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aY, SEOBER) M, KilT 2L, 20
EYE»ERER (OXKHE) LD %500k, B
BEEoonT, 3 L{HEOHERICAZS LD
D 2 FEEHTFEET 5. Hi#E |, rock pavement, lime-
stone pavement 7% ¥ L FEiF 4, %% (L stone pave-
ment, boulder pavement 7% ¥ L IE I T4, L
ML, ZOEFRITZDHMC LK 20 EHE (Tab. 1)
D, ZOFEAAEE, HRECLI>TEE->TED
H—anr: RIS,
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BENTERA T A MO MEERTo 72, #i
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Tab. 1 The list of terms for pavement forms

1. alpine subnival boulder pavement (AS)
2. bedrock pavement (BR)
3. boulder pavement (BO)
4. desert pavement (DS)
5. detrital pavement (DT)
6. erosion pavement (EP)
7. flattened pavement (FP)
8. fluvial boulder pavement (FB)
9. glacial pavement (GP)
10. ice pavement (IP)
11. ice-smoothed pavement (I8)
12. limestone pavement (LP)
13. marine boulder pavement (MB)
14. nivation pavement (NP)
15. pavement ground (PG)
16. rock pavement (RP)
17. serir pavement (SR)
18. snow-patch pavement (SP)
19. stone pavement (SN)
20. striated boulder pavement (ST)

RAE I & D 5T 5.

ML 7 X >~ b LIF, limestone pavement O £
12, KREERI Tk ) FHII R > AKEDR
HS, ZOHICEHL, HENERELZTEN TS
SRIC 2 o 72 b DS, rock pavement D £ 5 12,
Bt coEREORIFEAOEER (RLAT
)9 L Z20BROBEICMBEOREFERICL > THA
TERAVELRVIDLEAEIRETH S,

BENRA T AV M, BB T PEDHL
O - BH0H Y, LV OKUBRHKTHREL
T2 kb M LBENA 7 A2 MZBWTE,
WREBOSLObLONZNSDOF®/AEE LICH
I, X LLEBADEIICRZZ2bDTHE?, L
L, BiIcHERELEICEDODNL TS EE (block
field, Blockmeer) KO EIEL TA 72>+
ELTW2HELH LY, o lRBEWIE, £H5
MDA T AP BEFBL TSGRV ELON
3, UTICAKAEDRA 7 % > b A OBE <A

T XY MZDOWTIE, FhENMEICHE - HHET
5.

Hz BRI FEE S 5 desert
pavement 1¥, £ & L THERIC & > TREIL O
KYE»BE S, pebble KOBVEREL b D
T, BRELTWwWIHELH S, FHINCIZ—FILS
VA>T 5,

glacial pavement 3| ice pavement & [RTE X i1
THEAEINYD, HD Wi ZHIZ boulder pave-
ment, stone pavement & bbb T3, KED
KOERAPICE > TTELRERS T A I 25D
3., Zhoix, KEHERY (glacial till) OO
DEFLIEBT, Rixo EHAOKEER 2R 745
BranTws, KATOEERIAIC, RKkAZR X
D MR E SRR E S h, BOERBIREICTE 2.,
WOKFDOFTHE & > THFHEAEI N EALITT 4 VA
HREL, #0O_EHEICIE striation (BR) 2% E&L
TV BHENL WV, I, BOKFPKORE A %
HETZ2OICHVONS, Thbid, »OTOKCHE
b 7o (E& L TKREEK) O3 —o v/ spidb”
2V A THREENTW A, stone line 5 lag concen-
trates ERIFEICHEASNDE 2L b D100,

Shaw (1929)'* %3 erosion pavement & FfA 722
4 7 A M, ERIZR (sheet erosion) [
BEA (rillerosion) & > TEEMSHIREICE S 1L
THERBLRELZRL T3, Ruhe(1975) ' X lag
concentrates %° stone line LN T2 D H %
51 LT, 1RRME (erosionsurface) O—MTH
D, ZOFEDIEELE LT3, REE - ZBLKUE
BRETORHEEZEZ Tnb,

HRE OB EH 72 L & b, Vertisols (MRS
B +3%) iz BT, shrink-swell (RN 22 #21%
—1B® &) fEHIC X Y, #EL (churning) »%
F£4 | pebble~boulder A DA TR ICER L
T { % stone pavement # Johnson & Hester
(1972)19 i3, 4V 7 + V=7 OrhEEIE SR O Hils

pavement, serir
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%, REOVHELERIZ, ZOEBROBEDEAIC
FarEzZoND, ZOMBIHREHOEKEi
B (Rt - ERRM - L) TREL T3,
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4(1983)% L EDIRED D B, FEEHENTE L forhi
T T AKEE] 7 5, R BILORS 72 v
N %, Fig. 1 OHIBERICZOMEZRL TH L, K
HE) o T, JHEBEOEROERMME K, H
(L TIRBEEDOREBHEORBR OO R,
WY 5~20m LN TH 2 FEL T3,
ZOMh, L7V TADOIILO LS — LD E L A
ORI, KELRILEE, BEOERFD/NE
WHDEREICHERIN TS,

COBEETICRET LA 7T AV MIBIZDOWT
¥, White(1972)%% 12 & % 0 v ¥ — [UfR#EERD 2 0
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TOHENNDH Y, Hikd Washburn®®  # D %
FIFHL Tw3, L L White b 20K 7o+ 2 %
REEL 723 Tld s,

st - EEHOWERE - BRI, SRR
7eDPKE L THENTELD T 28K « #kiIc &

. W/I rg'v'gy_f'
ﬁmfg (@

Mt. Gassan

contour interval = 10m

Fig. 1 Location map of pavements in Japanese mountains
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Fig. 3 Distribution of pavements in the Indian Peaks
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MIELTWS (Fig. 2). 47X bDELHHL
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AFICEKIR EKBBADSKEICFITL TV 21 TH
%,
ZOHBNOBRETONRA 7 £ v MMIFED 534
X, EEOFEIC LhIE, Fig. 3IRTEINTH
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FATT LR, AT AL FRIAIKTIDH 2 b
DT, EHXINEERZEOMEDO L7 (147X
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Zone 1 DAFROEAHZ b ECIHET S, (b) I35
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Wil (Zone2) TOMERDOZEIRZIZLALERL, L
»L, BTFEICZZICLEPHREERIIHL Tn
<.

A FUDNA T A M, 13> & D & LK
BRAT A PRI ZWHOT, BERIZATHEIC
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Fig. 4 Average annual temperature values and precipitation totals at Niwot Ridge

(after Greenland, 1987)3%%

/prnvoiling wind

Fig. 5 Schematic zonation of Type Ia and Ib pavements

(after Hara & Thorn, 1982) 3%
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@ HWEHE

ATET Cib 7z & S 12, BRETICHET 54 7 4
Y, WARLLRERABEVCTERIN TV,
L L, ZORBEEIRIZHS LICSATHR N,
ERICEES ED & 5 ICHIEHRIERICEEL T
%M kxS nival process #EE 3 % LT, 20DA
TAY MBREEN LV, EOS 74 FBLUE
ENH B, KSOEIGHE (GRS —REER D7
O EHIRIPE OB S L), YO AT 2 HH T 5 1%
Hxr, MEOFOEER - MBENIER M2 T
2rEz2oN3,

EENED LIRS T AV FDOFRICHEL T
WEh, EHEEFOMIIED LS 2T Ot AHMES
TV LA ERMICKRETT 2729, 74 7IEERL
&547 G »o 6 HDORS T A ZEY,
ROBHBIZODWTEHHIRTo 72, E51T, ZOF
EOBBAERT L7201, 35FIORA T A2 b
T3, ABEOHE L D& LT 72,

FRNEFIRDORA T X2 bDEK Zone HIZ, 1m MY
F OIS 2 FR»ET T, Z2ITRA T A
k OFHHE (surface roughness), HKYE % TO
Z X (depth to fines), A 7' X > +EKEORE-
MR & 28E L 1.

FHE L, A4 T XY POREHEDORE L
SIZoTwah, DD, HL2OBEENFEL
m%xEwcmy, £FL L THFHICR>TwIEE.
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Fig. 6 Schematic diagram of micro-topographic profile

gage (L,=L,,=16cm)

RIEEO L ThHS, BETORAI T A O
BT, MBEOESICL-T, Evshitmbs L
HHEPHET EEZ SRS, EBICE, Fig. 617
T & RHREOHERRK 2 FHRIT 28E A AL
T, Im WA OEFHHME O FLEE D, BMAMERD
HECHIEL:, 6D, 51, £TOZOY R
D B—B ON—k ) EicHErOES (L, 25
L,) #8EL, ZOEF#ERZE (SD) 2K T, 2D
ExYHEE L,

MAE £ COBES 1, SFHMLTS »FF (14
B &) JIE L 72 EEMETRT. T, Fig. 70
oI RA T A b OFKE BB LHE) » 5,
ZOTHCHEHLY N b EOMKNE E TOE
EThHDH, HEEEIREL ICERL, FELEE
| s, »3BEERRED S HNYELER
FEENTuRITNIER SR 0H, BEEIDTICIZE
Lt (up-freezing) *°##EL7% £ DEIKIERA (sorting)
BLEERDS, ZHICIE, FELTYLVIPRDYE
ORIV E A & DOIREREE T ICFIEL T 2 00050
Menh, ZOESB—DODOHZLR S,

A TR MEEBEOB - RIE X, 1lm ™A O
IS T, D 15 AU EOBEE K X 0 b O» S HEH
L CEHEIL 72, B 13 Powers (1953)3® o R
(roundness scale) ZF\T, I« FHE . A
BB 4 BEICXS L, 2h s OO,
RA TRy MERPIORFR T E OB REL, BH)
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HEhEMT E-0IITo T,
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pavement surface

fine materials

depth-to-fines

Fig. 7 Cross section of pavement



3DOHFICHESTRL TH B4,

7471 (a)

7471 (b)

5

Pawnee Cirque Mouth

Pawnee Cirque Center

Green Lakes 4
Lake Isabelle West

4 711

Isabelle Glacier Trail

Green Lakes 4 West

(P—C—M)
(P—=C=C)
(G—L—14)
(L—1—W)
(I—G—T)
(L—4—W)

DERATAY I THE, INODRL T AV M,
iDL 52, 7o b - v Y ORENIEE SR
KHRET IRRTECEREOEBREDHEVOT
HOBRETICHEL TS, 4R T A MIZDW
T, Fig. 8, Fig. 9122 OB 5 & US4
R~LTHBH, P-C—C&L-I-WDRA 7 x>
MZDWTRERLTWAREWL, P-C—CRA 7T X~
Fid, P—C—M A 7' x> b DILFE 500m 2 H H
B 60m EV, REOMERNE 3~7 B, &3 20
m» 55, VELEORZEIHSHITHS, L-1—

Tab. 2 Characteristics of research plots at Isabelle Glacier Trail and Green Lake 4 pavements and the adjacent areas

Plot Surface Boulder Depth- Slope
No. Roughness Shge to-fines Angle
GDd A. SA. SR R* Size*? n.*

% | (cm) {eim ¥

1 1.2980 105 34.2  50.0 5.3 12.3 39 3.5 10

5 g 2 0.9664 4.3 489 4.7 2.1 13.5 47 4.8 9
g 2 3 1.3051 10.9 413 435 4.3 12.9 46 4.8 6
20 4 1.1661 10.2  44.9  44.9 - 11.3 49 5.0 8
g' § 5 1.4085 11.9 424 424 3.4 10.1 59 4.6 6
5 :a 6 1.5542 9.4 43.8  46.9 - 13.4 32 3.5 3
3 g 7 1.1431 - 56.3  40.6 3.1 14.9 32 4.3 4
° o9 8 1.6513 14.3  50.0 33.3 2.4 13.6 42 7.4 6
‘§ 9 1.9924 1.1 722 16.7 - 17.9 18 9.3 11

g 10 2.3832 105 42.1 42.1 5.3 22.5 19 12.5 4
11 2.8891 - 55.0  45.0 - 29.5 20 11.7 2

1 3.7130 - 41.9 548 3.3 20.4 31 15.9 5

§ g 2 1.2851 - 53.2 447 2.1 16.5 47 10.3 4
=z 8 3 0.8914 6.6 52.6 40.8 - 9.2 76 - 1
g Y 4 1.7772 - 517 483 - 15.3 60 9.8 4
5 2 5 4.7726 4.0  48.0 440 4.0 23.3 25 - 1
£ B 6 0.6493 25.8  35.5  38.7 - 9.9 31 0.0 3
3 § 7 1.4073 20.0  36.0 40.0 4.0 12.9 25 0.0 1
w 3 8 5.4222 47.6 286 19.0 4.8 24.4 31 - 1
9 1.4073 9.7 48.4  41.9 - 22.1 21 10.1 2

*! 7 A.=Angular, S.A.=Subangular, S.R.=Subrounded, R.=Rounded

*2 . Average size of stones measured.

*3 . Total number of stones measured.
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WA T A E, [-G—T AT X DT
#, [sabelle KA 5N TL B/l EZHICHD,
ERI 5S~10ET1I0m U EDORE MR H S,

Q@ FEHER

Bt s CORERBRIC DOV T Fig. 8, Tab.
2I—RLTHD, ZEEDI A TDRA T A
FORFEE—DFTO LY B, Z OREHE & Wi,
B S EO FHEE LAY E L TCOES ®
Fig. 8 1C/"T. HAYE £ TOEZ I, KIS
(Zone 1) TIx—EaHAITAIEER £ 2 A b B D8, ¥
A71TD (a) b (b) b, BASHIZ Zone 1 3%
(%o Twb, 1, 54 7UDA T 2> M,
FATIDORAT A b ((a), (b) #i1Z) LD bR
UTHIRAE £ TOES A& (Tab. 3). 2o
13, HEHICH, FRER10% Vb, 1% VR

DEBEKETHS MIZENRDSNE, Linl, ¥
A4 7NN (I—G—T)IZBWTIF, KitfliETOREX
DEFEDShigol:, Ihbi, MAMEOR
FFAFICELEZ R, RLTWEENZ D,

SEHEREEIZBWT S, Zone 11k Zone 2, 3k D %
FHE LW, ¥4 71 (b) TRIZ-ED EHT
Zhmotehl, 471 (a) TiRHEHIZE 6%
LAV) RS e, &5, Y1471 (a) T,
Zone 2 & Zone 3 TDIFI-> & D & LIt nER
R s erotz, D% D, Zone 1 131EAX (Fig.
5)D &5z, oKL > TRSEEL, F
HEHEL %505, Zone 2, 3DHWVIETIE, I
EDELLTHEEOEIFEELR» o1,

Tab. 4i2H 2 & 512, 2FMCHE (R) 30U
E2EHnns, sA47NIEBWTR, 471 ¢

Tab. 3 Depth to fines within pavements (cm)

Measure
Pavements Type

Zones mean SD n

Pawnee Cirque Mouth Ia 1 23.5 10.3 9
2 15.8 4.2 15

3 21.9 9.0 15

Pawnee Cirque Center la 1 27.0 3.0 5
2 16.9 7.0 10

3 19.0 9.3 10

Green Lake 4 Ib 1 24.5 15.3 14
2 16.7 6.1 19

3 NA NA NA

Lake Isabelle West Ib 1 NA NA NA
2 18.0 7.9 18

3 NA NA NA

Isabelle Glacier Trail II 1 NA NA NA
2 4.2 1.2 30

3 NA NA NA

Lake 4 West II 1 NA NA NA
2 12.8 3.6 9

3 NA NA NA

NA=Not applicable
SD=Standard deviation
n=Number of measures



Green Lake 4 (type - Ib)

Pawnee Cirque Mouth (type - Ia)
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Fig. 8 Sketch maps of pavements in the Indian Peaks Region



L5, AR (A) bBHS»IH BV (5% LRL),
G—L—4 (#1471 (b)) A4 7 x> Tld Zone 1
& Zone 2, P—C—M (#1471 (a)) "4 TR~
FTlk Zonel & Zone2, 3 TEMNEDOND (5%
LRWV), DD, KFEO AN LT ABOEIS
BEL STV, TAH6DIENS, AT AV
MR ORIR I, REDOKT Q) 1ok > THE
WENTERBTREZVWIELERLTVWS, =47
AVIBRELTOIEH»SEZ S L, KEOH
By, BB, S OMHES, ZOBTORILMETH
%5,

G—L—4 LA WRATX EAE, -G
—T XA 7 x> NABT, AEOHME & O %1T
o7z, L—4—W OFHRIZ I, TR 2 TIEH % 23,
BE % A1 (non-sorted-stone-polygon) 2353 L
B TWw5(Fig. 9). #2TH, L4—WG—L
—4DNA T AP ERU LD BEHBEIETS
(Tab. 2), BECBLWIKRELERIFD O

B, MRIELHEVBRESNTHRLDTEDE
SRVLrIEY, ZOOFHEER, #H3 P
6 TIENA 7 A b (HH2) LY R,

Fig. 10 13 I—G—T A4 7 x> b & 24tz H
2 iE#RAR £ (turf-banked terrace)*® DERSTH
5, [-G—TRA472xvb2BEKY, EBEOE
% b (Rundhocker) OEIZH 5K & 72 —D DREER
DO RE (BERSR L © stone-banked terrace) % L
TWw3, I TOEEHIMATOF R (Tab. 2)
X, FHEHECEBEOKE ZZIEDSNZ VL, K
& IpKFRER (Mg 10) RBIBD 72 M (1sH 11)
DA TIBIIKREL 2D, e, MNWEETO
BaE, A7 x MO A (M58, 9, 10,
11) 2823, IN6DT En S, HES X UB
HOXT & HERY (R (X, KEOHERYL
KREHE,» SELL THET (rock fall) L7-EE%
ET, ERiIhwEEzZONhS, LolL, KiiOE
HIZBHS NN T WS,

Tab. 4 Stone shape distributions (%)

Pavement/Zones Type S.A SR R N
Pawnee Cirque Mouth la 24.9 41.2 32.6 1.3 233
Zone 1 15.5 42.3 40.8 1.4 71
Zone 2 41.7 44.0 14.3 0.0 84
Zone 3 15.4 37.2 4.9 2.5 78
Pawnee Cirque Center la 30.7 43.2 23.5 2.6 153
Zone 1 35.4 41.7 20.8 2.1 48
Zone 2 41.5 35.8 18.9 3.8 53
Zone 3 15.4 51.9 30.0 1.9 52
Green Lake 4 Ib 26.2 46.6 26.7 0.5 202
Zone 1 36.8 43.7 18.4 1.1 87
Zone 2 18.3 48.7 33.0 0.0 115
Lake Isabelle West Ib 17.6 52.6 26.8 3.0 131
Zone 1 19.4 36.1 38.9 5.6 36
Zone 2 16.8 58.9 22.1 2.1 95
Isabelle Glacier Trail II 9.6 43.0 44.9 2.5 272
Lake 4 West II 3.2 50.6 44.8 1.2 154

A= Angular, S.A=Subangular, S.R=Subrounded, R=Rounded

N=Total number of stones measured.
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Developmental Processes of Subnival Stone Pavements
within Periglacial Regions

Yoshio HARA*

Many kinds of pavement landforms are developed under various climates almost all over the
world. These landforms have individually been studied by many previous researchers. However,
comprehensive studies including the synthetical classification for the landforms have never been
done up to this time. Under these circumstances, firstly, the author classified them into two kinds
of the pavement forms based on their structures ; “bedrock pavement” and “stone pavement”.
The surfaces of bedrock pavements are flattened bare rocks with joints such as limestone
pavements. On the other hand, that of the stone pavements are accumulations of rock
fragments, especially cobbles and boulders, in which stones are fitted together like a mosaic.
Secondly, he classified the stone pavements into several sub-kinds of ones by paving processes
and ways of concentration of boulders. The subnival stone pavement is a pavement occurred
beneath a late-lying snow patch and one of sub-kinds of stone pavements developed under
periglacial environments with paving processes of snow and ice. It is assumed that there are
many processes for forming subnival stone pavements; weight of snow, melting water to
saturate fine materials beneath the pavement stones and to wash fines away from pavements.

In order to clarify the pavement developmental processes, the main field researches by the
author carried out on the alpine subnival boulder pavements (a kind of the subnival stone
pavements) at the floor of glaciated valleys and the bottom of glacier cirques in the Indian
Peaks Region, Colorado Front Range, Rocky Mountains. The same kinds of studies by the
author have been done in the Central Japan Alps, the North Japan Alps, Mt. Gassan in N.E.
Japan, Mt. Daisetsu in Hokkaidoh and Lapland, Finland and Norway, respectively. In this paper,
he has, however, limited his study to the subnival pavements in the Colorado Front Range.

The main subjects in this paper are summarized as follows :

1) The quantitative study for the pavements has been reported in Hara & Thorn (1982) by
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the data based on the measurements of boulder shape and size, depth-to-fines, and surface
roughness. Their statistical analysis showed that origins of pavement forming stones were
weathered blocks and boulders (autochthonous) or glacial till and rock fall debris (allochth-
onous). The importance of streams in the pavements, the streams scour fines from beneath a
coarse surficial layer, is also statistically significant. The surface roughness is related to depth
of snow over the pavements ; well developed pavement surfaces (less roughness) under deeper
snowpack accumulation.

2) The parts of developmental stages of the alpine subnival boulder pavements have been
examined from the comparative study to other adjacent periglacial landforms at two pavement
sites ; L—4—W and I—G—T in Fig. 3. Polygonal patterned ground are developed to the south
of the L—4—W pavement (Fig. 9) and a vegetated gentle slope to the north. A clear pavement
surface occurs only a small part over the stream at the foot of a block stream. The stone shape
and size of each sample plot show similar values. The smaller values of depth-to-fines show not
so much washing of fines away from pavements. The surface roughness of sample plots 3 and
6 around the L—4—W have slightly less values (more flat) than plot 2 in the pavement (L—4
—W). In the opinion of the author, the results of those measurings shows gradual transition
from a polygonal patterned ground to a subnival boulder pavement because of removal of fines
by streams and paving process of snow.

3) The turf-banked terraces have been developed very well at the north of the [-G—T
pavement (Fig. 10). Furthermore, this pavement itself represents similar features to the
stone-banked terraces in its form. The results of the measurements on both parts, the [—G—T
pavement and the turf-banked terraces, show that the surface forms and materials are the same
except stream parts. Judging from these facts, it seems to the author that the both parts have
originally been developed as the same kinds of solifluction terraces on the bottom in one single
glacial cirque. Moreover, at the deeper and long lasting snow part in the cirque, a well developed
pavement surface has been formed by late-lying snow. On the other hand, at less snow part in
the same cirque, the turf-banked terraces have been developed by an invasion of vegetation
instead of pavementation because of little snow.

As stated above, the author draws a model, on the developmental processes of subnival stone
pavements, deduced from the field-data in the Colorado Front Range. However, the adequate
experimental studies for this remains to solve this problems in connection with on both more

precise measurements and the comparative studies for these landforms.

* Hosei University
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