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structure are known, reflection angles can be predicted using the Bragg equation:

nA,=dsin6, where n represents the order of reflections, X represents the wavelength

of the X-rays, and d represents the interplanar spacing of atoms within a crystal

lattice (Nesse, 2000].

Several steps were required in order to get the samples reduced down to a

few tenths of a gram and into a fine powder form. The three specific facies chosen

for analysis were fine-grained pale carbonate, dark planar-laminated carbonate, and

veins within the mounds. These were individually cut apart using the tile saw and

separately kept in different sample bags. These sections of the samples were

crushed using the Sturtevant Jaw Crusher, which crushes the sample down to a fine

aggregate of material. The sample was further crushed into a coarse-grained

powder using the Bico Pulverizer. Finally, the coarse-grained material was ground

into a fine powder using a mortar and pestle and this was mounted on an XRD slide.

Acetone was used to aid in destroying any contaminants and also to reduce the heat

from the mortar friction against the aggregates.

XRD analysis was conducted by putting the sample on a holder that pivots

relative to the X-ray tube, allowing the angle of incidence of the X-ray beam to vary

from zero to 90°. To record the reflections, the electronic X-ray detector was placed

at the angle 26. In order to achieve this angle, the electronic X-ray detector was

mounted on a concentric goniometer, which moves at twice the angular speed

between sample and X-ray tube. As the sample and detector were rotated through

the desired range of 6 and 26 angles, the intensity of the reflected X-rays were

electronically recorded in the form of an X (26]-Y (Intensity-counts/second] graph.
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Figure 5.1- Schematic diagram of the stromatolite microfacies. Facies A is disrupted
greenish dolosiltite, Facies B is continuous dolosiltite, Facies C is pale grey massive
dololutite, and Facies D is banded dololutite/dolosiltite. The white materials in Facies C and
D are veins of dolomite.

Figure 5.2-Stromatolite sample FG-4
Facies A, B and C are found in this sample. Facies A shows disrupted laminae and has a
greenish-grey color. The abrupt boundary is evident with the overlying Facies B with darker
planar laminae then overlain by a massive Facies C, with veining.
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Facies D: Banded Dolosiltite/Dololutite

Facies D contains a mixed composition of carbonate and clastic bands. The

range of total thickness of the banded layers is 4 cm-8 cm. In hand sample, the bands

alternate from pale grey massive to dark brown-black in colour. In thin section, the

pale grey massive layers are fine-grained, similar to Facies C, and the dark brown-

black layers are predominantly mixed with fine-grained material wrapping around

detrital grains, which gives a wispy appearance. Roots and plant fragments were

predominantly seen in this facies.

The minerals identified are the same as Facies A and B: quartz, variety of

muscovite, opaque grains (pyritej and carbonate grains, predominantly dolomite.

The sedimentary fabric is different in this section. The dark banded laminae are

distinct under thin section for the mesh-like appearance (Fig. 5.9). The geometry of

the laminae is continuous but crinkly. The veins are prominent. Some root

structures are present and are lined with dark organic debris with iron-rich clay

(Fig. 5.10).



























































































































Identified Phases: (Bookmarks)

Ref. Code Score Compound Name Chemical Formula
00-046-1045 71 Quartz, syn Si O2
00-007-0042 22 Muscovite-3T ( K , Na ) ( A l , Mg , Fe )2 ( Si3.1

A 1 0 . 9 ) O 1 0 ( O H ) 2
00-052-1044 39 Chlorite-serpentine (NR) ( Mg , Al )6 ( Si, Al )4 O10 ( O H )8
01-074-7800 42 Dolomite Ca( CaO.17 MgO.83 ) ( C O3 )2

Candidate Patterns: (Bookmark4)

Ref. Code Score Compound Name Chemical Formula
01-076-0927 31 sodium calcium tecto- (NaO.84 CaO.16 ) Al l . 16 Si2.84

alumosilicate O8
01-084-0752 27 Albite, (low) Na A10.91 Si3 O8
01-083-1466 25 sodium alumosilicate NaO.986 (A11.005 Si2.995 O8)
00-041-1480 24 Albite, calcian, ordered ( Na , Ca ) Al ( Si , Al )3 O8
01-070-3752 24 Albite (NaO.98 CaO.02) (A11.02

Si2.98 O8 )
00-009-0466 22 Albite, ordered Na Al Si3 O8
00-021 -0982 22 Poly halite K2 Ca2 Mg ( S O4 )4 -2 H2 O
01-070-2157 19 Polyhalite K2 Ca2 Mg ( S O4 )4 ( H2 O )2
00-018-0877 19 Taenite ( F e , N i )
00-010-0393 18 Albite, disordered N a ( S i 3 A l ) O 8
00-019-1184 18 Albite, ordered Na Al Si3 O8
01-089-7574 17 titanite (Al-rich, F-containing), Ca(Ti0.181 A10.819 ) (O0.181

syn F0 .819) (S iO4)
00-029-0348 17 Brandtite Ca2 Mn +2 ( As O4 )2 -2 H2 O
00-020-0528 17 Anorthite, sodian, ordered ( Ca , Na ) ( A l , Si )2 Si2 O8
04-011-6768 17 albite high K0.22 NaO.78 Al Si3 O8
01-076-0926 16 sodium calcium tecto- (NaO.75 CaO.25 ) ( All.26

alumosilicate Si2.74 O8 )
01-083-2215 16 potassium sodium alumosilicate K0.2 NaO.8 Al Si3 O8
01-079-1254 15 albite, Ca-rich, calcium sodium ( Ca.38 Na.62 ) ( All.38 S52.62

tecto-alumosilicate O8)
00-025-0306 15 Clinopyroxene, titanian Ca ( Ti , Mg , A l ) ( Si , Al )2

aluminian (NR) O6
01-083-1371 15 calcium sodium alumosilicate CaO.64NaO.35 ( A11.63 S12.37

O8)
00-035-0463 15 a-LiA!Si4O10 L iAlS i4O10
00-034-0185 15 Aegirine, syn Na Fe +3 ( Si O3 )2
00-029-0865 14 Kanoite ( Mn +2 , Mg )2 ( Si2 O6 )
00-041-1370 14 Diopside Ca( Mg , A l ) ( S i , Al )2 O6
00-047-1782 14 Unnamed mineral (NR) Ba ( Ti , V )8 ( O , O H )16
04-007-5466 14 sodium tecto-alumotrisilicate NaAlS i3O8
00-014-0346 14 Magnesium Aluminum Silicate Mg O • A12 O3 • Si O2

•01-071-1066 14 sodium iron(III) catena-silicate Na Fe ( Si2 O6 )









Identified Phases: (Bookmarks)

Ref. Code Score Compound Name Chemical Formula
00-036-0426
01-070-3755

83
36

Dolomite
Quartz

Ca Mg ( C O3 )2
Si O2

Candidate Patterns: (Bookmark4)

Ref. Code Score Compound Name Chemical Formula
04-011 -1102 19 Sodium Dysprosium Titanium

Antimony Oxide
01-084-1479 19 pyrochlore (Dy-exchanged), syn
01-074-4547 17 Zirconia - synthetic
01-071-5046 17 Tazheranite
04-011-1103 17 Sodium Ytterbium Titanium

Antimony Oxide
01 -084-1480 17 pyrochlore (Yb-exchanged), syn
01 -084-1475 16 pyrochlore (Cd, Yb-exchanged),

syn
04-011 -1098 16 Cadmium Ytterbium Titanium

Antimony Oxide
a-Cr O O D
a-Cr O ( O D ), grimaldiite
deuterated, syn
Tennantite
dodecacopper(I) tetraarsenic
sulfide
binnite
binnite
Tennantite
pyrochlore (Cd, Gd-exchanged),
syn

04-011 -1097 15 Cadmium Gadolinium Titanium
Antimony Oxide

01-070-0622
01-085-1375

01-074-1027
01-076-0101

04-010-1154
00-043-1478
01-074-1071
01-084-1474

16
16

15
15

15
15
15
15

NaO.5Dyl.5Ti Sb O7

(Na.5Dyl .5) (TiSb)O7
ZrO.88Ol.78
CaO.22TiO.22ZrO.5601.78
NaO.5 Ybl .5TiSbO7

(Na.5 Y b l . 5 ) ( T i S b ) O 7
( Cd Yb ) ( Ti Sb ) O7

Cd Yb Ti Sb O7

C r O O D
C r O ( O D )

Cul2 As4S13
Cul2 As4S12

CulOZn2SbO.6As3.4S13
(Cu,Fe)12As4S13
Cul2 As3.40Sb.60S13
( Cd Gd ) ( Ti Sb ) O7

Cd Gd Ti Sb O7

04-010-2078
00-036-0394
00-051-1421
00-017-0933
04-009-9721
01-074-7800
01-073-3934
00-047-1846
04-008-9876
01-084-2067
04-003-2101
01-075-1486
00-014-0409

15
15
15
15
14
14
14
14
14
14
14
13
13

tennantite
Nordenskioldine
Niobocarbide
Indium Borate
silver catena-antimonate
Dolomite
Tennantite
Crerarite
Grimaldiite, syn
Ankerite
cobalt antimonide
calcium tin bis(borate)
Huntite

Cu6.48Fe5.52 As4S13
Ca Sn +4 ( B O3 )2
( Nb , Ta ) C
I n B O 3
Ag Sb O3
Ca(Ca0.17Mg0.83)(C03)2
Cul2.54(As0.98Sb.02)4
( Pt , Pb ) Bi3 ( S , Se )4
HCrO2
Ca MgO.27 FeO.73 ( C O3
CoSb3
Ca Sn ( B O3 )2
Mg3 Ca ( C O3 )4

S13

)2







Measurement Parameters: (Bookmarki)

Dataset Name fgSd
File name C:\Program Files\PANalytical\X'Pert
Quantify\RESULTS\KT\fg8d.XRDML
Measurement Date / Time
Start Position [°2Th.]
End Position [°2Th.]
Step Size [°2Th.]
Scan Step Time [s]
Scan Type
Divergence Slit Type
Divergence Slit Size [°]
Specimen Length [mm]
Receiving Slit Size [mm]
Measurement Temperature [°C]
Anode Material
K-Alphal [A]
K-Alpha2 [A]
K-Beta [A]

2/10/2010 10:03:02 AM
5.0000
80.0000
0.0200
1.0000
Pre-set time
Fixed
1.0329
10.00
0.1000
25.00
Cu
1.54060
1.54443
1.39225

Graphics: (Bookmark2)

V V V V

Position [̂ Theta] (Copper (Cu))

Peak List ; ; |

01-070-7344

U1-U/4-/dU4

!
[I | 1





04-011-6677 23 hedenbergite, syn Ca Fe Si2 O6
01-089-0832 23 calcium magnesium iron silicon Cal.003 ( MgO.895 FeO.105 ) ( (

oxide Si 1.901 FeO.l ) O6 )
01 -089-0836 22 calcium magnesium iron silicon Cal .018 ( MgO.733 FeO.293 ) ((

oxide Sil.67Fe0.304)O6)
00-055-0572 22 Karupmoellerite-Ca (Na , Ca , K )2 Ca (Nb , Ti )4 (

S i 4 O 1 2 ) 2 ( O , O H ) 4 - 7 H 2 O
00-011-0267 22 Simplotite Ca V4 O9-5 H2 O
01-070-3753 22 Augite (Ca MgO.74 FeO.25) Si2 O6
01-086-0745 21 sodium calcium scandium zinc ( NaO.25 CaO.75 ) ( ScO.25

catena-disilicate ZnO.75 ) ( Si2 O6 )
01-074-2426 21 Hedenbergite, manganoan Ca.91 Mn.18 Fe.91 Si2 O6
01-089-0837 21 calcium magnesium iron silicon CaO.991 ( MgO.641 FeO.342 ) (

oxide Sil .6Fe0.417)O6
00-025-1456 21 Calcium Aluminum Silicate CaA12SiO6
01-089-0834 21 calcium magnesium iron silicon Cal.022(MgO.857FeO.l22 )((

oxide Si 1.877 FeO.l44 )O6)
01-086-0743 21 sodium calcium scandium zinc (NaO.35 CaO.65 ) ( ScO.35V / \e ZnO.65 ) ( Si2 O6 )

01-081-0487 21 calcium titanium magnesium ( CaO.959 TiO.041 ) ( MgO.987
aluminum catena-alumosilicate A10.013 ) ( Si 1.905 A10.095 O6

)
01-076-0543 21 Pigeonite CaO.18 Mgl.21 FeO.58 (Si O3

)2
01 -083-0094 21 magnesium iron calcium catena- ( MgO.948 FeO.052 ) ( CaO.96

disilicate MgO.04 ) ( Si2 O6 )
01-073-9803 21 Magnesium iron Aluminum ( MgO.88 FeO.09 A10.03 ) (

calcium sodium catena- CaO.95 NaO.01 FeO.04 ) ( Si 1.98
alumosilicate * A10.02 O6 )

01 -089-1997 21 disilver iron tetrathiostannate Ag2 Fe Sn S4
01-083-0086 21 Diopside, ferroan (MgO.992 FeO.008) (CaO.962

MgO.038 ) ( Si2 O6 )
01-083-0088 21 magnesium iron calcium catena- ( MgO.984 FeO.016 ) ( CaO.976

disilicate MgO.016 FeO.008 ) ( Si2 O6 )
01-083-0096 20 magnesium iron calcium catena- ( MgO.976 FeO.024 ) ( CaO.972

disilicate MgO.008 FeO.020 ) ( Si2 O6 )
01-083-0090 20 magnesium iron calcium catena- ( MgO.970 FeO.030 ) ( CaO.97

disilicate MgO.024 FeO.006 ) ( Si2 O6 )
01-075-4239 20 Diopside Ca.916Na.066 Mg.926 Ti.086

Sil.96B.018O6
01-076-0927 20 sodium calcium tecto- ( NaO.84 CaO.16 ) All.16 Si2.84

alumosilicate O8
01-089-0835 20 calcium magnesium iron silicon Cal.007 ( MgO.805 FeO.214 ) ((

oxide Sil.75FeO.241 ) O6 )

Peak List: (Bookmark 5)

Pos. [°2Th.] Height [cts] d-spacing [A] Rel. Int. [%]
8.8830

10.4287
12.4796

50.20
84.55
97.82

9.95517
8.48282
7.09301

2.69
4.53
5.24






































