guard region: 250 um
Sigve: 100 pm®
Average content
Category T Wit FeaOnwie MnO wite Cr0; wita S0, wite AL witte MgO Wit Cal wt ZrQ, With Taotal
limenite 533 39.5 3.4 01 0.9 0.6 0.1 a1 0.3 98.2
Leucoxens 770 76 0.5 0.2 8.3 2.8 0.1 0.1 03 36.9
Rutile 92.5 1.5 0.1 01 2.3 1.2 01 01 0.2 981
Ti magnetite 405 36.3 2.4 0.0 10.9 2.5 0.3 0.1 33 95.4
|Magnetite 05 810 0.2 0.2 5.4 B.O 0.2 0.1 0.4 96.1
Chramite 0.0 0.0 0.0 0.0 (.0 0.0 0.0 0.0 0.0 0.0
|Pyrite 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 Q.0
Phosphata 0.0 0.0 0.0 0.0 0.0 (vXs] 0.0 0.0 0.0 0.0
Menazile 3.0 0.0 0.0 0.0 5.6 11.4 57 1.7 0.0 27.4
Y-phosphats .4 R 0.0 0.0 21 1.9 0.4 22 0.5 10.6
Sphene 00 2.0 0.0 0.0 0.0 a.0 0.0 (4X] 0.0 00
Gamet 1.0 26.5 0.4 0.1 36.8 208 15 15 0.2 90.7
Kya/5il 0.8 1.4 0.0 0.0 42.0 53.2 0.0 0.0 0.1 97.5
Staurclite 1.0 166 0.2 0.2 3.4 46.9 1.2 0.1 0.4 979
Zirzon 0.3 0.1 01 29.6 0.1 0.1 01 6t.4 92.5
Silicate 3.3 ] 0.2 0 62.0 208 2.0 0.4 0.3 96.0
Unclassified 143 a7 0. 0.4 2049 1.6 0.5 0.4 333 8210
Waiuabla heavy minerals
Category limenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurclite Total
wil % 816 5.4 4.4 1.7 0.0 4.1 1.1 0.7 100.0
Mormalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Average Category concentrate R sand
content lImenite Leucoxene Rutile Ti magnetite Catégary wt % Wt %
TiO, wit 54.3 79.5 943 42.0 |limenite 76.0 56.8
Fe, 0, Wit 402 7.8 1.5 7 Leucoxenea 59 4.4
MNCH wi% 3.4 0.5 01 2.5 Rutile 4.1 31
Cra0y with o 0.2 01 0.0 Ti magnetite 1.6 12
SiQ, wite 1.0 8.5 2.3 1.3 Magnetite 08 08
AlLO, Wi 0.6 2.9 1.2 2.6 Chromite 0.0 0.0
MgO wi% 01 0.1 0.1 0.3 Pyrite an 00
Cal wits 0.1 48] 0.1 0.1 Phosphate 0.0 0.0
Zr0; wi%s 0.3 0.4 0.2 3.4 Monazite 0.0 00
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.1 0.1
Sphene 0.0 00
Garnet 0.0 0.0
Kya/Sill 1.0 0.7
Average TiO; contert of all the TiO, minsrals: 57.6 Staurolite 0.7 05
Zircon 3.8 28
Awverage Ti0. content of all the TiO, minerals excl. rutile: 55.8 Silicate 4.8 28.9
Unclassified 1.1 0.8
Valuable heavy minerals in raw sand: 69.59 Taotal 100.0 100.0¢




Geological Survey of Denmark and Greenland
Thorave] 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

Lab, Name:  {2000182 Analyzed by: BV GEUS
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 23/05/02 |
Distribution of TiO, content in Ti-minerals
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Grain diameter (pmj

Average grain paramelers. . -

Category Aspecl ratio Circularity Parimeter {pm) Length {pm} Area (pm’) Total grains

limenite 1.6 1.8 498 192 12481 568
Leucoxens 1.8 1.9 548 216 14172 39
Autile 16 18 458 172 10794 32
Ti magnetite 16 21 533 219 12703 1
Magnetite 1.5 17 447 165 10853 6
Chromite 0.0 0.0 0 0 0 0
Pyrite 0.0 0.0 0 0 0 0
Phosphate 0.0 0.0 0 0 0 0
Manazite 1.6 1.2 59 18 228 1
'-phosphate 1.3 1.4 226 79 3404 o
15phene 0.0 0.0 1] 0 a 0
Garnet 1.3 1.4 135 47 1148 4
Kyassill 2.3 3.7 2459 1114 128675 1
Staurolite 1.3 2.1 710 291 19256 4
Zircon 1.4 1.6 325 114 6017 57
Silicate 1.5 1.8 489 191 12217 62
Unclassified 1.4 1.7 351 144 8152 21




Geological Survey of Denmark and Greenland
Thoravej 8. DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G E U S
Sample Name: Y (04 Mo, of frames analysed: 60
Lab, Name 2000184 Mo. of particles analysed: 1000
Date: 29/05/02 Heavy minerals in raw
Submitter: DuPenyGELS sand {7): 78.53
Country: Wigtnam Comments:
Analyzed by: =)
Ace. Voltage/Magnification; 17KV/S0x
Guard region: 300 pm
Sieve 100 pm®
Average contant
Category Ti0. wi%s Fe. Oy wi% M wi% Cr0; wi%a Sid, wite Al O wits MgO wita Cal wi%e 20, wite Tctal
limenite 52.9 39.5 34 0.1 1.1 0.7 0.1 0.1 02 98.1
Leucoxene 768 Bz a5 01 4.0 2.4 0.1 0.1 03 97.6
Hutile 0.7 25 0.2 a1 286 1.3 0.1 0.1 02 87.9
Ti magnetite 41.0 3r7 27 0.3 10.4 35 0.3 0.3 0.4 96.6
|Magnetite 0.3 739 0.2 a1 10.3 11.2 0.4 0.1 0.4 96.8
Chromite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pyrita 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Phosphate Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Monazite 0.0 1.3 0.0 0.0 7.4 3.8 0.0 1.6 1.0 15.1
-phosphate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sphene 00 00 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0
Garmet a0 a0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Kya/Sil 02 06 01 0.0 426 53.9 0.0 2.1 0.2 979
Staurolite 08 15.2 0.3 0.1 2.3 473 1.3 01 0.4 97.9
Zirzon 0z 0.3 0.2 0.1 300 0.1 0.0 a1 62.8 93.8
Siiicate 1.0 8.3 0.1 1 48.9 329 3.7 1.0 0.3 96.5
Uriclassihiad 17.9 14.0 13 0.6 18.4 10.8 4.4 0.4 12.1 88.9
Valuable heavy minerals
Categary limenite Leucoxens Rutile Ti magnelite Garnet Zircon Kyarsill Staurpiite Total
wi % 82,3 9.0 s 1.8 0.0 1.7 0.3 1.1 0.0
MNormalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Average Catagary concantrate Raw st
canient Ilmenile L eucoxens Hutile Ti magnetite Category wi % wi %
TiO, Wi 539 7 92.6 424 |imenite 748 58.7
Fe, 05 wita 30.2 8.4 286 330 Leucoxenea 8.2 6.4
MNO wis 35 Q5 0.2 2.8 Rutile 3.2 25
G0y wits o1 o1 L8 0.3 TI magnetite 1.7 14
G100, wite 1.2 9.2 2.6 10.8 FMagnelim 2.5 2.0
ALO; wis a7 25 1.4 36 Chromite 0.0 0.0
MgO wi 01 0.1 0.1 03 Pyrite 0.0 00
Cal wi% 01 o8] 04 0.3 Phosphate 0.0 0.0
2r0; Wit 0.2 0.3 0.2 0.4 Monazite 0.0 00
Tolal 100.0 100.0 100.0 100.0 ¥-phosphate 0.0 00
Sphene 0.0 0.0
Gamet 0.0 0.0
Kya/Sill 0.3 0z
Average TiO, contant of all the TiQ. minarals; 574 Staurolite 1.0 08
Zircon 1.6 1.2
Average Ti0; content of all the TiO; minarals excl. rutile: 56.1 Silicate 5.0 25.4
Unelassified 1.6 1.3
Valuable heavy minerals in raw sand: 71.31 Total 100.0 100.0
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G EUS

Lab. Name: 2000184 Analyzed by: BV
Submitter: DuPont/GEUS Acc, Voltage 17kV
Date: 29/05/02 I
Distribution of TiO, content in Ti-minerals
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Grain diameter (um)
Average grain.ggﬁ.ame’re:s" b =
Category Aspect ratio Circularity Perimetar {um) Length {urm) Area (|.|.I'I12) Total grains
limenite 1.6 1.8 624 241 19890 723
Leucoxene 1.5 1.7 610 232 21807 73
Rutile 1.4 1.7 528 169 16340 34
Ti magnetite 1.8 2.0 658 278 22415 14
[Magnetita 1.3 1.7 1303 463 104760 4
Chromite 0.0 0.0 4] 0 Q 0
Pyrite ' 0.9 c.0 1] o] o
Phosphate 0.0 0.0 0 o 0
|Monazite 1.4 1.5 215 76 2420 3
¥-phosphate 0.0 0.0 0 o} 1}
|Sphene 0.0 0.0 [i] 1] o
Garnat 0.0 0.0 0 0 0
|Kya/Silt 1.8 2.1 694 279 20441 4
Staurolite 16 2.1 601 241 16298 14
Zircon 1.5 1.6 416 147 9509 H
Silicate 1.6 2.0 670 273 21855 75
Unclassified 1.4 2.1 652 277 20682 25




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
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G E U
Sample Mame: V06 HNo. of frames analysed: 41
Lab. Mame: 2000186 Mo of particles analysed: 1078
Date. 30/05/02 Heavy minerals in raw
Subimitter: DuPentGEUS sard (%) 274
Country: Vietnam Comments:
Analyzed by: BY
Acc. Voltage/Magnification: 17k/50x
Guard region: 275 um
Sigve 100
Average content
Category TiO, wi%: Fe, 0, wi% MnO wits Cr0; wite S0, Wit AlLO; Wit MgO wist Cal w3 Zr0, wite Total
limenite 53.3 379 3.3 0.1 1.9 0.9 0z 0.1 0.3 97.9
|Leucoxena 75.6 72 0.4 0.2 10.4 3.2 0.1 01 0.3 875
Rutile 916 20 0.2 0.2 2.2 1.4 01 0.1 0.3 a7.9
Ti magnetite 38.3 36.8 21 n3 8.1 3.4 0.3 0.7 22 93.2
|Magnetite 0.8 65.8 0.2 0.2 12.3 134 05 0.1 0.4 863
Chromite 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pyrite 0.0 a0 0.0 L0 0.0 0.0 0.0 0.0 0.0 0.0
Phosphale 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Maonazde 0.0 0.0 0.0 0.0 1.7 0.7 0.0 21 0.0 45
Y-phosphate 0.0 ao 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Sphene 0o oo 0.0 0.0 0.0 0.0 0.0 0.0 a.0 an
Garnet 12 335 0.0 0.1 376 189 2.4 0.0 0.6 84,4
Kya/Sil 0.2 21 02 0.3 395 538 0.0 0.4 0.3 978
Staurolite 16 13.9 4 0,2 g 482 11 0.0 0.5 97.9
Zircon 0.3 0.7 02 0.2 29.2 0.1 A 0.1 62.1 93.0
Silicate 1 8.5 0.2 0.1 483 29.9 34 1.2 0.3 96.0
Unelassified 26.7 9.1 0.8 0.5 26.4 17.8 4.7 0.3 52 91.5
Valuable heavy minerals
Category limenile Leucoxene RAutile Ti magnetite Garnet Zircon Kya/Sill Staurglite Total
wta 0.7 16,4 5.9 1.0 1.2 2.6 0.0 1.1 100.0
Normalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy minaral
Average Category concentrate Raw sand
cantent limenite Leucoxena Rutile Ti magnetite Catagory wi % wi %
Ti0 Wi 54.5 7758 935 421 Jimenite 53.1 15
FeaOs wis 38.7 7.4 2.0 395 Leucoxene 12.3 0.3
MO wie 33 0.4 0.2 2.2 Rutile 5.2 0.1
G0y Wt .1 0.2 0.2 0.3 Ti magnetite 0.8 0.0
Si0, wite 1.9 108 2.2 8.7 Magnetite 5.1 01
ALDY; wis 08 a3 1.4 36 (Chromite on 0.0
FMoO wit®h 0z a2 a4 0.3 Pyrite 0.0 0.0
Cal wi% 0.1 0.1 0.4 0.7 Phosphate 0.0 0.0
Zr0; wilt 03 0.3 0.3 2.4 |Monazite 0.1 00
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.0 0.0
Sphenea 0.0 0.0
Garnet 0.9 0.0
Kya/Sill 0.0 0.0
Awverage TiO; content of all the TiD, minerals: g1.2 Staurolite 0.8 a.0
Zircon 2.0 [
Average Ti0; content of all the TiD; minerals excl. rutile: EBE Silicate 16.3 977
Unclassilied 3.5 0.1
Valuable heavy minerals in raw sand: 2.06 Total 100.0 100.0




Geological Survey of Denmark and Greenland
Thoravej 8. DK-2400 Copenhagen NV
Ph.. +45 38142000, Fax: +45 38142050

G EUS

Lab. Name:  |2000186 Analyzed by: BV
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date:; 30/05/02 |
Distribution of TiO, content in Ti-minerals
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-'ﬂvg'".-@g- e:grﬂain parameters ; 2 £
Category Aspect ratio Circularity Perimeter {um) Length (um) Area (usz Total grains
limenite 1.6 1.8 456 176 10368 529
Leucoxane 1.7 2.0 537 214 13236 a8
Rutile 1.5 1.7 432 163 10292 47
Ti magnetite 15 18 282 118 4870 15
Magnetite 1.5 2.0 575 232 15572 29
Chromite 0.0 0.0 0 0 0 0
Pyrite 0.0 0.0 0 0 0 ]
Phosphate 0.0 0o 0 0 0 0
Monazite 1.7 17 a59 136 5313 1
Y-phosphate 0.0 0.0 1} Q 0 0
Sphena 0.0 0.0 o] 3] 4] i}
Garnet 2.1 1.9 896 349 34838 3
Kya/Sil 1.3 13 118 39 1058 2
Stauroiite 1.5 1.9 404 164 7876 13
Zircon 1.4 1.5 286 105 5068 39
Silicate 1.5 1.9 490 194 12978 220
Unclassified 1.4 1.9 454 183 11691 51




Geaological Survey of Denmark and Greenland
@ster Voldgade 10, DK-1350 Copenhagen K
Ph.: +45 38142000, Fax: +45 38142050

G E WU S
Sample Name: V08 Mo, of frames analysed G4
Lab. Name- 2000188 MNao. of particles analyzed: 478
Date: 2810002 Heavy minerals in raw
Submitter DuPont/GEUS sand (%) 0.00
Caountry: Vietnam Comments:
Analyzed by BY
Ace. Voltage/Magnification: 17k\VG0x
Guard region- 225 pm
Sieve: 100 pm?
Average content
Calegory Ti0, wit% Fe, 05 wi%e MO wt% Cr0, wi% S0, wil AlO; with MgO wt% Cal wit¥% Zr0; wi% Total
limenite 51.9 418 36 0.1 0.4 0.4 0.1 01 02 98.6
Leucoxene 741 18.0 1.2 0.1 21 2.5 0.3 01 0.3 98.6
Rutile 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 00
Ti magnetile 44.0 38.8 29 0.1 5.7 2.3 0.3 0.1 1.8 95.0
Magnetite 1.3 56.4 0.0 0.2 187 201 0.1 0.0 0.0 97.9
Chromite 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 00
Pyrite a.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 00
Phosphate 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ]
Maonazite Q.0 .0 0.0 0.0 0.0 0.0 0.0 0.0 oo 0.0
‘f-phosphate 0.0 oo 0.0 0.0 0.0 0.0 oo 0.0 00 00
Sphene 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0
Garnet Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 00
IKyaISiil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00
Staurolite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
Zircon 0.0 00 04 0.0 0.0 0.0 0o 0.0 0o 00
Silicate 14 59 0.3 01 788 6.2 0.4 0.2 08 941
IUmiassiﬂed 0.4 171 0.2 0.2 9.6 69.4 0.3 02 0.3 97.5
Valuable heavy minerals
Category llmenite Leucoxena Rutile Ti magnetite Gamet Zircon KyaiSill Staurolite Total
wt % 98.4 0.9 0.0 0.7 0.0 0.0 0.0 0.0 1000
Normalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Average Category concentrate Raw sand
content limenite Leucoxene Rutile Ti magnetite Catagory wt % wt %
TiO, wt¥h 52.6 75.1 o 45.8 {limenite 931
Fe, 0wt 424 183 i} 404 Leucoxene 0g
Mn wih % jird 1.2 8] ) Rutile a0
Cry0y wilh 0.1 0.1 [¢] 0.1 Ti magnetite 07
Si0; wt% 0.4 21 0 59 |Magnetite 02
AlO; wite 04 25 0 2.4 Chromite 0.0
1MgC wi% 0.1 0.3 0 0.3 Pyrite: Q.0
Cal wit 2.1 0.1 0 0.1 Phasphate 0.0
ZrQ, wibh 02 0.3 0 18 Monazite a0
Total 100.0 1000 0 100.0 Y-phosphate oo
Sphene 00
Garnet o
|Kya/Sill 00
Average TiQ; content of all the TiO; minerals: 528 Staurclite o0
Zircon 0.0
Average TiO, content of all the TiO, minerals excl. rutile: 528 Silicate 0.0
Unclassified 0.1
Valuable heavy minerals in raw sand: 0.00 |Tc-tal 100.0
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Apparent grain size distribution of Ti-containing minerals

100
Grain diameter (um)

_Average grain parameters

Aspect ratio Circularity Perimeter (um) Length (um) Area (p.mzl Total grains
16 1.8 650 246 22575 455
1.4 22 774 322 22980 4
0.0 0.0 0 0 0 0
1.5 1.4 314 119 8478 8
12 1.5 558 193 16651 1
0.0 0.0 0 0 0 0
0.0 0.0 0 0 0 0
0.0 0.0 0 0 0 0
0.0 0.0 0 0 0 0
0.0 0.0 0 0 lv] 1]
0.0 0.0 0 0 0 1]

: 0.0 0.0 0 0 0 0
|kyarsin 0.0 0.0 0 0 0 0
Staurelite 0.0 0.0 0 0 0 0
' 0.0 0.0 0 0 0 0

.5 1.3 94 31 577 7
1.3 1.8 307 112 5183 3




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G E U S
Sample Name: V09 No. of frames analysed: a1
Lab. Mame 2000189 No. of particles analysed: 551
Date: 14/06/02 Heawy minerals in raw
Submitter: DuPontGEUS sand (%) 21.38
Cauntry: Vietnam Comments:
Analyzed by: BY
Acc. Veltage/Magnification: 17kV/S0x
Guard region 350 um
Sieve: 100 pm®
Average content
Category TiO, wi% Fe.O., wts MnO wite a0 witte Si0, wi%e AL, wi%s MgQ wi Cal wi Zr0. wits Total
Jiimenite 52.1 41 33 0.1 0.7 0.7 0.1 0.1 02 28.4
Leucoxane B1.0 8.8 o7 0.2 2.8 34 0.1 0.2 0.2 97.9
Rutile B9.3 089 02 0.2 3.6 2.0 0.2 0.0 0.5 97.8
Ti magnetite 41.3 36.2 3.3 0.4 8.7 2.6 0.8 0.2 0.4 93.9
IMagnetite 01 773 0.5 01 7.9 8.2 2.4 01 0.8 a7.5
Chromile 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0o 0.0 oo
Pyrite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fhasphate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
|Monazite 0.0 oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Y-phosphate 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0o
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Garnat 16 17.8 10 0.4 429 236 1.6 0.2 i 901
Kya/Sill 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staurclite 07 13.3 0.0 0.1 38.5 425 1.4 0.1 0.0 865
Zircon 0.2 0.4 0.0 0.2 298 0.1 0.1 0.1 B4.1 95.0
Sliicate 32 15.2 1.0 0.1 556 18.0 138 0.5 0.3 96.8
Unclassified 9.3 17.6 1.3 0.5 27.9 ar.s 0.7 0.0 1.0 95.6
Valuable heavy minsrals
Category lmenite Levcoxens Rutile Ti magnetite Garnat Zircon Kya/sill Staurolite Tatal
wi %a 95.9 1.4 0.2 0.6 0.3 1.2 0.0 0.4 100.0
MNormalised avarage contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Average Category concentrate Haw samd
content Imenile Leucoxene Hutile Ti magnetite Category wi % wi %
TiO Wit 529 827 9.3 440 Jlimenite: 86.5 185
Fe,0; wids 418 ap 1.0 388 Leucoxene 1.3 0.3
N0 wite 34 08 0.2 35 Rutile 0.2 0.0
CryQOy W% 01 0.2 0.2 0.4 Ti magnetite 06 0.1
1510, wits a7 2.9 36 9.2 Magnetite 6.8 1.5
AlO, wit%s 0.7 4.0 3.0 2.7 Chromite 0.0 0.0
IMgO wites 0.4 [+ 8] 02 0.8 Pyrite 0.0 0.0
Cal wi%a 01 0.2 0.0 0.2 Fhosphate [¢X1} 0.0
Zr0. wite 02 0.2 0.5 0.4 Monazite 0.0 0o
Tatal 100.0 100.0 100.0 100.0 Y-phosphate 0.0 0.0
Spheng 0.0 0.0
(Garns! 0.3 0.1
Kya/Sill 0.0 0.0
Awverage Ti0; content of all the Til, minerals: 534 Staurglite 0.3 0.1
Zircon 11 0.2
Average Ti0, content of all the TiQ, minerals excl. rutile: 533 Silicate 2.3 79.1
Uncl d 0.7 0.1
Valuable heavy minerals in raw sand: 19.28 Total 100.0 100.0




Geological Survey of Denmark and Greenland

Thoravej 8, DK-2400 Copenhagen NV
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Lab. Name:  |2000189 Analyzed by: BV G EUS
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 14/06/02 |
l Distribution of TiO, content in Ti-minerals
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Average grain parameters = 5 S
Category Aspect ratio Circularity Perimeter (um) Length {um) Areda (umz} Total graing
limenite 1.5 1.8 805 304 34315 485
Leucoxans 1.5 1.7 735 278 27039 9
Rutile 16 16 602 218 18685 2
Ti magnetite 1.5 1.7 338 135 G094 1"
Magnetite 1.2 1.4 1488 487 141868 8
Chromite 0.0 0.0 0 0 0 4]
Pyrite 0.0 0.0 0 0 0 0
Phosphate 0.0 0.0 0 Q 0 Q
Monazite 0.0 0.0 [ 0 0 0
Y¥-phosphate 0.0 0.0 0 0 s} 0
Sphene 0.0 0.0 0 0 0 0
Garnet 1.4 1.2 271 91 12695 5
Kya/Sill 0.0 0.0 0 Q o} 0
Staurolite 1.3 19 1338 530 73527 1
Zircon 1.6 16 651 240 21950 k|
Silicate 1.5 1.9 986 378 50808 15
Unclassified 1.5 2.0 909 367 36797 8




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copanhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G E U S
Sample Name V10 Mo, of frames analysed: Ga
Lab, Name 2000190 MNo. of pardicles analysed 945
Date; 14/06/02 Heavy minerals in raw
Submitter: DuPont/GEUS sand (%) 57.96
Country: Vietnam Comments:
Analyzed by BY
Ace. VollaoeMagnilication: 17k\/40x
Guard region: 325 pm
Sieve: 100 um®
Average content
Category TiO; wi% Fe O, with MnO wis Cra0s wie Si0; wiis ALO: Wit Mgo wite Cal wi% 20, wite Total
{limenite 522 413 33 0.1 0.6 0.4 Q.1 01 0.2 98.3
Leucoxena 782 126 07 a1 4.2 3.2 0.3 0.2 0.3 a7.8
Rutile 204 a7 0.2 0.0 19 1.4 0.z (8] 0.0 98.4
Ti magnetite 411 383 30 0.4 54 2.0 0.5 0.2 0.7 BA.A
Magnetite 0.4 69.5 0.3 05 "o 3.6 1.0 0.6 0.4 89.2
Chromite 0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pyrite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phosphate 0.0 0.0 0.0 (3] 0.0 0.0 0.0 0.0 0.0 0.0
Monazite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Y-phosphate 01 08 0.0 0.0 oA 0.9 0.0 0.2 0.0 2.1
Spheng 0.0 on 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Garnet (84| a0 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0
Kya/Sill 0.0 01 0.0 0.0 43.0 531 0.0 0.1 0.0 86,2
Staurolite o8 159 0.0 0.3 320 478 1.4 0.1 0.5 98.5
Zircon 0.8 0.7 0.0 00 292 0.0 0.0 0.5 65.8 a7.0
Silicate 73 8.0 0.2 0.2 70.0 1.3 1.4 0.5 0.3 a7.2
Unclassified 13.7 135 24 135 8.1 15.4 7.5 0.9 3.0 75.9
Valrable heawy minerals
Category limenite Leucoxens Rutile Ti magnelite Garnet Zircon Kya/Sill Staurolite Totai
Wi % a97.0 2.0 0.2 0.5 0.0 0.1 0.1 0.2 100.0
MNormalised average contents ‘Weight percent on a mineral basis:
of the valuable Ti-comaining minerais: Heavy mineral
Avarage Category concentrate Ruw sand
cantérnt lrmarite Lauzoxens Rutile Ti magnetite Category wt S wl %
Ti0a wi% 531 779 923 458 limenite 92.3 62.8
Fe, 0. wi% 42.0 129 38 405 Leucoxene 1.9 1.3
|Mn0 wi%e 34 07 0.2 33 Rutile 0.2 o1
CrOg wite A} 01 0.0 0.5 Ti magnetite 0.4 0.3
S0, with 0%+ 4.3 1.9 &1 Magnetite 3.2 2.1
ALO, wish 04 a3 1.5 23 Chromite 0.0 0.0
IMgO wits 02 o3 0.z 0.5 Pyrite 0.0 0.0
Cal wi% 01 02 0.1 0.2 Phosphate 0.0 0.0
Zr0, wi%h 0.2 0.3 0.0 0.8 Monazite 00 0.0
Tatal 100.0 100.0 100.0 100.0 Y-phosphate 0.1 0.1
Sphens 0.0 0.0
Garnet 0.0 0.0
Kya/Sill 0.1 01
Average Ti0); content of all the TiO; minerals: 537 Staurolite 0.2 0.1
Zircon 0.1 0.0
Average Tilh, content of all the TiO, minerals excl, rutile: 536 Silicate 1.4 33.0
Unclagsified 0.1 0.1
Valuable heavy minerals in raw sand: 64.71 Total 100.0 1000




Geological Survey of Denmark and Greenland R
Thoravej 8, DK-2400 Copenhagen NV
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Lab. Name:  [2000190 Analyzed by: BV GEUS
Submitter: DuPont/GEUS Acc. Voltage 17KV
Date: 14/06/02 |

Distribution of TiO, content in Ti-minerals

FERERE

Mineral wt%
8 o

w

L3

30 24 38 42 46 50 54 S8 62 66 70 74 78 B2 86 00 94 98
TIO, (Wi

Apparent grain size distribution of Ti-containing minerals
100 " T Fer Al

<

Cumulative wi%
3
|
|
|
[

p = e

e

10 100 1000
Grain diameter {um)

Average grain paramelers S : -
Category Aspect ratio Circularity Perimeter (pm) Length (um} Area {um”) Total grains

fimenite 1.6 1.8 B74 341 38895 863
Leucoxane 1.7 1.8 g25 384 43735 16
Rutile 14 1.8 618 232 168977 3
Ti magnetite 1.3 186 400 154 13758 1
Magnetite 1.4 1.8 1073 416 66039 15
Chromite 0.0 0.0 L] 4] 4] 0
Pyrite 0.0 0.0 o Q V] 0
Phosphate 0.0 0.0 ] Q 4] 0
Monazite 0.0 0.0 0 0 [} 0
¥-phosphate 1.5 1.8 567 168 19382 2
Sphene 0.0 0.0 i} 0 (] Q
Garnet 0.0 0.0 a 0 ] a
Kya/Sill 20 23 1083 449 41484 1
Staurolite 1.7 2.4 906 37T 27988 3
Zircon 1.3 1.4 622 202 22000 1
Silicate 1.5 2.0 2311 330 34094 25
Unclassified 15 1.4 456 187 16548 5




Geological Survey of Denmark and Greenland
Thoravej 8. DK-2400 Copenhagen NV
Ph.. +45 38142000, Fax: +45 36142050

G E WS
Sample Name Vi Nao. of frames analysed; B3
Lab. Mame: 2000181 No. of paricles analysed: 1484
Date: 11/06/02 Heawy minerals in raw
Submitter: DuPont/GEUS sand {%): 53.10
Country: Vigtnam Comments:
Analyzed by: BY
Act. Voltage/Magnification: 17K/ 75x
Guard region: 200 prm
Siava: 100 pm®
Average content
Category Ti0, wits Fea Oy wie MnD wi% Cro05 wita Si0: wite AL, wite MgO wi%e Cal wi% ZrQ, with Total
limenite 58.8 337 26 0.1 1.5 0.8 0.1 0.1 0.4 G8.2
Leucoxans ksl 12.3 0.8 0.1 5.8 2.0 0.1 0.1 0.4 97.7
Rutiie 92.7 16 0.2 0.2 2.0 0.8 0.1 0.1 0.3 g7.9
Ti magnetite 401 337 2.1 07 9.8 4.2 0.5 0.1 42 95.5
|Magnetite 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0
Chromite 0.8 200 0.6 499 0.2 18.7 9.3 0.0 0.3 99.0
Pyrita 0.0 0.0 0.0 0.0 0.0 0.0 (] oo 0.0 0.0
Phosphate 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Monazite 20 04 0.0 0.0 3.8 1.2 0.3 1.4 07 9.9
¥-phosphate 0.0 14 0.0 0.0 28 2.4 a1 28 2.4 11.5
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0 0.0 oo
Garmet 4.9 15 0.0 0.0 47 272 6 0.4 0.2 95.3
| SEE 01 0.8 041 01 42.4 538 a1 G 0.5 981
Staurolite 11 141 0.4 0.2 3.7 48.7 11 cA 0.4 97.7
Zarcon o4 0.4 0.2 0.2 296 0.1 Q.1 0.1 62.5 93.6
Silicate 19 8.4 0.1 0.2 51.6 29 .4 a5 0.7 0.4 96.2
Unelassified 138 4.0 0.8 1.4 18.3 231 5.4 0.5 19.4 86.7
Valuanle heawy minerals
Category lImenite Leucoxene Rutle Ti magnetite Garnat Zircon Kya'Sill Staurolite Total
Wi e 60.9 12.6 127 0.8 0.0 11.6 0.4 1.1 100.0
Normalised average conlenms ‘Weight percent on a mineral basis
of the valuable Ti-containing minerals: Heavy minaral
Average Category concentrate Raw sand
cantent llmenite Leucoxena Rutile Ti magnatite Category wi % wit %
Tids wite 584 7.7 94.7 421 llimenite 56.89 3.8
Fe, 05 wi%e 34.3 126 1.6 353 Leucoxene 11.8 7.4
MO wi%a 2.7 .8 0.2 2.2 Rutile 11.9 75
Cra0y wi% 0.1 0.2 0.2 0.8 Ti magnetite 0.7 0.5
Si0; wie 1.5 6.1 2.0 10.2 Magnetite 0.0 0.0
AlLO; wi%s 08 20 0.8 4.4 Chromite 0.3 0.2
Mg wist 0.1 0.1 0.1 0.6 Pyrita 00 0.0
Cal wis 0. 01 li% ] 0.1 Phosphate 0.0 0.0
ZrQ. wite 0.4 0.4 0.3 4.4 |Monazite 0.6 0.3
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.0 0.0
Sphene o0 0.0
Garnet 0.0 0.0
Kya/Sill 0.4 0.2
Average TiO; content of all the TiO, minarals: 67.4 Stauralite 1.0 0.6
Zircon 10.8 6.8
Average Ti0, content of all the TiO, minerals excl, rutile: 62.8 Silicate 4.8 39.8
Unclassified 1.0 Q.7
Valuabile heavy minerals in raw sand: 58.98 Total 100.0 100.0
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GEUS

Lab. Name: 2000191 Analyzed by: BV
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 11/06/02 |
Distribution of TiO, content in Ti-minerals
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m‘ag.a"gr'ain parametars
Category Aspect ratio Circularity Perimeter (Jum) Length (um) Area (y.rnzl Total grains
limenite 1.6 1.9 409 160 8064 760
Leucoxene 1.6 1.8 292 154 7461 170
Rutile 1.5 1.9 389 152 7334 187
Ti magnatite 1.6 26 616 263 12116 8
Magnetite 0.0 0.0 0 0 0 0
Ghromite 1.3 1.8 431 164 8957 3
Pyrite 0.0 Q.0 ¢ 0 [¥] 0
Phosphate 0.0 G0 0 ] 0 0
Moniazite: 1.9 22 299 164 6669 8
Y-phosphate 1.4 1.6 230 83 2653 1
Sphene 0.0 0.0 0 0 0 0
Garnat 1.2 1.1 42 15 134 1
Kya/Sill 132 3.9 702 an 13897 4
Staurclite 1.4 2.0 357 148 6442 20
Zircon 1.4 1.7 327 124 5489 205
Silicate 1.5 2.2 47 173 7767 108
Unclassified 1.6 1.8 277 114 4639 40




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G E U S
Sample Name: vip Mo, of frames analysed: 31
Lab. Mame: 2000192 Mo of particles analysed: 558
Date: 12/06/02 Heawy minarals in raw
Submitter: DuPonl/GEUS sand (%) 42,43
Couritry: \ietinam Commants.
Analyzed hy; Bv
Acc. VoltageMagrification: 1 7kV/75x
Guard region: 175 um
Siave: 100 um*
Awverage content
Categary Ti wita Fe. O, wita MO wi%a Cr0; wita Si wits ALD; wi%h MgO witZa Cal wi Zr0, W% Total
lImenits 55.8 359 2.8 0.1 22 09 0.1 01 0.3 98.3
Leucoxens 78T 10.0 0.8 0.2 74 25 0.1 01 03 98.0
Rutite G909 20 01 01 37 11 01 01 0.3 8.4
Ti magnelite 40,0 395 29 5 5.6 52 16 01 a5 95.8
Magnetite 8.2 B1.5 0.0 0.6 25 2.2 04 a5 0.0 98.9
Chromite 0.5 27z 0.0 546 03 9.6 65 o8] 0.0 98.7
Pynte 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
Phosphate 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0
Monazite 0.0 0.3 o 0.0 4.0 0.0 0.0 1.7 0.0 6.0
Y-phosphate 0 0.7 0.0 0.0 21 02 o2 123 a1 7.8
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 00 on Qo0 0.0
Garnet 0.0 0.0 040 0.0 0.0 00 (aX] 00 a.n 0.0
Kya/Sill 0.3 0.5 1 0.2 43.0 53.5 0.0 0.0 0.0 976
Staurolite 0.7 141 0.1 0.2 32.6 48.6 1.2 0.0 0.4 881
Zircon 0.3 0.5 0.1 0.1 29.5 0.1 0.1 o1 631 939
Silicate 2.5 7.5 0.2 0.1 519 a0 18 1.9 a3 97.3
Unclassified 14.8 9.5 1.9 2.2 B 10.4 2.8 1.3 149 69.1
Valuahle heavy minarals
Category limeanita Leucoxens Rutile Ti magnetite Gameat Zircon Kya'Sill Stauroiite Taotal
wih % 61.5 13.3 11.7 2.2 0.0 10.2 0.4 0.7 100.0
Normalised average contents Weigh! percent on a mineral basis:
of the valuable Ti-containing minaerals: Heavy mineral
Average Categary concentrate R samel
content lImanite Letecoxens Rutile Ti magnetita Category wt % wt %
Tk Wit 56.8 78.3 92.4 41.7 |imenite 556 236
Fe.0,wi% 36.6 0.2 2.0 41.3 Leucoxane 12.0 51
MG wi%e 2.8 0.8 01 3.0 |Rutile 10.6 45
Cra0a wie 0.1 0.2 01 0.5 Ti magnetite 20 0.8
S0 wit 2.2 7.6 37 59 IMagnetite 0.0 .0
AlO, with 0.9 26 1.1 5.4 Chromite 0.2 0.1
|igCr wiss 0.1 0.1 01 17 Pyrite o0 0.0
Ca0 wi% 0.1 0.1 a1 0.1 Phosphate 0.0 on
Zr0. Wi 0.3 0.3 0.4 0.5 Maonazite 02 01
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.3 a1
Sphene 00 00
Garnet 00 0.0
Jiyalsill 04 0z
Average TiO, content of all the TiO, minerals: 644 Staurolite 086 03
Zircon a2z 39
Average TiD; content of all the TiQ, minerals excl. rutils: 60.1 Silicate 4.3 50.4
Unclassified 47 20
Waluable haavy minerais in raw sand: 38.33 Total 100.0 100.0




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name: 2000182 Analyzed by: BV
Submitter: DuPont/GEUS Acc. Voltage 17kV

Date: 12/06/02 I

Distribution of TiO, content in Ti-minerals

Mineral wi%
=

Apparent grain size distribution of Ti-containing minerals

2

Cumulative wt%e

1000

100
Grain diameter {um)

AVE[&QB grain ga:ametera w'.:. .. = . 3 = b5
Category Aspect ratio Cirgularity Perimeter (pm) Length {um} Area (pm®) Total grains

lImenite 1.6 1.8 425 164 8913 294
Leucoxene 1.5 24 510 209 11092 51
Rutile 1.7 1.9 449 174 9337 48
Ti magnetite 1.6 23 531 224 10976 8
Magnetite 1.7 1.8 75 26 299 1
Chromite 1.1 1.8 436 169 8350 1
Pyrite 0.0 0.0 1] Q o 0
Phogphate 0.0 0.0 o Q Q Q
Monazite 15 1.7 434 163 8761 1
Y-phosphate 1.8 21 356 142 5383 2
rSphene 0.0 0.0 4] a 4] L4
Garnel 0.0 0.0 ] 0 o] 0
Kya/Sil 15 1.8 339 132 558 4
Staurolite 1.9 2.6 421 181 5833 L
Zircon 1.4 157 363 136 ez 59
Silicate 1.6 1.9 418 166 aro3 40
|Unc|ass1'fied 1.6 2.0 444 179 8505 43




Geological Survey of Denmark and Greenland
@ster Voldgade 10, DK-1350 Copenhagen K
Ph.. +45 38142000, Fax; +45 38142050

G E U S
Sample Name: V13 MNo. of frames analysed 49
Lab. Name: 2000193 Mo. of particles analysed 1133
Date: 2RH02 Heawy minerals in raw
Submitter: DuPont/GEUS sand {%): 0.00
Country Vietnam Comments:
Analyzed by: BY
Acc, Voltage/Magnification: 17kV/G0x
Guard region 175 um
Sieve: 100 um®
Average content
Category TiO, wiss FeaOs wite MNC with Cry0q wi% Si0: widh AlO 5 wi%h Mg with Cal wi%h Zr0; with Taotal
limenite 57 4 367 28 01 1.0 0% o 01 0.2 98.4
ILeucoxene 75.2 18.2 1.4 0.1 1.0 18 0.1 o1 03 98.3
Rutile 93.2 1.7 0.1 0.2 1.8 1.2 o1 00 03 98.6
Ti magnetite 40.9 33.5 1.9 0.1 168 3.7 13 0.0 Q1 58.4
FMagnelite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 a.0 00
Chromite 0.5 268 0.5 44 4 A 185 2.3 01 0.0 97.2
Pyrite: 00 0.0 0.0 0.0 0.0 0.0 0.0 00 a0 00
Phosphate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Monazite 0.0 0.9 00 0.0 4.7 12 0.4 11 14 a7
‘f-phosphate 0.0 0.0 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0
Sphene 0.0 0.0 00 0.0 2.0 xo 0.0 00 Q0 0.0
Garnet 0o 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0
II(yaISiII 0.0 0.0 0.0 0.0 0.0 0o 0.0 00 Q.0 00
Staurolite 08 162 0.3 0.0 33 488 13 01 03 98.2
Zircon 0.5 0.3 0.2 0.4 302 0.1 01 0.1 2.0 939
Silicate 34 5.1 0.1 0.1 700 150 i9 03 04 96.4
Unclassifled 4.1 5.1 0.4 23 0.9 72.8 3.0 8.0 0.5 97.0
‘aluable heavy minerals
Category llmenite Leucoxene Rutile Ti magnstite Garnet Zircan Kya/sill Staurolite Total
wi % a0.8 7.3 0.3 0.9 0.0 0.0 0o 05 100.0
Normalised average contents Weight parcent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Average Caltegory concentrate Raw sand
content limenite Leucoxeng Rutile Ti magnetite Category wt % wi %
TiC; wt% 584 766 945 416 limenite 85.0
Fe.O,widh 6.3 185 1.7 14 1 Leucoxens 638
MnO it 29 14 o1 19 Rutile 03
Cry 05 wit 0.1 0.2 0.2 0.1 Ti magnetite 08
Si0; wt% 1.0 11 1.8 17.1 Magnetite 00
ALO; wite 0.9 15 12 3.8 Chromite 03
Mg witde 0.1 0.1 01 13 Pyrite 0.0
CaQ wit% 0.1 0.1 0.0 0.0 Phosphate 0.0
Zr0; wit% 02 03 0.3 01 Monazite o1
Total 1000 1000 100.0 100.0 Y-phosphate 0.0
Sphene 00
Garnet 0o
Kya/Sill 00
Average TiO, content of alf the TiO; minerals: 59.7 Staurolite 05
Zircon 00
Average TiO; content of all the TiQ, minerals excl, rutile: 59.5 Silicate 11
Unclassified 4.9
Valuable heavy minerals in raw sand: 0.00 Total 100.0




Geological Survey of Denmark and Greenland
Pster Voldgade 10, DK-1350 Copenhagen K
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name: |2000193 Analyzed by: BV
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 28/10/02 |
Distribution of TiO, content in Ti-minerals
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Apparent grain size distribution of Ti-containing minerals
100 +—— —_ ; Y e e __.}
2 |
3
5 i
=
E i
3 H
Q B
0 | i
10 100 1000
Grain diameter (um)

o : i Average grain parameters- P i
Category Aspect ratio Circularity Perimeter (um) Length (um) Area (um?) Total grains

e 1.7 1.8 421 160 9062 994

16 1.8 432 164 9712 75

17 1.8 297 111 4315 7

Ti magnelite 16 2.0 457 185 9386 9
Magnetite 00 0.0 0 0 0 0
Chrarite 15 16 425 156 10746 3
Pyrite 00 0.0 0 0 Q 0
Phosphate - 0.0 0.0 0 0 0 0
Monazite 13 18 269 103 3227 3
0.0 0.0 0 0 0

0.0 0.0 0 0 0

0.0 0.0 0 0 0

0.0 0.0 0 0

18 24 563 236 10679 6

14 1.4 162 61 1534 2

15 1.9 405 159 8003 24

15 2.0 958 410 86060 10




Geological Survey of Denmark and Greenland
Thorave] 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G E U
Sample Name: V14 No. of frames analysad: B4
Lab. Mame: 2000194 No, ol particles analysed: 284
Date: 10/06/02 Heavy minerals in raw
Submitier; DuPornt/GEUS sand () 7.18
Country: Vietnam Camments:
Analyzed by BY
Ace. Voltage/Magnification: 178V/S0x
Guard region 275 um
Sieve: 100 um”
Average content
Calegory TiO, wite Fe,O, wt% MO wiZ Cra04 wie Si0; wite AT, Wit Mg wtse Cao wit% Zr0; wth Total
|iimenite 51.5 M7 2.3 0.1 1.3 0.9 0.2 0.1 0.2 98.3
Leucoxene 78.4 95 1.1 02 a7 38 0.5 0.1 0.4 97.5
Rutile B33 1, 01 0.1 4.0 22 0.3 0.2 0z 98.0
Ti magnetite 339 526 1.8 0.1 5.7 18 09 Q.7 a3 a97.9
|Magnetite 15 922 0.2 0.2 1.6 1.9 0.2 a1 0.3 98.2
Chromite 0.0 2.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Pyrite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phasphate 0.0 0.4 (L8] 0.2 0.5 0.4 0.0 571 1.6 60.2
|Monazite 0.0 11 0.0 0.0 3.0 1.2 0.4 1.9 33 10.8
¥-phosphate 0.3 158 06 0.0 20 4.0 05 0.0 a4 12.4
Sphens 380 18 02 DA 28.4 1.8 01 26.6 0.4 a7.2
Garnet 0.1 339 1.4 0.1 36.4 19.4 4.4 1.1 0.3 973
Kya/Sill 01 0.4 0.0 0.5 42.9 53.7 0.0 01 0.0 977
Staurolite 0.3 123 0.2 01 358 48.9 0.5 0.0 0.0 98.1
Zircon o1 0.8 0.2 0.1 298 02 0.1 0.0 63.9 853
Silicate 1.2 15.0 0.4 0.1 47.2 12.7 8.7 10.6 0.3 86.1
Unclagsified 11.9 17.7 0.8 0.2 286 115 31 6.6 7.2 876
Valuahle heavy minerals
Category imenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/Sill Staurolite Total
wl%a 80.6 1.6 1.2 9.5 3.7 .2 0.4 0.9 100.0
Normalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heawvy mingral
Avarage Category concentrate Raw sund
content limenita Leucoxens Rutile Ti magnelite Category wit % wit %
Ti0, Wit 523 805 1.1 347 fimenite 38.5 28
Fea Oy wis 424 a7 1.7 538 Leucoxene 0.8 0.1
MnO wie 2.4 1.2 0.1 1.9 Rutile 0.6 0.0
Cr0; wi%h 0.1 2 0.1 0.1 ITi magnetite 45 0.3
Si0; Wi 1.3 3.8 4.1 5.8 Magnetite 2.0 1
ALD, wi% 098 a7 o 1.8 Chromite 0.0 0.0
Mo wie 0.2 0.5 0.3 0.9 Pyrite 0.0 0.0
CaOwih 0.1 0.1 02 0.7 Phosphata 0.2 0.0
210 Wita 02 0.4 0.2 0.3 |Monazite 0.7 01
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.1 0.0
Sphene a7 0.1
Garnet 1.8 a1
Kya/Sill 0.2 0.0
Average TiO. content of all the Ti0,; minerals: B8 Staurolite 0.4 0.0
Zircon 11 0.1
Average TiQ, content of all the TiQ; minerals excl. rutile: 5.0 Silicate 45.5 96.2
Unclassified 2.1 0.2
Valuable neavy minerals in raw sand: 3.43 Total 100.0 100.0




Geological Survey of Denmark and Greenland

Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name:  |2000194 Analyzed by: Bv
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 19/06/02 |
Distribution of TiO, content in Ti-minerals i
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- Average grain par : :

Category Aspect ratio Circularity Perimeter {um) Length {(um) Area (urmt) Total grains
limenite 1.6 1.8 512 198 14230 287
Leucoxene 19 27 591 285 10629 7
Rutile 1.4 1.7 415 159 10988
Ti magnetite 1.6 23 613 255 14994 28
Magnetite 1.5 1.7 367 137 7275 23
Chromite 0.0 0.0 0 0 1] o
Pyrite 0.0 0.0 0 0 0 ¢}
Phosphate 1.7 32 822 365 16805 1
Monazite 1.7 1.6 416 162 9240 7
Y-phosphate. 1.4 1.6 366 133 6700 1
Sphene 26 23 582 238 12719 7
Garnat 1.7 20 326 132 5142 38

[<yasSin 2.0 25 610 260 11699 2
Staurolite 1.2 1.8 661 283 23974 2
Zircon 1.3 1.7 430 158 10049 10
Silicate 1.8 2.1 619 255 17149 454
Unclassified 1.6 21 531 229 13888 25




Geological Survey of Denmark and Greenland
Thorave] 8, DK-2400 Copenhagen NV
Ph.. +45 38142000, Fax: +45 38142050

G E U S
Sample Name: V15 MNa. of frames analysed: B1
Lah. Name: 2000195 Mo. of particles analysed: 753
Date: 19/06/02 Heawy minerals in raw
Submilter: DuPontGEUS sand (%) 13.05
Country: Vietnam Comments:
Analyzed by: =
Acc. Voltage/Magnification: 17k\VIG0x
Guard region: 300 pum
Siave: 100 |.J‘n2
Average content
Category Ti0, wita Feu Oy Wit MnO wita Cr0, wita S0, with AlO; wite MgO wtse Cal wt% Z10; W% Tolal
limenite 51.3 428 24 R 0.8 0.5 0.2 0.1 0.3 96.4
Leucoxens 714 6.5 0.5 0.1 174 2.2 0.1 01 01 982
Rutile 95.0 06 02 0.2 1.0 0.5 0.1 0.0 0.2 96.0
Ti magnetite 33.9 54.9 25 0.1 3.2 1.7 0.4 0.8 0.2 a7.8
Magnetita 0.8 90.4 0.2 0.2 31 249 0.2 a1 0.2 98.3
Chromite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [IR¢]
Pyrite 00 (s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phosphate 0.0 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0 00
[Monazite 30 28 0.0 0.0 3.0 0.8 0.3 2.0 18 13.8
¥-phosphate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0
Sphene 39.3 26 0.0 02 275 14 0.0 258 07 876
Garnet 01 325 18 0.1 3r2 19.8 4.9 1.6 0.2 8.3
Kya/5ill 0z 0.0 0.1 0.4 425 53.4 0.0 01 0.4 897.2
Staurolite 1.1 154 0.3 0.3 314 47.3 11 0.0 0.0 96.8
Zircon 03 0.6 0z 0.1 296 G.1 0.1 01 63.6 94.8
Silicate 146 4.5 0.4 0.1 46.7 12.7 7.7 12.4 0.2 56.4
Unclassified 14,2 15.7 0.8 0.1 212 20.0 4.2 58 10.6 92.6
Valuable heavy minerals
Category {imenite Leucoxans Futile Ti magnetite Garnet Zircon Kya/Sill Staurcite Total
Wit % 7.4 2.4 3.3 5.0 6.3 4.7 0.4 C.4 100.0
Normalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heawvy mineral
Average Category concenfrata Raw sand
contant limenite Leucoxens Rutile Ti magnetita Catagory wi % Wi %
Ti0, wi% 521 727 97.0 34.7 Jlimenite 45.0 25
FeaOy wite 43.5 6.6 0.6 56.1 Leucoxene 1.4 0.2
MO wiTs 245 035 0.3 2.6 Rutile 1.8 0.3
Cr,Oy wite 04 0.1 0.2 0.1 Ti magnetite 2.9 04
Si0; wi%h 08 17.4 1.1 3.3 Magnetita 5.0 0.6
ALO, wi%h a5 k) 05 1.7 Chromite 0.0 on
g0 wize 0z 0.1 0.1 0.4 Pyrite 0.0 0.0
Cal wise A 01 0.0 na Phosphate 0.0 0.0
ZrQ, wi% 03 01 0.2 0.2 [Monazite 0.8 a1
Total 100.0 100.0 100.0 100.0 ¥-phosphate 0.0 1.0
Sphene e 0.0
Gamaet 3.7 .5
Kya/Sill 0.3 0.0
Average TiO; content of all the TiO; minerals: 533 Staurolite 0.2 0.0
Zircon 27 0.4
Average Ti0; content of all the Ti0,; minerals excl. rutile: 518 Silicate 342 914
Unclassified 1.6 0.2
Valuable heavy minerals in raw sand: 7.60 Taotal 100.0 100.0




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name: 2000195 Analyzed by: BY
Submitter: DuPont/GEUS Acc. Voltage 17KV

Date: 19/06/02
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Apparent grain size distribution of Ti-containing minerals
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Grain diameter (jum)

1000

. .-\""ﬁvergge grain parameters o
Category Aspect ratio Circularity Perimeter (um) Length {um) Area {umz) Total grains
limenite 1.5 1.8 538 206 14477 336
Leucoxene 1.9 1.9 609 241 19146 8
Rutile 1.4 1.8 570 217 15644 12
Ti magreetite 1.4 2.0 587 239 15676 18
Magnetite 1.4 18 522 202 13612 34
Chromite 0.0 oo 0 0 o] 4]
f’yﬁte 0.0 0.0 o Q0 0 4]
Phosphate 0.0 0.0 o 0 0 0
Monazite 1.6 21 525 21 11397 7
Y -phosphate 0.0 0.0 ] ] ] (4]
ISphene 1.2 2.0 538 215 13048 2
Garnat 18 2.2 B10 248 14887 30
[Kya/Sill 1.8 2.2 732 301 19374 2
Staurolite 17 24 930 393 28349 1
Zircon 1.4 1.8 496 184 13629 21
Silicata 1.7 2.2 753 32 23853 263
Unclassified 1.8 2.3 639 276 16313 18




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G EUS
Sample Name: V18 Na. of frames analysed: 81
Lab, Name; 2000196 Mo. of particles analysed: 731
Date: 17/06/02 Heawy minerals in raw
DuPontfGEUS sand (%): 16.29
Country: Vietnam Comments:
Analyzed by BY
Ace. Voitage/Magnification: 17kM/S0x
Guard region 400 lm
Sieve: 100 ym*
Average content
Category Ti- wite Fe 0, with MR witds Cr.0, wi% Si0. wi%a ALO, wi MgO wi% Cal wt% ZrDs with Total
llmenite 51 432 2.2 [FR] Y 0.8 0.2 0.1 0.2 98.3
Leucoxane 756 8.6 0.6 04 8.5 4.1 a1 0.1 a1 97.8
Rutile 96.5 0.7 0.1 0.3 0.3 0.3 0.0 0.1 01 98.6
Ti magnetite 3.0 52.6 22 0.4 1.9 1.6 0.3 a1 0.6 95.8
|Magnetite 4.6 a47.0 0.4 0.2 2.4 a7 a2 0.1 01 97.7
Chromite 0.0 a.n 0.0 0.0 G0 0.0 0.0 0.0 0.0 0.0
|Fyrite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0
Fhosphate 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
|Menazite oo 00 0.0 0.0 1.5 0.7 1.0 1.8 4.8 93
Y-phosphate 0.0 0.2 0.0 0.0 3.2 1.2 0.9 2.0 0.0 76
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gamet 0.0 373 141 0.4 358 19.7 3.7 1.7 0.0 99.0
{Kya/Silt a1 1.0 01 0.1 431 53.9 0.0 0.2 0.z 98.7
Staurolite 0.6 14.6 0.4 0.1 a3 431 1.4 0.0 0.0 97.8
Zircon 02 0.3 0.2 0.1 301 0.3 0.1 0.1 64.4 95.7
Silicate 1.6 11.0 0.3 0.2 44.8 22.5 7.0 8.1 0.3 959
{Unclassified 4.2 16.7 2.0 0.6 52 42.4 6.5 0.5 33 81.4
Waluable heawvy minarals
Categary limenite Leurnxens Rutle Ti magnetite Garnet Zircon KyalSill Staurclite Total
wi Yo 83.7 1.1 2.0 5.4 0.5 2.0 2.4 0.9 100.0
Nermalised average contents Weight percent on a mineral basis.
of the valuable Ti-containing rminerals; Heavy mineral
Average Category concentrata R sund
content limenite Leucoxene Rutile Ti magnetite Category wt % wi %
TiO, with 520 773 979 are |limenite 68.1 11
Fa 0, wi%e 439 B.8 0.7 55.0 Leucoxane 0.9 0.1
MO wi%e 22 0.7 0.1 2.3 Rutile 1.6 03
Cr:0, wite 0 0.1 0.3 0.4 Ti magnetite 43 a7
5102 Wi 07 a7 0.4 1.9 IMagnetite 7.3 1.2
AlLD, Wi 0.6 42 0.3 1.6 Chrormite 0.0 0.0
Mg wite 02 0.1 0.0 0.3 Pyrite: 0.0 0.0
Cal wids 0.1 01 01 0.1 Phosphate a.0 0.0
Zr0 wie 0.2 0.1 01 0.7 [Monazite 0.1 0.0
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.5 01
Sphene 0.0 0.0
Garnet 0.4 a1
Kya/Sill 1.9 03
Average TiO; content of all the TiO; minerals: 52,4 |Staurclite a7 0.1
Zircon 1.6 0.3
Average Ti0. content of all the Ti0. minerals excl. rutile: 51.4 Silicate 11.3 856
Unclassified 1.3 0.2
Valuable heavy minerals in raw samd: 12.94 Total 100.0 100.0




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name:  |2000196 Analyzed by: BV EEWS
Submitter: DuPont/GEUS Acc. Valtage 17kV
Date: 17/06/02 I
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Grain diameter {(um)

Catagory Aspect ratio Circularity Perimeter (pm) Length {(um) Araa [p.rna) Total grains
limenite 1.5 1.8 825 239 21542 505
Leucaxene 1.5 2.2 730 285 23631 ]
Rutile 1.2 1.5 1001 an 58276 4
Ti magnetite 1.4 1.6 437 167 15034 43
Magnetite 15 1.8 754 300 40632 25
Chromite 0.0 0.0 0 0 0 0
Pyrite 0.0 0.0 0 0 0
Phosphate 0.0 0.0 Q Q o
Monazite 1.2 1.3 a9z 115 92680 1
Y-phosphate 1 1.5 825 282 36728 2
Sphene 0.0 0.0 [i] 4] o 0
Garnet 1.3 15 780 269 32433 2
Kya/Sill 1.4 1.9 1405 553 107317 4
Staurglite 1.5 33 1365 579 65124 2
Zircon 1.4 1.6 619 226 20689 12
Silicate 1.6 1.8 688 271 34220 80
Unclassified 1.3 1.4 287 115 9669 35




Geological Survey of Denmark and Greenland
Thorave] 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G B W s
Sample Name: W1T Mo of frames analysed: 74
Lak. Name 200197 Mo, of particles analysed: B3z
Date: 18/06/02 Heawy minerals in raw
Submitter: DuPont/GEUS sand {%a): 92.07
Country: Viatnam Comments;
Analyzed by: BV
Ace. Valtage/Magrification: 17KV/S0x
Guard region: 300 pn
Sieve: 100 prm®
Averaga content
Category Ti0 wite Fe 04wt MO wite Cra0y wite S0, wi% AlLD; wite W0 wite Cal wi: 20 Wi Total
|iimenite 517 428 2.3 0.1 0.6 05 a1 01 0.2 98.5
Leucoxena 9.4 14.0 0.5 0.2 22 1.1 04 g 0.2 97.9
Futite 941 1.0 0.1 0.1 21 0.8 0.0 00 0.1 98.3
Ti magnetite 369 1.0 20 03 4.4 1.4 0z a1 a.5 95.7
Magnetite 74 84.6 0.4 0.4 240 1.7 03 01 03 971
Chromite 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Pynte [LX4] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fhosphate 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Monazite 1.6 .7 0.0 0.0 51 0.6 0.2 16 20 128
Y-phosphate [X)] 0.0 0.0 0.0 2.8 0.8 0.0 28 4.0 10.3
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Garnet 0.8 273 25 0.0 36.5 18.8 B4 20 01 97.4
Kya/'Sill 3 1.1 0.0 0.4 42.9 837 0.1 0.1 0.0 u8.8
Stauroiite o .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zircon .2 0.4 2 0.1 30.0 01 01 0.1 64,3 95.3
Silicate 1.8 155 0.4 01 43.9 15.7 7.3 106 0.4 95.6
Unclassified 13.8 18.9 a:d 0.4 11.8 42 1.8 1.1 3.2 60.8
\aluable heavy minarals
Category limenite Leucaxane Rutilz Ti magnetite Gamet Zircon Kya/Sill Staurolite Total
wi e B .4 0.7 2.0 Tl 0.3 1.7 0.2 0.0 100.0
Normalised average contents Weight parcent on a mineral basis;
of the valuable Ti-containing minerals: Heavy mineral
Average Category concentrate R sund
content limenite Leucoxene Hutile Ti magnetite Category wit % wi %
TiO, witte 52.5 a81.2 95.7 38.2 limenite B3.9 e
Feo0ywi%e 435 14.3 1.0 52.7 Laucoxene 0.7 0.7
MO wi%a 24 0.5 0.z 2.1 |Rutile 19 18
CrypQy Wi 0.1 0.2 i 03 Ti magnetite 7.4 6.8
Si0, Wi 0.8 2.2 22 45 IMagnetite 1.8 1.8
AlO5 wi% 05 1:2 0.6 1.4 Chromita 00 a0
Mg wia 0.1 01 0.0 0.2 Pyrite 0.0 0.0
Cal wits 0.1 0.1 0.0 01 Phosphate 0.0 0.0
Zr(), wits 0.2 0.2 0.1 0.5 |Mﬁnazile 0.9 0.8
Total 100.0 100.0 100.0 100.0 Y-phosphate 0.2 0.2
Sphene 0.0 0.0
Garnat 03 03
[Kyarsill 0.2 0.2
Average TiOs content of all the TiQ, minerals: 525 Staurolite 0.0 0.0
Zircon 16 15
Average TiC; content of all the TiO, minerals excl. rutile: 5186 Silicate 1.1 8.9
Unclassified 0.0 0.0
Valuable heavy minerals in raw sand; 28.39 Total 100.0 100.0




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G EUS

Lab. Name: 2000197 Analyzed by: BY
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 19/06/02 I
Distribution of TiO, content in Ti-minerals
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Apparent grain size distribution of Ti-containing minerals
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Average grain parameters: ! :
Category Aspect ratio Circutarity Perimeter (um) Length {um) Area (pm’) Total grains
limenite 1.5 1.7 655 243 23067 671
Leucoxane 1.5 1.7 676 254 21885 6
Rutile 1.5 1.8 642 245 21217 15
Ti magnetite 1.4 1.7 649 249 24179 53
Magnetite 1.4 1.6 578 21 20152 14
Chromite 0.0 0.0 0 0 0 0
Pyrite 0.0 0.0 0 0 0 4]
Phiasphate 0.0 0.0 [ 0 0 0
Monazite 1.3 1.6 602 216 18934 8
'Y-phosphate 1.8 1.7 8903 335 38904 1
Sphene 0.0 0.0 0 (4] 0 0
Garnet 1.5 1.7 415 159 9250 7
Kya/Sill 1.1 1.7 720 274 24021 2
Staurolite 0.0 0.0 o g (4] 0
Zircon 1.5 1.8 623 237 18082 15
Silicate 1.5 1.6 412 149 10547 a2
Unclassified 1.3 1.1 &1 21 285 8




Geological Survey of Denmark and Greenland
@ster Voldgade 10, DK-1350 Copenhagen K
Ph.: +45 38142000, Fax: +45 38142050

G E U S
Sarnpla Nama: V18 Mo. of frames analysed 64
Lab. Name: 2000198 Nao. of parficles analysed. TEO
Date: 13/11/02 Heavy minerals in raw
Submitter: DuPont/GEUS sand (%) 0.00
Country: ‘Vietnam Comments:
Analyzed by, BY
Acc. Vollage/Magnification: 17kV/S0x
Guard region: 250 um
Sieve: 100 pum?® 500 un
Average content
Category TiO; wtlh Fe 0. wite MG wits G0 widh Si0; with Al O with MgO wi% Cal with Zr0g wit% Total
|limenite 593 350 22 01 0.7 08 02 01 02 98.4
Leucoxene 788 13.8 0.8 01 1.9 1.8 02 01 02 976
Rutile 944 1.6 0.2 0.2 0.6 0.5 0.1 00 03 97.8
Ti magnetite 372 195 1.0 0.6 372 1.9 1 a1 Q.0 97.4
[Magnetite 143 583 0.8 01 134 11 0.0 01 04 98.5
Chromite 0.3 203 0.4 435 0.2 228 114 01 a1 99.0
Pyrite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q0 0.0 0.0
Phosphate 0.0 00 0.0 0.0 0.0 0.0 0.0 oo g0 0.0
Maonazite 1.6 18 0.0 00 48 18 0.4 14 24 14.2
Y-phosphate 0.1 0.5 0.0 0.0 1.3 1.0 04 or 1.8 58
Sphene 0.0 0.0 0.0 0o 0.0 0.0 0.0 00 00 0.0
Garnet 0.1 189 6.9 0.0 440 13.2 0.4 150 0o 98.6
Kya/Sill 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00
Staurolite 11 156 0.5 0.3 54 42.9 131 01 07 97.7
Zircon 0.2 0.4 0.1 01 297 01 01 01 64.5 95.4
Silicate 10 48 0.2 0.4 695 25 136 26 05 94.8
|Unclassified 4.3 16.0 0.6 7.5 3.7 421 8.2 03 4.9 87.6
Valuable heavy minerals
Category limenite Leucoxene Rutile Ti magnetite Garnet Zircon Kya/sill Staurolite Total
wt % 913 21 5.0 0.3 00 1.2 0.0 01 100.0
Nermalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Average Category concentrate Raw sand
centent imenite Leucoxene Rutile Ti magnetite Calegory wi % wt %
TiO; wit%e 60.3 806 96.5 B2 limenite 870
Fe.0,wil% 355 14.4 18 200 Leucoxene 20
MO wi%h 2.2 0.8 0.2 1.0 Rutile 48
Cr03 Wt 0.1 01 0.2 06 Ti magnetite 03
SI0, wt% 0.7 2.0 0.7 382 {Magnetite 01
ALC;y Wit 0.8 1.9 0.5 1.9 Chromite 11
MO wide 0.2 0.2 0.1 0.1 Pyrite 0.0
Ca with 0.1 0.1 00 0.1 Phosphate 0.0
Zr0, witls 0.2 0.2 0.3 0.0 Monazite 14
Total 100.0 100.0 100.0 100.0 Y-phosphate 04
Sphene 0.0
Garriet 00
Kya/Sill 00
Average TiO; content of all the Ti0; minerals: 62.5 Staurolite 01
Zircon 11
Average TiO; content af all the TiO, minerals excl. rutile: 606 Silicate Q.1
Uniclassified 15
Valuable heavy minerals in raw sand: 0.00 Total 100.0




Geological Survey of Denmark and Greenland
@ster Voldgade 10, DK-1350 Copenhagen K .
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name:  |2000198 Analyzed by: BV GEUS

Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: [13/11/02 |
Distribution of TiO, content in Ti-minerals
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Apparent grain size distribution of Ti-containing minerals
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Category Aspect ratio Circularity Perimeter (um) Length (um) Area (um?) Total grains
1.5 1.7 687 256 24938 644
16 19 627 246 19249 19
15 1.9 763 301 26496 30
14 1.7 794 302 28727 2
14 2.0 722 287 21297 1
1.3 1.6 829 291 35067 5
0.0 0.0 0 0 0 0
0.0 0.0 0 0 0 0
16 1.8 631 239 18161 13
16 1.8 537 199 13319 5
0.0 0.0 0 0 0 0
Ga 18 19 299 17 3850 1
Ik";.fa:san”_.__.__ 0.0 0.0 0 0 0 0
Staurolite 14 2.1 733 299 20050 1
Zircon 14 1.6 505 182 16330 12
Siicate 16 15 215 84 3187 9
|,!.-Jn'class_iﬁtedi;_'-’ 15 1,7 467 181 14408 33




Geological Survey of Denmark and Greenland
Jster Voldgade 10, DK-1350 Copenhagen K
Ph.: +45 38142000, Fax: +45 38142050

G E U S
Sample Mame: v AG No. of frames analysed 54
L.ab, Nama- 2000199 No. of particles analysed 564
Date: 134 1402 Heavy minerals in raw
Subrmitter; DuPont/GEUS sand {% ) 0.00
Country: Vietnam Comments:
Analyzed by By
Acc. Voltage/Magnifisation: 17KV/G0x
Guard ragion: 225 ym
Sieve 100 pm?
Average content
Category TiOp wi% Fe Oy with MnC wit Cry0y wia Si0; W% Al O3 wite MgO wtih Cal wi% 2r0; with Total
limenite 516 433 22 ot 4.5 0.5 0.2 0.1 0.2 98,6
Leucoxene T84 13.5 14 01 kB 16 0.0 0.1 0.3 97.0
Rutile 0.0 0a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ti magnetite 339 58.7 20 02 18 1.3 0.3 0.0 0.2 8.4
|Magnetite 7a g2.8 0.2 01 49 1.8 0.2 0.1 0.3 8.2
Chromite 0.3 22.4 a1 34.2 556 248 11.3 0.0 0.4 88.0
Pyrite 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phosphate 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
|Monazite 0.0 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0
f-phosphate o0 00 00 0.0 00 0.0 0.0 00 0.0 00
Sphene 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
‘Garnet 0.4 335 24 0.1 36.7 19.6 4.2 1.3 01 98.2
|Kya/Sill 0.0 o0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Staurolite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zircon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Silicate 18 17.4 04 01 483 86 8.4 9.8 0.2 950
Unclassified 18.8 23.2 1.7 0.2 27.3 10.2 1.2 0.5 5.8 903
Valuable heavy minerals
Category limenite Leucoxene Rutile Ti magnelite Garnet Zircon Kya/Sill Staurolite Tatal
wt % 93.8 0.4 0.0 §0 08 0.0 0.0 0.0 100.0
Marmalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heawy mineral
Average Category concentrate Raw sand
content IImenite Leucoxene Rutile Ti magnetite Category wit % wt %
TiOg wi% 523 808 ] 34.4 limenite ar.s
Fe, 0, wi% 43.9 12.9 0 5a.7 Leucoxene 0.4
MnO wi% 22 14 0 2.0 Rutile 0.0
Cr,0, with 0.1 01 i] 0.2 Ti magnetite 47
Si0; wi% 05 17 ] 1.9 Magnetite 26
AlZO; Wit 05 16 0 1.3 (Chromite 02
IMgO wize 02 0.0 0 0.3 Pyrite 0.0
Cal wi% 01 0.1 0 0.1 Phosphate 0.0
Zr0; wih 02 03 4] 0.2 [Monazite 0.0
Total 1000 1000 0 100.0 -phosphate 0.0
Sphene 0.0
Garnet 0.7
Kya/Sill 0.0
Average Ti0; content of all the TiO, minerals: 56 Staurolite 0.0
Zircon 0.0
Average Ti0; content of all the TiO, minerals excl. rutile: 516 Silicate 09
Unclassified 26
Valuable heavy minerals in raw sand: 0.00 Total 100.0




Geological Survey of Denmark and Greenland
@ster Voldgade 10, DK-1350 Copenhagen K
Ph.. +45 38142000, Fax: +45 38142050

Lab. Name:  [2000199 Analyzed by: BV GEUS
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 13/11/02 I
Distribution of TiQ, content in Ti-minerals
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Apparent grain size distribution of Ti-containing minerals
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Grain diameter (um})

Cumulative wt%
2

Aspect ratio Circularity Perimeter (um) Length (um) Area (um?) Total grains
16 1.8 702 265 25243 496
1.2 1.9 779 308 26451 2
0.0 0.0 0 0 o] 0
1.6 20 788 316 27358 23
1.6 1.7 644 237 25051 13
1.1 1.7 734 272 25922 1
0.0 0.0 0 0 0 0
0.0 0.0 0 0 0 0
0.0 0.0 0 0 0 0
0.0 0.0 o} 0 0 0
0.0 0.0 0 0 0 0
1.3 27 1099 467 38781 3
0.0 0.0 0 0 0 0
0.0 0.0 [} 0 0 0
0.0 0.0 0 0 0 0
1.5 1.8 527 207 13690 16
1.4 1.8 905 385 62417 10




Geuological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G E W 5
Sampla Name: W23 MNo. of frames analysed: 28
Lab. Name: 2000203 No. of particles analysed: 770
Date: 2006/02 Heavy minerals in raw
Submitier DuPonyGEUS sand (%) 795
Country: ietnam Comments
Analyzed by BY
Acc, Voltage/Magnification: 17kMIS0x
Guard region: 255 um
Sieve: 100 pm”
Average content
Category TiO; wi% Fe, O wiis MnO wtde Cr, 05 it Si0; witde ALO, with MgQ with Cal wi¥a 2r0; with Total
limenite 54,1 37.7 34 0.1 1.4 10 0.2 01 0.3 98.3
Leucoxens 752 8.2 [l 0.2 9.7 34 0.3 0.1 0.3 98.0
Rutile g2.0 14 01 0.2 3.0 13 0.1 01 0.2 58.4
Ti magnetite 421 376 30 0.1 10.5 25 04 0.1 1.7 98.1
Magnetite 12.7 727 0.4 0z 7.8 35 0.2 01 1.0 98.5
Chromite 0.4 221 10 521 8.7 125 18 0.2 0.0 96.7
Pyrite 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Phosphate 0.0 0.0 0.0 040 0.0 0.0 0.0 0.0 a0 00
Maonazite 0.0 0.4 0.0 0.0 7.8 1.4 0.0 1.5 22 132
¥-phosphate 0.0 0.0 0.0 0.0 4.4 01 0.0 17 16 7.7
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0 0.0
Garnet 27 203 0.0 0.0 40.6 23.2 6.8 31 a0 86.8
Hya/Sill 0.4 0.4 0.1 0.2 411 532 0.0 0.0 0.0 855
Staurolite 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 0o
Zircon: 0z 05 0.2 0.2 298 0.2 01 0.1 63.8 94.9
Silicate 21 9.8 0.2 0.1 506 26.7 2.0 56 04 96.6
Unclassified 15.8 18.3 2.5 1.3 27 1.1 0.2 0.4 295 91.9
Valuable heavy minerals
Category limenite Leuvcoxansa Rutile Ti magnetite Garnet Zircon Kyal/Sill Staurolite Taotal
wi % 69.6 a1 38 4.9 0.3 17.0 a3 0.0 100.0
Nomalised average contents | Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Average Category concentrate o sanel
content limenite Leucoxene Rutile Ti magnelite Category wt %o wit %
TiO; wi% 55.0 76.8 835 429 Hmenite 6839 51
Fe, 0, with 384 83 1.4 384 Lausnxens a8 03
MnO wi% 34 0.7 0.1 31 |Rutile 35 03
Cry04 Wi% 01 0.2 0.2 0.4 Ti magnetite 45 04
Si0s wWt% 1.4 9.9 31 107 |Magnetite 04 00
AlO; wite 1.0 3.5 1.3 2.5 Chromite 0.1 00
Mg wite 0.2 0.3 a1 0.4 Pyrite Q.0 0.0
CaO with 0.1 0.1 01 0.1 Phosphate a0 oo
ZrD, wi%h 0.3 0.3 0.2 1.8 Monazite 03 oo
Total 100.0 100.0 100.0 100.0 *-phosphate 0.1 00
Sphene 0.0 0o
Gamet 03 00
|Kya/sill Q3 00
Average TiQ, content of all the Ti0; minerals: 57.2 Staurolite o0 00
Zircon 156 12
Average TiQ, content of all the TiO; minerals excl. rutile: 554 Silicate 54 92.5
|Unclassified 19 02
Valuable heavy minerals in raw sand. 7.30 Total 100.0 100.0




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name:  [2000203 Analyzed by: BV GEUS
Submitter: DuPont/GEUS Acc. Voltage 17kV

Date: 20/06/02 |

]
l Distribution of TiO, content in Ti-minerals
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Apparent grain size distribution of Ti-containing minerals
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; : i Average grain parameters: L i : =
Category Aspect ratio Circularity Perimeter (um) Length (um) Area (pm’) Total grains
Imenite 15 1.7 430 159 9437 479
Leucoxene ; 1.5 1.9 583 225 15661 17
' 15 16 446 162 10149 22
1.8 2.0 496 198 10324 29
1.9 23 429 184 7607 3
1.8 1.8 288 112 3571 1
0.0 0.0 0 0 0 0
0.0 0.0 0 0 0 0
| _ 1.3 15 361 126 6861 3
Y-phosphate: | 1.1 14 259 87 3694 1
Sphene.. " 0.0 0.0 0 0 0 0
o 18 1.9 752 295 23832 1
KyalSi 3.1 25 899 383 25555 1
Staurolite - 0.0 0.0 0 o 0 0
Zircon - 1.4 1.5 367 129 7502 141
15 1.9 508 197 12656 51
1.5 23 614 259 14196 16




Geological Survey of Denmark and Greenland
Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

G £ U 3
Sample Name V24 No. of frames analysed: 148
Lab. Name 2000204 No of particles analysed: 531
Date: 20/06/02 Heavy minerals in raw
Subimitter. DuPenVGEUS sand (%) 24 67
Country Vielnam Comments:
Analyzed by: BY
Acc. Voltage/Magnification: 17k\WIG0x
Guard region 225 pm
Sieve: 100 um®
Average content
Calegory TiO, wi Fa,Oy with MR w3 Cry0, wite S0, wtih AbO5 with Mg0 wite Cal witl Zr, with Total
limenite 54.0 3r.z i6 0.1 1.8 0.9 0.2 0.1 0.2 881
Leucoxene 758 128 12 0.2 52 25 0.1 0.1 0.2 97.9
Rutile 938 1.1 02 4.2 1.4 0.8 0.1 01 0.2 979
Ti magnetite 436 451 Jik a1 3.0 (R} 0.4 041 1.8 98.2
Magnetite 15.8 57.9 04 8.1 21 8.5 52 0.2 0.0 98.1
Chromite 08 ap.2 00 338 0.7 229 9.7 0.0 Q0.0 982
Pyrite Q.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
Phosphate 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0
Monazite 00 039 00 0.0 143 18 0.5 0.7 22 203
Y-phosphats 00 00 09 co 0.0 0.0 00 0.0 0.0 0.0
Sphene Q.o 0.0 (oK 1] 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Gamnet 25 18.3 0.2 0.4 40.8 236 65 24 0.0 956
Kya/Sill 03 0.4 01 0.6 428 53.7 0.1 0.1 0.2 98.3
Stauralite 1.0 17.1 07 01 318 46.8 12 0.0 11 998
Zircon 03 05 01 02 286 0.2 0.1 0.1 634 946
Silicate 13 10.6 02 0.2 45.3 26.7 2.2 B3 03 86.2
Unclassified 18.5 9.3 1.4 2.7 201 17.8 1.7 0.1 16.2 888
Valuable heavy minerals
Category limenite Leucoxene Rutile Ti magnelite Garnet Zircon KyalSill Stauralite Total
wt % 743 28 4.5 a1 03 133 06 0.0 100.0
Narmalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy mineral
Avarage Category concentrate Raw sund
content limenite Leucoxens Rutile Ti magnetite Category wt Yo wt %
Ti0, with 55.0 774 958 44 .4 |llmenite €9.2 171
Fe,0, wi% a74 129 11 4595 Leupaxans 26 08
MnO wi% 3B 12 02 33 Rutile 42 1.0
Cr,0, wi% a1 02 0.2 0.1 Ti magnetite 3.8 09
Si0; Wt% 1.8 53 1.5 an |Magnetite 01 ao
AlO; with 10 25 0.8 0.8 Chromite 03 0.1
Mg wi%e 0.2 0.1 0.1 0.4 Pyrite 0.0 00
Cal wit% C.1 0.1 Q.1 0.1 Phosphate 0.0 a0
Zr0, wit% 02 02 0.3 1.8 Monazite 04 a1
Total 1000 100.0 1000 100.0 ¥-phosphate 0.0 00
Sphene 0.0 0.0
Garnet 0.3 1]
Kyalsill 0.5 [+5]
Average TiQ; content of all the TiQ; minerais: 57.4 Staurolite 00 0.0
Zircon 124 31
Average TiO; content of all the TiC, minerals excl. rutile: 553 Silicate 42 76.4
Unclassified 1.8 0.5
Valuable heavy minerals in raw sand: 22.96 Total 100.0 100.0




Geological Survey of Denmark and Greenland

Thoravej 8, DK-2400 Copenhagen NV
Ph.: +45 38142000, Fax: +45 38142050

Lab. Name: 2000204 Analyzed by: BV
Submitter: DuPont/GEUS Acc. Voltage 17kV
Date: 20/06/02
Distribution of TiO, content in Ti-minerals
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: L : m!etgg e grain paramaters s e
Category Aspect ratio Circularity Perimeter (um) Length (um) Area (umz) Total grains
limenite ; 1.6 1.7 409 151 8564 464
Leucovene 16 18 474 180 10788 14
Rutile 15 16 416 151 9065 24
1.4 1.6 393 143 8161 25
1.4 1.6 322 116 5212 1
1.2 1.4 495 160 13984 1
yrite: 0.0 0.0 0 0 0 0
Phosphate 0.0 0.0 0 0 0 0
|Monazite 2.1 2.4 551 224 11595 2
0.0 0.0 ) 0 o 0
0.0 0.0 0 0 0 0
1.7 2.1 715 292 19255 1
1.6 1.7 535 197 14382 3
1.4 15 195 66 2079 1
1.4 15 357 125 7100 97
1.4 1.7 479 184 12531 33
1.5 1.8 489 197 11888 15




Geological Survey of Denmark and Greenland
Dster Voldgade 10, DK-1350 Copenhagen K
Ph.: +45 38142000, Fax: +45 38142050

G E S
Sample Name: V25 No. of frames analysed 59
Lab. Name: 2000205 No. of particles analysed 798
Date: 11411402 Heavy minerals in raw
Submitter: DuPont/GEUS sand (%) Q.00
Country: \fietnam Comments:
Analyzed by: BV
Acc, VoltageMagnification: 17kVI75x
Guard region: 150 pm
Sieve: 100 pm?®

Average content

Category T, with Fe.0, wit% MnO wt Cry0; with Sid; W% Al O, wit% MaO wi% Cal wtih Zr0; wi% Total
lImenite 526 35.8 3.7 01 08 0.7 0.2 01 0.2 98.3
Leucoxene 728 183 3.1 0.2 1.7 1.7 0.1 a1 03 984
Rutile 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ti magnetite 44 .4 457 40 0.1 26 0.9 02 a1 0.2 396.0
Magnetite 85 866 03 0.7 oy 0.9 0.1 0.0 21 a7.7
Chromite a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a.0 a.0
Pyrite 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phosphate 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0
Monazite 04 1.4 040 0.0 0.8 0.0 02 186 00 39
V-phosphate 00 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0
Sphene 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Garnet 04 0.0 0.0 o 0.0 0.0 0.0 0.0 0.0 00
Kya/sill 0.0 0.0 0.4a 0.0 0.0 0.0 0.0 0.0 0.0 00
Staurolite 0.0 0.0 0.0 0.0 0a 0.0 0.0 0.0 0.0 0.0
Zircon 0.2 0.5 0.2 01 30.1 0.0 0.0 02 63.8 953
Silicate 5.5 209 00 0.5 68.9 0.4 0.9 07 0.0 a7.8
Unclassified 217 14.8 0.9 01 34.0 135 08 0.3 6.2 92.5

Valuable heavy minerals

Catagory limenite Leucoxene Rutile Ti magnetite Gamnet Zircon Kya/Sill Staurolite Total
wt 5% 94.2 0.4 0.0 4.3 0.0 11 0.0 0.0 100.0
Mormalised average contents Weight percent on a mineral basis:
of the valuable Ti-containing minerals: Heavy minaral
Average Category concentrate Raw sand
content limenite Leucoxene Rutile Ti magnetite Category wt % wi %
Ti0, wi% 535 738 0 453 lImenite 939
Fe,Oxwi% 40.5 186 [} 45.6 Leucoxene 0.4
MnO wits 38 3.2 1] 4.0 Rutile 0.0
Cr ;05 wt% 0.1 0.2 0 01 Ti magnetite 4.3
Si0, wit 1.0 18 0 28 Magnetite 0.2
A0 Wit 07 1.8 0 0.9 Chromite 0.0
IMgQ wi 0z 01 ] 0.2 Pyrite 0.0
(Cal wi% 01 0.1 0 0.1 Phosphate 0.0
210, wi%h 0z 03 0 0.2 |Monazite a1
Total 100.0 100.0 0 100.0 ‘f-phosphate 0.0
Jsphene 0.0
Garnet 0.0
Kya/Sil 0.0
Average TiQ, content of all the TiO, minerals: 53.2 rSIaurc-Iﬂe 0.0
Zircon 11
Average TiO, content of all the TiO, minerals excl. rutile: 53.2 Silicate 0.0
Unclassified 0.0
Valuable heavy minerals in raw sand: 0.00 Total 100.0
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Category Aspect ratio Circularity Perimeter (um) Length (um) Total grains
nenite 15 1.7 395 149 7786 749
13 15 311 112 5942 4
Rutte = = = 0.0 0.0 0 0 0 0
Ti magnetite 16 19 409 161 7586 33
Magristite 15 17 349 129 5675 2
romite 0.0 0.0 0 0 0
0.0 0.0 0 0 0
0.0 0.0 0 0 0 0
, 11 15 257 88 3562 1
Y-phosphate: 0.0 0.0 0 0 0 0
Sphene 0.0 0.0 0 0 0 0
Gamet - 0.0 0.0 0 0 0 0
IKya/sil 0.0 0.0 0 0 0 0
Stauroli 0.0 0.0 0 0 0 0
Zircon 15 18 550 208 13580 5
Siicate 13 15 136 48 965 1
Iﬁéﬂlassiqu 12 1.0 38 14 114 3




Appendix 2

XRF analytical results



Danmarks og Grenlands Geologiske Undersegelse
Laboratoriet for bjergartsanalyse

Analyseresultater beregnet 6-maj-2002
Rekvireret af Henrik Stendal

2000188 2000193 2000198 2000198 2000205
vog Vi3 Vi V19 ves
Hovedelementer i procent

Sio2 0.000 e | 0.084 0.075 0.000
TiO2 53.483 5. 561 56.509 51.190 53.175
Al203 0.467 1.163 3.172 0.788 0.718
Fe203 45.059 36.507 32.544 48.292 42 .426
FeO 0.000 0.000 0.000 0.000 0.000
MnoC 28993 2.361 1.601 1,996 3.084
MgO 0.221 0.292 L. A7G 0.394 0.382
Cao 0.000 0.000 0.000 0.007 0.000
Naz20 0.000 0.000 0.000 0.000 0.000
K20 0.000 0.000 0.003 0.000 0.000
P205 0.023 0.102 0.299 0.031 0.03%1
Volat =2:,930 -0.290 0.780 -3.170 -1.500
Sum, maj . A2 Pl ) 98.407 96 .171 99.603 98.316
Sporelementer i ppm
v 258 633 884 896 857
Cr 0 477 5972 1.2 0
Ni 52 48 137 68 55
Cu 0 0 0 6] 0
Zn 0 0 272 0 0
Rb 323 295 252 332 306
Sr 435 418 385 442 427
X 561 788 1142 623 558
75 1081 2650 4970 1091 3076
Nb 1192 1405 1364 814 1142
Mo 0 0 0 0 0
Sn 0 0 0 0 0
Ba 2445 2962 2848 2248 2509
La 187 198 978 245 105
Ce 252 441 1960 322 267
Sum, min. 6790 10210 21174 7302 9302
Total % 99,995 99.428 98.288 100.333 99.246

Verdier for Mo, Sn, La og Ce er kun orienterende
Reference : Geology of Greenland Survey Bulletin 184, 59-62(1999)
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