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1. ABSTRACT 

In connection with the project DP/IRA/84/002/11-05/31.8.A. 
the consultant visited.during an extended mission (21.10.1985 
- 24.11.1985),bauxite and alunite deposits in Iran now under 
exploration by "Aluminiu~ Raw Materials Programme" (ARMP). 
During the last week a joint excursion to th~ alunite depo­
sit Taykand-Haftsandough was undertaken with Dr.E.Balazs. 
Head of Metallurgical Industries Section UNIDO, ARMP senior 
members, and three experts from VAMI/Leningrad. VAMI is the 
contractor of a project entitled "Pilot Scale Investigation 
of Alunites" providin~ services relating to the project 
support (functional) study on "Investigation and Evaluation 
of Alunite Ore and Concentrate in Iran". 

Subjects of the discussion were the 

- methodology of sampling the alunite deposits 
- selection of samples from the storage of the "Geo-

logical Survey of Iran (GSI) 
- evaluation of the comprehensive data on alunite accu­

mulated at t~e GSI 
repetition of sampling in the field for a character­
istic sample 

- preparation for taking a representative sample from a 
selected deposit. 

The exploration of bauxite deposits in two reg·Jns in the 
Elburz Mountains could prove during 1985 the existence of 
the quantity of resources in R-2 and R-3 categories of the 
UN-classification, however, the quality of the bauxite is 
subeconomic. Therefore. further exploration has been discon­
tinued for the time being in th~ Ganu and ~hirin Abad-Siah 
Rudbar regions. 
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In the Jajarm region on the eastern spur of the Elburz 
Mountain Range, the exploration works could prove the exist­
ence of bauxite suitable for the production of alumina 
(Drillhole No.22). Therefore it was decided to intensify 
the geological survey and exploration. 
The bauxitiferous area of Jajarm was divided into fo~r sectors, 
and sector 1 was selected for thorough exploration in order 
to achieve results soonest possible. 

A Master Bar Chart wa~ elaborated, according to which it can 
be expected that at the end of 1986 characteristic bauxite 
samples will be drawn for technological investigations, fol­
lowed by the examination cf a representative sample. 

It is advisable that the consultant will provide his ser­
vices on a regular base during the next two years in addit­
ion to ad hoc missions of further experts to support the 
exploration and mine development programme of ARMP. 

The intention is to finalize the two studies on alunite and 
bauxite simultaneously in order to proceed to a comp~rative 
study of the two feasibility studies for a decision on in­
vestment. 
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2 • R E C 0 M M E N D A T I 0 N S 

A summary with the following recommendations was prepared at 
the end of the mission and copies were distributed according­
ly. 

2.l Bauxite 
2.1.l. GANU region 

- To finalize the drillings now under execution in 
the eastern sector 

- One additional drilling was selected during a 
field trip in the western sector. 

- In case this drillhole should indicate favourable 
results then from the same location a deeper 
drillhole is advisable. 

- After finishing these exploration works, a last 
geological survey along the outcrop should be made 
in order to complete the maps for a final evalu­
ation of the exploration works performed by estab-
1 i sh ing the mineral inventory. 

- To discontinue further exploration. 

2.1.2. SIAH RUDBAR and SHIRIN ABAD region 
- To complete drillings now under execution. 
- To drill a last hole west of section 15 and 16. 
- To complete geological survey along the outcrop 

and within the drilled area. Special attention 
to be paid to the tecton'c structure in this area. 

- To evaluate and review all geological and explor­
ation data available in the area for final report. 

2.1.3. JAJARM region 
The recommendations for this bauxitiferous region 
are compiled in the Master Bar Chart on page 22 
of this report, in which chart the working period 
till the end of the exploration works required for 
an OPPORTUNITY study and PRE-FEASIBILITY study is 
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covered. It is envisaged to finalize the feasibi­
lity study during 1988 if the exploration and the 
technological tests are not discontinued at an 
earlier stage due to quality inhomogenity, expected 
mining cost for selectiYemining in open pit and 
underground or technological difficulties in pro­
cessing this bauxite economically. 
The approach to the feasibility study in several 
phases is shown in the Appendix, in Tables6/I 
for bauxite and 6/II for alunite. 

2.1.4. ZAGROS - KORDESTAN - YAZD- Bauxitiferous Areas 
It is recommended to proceed to fact finding, 
review of reports and data and pre~are a time 
and cost estimate for an exploration campaign. 

2.1.5. Labcratory Equipment 
Large quantities of samples from the bauxite (and 
also alunite) exploration workings will be processed 
in a laboratory sample preparation section. There­
fore, a supplementary list of suitable equipment 
was selected to be purchased the soonest possible 
as ~P to now sample preparation was a bottle-neck 
in the progress of the work. 
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2.2 Alunite 

2.2.l. SYRDAN - HASSANABAD Alunite Deposits 
This area was closely studied by the Geological Sur­
vey of Iran (GSI) and a volumenous report has been 
made available to ARMP. Besides that,ARMP's subcon­
tractor "MADANKAV" has recommended these deposits 
for further investigation as shown in their report 
(in Farsi language). 
Due to this, an evaluation of the deposits and select­
ion of samples can immediately commence by the team 
of VAMI, which arrived on Thursday, 14 November 1985 
in Tehran according to their contract Nr. 85/12 
(UNIDO Nr. RP/IRA/84/901 and RP/IRA/84/001, Activity 
Code RP/02/31.8 Annex E, Article C.l). 

This is emphasized due to the verbally given conclus­
ions of VAMI - after examination of samples received 
from Iran several years ago and recently from the 
Tajkand alunite deposit - that there exists a great 

* similarity with the alunite of KIROVOBAD,USSR. and 
which is sited in the same geological zone and form­
ation as the Iranian alunite deposits. 

Consequently, it can be expected that there exists a 
still closer similarity of ore character within the 
area explored by GSI and now by ARMP and partially 
evaluated by their subcontractor "Madankav". 

Sampling ·according to above mentioned contract with 
VAMI should start at SYRDAN (20 samples) and, time 
permitting. in HASSANABAD (20 samples). Samples may 
be selected from the existing storages at GSI or, in 
case these are not available. 20 new samples may be 
drawn from locations of the deposit such as the 
abandoned quarry and galleries as well as from two 
trenches. 

*The Kirovabad alumina plant is ~~pplied with alunite from 
the Alunitdag deposit in Azerbaidzhan. 
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2.2.2. ZAJKAN - ZAJKANDY Alunite Area 
Sampling as indicated under 2.2~.i.e. from the 
storage of GSI - 20 samples. 

2.2.3. TAJKAND - HAFTSANDOUGH Alunite Deposits 
Due to favourable infra-structure, access to de­
pusit, resources and open cast mining conditions, 
samples should be selected as indicated ini2.l. 
from the storages of GSI. 
However, the report of GSI is still pending. 

2.2.4. !n order to utilize the large knowledge and in­
formation accumulated at GSI for the further de­
velopment. of the project, it is advisable to create 
an ALUNITE WORKING TEAM (AWT) consisting of GSI, 
ARMP, MADANKAV (and from time to time an independ­
ent consultant may be added). 

The SCQpe of work of AWT consists of office work to 
evaluate the data as well as field trips and repet­
ition of sampling at 10 selected locations which had· 
previously been sampled by GSI. One set of these 
samples should be sent to VAMI for determination of 
mineralogical composition and phase analysis. A fur­
ther set of these samples is to be sent to thenAmir ,, 
Kabir Technology University, Tehran,Department of ~in-
ing, and one set may be examined abroad by an inde­
pendent institute or firm of high reputation. 

2.2.5. As soon as the mission report of VAMI ~oncerning 

their visit to !ran is available, further steps should 
carefully be deliberated, especially for the selection 
of further samples according to VAMl's contract. 

2.2.6. Due to the unique know~edge and experience of VAMI 
in alunite benef iciation and processing to alumina 
and valuable by-products, it seems advisable to have, 
in a stepwise implementation of the feasibility study, 
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an access to their know-how by· paying the requested 
know-rrow fees in installments of 10-20 % each. 

2.2.7. Each phase of the project study should be negoti­
able (opportunity study - pre-feasibility - feasi­
bility study}. 

2.3 Final Remarks 

It is advisable that in the future all reports, docu­
ments etc. which a re of inter-est to con su 1 tant s, cont rac­
tors etc, will be written in the working language 
(Enlish}. This is foreseen in the Project Document 
IRA/85/003/A/ol/37 as Government Inputs, Article G 
(i}. page 14). 

A translation of the report of MADANKAV on the alunite 

project is requ\red. 

Note: 
The Iranian bauxite and alunite projects are difficult 
ones in every r~spect and require special attention and 
care. It is recommended to approve the ARMP's request 
expressed to the consultant several times ~uring his 
stay in Iran that he should follow up the development 
of these projects on a regular basis for a period of 
2 years. These consultancy services for optimizing 
ARMP's projects could be provided in two weeks missions 
every 2-3 months permitting 1-2 weeks monthly in between 
the missions for homework. 

Ad hoc missions of further UN1DO experts may be re­
quired additionally to support the projects. 
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3 • I N T R 0 D U C T I 0 N 

The alumina requirements of the Islamic Republic of Iran are 
likely to reach 600.000 - 800.000 tons per year in the early 
1990s. To reach the above objectives, the Ministry of Mines 
and Metals set up an Aluminium Raw Materials Program (ARMP­
Government Implementing Agency) in 1981 with the plans for: 

a. Completing the geological and mining work neces­
sary for producing the required samples of alumini­
ferous ores, 

b. Establishing a testing laboratory, 
c. Contracting further testing and feasibility studies 

for the production of alJmina from alunite, bauxite 
and aluminosilicates to outside sources which have 
developed a commercial scale technology. 

UNDP assistance is provided for the projects in order to 
help negotiate, supervise and fund the alunite and bauxite 
testings and feasibility studies. The United Nations Indu­
strial Development Organization (UNIDO) is acting as Execut­
ing Agency in the Project IRA/85/003/A/01/37. 

The Government inputs are: 

675 million Rials i~ Kind 
(official rate of exchange: l US$ = 98.-RLS) 

UNDP contribution: 3.000.000 US$ 
Duration: 3 years. 

For pilot scale investigation of alunites, a subcontract has 
been agreed early in 1985 with "All-Union Research, Develop­
ment and Design Institute of Aluminium, Magnesium and Elec­
trode Industry (VAMI)" USSR (Subject: RP/IRA/84/001/901). 
A cooperation in the field of alumina projects was agreed in 
June 1985 betwee~ ARMP and Alut~rv-FKI of Hungary. 
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The implementation of the testing laboratory project is 
under way, however, for legal reasons it was suspended ~fter 
starting with the foundations-of the buildings. It is ex­
pected that work can be resumed within the next months. 

r-or est3blishing the technology to produ:~ alumina from alu­
minosilicates, huge resources of which are occurring in· Iran, 
an agreement h3s been signed with POLSERVICE for a pre-feasi­
bility study. Three samples of 10 kg each have been for­
warded in 1984. A preliminary report has been received from 
POLSERVICE at the beginning of 1985 with recommendations 
to proceed to a prefeasibility study. 

The time schedule of ARMP for all above projects is shown in 
the following Table, on page 13.. 

The National "Geological Survey of Iran" (GSI) has investi­
gated.for more than a decade, alunite deposits within the 
tertiary volcanic formation in the northwestern part of Iran. 

The estimated resources (in all reso~rGe categories) of 
alunite in four main areas are: 

GSI estimation 
Alumiran-Madankav* 

602 mi 11. tons 
340 mill.tons 

In addition to the bauxite occurrences known in the Zagros 
mountains, Yazd and Kordestan regions, ARMP has concentrated 
its prospecting and exploration activities in the Elburz 
Mountains where three bauxitiferous areas were inv~stigated. 

The R-3 resources according to the UN-"International Classi­
fication of Mineral Resources" (indicating exploration oppor­
tuniti~s) we~e estimated by applying various mineralisation 
assumptions to be: 65-90 mill. tons. 

* Madankav is the subcontr~ctor selected by ARMP for the pre­
paration of a prefeasibility study and the selection of the 
most advantageous alunite deposit for the production of 
alumina from alunite. 
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Time table for batL"Ci.te and alunite exnloration /by ARMP/ 

Bauxite 

1984 1985 1986 1987 1988 

1 Exploration of 3 areas xx x:icoc 

2 Exploration of Zagros area xxx:x xx 

3 Selection of supplies of xxx:x xx technology and discussion 1 

4 Pilot testing of various xx bau."Cite qualities 

5 Feasibility Study Mir.i.ng :xxx 

6 Feasibility Study for Alumina xxx:x Plant Joe.coo /600.000/ tpy 

7 Financing and /parallel/ xx engineering 

8 Constru:tion of Alumina Plant xx 

9 Development bau.."Ci.te mine and xx production /1 million tpy/ 

lo Start production alumina 

L_ )00.000 tpy 

Alunite 

l Elaboration of establishment 
of •exploration program and x x 
execution of work 

2 Selection of chara~teristic 
samples and sending for lab. xx testing to VAMI; mining 
feasibility study 

.3 Preparation of representative xx sample /VJJAI/ 

4 Elaboration of establishment 
o! technology and report on x:x x 
re:Jults from Mo.J. 

5 Pilot scale test /basic eng./ xx 

6 Feasibility Study for alumina xxxx 

7 Financing and engineering x xx 

8 Beginning of construction 1st 
line 100.000 t alumina py xx xxxx 

9 Start production o:f' alumina 

lo Construction 2nd line of 
100.000 t alumina py 

/x. quarterof year/ 

1989 1990 1991 1992 

xxxx xxxx ;oooc 

XJCCX xxxx XXY .. X :cr:c< 

:C'CX .. 'C 

xxxx I 

x 

xx xxxx xx 
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In August 1984, two "jNIDO consultants visited these pro­
specting and exploration areas of ARMP and submitted their 
recommendations for further exploration activities. 

The review of the progress achieved is al~o subject of the 
mission of the consultant in addition to the duties of the 
consultant according to the job description which are: 

"The consultant will work in close co-operation with 
the Ministry of Mines and Metals - Aluminium Raw Ma­
terials Programme (ARMP) and will specifically be 
required to: 

1. 

2. 

Assist in selecting samples of aluminium raw ma-

terials for testing, in order to establish their 
suitability for industrial-scale processing to 
alumina and aluminium; 
Advise ARMP on the concept and preparation of 
mining ore including additional geological investi­
gations an·· sampling required to be carried out. 

The expert will also be expected to prepcre a report, 
setting out the findings of the mission and recommend­
ations to the Government on further action which 
might be taken. 11 

During the mission, the consultant had the opportunity to 
discuss with the staff members of ARMP the results of bauxite 
exploration achieved in three areas during the course of 
this year. 

As all reports of ARMP and the three-monthly progress reports 
requested by the Ministry of Minerals and Metals are written 
in Farsi language, the discussion was restricted to explan­
ations given by the ARMP members. 

It was requested by the consultant to produce , in the future, 
copies of reports in English, which was agreed to be the 
working language during UNDP/UNIDO assistance according to 
the Project Document: IRA/85/003/A/Ol/37,Article G l(i) 
(Government Inputs) page 14. 
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4 • B A U X I T E R E S 0 U R C E S 

A summary of earlier investigations for bauxite and alunite 
in the Islamic Republic of Iran is given in a previous 
technical report of the consultant DP/IRA/84/002/11-03/A 
dated lO September 1984.* 

According to the consultant's opinion, R-3 resources (UN­
International Classification of Mineral Resources) can be 
estimated in three regions of the Elburz Mountains. These 
R-3 reserves indicate "exploration opportunities'' for bauxit­
ic deposits. Quantities of resources are kr.own in ranges 
estimated upon geological probabilities. Qualities are known 
by preliminary sampling at some locations. 

The R-3 resources were estimated at 65-90 mill.tons in 

three areas: 

Mill.t Al z 0 1 Si Oz Modul 

1. Ga nu 10-25 49. O'· 14.4% 

2. Siah-Rudbar-Shirin Abad 35 44.0% 18.0% 

3. Jajarm 20-30 46.6% 14.4% 

* E.Mack,I.Voros, Technical Report: Bauxite and Alunite 
Mineral Commodity. 

3.4 
2.4 
3.4 
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4 • 1 G A N U R E G I 0 N 

During this year, construction of access roads, exploration 
by core drillings and sampling continued in the western and 
eastern sectors of the Ganu bauxite outcrop which has a total 
length of 11 km. 

The sampling of the outcrowing bauxite by pre!iminary pick 
samples continued in Sector l at 34 locations. 79 samples 
were taken, about 1 kg each! 

A total length of 1.314 m core drillings were drilled at 12 
locations and 42 samples drawn. The modul of this subecon­
omic bauxite is 0.87-0.89. 

As it was not possible to obtain a copy of the geological map 
1:50.000 of this area, the geological position of the Ganu 
bauxite outcrop is .shortly described: 

The bauxite occurs between the Triassic Elika-formation 
consisting of fairly carstified dolomite and covered by 
shale and sandstone of the Jurassic Shemshak formation. 
The strike of the outcropping bauxitiferous horizon is mainly 
SW-NE, turning to NNE in the very eastern part. The inclin­
ation is generally steep as shown in the 3 sections of the 
Appendix, Enclosures 3-5. 

For the exploration, the total length of the outcrop is sub­
divided into 5 sectors. 

Sector 1: This sector begins in the western part of the out­
crop, near the Mahtab fault, and has a length of 
1500m (Trenches 1-4). One corP. drilling has been 
finished and 1-2 further drillings have been re­
commended to be drilled for a better assessment 
of the quality of the bauxite in this sector. 
Additional pick-samples were drawn.during this 
year, from the bauxite outcrop and analysed, 
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separately for hdrd (higher quality) and soft 
(inferior quality) bauxite. 

The main quality parameter of soft and hard baux­
ites ;.,·e shown in the statistic tabulation of the 
Appendix, Table 2, and is summarized in the 
following table: 

I Type of bauxite 
: 

Number o Determin- C o n t e n t s % ! 
samples at ion 1

Modu l J Si Oz Al z 0 3 

bauxite I 
mean value 14.55 43.95 

i 
i 

hard 36· standard deviation ±6.13 I ±4.79 3. J2 

mean value 23.50 40.42 : I 
soft bauxite 

I 
44 ±5.aa ±4.13 l.72 ! 

standard deviation 
I 

Sector 2: begins at trench 4 and reaches to trench 8 with an out­
crop of a length of 2.750m. No further exploration 
was performed during this year in this sector. 

Sector 3: from trench 8 to trench 22, with 2.300m length of 
the outcrop. During the year, core drillings were 
performed at 8 locations, however, only subeconomic 
bauxite was found. 
BoreholesBH 2.1 and BH 2.2 are typical for the qua­
lity encountered in this part of the Ganu region. 
The assays are shown in Table 3 of the Appendix. 
The geological section of Enclosures 2, 3, and 4 
are typical for these parts of the deposit. 

Sector 4: begins at trench 22. The sector is about 2.400m long. 
No exploration work was performed during this year 
due to obviously inferior quality of the bauxite 
in the outcrop. 
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Sector 5: The total length of this sector is 2.000m with 
insignificant bauxite occurrences. No exploration 
was performed in this secto~. 

Due to the low grade of the bauxite found by the cor~ drill­
ings, the resources in the Ganu region are "subecon0mic" in 
R-15, R-2S and R-3 categories. 

It was decided to suspend further core drillings in the Ganu 
area after finishing a last drillhole in the central part of 
the western block. 

The balance of 1700m of core drillings from a contract signed 
with a drilling contractor will be transferred to the Jajarm 
bauxitiferous area. 

Durir.g the next progress report of ARMP, the explored "sub­
economic" resources will be calculated. 

It is recommended that the consultant will elaborate defin­
itions and specifications which are required for this type of 
bauxite for the application of the UN-classification method. 

After the evaluation of all existent data, it can be decided 
if the area must finally be abandoned or if further explor­
ation may be justified at least in sector 2 of the Ganu region. 

The use of this type of bauxite as a raw material for other 
processes than that of an alumina production should also be 
taken into consideration. 
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4.2 SIAH RUOBAR AND SHIRIN ABAD REGION 

This region in the Elburz Mountain range is situated at an 
elevation of 700 - 1.700~. The area is geologically mapped 
at a scale 1:10.000 and 1:25.000. The footwall of the baux­
ite horizon consists of carstified dolomite of the Triassic 
Elika formation. The hanging wall is shale and sandstone of 

the Shemshak formation (Jura). 

An access road to the drilling sites was built in 1985 and 
6 drillings were performed about 1 km south of Shirin Abad 
with a total length of 83m. 

7 samples were taken and analysed indicating a low-grade 
bauxite of the "subeconomic" category. The quality ranges 

are: 

Si Oz 20-40% 

AlzO, 30-42% 

FeiOJ 6-27% 
Ti Oz 1.65-2.45% 
MgO 0.6 -1. 2% 
Cao 0.2 -2.2% 
L.o.I. 9.5 -12.2% 

In addition to above assays, the mean value and standard 
deviation of 14 samples taken from borehole SH 6 shows a 

low grade ore ,too: 

Si Oz 

Alz01 

Modul 

31. 46% 
34.98% 

1. 11 

+ 5.04 
+ 3.55 

Even on tiie premise that sampling, sample preparation and 
assays include an error of more than 10%, this bauxite l$ of 
a subeconomic grade. No control assays were performed. 
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Trenching and sampling continued during 1985 along the 
Shemshak-Elika formation boundaries west of the Qozloq River. 
Ore bodies of lenticular shape with low-grade bauxite were 
explored: 

Trench 23 

Trench 24 

20-23% 
40-42% 

8.3-25% 
35-49% 

Assays from sections 17 and 18 indicate a bauxite quality 
with a modul of 2.5-7, while assays from section 26 show a 
bauxite quality with a modul of 2.0-9. 

It was decided to discontinue further exploration by core 
drillings in this area but one drill hole, west of section 
15 and 26, with a forecast depth of 90m. 

A balance of about 370m core drillings are still available 
for the Siah Rudbar and Shirin Abad regions according to 
an agreement with a drilling contractor and may be trans­
ferred to the Jajarm exploration area, if funds permit this 
during the remaining part of the year. 

The geological survey in this region of Shirin Abad and Siah 
Rudbar will be completed and recorded ir. the next progress 
report of ARMP to the Ministry of Mines and Metals including 
a calculation of the subeconomic resources. 

For the calculation of the bauxite resourc~s. the UN-"lnter­
national Classification of Mineral Resources" should be 
applied.as mentioned on page 
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4.3 JAJARM REGION 

This region belongs to the eastern spur of the Elburz Moun­
tain range. The Zoo Mountains, in which the bauxitiferous 
horizons occur, have an east-west elongation of 40 km , 
situated about lJ km north of the town of Jajarm. Jajarm, 
about 700 km east of Tehran, can be reached by car in 10-12 
hours on a route north or south of the Elburz Mountain range. 
Jajarm has a railway station, 35 km south of the village on 
the railroad Tehran-Mashhad. (See index map, Enclosure I 

of the Appendix). 

The bauxite horizon now under exploration is intercolating 
the Triassic, dolomitic Elika formation and the Jurassic 
Shemshak foNnation consisting of shales and sandstones. 
The geological situation of the bauxite horizon, findings 
of previous chemical, mineralogical and technological 
investigations of this bauxite type are summarized in the 
previous report of UNIDO-consultants and in reports by ARMP 
in Farsi language. The range of R-3 resources is estimated 
at 20-33 mill.tons. The aim of the present exploration cam­
paign is to prove the existence of mineable resources, of 
a suitable quality of bauxite for improved and modified 
Bayer-autoclave digestion, tube digestion or lim~ ~ da sin­
ter process technologies for the production of alumina from 
this type of bauxite. 

The inhomogeneity of the bauxite, the marginal quality and 
the tectonic structure prevailing in the Zoo Mountain ridge 
request a well-adjusted development of exploration works, 
sampling, chemical and mineralogic~l examination and techno­
logical testing. 

For this reason and in order not to waste money, a gradual 
approach is required, as is indicated in Table 6/1 of the 
Appendix and in the Master Bar Chart on the next page. 
According to this, the feasibility study might be finalized 
1988/89 if the project will not be abandoned at an earlier 
stage. 
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In the preceding self-explanatory Master Bar Chart the key phases of 
exploration, samplirg, testing, reviewing and decision making 

are shown. 

During the opportunity study and at step 25, a characteristic 
bauxite sample or samples will he prepared in order to 
elaborate the most advantageous technology for this type(s) 
of bauxite. Th~s might be done in the second half of 1986 
at the earliest. 

From an exploration and mining point of view, it is useless 
to have numerous samples examined by digestibility test 
before R-2 and partly R-1 resources can be calculated. 

Based on chemical and mineralogical examination of bauxite 
samples, a preliminary mineral inventory can be established 
during step 11. 

The opportunity study will indicate the viability of the 
project to produce economically alumina from Jajarm bauxite 
eitrly in 1987. If this is the case and depending on the good 
quality of the deposit and technology involved, the next 
phase of [ prefeasibility study can be envisaged immediate­
ly in 1987. 

If the results of the opportunity study are exceptionally 
good and very encouraging, the decision may be taken to pro­
ceed directly to a techno-economic feasibility study in or­
der to arrive at a final decision on the investment during 
1988. 

The consultant had the opportunity to discuss the draft of 
this Master Bar Chart with the management of ARMP and staff 
members. During a field excursion to Jajarm, the pri~ciples 
and methodology of sampling and sample preparation for the 
opportunity study were jointly agreed. It was suggested by 
ARMP and agreed by the consultant to provide consultancy ser­
vices on a long-term base. The scope of work would comprise: 
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- Guidelines for the methodology of sampling recommended 
to be applied and for determining the distances of 
sampling (drilling, trenching, pitting) as well as 
quantities of material req~ired for optimum results 

achievement. 
Manual calculation ar.d evaluation methods will be used 
at the initial stage of mineral commodity appraisal. 

- Guidance for the exploration of bauxite and specifically 
for the diasporic bauxite deposits in the Jajarm Moun­
tain area in order to minimize exploration cost and to 
arcelerate the appraisal of the mineral inventory. 

- Specifications and guidance for the application of the 
United Nations "International Classification of Mineral 
Resources" in bauxite re~ources estimation. 

- Recording and management of exploration and sampling 
data for the envisaged application of a computer 
assisted mineral appraisal and mine feasibility study. 

- Activities and consultant services required by ARMP 
during the implementation of the works according to 
the schedule of the Master Bar Chart: "Bauxite Explor­
ation and Mine Feasibility Study, Jajarm Areatt. 

- Additional consultancy services and advice in conne~t­

ion with the work performed by ARMP's contractors 
Madankav, VAMI or others. 
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5 . A L U N I T E 

The alunite deposits west of Quasvin at the western spur of 
the Elburz Mountains have been prospected by GSI for a long 
time (see Enclosure 2 of the Appendix). 

Large and valuable information has been accumulated in their 
numerous reports. 

The consulting firm "Madankav Eng.Co." was appointed by ARMP 
to select the ~ost promising deposit for further considerat­
ion. A report was produced by Madankav concluding that the 
Syrdan-Hassan Abad alunite deposit should be given prefer­
ence. 
Due to lack of information - the report of GSI 0n the Taykand­
Haftsandough alunite deposit is still pending - this most 
promising deposit was not included in Madankav's study. 

ARMP arranged an excursion for the consultant to the Syrdan 
alunite deposit and together with the experts of VAMI/Leni~­
grad to the Taykand-Haftsandough alunite deposit. An engineer 
of Madankav explained during a meeting at ARMP-off ices the 
Madankav report, for which a translation into English is 
required. 

In Table 4 of the Appendix, the alunite resources and grades 
according to the "Geological Survey of Iran"(GSI) and the 
report of the consulting firm "Madankav" are shown. This 
Table also displays an indication of mining cost and trans­
portation distances from the mine to an assumed site of a 
benef iciation plant and an alumi~a plant. 

A prelimir.ary attempt of a two-dimensional statistical in­
vestigation of inhomogeneity of t:1e alunite outcrop of the 
Syrdan alunite deposit was made with data available from the 
GSI-report which exists only in Farsi language. The analysis 
of numerous samples drawn by GSI in 4 shallow prospecting 
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trenches were used. The samples had been drawn mainly from 

the bottom of the trenches, in sections of 2-3m length. 

Sample sequence : 

Distance between trench l and 4: 

from footwall to hanging wall 

2500 m 
Direction of outcrop : 
I n c l ; ;1 at i on of de po s it : 
Azimut of trenches: 

NW - SE 
N 25-35° 

40-50° 
Specific gravity of ore: 2.7 - 2.8 t/m 3 

The results are shown in Table 5 of the Appendix. 

Explanation for Tabl~ 5: 

n number of measurements or data 

x 

sum of data 
., 

arithmetic mean ~ xL./ri 
£,•I 

standard deviation of population l/f./xL.-.X):.:/~ 

sum of square data 

standard deviation of sample 
from data shown 

.. ' 
.Lx1."-

.(.. .... 

From this evaluation derives that the alunite content within 

the deposit shows a really great fluctuation in the range of 

cut-off 30-35% alunite. 

For an assessment of the alunite deposits it is advisable to 

create an 11 Alunite Working Team" (AWT) to evaluate all. avail-

able information. The AWT should be formed by experts of the 

GSI, ARMP and Madankav and from time to time an independent 
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consultant may be added. (See Recommendation 2.2.4) 

The opinion of the three experts from VAMI*, who arrived 
in Iran recently and who are engaged for th~ee weeks exclu­

ively with the alunite project, should carefully be taken 
into consideration for further exploration of the alunite 
deposits. 

The alunite project is in every respect a difficult one. 
Due to certaii problems and adverse circumstances, it was 
not possible for ARMP to proceed with the exploration of the 
Taykand-Haftsandough deposit according to a program estab-
1 ished at the end of 1984. 

Apart from the fact that about 1500 samples were taken by 
GSI during the course of last year and analysed abroad, the 
resources have not yet been calculated even in R-3 or R-2 
categories. 

Under the circumstances, the consultant recommends a sub­
division of the total project as indicated in Table 6/II of 
the Appendix. 

For each phase of the studies at least a master bar chart 
should be established, clearly showing the sequence of work 
to be done. 

During this mission, the consultant had no 1e time to be 
occupied also with these technical and organizing details of 
the alunite project. It should be the subject of his further 
consultancy services for the ARMP programs. 

VAMI/Leningrad-USSR was selected by ARMP/UNIDO as the con­
tractor for a "Project Support (functional) St~dy on In­
vestigation and Evaluation of Alunite ore and Concentrate 
in Iran." 
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A P P E N D I X 

Tables 1 - 6-II 

Enclosures 1 - 6 

pages 29 - 36 

pages 37 - 42 
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T A B L E 1 

List of UNDP, ARMP, VAMI and Other 
Senior Members met During M1ss1on 

At briefing and debriefing in the offices of the United 
Nations Development Program (UNDP), Avenue Gandhi, 43 Street 
Nr.3, Tel. 684-171, were present: 

Dr. Krishan Singh, Resident Representative 
Mohammed Farashuddin, Deputy Resid.Representative 
Massoud Yahyazadeh, Programme Officer. 

During the mission, the consultant had the opportunity of 
meeting, (during the field excursion and in the offices of 

.ARMP, Gharani Ave, Bimeh Alley No.9, Tehran, Tel.833252-3, 
Telex: 212334 NISC-IR): 

1. HASSANSADEH, Ebrahim, Managing Director of ARMP 
2. SADRI, Hassan, Director of Exploration and Mining 
3. DR.KHALILI, Halili, Analytic. Chemist, Head of Labor. 
4. BINAZADEH, Kheyrollah, Chief Geologist. in charge 

of e~ploration and mining 
5. MALEK-MOHAMMAD!, Amanollah, Mining Eng.,Alunite Project 
6. ASHRAF, Akbar, Mining Engineer 
7. HEMATI, Gholamreza, Geologist 
8. RAMEZANI, Mohammad, Geologist of Jajarm 
9. CHEKAD, Abas, Chemical Engineer, Head of Alunite 

Project - Technology 
10. SHAFAI. Mrs., Geologist of ARMP, Interpreter Farsi-Russian. 

- Pr~f. Dr. ALINIA, Firous, Amir Kabir Technology University 
Hafez Ave, Tehran, Dpt.of Mining, Tel.6139304 

- Dr. KASHANI, Fraidoon, Contractor for Core Drilling in 
Ganu and Jajarm Areas 
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All-Union Research, Development and Design Institute of 
Aluminium, Magnesium and Electrode Industry (VAMI),USSR 
Leningrad, V.O.Sredni Prospect 86. Tel. 2-175-241 

MIKHAILOV, Eugeni P., Chief Project Manager 
BASAKAKOV, Jury Petrovitch, Head of Techno­

Economic Department 
BRONEVOJ, Vladislav Alexandrovitch, Mining Engineer -

Geologist, Head of Geological Exploration Crew 
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T A B L E 2 
G A N U B A U X I T I F E R Q u s R E G I 0 N 

- Pick Sampling on th 0 e utcrop, Sector 1 _ 

"SOFT BAUXITE" 

CLEAR s i 0 z I.,,, A 1 z 0 J I.,,, 
*STAT OH• CLEAR 

2:5. SUM *STAT OH• 
26. 5 SIJM 36. SUM 
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0
' I I 
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23. 6 SUM 41. SUM 13.5 SUM 4'3. 92 sur· 
29.5 SUM 42. SUM 18.9 SUM 41.03 sur· 
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13. 3 SIJM 47. 28 SUM 11. 84 SUM 42. 24 :::ur· 
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23.5 SUM 43. SUM 26. SUM 44 ·:; ·=11•· 
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27. SUM 50. 2 SUM 15. 45 SUM 42. ::;ur· 

24. 6 SUM 39 • 3 SUM 11. 88 :3UM 52. :::u;· 
44. n 37.8 SUM 10.35 SUM 43. :::ur· 

1034. 38 IX 44. n 36. n . 36. n 
25837. 085 I';<2 1 778. 7 IX 523. 64 !X 1582. 14 :::.:; 
23. ~08636 x 726~4. 24 IX:Z 89:3~. 6616 IX2 70360. 418 ::·::;. 
5.87796; on 4o.42:; x Mean va 1 ue - l4

:A:i,!5f. x 43.948333 ; 
~945°92Tr'1nT ~~2...an -Stand d 

0 
- ~·'-'!!.ai?7~ 4. {958..:!71 on 

:trSTAT OFF* 4.1771608 C1n-
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T A B L E 3 

G A N U B A U X I T I F E R 0 U S R E G I 0 N 
- Assays From Core Drillings, Sector 3 -

- Subeconomic Bauxite Quality -

Borehole 2.1 
Si Oz 01. 

CLEAR 
*STAT on+-

35. 93 WM 
35.07 SUM 

34. E· SUM 
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26. O·? SUM 
31.n SUM 
34.4 SUM 
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34.6 SUM 
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2.s9es2.;2 IJ·n standard deviation 
2":t.~44!""°trn"T 
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*STAT OM=+< 

30.94 SUM 
30.~:3 SUM 
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23.:3 SUM 
23.02 SUM 
2:3.5 SUM 

31.14 SUM 
30.63 SUM 
30.12 SUM 
29.82 SUM 
30.94 SUM 
29.-32 SUM 
29.82 SIJM 
31. 5!5 SUM 
27.59 SUM 

1 s. ·n 
443.35 D: 

29. !5!56E.6 7 x 
2.0!53!5163 '1n 

1 '5. n 
29. ~!56r:.67 x 

30.53 SUM 
16. n 

473. :3;:: !X 
140'39. 2:33 IX~ 
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SiOz °lo 

CLEA!<: 
:tcSTAT C:t-l:~ 

32. ! ::: :;ur·: 
2"3'. 04 ::;l_!j·l 
31 • ·;.5 ::;ur·1 
31 • 1 :3 ·:~u:·1 
:32. 92 SUM 
31. 1:3 SUt·t 
31. 21 ::;;_tt·1 

2s. o 1 :;ur·' 
2'3. 4 7 :3Ur·1 
2:3.:33 SUM 

~37. ! ·;. 
:36. 15 
37.6E. 
.36.03 
32. :::::: 

:30.3 

.;r: ... 2:~: 
36.'7! 

~;ur·~ 

·::ur·~ 

::::_:r" 
·:::_•p 

.:,ur· 
::;uj·: 

22. n 
716. 12 

-- ~::~:~g§n: g::: .. 
*STAT OFF:+: 
CLEAR 

Al201 ,-a 
CLEAF:: 
:~:3TAT ON=+< 

26. 5E. ·:;:_;ii 
27.5 :::ur·1 

29. 4:3 '.::UM 
29.86 ::.1_1v 
30.04 :31JM 
29. 38 '.:;ur·t 
:30 • :3'3 ·:ttM 
27. 78 '.:.ur·1 

27. :; '.:;Ut·~ 

30. 42 ::;UI" 
·30. 1)4 ·;1_1t·'. 
31. 3E. ·:.i}I·~ 
3l1. -;:~: ·:;1,3,~ 

2~ • 5~ •:;r__;; I 

29. 1 ·=.:_.•: 
2~.71 :;;r_g·~ 

28. 16 ::;UM 
::.o. 3:3 :;;!_!r·'. 
:30. 4c: ·:;:_:r·· 

(~2. (1 

6:35. ·37 
18440.027 

29.6l7S x mean value -----------28.907727 .. 
~,.;,.+~,.__.,,__ ___ standard de v i at 1 on _ __ __ ___; . S894fil 'ti.. 2.•Xl22191 '1·n 

T. ~8~3 11n.;-
*STAT (•FF* 
CLEAR 

Modul Al 0 ii 0.87 s i 0 2 :II 

1 • 6268~61 •1 (1. 

+::;TAT OF'.=+ 
CLEF•F' 

Modul Al,O, s 10 z- = 0. 88 



TABLE 4 

ALUNITE RESOURCES AND GRADE ACCORDING TOnGEOLOGICAL SURVEY OF IRANh(GSI) 
AND "MADANKAV"-STUOY (Farsi Language) 

-
Resources according Resources according to 11 Madankav 11 

to GSI19rade more grade more than 35% alunite 
than 301 alunite 

Production 
Distance Average Mine to be- cost/delivery/t 
to Alumi- Grade nefic.plant benef .plant 
na Plant s km Rials 

Area mill.tons mill.t. km . 
1. Hassan Abad 165 136 22 38.46 13 421 

2. Sy rd an 235 67.9 22 36.6 2 390.5 

3. Zajkan. 212 515 
60.4 36.4 34 

4. Zajcandy 165 ' 

5. Yuzbashchai 853 76.3 40.5 

6. Taykanct/Haftsandougt not available not available 

* Official rate of exchange: 1 US$ = 98.- RLS 

~----~~~~~~~ 

w 
w 



Trench 
No. 

l 

2 

I 

3 

4 

Alunite Deposit SYRDAN 
Calculation of mean and standard deviation of samples 

from four exploration trenches 

selected by GSI 

Section Total Mineralised Number of A L U N I T E C 0 N T E N T O/o 

Trench Lengttl Length Values .Ix :Ix z x Gn Gn-1 
m m n 

195 40 656 11040 (16.4) ( 2. 0) ( 2. 6) . (144)66 40 41.0 6.5 6.6 
. 

105 105 48 1300 41332 27. 1 11. 3 11. 4 

l 22 10 365 13812 36.5 7.0 7.4 
I 

2 43 16 408 10979 25.5 5.9 6. 1 

I 3 12 6 238 9909 39.7 8.4 9.2 

i 4 - - - - - - - -- -- --
I 5 28 13 255 5943 19.6 8.5 8.8 
I 

382 
i 1+2 100 50 1523 5,0911 30.5 9.5 9.6 

l 40 19 403 9388 21.2 6.5 6.8 

I 2 60 31 1124 41643 36.2 5.4 5.5 

335 
A 122 66 1819 55372 27.5 8.9 9.0 

8 88 45 1396 45415 31. 0 6.8 6.9 

81 54 28 751 20685 26.8 4.4 4.5 

82 34 17 643 24586 37.8 3.7 3.8 

TAOLE 5 

as so,· 
as alunite 

(factor 2-50 bv GSI) 
~heoret.2.5875 pure 

w 
~ 



GENERATION AND FLOW OF INFORMATION FOR TWO FEASIBILITY STUDIES ON BAUXITE AND ALUNITE 
FOR "DEVELOPMENT OF ALUMINA INDUSTRY''- PROJECT NO.: DP/IRA/85/003/A/Ol/37 

B A U X I T E 

Proj. Project Definition 
No. or name 

Project No. 
assigned 

EXECUTING AG[NCY: UNIDO 

Purpose - Aim - Result Responsible Org. 
or Contractor 

Duration 
Estimate 

- 35 -

TAULE 6/1 

Fund 
Mill. $ 

A PROJECT IDEA Set up of ARMP (Aluminium 
Raw Material Progranvne) 

Ministry of Mines 
and Metals 

Since 1981 30.0 

B OPPORTUNITY STUDY 

Bl Natural Resources 

B2 Technology Identification 

- t PRE-FEASIBILITY STUDY 

Cl Support Study: 
Mining Jajarm 

C2 Support Study: Technology 

C3 Support Study: mining 
other areas 

D TECHNO-ECONOMIC 
FEASIBILITY STUDY 

Dl Mineral inventor) eval. 

02 Mine planning for opt.size 

03 Technology 

IRA/85/003 

Viability of project 

Identif ic.bauxite deposits 
and resources/limestone 

Testing of representative 
sample and characteristic 
samples 

Decision for teas.study 

Resources and reserves, 
quality 

Investigation on 
representative sample 
Zagros, Yazd, Kordestan 

Decision for Investment 

Classific. of reserves 
Methods,capacity,cost, 
representative samples 
Examination repres.sample 

UNIOO - ARMP 

ARMP + consultant 

Aluterv or others 

UNIOO - ARMP 

ARMP + consultant 

Aluterv or others 

UNIOO- ARMP 

ARMP 

ARMP 

Aluterv or others 

1984-86 

1986-(87) 

1986-87 

1986-87 

1986-88 

1986-88 

1987-89 

1987 

1987-88 

1987-89 

(spent 8.0) 

UNDP 3.005 
7.0(675 Rls) 



l I A l U N l T E 

ProJ .Project Definition or 
No. Name 

A PROJECT IDEA 

B OPPORTUNITY STUDY 
Bl Natural resources 

B2 Technology 

03 Marketing 

B4 Alternative Processes 
for by-products 

c PRE-FEASIBILITY STUDY 

Project No. 
assigned 

Purpose - Aim - Result 

Set up of ARMP (Aluminium Raw 
Materials Programme) 

ldentific.mining sites 
Prepar.character.samples 

RP/IRA/84/001/901 Testing character.samples 

Sale of by-products 

Consumption /use of by-products 

T A U L E 6 I I I 

Responsible Org. 
or contractor 

Duration 
Estimate 

- jL-

Fu net 
Mi 11 . $ 

Ministry of Mines 
and Metals 

Since 
1981 

(see bauxite) 

Madankav-(GSI) 
VAMI-Madankav-ARMP 
VAMI 

1984-85-86 
1986 
1985-86 

Iran-Subcontractors 1986 

1986 

0. l 

0.5+0.29 

0.03 

Cl Support Study: Mining/ Resources and reserves.quality Madankav 1985-86 
1985-86 
1986-(87) 

benef iciation 

C2 Support study:Location 
C3 Support study:Technology 

C4 S.St.By-Products and 
connected processes 

D TECHNO-ECONOMIC FEASIBILITY 
STUDY 

Dl Comparative Study Bauxite/ 
Al unite 

E Monitoring Alunite Sub-
contract 

F Laboratory Equipment 

Mining method,beneficiation,cost 
preparation representative sample VAMI-Madankav 

Investigation on repres.samples VAMI 

Sale or usage of by-products 

IRA/85/003 Decision for investment VAMI-ARMP,Madankav 

Exam.viability.preferences 

IRA/85/003 

IRA/85/003 

1986-(87) 

1986 

1987-88 (see bauxite) 

1988-(89). 0.15 

1985-88 0.10 

1986 0.302+0.065 
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C A S P I A N S E A 

ISLAMIC REPUBLIC OF IRAN 
Alunite Deposits 

Scale l : 2.500.000 
o So 
I I I I I ' 

~00 4f-" ,,,_ __ _i___ ___ __,_ ""' 

Site of: SYRDAN 
TAYKANO-HAFTSANDOUGH 

Sme I ter: ARAK (_, 

(f. 



SE 

8H2_1 I llNWI 

Bx 

GANU Bauxitiferous Regions 
Sector 3 Boreholes 2.1 and 2.2 ... ,, 

Bauxite (Bx) 

'"' l140 _, 
~ L.. i..:. ~- v:-

"" 
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ENCLOSURE 3 

2 : .J-;1.' 
I SH2 _1, 2: ·~1"1. ! 
I 

~l.S:~i 
I 



GANU Bauxitiferous Region 

SECTOR 3 : Boreholes 3.1 and 3.2 

ENCLOSURE 4 
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.... o. 
'2°40 ' 

J ._,l....,.v I 

BHJ_l, 2: ·~i-~ 

by K.Binazadeh, 1985 
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GANU Bauxitiferous Region 

Sector 3, Boreholes 4.1 and 4.2 

NW 

8HL.2(15N'.NI 

ENCLOSURE 5 

··- I 4 : J-("~: 
BH4_1. 2 :.~ ("\. i I 

by K. Binazadeh, 1985 
1:1000 _,..~ ~LS . ~ I ...._ ___ __.._ ____ ,I 



INTERNATIONAL CLASSIFICATION OF MINERAL RESOURCES ( UN 1979 ) ENCLOSUIH 6 

Classification categories: R I capital/: resources "in situ" of economic interest for the next 2-3 decades 

r /lower case/: recoverable resources /reserves/ closely calculated for mineral supply. 

R-1 R-2 
Encompasses the in situ re-
sources in deposits that have been 
examined in sufficient detail.sizes 
and qualities known, technology 
established. Relevance of such 
estimates is the planning of mines. 
Error of estimation less than 501. 

Estimates of in situ resources that are 
associated with discovered deposits, 
quantities are preliminary and largely 
based upon broad geological knowledge, 
supported by measurements at some points. 
Estimation error above 50%.Estimates re­
levant for planning of further explor­
ation for R-1 resources. 

- reliable estimates - - Preliminary estimates -

R-1-E 
Econ0mically ex­
ploitable.be­
lieved to be 
workable with re­
gard to thickness, 
depth.grade. 

R-1-S 
"Subeconomic, prefix 
"sub" denotes under, 
below, less than normal 
amount, contain small 
portions. 

I 
R-1-M 

Marginarr,v-economic, a deposit 
near the lower limit of com­
mercial workability which can 
be explitable in short due to 
economic and techn.changes. 

R-2-E R-2-S 

R-3 ot.:currt!nces 
Undiscovered in situ 
resources that might 
exist based on geologi­
cal extrapolation. R~3 
indicate exploration 
opportunities.quantities 
known in ranges. 

- tentative estimates -, 
Not subdivided further 

The "recoverable resources" are classified accordingly as r-1, r-2, r-3. The definition of recoverability and the point 
it will be measured in the exploration, mining and processing sequence must be established for each commodity. 

r-1 
~---, 

r-1-E r-1-S 
r-i-M 

r-2 r-3 
~E r-2-S r-2- ,-- not subdivided further 

r-2-M ""' N 



- 43 -

B I B L I 0 G R A P H Y 

Selected list of references 

1. BALKAY, B. and SAMIMI,N. /1972/: Present state of the 

search for bauxites in Iran.- GSI-GEOMINCO/Budapest, 
Hungary/ Report. 

2. BULKAI,O. /1984/: Informative report on preliminary tech­

nological tests with Iranian diaspore-chamosite 
containing bauxites. - ALUTERV-FKI Report.­
Budapest, Hungary. 

3. Exploration of Zagros area /1978-79/. - GEOINDUSTRIA, 
Prague, Czechoslovakia. 

4. NEMAT, L. and ZAINALOV, M. /1977/: Report of alunite pro­

spection results in Iran. /In Pharsi, with summary 
in English/. GSI, Tehran. 

5. SAMIMI,M. /1966/: Cretaceous bauxite, Zagros Mountains. 

6. UN International Classification of Mineral Resources./1979/. 

7. DOUGLAS,C. /1984/: Establishment of an aluminium raw 
materials testing laboratory. - UNIOO Technical 
report. 

8. MACK.E.and VOROS,!. /1984/: Bauxite and alunite mineral 
commodity.- UNIDO Technical report. 

9. SOLYMAR,K. /1984/: Application of industrial scale 
technology for processing aluminoferous ores.­
UNIDO Technical Report. 




