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Abstract: Glauconitic sandstones in Napo UT Member of Cretaceous developed widely in the Oriente Basin, Ecuador. Petro-
graphic, mineralogical, geochemical, and spatial and temporal investigations of glauconite can reveal its composition, maturi-
ty, formation and genetic types, which, together with geological constraints, can better the understanding of the significance of
sedimentary geology. Using the microscopy, X-ray diffraction (XRD). electron probe microanalyzer (EPMA) and Qemscan.
petrography. mineral composition and major elements were analyzed systematically. Glauconite in UT Member shows dark
green and curved rosette-like nanostructure and has high K, O content (8 wt%), indicating it evolved to highly evolved and
formed at low sedimentation rate in marine environment. Chemical composition and spatial and temporal attributes of glauconite
reveal its characteristics of intrasequential (parautochthonous) glaucony, and indicate as well that it has undergone transport of
storm surges and/or tidal currents processes. All evidences, including upward increasement of glauconite content, maturity
variation, and similarity of morphology and chemical composition between samples from the outcrop and within the basin, indi-
cate characteristics of parautochthonous glaucony. Upward increasement of glauconite content also suggests that the parautoch-
thonous glauconite formed in the outer shelf shifted landward, indicating the relative sea-level rise during the marine trans-

gressive setting. Widespread distribution of contemporaneous/para-contemporaneous glauconites usually represents the epeiric
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sea environment with stable tectonic setting.

Key words: glauconite; mineralogy; geochemistry; sedimentary geology; Oriente basin.
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K2, lbE N 2.40~2.95(Anthony et al.,2006; % Wi
45,2006 ; Haldar and Tisljar,2014).
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Fig.2 Sedimentary sequence, 10 samples location, K, content and glauconite content of glauconitic sandstones
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et al.,2000) , 1 HE40 J5UR) 4 b Ry ORIt 300 ¢ 34 I 4 3t
ol Ay ik 75 M4 45 3] (Dashwood et al.,1990; T 3 B8
&2 .2010; Xie et al.,2010;Baby et al.,2013; 5T
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Fig.3 Petrological and mineralogical features of glauconitic sandstones
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Fig.4 Morphological characteristics of glauconite minerals under scanning electron microscopy (SEM)
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Fig.5 Mineralogical characteristics of glauconitic sandstone using Qemscan 650 instrument

R2 BERABMH X HETH (XRD)FT MRS KLER

Table 2 Results of clay mineral components of glauconite using X-ray diffraction (XRD)

FE i R ARXTRG 4 &

WY OFRO PFRE /S BROS5EE SBG gia US KM $Ra BERE /S BRAS5EE sha gia
1-4 0 9 21 0 1 40 0 29 69 0 2
2-1 0 4 8 0 0 30 0 34 66 0 0
2-12 0 6 10 0 0 35 0 36 64 0 0

R3I EBERAFHNBTFR#I(EPMA)TEEESTER(REE L)
Table 3 Analytical results of glauconite using electron probe micro-analyzer (EPMA)
M09 SJo1 MNO1 K IX

GRE TR

GS1-1 GS1-2 GS1-3 GS1-4 GS1-5 GS2-1 GS2-2 GS2-3 GS3-1 GS3-2 OT-1 OT-2

SiO2 48.96 46.01 47.46 45.88 45.83 46.26 46.40 45.79 47.16 46.04 43.01 45.84
TiO: 0.26 0.30 0.22 0.25 0.26 0.25 0.23 0.25 0.28 0.26 0.21 0.22
Al O3 16.87 16.07 15.45 15.78 18.10 16.68 17.25 16.38 17.68 19.82 16.10 15.47
Fe; 03" 23.20 24.27 25.29 25.42 24.52 23.84 24.50 25.32 24.39 22.38 27.07 24.80

MgO 3.55 3.56 3.91 3.43 3.48 3.81 3.81 4.14 3.46 3.35 4.08 4.08
CaO 0.44 0.48 0.32 0.26 0.57 0.39 0.42 0.47 0.28 0.32 0.87 0.39
Naz O 0.52 0.38
K;O 6.72 9.09 7.47 8.71 7.24 8.76 7.40 7.66 6.74 7.84 8.67 9.20
Si apfu 3.27 3.16 3.22 3.16 3.11 3.16 3.15 3.13 3.18 3.11 3.00 3.16
Ti 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
VAL 0.73 0.84 0.78 0.84 0.89 0.84 0.85 0.87 0.82 0.89 1.00 0.84
Fe” 1.17 1.26 1.29 1.32 1.25 1.23 1.25 1.30 1.24 1.14 1.42 1.29
Mg 0.35 0.36 0.40 0.35 0.35 0.39 0.39 0.42 0.35 0.34 0.42 0.42
VIAL 0.61 0.46 0.46 0.43 0.56 0.50 0.53 0.45 0.58 0.68 0.32 0.41
SVIM 2.13 2.08 2.15 2.10 2.16 2.12 2.16 2.17 2.16 2.15 2.16 2.12
Ca 0.03 0.04 0.02 0.02 0.04 0.03 0.03 0.03 0.02 0.02 0.06 0.03
Na 0.00 0.03 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.57 0.79 0.65 0.76 0.63 0.77 0.64 0.67 0.58 0.67 0.77 0.81

SXIA 0.61 0.85 0.67 0.82 0.67 0.79 0.67 0.70 0.60 0.70 0.84 0.84
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Fig.6 Results of single glauconite with different test loca-

tions using electron probe micro-analyzer (EPMA)
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Fig.7 Relationship between oxide contents and interlayer cations

a.Si0; 5 Ko O KFR ;b 28k Fe, O * 5 K, O K F 5. ALO;s 5 KO K FR;d. 28k Fer 5VAI X FR



55010

R B (R4 K, O BT @ 43 & ) I 441 52
TR AT T R AR AT & bR s R o th 4 S s, B
) A 2 (K, O<<4 Y0 AR AL L (420 <K, O<<6%0)
ALY (690 <K, O<8%0) LA L v 3 AL B4 (K, O >
820 ARG JZ H PH 25+ 15 Bk A b 56 & & (1K 8) T
LU B i 2 AR 1 2 0 ) = BE R DX 0, 2
BY ) 2R AR 0 i 5 1 = B oT, SOk T B AR L
W — 80P (Odin and Matter, 1981). & Ff K i sk
FR WA W TG BN N 52 52 A B 381 o RE RORG 4 40
Witk , v LLE i gk 0 W) 00 3% B O R BE S
J2 1] BH 2 - 508 00 38 n i 3 . R AE B 1R B
SU)2 B e A0 1 ) TR TP S WE Y T 2 AL U
ek A7 K, O & 6 Hy YT A0 52 W flo8s Ky i #, 6 W
URL Y SR 28 T3 17 1 JHE P98 B 198 i A B B A B 5
I3 BB A AE Y R 1 i S A Y SRR (] 6).

Meunier and Velde(1989) #1 Meunier and Al-
bani(2007) $& H T PEH 1 28 A 40 3 4l 53 B AR 1Y
IR B AM™/Si 5 Fe™ /TN BH 85 T SRR E &
P, AT L 3R A H ol - 3 % s XU AR 1 52
WF T DA it 4 7 A T8 R 1Y 1 4 A 0 ) IX 3k, T A
B b 5 A 1 2 2 B ) DX 3 I (I 9) T A R RE
AL T2 A7 X A L 48 7R X R S ik 2 2
T A5 WO L 8 TR DT B B R BR B (Me-
unier and Albani,2007). 7 &% 47 JRr 19 X 3 22 A1
AT AE R BN (G 2) B RO B R e A B BT
Mg fy 8L, M H Fe 09 & &/ 27 % , it B
BA 4 01 AL AE ek & (Odin and Matter, 19815
Huggett and Gale,1997).
32 HBE

o a YK KO SELHEN 6. 1% ~
10.2%, F ¥ {H M 8. 0%. #% M Odin and Matter
(198 1)l Odin(1988) f K 7375 58 . UT B Ak J5 i /i
S A TR T A — s R A Y B L
A — o A AL I A2 ] E LA R T 0,60 HL/Zb
T 0.85, AR K 2 ) fH & 5 18 — NI K = B 26
(interlayer- deficient mica) " %) , V' R*™ / ("R*™ +
VIR R 0.19 ~0.24, # K F 0.15; 1" Al/
(MALHYTFe I A 0.18~0.37, ¥)/hF 0.50. &
A I RE R JE )5 B 2 BRI W HE A i 44 T
f1 (Rieder ez al.,1998). H Al J& ¥, a0 % &% (4 1) 5
0 i B AR S AN BOE S, L2 ) B 2
5 ESAMY KR IE AMT/Si 5 Fe' //\ {4 FH
B ORI G R PRI AR 1T 48 78 G R — R Y
& ( Meunier and Albani, 2007; Sdnchez-Navas

FH 2 15 45 ¢ B8 T 1 4 11 2 % 0 A 0 IR 28 200 B 9 AR M I 8 S 1703
12
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Fig.8 Relationship between interlayer cation and total Fe, O; "
55 Sk F R WA P A DA 52 08 A B B 5 RERORE T 4 119
AT 25 1 % B O AN B 2 T B 88— S5 484 T 48
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& 0.8} faaLe L \
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Fig.9 Relationship between 4M™ /Si and Fe” /sum of octa-
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Hop MTRIRZRIHE T2 M, Fer R Fed ™

et al.,2008).
3.3 WA BRI

T3 2 A0 A N 23 T8 1 0 7 o 5 T A Ak TR S
PR A R 11 T SE AR HIE 2 — (Amorosis 1995,1997) A
FZBM AR UT Bgg b s s s,
IR AR AR X HE R 2~ 3 kem ) P4 50 396 o B AL A A
Bk XA &L M E 2 120 km (YT S 47 1E 1L 2%
JG3 b AR R ARL 3K g T VAR S A R A i )2 2 AR
4% A R 25 2 — (Amorosi, 1995,1997) . TR #1ZE
AL Hollin 4 B0 R w0 A b A7 D R4
R, Koo £ UT Bl a5 ok 28 1 )5 1)
18 ) R 3 A P R T AR B T 2% B8 (Dashwood
and Abbotts, 1990; White et al., 1995; Jaillard,
1996; Shanmugam et al., 2000; Higley, 2001;
Estupinan et al.,2010;Baby et al.,2013), N fE>
Fadh e i Sk XA UT Be 4 fi 5 5 A9 e 2 0 W) IR 7R
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TR S WU IX Ay S 0 S AR M S DL K s Ny UH
Br 2 N b 2 P R A U A )2 Y R B B
HUT B NRA LT B S0 A o ok & 31 &
A3k S A B3 AT DL i i o AN R R A T
R S BIVAS J2 ATy L 2 B2 4y 058 IX 4 3 T R 1)

R L 5 A — SR ARG A, RV 28 5
R S 2 & AR 9 AR B (Huggett and Gale,
1997 ;25 55, 2011). UT BL T 8 1 1 &% A1 7 21K (/)
T 10%) , R ORAH 32 B A 0D A B2 T B0 R E
B AR L B B B IE AR TE (18 3) , B 2 T 20
PR T B 1 22 T T K 3 4 ik 2 (Huggett
and Gale,1997).H.tf MNO1 F:{7 T & HL 38, %
UT B Tl o 5 32 BERUR Bl A J2 B g
B (& 10a); UT EHEBMESE A & ft i (1026 ~
50%0) , S MHURLAHH 1) — 43 A s KL AR — )t 50~250 pm,
GYIREE 2% AW Bk i & (1] 10b).

A 1 23 ) S5 40 R T Ak A R R T
BT A e UKL AL B R) 7 2 5 A 0 UKL 1 R A A 4T
55— R R URE R A R S P S A, L FE T
22 W S A UK ey 0 AR =2 3 g A R AL
Bt v 1 [ T A i R A K I ik AR 5 3 AR T
H A g 2% A1 T8 B AN S T A B B )2 BT it
B4 JURLI1) 23 18] 43 A5

Ji ML 2 A A 28 5k K TR TR LT 9 R
AR B T AT B B A 2 DR o I A A
B X LRI 58 T LA 7 8 S A1 T8 B T BB R AR L T
AT P s o ) 9 b VAR St Ay 5 M 9 Sy 1T A
JI2 SN TG 28 20 43 A B s AR 2 — i o 22 A D b ¥
LR AK (Amorosis 1995, 1997 ; 4 ML 25, 2014). UT

BeiFsp A1 AL O, R 12,200 ~21.7%0 . F 8
fH% 16.9% , HAH W & fi /= (Odin and Matter,
1981 ;Berg-Madsen, 1983 ; Lee and Paik,1997) %} F
AL O, T i KT 20 % 1 =1 Bh 1 2 0 DU AT RE 2 1
AL Y B i (Odin and Matter, 1981) , {H & #F
)2 B i AR A B RN RS X R AL AL O
FEAT 8N ~11%MiEgAa — RO ES T T #)
iz M1 (Odin and Matter, 1981), 24 Ui FL ¥R 5% 4k F
TR SR SR KB 3% sl M i B AR 7T DA 2
4 E 52 (Berg-Madsen, 1983).

L5 R WF Y )2 BRI 0 i AL 2 21 03 A
2 @ M o328, F B IH 8 T — & R 2 N e
JE R S L 8 T T — E AR XU A B A
FH Y iz PG
3.4 MRMBEX

Ji 3 78 2 A1 38 H AR R A AR R DLAR Y b L R
JE— /N T 1~3 m, MR &SR A0ZE—KE
B2 5 Hb i 4% A1 O 32 (Amorosi, 1997) . i 3 TR
FE UL K i Sk IXAH ] J2 B 4 41 0 W 3 b R B E
ATEA AL 5 A0 3Kk Al 27 8RR L 25 5 DTRAR 1Y
WFFE R AT LA ST A0 )2 B 1 A S DR
PR B (& 1D LA 11 SR & H T AN g it
S A 38 R BCIR AR 2 T 0 K s L 28 D KU A/
B U A A i b D ) 28 5 e R R s L R Y B
A5 ek 3 ) A Sk ORL TR 5 I 1% s A 114 e B R
JB TR B S0 5 w0 i TTORR 0 v ] AE 3 1Y 7
WA AR LT 5 A 10 o L B 5 ) B A A H A R +
W) AW R 5 A0 R OT A BRI = 40 LK
DR AR IEER T MR e & T
— & R BE 7K Bl gV Can ] 390 0 % VR D 43

RS A

10 V5 A0 0 I 1] 43 A R AR
Fig.10 Vertical distribution of glauconite in glauconitic sandstones
a.c 3 MNO1 3 UT B R & & D i i g0 b Boa O IR ORI s bod 43528 MNOL 3F UT B B & E Bl g n b A Bod o iy &
HZEAM
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TST. iR R SBZ T 30 A5 TS 38 1 s MFS. i K67 1

TE 1Y 25

WF 5 X3 T 250 TF Al 19 DR RO 43 BT B Rk R
B, UT Bt Ay v T &8 o 17 WU AE AL B A
W2 BAUBORG 2 /8 % A AR B 7T DL SRR B id
fif LA, UT B B R B K B DR Y e o 5
T A (B_1s Bo) v & B & 40 1 A7 A, Ul W13 It
A Rl B B B A T o A KR B R B AL
F1F.

UT B n) Bk AR R I A 1) b5 a1y oK
R e AR I — i AR R A A (I 2) ) |
2 B_ls Beg i P 0 AP UTA L AR HEBR UT Bt 1
T 5 b v A A — o 1 B B T2 TR
(R 2 A 5 I M T 2 A AT — B AR K R B R
ME LA 280X 3 T e B8 ) b DAZR B Rk 3 X HR R 2 ~
3 km | P4 E#REE K XAHIEZY 120 km W& A TEIE S
A2z oy b BAT AR B — ok, DU £ 82 2
WHE SR I 2 e n] B4 A0 K. O & & 172
b = B T V- TR T Ve b T R b S kA A
g TG R .

DR M A e 28 B R I — R = w7
T R F18 R il 30 5 5 5% o A 2 R v P AT Py St 5 A )R
DU W 2ok B R &6 09 B B 3 ph X (Smith,
1989 ; Dashwood and Abbotts, 1990; White et al.,
19955 Jaillard, 1996 ; Shanmugam et al.,2000; Hig-
ley, 2001; Estupinan et al., 2010; Baby et al.,
2013) , 5 7 b B I [ 1) 3% 1l J22 68 FU ) TR 7 BF 5
JZ= B & BV 5 B AR 5 A0 B2 JE (Estupinan et al.,
2010) , 1 J2 J5E B 43 A 3 sz e 5 Ay 1 3 409 1 7 . F
FEDK 3 1 5 T g A 2 B i B T A R 6~
12 m, W JE T BRI K a5 s 5)Z R B_1s B, 1

T b 96 £ A 5 R A 1Y R B e, B R X )
B 7 01378, WU S AL T AN Rl b v A [
BF 848 75 A X ¥ - T b A O AR Ak R R
TR REE AT 4 (B 11D . B8 % R 2 AN [R] 3 DX 370
FUZEUEHE 1 7 AW & (Dashwood and Abbotts,
1990; White et al.,1995; Shanmugam et al.,2000;

Estupinan et al.,2010). 254 Lk R K, K2 B
T 23 A1 B 8 7 T R U R 85 4 B 7 ) (Amo-
rosi,1995). 45 & X I # it ¥ 5t % B} (Feininger,
1975; Macellari, 1988; Smith, 1989; Dashwood and
Abbotts,1990; Jaillard et al.,1995; Jaillard, 1996
Higley,2001; Estupinan et al.,2010; Baby et al.,
2013) . [ I 0 1 25 A0 B )92 53 A1 L 48 78 TR S B
TR A b 0 I DX AR O 22 TR T 3 AR E 1Y
i 2 T DURL PR 453

4 énlb

(DB 92 4 AE F0 T 2R 4 20 U W) B 3% 5 4 b
W ZR UT Be g 2 A0 ik S 68 8 o b B ik A0 2B
T FEAR TR AR PR A U — i A I A% 1
BB T SRR R e 20 1)

(Ao 10 75 BF 58 2 B il i 2 11 2 D 2 1
T TR XU IR AN/ G 3 A B s B L TR
T PR R 2R A

() B2 JE@ M A B, UT Boifg 4 £1 2 i 84K
[ b A7 34 AR e U R AT — i R B A b A
fia] b A 3 M 2R 90 AR B DX RO 2~ 3 ke B DY O A 2%
Fa Sk XAHEE 2 120 km 1978 % 1 7218 5 AL 7 1l o
ERAMPIES B ) S AT Y KO &
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