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Purpose. To provide an overview of the world jaspilites production technologies and to recommend the optimal
technologies for accompanying mining of jaspilites at the ore-mining enterprises of Ukraine.
Methodology. Theoretical and methodological analysis, study and generalization of the world experience for the

jaspilites mining on iron-ore deposits.

Findings. The article describes historical names for decorative varieties of jaspilites, trademarks and simultane-
ously occurring gemstones of jaspilite genesis. The main extraction methods using explosives and sparing technology
are analyzed, the best technologies for accompanying mining of jaspilites at iron ore quarries of Ukraine are proved,
as well as the further processing and enhancement for gem surfaces.

Originality. For the first time the choice of technologies, machinery and equipment for the jaspilites mining at the

iron ore quarries of Ukraine is substantiated.

Practical value. The proposed concurrent production technologies enable the development of ledges containing
decorative jaspilite reserves, without affecting the primary production at mining and processing enterprises, develop-

ing deposits of ferruginous quartzite.
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Introduction. Mining and sale of a block stone, in-
cluding decorative jaspilites, abroad is a profitable
business. The obtained blocks are further cut into thin
rectangular plates (slabs), which are used as counter-
tops and various decorative elements of interior deco-
ration.

Ukraine can fully realize its potential in this seg-
ment of its domestic economy and, more importantly,
in the foreign market, where the interest in jaspilites is
significantly higher. Competition with the world pro-
ducers is possible due to the lower production cost of
finished products and by creating original design solu-
tions.

Analysis of the recent research. Jaspilites (ferrugi-
nous quartzites) are known in many fields of the world.
Among them there are varieties which are poor in iron
ore; however, they are attractive for their decorative
characteristics. They include the following stones.

Actually red-banded jaspilites are positioned abroad
as the red-banded jasper, more rarely — as jaspilite.
There are many fields of them in the United States, Bra-
zil, Australia, India, and Ukraine [1], and others. The
unique geological object is Jaspilite Hill (Jasper Knob),
Ishpeming, Michigan State, the United States.

The jaspilite slabs (large plates, about 3 x 1 m) are
positioned in the market of decorative stone under the
name “iron red granite”.
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Jaspilites of Ukraine (their geological position and
some theoretical issues of mining) have been studied in
the works of the authors [2—4].

However, there are also some other stones known in
the market, the genesis of which is somehow connected
with jaspilites. Many of them have long been allocated
to independent commercial varieties.

Thus, “tiger iron”, which is a red-banded jaspilite
with yellow areas, is allocated separately.

“Tiger eye” includes the varieties, fully substituted
by chalcedony by crocidolite. Frequently, there also oc-
cur other pseudo-morphs by amphibole such as cat and
hawk eye. These and other varieties can be considered as
semi-precious (gem) stones of post-jaspilite genesis.

The Tiger Eye is one of the great gems that are mined
in Western Australia, in Pilbara Region. Currently, sev-
eral large deposits of rich iron ores are being explored
and actively developed there (Marra Mamba iron for-
mation).

The most famous region of tiger-eye mining is lo-
cated near the Brockman volcano (Brockman Tiger eye
mine (Marra Mamba), Mount Brockman, Ashburton
Shire, Western Australia, Australia). The ridge of hills
with the length about 6 km has given a good quality ma-
terial from a number of small wells, two of which gave
the famous multicolored tiger eve varieties “Marra
Mamba” (Fig. 1), a separate variety of tiger eye that dif-
fers by multi-color (red, brown, yellow, blue, and
black).
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Pietersite (Fig. 1) is a kind of fiber-confusedly rie-
beckite in form of riebeckite breccia, cemented frag-
ments of chalcedonies amphibole in a quartz rock of
breccia structure which is extracted at the Prieska de-
posit, where it received the trade name after the first
pioneer Sidney Peters, who discovered this stone in 1962
during exploration of the lands in Namibia to make a
farm. Its color grade includes blue-gray, brown, red, and
yellow [5].

Only two deposits of pietersite are known in the
world, in Namibia and China, as well as isolated find-
ings. Thus, we could find semiprecious stone, like piet-
ersite, in Ukraine on iron ore deposits of Kryvbas and at
Poltava mining and beneficiation plant (MBP).

Unsolved aspects of the problem. Geological infor-
mation about the varieties of decorative jaspilites occur-
ring on the iron-ore deposits of Ukraine lacks attention
from the companies developing these deposits. Such
techniques of concurrent mining of jaspilites, which
would not create difficulties for the main production
process, and, as a result, could meet interests of an own-
er, have not been proposed yet.

Objective of the article. The objective of this work is
the review of existing jaspilites mining technologies in
the world and recommendations of optimal technolo-
gies for concurrent mining of decorative jaspilites at the
ore-mining enterprises of Ukraine.

Presentation of the main research. Under conditions
of the market economy, one of the decisive factors for
stone extraction quarries is the high quality of blocks
with minimal losses of extracted material.

Today, jaspilites are extracted as the raw material for
the steel industry by drilling and blasting method. Along
with its known advantages this method has serious dis-
advantages: increased risk, high costs, high crushability,
seismic effect of explosions on the environment, eco-
logical degradation in mining areas (emissions of fine
dust and gases into the atmosphere, water pollution by
nitrates of explosive components).

Lumps after explosions have irregular shape and of-
ten are riddled with cracks, which leads to high energy
costs and losses of initial raw material while manufac-
turing products from them.

The first step of processing natural stone is its min-
ing in form of commodity blocks of rectangular shape,

so that the raw material which is fed for processing,
can be of high quality and sufficiently precise dimen-
sions.

Production of decorative jaspilites can be carried
out both: by open mining (in quarries) and under-
ground (in mines). String drilling installations are
widely used among the modern methods of extraction
block stones. They are designed to prepare stone massif
for the further processing and allow drilling a series of
horizontal and vertical slots (holes) defining the size
and the shape of the future block. Currently, the gentle
ways of breaking blocks can be applied for mining jaspi-
lites. The basic methods of mining jaspilites are given
below.

Mining and blasting methods. Until the present, the
smoky blasting powder (SBP) has been applied during
stone blocks mining. Due to its capacity for a slow de-
composition in the hole, as compared with other explo-
sive substances (ES) the SBP provides relatively “soft”
impact on the stone.

However, this operation mode is carried out only
when SMP is initiated with igniters and in small diam-
eter charges. When SMP is initiated with electric deto-
nator or detonating cord (DC), the velocity of decom-
position reaction propagation increases from 400 to
2000 m/s, which leads to brisance and appearance of
drilling induced fractures and burns of a stone.

At the same time, SBP is hazardous in application:
being ignited in the air, it blows even in small quantities.
SBP has a high sensitivity to mechanical and thermal ef-
fects. Powder dust which is always present in SBP is par-
ticularly dangerous.

Usage of DC blocks for breaking in one or two wires
is much safer than SBP in terms of storage and handling.
However, detonation explosion mode DC has harder
impact on the stone, especially in flooded holes. In rela-
tion to the latter, the micro-cracking area around the
holes exceeds 0.3 m. In addition, the pulse regime of
massif loading due to detonation and occurrence of a
channel in stemming holes, necessitates reduction in the
distance between holes to 0.15—0.2 m to provide a single
plane of chipping. This entails an increase in costs as-
sociated with drilling operations. When using DC for
breaking by the horizontal plane, the height of ledges is
limited to 2.5—-3 m, since at higher ledges the DC per-

b

Fig. 1. Pietersite from Namibia (a) and tiger eye of “Marra Mamba” type, [6]
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formance is not enough to shift the chipping block. In
this case, only a crack can appear with destruction of a
stone in a plane of a hole.

Usage of non-destructive mixtures (NDM). With the
help of the NDM-1 and other brands of non-destructive
mixtures separation of blocks can be carried out with
complete safety for the environment, as NDM-1 is not
accompanied by any vibrations, emission of solid or gas-
eous products. While mixing the NDM-1 powder with
water, a working mixture (suspension) is formed, which,
being filled into a partially or fully closed cavity (for ex-
ample, a blasting hole) in any facility, gradually hardens
as a result of the powder hydration reaction, increasing
in volume at the same time. The increase in volume is
accompanied by the development of the pressure on the
wall of the cavity (blasting hole), whose size eventually
reaches a value of 500 kgf/cm? (50 MPa). At the same
time, there are voltages developing in the body of a cav-
ity object, the value of which may exceed its ultimate
tensile strength, which would lead to the object destruc-
tion. The effect of destruction is expressed in form of
appearance cracks in the body of the object and their
temporal development.

Drilling-hydro-wedging method (Fig. 2). The special
hydraulic cylinders with couples of lateral feathers
should be inserted into the holes D = 40—42 mm, made
with the string drilling machine. After feeding pressure
from the oil station in cylinders the feathers, under the
impact of a piston, diverge in the opposite directions,
creating a cracking force of about 300 m. The depth of
drill holes is 0.1—0.2 of the height of a block chipped
from the monolith.

Pressure generators. GDSh type pressure gas genera-
tors allow pyrotechnic components, which are placed in
the hole, to burn very quickly, but not to explode.
Formed gases have a huge amount of kinetic energy, us-
ing this physical phenomenon, the device has a gentle

impact on a stone block. When using this method, there
is no seismic shock traditional for blasting works, there
is no air blast wave, no dangerous separation of frag-
ments.

Destruction by hydro-hammer. Among effective non-
blast methods of natural stone destruction there is a
method based on the use of mechanical shock. This
method provides a number of technological operations:
splitting a stone from massif, direct splitting and crush-
ing of large fragments.

The working tool is the hydro-hammer that is in-
stalled on a hydraulic excavator. The usage of hydro-
hammers on jaspilite massifs of fractured structure is
effective. The maximum linear dimension of de-
stroyed fragments along with the main crack can
reach 2—3 meters. Hydro-hammers can be applied
along with a string-drilling machine for directional
split of blocks.

The above mentioned mining methods use low ten-
sile resistance of a stone.

Diamond cable sawing (Fig. 3). Cable machines are
designed for cutting stone blocks of rectangular form
and plates of different sizes from rock formations. Be-
fore working it is necessary to drill mutually perpen-
dicular holes in the massif, through which the working
body of the machine is spread — a steel rope with dia-
mond holding cylindrical elements (d = 10—15 mm).
The machine with diamond rope is equipped with
electronic devices for automatic control of the speed of
movement along the guiding rails during the cutting
process. The machine can work on inclined surfaces
and is equipped with an electromechanical brake,
which ensures stopping the mechanism in any posi-
tion.

Except entire slabs, small samples of jaspilite are also
applicable in production process. The companies which
are the leaders in the decorative stone market suggest

Fig. 2. Mining jaspilites with the string drilling machine application, Brazil [ 7]
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b

Fig. 3. Mining of Tiger iron (a) in Australia [8] and polished section (b)

a

b

Fig. 4. Jaspilite slab (a), iron red granite, and standard plane (b) with dimensions of 30.5 x 30.5 x 1 ¢m, produced by

“gem surface” technology [9]

different kit mosaics and the so-called “gem surfaces”
(Fig. 4) for interior design.

The mining technology with drilling and blasting
method allows selecting fractured samples suitable for
the future usage. Such samples are to be sawed to get
“plywood” with thickness of up to 10 mm, and further,
after treatment/decoration of fractures, they can form
the basis of unique picture on previously prepared plane
(granite or marble slab) and glued with special mixture.

This technology allows obtaining the so-called gem
decoration of a surface (gem surface). The products ob-
tained on the basis of the gem decoration (assembled
tabletops, water dispensers, bathes, front panels, other
large-scale elements of interior decor) are related to the
luxury segment. The income from selling these products
calculated for 1 kg of gemstone by many times increases
the income from selling products as a whole thing pro-
duced with ordinary technics (rotating bodies, caskets,
landscape cuts and so on) except, may be, mosaic and
art carving).
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Accompanying mining of jaspilites on the quarries of
Ukraine. The provided methods for mining block stones
are prospective at the development of a single quarry.
The extraction of jaspilites at one separate quarry is not
efficient due to their small content there. Jaspilites can
often be found on iron-ore quarries which are devel-
oped by the general method, transferring them into the
dumps as a waste rock mass. The selective development
of areas containing jaspilites is the prospective direction
in mining activities. The selective mining provides a sig-
nificant economy effect. Selective mining on the iron-
ore quarries should be carried out using different special
methods of drilling and excavation-loading works:
combination of blasting and selective loading; separate
blasting and separate loading. In case of the joint blast-
ing it is important to save initial structure of the block
mass.

It requires application of the special methods of
blasting, generally at the development of complex-
structured deposits, represented by jaspilites and other
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rock mass. Practically, the joint blasting of the complex-
structured blocks is mostly carried out with single-
rowed and multi-rowed location of wells. In case of the
single-rowed blasting of wells it is necessary to make
separate development of ore and mineral (jaspilite) ar-
eas of blasted rock mass breakdown and its separate
loading in a vehicle.

Selective mining can be simple and complicated.
The simple selective mining assumes an isolated loading
of different types, ore grades and rock mass by ledge
length without selection in a vertical plane. The simple
separate development is made with narrow stopes, ordi-
nary stopes and by a selective method (ore areas are de-
veloped first and areas with minerals are developed sec-
ond).

Mining of jaspilites is related to the complicated se-
lective mining which is itself the excavator sorting by the
large height, is made by different methods: selective
loading, screening rock pieces by fractions, controlled
rock collapse, combines loading. The selective loading
is applied on the deposit areas where jaspilites and other
rocks have clear edging. The controlled collapse meth-
ods of a deposit include various collapses of jaspilite
areas of a deposit into the tray-formed cavities prelimi-
nary prepared by an excavator in the bottom-part of the
blasted rock mass breakdown for the further loading
into the dumper trucks. It is also possible to use some
options of jaspilite mass collapses for their further load-
ing into the dumper trucks and transportation to the
screening site. The controlled collapse can be carried
out with the eccentric ripper type Xcentric RIPPER
without preliminary blasting destruction with enough
stable slopes of the rock mass slaughter. It is necessary
to carry out the inner-slaughter sorting on areas where
it is possible to extract jaspilites by grades with placing
into preliminary prepared sited near the slaughters (for
their further loading into vehicles). In slaughters divid-
ed by their height on ore and jaspilite areas it is neces-
sary to apply the vertical excavator selective mining with
eccentric rippers type Xcentric RIPPER. The areas are
developed in a certain order with selective loading of
the ore and jaspilites. The horizontal excavator selective
mining is carried out in the slaughters with clearly al-
located ore and jaspilite areas by the bounder of the
breakdown of the blasted rock mass. The areas are
mined by the transverse and longitudinal excavation
stopes of variable width in accordance to configuration
and parameters of an area.

Selective blasting includes: under-ledge ripping (dif-
ferent time blasting of the ledge massif by horizontal lay-
ers); explosion of inclined well charges; selective blast-
ing of the separate ledge areas; split blasting; direct
blasting. Selective blasting of the ore and jaspilite areas
is performed when it is possible to allocate areas by the
blasting block bounder, represented by conditioning ore
or jaspilites.

With selective mining on the quarries it is mostly
relevant to apply automobile transport which provides
separate transportation of different grades of ore and
jaspilites from complicated slaughters. The special place
during selective mining should be taken by the single-
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bucket loaders on a pneumatic wheel course, hydraulic
excavators and eccentric rippers type Xcentric RIP-
PER.

Usage of selective (separate) mining leads to the in-
crease in mining costs by 10—30 % compared to the gen-
eral mining and requires technical and economical
comparison of the different variants. However, selling
finished products from the empty rock mass (jaspilites)
will cover these costs and allow having an additional
profit.

It is necessary to pay attention to such unique variet-
ies as pietersite, tiger iron and other stones containing
pseudomorphisms of chalcedony by amphiboles at the
currently operating quarries. Their detection will allow
evaluating the present stocks of decorative jaspilites sig-
nificantly higher.

Conclusions and recommendations for further re-
search. Mining and geological production conditions
of Ukraine allow conducting concurrently the selective
mining of decorative jaspilites obtaining different sizes
of blocks. It will provide additional raw material for the
gem processing industry. The decorative jaspilite prod-
ucts are most popular in the world markets and try to
conquer Ukrainian market. Combining the famous
methods to mine block stones and selective mining of
the rock mass will allow optimizing jaspilite mining
and reducing the production cost of the finished prod-
ucts.

The following technologies of concurrent mining are
recommended for Ukrainian conditions:

1. For iron-ore quarries developed by the general
method:

- separate blasting and vertical excavator selective
mining with eccentric rippers;

- joint blasting and selective loading.

2. For development of small quarries:

- application of diamond cable sawing;

- application of string drilling machines.

Updated technologies allow getting different ele-
ments of interior decoration. Using jaspilites will allow
an owner to diversify their business, what, along with
mining of other types of gemstone raw materials and
decorative stones, will give a new opinion of Ukraine as
the country, which can mine gemstones and offer new
technology solutions in the field of the gemstone pro-
cessing and construction decor.
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Mera. BukoHaTu orjisi iCHyIOUMX y CBiTi TeXHO-
JIOTiii BMAOOYTKY MIXKECHiJiTiB Ta pPEeKOMEHIyBaTu
ONTUMAaJIbHI TEXHOJIOTii IS MOIMYTHOTO BUIOOYTKY
JUKECHTITIB HA TIpHUYOPYIHUX MiANPUEMCTBAX YKpa-
1HU

Metoauka. TeopeTMKO-METOAOJOTIYHUI aHai3,
TMOCTiIKEHHS Ta y3araJlbHEHHS CBiTOBOTO JOCBIIy pO3-
pOOKM 3amaciB IeKOpPaTUBHUX IKECIIUIITIB Ha 3a1i30-
PYIHUX POOBUIIAX.

Pesymprat. Onucadi icropuyHo cpopMoBaHi Ha-
3BU JJIS1 IEKOPAaTUBHUX PI3HOBUIIB JKECITUIITIB, iCHY-
I04i TOProBi MapKu Ta CaMOLIBITH, 110 3YCTPi4alOThCS
nonyTtHo. [IpoaHanizoBaHi OCHOBHi crmocoOu BUIOOYT-
KY i3 3aCTOCYBaHHSIM BUOYXOBUX PEUOBUH i 1IaJAHI TEX-
HOJIOTii, OOIPYHTOBAHO BUOIpP ONTUMATbHUX TEXHOJO-
Tl 1711 TOMYyTHOTO BUMOOYTKY KECTTITIB Ha 3a1i30-
pyaHUX Kap’epax YKpaiHM, a TaKOX TEXHOJIOTIH To-
JablIol 00pOOKY Ta 0OJArOPOMAXKEHHS U1l OTPUMAaH-
HSI IEKOPOBAHUX ITOBEPXOHb.

HaykoBa HOBH3HA. Ymeplie OOIpyHTOBAaHO BUOIp
TEXHOJIOTi#, MAaIllMH i yCTaTKyBaHHS IJISI TIOITYTHOTO
BUIOOYTKY JXKECITUITIB Ha 3ajli30pyIHMX Kap’epax
Ykpainu.

IIpakTHuHa 3HAYMMICTB. 3aTTPONTIOHOBAHI TEXHOJIOTI1
MOMYTHOTO BUIOOYTKY MO3BOJISIIOTH PO3POOJISITU YCTY-
M1, 110 MICTITh 3amacu JAeKOPaTUBHUX IKECHiTiTiB,
0e3 BIUIMBY Ha OCHOBHE BHMPOOHUIITBO Ha TipHUYO-
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30arayyBaJibHMX KOMOiHATax, 110 pO3pO0JISIIOTh POIO-
BUILIA 3aJ1i3UCTUX KBAPLIUTIB.

Kmouosi cioBa: docecninim, muepose 3anizo, éudo-
OYMOK, ceneKMUBHA BUIMKA, AAMA3HO-KAHAMHe PO3NU-
JNHBAHHS, 0eKOPUPOBKA NOBEPXHI

Ienb. BeIMOJHUTL 0030p CYILIECTBYIOLIUX B MUPE
TEXHOJIOTMIA TOOBIYM KECITMIINTOB M PEKOMEHIOBATh
OINTUMAaJIbHBIE TEXHOJIOTMU IS TIONMYTHOM JOOBIYM
IKECITVUTMTOB Ha TOPHOPYIHBIX TIPSATIPUITUSIX YKpa-
WHEL.

Metomuka. TeopeTUKO-METOMOIOTUYSCKUI aHa-
I3, WCClIeNOoBaHNEe W OOOOIICHNE MHPOBOTO OITBITa
pa3pabOTKM 3aITacoB IEKOPATUBHBIX KECITMINTOB Ha
JKeJIE30PYAHBIX MECTOPOXICHUSIX.

Pe3ynbTaTbl. OnurcaHbl ICTOPUYECKU CIOXUBIIITC-
Csl Ha3BaHUS ISl NEKOPaTUBHBIX pPa3HOBUIHOCTEH
JUKECITWIIMTOB, CYLLECTBYIOLIME TOPIOBbIE MAPKU U Ca-
MOILIBETHI, BcTpeyarolyecs nomnytHo. [IpoaHaiusupo-
BaHBl OCHOBHBIEC CITOCOOBI JTOOBIYM C MPUMEHECHUEM
B3pBIBYATBIX BEIIECTB W MIAASIINE TEXHOJIOTUH, 000-
CHOBaH BBIOOP ONTUMAJIBHBIX TEXHOJIOTUIA JJIST TTOITYT-
HOI TOOBIMM JKECTIMIIUTOB Ha KeJIe30PYIHBIX Kaphe-
pax YKpauHBI, a TAKKe TEXHOJIOTUI TTOCIeIyIoIIeit 00-
PpabOTKM U 00JIarOpakKMBaHUS VTS IIOJTYICHMST IEKOPH -
POBaHHBIX TTOBEPXHOCTEIA.

Hayuynas wnoBu3Ha. BriepBble 000OCHOBaH BbIOOpP
TEXHOJIOTMI, MalllMH U O0OPYIOBaHMUS JJIsl TIOMYTHON
MOOBIYM JKECTIMIMTOB Ha KeJe30pYIHBIX Kapbepax
YKpauHBbl.

IIpakTHyeckas 3HaYMMOCTb. [IpemyiokeHHbIE Tex-
HOJIOTMH TIOMYTHOM JOOBIYM TTO3BOJISIIOT pa3pabaThi-
BaTh YCTYIIBI, COIEp:KaIlle 3amachl JIeKOpPaTUBHBIX
ICKECITVUITMTOB, 0e3 BIIMSIHUS HAa OCHOBHOE ITPOM3BOI-
CTBO Ha TOPHO-00OTAaTUTEIbHBIX KOMOMHATAX, pa3pa-
OaTBHIBAIOIINX MECTOPOXKICHMS KEJIC3UCThIX KBapIIH-
TOB.

KimoueBble cioBa: docecnuaum, mueposoe diceneso,
dobblua, ceneKmueHas 8bleMKa, aiMasHO-KaHAMHAs pac-
NUN08KA, 0eKOPUPOBKA NOBEPXHOCMU
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