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Ex tract ing raw ma te ri als from ex tra ter res trial sources is a pre req ui site for the ex pan sion of our civ i li za tion into space. It will
be nec es sary to ac quire there prac ti cally all com monly used el e ments – in clud ing lith ium. The most valu able source of this
el e ment cur rently ap pears to be lu nar soil and rocks, es pe cially K-rich rocks and brec cias (>10 ppm of Li). Among the me te -
or ites, the high est con tent of lith ium is char ac ter ized by lu nar mare bas alts and gab bro, eucrites, Mar tian polymict brec cia,
nakhlites, howardites (>5 ppm), shergottites, chassignites, lu nar anorthosites brec cias, mesosiderites, ureilites (>2.5 ppm),
diogenites, LL, angrites, H (>2 ppm), L, CM, CO, CV, EH, CI (>1.5 ppm), brachinites, aubrites, EL, CR (>1 ppm), CK and
main-group pallasites (<1 ppm). This means that a po ten tial ex tra ter res trial source of lith ium can be the Moon, Mars, and the
4 Vesta mi nor planet con sid ered as the prob a ble par ent body of HED me te or ites.
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INTRODUCTION

Ag ri cul ture and min ing are the main foun da tions of hu man
civ i li za tion. These two es sen tial eco nomic ac tiv i ties are in ter -
de pen dent, and their con cur rent pro gres sion will de ter mine
fur ther ad vances in civ i li za tion. It is thanks to ad vanced ag ri -
cul ture that most peo ple in de vel oped coun tries can live in cit -
ies. And thanks to min ing, all these cit ies with their ad vanced
in fra struc ture, de vices and sys tems have been cre ated. One
of the most im por tant raw ma te ri als is lith ium, which has many
uses, for in stance in the pro duc tion of lith ium-ion bat ter ies,
glass, por ce lain as well as in met al lurgy, where it is used as
degasifier, de ox i dizer and desulfurizer. Lith ium al loys with alu -
minium or mag ne sium are used in aero nau tics and aero space
in stru ments. A lith ium mag ne sium al loy shows the best
strength in re la tion to weight among al loys. The use of lith ium
in the pro duc tion of tri tium (which de cays to 3He), rocket fu els
or nu clear re ac tor cool ant may also be rel e vant (Clay ton,
2007; www.pubchem.ncbi.nlm.nih.gov, 2019).

In re cent years, lith ium has be come metal of great im por -
tance to the global econ omy. This is pri mar ily due to the use of
bat ter ies to power our laptops and smartphones. An other im -
por tant fac tor is the grow ing con cern for the en vi ron ment and
as re gards dan ger ous cli mate change, which have mo ti vated

West ern gov ern ments and cor po ra tions to in tro duce low-emis -
sion tech nol o gies, in turn in creas ing the pop u lar ity of elec tric
cars and re new able en ergy sources (Li et al., 2018). Power
plants based on re new able en ergy sources have the ma jor dis -
ad van tage of be ing un able to pro duce elec tric ity con tin u ously.
How ever, this prob lem has al ready been solved to some ex tent
by Elon Musk’s lith ium-ion bat ter ies ded i cated to these types of
power plants (www.tesla.com, 2019). It can be as sumed that
sim i lar ap pli ca tions of lith ium will be found in space ex plo ra tion.
Ac cess to elec tric ity and the abil ity to store it is nec es sary for
any hu man ac tiv ity out side the Earth. With the in crease in hu -
man pres ence out side the Earth (per sonal or through ro bots),
the de mand for raw ma te ri als in the place where they are used
will also in crease to min i mize costs. Far ther in the fu ture, it may
also be nec es sary to im port some met als, in clud ing lith ium, to
Earth to cover short ages as so ci ated with re source de ple tion.

Lith ium, af ter hy dro gen and he lium, is the old est el e ment in
the Uni verse. The first lith ium nu clei formed only 100 sec onds
af ter the Big Bang. Four min utes af ter the Big Bang, there was
one 7Li nu cleus per bil lion hy dro gen nu clei (Jarczyk, 2007;
Clay ton, 2007). How ever, it is one of the less com mon light met -
als in the Uni verse. The ex ist ing lith ium mostly dates to the Big
Bang. In ad di tion, some lith ium was formed in stars, and a small 
part was cre ated as a re sult of in ter act ing in ter stel lar mat ter with 
cos mic rays (Clay ton, 2007). This is due to the low tem per a ture
of lith ium de cay (2 · 106 K), much lower than the tem per a ture
nec es sary for its syn the sis (2 · 107 K) (Boesgaard, 1976). Of
course, not all lith ium is be ing con sumed in the cores of slowly
cool ing stars. It is es ti mated that at the end of the main stage of
life of our Sun-type star, 2.5% of the orig i nal lith ium mass re -
mains in it (Boesgaard, 1976). How ever, for ob vi ous rea sons
the fu ture ex tra ter res trial source of lith ium will not be the stars,
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but other small bod ies such as plan ets, moons, as ter oids, and
com ets that in her ited lith ium af ter the death of for mer stars.

Lith ium, with its atomic num ber of 3 and mass of 7 g · mol–1,
is the light est metal found in the Uni verse. Pure lith ium is soft
and has a sil very-grey col our. It melts at 180.5°C, and its den -
sity is 0.534 g · cm–3, so it is lighter than wa ter. Two sta ble lith -
ium iso topes are known: 6Li (7.6%) and 7Li (92.4%) (Clay ton,
2007; www.pubchem.ncbi.nlm.nih.gov, 2019).

Lith ium does not ex ist in its na tive form out side of stars, but
on small cos mic bod ies it forms nat u ral chem i cal com pounds –
min er als – that can be clas si fied into three main groups: an hy -
drous alu minium sil i cates (such as spodumene and petalite),
hy drous alu minium sil i cates (in clud ing sev eral types of trio -
ctahedral and dioctahedral mica) and phos phates (mainly form -
ing the am blygo nite-montebrasite se ries) (Polañski and
Smulikowski, 1969; Kavanagh et al., 2018; Grew, 2020). The
Li+ ion ra dius is 0.082 nm, which in crystallochemical terms
brings it close to Mg2+ and Fe2+. An in crease in lith ium con tent
and a de crease in the Mg/Li ra tio is ob served in a se ries of mag -
ne sium rock-form ing sil i cates: orthorhombic pyroxene–mono -
clinical pyroxene–am phi bole–mica. There fore, lith ium ac cu mu -
lates pri mar ily in granitoids, whose main mag ne sium alu mi no -
sili cate is bi o tite (a trioctahedral mica) – a sig nif i cant part of lith -
ium in the con ti nen tal crust is con cen trated in this min eral. The
most en riched with lith ium are gran ites as so ci ated with tin and
tung sten de pos its, tour ma line-bear ing gran ites, and so dium-
 rich gran ites with riebeckite. Gran ites that have un der gone
albitization or greisenization also show a gen eral ten dency to
in clude vari able amounts of lith ium min er als, such as spo -
dumene and am blygo nite. The con cen tra tion of lith ium in these
gran ites can reach up to 600 ppm in ex treme cases. Lith ium
min er als, which may have eco nomic value, are formed pri mar ily 
from flu ids in post-mag matic en vi ron ments, in peg ma tite-pneu -
mato lyt ic de pos its (Polañski and Smulikowski, 1969). Peg ma -
tite tends to ac cu mu late lith ium and other vol a tile el e ments as it
so lid i fies last and cools very slowly (e.g., Kavanagh et al.,
2018). Al bite-spodumene pegmatites were the most im por tant
type of lith ium de pos its in the days prior to the ex trac tion of this
metal from brines. Un der con di tions of 500 MPa and
550–750°C, be fore the for ma tion of Li-aluminosilicates, the
peg ma tite-form ing melts are su per sat u rated in lith ium. A model
of dis equi lib rium frac tional crys tal li za tion through liquidus
under cooling ex plains how peg ma titic de pos its of lith ium
formed (e.g., Maneta et al., 2015). In creased con cen tra tion of
lith ium has also been ob served in many salt lakes, brines from
oil-bear ing ar eas as well as in high so dium chlo ride hot springs
as so ci ated with vol ca nic ar eas and in some min eral wa ters. Re -
cent stud ies of rhyolitic ig nim brites in di cate that the lith ium con -
tent in the rock as well as the iso to pic com po si tion may be de -
pend ent on post-erup tive pro cesses, es pe cially on their du ra -
tion and de gas sing. This is be cause lith ium re mains mo bile for
a long time af ter erup tion and dif fuses eas ily into pheno crysts.
Magma which cooled more slowly has a higher lith ium con tent
than magma which cooled quickly (Ellis et al., 2018). In the case 
of ther mal wa ters, the in creased con tent of lith ium is due to the
more ef fi cient leach ing of this el e ment from the sur round ing
rocks by hot wa ter (Kavanagh et al., 2018).

On Earth, re sources of lith ium are found mainly in brines
(59%) and min er als (25%). Lith ium has also been found in
clays, geo ther mal wa ters, and oil field brines (Kavanagh et al.,
2018; Bowell et al., 2020). But if we only con sider de pos its, the
pro por tion changes. In this case min eral de pos its are 13% and
brine and min eral wa ter de pos its are 87%. Based on the data
from 2008, it was es ti mated that brines ac counted for ~50% of
lith ium pro duc tion (Kavanagh et al., 2018). This is due to sig nif i -
cantly lower costs of ob tain ing lith ium from brines than from

min er als, and there fore, it is likely that at pres ent this pro por tion
is even greater.

Sev eral meth ods are used for ob tain ing lith ium (Brandt and
Haus, 2010; Choubey et al., 2016; Meng et al., 2019). One of the
most pop u lar is ob tain ing lith ium from spodumene (LiAlSi2O6) by
flo ta tion, con ver sion to lith ium chlo ride (LiCl) and then through
the pro cess of elec trol y sis of an an hy drous mix ture of lith ium
chlo ride and po tas sium chlo ride. The lith ium ob tained is 99.8%
pure. Other meth ods in clude high-tem per a ture ex trac tion from
spodumene us ing so dium car bon ate (Na2CO3) or re cov ery from
nat u ral brines (www.pubchem.ncbi.nlm.nih.gov, 2019).

Lith ium is widely used in mod ern tech nol o gies, es pe cially in
elec tric ity stor age and e-mo bil ity (Choubey et al., 2016; Meng et 
al., 2019). For this rea son, the au thor de cided to ap praise po -
ten tial sources in the so lar sys tem be yond Earth.

MATERIAL AND METHOD

The de mand for lith ium has in creased rap idly in re cent
years, and with it the in ter est in this el e ment among sci en tists.
This metal has be come cru cial for stor ing elec tric ity, and so will
also be cru cial to the planned wider pres ence of hu mans be -
yond the Earth. This ar ti cle re views lit er a ture on lith ium re -
sources be yond Earth.

To ana lyse the lith ium con tent in in di vid ual me te or ite
groups, the au thor used an a lyt i cal re sults on 304 dif fer ent me te -
or ites pub lished in the last 50 years, both qual i ta tive and quan ti -
ta tive, from jour nal da ta bases, bib lio graphic da ta bases, and
me te or ite da ta bases as re gards an ex tra ter res trial source of
lith ium (Tera et al., 1970; Ma son, 1979; Murty et al., 1983;
Lodders, 1998; Seitz et al., 2006, 2007; Koblitz, 2010; Magna et 
al., 2015; Yang et al., 2015; Pourkhorsandi et al., 2019;
www.lpi.usra.edu, 2019). Where dif fer ent re search ers stud ied
the same me te or ite, their re sults were av er aged.

RESULTS

Stud ies of the lith ium con tent of ex tra ter res trial rocks have
been con ducted for many years (Tera et al., 1970; Murty et al.,
1983; Lodders, 1998; Seitz et al., 2006, 2007; Yang et al., 2015; 
Pourkhorsandi et al., 2019). These stud ies mainly con cern me -
te or ite ma te rial due to its rel a tively high avail abil ity and the pos -
si bil ity of con duct ing lab o ra tory anal y ses. The re sults of re -
search on rock sam ples sup plied di rectly from the Moon by the
Apollo mis sions were also in cor po rated.

From this re search, it has been ob served that meta mor phic
changes do not af fect the lith ium con tent of chondrites. This is
shown by the anal y sis of lith ium con tent in re la tion to Mg, Al and 
S per formed for in di vid ual chondrite groups. Fig ures 1–3 clearly 
show that the lith ium con tent in the chondrite rock is in de pend -
ent of its petrographic type. Data on the de vi a tion from the
mean con tent of ±20% were con sid ered. The data were taken
from the MetBase® (Koblitz, 2010). In ad di tion, some pat terns
have been ob served: cal cium-rich achondrites (howardites,
eucrites) have a higher con tent of lith ium than cal cium-poor
achondrites (diogenites, ureilites) (Murty et al., 1983; Magna et
al., 2014). This be hav iour of lith ium is as pre dicted be cause Li
was trans ferred to ig ne ous set tings and con se quently en riched
eucrites, whereas diogenites and ureilites are cumulates that do 
not in cor po rate Li. Lith ium is more com mon in non-mag netic
min er als, due to its lithophilic na ture (Ma son, 1979; Murty et al.,
1983). In iron me te or ites, the lith ium con tent is <0.01 ppm. In
ad di tion, in en sta tite chondrites, lith ium is chalcophile, e.g., in
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chondrite Abee, two-thirds of the lith ium was found in sulphides
(Ma son, 1979).

Lith ium iso tope stud ies may have ad di tional use ful ap pli ca -
tions. Ac cord ing to Sephton et al. (2013) iso tope stud ies of 7Li in 
car bo na ceous chondrites in di cate pro cesses in volv ing liq uid
wa ter in the early stages of the for ma tion of the So lar Sys tem
and may be use ful for de ter mi na tion of their par ent bod ies.

Lith ium min er als out side Earth are not de fined. In or di nary
chondrites, lith ium prob a bly re places the mag ne sium atom in
the ol iv ine struc ture (Ma son, 1979). Lack of ac cu rate knowl -
edge about the oc cur rence of lith ium in spe cific ex tra ter res trial
min er als cur rently hin ders the de vel op ment of tech no log i cally
fea si ble (and cheap) pro cesses for ob tain ing this el e ment.
How ever, more than half a cen tury ago, sci en tists were able to
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ob tain lith ium from me te or itic mat ter with a pu rity of >90%
(Dews, 1966).

Ma son (1979) made the first and only at tempt to de ter mine
the av er age lith ium con tent for in di vid ual types of me te or ites.
He did this based on the re sults of re search into 83 dif fer ent
me te or ites. In this ar ti cle I have at tempted to up date this data

and ex tend it with new me te or ite groups in ac cor dance with the
cur rent me te or ite clas si fi ca tion. The new, up dated data given in
this ar ti cle was com piled from avail able an a lyt i cal re sults (Tera
et al., 1970; Ma son, 1979; Murty et al., 1983; Lodders, 1998;
Seitz et al., 2006, 2007; Koblitz, 2010; Magna et al., 2015; Yang 
et al., 2015; Pourkhorsandi et al., 2019; www.lpi.usra.edu,
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2019) for 304 dif fer ent me te or ites. Ta ble 1 sum ma rizes the re -
sults ob tained by Ma son (1979) and the re sults based on the
anal y sis of pub lished data. In this ta ble, the old clas si fi ca tion of
me te or ites from Ma son’s work is used for fa cil i tat ing data com -
par i son. When the num ber of ana lysed me te or ites in the group
is equal or >10, the me dian Li con cen tra tion val ues, as well as
the range (min i mum and max i mum), were in di cated.

The small est dif fer ences (<5%) are vis i ble in the case of
angrites (prob a bly the lith ium con tent was taken from the same
source), C1 (CI) car bo na ceous chondrites, LL or di nary chon -
drites and diogenites. The big gest dif fer ences are seen in H or -
di nary chondrites (18.23%), ureilites (36.96%), eucrites
(39.67%), E5,6 en sta tite chondrites (72.41%) and aubrites
(269.70%). How ever, when com par ing the val ues pro posed by
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Ma son (1979) to the me dian, the con clu sions are dif fer ent. For
chondrites, the me dian is less than the mean, and for eucrites
the mean is less than the me dian. The dif fer ences are still rel a -
tively high. In all cases, the best source of lith ium is achondrites
from the eucrite group (6.1 and 8.52 ppm, me dian 9.16 ppm),
leav ing other me te or ite groups far be hind. These dif fer ences
point di rectly to the prob lem of es ti mat ing ex tra ter res trial re -
sources on the ba sis of a very small amount of re search ma te -
rial that is di rectly avail able to us from these bod ies.

Ta bles 2 and 3 sum ma rizes the re sults of the anal y sis of
data ob tained from the pre vi ously cited pub li ca tions. This ta ble
di vides me te or ites ac cord ing to the Weisberg clas si fi ca tion
(Weisberg et al., 2006) show ing the data ob tained by Ma son
(1979), and Ta bles 2 and 3 in cludes data for al most all groups
of me te or ites. This was cre ated on the ba sis of much more data 
(the re sults of anal y ses for 304 me te or ites, com pared to 82 for
Ma son, 1979).

DISCUSSION

In as sess ing lith ium con tent, the re sults ob tained can be
com pared with the av er age lith ium con tent in the Earth’s crust.
For con ti nen tal crust it is 18 ppm (22 ppm for up per crust and
13 ppm for lower crust) (Wedepohl, 1995). For oce anic crust it
is 3.52 ppm (6.63 ppm for the mid-ocean ridge bas alts) (White
and Klein, 2014). The mean over all value for the Earth’s crust is
7 ppm (Clay ton, 2007). None of the me te or ite groups is char ac -
ter ized by a con tent of lith ium ex ceed ing the con tent of this el e -
ment in con ti nen tal crust. Con sid er ing the av er age chem i cal
com po si tion of the Earth’s crust over all, only 4 groups of
achondrites are char ac ter ized by a higher lith ium con tent: lu nar
bas alts (9.65 ppm), lu nar gab bro (8.6 ppm), eucrites (8.52 ppm) 
and Mar tian polymict brec cia (7 ppm). Among the chondrites,
the larg est con tent is found in or di nary chondrites: LL
(2.14 ppm), H (2.01 ppm) and L (1.96 ppm). It is ob vi ous that

the par ent bod ies of the iron me te or ites will not be a source of
lith ium. Based on avail able data, the par ent bod ies of
chondrites do not ap pear to be a po ten tial source of lith ium ei -
ther.

In the case of the Moon anal y sis of the me te or ite NWA 479
(lu nar ba salt) by Barrat et al. (2005) showed a Li con tent of
12.69 ppm. This study also in ves ti gated the con tent of Li in ol iv -
ine and pyroxene crys tals. For ol iv ine, the range was 3.25 to
11.8 ppm, and for py rox enes from 2.8 to 18.4 ppm (Barrat et al.,
2005). The study of me te or ites found on Earth pro vides much
valu able in for ma tion con cern ing dis tant ob jects of the so lar sys -
tem, but the most valu able ma te rial is that col lected for anal y sis
di rectly from the body it self. The most im por tant hin drances
when ana lys ing the com po si tion of me te or ites are the weath er -
ing pro cesses tak ing place on Earth, en tirely dif fer ent than in
outer space, that changed the min eral and chem i cal com po si -
tion of the rocks stud ied, as well as con tam i na tion of sam ples
with ter res trial ma te rial. The Apollo mis sions have pro vided
much of this type of ma te rial. We know that the lu nar soil con -
tains on av er age 12.5 ppm of lith ium, the brec cias ana lysed
13.9 ppm, po tas sium-rich rocks 17.6 ppm, and po tas sium-poor
rocks 11.4 ppm of lith ium (Tera et al., 1970). Later stud ies of lu -
nar brec cias have shown that they are sig nif i cantly en riched in
lith ium: polymict high land brec cia (48.8 ppm) and KREEP-rich
high land brec cia (13.8–21.1 ppm) (Seitz et al., 2006). The av er -
age lith ium con tent in lu nar sam ples is there fore ~2.5x higher
than the av er age lith ium con tent in the Earth’s crust, in the me -
te or ites ana lysed me te or ites and in bulk Moon (0.83 ppm) and
lu nar high land crust (2 ppm) (Tay lor and McLennan, 2009).
Such a com par i son, of course, only il lus trates the sit u a tion, but
it is of lit tle im por tance as re gards pos si ble lith ium ex trac tion,
be cause on Earth, lith ium is ex tracted from min eral de pos its
and brines with a con cen tra tion of 0.01 to 0.2% (Flexer et al.,
2018). A prob a ble, but un cer tain, source of lith ium on Mars may 
be brines. How ever, there is no de tailed data on the po ten tial
quan tity of brines and the lith ium con cen tra tion in them
(Möhlmann and Thom sen, 2011).
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T a  b l e  1

Com par i son of the av er age lith ium con tent for se lected me te or ite groups

Group

Ma son (1979) This pub li ca tion

Num ber of
me te or ites

Mean
[ppm]

Num ber of
me te or ites

Mean
[ppm]

Me dian
[ppm]

Min

[ppm]

Max

[ppm]

C1 (CI) 2 1.6      1  1.52 * * *

C2 (CM) 5 1.7 10 1.91 1.45 1.3  6.05

C3 (CO and CV)   11 1.9 12 1.72 1.70 1.18 2.3  

H 13 1.7 69 2.01 1.7 1    6.1  

L 19 1.8 91 1.96 1.6  0.62 13     

LL 21 2.1 20 2.14 1.7 1.5 8.2 

E4 2 2.1  2 1.92 * * *

E5,6 2   0.58  4 1.00 * * *

Aubrite 1   0.33  2 1.22 * * *

Diogenite 1 2.2  4 2.15 * * *

Ureilite 1   1.84  2 2.52 * * *

Angrite 1   2.02  1 2.02 * * *

Eucrite 3 6.1 12 8.52 9.16 2.96 12.93

*<10 me te or ites



The pres ence of lith ium in Mar tian ba salt is as sumed to be a 
con se quence of the pres ence of wa ter and the pro cesses as so -
ci ated with it. Mar tian shergottites con tain 280 ppm of wa ter and 
nakhlites 570 ppm which dis tin guishes them from the Moon’s
bas alts which are com pletely an hy drous (Seitz et al., 2006).

Mar tian rocks rep re sented by Mar tian me te or ites have been the 
sub ject of many stud ies. The dis tri bu tion of lith ium in py rox enes
within bas alts in di cates the pres ence of wa ter dur ing their for -
ma tion (Treiman et al., 2006). How ever, some sci en tists note
the pos si bil ity of changes to the rocks af ter magma crys tal li za -
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T a  b l e  2

Av er age lith ium con tent for se lected chondrite groups

Type Class Clan Group Num ber Me dian
[ppm]

Mean
[ppm]

Range [ppm]

Min Max

Chondrites

car bo na ceous

chondrites

CI CI      1  1.52 1.52 1.2[3] 1.74[3]

CM-CO
CM 10 1.45 1.91 1.12[1][3] 6.05[5]

CO     6 1.62 1.77 1.0[1] 2.3[2]

CV-CK
CV     6 1.76 1.68 0.8[2] 3[3]

CK     1 0.88 0.88 0.75[3] 1.0[2]

CR CR     1 1     1     1.00[1][3]

C-ung –     6 1.58 1.48 1[2][3] 2.5[3]

or di nary 

chondrites
H-L-LL

H 69 1.7   2.01 1[3] 6.10[4]

L 91 1.6  1.96 0.62[3] 13.00[4]

LL 20 1.7  2.14 1.12[3] 8.20[4]

H/L 2 1.48 1.48 1.2[3] 1.8[2]

L/LL 5 1.9  2.05 1.16[3] 3.53[1]

en sta tite 

chondrites
EH-EL

EH 4 1.7  1.54 0.81[3] 2.9[1]

EL 3 0.86 1.06 0.52[3] 1.6[2]

[1] – Murty et al. (1983); [2] – Seitz et al. (2007); [3] – Koblitz (2010); [4] – Pourkhorsandi et al. (2019); 
[5] – www.lpi.usra.edu (2019) 

T a  b l e  3

Av er age lith ium con tent for se lected prim i tive achondrite and achondrite groups

Type Class Clan Group Num ber Me dian
[ppm]

Mean
[ppm]

Range [ppm]

Min Max

Prim i tive
achondrites

–
brachinite 1 1.47 1.47 1.47[5]

ureilite 1 2.52 2.52 1.45[2][5] 5.4[5]

Achondrites

–
angrite 1 2.02 2.02 2.02[1][5]

aubrite 2 1.22 1.22 0.33[2][5]      2.02[1][5]

– HED

eucrite 12 9.16 8.52 2.95[1]    12.93[5]  

diogenite 4 2.38 2.15 0.94[2][5] 3.3[4]

howardite 1 5.86 5.86 5.86[2][5]

–

mesosiderite 4 2.36 2.62   1.58[2]     2.52[2]

main-group
pallasite

3 0.43 0.41   0.012[2] 0.8[4]

– Moon

an or tho site 5 2.9 2.88 2.8[5]   3.2[5]

ba salt 3 11.7 9.65 3.99[5] 12.69[5] 

gab bro 1 8.6 8.6 7.6[5]  9.6[5]

– Mars

shergottite 29 2.96 3.27 1.2[6]    13[7]      

nakhlite 7 8.05 6.47 3.8[3][5] 12.2[3]   

chassignite 2 2.95 2.95 1.3[5]   3.9[6]

OPX 1 2.8 2.8 2.8[6]  2.8[6]

polymict brec cia 1 7 7 7[6]     7[6]    

[1] – Tera et al. (1970); [2] – Murty et al. (1983); [3] – Seitz et al. (2006); [4] – Seitz et al. (2007); [5] – Koblitz (2010);
 [6] – Magna et al. (2015); [7] – Yang et al. (2015)



tion was com pleted (Herd et al., 2004). In ad di tion, in the case
of nakhlites, the pos si bil ity of en rich ing min er als with lith ium as
a re sult of hy dro ther mal pro cesses or low-tem per a ture aque -
ous al ter ation on the sur face of Mars is also in di cated (Magna
et al., 2015). In ter est ing re search re sults were pre sented by
Udry et al. (2015) for rocks rep re sented by shergottites of var i -
ous com po si tions. In these tests, the con tent of lith ium in the
cores and rims of min er als was mea sured. In the case of py rox -
enes, these val ues ranged from 0.92–5.85 ppm (augite) and
0.43–4.14 ppm (pigeonite). For maskelynite the range is
0.92–5.39 ppm and for ol iv ine 0.41–8.53 ppm (Udry et al.,
2015). Re search by Beck et al. (2006) showed that in the case
of shergottites, en rich ment with lith ium was as so ci ated with de -
gas sing of magma, while in nakhlites it was as so ci ated with dif -
fu sion from groundmass to wards the py rox enes. The val ues,
de pend ing on the rock and the mea sure ment site (rim or core),
for py rox enes were 2.3–10.0 ppm, and for ol iv ine 2.3–13.9 ppm 
(Beck et al., 2006). The con sid er able vari abil ity of mea sured
val ues be tween sam ples of dif fer ent rocks is due to their het er -
o ge ne ity.

At the end of this com par i son, the ques tion should arise:
why, in this pa per, are ex tra ter res trial rocks with a lith ium con -
tent rarely >15 ppm con sid ered po ten tial sources of lith ium
when the Earth’s min eral de pos its con tain 0.5–2% Li? First of
all, these rocks should not be treated as a source of lith ium to
cover Earth’s short ages. Ad mit tedly, with the in creas ing de -
mand for this el e ment for in dus try and the slower find ing of new
sources of it, the cut-off grades will de crease, but most likely not 
enough to be prof it able to ob tain lith ium out side the Earth. The
sit u a tion will be dif fer ent out side of Earth, in po ten tial col o nies
or bases on the Moon, Mars or any where else. All raw ma te ri als 
will have to be ei ther de liv ered there from Earth or mined on
site. Ship ping costs start at $ 5,000/kg for small ship ments by
SpaceX or $ 5,700/kg for larger ship ments by United Launch
Al li ance (www.foxbusiness.com, 2020). Of course, these
amounts de pend, among other things, on the dis tance, and in
the case of trans port ing raw ma te ri als or fin ished prod ucts to
the Moon or Mars, it would be much more ex pen sive. This
points di rectly to the need to be come in de pend ent of sup plies
from Earth as soon as pos si ble. So far, no ex tra ter res trial
pegmatites with lith ium min er als or lith ium-rich brines have
been found, and rocks such as K-rich lu nar rocks, Mar tian
nakhlites or eucrites are the only known po ten tial sources of this 
el e ment on ex tra ter res trial ob jects.

CONCLUSIONS

Lith ium, to gether with any other el e ment com monly used on 
Earth, will also be needed be yond the Earth. If we think se ri -
ously about col o niz ing other moons and plan ets, we must be
aware that lith ium will also have to be sourced on site, like the
other el e ments. Based on the anal y sis pre sented in this pub li -

ca tion, the best source of lith ium seems to be po tas sium-rich
moon rocks, con tain ing an av er age 17.6 ppm of lith ium, as well
as Mar tian rocks, rep re sen ta tives of which are me te or ites of the 
nakhlite group (7.24 ppm). Both the Moon and Mars are po ten -
tially the first ex tra ter res trial ob jects in tended for col o ni za tion.
An other source could be 4 Vesta or other V class as ter oids,
which are the likely par ent bod ies of HED me te or ites (Magna et
al., 2014). The eucrites de rived from them con tain on av er age
8.52 ppm of lith ium. Howardites also have a rel a tively high lith -
ium con tent (5.86 ppm).

The dif fer ences be tween the com pi la tion of Ma son (1979)
and the new com pi la tion given in this pub li ca tion is pri mar ily a
much larger num ber of me te or ites and groups of me te or ites
taken into ac count com piled ac cord ing to the cur rently ac -
cepted clas si fi ca tion. This com par i son in di cates a big prob lem
re lated to the small amount of data, even af ter over 40 years of
new re search. This is due to the lack of the need to mea sure
lith ium con tent in me te or ites. El e men tal anal y ses in volv ing lith -
ium are ex pen sive, and many re search de vices, that are used
for re search (e.g., a microprobe), are not able to mea sure lith -
ium. Due to these fac tors, this type of re search is usu ally ne -
glected.

The re sults pro vided in this pub li ca tion are av er age val ues
and the lith ium con tent for in di vid ual me te or ites may dif fer sig -
nif i cantly from this value. For ex am ple, the av er age lith ium con -
tent for or di nary chondrites of the L group is 1.96 ppm. Among
91 L chondrites there can be dis tin guished Mezö-Madaras with
a three times lower lith ium con tent – 0.62 ppm (Koblitz, 2010)
and CeC 006 with over six times more lith ium – 13 ppm
(Pourkhorsandi et al., 2019) but in the case of these chondrites
this rather in di cates con tam i na tion of the sam ples with ter res -
trial ma te rial or ad vanced weath er ing pro cesses. Such high lith -
ium con tent is mainly char ac ter ized by eucrites and Mar tian
nakhlites. This in di cates a scar city of re search as re gards the
lith ium con tent of me te or ites and ex tra ter res trial rocks. 

From the per spec tive of min ing on Earth, the pro posed lith -
ium sources do not seem ap pro pri ate. How ever, it should be
em pha sized that these are the best and only po ten tial ex tra ter -
res trial sources of lith ium known at the mo ment. The need to
ob tain raw ma te ri als where they are de manded re sults di rectly
from the econ omy. It can be as sumed that even the very ex pen -
sive pro cess of ex tract ing lith ium from com mon rocks on Mars
or the Moon will be cheaper than trans port ing it from Earth. Un til 
lith ium-rich rocks or lith ium-rich brines are found, this is the only
pos si ble source of this metal out side the Earth.
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