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OLIVINE TO COMBAT CLIMATE CHANGE

Weathering of basic rocks, containing magnesium and calcium silicates, is the main mechanism to capture CO, in a sus-
tainable way, with storage of organic carbon a distant second. The CO, emission by Man, due to the combustion of fossil
fuels is at least ten times larger than the natural CO, emission from the Earth. Emission and capture are no longer in ba-
lance, and the concentration of CO, in the atmosphere is steeply rising. It is a logical step to investigate whether we can
stimulate the natural process of weathering in such a way that the balance is restored. Weathering takes place at the surface
of rocks, so we must increase the available surface area. This can be done by mining and milling suitable rocks, and spread
the powder over land and in shallow seas. Factors that influence the rate of reaction, apart from grain size, are tempera-
ture, pH and water. This means that soils in tropical countries are best suited. Soil atmospheres are on average hundred
times richer in CO, than air. This is caused by the decay of plant material and the respiration of soil fauna. A high CO,-
pressure causes a low pH, which is favorable for weathering. The most suitable rock type is dunite, which consists for
more than 90 % of olivine. Dunite massifs are found in many countries on each continent. Large massifs occur among
others in Guinea, Sierra Leone and Ivory Coast. By mining the olivine there, milling it and spreading a thin layer over the
surroundings, climate change can be counteracted. Weathering is a natural process, that has kept the CO, level of the at-
mosphere within bounds for billions of years, thus no short term or long term negative ecological consequences are to be

expected.

Olivine. It is proposed to speed up the natural
process of weathering in order to capture more
CO,. Of all the common silicates, olivine wea-
thers fastest. It is the main mantle mineral, but
thanks to plate tectonics, large slabs of mantle
material have been pushed up and are exposed at
the Earth’s surface. Olivine is a magnesium sili-
cate, but part of the magnesium is always replaced
by divalent iron, giving olivine a green color.

In weathering, we can distinguish between open
and closed systems, open where the weathering
solution is available in large quantities, and often
replaced, closed where a limited amount of solu-
tion is more or less stagnant. The first situation is
represented by soils which receive abundant rain-
fall, and by shallow agitated seas. The second situ-
ation prevails in dry climates, where the soil solu-
tion hardly moves. In open systems, the weathe-
ring reaction can be written as

Mg,SiO, +4CO, + 4H,0 —
— 2Mg?* + 4HCO; + H,SiO). (M
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In closed systems, where the reaction products
stay within the system, the reaction becomes

2Mg,Si0, + CO, + 4H,0 —
— Mg,Si,0,(0OH), + MgCO,. )

It is evident that open systems are preferred, be-
cause then 8 times more CO, is captured with the
same amount of olivine [7]. Reaction (1) is the
fundamental reaction by which the CO, of the at-
mosphere is converted to HCO,™ in solution.
These bicarbonate solutions are transported by to
the oceans, where they will ultimately lead to the
formation of carbonate sediments (from coral
reefs to dolomites). These carbonates form the ul-
timate sink for CO,, but that process takes hun-
dreds, if not thousands of years, so with respect to
its effect on climate, reaction (1) plays the major
role. Soil atmospheres commonly have around
100 times more CO, than the atmosphere itself
[5, 9]. Weathering and CO, capture proceed faster
under such conditions.

The application of the natural process of wea-
thering to capture CO, is an example of geoche-
mical engineering, the discipline that seeks to op-
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timize natural processes and use natural materials
to solve environmental problems [6].

Olivine mining against climate change. Sustain-
ability is a big issue in mining. The concept is not
limited to the mining phase, but it also involves
the milling and the spreading of olivine powder
over vast areas around the mines, where it will
weather and capture CO,. In that sense the Earth
itself acts as a giant reactor.

Let us take the case of the dunite massif of
Conakry-Kakoulima in Guinea. It extends in ENE
direction along the peninsula for over 50 km, with
an average width of 5 km (see satellite image, Fi-
gure). On the satellite image the massif is clearly
marked by the reddish color of its lateritic wea-
thering cap. The town of Conakry, the capital of
Guinea, extends from the tip of the peninsula over
30 km, so a possible site for olivine mining must
be sought between the eastern limit of the town
and the Kakoulima Mountain.

Like in all tropical countries (Cuba, New Cale-
donia, Philippines, Indonesia, Guinea, Sierra Leo-
ne), the dunite of Conakry is also covered by a
laterite crust of around 30 meters thick, locally
reaching a thickness of 100 meter [2]. Before oli-
vine mining can be started, this crust must be re-
moved. The Compagnie Minire de Conakry has
mined these laterites between 1953 and 1966 as
iron ore. One can still see the quarries, which have
become engulfed, by the city. The dunites that
were once visible at the bottom of these quarries
can no longer be seen. Because the dunite, the
mother rock of these laterites, contains elevated
chromium contents, the laterite also shows high
chromium levels (see Table 1).

The dunite massif of Conakry
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It seems that this makes the laterites less attrac-
tive as iron ore, even though most of the chromi-
um ends up in the slag.

The concentrations as given in the table are ap-
proximate, and can vary rather widely [4].

For a large open pit mine with a surface area of
1 km?, it will be necessary to remove in the order
of 100 million tons of laterite. This is a volume of
iron ore that could be interesting for steel plants,
in view of the tense iron ore market. After all, if
the primary aim is olivine mining, the main inte-
rest is to remove the laterite cap at minimal cost.
Two railroad tracks, mainly used for bauxite trans-
port, pass close by the most likely location for oli-
vine mining, so the infrastructure to transport the
laterite to the port is in place.

A laterite crust of 30 to 100 meter corresponds
to a dunite of at least 300 meter thickness, because
the major components MgO, SiO, and CaO ma-
king up 90 % of the rock have been leached out.
Integrated over the entire massif, this means that
weathering of this massif alone has captured more
than 300 Gt of CO, since the rocks were first ex-
posed.

Specifications for olivine, when used to combat
climate change are less strict than for its use in
slag conditioning. Neither a certain level of ser-
pentinisation, nor a somewhat higher iron content
of the olivine, nor a higher content of pyroxene
are prohibitive. Pyroxenes, after all, also capture
CO, during weathering, albeit a bit slower. This
permits bulk mining of the rock as a whole, with-
out having to resort to selective mining. The fact
that the olivine from Conakry is somewhat richer
in iron than commercial grade olivines (see Ta-
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Table 1. Chemical composition of the Conakry laterites (Results of 2 samples, taken in 2008 near
Mount Kakoulima in parentheses), %

Component Fe Cr,0, NiO P,04 Sio, AlO,
A layer 53 (49.6) 1.7 (1.0) 0.15 (0.06) 0.2 (0.7) 1.5 (3.8) 9.0 (11.2)
C layer 57 (49.8) 0.4 (1.5) 0.4t0 0.5 (0.7) 0.05 (0.05) 2(3.8) 3to4(7.7)

ble 2) is even an advantage, as iron-rich olivines
weather faster than magnesium-rich ones [3].
When dispersed in the oceans, the higher iron
content of these olivines, which will be bio-avai-
lable, will contribute to the growth of biomass,
and thereby to another form of CO, capture.

Treatment and spreading of olivine. Grinding is
an established technology in the mining world.
Grinding costs are normally between 1 and 2
euro/ton for grain sizes down to 0.1 mm. Sprea-
ding is another matter. In the example of the
dunite of Conakry, there are several favorable
conditions. Two railroads, transporting bauxite
from the interior to the port of Conakry are pas-
sing close by on the peninsula. These railroads
could also be used to transport laterite ore to the
port, which is well equipped to handle bulk ore
carriers. Once the laterite crust is removed and
the olivine mining has started, part of the olivine
could also be transported to the port for export.
When the empty bauxite trains return they can
transport olivine powder to the interior. The exis-
ting infrastructure thus is in place for the main
transport.

Once arrived in the interior, the olivine must be
spread. Wherever there are plantations (bananas,
palm oil or others), the olivine powder can be
mixed with fertilizer or pesticides before sprea-
ding. Where plantations are lacking, one would
probably have to depend on the local population,
which should receive a financial compensation for
each ton of olivine that is spread. Deeply weathe-
red tropical soils are poor in mineral nutrients, so

Table 2. Chemical composition of Conakry olivine,
compared to 2 commercial grade dunites from Norway, %

Component Conakry Bryggja Aheim
Sio, 39.16 41.8 41.7
MgO 43.86 47.5 49.0
CaO 0.05 0.3 0.2
FeO 16.11 7.6 7.2
MnO 0.21 0.1 0.1
NiO 0.30 0.3 0.3
Cr203 0.00 0.4 0.4
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it will also help to improve the soil quality at no
cost to the population.

Consequences of olivine mining. Like every mi-
ning operation, olivine mining is also affecting the
local environment, even though the aim is to save
the general environment of the Earth. One should
strive to minimize the negative effects. The local
population should be protected as much as possib-
le against the nuisance of dust (even though the
spreading of olivine dust helps to capture CO,).

For a mining operation at kilometer scale, it
will almost certainly be necessary to resettle some
people. The laterite is extremely infertile, so the
area fortunately is sparsely populated. In keeping
with the IFC standards, it will be necessary to
provide at least equivalent lodging and to restore
livelihoods, and it would be wise to offer as far as
possible employment at the mine. A new mining
operation often brings about the risk of disruption
of the social fabric of the population, and it is ad-
visable to involve the population right from the
start in the decisions to be taken.

The composition of the local ground water will
change somewhat (a slight rise in magnesium con-
centration, bicarbonate and pH), but its quality
will remain good. Magnesium bicarbonate waters
are considered healthy, and are said to prevent
heart failure [1]. A magnesium deficiency accele-
rates the aging process.

A large open-pit mine will lead to a lowering of
the local water table. Fortunately the drinking wa-
ter for Conakry comes from Coyah, farther in-
land, and the local waters have only limited im-
portance as a source of drinking waters.

After an olivine production of 20 to 50 million
ton a year for thirty to fifty years, the open pit
mine will reach a depth of three to five hundred
meters. If by that time the problem of excess CO,
in the atmosphere still persists, it is probably bet-
ter to extend the area of the mine, rather than go-
ing deeper.

After closure of the mine, the pit will probably
be transformed into a lake. No negative ecological
effects are expected. Weathering of common rocks
is as old as the world, and it is evident that the
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weathering products are compatible with the na-
tural environment, as they have always been. After
all, hundreds of millions of people in the world
live on such rocks and their weathering products,
and eat the crops that grow on them. Thanks to its
climate, and the presence of dunite rocks at the
surface, which can capture, and have always cap-
tured large volumes of CO,, Guinea, as well as se-
veral other countries in the region can play a ma-
jor role in the abatement of greenhouse gases, and
thus help to avoid a disastrous climate change, and
reverse the ongoing acidification of the oceans.

Efficiency and costs. Almost all research on mi-
neral carbonation to combat climate change is fo-
cused on the development of technologies to speed
up the reaction. This can be achieved by mecha-
nical, thermal or chemical activation of the mi-
neral surfaces, or by treating the minerals in in-
dustrial autoclaves, with the possible addition of
katalysts. All these attempts are doomed to fail,
because the costs involved for these add-on tech-
nologies are prohibitive. If one limits the costs to
mining and milling, estimated by Swedish mining
engineers to be 6 Euro/ton of bulk rock [8] and
leaves the weathering to nature, the process runs
slower, but is cheaper by a factor of ten or more.
Grains of olivine of 100 micron in the wet tropics
weather completely in five years, well within the
required time span. Selecting an abundant mine-
ral like olivine, that weathers fast, and spreading it
in a favorable climate is the cheapest sustainable
way to remove CO, from the atmosphere. Besides,
as one imitates the process that has always kept
the CO,-levels of the atmosphere within bounds,
no negative effects on the environment can be
expected.

Conclusions. Olivine mining in Guinea has the
following advantages. 1. Weathering of rocks and
concomitant capture of CO, proceed fastest under
tropical conditions.

2. Salaries are still low, so mining is relatively
cheap.

3. The existing infrastructure is favorable (rail-
roads in the vicinity, and a port that can handle
ore carriers).

4. A large olivine mine will provide work for
thousands of people and stimulate the economy of
the country.

5. Guinea is familiar with mining. It has several
large bauxite mines, and possesses the largest
bauxite reserves of the world.
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PJI. HlIxayaun

NCITIOJIb3OBAHUE OJINBMHA B bOPLBE
C USMEHEHUAMU KIIMMATA

BeiBeTprBaHWEe OCHOBHBIX TIOPOI, COAEPKAIINX MarHue-
BbI€ U KaJIbI[MEBbIe CYJIMKATHI, CITy>KUT OCHOBHBIM MeXa-
Hu3MoM Tioromenus CO, B TedeHUe MPOIOJLKUTENBHO-
TO BPEeMEHHU C JUTUTEIbHBIM COXPaHEHUEM OPTaHNIECKOTO
yrnepona. Beinenenne CO, mpy CXUTaHUM MCKOMAEMBIX
TOTUTMBHBIX MaTE€PUAJIOB, TI0 MEHBIIIel Mepe, B JecsITh
pa3 Beine, yeM Bouaenenue CO, 3emueil. PaBHoBecusa
MeXIy BbIIeJIEHUEM U TIOTJIOIIEHNEeM yXe He CYIIeCTBYeT
u koHueHTpamms CO, B aTMocepe IIOCTEIIEHHO PACTET.
Heob6xonnMo BBISICHUTH, BO3MOXHO JI CTUMYJIMPOBAThH
€CTEeCTBEHHBI IMPOIeCcC BBIBETPUBAHUS TaKUM 00pazoM,
YTOOBI BOCCTAHOBUTH 3TO paBHOBecue. BrIBeTpuBaHme
MPOVICXOANT Ha TIOBEPXHOCTU TIOPOJ, CIIEHOBATENLHO,
HEOOXOMMMO YBEIVMYUTh MUMEIONIYIOCS TUIOMIAAb TTOBEPX-
HOCTH. DTO MOXHO CIeNlaTh, HOOBIBas W W3MeTbyast
TIPUTONHBIE IS 3TOTO TIOPOIBI M paccemBasi IMOPOIIOK
HaJ 3eMJIell 1 METKOBOTHBIMU MopsiMu. DakTopswl, BiIUsI-
I0l[Me Ha CKOPOCTh peakinuu, 0e3 ydera pa3MepoB 3e-
peH, — Temneparypa, pH u Boma. CrenoBaTensHO, Hau-
0oJiee TPUTOMHBI JIST ATOTO TTOYBBI TPOITUIECKUX CTPaH.
AtMocdepa TOUB B CpeHEM B COTHM pa3 Oojiee obora-
mweHa CO,, 4eM BO3IyX, YTO OOYCIOBJIEHO PacHamoM pac-
TUTEJIFHOTO MaTepuaja W JbIXaHWeM TTOYBEHHOU (hayHBHI.
Bricokoe mapienne CO, monmxaer pH, uTo ciyxwur 61a-
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TONPUSITHBIM (haKTOPOM IUTs BhIBeTpuBaHUsI. HaumbGonee
TTOIXOISIIM TUIIOM TIOPOJI SIBJISIETCSI TYHUT, COCTOSIIITUIA
6onee yem Ha 90 % w3 onuBMHA. MaccuBBI JTyHUTOB
00OHapyXeHbl BO MHOTHMX CTpaHaX Ha KaXIIOM KOHTUHEH-
Te. Bojbive MaccHBBI 3TUX TMOPOA HapsAy € APYTUMM
cTpaHaMU pacnojioxeHbl B [BuHee, Cbeppa-JleoHe u Ha
Bbepery CnonoBoii Kocru.

PJI. IllIxaynin

BHUKOPHCTOBYBAHHA OJIIBIHY
B BOPOTbbI 31 SMIHAMU KIIIMATY

BuBiTproBaHHSI OCHOBHUX TOPiJl, 1110 MIiCTSTh MarHi€Bi i
KaJIbLI€BI CUJIIKATU, € OCHOBHUM MeXaHi3MOM ITOTJIMHAH-
Ha CO, MpOTATOM TPUBAIOIO Yacy 3 TPMBAJIMM 30epe-
XEHHSAM opraHiyHoro Byrieio. Buninenna CO, nix vac
CIAJIIOBAaHHS BUKOMHUX TMaJMBHUX MaTepiaiiB, IIOHAM-
MEHIIE, BIECATEPO BULIE, HiX BuaiieHHs CO, 3emiero.
PiBHOBarum Mix BUIIJIEHHSIM i MOMIMHAHHSIM BXe He ic-
Hye i koHueHTpauia CO, B atMocdepi MOCTYMOBO 3poc-
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Tae. HeoOxigHO 3’scyBaTu, YW MOXKJIMBO CTUMYJIIOBaTU
MPUPOIHUIA MPOLIEC BUBITPIOBAHHS TakK, 11100 BiTHOBUTU
110 piBHOBary. BuBiTproBaHHs BilOyBa€ThCS HA MOBEPXHi
MOopiJ, OTXe, HEOOXiAHO 30IMBLIMTU HAasIBHY TLJIOLLY ITO-
BepxHi. Lle MoxHa 3poOuTH, BUIOOYBaOYM i MOAPiIOHIO-
10YM MPUIATHI JUIS 1IbOTO MOPOJU i PO3CiI0I0UM MOPOIIOK
Haja 3eMJiel0 i MiJIKOBOIHUMU MOpsAMU. UMHHUKH, IO
BIUIMBAIOTh Ha IIBUAKICTb peakllii, 0e3 ypaxyBaHHS pPO3-
MipiB 3epeH, — Temrneparypa, pH i Boga. Otxe, HallOLIbII
MPUIATHI JUISI IbOTO IPYHTHU TPOIMiUYHUX KpaiH. ATMocde-
pa IPYHTIB B CEpeTHbOMY B COTHi pa3iB Oijibllle 30araueHa
CO,, HiX TIOBIiTps, 110 OGYMOBJIEHO PO3MAIOM POCIHMH-
HOTro Marepiajy i AMXaHHSIM I'PyHTOBOI (ayHu. Bucokuii
uck CO, 3Hmwxkye pH, 10 € cnpuamimBuM (HakTopom
IJIs. BUBITpIOBaHHs. HalinmpuaaTHillUM TUIOM TOPiJ €
IYHIT, cKiTafgeHui 6inbimn Hixk Ha 90 % 3 oniBiHy. MacuBu
NyHITy 3HaiiieHi B 6araThoX KpaiHax Ha KOXXHOMY KOHTH-
HeHTi. Beauki MacuBM LMX MOPin MOpsiA 3 iHIIUMU Kpai-
HaMM poartainoBaHi y IBiHei, Cbeppa-JleoHe i Ha bepe3i
CnonoBoi Kocri.
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