Bsk H3M = AV B % I Vol.5, No, 3
19864E 8 A ACTA PETROLOGICA ET MINERALOGICA Aug, 1986

* ZRIILE »

fAW%%“H++“M+4“H+4WH+4wM+%MH+&wh++mw+&WH+&wH+4MH++}

| BARBMKERNERREERNTR

T T * LR SR SRLEE S SbbEE Shbie Snbde snbe sabin mnbie snbe snben metie sndes sl sndte aabbe sndie niie aules ates sndie b bl Sl bbie Snbi Sl bt SEb SR B

1982—1985%, EHAZEBHRIWET, FRTHEERAAGNSHREEWHTIR,
B E ALK K O RSB X RILTE R X MK A S R T R EMIF SR EATIRT
e ERMIRATHEEER Xt @daothr bk SZUEHREHERMABERANHES
W%, NRRERESTTRELEHNE, ATHRERZEDHERTEHIFL, EXRAHTHX
WESRFIICEE, LAMSE AT W4 RFRYEEBIRM A EHR R A FERNEDHR B,

BAF MR A ATS R E ST AT R MR RFIXE

—. ARG S HBEA R K ¥ E
+ LA DUE M Z RA FHE A B b i R L R d i S5 M RO €
» LA DENZREER AL BHHIR
+ ILPEZRACER K LB B 25 Bk 0 45 Mg i T 2

ERUNE

—. WHESHEESHORSR
SR AR I

[BEE| FNEE- TRy

GROUHLR 24Pt s WF oT A B )

Bl &

KARZWMR Lo MR ZHEETHz—, SHREERMH50%, WBEARMORD, 5
MAEZFRE LG EA P, ARG RERLEHNE MBI R, EARMGHRR M
TERBERARARRMRS REWRE, RMTARMKDERS. L, BAHREKAH
sy W, REEHERKEEHMENMEERAMOFMEHERET T H MR AL RN
&M, AMChIHRA RO T RERBAMEDEL. KPR, B #ESTREMHALS
AR, BHWHBRAS, RASRRSRS . REE. EH, TRAEK. B KA B &R0

+ B SHEHNEZE.



@3l R R A RS B SR e O i Ay 237

RRAMAPRERE L RLMMTT . PILad LR A2 MM 2T kX AT 4155 &

(BER BRI 5, EABTRMBERFA RO OHMAE, o, TR, &
REFCAR. B EHBE. BIBRIESEHEEVRRANBETFILCHAE. RFongRREn
B R -TEFF 8. R4 b AT 4 05 ik v i, DABEEORS Witk WhiE A1-Si g 6L
B, DEMFIHERAHEHRE, LRFHERMBREEAK A FRI Eb 24
g, ERERGMT —SXAEHTE, BRFEAFEL, HELMYE. £ & X-ARTHEE
BHESENETAL IR, FLEERAX-LREOWNEER DRZE §Td 85 &kt
EMRKRAE G RILERCFRX GHRER OO ESHMIAREH. HE. RAFHEL
TTHESE, MM AE BRI RA SRR T EEFE L,

—. VARG — A

R RS, k@R FE=ZLZRAPBAET, =AFEabEZRY—ZTLAAILA R
FLAA Ao @D -ANZ4MEM, FIRAXtld Ev LA A& B A7 SR, WET
SR W 5R BE R T LAKE W tH % R NI IR F O HEF 3. (BaXEEN A9 &2 dt RN+ ER AR Y
HeAh, BR@AMOFEHLE, Lhatk, EEARAFEROT B&E, BTAERMNEE. EHRK
EHEL, FREAERABEHNRBEEL, ETILER BhnoPe T BRECRE
e R RE TS BBl P9 2 W 9T o M B AR A0 FE AR B A 0 (B A PR B 4R, B R i ik o B 55 4 B TRl
#EWmE,

19795E W BRiAHISHZE ARSI b, MGG AET T AolEFE: GIg5H 2 kg
mn PR EE A S5 R B R RS R AR AL, B R AR A TR LB T — AN B BB K A, XA
FR 5 5 A FR 1w L) A2 78 2\ BE Y (commensurate) , 37 LA A TS A EHY (in-commensurate) ,
HiXA AW BB RS MEE .. EHRRa B mESEEL, HEREAEAEMNFEERE
g, TULEARSMBSE EELE, eafEBEgNn. GBERF. KBAEF. AR
fa. R R (spinodal decomposition) 5[EHE E ], HIASHEMWARRE I, %
I EXFMEHN LHFIALRR, MBeXHAGSHALAEREELRAN LENT —-4AEL
ERARMGARE, RERAEE, TUERKEENEZ) ., 4 X #% GHiR% &
b, MELEHNG RS AR BTERE,

Z. BERGISA., EeBERE. RIEIRAKRSH
HORE A B X - B dy T S 380

1. ¥E A% (density modulation structure)”’

DABRME KA A, Bk ek e 4 B R 7E 1A (exsolution) fTIEZ B HRER
B—HBR, RAAK, Na@iFEREHMHT (AL, SH-O WMEEHERBT I, HERKEF
BRERXEAZX MBEANaE FRZEMERER), HXFHELBEMR A, & X RAMR
K, HRFEREBEWHEZLESLR RO &K, K. NagFEIERER AL (1000 @M%
MmERBERER, EEANKETERXHUAKEFRZE, Hin— FiAG k& mELx4
AL, XFEEEHAY—ARFEAEERG, BRREERAEH bR A TERE
7 AR, BRI EF iR g,



238 # AV B % & & B5%6

B 1 2% ERRgHRER, Hda)Edh, FRREX/MERREFEREFHRD, #
TARET, BTFERREFREN, EREFESNT - NRAYATHIE 6k (b)ERE
SR Far g R LR, ALRELHMEFSHFYE HHTF 2%, BEEXEE"
75 [ el , o RAR A IR BB A, BRI RMLAT () Fon, B (e )R ELHE 5% FHK,
b

O—0—o —p —— —) ——— ) ~—) —— )
l ] (a)
Q0 — 00 e P 0 e § e e
a b,
- -1 | i ,
Afn 1 . N

B 1 EEsEEiR S RiER
Fig, 1 Model of solid solution with density modulation
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A Study of Modulated Structures and Complex Structures in
Natural Alkali Feldspars.
I .A Brief Introduction to the Concepts of Modulated
Structures and Complex Structures and Their

Experimental Methods

|Peng Zhizhong], Ximen Lulu, Wang Xianhua

Abstract

This paper involves some of the concepts of modulated structures and
complex structures of alkali feldspars and their experimental methods.

Complex structures such as density modulation, periodic twinning and cohe-
rent exsolution etc. were found in alkali feldspars of Hanmuoba basalt, Zhangjia-
kou, Hebei Province, and in the volcanic clastic rocks of mnortheastern Jiangxi
Province.

X-ray single crystal analysis methods such as precession method, standard
orientation oscillation, Weissenberg method and transmission electron microscopy
(TEM) were employed to reveal these complex structures of alkali feldspars,
and the techniques are outlined in this paper.
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Table 3. Chemical composition of basalts from Hannuoba(W. %)

PR | HC | B # | SiO; | TiO: | ALOs | Fe;0s | FeO | MnO  MgO [CaO| N2a,0O |K,O|P, 04| B | 2 &

KREEER KL ch it et Z R | 43.07) 2.38 | 12.42| 5.05 | 8.65 | 0.15 . 9.48 8.84) 2.83 [1.80[1.00] 4.93 |100.60
WIS (chii @ 2| 43.84) 2.72 | 18.86) 5.19 | 7.45 0.10 | 5.67 [9.64] 2.71 |1.78[0.92] 5.81 | 99.67
+EFEHALO| LR 2R #| 63.04] 1,27 | 15.60] 3.07 | 6.93 | 0.17 | 6.42 [8.82] 3.54 |0.83[0.24] 1.36 [100.75

» PR B S R

R 4 NERAZRECIPWIRRT Y (Ws%)
Table 4 C. 1. P. W. normative minerals of basalts from Hannucba (W;g%)

5 #E ['S (7]
di ol hy
PR PR CEEL ap | il [ mt| or ab an ne | — Q
wol|len | fs | fa | fo en’ fs’

KRRER K oLy 8 BZs 2.35[4.52(7.29| 10.57] 27.16| 16.02(3.689.20[6.33|2.13|4.46] 12,14
MEBEE BiE 2.09[5.19(7.62| 10.64| 22.76] 20.28(0.20l9,3316.36/2.23(2.08] 5.42

+EH LD | AR ZE S [0.47]2.38(4.40 5.16] 29.78[ 24,17 7.7 4.6 2.7 11.40] 6.69 | 0.97

=. TFEHEP LA RS NE

RRFAT R ALANE HIERN+FE AL DORFRAREXEH R BHEEH, BHR
i, THHIEFHRHEFMHE LM, XTR—PHKAMAKEEHIADLEFHECD, B3
MR ZRE PSSR AR RS MRITER LR R,
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bR KL, 2Xh-538 5. HENMTREA. PRAZE, BorFEEEETREAME
AFRAMKR2EER (B 19 x ), XEEZXRERNERE, BHREAS IR D
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¥H. a=8.16 8, b=12.958, c¢=7.094, «=92.08°, A=116.19", 7=91.78",
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HMARA©=0.9759+0.5tg0WhzE, FRERE 4" /4, WseaHntEAD 5 8,3 HEkik100
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Ao MRTHRERETLPEFEE, RERKKEIE, LPEHFHEARA.
_1_ sin26 (1 + cos?20M)
(LPI™ = 1+ cos®26cos?26M

(20M: HEZZHI2087 5 M)
B144M20>>29°, SREEE KA, MERUSEGETR/DZ LB E, RKEHLRTIR S
M5k, a=8.155(2) &, b=12.851(3) 8, c=7.094(1) R, «=93.32(2)°, B=116.29

(O°, 7Y=90.17(2)°, V=665.1(3) &%,

RS RFLE. SAERVARDSH

Table 5 Coordinations, occupancies and thermal vibration parameters of atoms

= 5 ¥ & ¥ CRECE

¥ X Y z K
T:O 0.0085(5) 0.1648(3) 0.2159(6) 0.929(19)
Tm 0.0041(5) 0.8157(3) 0.2298(6) 0.899(18)
T,0 0.6889(5) 0.1088(3) 0.3207(6) 0.2851(189)
T,m 0.6840(5) 0.8786(3) 0.3551(6) 0.9071(186)
0a(l) 0.0026(14) 0.8647(9) 0.0199(17) 1.0000
0a(2) 0.5883(12) 0.9912(7) 0.2803(15) 1.0000
0s(0) 0.8171(14) 0.1093(8) 0.1947Q17) 1.0000
On(m) 0.8192(13) 0.8501(8) 0.2484(18) 1.0000
Oc(0) 0.0167(13) 0.2913(8) 0.2783(17) 1.0000
Qc(m) 0.0176(13) 0.6872(7) 0.2190(17) 1.0000
Op(0) 0.1983(13) 0.111147) 0.3882(15) 1.0000
Op(m) 0.1294(13) , 0.8694(8) 0.4249(16) 1.0000
M 0.2703(7) | 0.0098(8) 0.1278(13) 0.9521(223)

54 G & 8 #e

F Un Use Uas Uz Uss Uis
T\O 0..101(17) 0.0153(18) 0.0071(16) | - 0.0022(13) 0.0053(13) | -0.0039(12)
Tim 0.0082(17) 0.0141(18) 0.0063(17) | - 0.0026(13) 0.0043(13) 0.0017(12)
T:0 0.0071Q17) 0.0074017) 0.0068(17) -0.0016(12) 0.0029(13) -0.0008(11)
Tam 0.0082(17) 0.0088(16) 0.0077¢16) | ~-0.0008(12) 0.0040€13) | =-0.0013(12)
OatD) [ 0.0226(50) 0.0449(67) 0.0185(50) | - 0.0043(49) 0.0125(42) | ~=0.0031(46)
0a(2) 0.0167(43) 0.0177(43) 0.0233(49) - 0.0023(39) 0.0085¢(39) | =-0.0046(33)
0s(0)|  0.0274(52) 0.0243(50) 0.0284(56) - 0.0052(45) 0.0193(46) | =0.0070(41)
Os(m)|  0.0192(50) 0,0311(55) 0.0331(61) | ~-0.0061(50) 0.0136(48) 0.0061(40)
0c(0)|  0.0227(51) 0.0252(51) 0.0285(57) | -0.0086(46) 0.0138(45) | =-0.0052(40)
Oc(m)|  0.0214(46) 0.0171(44) 0.0241(51) | ~=0.0015(41) 0.0072(41) 0.0017(36)
Op(O)]  0.0266(48) 0.0111(41) 0.0174(45) 0.0080(36) 0.0070(39) 0.0032(34)
Op(m)|  0.0235(50) 0.0232(49) 0.0194(50) | ~—0.0046(41) 0.0062(41) | =-0.0041(39)
M 0.0174(25) 0.1561(89) 0.0843(59) | -0.0923(63) 040030(27) 0.0038(33)

. ﬁzﬁﬂl@ﬁﬁﬁ’&ﬂ: expl — (U h2a*2 + Uz:k?L*2 + Ugal?c*? + 2U, zhka*b* + 20U shla®c® + 2UkIh*c*) )
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ARTFLECHTFCHE, RLERR/NREMN &R PIAERTL R &R HEER
FHTBE, NHIHEZSEFRAB0.015, fija, MALEMER/DZFREMN FTFBESE.
SR EREFIMERFNEATERE FSARMRBET =2, & & BARXR=
T IFol = 1Fcl|/ZFo it 3, REFHET 0.096, it Byt 1256 MbrAist A, HETF
etn, IRFSHERMo K. AP HINEKS. 6. 7. 8. 9, #rh FHEN M FRERE
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£6 T—ORKR)
Table 6 T-O bond distances ( 3 )

T10—0a(1) 1.673(10) Tm—0a(1)| 1.629(12) T,0—0a(2) | 1.665(9) Tam—0a(2) 1.647(10)
THO—0x(0) 1.655(10) | Tun—Os(m)| 1.630(10) | T:0—O0s(C)| 1.649¢10) | T:m—Os(m)| 1.623(10)
T10—0c(0) 1.653(10) | T:nm—OQc(m)| 1.655(10) | T:0—Oc(m)| 1.639¢10) { T:m—Qc(O){ 1.637(9)
T/O—0p(0) 1.671(10) | Tim—Op(m)| 1.645(10) | T,O0—Op(m)| 1.635¢(10) | T,m—Op(O)| 1.636(10)
S 1.663 L 5 1.640 o1y 1.647 oy 1.636
®’T1 00K
Table 7 O-O bond distances( 3 )
wiigr Wa—O0s 0a—0¢ 0a—0p 05—O0¢ Op—Op Oc—Op R S
T,0 2.610 2.792 2.653 2.725 2.787 2.714 2.714
Tim 2.626 2,720 2.589 2.704 2.712 2.712 2.677
T,0 2.692 2,603 2.659 2.714 2,720 2,738 2.688
T,m 2.691 2,632 2.652 2.679 2.664 2.709 2.671
£y 2.655 2.687 2.638 2.706 2.721 2.718 2.688
®8 M—O@K(})
Table 8. M-O bond distances( § )

M—04(1) M—-0a(1) M—0a(2) M—0,(2) M—0g(0)
2.704 2.580 2.346 3.558 2.495
M—Qs(m) M—Qc(O) M—0Oc¢(m) M=—0p(0) M—0Op(m)
3.120 3.398 2.886 2.478 3.130

115 N o S 1

KM HKat SR HENRRANRS . RS, SKMNE KA & EET
b (2100 8. (1) +FHXUORRESFRADARSHSEaH— B AH
i, mAEREHKERKAARR, FERAEREEVHRA, WKEREVARA. R,
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B9 O—T—OHT—O—-TEAH)
Table 9 O-T-O and . T-O-T bond angles(®)

0—T—0 (°)

TO /M @m K T.0 W @ &k
Oa(1)—T,0—0(0) 103.3(5) 0a(2)—7,0—0r(0) 108.6(5)
04(1)—T10—0c(0) 114.2(6) 0a(2)—T,0—0c(in) 104.0(5)
0A(1)~—T,0—0p(0) 105.0(5) 0x(2)—T3;0—0p(m) 107.2(8)
Qs (0)—T,0—0c(0) 110.9(5) Qa(0)—T,;0—0c(m) 111.2(6)
Qs (0)—T10—0p(0) 113.8(6) Qp{0)—T0—0p{(in} 111.8(5)
Qc(0)—T,0—0p(0) 109.5(5) Qc(0)—"T,0—0p(m) 135.5(5)

2 b5 109.5 g o) 109.4

Tm m & T.m M @ &
0A(1)—Tim—0p(m) 107.3(6) Qa(2)—Tzn—0g(m) 110.7(6)
Oa(1)=—T ym—0Q¢(m) 111.8(6) 0a(2)—T ;in—0c (O) 106.4(5)
0A(1)—T;m—0p(m) 104.5(5) 0a(2)—T;m—0p(0) 107.8(5)
Os(m)—Tim—Q¢(m) 110.7(6) Qs (m)—T,;m—0c (O} 110.5(5)
Op{(m)—Tym—0Op(m) 111.8(5) Qg(m)—T ;m—0p(0) 109.6(5)
O¢{m)—T ym—Op(m) 110.5(5) Oc(0)—Tm—0p(0) 111,7(6)

pa 5] 109.4 L2 o) 109.5
T—-0—-T (°)
TO—0a(1)—Tm 144,2(8) T0—0Q¢(Q)—Tm 131.3(6)
T0—0a(2)~Tm 128.6(6) Tim=—Q¢ () —T20 130.9(6)
T10—0p(0)—T,0 139.8(6) Ti0—0c(0)—Tm 134.5(6)
Tim—0p{m)~T3m 159.3(8) Tm—Qp{m)—T;0 147.8(T)

317, 139.8

% 10 BAHEEHFREILL

Table 10 Comparision of some plagioclases with similar compositions

= & { i A RRZR = & & & & m | HHEZEX

iR B RS B—q{L® Hhkla 7 % E & Ag—{k ko
A An28 ADGS 3 Or2.3 |ALGL. 14 Cogu0s || T1O—O 1.700 1.662 1.663
a(R) 8.169(3) 8.1733(6) 8.155 Tim—0Q 1.637 1.649 1.639
L(R]) 12.851(4) 12.8818(5) 12.851(3) T,0—0 1.683 1.649 1.647
c(R) 7.124(2) 7.1103(6) 7.094(1) T:m—0 1.639 1.649 1.636
a(®) 93.631(3) 93.314 (6) 93.32 (2) uo 0.678 0.314 0.382
B(*) 116,40 (2) 116,282 (4) 116.29 (1) urn 0.193 0.31 0.229
7 89.46(2) 90,275 (4) 90.17 (2) L0 0.201 0.31 0.276
A1 1E1hic3 c1 C1 C1 iam 0.208 0.31 0.202

WRAMHBLEHEMREHERFTRUBRE®, BT, SHEHNS R K ®E T H
MRAMmRRSH, RERAETABHEMLL Q) CaKkAENEFAIHER (D 5
T-ORKMEZFE X, RETFINAK.
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ti=0.25 (1+An) + (<Ti—0)»—«T—-0») /0.137
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A Study of Modulated Structuresand Complex Structures in
Natural Alkali Feldspars. [I .Discovery and Structure
Determination of Plagioclase Megacrysts in Hannuoba

Basalt, Hebei

| Peng Zhizhong | Wang Xianhua, Ximen Lulu

Abstract

The Hannuoba Basalt is located in the northwestern part of Zhangjiakou,
Hebei province. The distribution of the basalt is controlled mainly by the two
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fractures in the area. Several kinds of deep-source inclusions and megacrysts
such as feldspars and pyroxenes were found in the basalt.

For about sixty years, all the feldspar megacrysts found in this area had
been regarded as anorthoclases. On the basis of analysis of compositions, optical
properties and X-ray diffraction patterns, oligoclase-andensine megacrysts were
first discovered by the author in Zhangjiawan Tholeiite Crater in the area. The
structure of an andesine megacryst i1n 1t has been determined. The least-squres
refinement led to a final discrepancy index R=0.096. The bond lengths of T-O
tetrahedrons and Al occupancy indicate that Al/Si distribution is disordered

= ARENENEREEKE
i
Yk | ETEL HIER

CRUUHDTT EPE AL VF I £ 48D

REMBEZRAAZTEERAE LG, €41k, BMREXTFERBRALHIIRLHE
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. RSO RBR B EMXOERA RS LA R HEZ D,
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B 1 BRExTHARRAZAD
ORMEKLHERD AW EGHER
X 3k W KA R

Fig.1 Schematic diagram illustrating the com-

i i I Or position and nomenclature of feldspars quen-

KB®ER NaEKE KEKA ched at high temperature in the Or-Ab-An
(~ KD eystem.

BBy A 8 R RE M 55045 Cngs B GG #) o B IR R IR 25 150 o i PR T Lo

IS L i DERTA,

WO RERBOHRBEBHERAGXARD B HE@EATIAIS &, HHEFT T a5
b—clE® Efya HARRA A2 (Aa=a,—a) , XEHIREKY, KRBERK FAY/Siy 4 BF
FRBEEETHERIEMERA. BEH lAal =0.050 K 1H, FHFHE KA & SRR
HIERWE, MokKEH R |Aal WiEkTF0.05, HATXKMFELNTF0.02, PrLh KK
WERGEREHANDERRAT 2L, ik WER—A T RAENG R, Naksl
et e RN &R DR,

— BRERSXATH RIEE SR
BRE R XHHATANEE S BEmEEIZEREE. BRAGEREDENH BE
RATH LA 2. MREARKRARIEWRBRR G, XETHEAERITSASEX
ME3JFFE"]E 6—8 °

861 660 481 260 262 464 665
751 351 354 555 736
- - L L ]
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821 622 22 222 L 2T 9l en 826
Youir 512 313 12 M3 518 ot
* 801 0403 492203 o202 —_ . - 0204 405 408 —
L] 7M1 . * 37, _-2 - '35 ‘5-18 «TIT
. 512 o . U 113 » . . *g35
= 622 -
.o, a, o, A gy B
931 73 352 .
*8l1 ‘eq1 A2 %, .235 45
. . *358  *gES * 758
552 352
. . . L

B 2 FTRAGEDIEZEEREZMFHLER
Fig.2 Single crystal X-ray standard osillation schematic diffraction pattern, Some

diffractions are indexed,
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(=) KEFXRLBEERBERHF

REERBARAEEBERARGE AT HENS —AERKA, THEERF H—H,
AILEI R ARG E KA R 6.

() BAEEERERLERR

XtREWREABLE X BRAEELEHEFHEO0ERTS, IR IED
WA . BH 1 RIZE—RER (ho) MEHEATHE, Fa*MEEm (201) ST 4 A B A B
BORE, XERFFEMHIEGRE DA, SEEMNEIEREISHRRNTEGTHFARG
AXIDEMGAEERZRAABATHEL, ZHEZEEHILESF, Ha/hmn, XFOBKT
10°, BFXTRATHRIREBI KA, BRALHENS. SE, LWk W EF
FAF (1001) MRk 76 (hol) 4Eze AT L o4 HiM HI Bt o A 2h95 K. Ik B4
i, XEATHE ER e B AR T RGBSR, B AT A % BE R A i I i R Y g ok
ke THZ5 8 KA db A i TRATS A TREH R B MIVRB A, SREMA—A L B i
firs M AT RS, ZXZERKA &EREAYEEEEN, P& RINRKRT A
EHEZRK, MABFRE (1001) EHEMHHEREE!., X—AEARETHATWMER
A% BRI S Hr TRHIE A p. R R E S s BERF Tt -~ IR SE T IR S5 F A,
WA 2ABRKRAVHERSR, £TARGELATHAREH S R0 F4T, JF B MER
BB RS H MEE, XEALNMEERFSHER NS LR, XMARIXREZ—H
Bl 8 SE=Fh 45 Mo RN L3 B, BARE MR G20 A4S HFdE— 8L, EMPthIEZEE, HEM
R —E i, Ei%BMR ENEKEGKENAR107 R, BRI EAMGIEE & HnX
YERTATE BRI R O, R R HIEE M IR il SE 3 i 52404100 A,

AR 6 MEREHIIEAENFREER, HhUAEREERERUMLENTSE, A
B RXEAT HIG TR LG, SRR ERHIW DR R GR, M—L50 i, »
REAREEBGE s FEg, Hik, RREHRERMHELHEOFEESTEATRNY, XMufAbF
GRS GLBE B AN

(2) BRREBRERERBESEHF

ZXZERARBBETHAY —, HRELEBEGSEGL SHERABRABRYAKA
(Cryptoperthite) , BGEAXEATHE L, FHEMEHARREBREHENERNH, B LB
R EHOrH R EALH, HAMKAANSEKEHHRKBEAOLR, FAXFAFHFRAKHE AR,
K AWM & (Long Period Twinning) fHIMEARX FEA X —MEEE, % & 3| &R
IRERE R DER, EZEMATT.V.Smith (1955) “OWGEHa*, Y* R N &
OrH i & o LM & H B F .

F X dath EERTEHERAEDRE, RELTHEATARIBENNS A TAMHEE
LT T 2 0,

I. HEWAHES LKA RN GO E]ATH

Mh 3 Mi%LKATS, ATSEENS—ATHM A RER, SAKEAD M KA
EEOAH B R AR ARTS, MH, KIEWRAATHEELHIEREOr, AbMHAT 4 AZ
¥ BT &, dn (2k2) FRTH AL, AT AR EEARTH KR T —/A 8, %
WRZABEATS . fTHASNFERAERAGHBN R IR IKEE E — & M, 1k
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5, BB E AbAHAT G AR B R A F EOcAANTSY, SEMZADM, FHZO#, BR &K
BEkA, Bib, BELEM (hk) ATHMFHMES BH B A RE K, fAN (kD BHE #
HEAFEAE—E, KREFXXRTVCAIER, XEAERR. 20K i 5, ®Or, Ab
WARRIOr R H 4 Eb 4> Bl h27F016,

0. ZHHHNKAE &L ATt

MR 4 JRIZEATS, SHEAHARMNEERUTHETHOFRE, B8 —HAKad
AT Gt YA = AR Z A LA B & A 2 (8] 8 SE R AT T AR SOARIE S, AT AR T AR B
BB, XM (402). (242) FTHHOIRBORME R —H T, H o HAR A BB O AT 4158 B
B/, R EMAHGATH AEMEERK, B E AR Z 68 R L Btk 0
furpiEde Z A L Hs SR BsRE R, SHHOrER T oL 2k 29. 18F015,

M. BB SHEARKARNATHOES

B 5 RiZLEATH, ERMTHEHEATAHOARZEET, £ 5 ADHN & 4 5% 80wl
A3 EFEENERRKAEN & A, mEd k2) fT46, BA 6 ZH (OkD st
4t E, R LR REGRES KRR ARG CnooD 60 sk 8/ s EMER W&
Can (0k0) FLIATST,

cEEE L, XA EHRRARTHMARARN M EADEMR TIZ - |- {74
£k, ZEBbEMb* e T, H5T.V. Smith™ MR &/ H AR, 4, B it B
HEHRKAERSTTREHERTEAREGAEWNSHATH, MALZZWHABREAR
[, W& KRWRE, EEDMEE, HMEOROSNAITHAZAEIEkEn, SHER
A Z BN &KL, BoRLAMIIME, Wb, of. #RELTE, Eik, B8 KA @8N
sip sy FE B AR A AR E R HE R RTH B B, SOIATH HIER R X R,

V. BEATS R AR RAT G E A

MR BRBEATE, BAERKARBABNEGTH. £ 00 A TESLRT 8
Ny DEATH A, & A7T4T A Z R CE A AR, 3 (3 2 T kK 75 ik 1 il 5 #9 (Transver-
se Modulation Structure) FY4FMEARTST, VA HI0E B

— b* ;
w=F=17b(219.4‘&)“

BRI ABESS, B AXEAT A BT R BLAY B A R A R 0 SR — R fE 6 — 9D, T BT BF
RHIERAFABERELTD, SLHhDR, BFRZ K ER &7,

V. EA4HBORRAERRE . RA 8RR S R AKAaRN R E A AT

EATHT LA (R 8) , BIMHBELMHTHaH: (1) (242). (222) 47§ GL E=TLA
BEIRMLTHE D AMAH (BHS,D), H=MHEhMK AR NEMIHBATH;: (2)Q0d) #
ST VKR AGIS e DEATS (BR8,c), HEMBHEBEMME, AT HKE
RATHEOFE R, SR AHA18b, FIARTFEN ML, EhEMEENHE—D, B— /T
GBS A (3) & Q00 RTSHE A — B AT A, THE (132) #7462 (B J+ 8,
d) AFTBEMFA, SEMNEABRKAANAAH, BIZATHBE/N, 65 A5 AR
BB, HRBMRETHEODRMOHEMNER. B EReTR, ZREAEMHETH £ % B bk
0. MFIVEMHEAEEREN.
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VI, EADbM., WOriHhHMRAMEMN &4 LA AT 4t

ZRMH B AR ATNE. Bl o h—BRAMREEER, ERULAGEEMN
KARRENTS. EZM (ho) FAFIRAMWA K, HEMAEMRED, AHEOr ML, X
ERBEML bt FE, REH Or, Ab HHAA AT R AEMITE. (hoD) feREMH
B (BA10) EREWEATH, (Ba*BhfiL& AT E Or, Ab BiAHRILHE HIEZ A RAR
TG, SHEENSHEE, RHEEETFES 0D, HETR, &% # HEER L
S5HHAHAR, EEEMAR, RE2REERR.

HEA ARG HTAME, FRERAEGAETIEET2FETEHE, MAR—E&#E
AR & BRI RHOAR, XEs KT ERERBRS . SHNAH—tk, KB
B—dhh, HARRBHAKTHEBHRRAERS,

=W

% F—gifRETRSA: (1) BERAEZMIE, BHZRAHRG, £ B Tda
e A E A HGE B P, SHIRA B DT R, &R M IEmEik L
RIS Ay iRk Sy RO R, KRR, ZHEEBEY - HHT YESREXRETER
(9, TEAAMFSE & i 2540 R 4045 VT LLH OB B0 M BUAR S i e BT 3R QU A JH VR B, TR IR IR
£ 55 e Andk 4k 2 i

(=) BRSBS{EIRE
SHEMGZR, HRELLME HBRERIRK L™ & t, E—E B ET, Zx BiE#k

R A R TS LB S iy LR , B3, Si. SoR-2F = 0 mmA,

BRI DI, AL BIHERTHAR  AGaws= @) F (ZE)R%EF Gk, Fhb &

BIFS, AGH JOMENE 86 o AMHREMENE IR —EEER GRS

GFRABAZE, WCA, BIT-<0, PUAERAGHEMEANES, SHEELA DT

Wb, #nCi. Coy MifIfERH —HERE UL HE, BR, WRE R ERT BRZ
Bh, AT R A AL B L. TR, SROMGETHAZAE, BAMERRS TUEKRGE
AT E S/ RS, ARTXRE LR AR, B AMEAREHBAMEE, FFEL/D
B ETT S ARSI, BEERNEHERX~ERANER. ¥ TRKGMTROER
th, BF—RERTF, Al Si-ORZEEWEMEN, LRI BOEBUBREER. Bk,
KA EE RERAe RN FERMBEHERIREERT 8 WM& TH RS BHNE
Sk, TEATIA, BTFHARARTMERTFOB/MEET &, SHEEZMAR M, LI
B CBRA” BN SEE, SChRNEIER L, MR bR RIS R T P tHBLE UL
KEAER KU, Owen ™% 3t ) — K AT B KR, FFAXKAT 5 fo Z5H
W B TRSE T AR M S M RAE, MR, Moy —ht, BIETERIL BN EK SECKIE. &
EREMELR. BAMELAE BEAIBARRE, BEEMAZEH—M, MOrERE
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ST MR KA, E750CTH—IbE, BAEISHSNESHNERER, RRITED K2
g, R, MRERBEAET, EHE 2D
HALHEZER, XERTRAL B THHED ?'%ac™=0
EAs, WBREBAYRE2RE, N \
=i T 85 BEVA I 4. o

R, BT AR LAE R TE BN E
ST, B, BASRHESHEE LA
KB EHESREN, WMBEE—/RE 1
T, BRI, ST ok :
SYIRBY B, B B VAR S5 A0 3 Mk T 4 A AT
SR ST LAIA S 2 Bt i 1 S 1
TSR EREEmMRTER S Mm% R, A ]
i, TRIFEY, EIEHHEETRBER T
R B L B 1 3 4 RS,

(=) KEEFRWE. HHTEEUR
BRI E SRR S b

KBRE KIS, WABEERMEREE A o Cor B
HOEMOAMBELRE, BAEREED 5,5 -5 (A, B) Bk s rnE
R MARIT . A BT A, Hhi2mRitZ R (a) HEfE (G) 544 (C) %(7AM, BENT,
ShBRAE QA RERRE 2SR5 Y (bBE (1) 585 (C) RFHE.
t, MLKABES R EETRSH 80 f:“j;‘;jjf fﬁi‘;’f‘”‘;;‘;“°;‘§‘;j;j°“ diagiam
AEEHEW, —hE R BT '
MG RIS, TAREETRMBEY REMGEN CRAER)  BE58 50 Rtk
SRR LR, KAER. Bk, SAREBRARRGIBAEETELHFEERS
BEA R, TFRE, RKETEERAEIY—H; BEBELEUEESBYROE R
VI AL TR KRB RA SIS SHE R, TR, SRR, PRTRGEHE
KRR ARMNG, MEZREPBREE REEEEOENBEN, M ARTEKULE,
W AR RIS, BRAFPBLIE R RS RS Bl R k18, 025
W 75 K R 1 O AT S B T L VR B K R LN, X TEIF S S s RS
sob 5L o O B A E 25 A B 3X — SR R AR

MO, WZEERAR G

o P G5 H o T 2 2 FR R 20 I8 X R B BE A G S 0 @ b 1T, iZdn kiR 4y W % 1 TAS
—95 S, LbTE b 2.61g/cm?, (-2V)=49°, Ng=1.533, Nm=1.531, Np=1.525, 2
BIBEC 1. FEREUERTAE LB RSS2 %h: a=8.158,b=12.828.¢c=7.043,
®=92.23°, B =116.28",7=90.02° 7E Y [H 7L _LARSMMA R % H. a =8.231 (D) R,
b =12.907(2) A, ¢=7,125(1) 4K, 2=92,17(1)°, 8 =116.33(1)°, ¥Y=90.18(1)°,
V=677.7(2) A%

(a)

(h)
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%2 RFLE SHTEOAEDSR

Table 2 Coordinations,occupancies and therma! vibraticn parameters of atomi

= B ¥ B ¥ & H 3

* X Y 2 K
T,0 0.0087(2) 0.1710(1) 1.2185(2) 0.9363(93)
Tim 0.0058(2) 0.8162(1) 1.2269(2) 0.9369(93)
T,0 0.6935(2) 0.1115(1) 1.3289(2) 0.9474(94)
Tym 0.6908(2) 0.8797(1) 1.3495(2) 0.9418(93)
Oa(l) -0.0045(7) 0.8628(3) 1.0082(7) 1.0000
0a(2) 0.5998(6) 0.9942(3) 0.2817(7) 1.0000
Or(0) 0.8222(7) 0.1195(4) 1,2092(8) 1.0000
On(m) 0.8207(6) 0.8534(4) 1.2378(8) 1.0000
0¢(0) 0.0207(6) 0.2964(3) 0.2691(7) 1,0000
Oc(m) 0.0234(6) 0.6898(3) 1.2303(7) 1.0000
Op(O) 0.1913(6) 0.1163(3) 1,3949(7) 1.0000
Op(m) 0.1886(6) 0.8696(3) 0.4198(7) 1,0000
M 0.2739(3) 0.0040(3) 1,1344(5) 1.1312(149)

g # i Bh B #

¥ Un ! Uy Uss U., Uiy Uy
T,0 0.0211(9) 0.0116(8) 0,0077(7) 0.00:20(5) 0.0059(6) 0.0010(5)
Tim 0.0198(9) 0.0103(7) 0.0073(7) 0.0027(5) 0.0044(6) 0.0057(5)
1.0 0.0199(9) 0.0077¢7) 0.0110(8) 0.0023(5) 0.0049(6) 0.0028(5)
Tam 0.0217(9) 0.,0072(7) 0.0101(8) 0.00:28(5) 0.0055(6) 0.0042(5)
0a(1) 0.0386(28) 0.0221(21) 0.0162(20) 0.0047(16) 0.0105(19) 0.0053(18)
0a(2) 0,0297(23) 0.0148¢19) 0,0201(21) 0.0030(15) 0.0058(18) 0.0039(16)
0s(0) 0.0318(25) 0.0286(24) 0.0290¢24) 0.0051(19) 0,0147(21) 0.0002(19)
Os(m) 0.0300(24) 0.0307(24) 0.0273(24) 0.0078(19) 0.0141(20) 0.0069(19)
Oc(0) 0.0303(23) 0.0183(20) 0.0238(22) 0.0002(16) 0.0119(19) 0.0023(16)
Oc(m) 0.0331(24) 0.0169(19) 0.0192(21) 0.00:.2(16) 0.0057(19) 0.0052(17)
Op(0) 0.0327(24) 0.0208(20) 0.0153(20) 0.00.6(16) 0.0055(18) 0.0052(17)
Op(m) 0.0315(24) 0.0214(21) 0.0197(21) -0.00.3(16) 0.0035(18) 0.0032017)
M 0.0177(14) 0.0797(26) 0.0507(21) 0.0401(17) 0.0012(12) 0.0056(13)

MIRBIBHTIEA R exp( = (Upih2a®* + Ugpk?*? + Usgsl?c*? + 2U,hka?b® + 2Ushla*c® + 2Ugkib*c#) )

%3 T—08%k (})
Table 3. T-O bond distances /' §)

T,0—0a4(1) 1.643(5) Tim—0a(1) 1.659(4) T20—04(2) 1.651 (4) Tam—0a(2) | 1.648(4)
T:0—0p(0) | 1.644(5) Tim—Op(m)| 1.631(5) T;0—0p(0) | 1.634(5) Tam—0p(m)| 1.625(5)
T0—0c(0)| 1.638(4) Tim—O¢(m)| 1.638(4) T:0—Q¢(m; | 1.632(4) T:m—0c(O)| 1.636(5)
T10—0p(0) | 1.654(5) Tim—Op(m)} 1.647(5) T;O0—0p(m;| 1.621(5) T:m—OQp(O)| 1.638(4)
EHT,0—0 1.645 SEHTm—0O | 1.644 EiHT,0—0 1.635 SFEHT,m 1.637

tio 0.301 inn 0.293 tz0 0.224 tzm 0.240
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® 4 O0—O0K (R)
Table 4, O-O bond distances ( § )
70 P9 &
m Oa—0s Oa—0c¢ OA—0Op On—0Qc¢ On—0Op Oc—0p
& Rk
T,0 2.606 2,757 2,613 2.711 2.724 2.691 2.684
Tim 2.617 2.737 2.64] 2.708 2.717 2.677 2.683
T,0 2.688 2.604 2.657 2.689 2.682 2.708 2,671
Tzm 2.682 2.621 2.654 2.682 2,681 2.713 2,672
21y 2.648 2,679 2.641 2.698 2.701 2.697
£5 M—Oo@K(R)
Table 5 M-O bond distances ( })
M—0x(1) M—0a(1) M—0a(2) M—0a(2) M—0gp(0)
2.720 2.658 3.551 2.414 3.67T1
M—0a(1) M—Oc(O) M=0c¢(m) M—0Op(O) M—0p{(m)
3.001 3.274 3.006 2.633 3.028
&6 O—T-—OfdiK ()
Table 6 O-T-O bond angles (°)
TO M @\ & T:O U M &%
Oa(1)—T0—0s (0} 104.9(3) 0a(2)—T;0—05(0) 108,6(2)
04 (1) —T410—0c(O) 114.4(2) O (2)—T;0—0c(m) 104.9(2)
0OA(1)—T,0—0c(0) 104.9(2) 0A(2)—T30—0p(m) 108.5(2)
0p(0)—T,0—0c(O) 111.4(2) 0p({0)—T;0—0¢c(m) 110.8(2)
0s(0)—T10—0p(0) 111.4(2) Og(0)—T3;0—0Qp(m) 111.0(3)
Oc(0)—T,0—0p(0) 109.7(2) Q¢ (m) —T30~0p(m) 112.7(2)
2 ] 110.5 3 1 109.4
Tim fm &k Tem M MW (K
Oa(1)=—Tim—0Og (m) 105.4(3) 04 (2)—Tym—0g(m) 110.1(2)
Oa(1)—T m—0O¢ (m) 112.2(2) Qa(2)—T;m—0Oc(0) 105.9(2)
Oa(1)—Tim—Op (m) 106.1(2) Oa(2)—T3n—0p(0) 107.7(2)
O (m)—Tm—0¢ (m) 111.9(3) Op(m)—T;m—0c(Q) 110.7(2)
Og(m)—T;m—Op(m) 112.0(3) Qp(m)—Tm—0p(O) 110.5(3)
Oc¢ (m)—Tim—Op(m) 109,1(2) Q¢ (0)—Tym—0p(0) 111.9(2)
¥ b} 109,5 F 2] 109.5

BB R LER M EEEESEHBITERRAFRIIXEZZD, K5 H 3 HRME
BEF40.079, HIFRFAAR. PRIHSH. Borek, dAXRIRE2, 3, 4, 5.6
7, RPFESAHBFIIRERE,

HZERAOAEEKRARAAR,
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®T1T T—O—-TEAE ()
Table 7. T—O—T bond angles (°)

THO—0aA(1)—Tm 143.3(3) T{O—0c(O)—Tm 131.6(3y
T2:0—04(2)—Tm 130.9(3) Tim—0¢(m) ~T,0 134.1(3)
T10—0p(0)—T0 145.2(3) I'0O—0p(Q) —Tm 137.6(3)
Tym—0s(m)—Tam 155.7(3) Tim—Op(m)—T;0 147.0(3)

EHT—O—THEA . 140.7

ti=0.25(1 + An) + (<Ti—0>—«T -0>) /0.13¢%
KEMENTEMHAISERE S, BETH, AUSIHAHEERBTERS, MELOMtimE
FHE, & &EHEHE TR AR,

h. & &

BEHBERNEANRUEZREXBRAE R EHTR, FHaTILAANRTER:

1. ARAERAERBRBEHEREHE, XEPIHEEY, ERBABEHN R D —
YRR, ERABXRATHRZREPERAE RAGHELRAKLEN, &ESHNE
SEREVTFHRIPEMAMHRHERT, ERKBOHERA PR T LAH 0 8 & WIa%
B, FMRIT RS 17—18bR K A de B IR &,

2. MRIWAHEE KIS, MBS ERKRKSHEPERAGESHIE 0P 7 fB=
AR (ERATHPL) ZREFROGEREAR, © B3 ERKKER,

3. ERTETERM THMEBERMAYE, RiEIEETURAT i SR BKRAHE
ZMER, WRAERERIELEME, TLLUER MM EEIERMTEM.

4. PP EEIARI SR, A X BB RERBRE - HERLENHFESTRATR,

TR TP BIEBXAZDHEASLARBOEY, HRORBHITRHLH ¥
BRE. BHEESRENK DI HEMIGE ., TIETEEABILES 1T EHRAE, FLk Kt
SEBELARINATE, RAR, ZREEREMHHIE T, AREFREREFTITPHEET
WS, R —HRRRO MR,

2 5 X M

(1) BRES, 1982, NENZRERARTR QK. HIWRFRBER, #1—2/0,P45—631,
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A Study of Modulated Structures and Complex Structures
in Natural Alkali Feldspars, [II Study on the Structures
of the Anorthoclase Megacrysts in Hannuoba Basalt,

Hebei

[Peng Zhizhong], Wang Xianhua, Ximen Lulu

Abstract

The paper is concerned with the anorthoclase megacrysts collected from
Damaping Volcanic Cone, Zhangjiawan Lava Sheet and Taoyaowan Pipe in Han-
nuoba Basalt, which are all alkali basalt. The study is focused on the complex
structures of the anorthoclase megacrysts and was carried out mainly by means
of single-crystal diffraction in addition to tbe powder X-ray diffraction, chemical
analysis and optical study. The anorthoclase megacrysts from Damaping are cha-
racterized by their simpler structures. Only albite law or pericline law twinning
can be found on the single diffraction patterns. The same patterns of anorthoclase
megacrysts from Taoyaowan Pipe are characterized by bond satellite diffractions,
which are caused by density modulation structures,The direction of its wave tran-
smition is nearly parallel to the normal of (10 0 1) and the length is about
100 & . Several kinds of complex structure diffractions including coherent decom-
position (cryptoperthite) and long-period albite twinning (transverse modula-
tion structure) were found on the patterns of. the anorthoclase megacrysts from
Zhangjiawan Lava Sheet. The period of the transverse modulation is 17 to 18b.

An anorthoclase crystal structure has been determined. The least-squares
refinment led to a final discrepancy index R=0.072. The bond lengths of T-O
tetrahedron indicate that the structure is almost topochemically monoclinic sym-

metry.
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