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Stratigraphy, Lithology and Diagenetic Mineral Facies
' of the Tertiary Yeonil Group

x%1% (Jin Hwan Noh)
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Abstract : In the Heunghae area, genetic relationships among sedimentary facies, lithology, stratigraphy and diagenetic
mineral facies of the Yeonil Group, are discussed. Conglomerate and sandstone of lower to middle parts of the Yeonil
. Group contain considerable amounts of volcaniclastic sediments, which were derived from the Tertiary volcanics
exposed in the western margins of the sedimentary basin. A new stratigraphic division of the Yeonil Group into the
Chunbuk and Pohang Formations is proposed on the basis of sedimentary facies, lithologic characteristics including
volcaniclastic feature, and the presence of a key bed of siliceous mudstone overlying the Chunbuk Formation. Diagenetic
mineral facies largely depend on the lithology and composition of sediments. Heulandite, smectite, calcite, and opal-CT
are commonly found as diagenetic minerals in the Yeonil Group. Among these authigenic minerals, heulandite occurs
as the coarse- grained main cement in conglomerates and sandstones of the Chunbuk Formation. Formation of the
zeolite cement is favored by partial volcaniclastic lithology of the Chunbuk Formation. Smectite composition and
diagenetic mineral facies such as heulandite and opal-CT may reflect that the Yeoil Group has undergone a shallow
burial temperature ranging 40~60C.

Key Words : Yeonil Group, Chunbuk Formation, Pohang Formation, volcaniclastic, diagenetic mineral facies, zeolite
cement, heulandite
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Table 1. Stratigraphic correlation of Yeonil Group.
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Conglomerate Danguri Conglo. | Conglo. F.
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Fig. 2. Field occurrences of characteristic Tertiary rocks. A. Stratified lapilli tuff in the Tertiary volcanics. B. Conglomerate containing
abundant volcanic fragments in the Chunbuk Formation: Note the more angular and smaller appearance of volcanic pebbles
(arrow) vs. Cretaceous granite and hornfels. C. Characteristic weathering surface of bentonitic mudstone in the Chunbuk
Formation. D. Siliceous shaly mudstone overlying Chunbuk formation: Note the hackly weathered appearance accompanying
conchoidal fracturing.
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Fig. 3. Simplified columnar sections of the Yeonil Group in the
study area (A. Chunbuk Formation, B. Pohang Formation).
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Fig. 4. X-ray diffraction patterns for bulk samples of bentonitic
mudstone (Chunbuk Formation) and siliceous mudstone
(Pohang Formation): opal-CT (op), quartz (q), smectite (s),
plagioclase (p).
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Table 2. Representative bulk-rock analyses (wt%) of mudstones using by X-ray fluorescence analysis (XRF).
SiO: ALOs Fe:O5* TiO2 MnO Ca0 MgO K:0 Na.0 P:0s LOI Total
BM-1 60.01 11.95 5.14 0.55 0.11 0.94 1.66 1.81 0.99 0.07 15.85 99.06
SM-1 77.79 9.81 1.53 0.37 0.00 0.28 0.59 1.19 0.19 0.06 7.33 99.16
*total Fe, LOI: loss on ignition
a 1UARTLAREMITE am

Fig. 5. Polarizing micrographs of voleanic rocks and volcaniclastic
pebbly sandstones (scale bar 0.1 mm). A. Welded ash-flow
tuff including large dacitic lapilli (vf): Note the vitrified
embayment of quartz phenocryst (fower right). B. Crystal
lapilli tuff with volcanic fragment (vf) and phenocrysts
of quartz (white) and plagioclase (lower right). C. Various
volcanic fragments (vf) apparently derived from the Te-
rtiary volcanic sequences in the carbonate-cemented sa-
ndstone of the Chunbuk Formation. D. Volcanic fragments
(vf) and epiclastic quartzofeldspathic grains in the car-
bonate-cemented sandstone of the Chunbuk Formation:
Note foraminiferal tests in the lower left.
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Fig. 6. Ternary diagrams showing the framework composition of
sandstones and sandy parts of conglomerate in the Chu-
nbuk Formation: quartz (Q), feldspar (F), lithic fragment
(L), monocrystalline quartz (Qm), plagioclase (P), K-fel-
dspar (K).
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Table 3. Diagenetic mineral facies of Yeonil Group.
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Aqko] ALY, Algt, o]al o ehibe] AdA 5&
X-AsA8A, Hgdn|7 P FAAR-A0 A FEE FalA
FApste] £A1 B-E-2 4] F9c}o]E (heulandite), 29 elo) &,
ukall A, W34 (dolomite), FH4] (opal-CT), A, 4,
3 A, A 31 (gypsum), BiAFY-Fr]ve] E (basaluminite) 5]
ZYA =90t} (Table 3, 4). ] FollA AR ¥le7} 31 At
F2 WZAE (main cement)2A AFEEE 7L FrlolE,
2delol B, Hbal A 2 ghalaql Zle 2 g} (Fig. 7). &
groler HES9) dok 9 At S E3] AEEe
£A FEZA, @o] -2 7 $-oll= 10 vol%ol] Zhes A4
ek AEZ WellA el A 42 ol ke
A 2o Sl Aot} AhEellE gAY BEe] 8 A

FORMATION AUTHIGENIC MINERALS CHEMICAL FORMULA HOST ROCKS
POHANG FORMATION opal-CT SiQ: * nH:0 mudstone & shale
(200~300 m) smectite (Na,K)(Al2-xMg:)SisO1(OH): mudstone, shale & sandstone
dolomite CaMg(COs)2 carbonate nodule & bed
calcite CaCOs carbonate nodule & bed
quartz Si0: mudstone & shale

basaluminite

AlSO«(OH)w0 - 5H20

carbonate nodule

CHUNBUK FORMATION
(300~500 m)

heulandite
calcite
dolomite
smectite
opal-CT
chlorite
pyrite
goethite
gypsum

CaAl:SizO1s + 6H20

CaCOs

CaMg(COs)2

(Na,K)x(Alz- Mgx)SisO10(OH)2
SiO: - nH:0
(Mg,Fe,AD)125i6A12020(0H )16
FeS:

FeO(OH)

CaSO0; - 2H:0

conglomerate & sandstone
sandstone & conglomerate
sandstone

mudstone, shale & sandstone
sandstone & conglomerate
sandstone & conglomerate
conglomerate & sandstone
conglomerate & sandstone
mudstone & shale
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Table 4. Electron microprobe analyses of heulandite and smec-

tite from conglomerates and sandstones of the Yeonil

Group.

heulandite smectite
1 2 3 4 1 2 3

Si0: 6137 6206 6135 6152 13943 40.73 39.16
Al:Os 1408 1489 14.79 15.18 |2621 24.66 2745
Fe05* - - 0.01 - 640 766 6.99
MnO 0.08 - 001 001 - - 0.04
MgO 134 130 131 142 | 143 128 135
Ca0 489 515 510 521 [ 063 047 0.50
Na;O 006 011 012 012 | 009 016 0.16
K:0 095 097 086 098 | 1.03 168 145
Total 8277 8448 8355 8444 7522 7664 77.10
*total iron

Fig. 7. Polarizing micrographs showing characteristic occurrence
of authigenic minerals in Yeonil Group (scale bar: 0.1
mm). A. Heulandite cements rimming around detrital
grains in the conglomerate of the Chunbuk Formation.
B. Calcite cements filling intergranular cavities in the
sandstone of the Chunbuk Formation. C. Birefringent clay
coatings (smectite) of the quartz-rich channelized sand-
stone in the lower part of the Pohang Formation. D.
Opal-CT (dark) constituting the intergranular cements
together with birefringent smectitic clay mineral in the
sandstone of the Chunbuk Formation.

B-E o)F0 A&Fr7) %= o) 27)d) &9 “micritic cement”
P2 AEsEe A il YA 2A4S Boly, F7]d
FTHFAAALE vuy 2] AAYS o]FH AEHE=
A FEL W e FARL Fas R ERolER
283k 23] [AE Bole 2R Hol, o] 't FEo]
A Leto] B Hrke $7]9 &4 AR AR £33
E NAEE A HAHale o]F= Al e A&
o|E FEo| WAEA] ¢k AvEle]Er} HAEE HAHF s
& el (grain coatings)Z Ak&Ht} (Fig. 70).

Edtiolas 4 719 AAEEAM = BolR AR 234
(A7 0.01~0.05 mm)2} & wWad® AYFPE o)Fx (Fig ),

Fig. 8. A scanning electron micrograph showing coffin-shaped
heulandite crystals filling the intergranular cavities of the
conglomerate in the Chunbuk formation.

)7} )7k A4} (intergranular space-fillings)olv}t ¥|A 7
ZFw el ¥%g 4 (grain rimmings)g ©)$9 A&gc 7HE
WY T2F FERY Hojzl A & AAH o HEH
Ak upsi Ao s mo] AFR P4z AEHE g
Agelole FollA 714 theft LEANE ol FE Eitrlo]
ET SHEES Si/Al &vlet dA Al dsiA ZElud
ZiejolE (clmoptxlohte)ﬂ} E3c}o)ER FRE} (Boles,
1972). ¥4 Az} A5 3] FHsv AL FYHql &3]
E9) FEAo2 Si/Al w7k 33~389) Wlel Folz
(Table 4) Cao] F¥-3it} (Fe|FdRE ol Ex Si/AlY]
v)7} O7) 4 o) Adelm v} T Hj A RS, o) 3}
ZAQA SFANEA At 2718 4 FEZ }‘]'is']t‘ £
Zrlol B¢l G-AF3te} (Noh and Boles, 1993).

A&7 Hdl 2571 £33 600~700 mol| E3}siri=
A A5 A Ble}h o), ARFE A R AgolA
FEEE 4 FEAE o] HHFo] & vlE 7 3lolA
BARARTE 725 AA1RIe) ERivhe| B4 22 EE]E
2 (laumontite)®] ArAo] (7 80°~120° WA o}7]5)
FAp A He g YynlejE3st =M (albitization) )
oFito] FAE A gdevhe AL olF bR, a1dde
AT dFL AE 2L Al §4 FESS A2
FFo 2 (1) opal-CT 3] dbiMe] 5 nHdEE o|F
Ad, (2) A7t 4 BEEA o)A HAt o ks &
233} (3) &3] HAAMo|} FAA (goethite) & A2 Als}
9 a8t FEEo] HAHY LA (grain coatings) O AHE
HE It 5L E F Uk ol e FEAY EAe o
g Z2Fo} AR =) 7}7HE (near surface condition) 2 =5
ke Wl E 37 (40°~60C H=E)E AUSS AAR) (Kas-
tner and Gieskes, 1983; lijima, 1988; Surdam et al., 1989).

°é%‘—i‘°l W9 & o E 29 A 245 HUS AN
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Fig. 9. X-ray diffraction patterns of fine fractions (2 pm) extra-
cted from sandstones of the Chunbuk Formation (s.
smectite, ch. chlorite).

52 4 Ao} (Fig. 9). Fig. 994 & = %ll“ H}Q} 7r=}°] A}
"‘}3—1 By 23 =
2 2]E]3}oq (glycolation) X-A3}4d —‘E‘r@'?} 4, °]'€°] 3
= /‘L (mixed-layer)& ©]FX] 43 £43 A9 elo| 22, A
< Zevhs AMLE o F ok 2ev 201 $4 J]de AR
FEZ A AL o)At AHe}o) E o] #]o)) Z NI e HE
FEo] ARHE AL i o 93el ez AR Fu)
Hoz AEHE YAog =g AEHE o] HE FEL
skt X-A sl EAlo] ofFH 7] o Fell H&3] A4S 5 ¢l
o}, C/SZLE £3 F4Y AHE FEolE] Eoe &%
YA 77k A2 AR} (Fig 9). ©o] A& FEY &
A oluh, Surdam 5 (1989)°] Ak A Algtel A =A%
ule} zho], %_":}"l Z|sekA ez whgAle]l =& kA
Bl °1 A AAA R FAIRE A2 Az,
X3} AFFo) vl olf Gt $A FEAAE ol F
o} A2 °1°:} 2 AdZ FASEE 233 ) L9
o] Erl 8 44 FEEA ARRE AL 7)o A o] b=
g Jeplcl A 258 S84 o]t Ald-& <A (Si0:
nH:0) - 4 %4(Si0:) 2. 2.9] o] AAS AAlshes $A3FE
Z2/43& Balr} (Table 3). &3] 74 o]te] u|A] dFe} &
At AdA WellA 7HE S sE AR U] =)
245 8] Aojo] wlgle] AFAE o1 FwHA TS FAe]
A} ol9} 2L FARAL 60T o3k WiE =& A4}

sH= 7l o 24 (Kastner and Gieskes, 1983), A5 %4
FEAAAM 51 40~60T) N E 2= & F=ck
29] 3ol A 0 2 A 5= 9050 FEA} ARt
o] Bt AR A k3 Adele)Er) F¥] wAES o|fth
F 829 oot Y A doA E3] WA= gkl A 9] 7]
2o E2ule|EZ o] FolA 9lar o] & FH Q| Abstl ol A 7HE
wlApetFu|upo] B} 441 B2 A AME R shabed A3 A 9
23 438 FAske YA B wsfAe] AEE7[E gt

o J»
r&‘i O&L o,

r-lm
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2 o

AL F T2 ARA-AZT A3 99t W A S5
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WHEZZ (40~60T)S AN 3 5- o] o’ A (F,
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AL A
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TE9 41E AQAFI Y2 AL HAE o1AF kT
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