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TABLE 1. Sample codes and selected crystal and re! nement data for the crystals of this work
End-member of reference SEQ a (Å) b (Å) c (Å) β (°) V (Å3) Rsym % Rall % Robs% no. Fall no. Fobs

parvo-mangano-edenite 1103 9.8260(5) 18.0487(9) 5.2840(4) 104.55(1) 907.1 3.5 2.8 2.2 1379 1196
parvo-manganotremolite 1104 9.7807(5) 18.0548(9) 5.2928(4) 104.19(1) 906.1 3.4 3.7 2.2 1376 1058
parvo-mangano-edenite 1079 9.795(3) 18.047(6) 5.2869(3) 104.28(3) 905.7 1.6 3.2 2.8 1376 1244
Notes: SEQ is the sequence number in the CNR-IGG-PV amphibole database; R are the standard disagreement indices calculated for the corrected intensities of 
equivalent monoclinic re" ections (Rsym), and for the observed and calculated structure factors (F) of all the re" ections (Rall) and of those used for the re! nement 
(I > 3σI, Robs).

TABLE 2. Atom coordinates, re! ned site-scattering values (ss, epfu), and equivalent atom displacement parameters (Beq, Å2)
Atom ss x y z Beq Atom ss x y z Beq Atom ss x y z Beq

parvo-mangano-edenite (1103) parvo-manganotremolite (1104) parvo-mangano-edenite (zoned, 1079)
O1  0.1105(1) 0.0860(1) 0.2175(3) 0.63 O1  0.1115(2) 0.0859(1) 0.2165(3) 0.64 O1  0.1111(2) 0.0860(1) 0.2175(3) 0.68
O2  0.1206(1) 0.1723(1) 0.7252(3) 0.64 O2  0.1204(2) 0.1720(1) 0.7239(3) 0.69 O2  0.1209(2) 0.1722(1) 0.7248(3) 0.70
O3  0.1091(2)  0 0.7156(4) 0.67 O3  0.1103(2)  0 0.7147(4) 0.65 O3  0.1097(2)  0 0.7146(4) 0.71
O4  0.3688(2) 0.2478(1) 0.7827(3) 0.99 O4  0.3691(2) 0.2477(1) 0.7830(3) 1.03 O4  0.3692(2) 0.2476(1) 0.7824(3) 1.04
O5  0.3483(2) 0.1369(1) 0.1000(3) 1.03 O5  0.3482(2) 0.1349(1) 0.0930(3) 0.99 O5  0.3485(2) 0.1356(1) 0.0952(3) 1.12
O6  0.3449(2) 0.1153(1) 0.5967(3) 1.08 O6  0.3455(2) 0.1169(1) 0.5880(3) 1.02 O6  0.3454(2) 0.1161(1) 0.5919(3) 1.15
O7  0.3410(3)  0 0.2749(5) 1.06 O7  0.3407(3)  0 0.2783(5) 1.02 O7  0.3411(3)  0 0.2767(5) 1.09
T1  0.2815(1) 0.0845(1) 0.2960(1) 0.50 T1  0.2822(1) 0.0843(1) 0.2923(1) 0.50 T1  0.2819(1) 0.0844(1) 0.2938(1) 0.53
T2  0.2911(1) 0.1713(1) 0.8032(1) 0.51 T2  0.2913(1) 0.1710(1) 0.7995(1) 0.55 T2  0.2914(1) 0.1711(1) 0.8008(1) 0.58
M1 25.8  0 0.0880(1)  ½ 0.53 M1 25.6  0 0.0878(1)  ½ 0.59 M1 25.7  0 0.0879(1)  ½ 0.66
M2 27.3  0 0.1766(1)  0 0.55 M2 26.5  0 0.1767(1)  0 0.62 M2 26.4  0 0.1767(1)  0 0.59
M3 12.5  0  0  0 0.55 M3 12.5  0  0  0 0.63 M3 12.5  0  0  0 0.63
M4 42.1  0 0.2736(1)  ½ 1.32 M4 44.2  0 0.2713(1) ½ 1.42 M4 41.1  0 0.2726(1)  ½ 1.39
M4’  2.1  0 0.2524(6)  ½ 1.01 M4’      M4’ 4.3  0 0.2583(3)  ½ 1.22
A  1.0  0  ½  0 0.89 A 0.6  0  ½  0 1.92 A 0.7  0  ½  0 1.05
Am 2.8 0.043(1)   ½ 0.103(2) 2.49 Am 2.4 0.043(2)  ½ 0.106(4) 3.37 Am 2.9 0.045(2)   ½ 0.108(3) 3.26
A2 3.7  0 0.4724(5)  0 2.54 A2 2.0  0 0.4714(9)  0 2.32 A2 3.0  0 0.4731(7)  0 3.17
H   0.188(6)  0 0.759(9) 1.36 H   0.204(8) 0 0.768(15) 2.06 H  0.203(5)  0 0.767(9) 1.01

TABLE 3. Selected re! nement results [bond lengths (Å), interatomic distances (Å), and interatomic angles (°)]
 1103 1104 1079  1103 1104 1079  1103 1104 1079
T1-O1 1.627(1) 1.619(2) 1.622(2) M1-O1 ×2 2.055(1) 2.060(2) 2.054(2) M4’-O2 ×2 2.050(1)  2.130(2)
T1-O5 1.655(1) 1.643(2) 1.649(2) M1-O2 ×2 2.104(1) 2.102(2) 2.106(2) M4’-O4 ×2 2.205(2)  2.197(2)
T1-O6 1.651(2) 1.644(2) 1.648(2) M1-O3 ×2 2.087(1) 2.090(2) 2.087(2) M4’-O5 ×2 3.016(2)  2.980(2)
T1-O7 1.647 (1) 1.634(2) 1.640(1) <M1-O>  2.082  2.084  2.082 M4’-O6 ×2 2.946(2)  2.834(2)
<T1-O>  1.645  1.635   1.640 OAV 36.54 35.07 35.15 [8]<M4’-O>  2.554    2.535
TAV  5.23  4.34   5.05 OQE  1.0112  1.0107  1.0108    
TQE  1.0012  1.0010  1.0012 M2-O1 ×2 2.132(2) 2.139(2) 2.137(2) A-O5 ×4 3.000(2) 2.956(2) 2.969(2)
    M2-O2 ×2 2.094(1) 2.091(2) 2.092(2) A-O6 ×4 3.092(2) 3.143(2) 3.119(2)
T2-O2 1.622(1) 1.621(2) 1.619(2) M2-O4 ×2 2.025(2) 2.025(2) 2.026(2) A-O7 ×2 2.386(2) 2.392(2) 2.384(3)
T2-O4 1.595(2) 1.593(2) 1.592(2) <M2-O>  2.084  2.085  2.085 [10]<A-O>  2.914  2.918  2.912
T2-O5 1.649(2) 1.650(2) 1.648(2) OAV 21.31 21.54 21.09    
T2-O6 1.668(2) 1.667(2) 1.665(2) OQE  1.0068  1.0069  1.0067 Am-O5 ×2 3.123(2) 3.083(11) 3.104(2)
<T2-O>  1.633  1.633  1.631 M3-O1 ×4 2.069(1) 2.072(2) 2.073(2) Am-O5 ×2 2.995(2) 2.954(9) 2.964(2)
TAV 17.91 18.53 18.25 M3-O3 ×2 2.054(2) 2.060(2) 2.057(2) Am-O6 ×2 2.680(2) 2.721(13) 2.687(2)
TQE  1.0044  1.0046  1.0045 <M3-O>  2.064  2.068  2.068 Am-O7 2.381(2) 2.373(16) 2.380(3)
    OAV 47.26 44.30 46.10 Am-O7 2.536(2) 2.562(17) 2.550(3)
T1-T1 3.050(1) 3.044(1) 3.046(2) OQE  1.0146  1.0136  1.0142 Am-O7 3.197(2) 3.177(21) 3.168(3)
T1-T2 3.085(1) 3.090(1) 3.085(1)     [9]<Am-O>  2.857  2.847  2.845
T1-T2 3.061(1) 3.062(1) 3.061(1) M4-O2 ×2 2.336(2) 2.307(2) 2.325(2)    
    M4-O4 ×2 2.238(2) 2.223(2) 2.224(2) A2-O5 ×2 2.606(2) 2.547(2) 2.583(2)
H-O3 0.751(2) 0.890(2) 0.887(2) M4-O5 ×2 2.778(2) 2.854(2) 2.821(2) A2-O6 ×2 2.782(2) 2.822(2) 2.816(2)
O6-O7-O6 101.80 104.70 103.34 M4-O6 ×2 2.645(2) 2.631(2) 2.632(2) A2-O7 ×2 2.437(2) 2.447(2) 2.433(3)
O5-O6-O5 163.16 165.95 164.78 [8]<M4-O>  2.499  2.504  2.501 <A2-O>  2.608  2.606  2.611
Note: Polyhedral angular variance (TAV, OAV) and quadratic elongation (TQE, OQE) as de! ned by Robinson et al. (1971).
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TABLE 6.  Calculated CuKα (λ = 1.5418 Å) powder di% raction patterns for parvo-mangano-edenite and parvo-manganotremolite (re" ections 
with I/I0 ≥ 10) 

 I 2θ dcalc h  k  l I 2θ dcalc h  k  l I 2θ dcalc h  k  l I 2θ dcalc h  k  l
parvo-mangano-edenite (1103) parvo-manganotremolite (1104)
51 9.80 9.024  0  2  0 20 39.20 2.298  

–
1  7  1 54 9.80 9.027  0  2  0 20 39.20 2.298  

–
1  7  1

63 10.51 8.414  1  1  0 17 39.65 2.273  
–
3  1  2 62 10.54 8.395  1  1  0 18 39.76 2.267  

–
3  1  2

19 18.19 4.878  
–
1  1  1 45 41.75 2.164  2  6  1 23 18.20 4.874  

–
1  1  1 44 41.69 2.167  2  6  1

18 19.67 4.512  0  4  0 21 44.23 2.048  2  0  2  18 19.67 4.514  0  4  0 24 44.06 2.055  2  0  2 
11 21.12 4.207  2  2  0 17 44.91 2.018  3  5  1 13 21.17 4.198  2  2  0 16 44.86 2.020  3  5  1
21 22.95 3.875  

–
1  3  1 15 45.07 2.012  

–
4  0  2 25 22.96 3.874  

–
1  3  1 13 45.27 2.003  

–
4  0  2

67 26.32 3.386  1  3  1 12 48.84 1.865  
–
1  9  1 62 26.25 3.395  1  3  1 12 48.83 1.865  

–
1  9  1

59 27.24 3.273  2  4  0 31 55.68 1.651  4  6  1 56 27.28 3.269  2  4  0 30 55.65 1.651  4  6  1
75 28.59 3.123  3  1  0 16 56.95 1.617   1 11  0 80 28.67 3.113  3  1  0 14 56.94 1.617  1 11  0
50 30.36 2.944  2  2  1 24 58.43 1.579  

–
1  5  3 51 30.29 2.950  2  2  1 24 58.31 1.582  

–
1  5  3

18 31.91 2.805  3  3  0 13 60.49 1.530  
–
6  0  2 15 31.98 2.798  3  3  0 11 60.84 1.523  

–
6  0  2

31 32.83 2.728  
–
3  3  1 24 61.26 1.513  

–
2  6  3 25 32.97 2.717  

–
3  3  1 22 61.22 1.514  

–
2  6  3

100 33.08 2.708  1  5  1 16 61.67 1.504   0 12  0 100 33.02 2.713  1  5  1 14 61.64 1.505   0 12  0
57 34.59 2.593  0  6  1 40 64.92 1.436  

–
6  6  1 51 34.55 2.596  0  6  1 37 65.19 1.431   

–
6  6  1

57 35.43 2.533   
–
2  0  2 13 68.69 1.366  5  1  2 59 35.47 2.531   

–
2  0  2 13 68.56 1.369  5  1  2

37 38.56 2.335  
–
3  5  1 15 73.18 1.293   

–
2 12  2 34 38.68 2.328  

–
3  5  1 16 73.18 1.293  

–
2 12  2

22 38.85 2.318  
–
4  2  1 10 80.15 1.197   

–
5 11  2 21 39.04 2.307  

–
4  2  1 10 80.36 1.195  

–
5 11  2

TABLE 7.  EMP analyses for the crystals of this work. Unit-formulae calculated on the basis of 24 O atoms per formula unit (pfu)
 Observed range Oxides (wt%, e.s.d.) Unit formulae (apfu)
  (wt%)
  1103 1104 1079 ave 1079 core 1079 rim  1103 1104 1079 1079 1079
  38 pt   42 pt 38 pts      ave  core rim
SiO2 48.41–54.88 49.33(0.73) 52.46(0.74) 52.18(1.28) 51.07(0.25) 53.71(0.55) TSi 7.07 7.52 7.36 7.23 7.54
TiO2  0.10(0.03) 0.03(0.02) 0.10  0.10 0.10 TAl 0.93 0.48 0.64 0.77 0.46
Al2O3 2.60–6.81 6.24(0.48) 3.21(0.33) 4.61(1.10) 5.56(0.28) 3.30(0.47)
FeO 0.00–0.86 0.74(0.09) 0.32(0.05) 0.30(0.15) 0.41(0.06) 0.13(0.08) CAl 0.12 0.06 0.12 0.15 0.08
MnO 7.87–11.02 8.45(0.19) 8.50(0.22) 9.61(0.54) 9.25(0.26) 10.17(0.40) CTi 0.01 0.00 0.01 0.01 0.01
MgO 20.69–22.68 21.14(0.28) 21.99(0.20) 21.72(0.45) 21.35(0.12) 22.26(0.19) CFe2+ 0.05 0.03 0.02 0.04 0.02
CaO 5.82–8.57 8.30(0.16) 7.38(0.21) 7.05(0.54) 7.47(0.14) 6.45(0.38)  CFe3+ 0.03 0.01 0.02 0.01 0.00
Na2O 1.42–2.84 2.65(0.16) 1.73(0.14) 2.12(0.37) 2.43(0.08) 1.68(0.18) CMg 4.51 4.69 4.56 4.50 4.65
K2O 0.02–0.16 0.12(0.02) 0.06(0.02) 0.08(0.03) 0.11(0.01) 0.06(0.02) CMn 0.28 0.21 0.27 0.29 0.24
H2Ocal   2.10    2.09   2.12   2.12   2.12 
     Total   99.03  97.78  99.89  99.87 100.00 BMn 0.73 0.83 0.88 0.82 0.97
       BCa 1.27 1.13 1.07 1.13 0.97
Calculated site-scattering values (epfu)     BNa 0.00 0.04 0.05 0.05 0.06
A group sites    8.56   5.04   6.02   7.2   4.59
B group sites   43.65  43.75  43.95  43.65  44.31 ANa 0.74 0.44 0.53 0.62 0.40
C group sites   65.08  63.32  64.29  64.72  63.58 AK 0.02 0.01 0.01 0.02 0.01
     Total  117.28 112.11 114.26 115.57 112.48
        XOH 2.00 2.00 2.00 2.00 2.00
Note: The site populations obtained based on re! nement results for the M and T-sites are:
1103: M1(Mg1.86Mn2+

0.12Fe2+
0.02) M2(Mg1.79Mn2+

0.15Fe3+
0.03Ti4+

0.01Al0.01Fe2+
0.01) M3(Mg0.86Al0.11Fe2+

0.02Mn2+
0.01); T1(Si3.07Al0.93) T2Si4

1104: M1(Mg1.88Mn2+
0.12) M2(Mg1.87Mn2+

0.09Fe2+
0.03Fe3+

0.01) M3(Mg0.94Al0.06)T1(Si3.52Al0.48) T2Si4 
1079: M1(Mg1.88Mn2+

0.11Fe2+
0.01) M2(Mg1.82Mn2+

0.12Fe3+
0.02Al0.02Ti4+

0.01Fe2+
0.01) M3(Mg0.86Al0.10Mn2+

0.04)T1(Si3.36Al0.64) T2Si4
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TABLE 8.  Band labels, position (cm–1), and assignment for the spec-
trum of parvo-mangano-edenite

Band Wavenumber (cm–1) Con! guration
A 3725 ANa-MgMgMg-SiSi
B 3711 ANa-MgMgMg-AlSi
B* 3709 ANa-MgMgMn-SiSi
C 3692 ANa-MgMgMn-AlSi
C* 3693 ANa-MgMnMn-SiSi
D 3672 A-MgMgMg-SiSi
D* 3677 ANa-MnMnMn-SiSi
E 3659 A-MgMgMn-SiSi
F 3641 A-MgMnMn-SiSi
G 3621 A-MnMnMn-SiSi
H 3603 A-MgMgM3+-SiSi
* Values calculated considering a constant negative shift of 16 cm–1 for the dif-
ferent (Mg, Mn) con! gurations at M(1,3) (e.g., Reece et al. 2002)
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