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Introduction
TZelYe caYeV locaWed in SilXUian limeVWoneV (SmiWh and 
RaVmXVVen, 2020) of noUWheaVW GUeenland ZeUe fiUVW diVcoYeUed 
in 1960, c.20km noUWh of CenWUXmV¡, in a 1km-long WUibXWaU\ 
Yalle\ off Whe laUgeU GUoWWedal [Yalle\] (Fig.1, GD) (DaYieV 
and KUinVle\, 1960). The caYeV ZeUe UepoUWed aV being VhoUW 
(ma[imXm 60m in lengWh), Xp Wo 12m in ZidWh, and Vpanned 
an eleYaWion Uange of 490 Wo 670m aboYe Vea leYel (a.V.l.). In 
1960, Whe paVVageV ZeUe all blocked b\ ice oU caYe fill, and 
one ZaV foXnd Wo conWain a c.10cm-Whick coaUVel\-cU\VWalline 
floZVWone.DXUing 1983, Whe fiUVW dedicaWed caYing e[pediWion 
diVcoYeUed a moUe VXbVWanWial caYe ZiWh foXU enWUanceV locaWed 
8km VoXWh of CenWUXmV¡ (Fig.1, GDQ) (LoXbieUe, 1987). 
SeYeUal decadeV laWeU, in 2015, Whe fiUVW GUeenland CaYeV PUojecW 
(GCP) e[pediWion YiViWed Whe GUoWWedal caYeV (MoVele\, 2016). 
The e[pediWion UelocaWed a nXmbeU of Whe caYeV diVcoYeUed in 
1960, bXW logged 26 caYeV in WoWal. The moVW UecenW e[pediWion, 
in 2019, inYeVWigaWed one moUe caYe aW Whe ViWe of Whe 1960 
caYeV, plXV foXU caYeV on Whe noUWheUn Vide of GUoWWedal. In 
addiWion, WZo can\onV, each conWaining WenV of caYe enWUanceV, 
ZeUe diVcoYeUed. 

AW pUeVenW Whe GUoWWedal/CenWUXmV¡ Uegion iV aUid, ZiWh 
leVV Whan 200mm of pUecipiWaWion peU \eaU. FXUWheUmoUe, Whe 
enYiUonmenW iV alVo laUgel\ deYoid of Voil coYeU; hence e[WenViYe 
kaUVWificaWion XndeU modeUn ciUcXmVWanceV iV noW poVVible. The 
pUeVence of UemnanWV of laUge caYeV cleaUl\ indicaWeV WhaW one oU 
moUe epiVodeV of e[WenViYe kaUVWificaWion occXUUed dXUing Whe 
geological paVW, WhoXgh daWing Wo aVceUWain Zhen WhiV happened 
haV noW \eW Waken place. MoVW of Whe caYe enWUanceV aUe ViWXaWed 
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in Whe ZallV of VWeep-Vided can\onV, ZheUe iW iV cleaU WhaW 
Yalle\ inciVion poVW-daWeV caYe deYelopmenW. ThXV, Whe noZ-
acceVVible caYeV aUe UedXced in Vi]e in compaUiVon ZiWh WheiU 
foUmeU VWaWe. FXUWheUmoUe, Whe inneU paUWV of Whe caYeV aUe all 
blocked eiWheU b\ ice oU b\ caYe fill, Vo iW iV poVVible WhaW laUge 
paUWV of WheVe caYeV Uemain inacceVVible. In Vome caVeV, Whe 
ice plXgV ZeUe WUanVpaUenW enoXgh Wo alloZ ongoing paVVageV 
Wo be Veen e[Wending inWo blackneVV (BaUWon eW al., 2020a). 
MoUphologicall\, Whe caYeV aUe geneUall\ hoUi]onWal and 
occXU aW VeYeUal diVWincW eleYaWionV. MoVW caYeV VhoZ phUeaWic 
moUphologieV, WhoXgh a feZ alVo diVpla\ VignV of YadoVe 
modificaWion. AddiWionall\, Vome caYeV diVpla\ eYidence of 
local paUageneViV, aV Zell aV UemnanWV of cXpolaV and VcallopV. 
One oU moUe e[WenViYe phaVe(V) of VpeleoWhem depoViWion haV 
occXUUed, WhoXgh Whe dominanW foUm of modificaWion noZada\V 
iV b\ fUoVW VhaWWeUing and gelifUacWion.

HeUe a VXmmaU\ iV giYen of Whe knoZn majoU caYe diVcoYeUieV 
and VpeleogeneWic feaWXUeV foU noUWheaVW GUeenland (DaYieV 
and KUinVle\, 1960; LoXbieUe, 1987; MoVele\, 2016; MoVele\, 
2020a). DeWailV of VmalleU caYeV and WUXncaWed caYeV  fUom Whe 
2015 e[pediWion aUe pUoYided b\ MoVele\ (2016), ZheUeaV 
VmalleU caYeV fUom Whe 2019 e[pediWion aUe liVWed in Table 1. 
NoWe WhaW Whe caYe nameV aUe noW appUoYed b\ Whe LangXage 
SecUeWaUiaW of GUeenland, and GUeenlandic WUanVlaWionV mighW 
alVo be VXbjecW Wo change. LocaWionV aUe giYen aV decimal 
laWiWXde/longiWXde and ZhilVW eleYaWionV ZeUe UecoUded in Whe 
field XVing a GPS, eleYaWionV pUoYided heUe aUe fUom Whe AUcWic 
DigiWal EleYaWion Model (DEM) (PoUWeU eW al., 2018). SXUYe\ed 
caYe lengWhV aUe giYen Wo Whe neaUeVW meWUe.
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CaYe 
CRde CaYe NaPe LRcaWLRQ

(DecLPaO LaW/LRQJ)
AOWLWXde

(P a.V.O.)1 NRWabOe FeaWXUeV

GD27 BDE\ MXVN O[ 
CDYH +80.37657, í21.70607 600

SLWXDWHG F.60P YHUWLFDOO\ DERYH CDLUQ COLPE CDYH. AFFHVVHG YLD D 100P-ORQJ 
QDUURZLQJ OHGJH DERYH H[SRVXUH WKDW OHDGV WR D VPDOO VFUHH FRQH EHORZ WKH FDYH GULS 
OLQH. EQWUDQFH FKDPEHU F.4[6P ZLGH, E\ 3P KLJK. CDYH ZDOOV KDYH SDUWO\ SUHVHUYHG 
SKUHDWLF PRUSKRORJ\. SPDOO VTXHH]H DW WKH QRUWKHUQ HQG RI WKLV FKDPEHU WHUPLQDWHV LQ 
DQ LFH SOXJ DIWHU F.1P. 7KH FDYH ZDV QDPHG DIWHU VNHOHWDO UHPDLQV RI D PXVN R[ FDOI 
RQ WKH OHGJH OHDGLQJ WRZDUGV WKH FDYH.

NGD1 NRQH +80.41190 í21.67830 820 SPDOO SKUHDWLF WXEH
NGD4 NRQH +80.41290 í21.68010 810 LDUJH DOFRYH, EORFNHG E\ LFH DQG FDYH ILOO
GDZ22 NRQH +80.38695, í21.77809 575 EQWUDQFH ± WZR SKUHDWLF WXEHV DQG NH\KROH SDVVDJH (XQH[SORUHG)
GDZ32 NRQH +80.38573, í21.82598 614 SPDOO SKUHDWLF WXEHV (XQH[SORUHG)
GDZ42 NRQH +80.38418, í21.82431 566 PKUHDWLF SDVVDJH (XQH[SORUHG)
GDZ52 NRQH +80.38315, í21.82756 619 SORW FDYH (YDGRVH) (XQH[SORUHG)
GDZ62 NRQH +80.38348, í21.83179 594 PKUHDWLF SDVVDJH (XQH[SORUHG)
GDZ72 NRQH +80.38226, í21.83268 631 FRXU SKUHDWLF WXEHV (XQH[SORUHG)
GDZ82 NRQH +80.38135, í21.83484 684 LDUJH FDYH HQWUDQFH, LFH FDQ EH VHHQ DW EDVH RI UHDU ZDOO (XQH[SORUHG)
GDZ92 NRQH +80.38341, í21.83601 673 PKUHDWLF SDVVDJH (XQH[SORUHG)
GDZ102 NRQH +80.38160, í21.84934 661 SPDOO SKUHDWLF WXEHV (XQH[SORUHG)
GDZ112 NRQH +80.38183, í21.85311 706 7ULDQJOH HQWUDQFH, F.2P KLJK, EUHDNGRZQ
GDZ122 NRQH +80.38088, í21.85316 685 LDUJH SKUHDWLF SDVVDJH (XQH[SORUHG)
GDZ132 NRQH +80.38051, í21.83271 715 7ULDQJOH HQWUDQFH, F.1P KLJK, EUHDNGRZQ
GDZ152 NRQH +80.39035, í21.77753 496 LDUJH SKUHDWLF SDVVDJH (XQH[SORUHG)

PRB1 PHWH¶V GURWWR +80.26014, í21.91781 616 7RS RI LF\ VFUHH VORSH. LDUJH HQWUDQFH F.5P KLJK, LFH ZDOO LQ EDFN, WKLFN UHFU\VWDOOL]HG 
IORZVWRQH

PRB2 BLJ CDYH +80.26095, í21.92644 688 HLJK LQ FDQ\RQ, ODUJH DOFRYH, ROG PHDQGHU JRLQJ RII WR OHIW
PRB3 SORW CDYH +80.25768, í21.93168 588 SORW FDYH RQ EHQG LQ ULYHU, LFH ZDOO DW EDFN
PRB3D AERYH SORW CDYH +80.25796, í21.93311 638 SPDOO DOFRYH ZLWK LFH IORRU

PRB4 7\SLFDO GUHHQODQG 
CDYH +80.25784, í21.92455 668 SKRUW FDYH HQGLQJ DIWHU F.8P

PRB5 SODE CDYH +80.26323, í21.90568 574 COLPE XS IURP ULYHU OHYHO, EDFN DQG IRRW XS FKLPQH\ LQ IURQW RI FDYH (ODUJH DQJOHG VODE 
WR ULJKW EXW WULFN\ WR FOLPE)

PRB6 NRQH +80.24783, í21.97730 685 7ULSOHW HQWUDQFHV. OQH PDLQ RQH ZLWK WKLFN IORZVWRQH VHTXHQFH 4í5P WKLFN. SFUHH 
VORSH IXOO RI IORZVWRQH. FORZVWRQH in-siWX LQ ULJKW FDYH F.5P WKLFN

PRB7 NRQH +80.24666, í22.00972 676 SPDOO HQWUDQFHV (XQH[SORUHG)
PRB8 NRQH +80.25735, í21.95368 729 EQWUDQFH LQDFFHVVLEOH ZLWKRXW URSH (XQH[SORUHG)
PRB9 NRQH +80.24776, í22.00030 689 SPDOO DOFRYH HQGLQJ LQ LFH DIWHU 5P
PRB10 NRQH +80.25368, í22.01020 690 BLJ HQWUDQFH KLJK LQ FDQ\RQ (XQH[SORUHG)
PRB11 NRQH +80.25368, í21.91198 700 SPDOO DOFRYH HQGLQJ LQ LFH DIWHU 5P
PRB12 NRQH +80.27123, í21.91395 708 SPDOO DOFRYH HQGLQJ LQ LFH DIWHU 5P
PRB13 NRQH +80.26568, í21.92788 720 FORZVWRQH GHEULV H[SRVHG RQ VXUIDFH DERYH CDPS 3
TabOH 1: A compilaWion of shorW caYes and Xne[plored karsW feaWXres as discoYered dXring Whe 2019 GCP e[pediWion. More-e[WensiYe caYes are 
described in Whe We[W. 1 PorWer eW al., 2018. 2 E[plored b\ helicopWer; Wherefore locaWion and eleYaWion ma\ be less accXraWe.

FLJXUH 1:
OYerYieZ map of Whe 
locaWions of Whe differenW 
caYe-bearing areas WhaW 
are discXssed in Whe 
We[W.

GD = The main focXs 
of Whe GroWWedal caYe 
e[ploraWion in 1960 
(DaYies and Krinsle\, 
1960).
GDQ = GroWWe des 
QXaWre.
GDZ = ZesW can\on 
on Whe soXWhern side of 
GroWWedal.
NGD = NorWh GroWWedal.
PRB = PRB Can\on.

ArcWicDEM soXrce daWa 
from PorWer eW al., (2018).
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Caves discovered in 1960 and 1983
Of Whe WZelYe caYeV diVcoYeUed in 1960, eleYen ZeUe ViWXaWed 
on Whe eaVW Zall, and one (GD8) on Whe ZeVW Zall of Whe 
WUibXWaU\ Yalle\ on Whe VoXWh Vide of GUoWWedal (Fig.1, GD) 
(DaYieV and KUinVle\, 1960). TZo of WheVe caYeV ± U-Shaped 
CaYe and Whe one on Whe ZeVW Zall ± ZeUe deVcUibed in deWail, 
ZheUeaV Whe oWheUV ZeUe noW. ThXV iW haV noW been poVVible Wo 
aVceUWain Zhich of Whe caYeV diVcoYeUed in 2015 had alUead\ 
been docXmenWed in 1960.

U-Shaped Cave (U-TXW IOXVLOLN QaaUXVXVVXaT)
NorWh enWrance: +80.37652, í21.73545, 533m a.V.l.
SoXWh enWrance: +80.37626, í21.73757, 530m a.V.l.
SXrYe\ed caYe lengWh: 95m
The moVW diVWincWiYe and Uecogni]able of all Whe GUeenland 
caYeV iV Whe U-Vhaped caYe WhaW ZaV diVcoYeUed in 1960 
(FigV 2±2D). ThiV caYe iV deYeloped enWiUel\ ZiWhin Whe 
OdinV FjoUd FoUmaWion (SmiWh and RaVmXVVen, 2020), bXW 
iV foUmed along Whe boXndaU\ beWZeen a pale gUe\ dolomiWic 
limeVWone (beloZ), and a daUk gUe\ limeVWone (aboYe) (Vee 
Fig.2C). The noUWheUn enWUance (Fig.2A) iV c.13m Zide b\ 
c.10m high, and Whe VoXWheUn enWUance iV c.8m Zide b\ c.5m 
high. A c.8m-high chimne\ iV pUeVenW in Whe ceiling, c.13m 
fUom Whe noUWheUn enWUance. The caYe flooU iV geneUall\  cloVe 
Wo hoUi]onWal and coYeUed b\ VedimenW (TiVchleU eW al., 2020), 
alWhoXgh bUeakdoZn e[iVWV locall\ (e.g. Fig.2B). Ice iV pUeVenW 
aV a Whin band along Whe baVe of Whe ZallV (e.g. Fig.2C). No 
VpeleoWhemV ZeUe foXnd in Whe caYe, bXW Whe ZallV neaU Whe 
enWUanceV conWain paWcheV of a haUd, micUobiologicall\-
mediaWed, calciWe pUecipiWaWe. Small phoWokaUUen aUe alVo 
obVeUYed in Whe WZilighW ]one of Whe VoXWheUn enWUance  (BaUWon 
eW al., 2020b).

FLJXUH 2: SXrYe\ of U-TXW IlXsilik QaarXsXssXaq (U-Shaped CaYe). The KH\ proYided is composiWe, and applies Wo FigXres 2, 4, 5, 6, 7, 9, 10, 11 and 13.
[NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]

FLJXUH 2A: Looking oXW across GroWWedal from Whe norWh enWrance of 
U-Shaped CaYe. [PhoWo: Robbie Shone.]

FLJXUH 2B: CenWre of U-Shaped CaYe ZiWh breakdoZn maWerial in Whe 
backgroXnd. [PhoWo: Robbie Shone.]
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Main Sampling Cave / Kodak Cave
EnWrance: +80.37767, í21.74682, 520m a.V.l.
SXrYe\ed caYe lengWh: 11m
DXUing 2015, Whe caYe WhaW ZaV UepoUWed on Whe ZeVWeUn Zall 
(DaYieV and KUinVle\, 1960) ZaV UediVcoYeUed (Fig.3A) and 
foXnd Wo conWain a 3.8m-Zide b\ 4m-high enWUance (MoVele\, 
2016). Along Whe VoXWheUn Zall, WhUee noWcheV (Fig.3B) aUe 
appaUenW, conWaining VcallopV c.1.5 Wo 4cm in lengWh (Fig.3C). 

BecaXVe Whe VWeepeU VideV of Whe VcallopV aUe locaWed WoZaUdV 
Whe enWUance, Whe floZ diUecWion ZaV pUobabl\ aZa\ fUom Whe 
pUeVenW-da\ enWUance. AW Whe UeaU of Whe caYe WheUe iV a c.2m-
Whick VedimenW VeqXence, Xpon Zhich ViWV a c.20cm-Whick in siWX 
floZVWone depoViW (Fig.3D). The flooU conWainV fUagmenWV of 
floZVWone concUeWionV WhaW foUmed in Vand\-VilW\ caYe VedimenW 
and haYe been paUWl\ e[hXmed b\ eUoVion, and a Vmall caiUn bXilW 
b\ Whe oUiginal e[ploUeUV, in Zhich Whe\ lefW a noWe (MoVele\, 
2020a). The ceiling conWainV anaVWomoVeV (Fig.3E).

FLJXUH 2D: DisWincWiYel\ bedded pale and dark gre\ limesWone near Whe 
U-Shaped CaYe soXWhern enWrance. [PhoWo: Robbie Shone.]

FLJXUH 2C: BoXndar\ beWZeen pale and dark gre\ limesWone e[posed 
in U-Shaped CaYe, ZiWh ice aW base of Zall. [PhoWo:Robbie Shone.]

FLJXUHV 3A±3E: PhoWographs of Whe Main Sampling CaYe / Kodak CaYe.
3A (WRS OHIW): OYerYieZ of Whe caYe (see FigXre 3B for more deWail).
3B (bRWWRP OHIW): Three noWches presenW along Whe soXWhern Zall.
3C (WRS ULJKW): WeaWhered scallops on Whe soXWhern Zall. [Tape diYisions cm/mm.]
3D (PLddOH ULJKW): c.20cm floZsWone seqXence in ViWX or parWl\ collapsed aboYe 

a c.2m-Whick sedimenW bank. [Pen (near cenWre) for scale.]
3E (bRWWRP ULJKW): Remains of anasWomoses in Whe ceiling. Image ZidWh c.1m.
[PhoWos: Robbie Shone.]



GURWWH dHV QXaWUH (³GURWWHQIMHOdHW´)
EnWrance: +80.08775, í22.56333, 420m a.V.l.

SXrYe\ed caYe lengWh: 74m
GroWWe des QXaWre (Fig 1, GDQ; FigV 4±4C) iV Whe moVW comple[ 
caYe \eW diVcoYeUed in Whe GUoWWedal/CenWUXmV¡ Uegion. Unlike 
Whe caYeV Wo Whe noUWh of CenWUXmV¡, WhiV iVolaWed caYe, ViWXaWed 
VoXWh of Whe lake, iV foUmed ZiWhin neaU-YeUWical bedding and aW 
a loZ eleYaWion of 420m a.V.l. DeVpiWe e[WenViYe VeaUching b\ 
helicopWeU and on fooW dXUing Whe Uegional geological mapping, 

no oWheU caYeV ZeUe foXnd in Whe immediaWe YiciniW\. The caYe 
haV foXU enWUanceV, Whe laUgeVW of Zhich iV c.9m high (indicaWed 
aV enWUance A on Whe map), Whe main XppeU enWUance iV c.2m high 
(neaU B), ZheUeaV WZo Vmall, mid-leYel enWUanceV aUe c.40±50cm 
high (neaU C). BUeakdoZn maWeUial iV VcaWWeUed acUoVV Whe flooU 
of Whe Uoom\ enWUance chambeU (Fig.4A). PaVVageV aUe VpliW 
oYeU WZo leYelV, ZiWh Whe XppeU paVVageV VhoZing phUeaWic 
moUpholog\ (Fig.4B) and Whe loZeU paVVage (Fig.4C) diVpla\ing 
meandeUing YadoVe enWUenchmenW. PhoWokaUUen ZeUe foXnd in 
Whe WZilighW ]one of Vome enWUanceV (BaUWon eW al., 2020b).

FLJXUH 4A (abRYH): Looking oXW of Whe main enWrance, GroWWe des QXaWre.
FLJXUH 4B (bHORZ): Upper phreaWic passage, GroWWe des QXaWre. 
FLJXUH 4C (ULJKW): LoZer meandering Yadose passage, GroWWe des QXaWre.
[PhoWos: Robbie Shone.]

FLJXUH 4: SXrYe\ of GroWWe des QXaWre (³GroWWenfjeldeW´). [NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]
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FRU JHQHULF Ke\ LQIRUPDWLRQ VHH FLJXUH 2, S.76.



Greenland Caves Project
2015 and 2019 expeditions

South Grottedal
The folloZing VecWion deWailV Whe main caYeV diVcoYeUed, 
e[ploUed and VXUYe\ed b\ Whe GCP 2015 and 2019 e[pediWionV. 
The\ aUe ViWXaWed ZiWhin Whe DaYieV and KUinVle\ (1960) caYe-
beaUing WUibXWaU\ Yalle\ on Whe VoXWh Vide of GUoWWedal (Fig.1, 
GD). IW iV poVVible WhaW Vome of WheVe caYeV had been e[ploUed 
pUioU Wo Whe GCP e[pediWionV.

Flowstone Bridge Cave and Triangle Flowstone Cave
EnWUance: +80.37815, í21.70974, 510m a.V.l.
SXUYe\ed caYe lengWh: 3m and 13m UeVpecWiYel\
FloZVWone BUidge CaYe and TUiangle FloZVWone CaYe (FigV 
5±5B) aUe WZo VhoUW caYeV ViWXaWed on Whe edge of ZhaW coXld 
poWenWiall\ be a laUgeU collapVe feaWXUe. The\ aUe laUgel\ of 
inWeUeVW heUe becaXVe Whe fXll floZVWone VeqXence fUom Whe UeaU 
of Whe caYe ZaV Vampled in 2019 foU palaeoclimaWe UeVeaUch.

FLJXUH 5A: Ice samples are collecWed from FloZsWone Bridge CaYe. 
[PhoWo: Robbie Shone.]

FLJXUH 5B: Looking oXW from FloZsWone Bridge CaYe, Zhere sampling 
ZiWh an angle-grinder is Waking place.
[PhoWo: Robbie Shone.]

FLJXUH 5: SXrYe\s of FloZsWone Bridge CaYe and Triangle FloZsWone CaYe. [NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]

Cairn Climb Cave (InXssXk InnarWooq QaarXsXssXaq)
EnWrance: +80.37756, í21.71019, 540m a.V.l.
SXrYe\ed caYe lengWh: 19m
CaiUn Climb CaYe (FigV 6±6D) iV locaWed diUecWl\ aboYe 
TUiangle FloZVWone and FloZVWone BUidge caYeV, and iV foUmed 
aW Whe conWacW beWZeen Whe SamXelVen H¡j and OdinV FjoUd 
foUmaWionV (SmiWh and RaVmXVVen, 2020). AcceVVing Whe caYe 
inYolYeV climbing a VWeep, c.5m-high, VlighWl\ oYeUhanging 
face. The enWUance (FigV 6A and 6B) iV c.7m Zide b\ c.5m 
high, and jXVW inVide WheUe iV a caiUn (Fig.6A) bXilW b\ pUeYioXV 
YiViWoUV. UndeUneaWh Whe Wop VWone of Whe caiUn aUe Whe UemainV of 
a handkeUchief ZiWh embUoideUed leWWeUV WhaW aUe baUel\ YiVible. 
The ZallV of Whe caYe conWain an iUon o[ide coaWing (Fig.6C) 
and phoWokaUUen (BaUWon eW al., 2020b). The UeaU of Whe caYe 
iV blocked b\ a Zall of ice (Fig.6D), and neaUb\ iV one of Whe 
beVW diVpla\V of µcU\ogenic fUoVWZoUk¶ obVeUYed in an\ of Whe 
VWXdied caYeV (BaUWon eW al., 2020a).
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FLJXUHV 6A±6C: PhoWographs shoZing aspecWs of InXssXk InnarWooq QaarXsXssXaq (Cairn 
Climb CaYe).
6A (abRYH OHIW): E[aminaWion of Whe cairn in Whe enWrance; 6B (bHORZ OHIW): Looking oXW of Whe 
enWrance across GroWWedal; 6C (abRYH ULJKW): PaWches of broZn iron o[ides on Whe ZesW Zall. 
6D (bHORZ ULJKW): Ice plXg aW rear of caYe. [PhoWos: Robbie Shone.]

FigXre 6: SXrYe\ of InXssXk InnarWooq QaarXsXssXaq (Cairn Climb CaYe). [NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]
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Cr\stal Palace Cave (Aligoq IllXssaarsXaq QaarXsXssXaq)
EnWrance: +80.37739, í21.72585, 604m a.V.l.
SXrYe\ed caYe lengWh: 48m
CU\VWal Palace CaYe (FigV 7±7C) iV a high-leYel caYe foUmed along 
Whe boXndaU\ beWZeen Whe SamXelVen H¡j and Whe OdinV FjoUd 
foUmaWionV (SmiWh and RaVmXVVen, 2020). The laUge enWUance 
(Fig.7A), Zhich iV c.13m Zide b\ c.8m high, iV VXUUoXnded b\ 
Wafoni. FUom Whe VpacioXV enWUance chambeU, a VWeep VedimenW 
Uamp leadV Wo a naUUoZ cUaZl conWaining ice VWalagmiWeV and hoaU 
fUoVW (Fig.7B), aV Zell aV µcU\ogenic fUoVWZoUk¶ (BaUWon eW al., 
2020a). Be\ond Whe cUaZl, Whe ZallV and ceiling of Whe VWooping-
Vi]e chambeU aUe coYeUed in hoaU fUoVW. LaUge bUeakdoZn blockV 
aUe pUeVenW aW Whe back of Whe chambeU, Zhich mXVW be climbed 
oYeU Wo Ueach Whe final Vmall chambeU. The flooU of Whe UeaU 
WZo chambeUV iV coYeUed in a fine-gUained VedimenW (Fig.7C), 
Zhich in placeV conWainV UXnnelV oU VcoXUV cloVe Wo bendV in Whe 
Zall. WhiWe calciWe VWalagmiWeV c.8cm Wall, and a c.10cm-Whick 
floZVWone VeqXence aUe bXUied beneaWh Whe VedimenW in Whe UeaU 
chambeU, ZheUeaV in Whe enWUance chambeU WheUe aUe VeqXenceV of 
bUoZn floZVWone Xp Wo c.80cm Whick, Vome of Zhich aUe fUacWXUed 
and bXUied beneaWh Whe VedimenW bank. RelicV of cemenWed caYe 
fill aUe foXnd on Whe ZallV in placeV, and BaUWon eW al. (2020b) 
noWe foVVili]ed biofilmV.

FLJXUH 7: SXrYe\ of Aligoq IllXssaarsXaq QaarXsXssXaq (Cr\sWal Palace CaYe). [NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]

FLJXUH 7A: Looking oXW from Whe enWrance of Cr\sWal Palace CaYe and 
across GroWWedal. [PhoWo: Robbie Shone.]

FLJXUH 7C: Rear chamber in Cr\sWal Palace CaYe, ZiWh breakdoZn and 
sedimenW-coYered floor. [PhoWo: Robbie Shone.]

FLJXUH 7B: Hoar frosW in Whe craZl beWZeen Whe enWrance and middle 
chamber in Cr\sWal Palace CaYe. [PhoWo: Robbie Shone.]
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South Grottedal (west can\on)
DXUing Whe 2019 GCP e[pediWion, a WUibXWaU\ can\on on Whe VoXWh 
Vide of GUoWWedal (Fig.1, GDZ; Fig.8), ViWXaWed c.1.5km Wo Whe 
ZeVW of Whe DaYieV and KUinVle\ (1960) can\on, ZaV e[ploUed. 
IW ZaV foXnd Wo be Uich in caYe enWUanceV (Table 1), WZo of Zhich 
\ielded VXbVWanWial caYe. BecaXVe of Wime conVWUainWV, moVW of 
Whe caYe enWUanceV in WhiV can\on ZeUe neiWheU e[ploUed noU 
Za\-poinWed. 

Lemming Cave (NarlXmXkaap QaarXsXssXaq)
EnWrance: +80.38586, í21.81800, 526m a.V.l.
SXrYe\ed caYe lengWh: 54m
Also knoZn as SWLJ SWULNHV AJaLQ
Lemming CaYe (FigV 9±9C), ViWXaWed on Whe noUWheUn Vide of a 
bend in Whe can\on, iV Ueached aW Whe Wop of a c.15m-high VcUee 
Vlope, WhoXgh Whe VcUee Vlope conWinXeV inWo Whe enWUance chambeU.

FLJXUH 8: CaYe-
bearing can\on (for 
locaWion see FigXre 
1 ± code GDZ) on 
Whe soXWhern side 
of GroWWedal, some 
1.5km Wo Whe ZesW 
of Whe can\on firsW 
e[plored b\ DaYies 
and Krinsle\ (1960).
[PhoWo:
Robbie Shone.]
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FLJXUH 9: SXrYe\ of NarlXmXkaap QaarXsXssXaq (Lemming CaYe; also knoZn as SWig SWrikes Again).
[NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]
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The ZeVW Zall of Whe enWUance chambeU diVpla\V pUominenW 
alWeUnaWing bedV of highl\ foVVilifeUoXV, pale and daUk gUe\ 
limeVWone (FigV 9A and 9B). Ahead, Whe conWinXaWion of WhiV 
paVVage iV blocked b\ an ice Zall, bXW a VmalleU, c.10m-long, 
cUaZling-Vi]e phUeaWic paVVage ZiWh Whe hoaU fUoVW/ice flooU 
hoUi]on in iWV enWUance leadV on fUom Whe Wop of Whe bUeakdoZn 

Vlope on Whe UighW. TheUe aUe cU\ogenic caYe caUbonaWe depoViWV 
VpUead acUoVV Whe flooU aW Whe enWUance of WhiV paVVage. Be\ond, 
Whe paVVage iV VXUUoXnded b\ hoaU fUoVW foU c.10m (Fig.9C), When 
iW bUeakV inWo a Vmall, c.4m-high, aYen. The caYe conWinXeV foU 
c.10m WhUoXgh a WighW conVWUicWion, c.30cm high, WhaW ZaV dXg 
open, befoUe ending in a Vmall chambeU compleWel\ blocked b\ 
a WUanVpaUenW ice-plXg WhaW holdV a c.15cm-diameWeU cobble in 
iWV baVe. LaminaWed fine-gUained claVWic VedimenWV ZeUe foXnd 
beneaWh Whe ice plXg (TiVchleU eW al., 2020). 

Swirl\ Cave (SangXjoraarWoq QaarXsXssXaq)
EnWrance: +80.38846, í21.78788, 554m a.V.l.
SXrYe\ed caYe lengWh: 96m
The enWUance Wo SZiUl\ CaYe (Fig.10) iV ViWXaWed on a ledge 
V\VWem on Whe eaVWeUn VideZall of Whe Yalle\ WhaW ZaV acceVVed 
b\ helicopWeU. AfWeU a VhoUW and eaV\ c.1.5m climb, Whe enWUance 
VhoZV VimilaU Vhelf ice and hoaU fUoVW foUmaWionV Wo WhoVe meW 
in all Whe laUgeU caYeV in Whe aUea. FUom WheUe on, a Zalking-
Vi]e YadoVe can\on deVcendV VWeadil\ aV faU aV a collapVe of 
WZo laUge boXldeUV, be\ond Zhich Whe caYe naUUoZV and dUopV 
doZn a Woo-WighW VloW. AbXndanW UemnanW phUeaWic feaWXUeV, 
inclXding VcallopV and Vmall WXbeV, appeaU Wo indicaWe a 
foUmeU XpZaUd floZ diUecWion, and VignV of paUageneViV aUe 
pUeVeUYed locall\. ScoXU maUkV in Volidified VedimenW, aV Zell 
aV pUominenW VcUaWch maUkV on pUoWUXding paUWV of Whe Uock 
ZallV, aUe common. PaVVage conWinXeV be\ond Whe WighW VloW 
WhaW WeUminaWed Whe e[ploUaWion, bXW acceVV ZoXld UeqXiUe a 
VignificanW digging effoUW.

83

FLJXUH 10: SXrYe\ of SangXjoraarWoq QaarXsXssXaq (SZirl\ CaYe).

FLJXUHV 9A, 9B aQd 9C: PhoWographs of Lemming CaYe.
FLJXUH 9A (abRYH-OHIW): EnWrance chamber ZiWh pale and dark gre\ 
limesWone bedding.
FLJXUH 9B (bHORZ): Looking oXW from Whe enWrance chamber, ZiWh Whe 
helicopWer in Whe disWance beloZ.
FLJXUH 9C (abRYH-ULJKW): Hoar frosW cr\sWals in Whe ceiling of Whe craZl.
[All phoWos: Robbie Shone.]
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North Grottedal
In 2015, a poVVible laUge caYe enWUance on Whe noUWh Vide of 
GUoWWedal ZaV YieZed WhUoXgh binocXlaUV. In 2019, ZiWh Whe 
aid of a helicopWeU, Whe Weam had Whe oppoUWXniW\ Wo e[ploUe 
noUWheUn GUoWWedal (Fig.1, NGD), ZheUe Whe\ foXnd one 
iVolaWed hillWop, capped b\ Ueefal limeVWoneV of Whe SamXelVen 
H¡j FoUmaWion, conWaining foXU caYe enWUanceV. TZo of WheVe 
\ielded VignificanW lengWh paVVageV, Whe WhiUd ZaV a Vmall 
phUeaWic WXbe, and Whe foXUWh ZaV a laUge alcoYe blocked b\ ice 
and VedimenW (Table 1). 

Cr\stal Kingdom Cave (Aligoq KXnngeqarfik QaarXsXssXaq)
EnWrance: +80.41238, í21.6819, 825m a.V.l.
SXrYe\ed caYe lengWh: 87m
CU\VWal Kingdom CaYe (Fig.11) conWainV Whe diVWincWiYe ice flooU/
hoaU fUoVW boXndaU\ in Whe enWUance (Fig.11A) (BaUWon eW al., 
2020a). The main paVVage deYelopV inWo a c.2±3m-Zide b\ c.5m-
high YadoVe can\on, ZiWh a fine-gUained VedimenW on Whe flooU and 
laUge, dinneU-plaWe-Vi]e, hoaU fUoVW cU\VWalV (Fig.11B) on Whe ZallV 
and ceiling. SeYeUal calciWe VWalagmiWeV aUe pUeVenW on Whe ZallV, 
aV Zell aV Whick floZVWoneV. The main paVVage UiVeV Wo a bend 
fUom Zhich a cUaZling-Vi]e phUeaWic WXbe deVcendV ZeVWZaUdV 
(Fig.11C), heading diUecWl\ WoZaUdV Whe end of CU\VWal CUaZl, Vome 
15m aZa\. CU\VWal Kingdom and CU\VWal CUaZl aUe VepaUaWed fUom 
each oWheU b\ conVWUicWionV, bXW WheUe mighW be an aiU connecWion. 
On Whe bend beWZeen Whe phUeaWic paVVage and YadoVe paVVage, 
VcoXU maUkV VimilaU Wo WhoVe foXnd in CU\VWal Palace CaYe aUe 
pUeVenW in Whe VedimenW. 
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FLJXUH 11: SXrYe\s of Aligoq KXnngeqarfik QaarXsXssXaq (Cr\sWal Kingdom CaYe) and Aligoq PaarngXffik QaarXsXssXaq (Cr\sWal CraZl CaYe).
[NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]

FLJXUH 11A: Looking inWo Whe enWrance of Cr\sWal Kingdom CaYe.
[PhoWo: Robbie Shone.]

FLJXUH 11B: Hoar frosW cr\sWals, some of Zhich are Whe si]e of dinner 
plaWes, in Cr\sWal Kingdom CaYe. [PhoWo: Robbie Shone.]

FLJXUH 11C: Looking doZn Whe main passage (lefW) and descending 
phreaWic WXbe (righW) in Cr\sWal Kingdom CaYe, ZiWh fine-grained 
sedimenW floor. ScoXr marks are seen in Whe floor aroXnd Whe bend. 
[PhoWo: Robbie Shone.]
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Cr\stal Crawl Cave (Aligoq PaarngXffik QaarXsXssXaq)
EnWUance: +80.4117, í21.6825, 812m a.V.l.
SXUYe\ed caYe lengWh: 36m
CU\VWal CUaZl CaYe (FigV 11 and 11D) iV a Zinding, cUoXching-
Vi]e phUeaWic WXbe. The enWUance conWainV a diVWincWiYe ice flooU 
and hoaU fUoVW, indicaWiYe of µgoing¶ caYe paVVage in GUeenland 
(BaUWon eW al., 2020a). MaVViYe floZVWone VeqXenceV, bUoken 
pUeVXmabl\ b\ gelifUacWion pUoceVVeV, aUe VcaWWeUed acUoVV 
mXch of Whe flooU. FeaWheUV ZeUe foXnd inVide Whe caYe. The 
WXbe naUUoZV Wo Whe poinW WhaW iW becomeV Woo WighW, heading in 
Whe diUecWion of CU\VWal Kingdom CaYe.
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FLJXUH 11D: PhreaWic WXbe of Cr\sWal CraZl CaYe, coYered in hoar frosW 
and scaWWered ZiWh massiYe, broken, floZsWone on Whe floor.
[PhoWo: Robbie Shone.]

PRB Can\on
PRB Can\on, named in memoU\ of PeWeU Rodne\ Blakele\ 
(MoVele\, 2020a), ZaV diVcoYeUed aV anoWheU caYe-beaUing can\on 
(Fig.1, PRB; Fig.12) dXUing UeconnaiVVance ZiWh Whe helicopWeU. 
MoVW of Whe caYe enWUanceV did noW \ield acceVVible paVVage, bXW 
neYeUWheleVV Whe\ diVpla\ e[WenViYe kaUVWificaWion, ZiWh Vi]eable 
enWUanceV (c.5 î 5m) and meWUeV-Whick floZVWone VeqXenceV. 
In VimilaU faVhion Wo WhoVe in Whe GDZ can\on, nXmeUoXV caYe 
enWUanceV Uemain Xne[ploUed and noW Za\-poinWed.

[Kate¶s] Cove Cave (Eqik QaarXsXssXaq)
EnWrance: +80.25346, í21.93311, 660m a.V.l.
SXrYe\ed caYe lengWh: 103m
CoYe CaYe (FigV13±13E) iV Whe longeVW caYe \eW e[ploUed in 
GUeenland, ZiWh 103m of VXUYe\ed paVVage. IW e[WendV lineaUl\ 
in a W±E diUecWion, WUending geneUall\ doZnZaUdV fUom Whe 
enWUance oYeU an eleYaWion Uange of c.15m. The enWUance (FigV 
13A and 13B) conWainV a Zall-Wo-Zall ice pond, Zhich iV difficXlW 
Wo b\paVV. Be\ond Whe ice pond, a Vmall Uamp compoVed of 
bUeakdoZn leadV Wo a hoaU fUoVW-coYeUed ceiling (Fig.13C) fUom 
Zhich Whe phUeaWic paVVage (Fig.13D) When deVcendV. BUeakdoZn 
maWeUial and VhaWWeUed floZVWone blockV coYeU Whe flooU, and in 
placeV WheUe aUe cU\ogenic caYe caUbonaWeV, boWh on and ZiWhin 
Whe enWUance ice and l\ing on boXldeUV ZiWhin Whe caYe. NeaU 
Whe eaVWeUn end of Whe caYe WheUe iV a c.5m-deep YadoVe can\on 
(Fig.13E) WhaW iV coYeUed in floZVWone on boWh ZallV, be\ond 
Zhich Whe caYe iV blocked b\ ceiling-Wo-flooU floZVWone. The 
coldeVW caYe WempeUaWXUe (í17.1�C) \eW meaVXUed in GUeenland 
ZaV UecoUded aW Whe baVe of Whe YadoVe VloW, Zhich conWinXeV aV a 
Woo-WighW paVVage WhaW coXld poVVibl\ be enlaUged b\ digging.

FLJXUH 12: Looking doZn inWo PRB Can\on, ZiWh Whe enWrance of PRB1 (PeWe¶s GroWWo) in Whe Wop-righW corner. [PhoWo: Robbie Shone.]
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FLJXUH 13: SXrYe\ of Eqik QaarXsXssXaq ([KaWe¶s] CoYe CaYe). [NoWe: PhoWo locaWions/direcWions relaWe Wo addiWional figXres.]

FLJXUH 13A (abRYH): The enWrance of [KaWe¶s] CoYe CaYe, in a coYe ZiWh 
a ZaWerfall.
FLJXUH 13B (bHORZ): Looking oXW of Whe [KaWe¶s] CoYe CaYe enWrance 
across Whe ice pond.
FLJXUH 13C (WRS ULJKW): Hoar frosW and ice sWalagmiWes close Wo Whe 
enWrance of [KaWe¶s] CoYe CaYe. 
FLJXUH 13D (PLddOH ULJKW): PhreaWic WXbe descending from Whe enWrance 
of [KaWe¶s] CoYe CaYe.
FLJXUH 13E (bRWWRP ULJKW): Vadose Wrench ZiWh ke\hole profile aW Whe rear 
of [KaWe¶s] CoYe CaYe.
[All phoWos: Robbie Shone.]
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Summar\
NoUWheaVW GUeenland conWainV highl\ kaUVWified WeUUainV, 
WhoXgh noZada\V WhiV kaUVWificaWion iV pUimaUil\ obVeUYed 
laUgel\ in Whe foUm of WUXbcaWed caYeV. To daWe, GCP Weam 
membeUV haYe e[ploUed 43 caYe enWUanceV, and logged 16 
oWheUV, WhoXgh man\ Xnlogged feaWXUeV e[iVW, Vpecificall\ in 
PRB Can\on and SoXWh GUoWWedal µZeVW can\on¶. Of Whe 43 
e[ploUed caYeV, 28 aUe leVV Whan 10m long, foXU aUe beWZeen 
10 Wo 20m in lengWh, foXU aUe beWZeen 30 Wo 60 meWUeV in 
lengWh, WZo aUe 70 Wo 90 m in lengWh, and fiYe aUe beWZeen 90 
Wo 110m in lengWh. BaVed on WheVe VWaWiVWicV, c.1 in 10 caYeV 
iV oYeU 90m in lengWh, ZheUeaV Whe majoUiW\ (c.6 in 10) aUe 
leVV Whan 10m long. SXch VhoUW caYeV ZeUe Vo nXmeUoXV WhaW 
Whe\ ZeUe giYen Whe name µT\pical GUeenland CaYe¶ oU µTGC¶ 
bXW Whe\ aUe indicaWiYe of ZideVpUead paVVage deYelopmenW, 
pUedominanWl\ phUeaWic, mXch of Zhich Wook place pUioU Wo 
laWeU inciVion. The longeU caYeV geneUall\ conWain an ice flooU 
and hoaU fUoVW ceiling cloVe Wo Whe enWUance, aV Uecogni]ed in 
BaUWon eW al. (2020a).

GeneUall\, Whe caYeV in Whe WZo can\onV on Whe VoXWheUn 
Vide of GUoWWedal, aV Zell aV WhoVe in PRB Can\on, aUe VpUead 
oYeU an eleYaWion Uange of 500 Wo 700m a.V.l., ZheUeaV Whe 
foXU caYeV on Whe noUWheUn Vide of GUoWWedal aUe beWZeen 810 
Wo 825m a.V.l. The eleYaWion of Whe iVolaWed caYe, GroWWe des 
QXaWre, VoXWh of CenWUXmV¡, iV Whe loZeVW \eW UecoUded in Whe 
Uegion, aW 420m a.V.l.
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