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1. OBIIME ITOJIO’KEHUSA

OCHOBHOM LENBIO W3YYEHHS WHOCTPAHHOIO S3bIKa ACIMpPAaHTAMU H COHCKATENSIMH BCEX
CIEMMANBHOCTEH ABJISETCS NpUOOpEeTeHHE S3BIKOBOrO ONBITA M COBEPLICHCTBOBAHHUE
Npo(ecCHOHATBHO  OPUEHTHPOBAHHOM  KOMMYHHKATHBHOW  MHOS3BIYHOM  KOMIIETEHIIMH
acIMpaHTOB (COMCKaTeneii), 4To 00ecneyuT NPaKTHYECKOE BlIaJJIeHHe HHOCTPAHHBIM SI3BIKOM JUIS
UCTIONIB30BaHHA B PO eCCHOHATBHOM H HAYYHOH JeATETHHOCTH.

B kauecTBe momycka K 3K3aMeHY TpeIyCMaTpPHBAcTCs NPENOCTaBICHHE acUpPaHTOM Ha
Kadeapy mMpoYHNTaHHOW UM JIMTEpaTyphl; 00U 00BEM JMTEpaTyphl TOJKEH cocTaBusTh 600-
750 ThIc. mevyaTHBIX 3HaKOB (T.e. 240-300 ctp.). PexoMeHayeTCS HCIOMB30BaHHE OPUTHHAIBHOM
MOHOrpadHUeCKOH W MEPUOIHYECKOl JuTepatypsl (M3aaHus nocineqHux 10 1eT) mo temMaTHke
IIHPOKOTO NMPOo( U HAYIHOrO MOAPA3ACICHHA U 10 y3KOH CIIEIHATbHOCTH aClHUpaHTa.

Jlns nomycka K KaHOHAATCKOMY OJK3aMEHY aclHpaHTaM H COHCKAre/lsaM HeoOXO0IHMO
COCT@BUTH IJIOCCApHH II0 HAyYHOH TEPMHUHOJIOTHH HA OCHOBE H3YUYEHHOH TEXHHYECKOH
JIMTEPATYPBHL.

Kpome Toro, nomyck K HTOrOBOMY 3K3aMEeHY OCYLIECTBIISIETCS MPH YCIOBHH YCHELIHOIO
BBHINIOJIHeHUs MHCcbMeHHOoro nepesoja 15 000 3xakos.

2. CTPYKTYPA KAHAUJATCKOI'O 3K3AMEHA 11O HHOCTPAHHOMY A3BIKY

Kanpunarckuii sK3amMeH 110 HHOCTPaHHOMY $I3bIKY IIPOBOJUTCS B ABA 3TANA!

Ha nmepBom 3Tame acnupaHT (COMCKAaTellb) BBINOJHAET MUCHbMEHHBIH NEPEBOJ HAYYHOIO
TEKCTa 110 CIEIHATBHOCTH ¢ HHOCTpaHHOTo si3bika. O6beM Tekcta — 15 000 meuaTHBIX 3HAKOB
(3000 meu, 3naxoB [y1s He nocemaBiux Kypesl Ha KMS). Venemnoe BeImoiHeHHE THCEMEHHOTO
mepeBojia SBJISIETCS YCJIOBHEM JONycka KO BTOpoMy JTamy 3k3ameHa. KadecTBo mneperosa
OLIEHUBACTCS 110 3a4ETHOMH CHCTEME.

Bropoii 3Tan 3x3amMeHa NpoBOAMTCS YCTHO M BK/IIOYAeT B ceOs TpH 3aaHus:

1. M3yuaromee YTeHHEe ayTEeHTHYHOTO TeKCTa no cneuuansHoctH. O6vem — 2500-3000
NeYaTHBIX 3HaKOB. Bpems moarotoBku — 45 munyT. @opma mpoBepku — nepenada HHGOpMAIHH
Ha HHOCTPAHHOM sI3BIKE, Oece/ia 1o TEeKCTY.

2. bernoe (MpocMOTPOBOE) YTEHHE AYyTEHTUYHOrO TeKcTa obieHay Hoit Tematuki. O0beM
— 1000-1500 nevarnsix 3HakoB. Bpems Bemmonnenust 20 munyT. @opmMa npoBepKH — nepenada
HH(pOPMALUH Ha HHOCTPAHHOM A3bIKe, Oecesia o TEKCTy.

3. becena ¢ sK3aMeHaTOpaMH Ha HHOCTPAHHOM A3BIKE 10 BOIPOCAM, CBA3aHHBIM CO
CIEIHABHOCTBIO H Hay4YHOH paboToii aciupaHdTa (couckaress).

3. OMUCAHME IOKA3ATEJENA U KPUTEPHEB OLIEHKH KAHIAUJIATCKOT'O
3K3AMEHA IO HHOCTPAHHOMY A3BIKY

Ha kangumpaTckoM »JK3aMeHE aclHpaHT [O/MKEH HPOJAEMOHCTPHPOBATh BIAJIEHHE
HOATOTOBJICHHON MOHOJIOTHYECKOH peyblo, a TAKIKE HENOJArOTOBJIEHHON JHaJOru4eckoif peybio
B CHTyauud o(puuuansHOro oOIeHHs B Npezenax IporpaMMHBIX TpeGoBaHuii. B mpowecce
9K3aMEHa OLIEHHBAETCS: aJEKBATHOCTb IE€PEBOJIa MHOSA3BIYHOIO TEKCTa Ha PYCCKHUM S3BIK; B
YCTHOU peuH — COIep)KarelIbHOCThb, aJleKBAaTHAs pealu3alus KOMMYHHKaTHBHOIO HaMepeHHs,
JIOTHYHOCTh, CBSI3HOCTb, CMBICIIOBAas M CTPYKTypHas 3aBepIIEHHOCTb, I'paMMaTH4eckas H
¢oneTnveckass HOpMAaTUBHOCTh PEYH.



KpurtepHu oneHKH MOHOIOrHYECKOI PevIH acCHpaHTa
1. cooTBeTCTBHE COAEPKAHUA BhICKa3bIBaHHSA (COOOIEHHS) CHOPMYTHPOBAHHOM TEME;
2. aZIeKBaTHOCTh BBIOOpA PEYEBBIX CPEJICTB, JIEKCHYECKHX M IPAMMATHYECKHX, O(GOPMISFOIINX
Hay4HOE BBICTYIIJICHHUE;
3. Temn peun;
4. peanu3annsa KOMMYHHKaTHBHOTO HAMEPEHHS/YCTaHOBKH;
5. COOTBETCTBHE BBIOPAHHKIX PEYEBBIX CPEJICTB COLMOTMHIBUCTHYECKHM MapaMeTpaM CHTYallHn
Hay4HOro OOIIEHHS; BIIAJICHHE CPEACTBAMH PEYEBOTO ATHKETA;
6. HOPMATHBHOCTH HHTOHALIHOHHOTO O(opMiIeHHs (pa3, MEOAMKH H Nay3aunH, GOHETHUECKAsS
TPaBHJIBHOCTH IIPOU3HECEHHS CIIOB.

KpHTepHH OlIeHKH IHAJIOrHYecKoi peuH acnupaHTa:
1. BnazieHHe CTpaTeruaMH BeIeHHs HAy4YHOTO IHaJIora;
. HCIIOJIb30BaHHE KOMMYHUKATHBHBIX PEIUTHK/K/IMINE, TUITMYHBIX JUIS HAY4HOI peyH;
. THOKOCTB B Pa3BUTHH TEMBI B YCIOBHUSIX HAyYHOTO OOIIEHHUS;
. bernocTs peuu U OBICTPOTA pedeBHIX peakiuii;
. COOTBETCTBHE PEYH COIIMOIMHIBHCTHUECKHM U COIMOKYJITYPHBIM lTapaMeTpaM CHTYalHH,
. QJICKBAaTHBIN BBHIOOP JIEKCHKO-IPAMMATHYECKHUX €IMHUIL;
. IMana3oH UCTOJIb3yEMBbIX PEUEBEIX CPEJICTB;
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. 'paMMaTHYECKas | q:iOHETH‘ICCKaH IMpaBUIIBHOCTDb BBICKA3bIBAHHH.

KpHTepHH OlleHKH MOHUMAHHS NPH YTEHHH HAYYHOr0 TEKCTa

AcCnHpaHT J0/KEH NMPOAEMOHCTPHPOBATE YMEHHA IIPOCMOTPOBOrO YTEHHSA, IOHHMaHHA W
pedeprupoBaHHs HAYYHOTO TEKCTa B COOTBETCTBHH C PA3HBIMH 1IE€JIEBBIMH YCTAHOBKAMH:

- Oernoe (IpPOCMOTPOBOE) YTEHHE MOMHON HAYYHO-TIONMY/IAPHOM CTAaTbH HA H3Y4aeMOM
HHOCTPAHHOM fA3BIKe OOINEHAyYHOH TEeMaTHKH HJIH 10 TeMe BBINOJHAEMOrO HAYyYHOI'O
UCCIIeIOBAHMUS C U3JIOKEHHEM OCHOBHOTO COJIEpKaHUs HAa HHOCTPAHHOM B YCTHOH (opMe;

- ycTHOe pedepHpOBaHHE HAa H3y4yaeMOM HHOCTPAHHOM (hparMeHTa Hay4qHO-IOMYJ/ISPHOM
crarbi o0beMoM 1500 meyarHBIX 3HAKOB 10 TeME I[POBOJMMOIO HAYYHOTO HCCIIEHOBAHUS
(o6BeM yCTHOTO BBICKA3bIBAHUS JJOJDKEH COCTABIIATh He MeHee 12-15 ¢pa3).

B nmpomecce BhIMONHEHHS MpPeAK3aMEHAIMOHHBIX M 3K3AMEHAIMOHHBIX 3aaHHi
acIUpaHTy pa3peraeTcsi UCIOIb30BaHUE MHAUBHAYAIbHO COCTABICHHOIO UM B IpoLecce Kypca
MOATOTOBKM K KaHJHAATCKOMY O5K3aMEHY [JIOCCapusi HAyYHBIX TEPMHHOB [0 TeMe
BBITIOJTHAEMOT0 HAYYHOTO HUCCIIEIOBAHHS.

B nporiecce npoBepk# OleHUBAIOTCS CIIEAYIOIINE TapaMeTphI:
- BaJieHHEe Pa3HBIMH CTPATErHSIMH YTEHHS HAYYHOI'O TEKCTa;
- BEIDOp CTpaTernH MOHUMAHHS, aICKBATHOM 3a1aHHIO;
- BapbHPOBAHHE CTpATErHii MOHUMAaHHA B paMKax BBHINOJIHICMBIX 3aIaHHi;
- JOCTHJKEHHE aZeKBAaTHOI'O pe3y/bTaTa IOHHMAaHHS,
- co0moileHHe BpEMEHHBIX MapaMeTPOB NPH BLINOJHEHHH 3a1aHH;
- HCTOJIb30BAHHE TEKCTOBBIX BU3YaJIbHBEIX MAapKepOB IS JIy4Ilero MIOHUMaHHS;
- IUarna3oH BIIaJICHUA IHHTBUCTHYECKHMH H peueBBIMH CpPEICTBAMH;
- UCIIOJIb30BaHHe KOMIIEHCATOPHBIX CTPATErHii;
- BOCIIPHSTHE COLIHOTMHTBUCTHYECKUX M COLMOKY/IBTYPHBIX 3JIEMEHTOB TEKCTA;
- HHTEPIPETAIMS MEXKYJIbTYPHOI'O [IOTEHIIHAJIA TEKCTA.
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IlIxana oneHHBaHHS NEPEBOJA TEKCTA

OueHka «OTJIHYHO» BBICTABJISICTCS ACHHPAHTY, €CIH MOJHOCTBIO COXPAHEH CMBICII
OpUTHHAJA, IPUCYTCTBYET MOTHBUPOBAHHOCTH MEPeBOMIYECKUX TpaHC(HOpMaIHii, OTCYTCTBYIOT
(GyHxnMOHaNBEHO-CONEPKATEIBHbIE, TPAMMATHYECKHE U KYJIBTYPOJIOrHYECKUE OITHOKH;

OLICHKa «XOopoimo» BBICTABIACTCA AacCIHpPaHTy, €CJIH IIOJIHOCTBHO COXpPaHE€H CMBbIC]I
OpHIHHAJIa, HMECTCS HE3HAYUTEIbHOE KOJMYECTBO Cl]}’HKHHOH&JIBHO-CO,E[CPH(&TCHLHLD( 0HIH6KPI,
KOTOPBIC HE BEAYT K HCKaXXCHHIO CMEICIA;

OHCHKa «yllOB.TIBTBopﬂTe.HI:HO» BBLICTABJIACTCH acCllUpaHTy, €CJIH B LEJIOM COXpaHCH
CMBICTT OpHIHHAalla, IPHCYTCTBYIOT (DYHKIIMOHATIBHO-COEP)KATeNbHbE, (HYHKIHOHAIBHO-
HOPMAaTHBHBIE OLIMOKH (rpaMMaTH4YeCKHe, CTHITHCTHYECKHE ),

OueHka «HEYyI0B/IETBOPHTEILHO» BBICTABIAETCS ACTUPAHTY, €CIH TOJHOCTHIO HE
COXPaHEH HJIH HCKaKEH CMBICIT HHOSI3BIMHOTO OPUTHHAJA.

Illxaja oneHHBAHHS YCTHOrO BbICKA3bIBAHHA

OLeHKa «OTJIHYHO» BbBICTABJIACTCS ACMHUPAHTY, €CIH MOJHOCTBIO  BBINOJHEHO
KOMMYHHKaTHBHOE 3a/laHHE, OTCYTCTBYIOT ()OHETHHECKHE, IpaMMaTHYECKHE, JEKCHYECKHE,
CTH/IACTHYECKHE OLIMOKK (Zomyckalores 1-4 KOMMYHHKATHBHO HE3HAYMMBIE OIIHOKH); TEMII
peuH BBICOKHH; XOpOIIasi peakiiis B peUeBOM B3aHMO/ICHCTBHH € 3K3aMEHATOPOM;

Ounenka «Xopomio» BBICTAaBIACTCS ACMUPAHTY, €CIH BBHINOJHEHO KOMMYHHKATHBHOE
3ajlaHde, €CTh  HE3HAuYMTeNbHBle  (OHETHUECKHE, TrpaMMaTHYecKHe,  JIEKCHYECKHE,
CTHJIMCTUYECKUE OITMOKH, HE MEIIAIONIHE TOHUMAHUIO H PEUYEBOMY B3aUMO/IEHCTBHIO;

Ouenka «yZOBJIETBOPHTEJIBHO» BBICTABIISETCH ACIHPAHTY, €CIM HE IOJHOCTBHIO
BBIIIOJITHEHO KOMMYHHMKATHBHOE€ 3aJlaHue, ecTb rpyOble © (uim) OGosblmOe KOJHYECTBO
HE3HAYUTENBHBIX (POHETHUECKHX, IPAMMaTHYECKHX, JIEKCHUECKHX, CTHJIMCTHYECKHX OLIMOOK;
TEMII PEYH CPEJHUM; HMEET MECTO HCIIOJIb30BAHHE TEKCTOBBIX OIOP.

Onenka «Hey0B/JI€TBOPHTEIbHO» BbICTABISETCS ACIHHPAHTY, €CJIH HE BBIIOJHEHO
KOMMYHMKATHBHOE 3ajlaHHe, €cThb OOJIBIIOE KOJIMYECTBO HE3HAYMTENIbHBIX H TIpyOBIX
(boHeTHYECKNX, TIpaMMaTHYECKHX, JIEKCHYECKHX, CTHIMCTHYECKMX OIIMOOK; TeMII peyn
MEJIIEHHBIH; aKTUBHOE HCIIOJIb30BAHHE TEKCTOBEIX OIOP.

4. IPUMEPBI 3AJIAHUI YCTHOM YACTH KAHIHJATCKOI'O YK3AMEHA
IO UHOCTPAHHOMY SI3BIKY (AHIJIMMCKHM SI3BIK)

1. ITepe6oo u nepeckas Hay4Ho-RONYAAPHOU CIMAMbU ¢ AHZIUICKO20 Ha pycckuil. IpounTaiite
Hay4yHylO CTaThlO 110 TeMe Bailero HcceoBanus U YCTHO Mepenaiite eé comepikanue OJIM3K0 K
TEKCTY Ha aHIJIHHACKOM SA3bIKE,

GAS-DYNAMIC ROOF FALL DURING THE POTASH DEPOSITS DEVELOPMENT
Alexander A. BARYAKH, Sergei S. ANDREIKO, Anton K. FEDOSEEV

How to site this article: Baryakh A.A., Andreiko S.S., Fedoseev A.K. Gas-dynamic roof
fall during the potash deposits development. Journal of Mining Institute. 2020. Vol. 246, p. 601-
609. DOI:10.31897/PM1.2020.6.1

Abstract. In the development of practically all potash salt deposits, the study of gas-
dynamic phenomena (GDP) is one of the most difficult tasks to ensure mining safety. Sudden
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salt and gas outbursts, dynamic breakdown, which are accompanied by intense gas release and
possible broken rock carry-over into the mine workings, are associated with GDP. Geological
preconditions for the GDP development are often the layered structure of the salt rock mass, the
presence of interlayers and layers of salt clays. For the conditions of the Usolsky potash plant
mine, complex studies of factors that characterize the possibility of gas-dynamic roof fall of the
stoping rooms were carried out. In mine studies, free gases pressure and the initial velocity of
gas release in the rocks of the roof workings were determined. The obtained experimental
estimations were used as a parametric basis for mathematical modeling of geomechanical
processes under conditions of a near-contact accumulation of free gas.

The deformation of a layered salt mass produced by a room development system was
described by the model of an ideal elastic-plastic medium with internal friction. The parabolic
envelope of Mohr circles was used as a plasticity criterion in the compression area. In the
numerical implementation, the deformation of clay contacts was modeled by Goodman joint
clements. Based on the results of multivariate numerical calculations, it is established that the
main factors determining the possibility of implementing GDP are the additional gas pressure at
the contact, the width of the workingspan, and the distance from the roof to the first gas-
¢ontaining contact. With multi-level lamination of roof rocks, there is a danger of large sources
of GDP formation and the mechanism of successive fall of layers in an instant mode is
implemented.

Key words: potash mines; gas-dynamic phenomena; stress-strain state; mathematical
modeling; failure criteria

Introduction. One of the urgent tasks of safe and efficient development of potash ore
deposits is the study of gas-dynamic phenomena [1, 13, 16, 19, 20, 22]. Over the past decades,
more than 500 gas-dynamic phenomena with an intensity of up to 5500 tons have occurred only
at the potash mines of the Verkhnekamskoye (Russia) and Starobinskoye (Belarus) deposits
during the stoping of silvinite layers [2, 4, 7, 11]. GDP at potash salt deposits are localized rock
breakdown in the form of sudden salt and gas outbursts, roof rock falls (soil rock breakdown),
combined type phenomena and bottom-hole rock squeezes, in most cases, they are accompanied
by intense gas release, and sometimes the broken rock carry-over into the mine working for a
considerable distance (more than 100 m). Due to the suddenness, significant power, and presence
of damaging factors in the form of rock fragments flying at high speed, air shock waves, and
released combustible gases, GDP can lead to catastrophic consequences and fatal outcomes 2,
11].

In the total number of GDP that occurred at the mines of the Verkhnekamskoye and
Starobinskoye potash deposits, phenomena associated with the sudden breakdown of the roof
and (or) soil of mine workings prevail. Their share in the total number of GDP is about 70 %.

The practice of mining operations and research has established that the geological
preconditions for the GDP development of this type is the layered structure of the salt rock mass
— the presence of interlayers and layers of salt clays (halopelites) in the rocks of the roof and soil
of mine workings, the thickness of which can reach tens of centimeters. Near-contact
accumulation of free gas is associated with the haloperidolum interlayers and layers as well as
lithological differences of salt rocks. During undermining (overworking) of free contact gases
accumulations the conditions for GDP [8, 11] are being created. In this regard, a very important
element of the GDP risk analysis is the study of quantitative gas-dynamic characteristics of a
layered mass of salt rocks, which include: the gas content of rocks for free gases, free gases
pressure and the initial velocity of gas release.



The velocity of gas release is used directly to develop criteria for current risk forecasting of
the GDP development in the bottom-hole zone of the mine working. Full-scale experimental
studies of the gas content of salt rocks by free gases, free gases pressure and subsequent
theoretical studies were conducted for the conditions of the Usolsky potash plant mine field,
where eight gas-dynamic phenomena occurred in the form of sudden roof rocks falls
accompanied by gas release since the beginning of preparatory and stope mining operations in
the period 2018-2019.

Gas content and gas-dynamic characteristics of rocks. Natural hazards in potash mines
associated with GDP are determined by the gas content of potash layers and host rocks. Gas
content is characterized by the volume of gas per unit mass or rock volume, and its component
(chemical) content. By the nature of the connection with the salt rock, natural gases are divided
into free and bound. Free natural gases are found in open macropores and rock cracks under
pressure that theoretically reaches the magnitude of the stresses acting in the rock mass. Bound
gases are contained in salt rocks in the form of microscopic bubbles inside salt rock crystals
(intracrystalline), in closed micropores between crystals (intercrystalline), and in the sorbed state
on the surface of crystals, pores, and cracks [4, 8-11].

It is established that natural gases in the working-out layers, host rocks, and non-working
silvinite and carnallite layers located in between the layers, roof, and soil are distributed
extremely unevenly [2, 11]. In practice, there are areas of potash layers that contain almost no
gas, but there may also be local accumulations of free gases up to several thousand cubic meters
in volume associated with areas of geological anomalies (cracks and caverns, zones of intense
folding, substitution of some salt rocks by others, areas of distribution of mixed salts (silvinite +
carnallite), etc.).

The component content of gases from potash salt deposits is a complex mixture of
combustible and inert gases, the components of which are nitrogen, methane, hydrogen, and
methane-series hydrocarbons [4]. Based on the results of previous studies, it was found that the
content of bound gases varies from thousandths to 0.4 m3, and free gases-from almost zero to
tens of cubic meters of gas per 1 m3 of rock. Thus, in most cases, the predominant value in the
total gas content of salt rocks is free gas. Only free gas takes part in the mechanism of gas-
dynamic phenomena, since the transition to the free phase of bound gases requires the
dissolution of salt rocks, or their grinding to a dusty state, which is not observed during mining
operations.

In the conditions of the Usolsky potash plant mine, experimental studies of gas content by
free gases and gas-dynamic characteristics of silvinite layers Krll and KrIII and also roof rocks
of mine workings were carried out. Determination of rock gas content, free gas pressure, and
initial gas release rate was performed on three panels by mine instrumental observations of gas
outbursts from 32 boreholes and wells with a diameter of 42 mm drilled in mine workings with
simultaneous sampling of free gas. Based on the results of experimental studies of gas-dynamic
characteristics, it was found that free gases pressure in the roof rocks of the KrlI layer varies
from 0.22 to 0.46 MPa, and the KrlII layer-from 0.19 to 0.36 MPa. An example of the free gases
pressure distribution in the roof rocks of the KrlI layer is shown in Fig.1.

2. Ilepe6ood u nepeckas HAYHHO-NONYNAPHOU CIMAMbU C AH2NUICKO20 Ha pycckuil. [pounTaiite

HayyHo-nonyspayo crateio «When Earth was a Snowball» u kpartko wusnoxure eé
COJIEp)KaHME HA aHTTIMICKOM S3bIKe, HCIIONB3Ys H3YUeHHBIHM mabioH (retelling pattern).
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When Earth was a Snowball
01.22.2018, by Anne-Sophie Boutaud
Artist's impression of Snowball Earth 720 million years ago.
Mikkel Juul Jensen/Spl/Cosmos

The Earth hasn't always been the blue, hospitable planet it is today. On at least
three occasions our planet was completely covered with ice. How did the Earth get into this state
and, above all, how did it manage to get out of it?

In the course of its history Earth has experienced periods so cold that its surface was
entirely covered with ice. Long questioned, these so-called "Snowball Earth" episodes are today
attested by considerable geological and geochemical evidence. Since the 2000s, climatologist
Gilles Ramstein] has been investigating these events, in which the Earth seen from space would
have resembled the icy moons Europa and Enceladus. He tells CNRS News about these icy spells
that impacted our planet.

The Earth is located in the habitable zone of its star, which normally means that
water can exist in a liquid state there. In that case, how could the planet have completely
icedover?

Gilles Ramstein: It's not as simple as that! When the Earth first formed, 4.56 billion years
ago, the Sun radiated 30% less energy than it does today. Ever since then, its power has
increased by 7% every billion years. The paradox is that, although the Earth received less
radiation then, it was much warmer than it is today. This phenomenon is due to the fact thata
planet's climate depends on its radiation budget, which is the difference between the energy
received from the Sun and that returned to space from the land, ocean and atmosphere. From the
very beginning, Earth's atmosphere has behaved like a heating blanket. More specifically, carbon
dioxide and methane, which are powerful greenhouse gases with highly variable atmospheric
concentrations, underpin regulation of surface temperatures.

Three gases that have shaped Earth's climate.ave shaped Earth's climate.

Reproduced  with permisson. © 2004  scientific american, a division of
nature america inc. all rights reserved

From the very beginning, Earth's atmosphere has behaved like a heating blanket.

The climate is thus a balance between sources of greenhouse gases and sinks that remove
them from the atmosphere. On our planet, the main natural source of CO2is volcanic activity,
while its principal sink depends on the weathering of continental silicate rocks caused by water
runoff. When COsreacts with the rock itis removed from the atmosphere and sequestered
as carbonate, which accumulates as underwater sediment. Over 3 billion years ago, volcanism
was already in full swing, although the total area of the continents was still limited and erosion
was negligible. As a result, the atmospheric concentration of CO2 was very high. In addition, the
same period saw the emergence, 3.5 billion years ago, of methanogenic archaea. The metabolism
of these unicellular microorganisms produces methane, whose greenhouse effect is thirty times
greater than COx.

The build-up of these two gases—carbon dioxide and methane—in Earth's early
atmosphere explains why our planet was so warm in its youth.
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