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Hourlfr Rainfall at Piayon Station

(1988.9,10)

Table A-1-11
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Table A-1-12 Hourly Rainfall at E! Caiion Station

(1988.9,10)
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(1988.9,10)
Copey de Dota
12 to b Sep. 1888

Hourly Precipitation Data

Station
Period

Table A-1-i3 Hourly Rainfall at Copey de Dota Station
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Table A-1-14 Hourly Flood Discharge at No. 2604 Gauging Station
(1998.9)

Hourly Flood Discharge
Station No. 2604 G. S.
Period 11 to 16  Sep. 1988 -
Date

T ime i1 12 13 14 15 16

(mi/s)

0 60. 44 47,92 62. 91 275,75 144. 11 78.58

2 50. 17 42. 6b 128. 07 25077 . 139.98- 5. 83

4 47. 92 39. 71 128. 07 235. 96 131. 96 73. 16

6 46,83 37.85 224.78  235.96 124,26 T0. b4

8 45. 75 37. 85 579. 55 200, 77 113. 27 67.99

10 43. 66 37.8b 710.36  256. 87 109. 76 6550

12 42.65 . 37.85 569. 01 235. 96 1086. 32 62. 91

14 37.85 38. 77 590. 23 216. 22 101.°30 ‘60, 44

16 37. 85 47. 92 434.63  195.06 - 93.30 50. 17

18 40, 67 47. 92 352.94 - 182.56 8h.73 - 49.04

20 47, 92 46. 83 316. 27 170.62-. 82.82  49.04
22

44,70 46.83  300.26  159.21 81,39 48.48
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Appendix A—-2-—1

Power (kW) Balance of Demand and Supply

(with consideration of daily load curve)

@ (Mw) @ (vw) @ (M) @ (M) ® (Mwh) © (M) @ (Mih) (h ) - @  (Mdh)
Hydro Depembable Thermal Available | Maximum Thermal Hydro Dependab]em Hydro, -+ Thermal Daily Energy Thermal Daily Hydro&ATherm$1 (ORY)
Peak-Demand Peak Capacity - Capacity Unit Capacity Datly Energy Available Capacity Demand Avaitable Energy Daily ——100{ %)
Year o Available Energy D
(@-®)x24 (©+®)

1990 682 639.0 142.3 21 7,796.2 684.8 10,614.0 2,011.2 10,707. 4 0.4
91 744 651.2 243.2 36 8,089.0 804.6 11,606. 4 4,972.8 13,061.8 8.1
92 781 651.2 236.1 36 8,089.0 810.5 12,183.6 4,802. 4 12,891.4 3.8
93 826 683. 2 265.0 36 8,472.6 871.2 12, 885.6 5,496.0 13,968.6 5.5
94 877 681.2 312.9 55 8,568.5 921.9 13,681.2 6,189.6 14,758.1 . 5.1

| 9% 933 127.2 .360.8 55 9,010.4 1,007.8 - 14,554.8 7,339.2 16,349.6 8.0
96 991 727.2 417.7 55 9,010.4 1,085.0 15,459.6 8,704.8 17,715.2 9.5
97 1,054 721.2 442.6 55 9,010.4 1,114.8 16,442.4 9,302.4 18,312.8 5.8
98 1,119 851.1 435.5 55 10, 269.0 1,200.0 17,456.4 9,132.0 - 19,401.0 7.2
99 1,188 8561.1 428.4 55 10, 269.0 i,217.1 18,632.8 8,061.6 ~ 19,230.6 2.4

2000 1,261 851.1 485.3 55 10,269.0 1,281.4 19,671.6 16,327.2 20,596.2 1.6
01 1,336 .1 478.2 55 i0,899.2 1,344.9 20,841.6 10, 156.8 21,056.0 0.7
02 1,413 977.1 526.1 55 10, 898.2 1,419.8 22,042. 8 i1,306.4 22,205.6 0.5
03 1,491 1,057.1 519.0 b5 12,740.5 1,516.7 93,259.6 11,136.0 23,876.5 1.7
04 1,570 : 1,211.8 511.9 55 13, 480.5 1,568.1 24,492.0 10, 965.6 24,446.1 0.1
05 .1,644 1,366. 1 504. 8 55 16,015.9 1,692.5 25,646. 4 10,795. 2 26,811.1 3.0
06 1,715 1,366.1 533.7 55 16,015.9 1,746.3 26,754.0 11,488.8 27,504.7 1.8
07 1,789 1,448.6 _526!6 55 17,287.1 1,818.0 27,908. 4 11,318.4 28,605.5 1.6
08 1,866 1,448.6 551.5 | 55 17,287.1 1,869.9 29,109.6 11,416.0 29,203.1 0.2
09 1,947 1,561.1 608. 4 55 18,504.9 2,005.9 30,373.2 13,281.6 31,786.5 3.0

2010 2,031 1,561.1 633.0 55 18,504. 9 2,059.9 31,683.6 13,812.0 32,376. 9 1.4







Appaendix A—2-2

CONSTRUCTION SCHEDULE

of Power Plants +in Costa Rica (1/2)

(For Demand and Supply Program)

Plant Plant
Name of Station Unit Thermal, Installed Available | Annual Ave Firm Name of Station | Unit Thermat, Installed Available | Annual Ave Firm
No. Hydraulic Capacity Capacity | Energy Energy No. Hydraul ic Capacity Capacity Energy Energy
Year (M) (MW) {Gwh) (Gwh) Year (M) (M) (Gwn) {Gwh)
19930 Existing - — 6 888.6 781.3 4,397.3 3,493.1
* - (760.3) 2 (3,782.1)
1991 Moin 1,2,3 | Thermal (Gas) 3x36-108.0 108.0 283.8 283.8 | 1996 Motor Baja Vel 1,2 Thermal (Diesel) | 2x32=64.0 64.0 448.5 448.5
Belen 1 Hydraulic 5.6
Elecirioma 1 2.8 } 12.2 } 106. 9 J 106.9
Birris 1 16.0 _ _
Ret. Therial ~7.1 -T.1 -32.4 -32.4 Ret. Thermal 1.1 -7.1 -32.4 -32.4
Sub-Total 125.3 113.1 358.3 358.3 | Sub-Total 56.9 56.9 416.1 416.1
Total 1,014.9 894.4 4,755.6 3,851.4 Total 1,311.4 1,144.9 6,577.9 5,436.0
: (858.4) (3,901.4) (1,089.9) (5,436.0)
1992 i 1997 Motor Baja Vel 3 Thermal {Diesel ) 32.0 32.0 224.3 224.3
_ Ret. Thermal =71 -1.1 -32.4 -32.4 -1 Ret. Thermal -1.1 ! -32.4 -32.4
Sub-Total -1.1 -T.1 -32.4 -32.4 || Sub-Total 24.9 - 24,9 191.9 191.9
Total 1,007.8 887.3 4,723.2 3,819.0 Total 1,336.3 1,162.8 6,769.8 5,627.9
(851.3) (4,074.0) (1,114.8) {5,627.9)
1993 Sandillal 1 Hydraulic 32.0 32.0 140.0 140.0 | 1998 AngoSfura 1;2 Hydraulic 177.0 123.9 - 996.0 459.4
Gas 4 Thermal {Gas) 36.0 36.0 94.6 94.6 : -
: Ret. Thermal -7.1 -1.1 -32.4 -32.4 Ret. Thermal -1 -7.1 -32.4 -32.4
Sub-Total 80.9 60.9 202.2 202.2 §Sub-Total 169.9 116.8 963.6 427.0
Total 1,068.7 048. 2 4,925.4 4,021.2 Total 1,506.2 1,286.6 7,733.4 | 6,054.9
(912.2) (4,311.2} | (1,231.6) (6,054.9)
1994 Toro 1 1 Hydraul ic 24.0 4.0 118.0 35.0 1999
Miravalles 1 Geo thermal 55.0 55.0 433.6 433.6
Ret. Thermal -7.1 ~1.1 -32.4 -32.4 Ret. Thermal -T.1 -7.1 -32.4 -32.4
Sub-Total 71.9 51.9 520.2 436.2 I Sub-Total 1.1 -7.1 -32.4 -32.4
Total 1,140.6 1,000.1 5,445.6 | 4,457.4 Total 1,499.1 1,279.5 7,701.0 6,022.5
(945.1) (4,607.4) ! (1,224.5) {6,172.5)
1995 Toro 11 2 Hydraul ic 66.0 40,0 3i5.0 161.3 2000 Motor Baja Vel 4,5 Therma}(biesel) 2x32-64.0 64.0 448.5 448.5
Miravalles 2 Geo thermal 55.0 55.0 433.6 433.6 .
Ret. Thermal 7.1 1 924 | =8%4 | | Ret. Thermal | 1.1 1.1 -32.4 324
Sub-Total 113.9 87.9 716.2 562.5 1 Sub-Total 56.9 56.9 416.1 416.1
Total " 1,254.5 1,088.0 6,161.8 5,019.9 Total 1,556.0 1,336.4 8,117.1 6,438.6
| (1,033.0) (5,019.9) S : ' (1,281.4) (6,588.6)
Note : Gas 30% - Ret. Thermal : Retierment of thermal |
Diesel 80% 1 ( ) Value = Availeble capacity - Max. thermal unit capacity
Geo thermal — 90% *2 () Value = Including import energy (kih)







Appendix A—2-2

CONSTRUCTION SCHEDULE of Power Plants +in Costa Rica
(For Demand and Supply Progyam)

(2725

Plant lant
Name of Station Unit ThermaT, Installed Available | Annual Ave Firm Name of Station Unit Thermal Installed Available | Annual Ave Firm
No. Hydraulic Capacity Capacity | Energy Energy No. Hydraulic Capacity Capacity Energy Energy
Year (M) {MW) (Gwh) {Gwh) Year (M) {MW) (Gwh) (Gwh)

2001 Pirris 1,2 Hydraulic 128.0 126.0 609.3 230.0 2006 Gas 5 Thermal {(Gas) 36.0 36.0 94.6 94.6
Ret. Thermal -7.1 1.1 --32.4 -32.4 Ret. Thermal 1.1 -1.1 -32.4 -32.4

Sub-Total 120.9 118.9 516.9 197.6 { Sub-Total 28.9 28.9 62.2 62.2
Total 1,676.9 1,455.3 8,694.0 6,636.2 Total 2,380.4 1,809.8 12,597.2 8,870.0
{1,400.3) (6,941.2) | _ (1,844.8) (8,970.0)

2002 Miravalles 3 Geo thermal 55.9) 55.0 433.6 433.6 2007 Savegre *° Hydraulic 165 825 917.0 464.0
Ret. Thermal 1.1 ~T.1 -32.4 -32.4 Ret. Thermal -T.1 -1.1 -32.4 -32.4

Sub-Total 47.9 41,9 401.2 401.2 || Sub-Total 157.9 5.4 884.6 431.6
Total 1,724.8 1,503.2 9,005.2 7,037. 4 Total 2,547.3 1,975.2 13,481.8 9,301.6

' (1,448.2) (7,342.4) (1,920.2) : {9,351.6)

2003 Guayabo Hydraulic 245.0 80.0 1,436.0 672.1 2008 Motor Raja Vel 6 Thermal (Diesel ) 32.0 32.0 224.3 224,3
Ret. Thermal -7.1 -T.1 -32.4 -32.4 Ret. Thermal -7.1 -T.1 -32.4 -32.4

Sub-Total 231.9 72.9 1,403.6 639.7 | Sub-Total 24.9 24.9 ©191:9 191.9
Total 1,962.7 1,576.1 10,498.8 7,677.1 Total 2,572.2 2,000.1 13,673.7 9,493.5
(1,521.1) (7,771.1) (1,945.1) {9,773.5)

2004 Siquirres [ 12 Hydraulic 206.0 154.5 759.0 270.1 2009 Pacuare * Hydraulic 225.0 | ** 112.5 889 * 444.5

. Motor Baja Vel 7,8 Thermal (Diesel} | 2x32-64.0 64.0 448.5 448.5

Ret. Thermal =71 -T.1 -32.4 -32.4 Ret. Therimal -7.1 -7.1 -32.4 -32.4

Sub-Total 198.9 147.4 726.6 237.7 | Sub-Total 281.9 169.4 1,305.1 . £60.6

Total 2,161.6 1,723.5 11,225.4 7,914.8 Total 2,854.1 2,169.5 14,978. 8 10, 354. 1
{1,668.5) ' (8, 164. 8) (2,114.5) (10,354. 1)

2005 Siquirres I} 34 Hydraulic 206.0 154.5 1,342.0 925.4 2010 Motor Baja Vel 9 Thermal (Diesel) 32.0 32.0 224.3 994.3
Ret. Thermal 7.1 7.1 -32.4 -32.4 , Ret. Thermal 7.4 -7.4 -31.9 -31.9

Sub-Total 198.9 147.4 1,309.6 893.0 | Sub-Total 24.6 24.6 192. 4 192. 4
Total 2,360.5 1,870,9 |  12,536.0 8,807.8 Total 2,878.1 2,194.1 i5,111.2 10,546.5
{1,815.9) (8,807.8) ¢ - (2,139.1) {10,666.5)

# ; preliminary report by ICE

* 1 Llogos data : ICE
¥+ Tentative Value

*6: Annual Report 1990 by ICE










Appendix  A-2-3 Summar& of Physlcal Chavacteristica

{Preparation by ICE)
INSTITUTO COSTARRICENSE DE ELECTRICIDAD

GISTEMA MACIONAL INTERCONECTADO
PONER PLANTS

SUMHARY OF PHYSICAL CHARACTERISTICS

ENERGY / YERR {(GHh)

PONER (#W)

INSTALLED  FIRM T07AL FIRH SECONLGHY
© CAPAEIY  QUTEUT A B i B
1. EXISTING HYIRD P.P.
ARENAL 5.0 1560 B6T.0 BRI.0  6RY.D 0.0 0.0
COROBIC] 1780 1740 gS0 #0950 805.0 0.0 0.0
CACHI 0o.0 Yoo £59.¢ 5043 3.9 ™7 e
GARITA 0.0 15.0 169.0 897 1318 993 57.%
HEMORES. 2.0 3.0 195.0 1138 113.8 Ble B2
RID MACHD 1200 90.0 6150 1377 P07 3773 37.3
YENTANAS GARITA 9.0 HE.0 515.6 (998 &M.8 FRP EOD
2 UNDER CONSTRUCTION
SANDILEAL PO 30 0.0 1400 140.0 0.0 0.0
AHPLIA. VARIAS 286  14.3 175.6 185.2 1853 49.7  49.7
3. FLANNING HYDRD P.P.
TURD | 24.0 4.0 1190 283 3.0 9.7 f40
TORG 11 BAO 400 5.0 7% 1613 2509 1537
ANBOSTURA 177.0 1739 9.0 303.7  459.4 £90.3 5366
GUAYABD P50 BOD 19360 430 6721 998.0 7639
SIQUIRRES 1 o0h.O 1545 799.0  159.2 2701 599.8  488.9
3120 1420 530 509.4 709 4166

SIBUIRRES 11 309.0

Hotes - )
Firm energy coluan & : Assumes that the energy available during each month of the year is
gquivalent tp the emergy available in the driest.month of the dry seasen of the period
Jamuary 19483, December 1985.

Firm energy coluan B : Assumes that the energy available in each month of the year is
equivalent to the average ralrulated with the energy of the driest month of every dry season
of every year of the period 1965 - 1986,

Total energy : Available energy during normal year. (Average of the energy available eath
year of the period 1963 - 196%)



Appendix A=2=4. Plan of Expanslon of the Generatlon
(Preparation by ICE) _ : . .
INSTITUTO COSTARRICENSE DE ELECTRICII

Cnatrn

SISTEMA NACIONAL INTERCONECYADD BE COSTA RICA

AR AR R RN A N R R A RN R R N R R R R RN R NN

PLAYN DE EXPANSION DE LA GENERACION

_ (SEGUN MQDELR LOGOS)
ESCENARIG DE DENANDA : HEDID (mayo 1991)
ESCENARIO DE COMBUSTIBLES : CASD BASE

L RE] Sres i te NN b ad bR FARSIE AR Er AR N AR RN ER AN SR RTARAR RTINS ARQ4EIIL tay

t Mo !  Epergia Crecie. Pot. Crecia, Proyectos de geseracién ! fnn 'Hes!
! ! (Buh) (X)) (WY (3} ! !
R A PP
i1987 ! 3244 ‘ Fogeer !
! 1908 ! 3324 2.4 813 S /.1 B
11989 ! 3493 5. 688 7.3 S &'
11990 ¢ 3107 b0 882 3.4 : S 1 I
Yo 854 . 4.0 Mt 8.7 Aepiiac. varias hidro. {Ver nota} ! 1991 ! 1!
! ! : P.T, Bas (3 x 3b HH) ! R
' 1992 ! 4044 £9 M 80 . . Yozt
I 1993 ! 4274 5.7 823 5.8 P.H. Sandillal (32 MR} R S LA I
! ! : _ P.T. Gas {1 ¥ 35 HH) ! i
L1994 ! 4538 6.1 874 6.2 P.H. Toro I (24 M) L &+ I
! [ . P.G. Biravalles 1 {55 H) A 11
'§995 ¢ 4825 5.3 930 . &4 P.H. Toro IF (66 W4} i L
; H ' . P.6. Hiravalles 11 {55 KU} ! R
L9 ! 5129 63 989 &3 P.T. Hotor Baja Vel,(2 x 3Z M) S ¥ I |
Vi 8494 5.3 1052 6.4 P.T. Hotor Baja Vel, (1 x 32 H¥} YoMl
' 1998 ! 5790 6.2 137 &2 P.H. Angostura {177 KK} L LT |
! 1999 ! $15% 6.2 1187 b3 _ . LA L4 T I R
! 2000 ! 5334 6.2 1260 . 4.0 P.T. Hotor Baja Vel,(2 x 32 HH) !oo2000 ! 1!
L2004t 8916 5.9 1338 5.9 P.M. Pirris ({128 w0 vttt
v2002 ! 1310 5,7 1410 5.7 P.G. Miravalles TII (5§ HH) ! 200241
! 2003 ! m2 5.5 14B6 5.4 P.H. Buayabo (243 HN) '3ty
! 2004 ! 8120 3.3 134 a2 . () B
{2005 8306 4.8 1836 4.6 P.H. Siguirres I (206 H¥) - 2005 ' 4
! 2006 faaa7 4.3 1107 4.3 L. L
L2007 ! 7284 9 1780 43 P.H. Siguirres I (204 M) Too2007 01
! 2008 ! 9700 - 4.5 1889 4.4 ' _ ! 208 ! ¢
! 2009 ! 10142 4,5 1939 4.3 P.T, Motor Baja Vel.(2 x 32 HH} Poo009 gt
12010 ! 10600 §.5 2024 4.4 P.T, Kotor Baja Vel (2 x3ZH4) ~ ¢+ 2000 ! 1!
) Periodn 3 1991-2010
Valor presente del plan de expansién @ - 1069.85 .
{Millones de délares) ' B
Losto marginal de largo plazo ($/WHh} : 44,00

Nivel de precios 3 Dicieabre de 1990
fctualizacién a : Dicieabre de 1990
Fechz ¢ M-julio-1941
12 '
Nokas: , Las alpllaczunes son las siguientes: P.H. Belén (3. 3 HH], P.H., Electriona {2.8 HHl,
y P, Birris {16 HH).
2. £1 valor presente considera un periods de evaluacidn econdaica 1nf1n1tu,_cnn
reinversiones en las proyectos de generacidn.
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A-3-2 Microscopic Observation of Rock

(1) Table A3.2.1 Result of Microscopic Observation
(2) Result of Microscopic Observation {Sheet No. 1 ~ No. 26)

{3) Photograph of Thin Section under Microscope
(Sheet No. 1 ~ No. 4)



Table A3.2.1 Resuits of Microscopic Observation

Sample -

Note:

No. Locality Rock Name
8-1 Rightbank of Reservoir (EL 1,400 m) | Lapilli tuff
-3-2 Right‘ﬁank of Reservoir Fine sandstone
5.-3 ﬁight bank of Qda. Zapote Altered.augite_dqlerite.
'S;Q. Righﬁ ridge of Downstream damsite Volcanic sandstone
8-5 Right bank of Downstream damsite Altered augite dolerite
5-6 - ditto - - ditto -
§<7 - ditte - - ditto -
$-8 Riverbed of Upstream damsite Sandstone
5-9 Riveibed ofIDowﬁstream damsite Alfefed augite dolerite
5-10 Right bank of Downstream damsite Altered augite basalt
5-11 - ditto - Siltstone
5.12 - ditto'f Altered augite dolerite
8;13 'Qda. Seca 8iltstone
5-14 Oda; Napoleon Altered Dbasalt
8-15 Left bank of Qda. Napoleon Mudstone
8-16 East side of Penstock route Augite welded tuff
§-17 - ditto ; ' Altered augite basait lava
5-18 - ditto - shaly slate
g-19 Upstream of Power station Basaltic folcanic saridstone
5-20 Penstock route Altered basalt
§-21- :East side Qf Penstock route Lapilli tuff
'Sg22 West side of Penstock route Calcaceous siltsﬁone
f$;23 ~ ditto - ?qffaceous sandstone
§-24. ~ ditto - Tuf €
§-25 ~ ditto - Tuff
;SAQG Rigﬁt bank of Pirris river Altered siltstone
Locations of §-1 to.S—iZ and. §-13 to $-26

are shown in Figs. 7-2 and 7-9, respectively.

A-3-3




Sheet: 1/26

Microscopic Observation

Project:

Locality:

Sample No. S-1 Slice No. 2

Rock Name: Lapilli tuff

Texture: Pyroclastic

Rock Forming Minerals:

Lithic fragments: Tuff >> silified rock > basalt
Crystal fragments: Mainly plagioclase
Matrix: Turn to secondary minerals

Secondary minerals: Smectite >> quartz > epidote > hornblende

Description:

Lithic and crystal fragments of tuff and plagioclase with small or
rare amounts of basalt silicified rock, clinopyroxene and quartz are
cemented by altered minerals as quartz, smectite, epidote and
hornblende.

Degree of Alteration:

Moderate

Macroscopic Observation:

Grey breccia rock

Remarks:

A-3-4



Sheet:

Microscopic Observation

2/26

Project:

Locality:

Sample No, S-2

Slice No. 3

Hock Mame:

Fine sandstone

Texture: Clastic

Rock Forming Minerais:
Lithic fragments:
Crystal fragments:

Matrix:

Mudstone - fine sandstone > basalt

Carbonate > plagioclase »> quartz

Clay - very fine, turn to chlorite

Secondary minerals; Rare
Fossils: Globigerina
Description:

Crystal fragments of quartz, plagioclase and orthoclase are cemented

by clayey materials.

Fogsils and matrix turn to carbonate and

chlorite partially.

Degree of Alteration:

Weak - moderate

Macroscopic Observation:

Dark grey fine-grained sandstone with small silty patches

Remarks:




Sheet: 3/26

Microscopic Observation

Project:

Locality:

Sample No.  $-3 | ~ Stice No.  2-8-6

Rock Name: Altered augite dolerite

Texture: Ophitic

Hock Forming Minerala:

Phenocryst: Plagioclase >> augite
Groundmass: Plagioclase >> augite > magnetite, volcanic glass
Description:

Albiti=zation of plagioclése is perfect, with formation of minor
epidote and sericite. Augite crystals have been almost wheolly altered
into the assemblage of calcite and clay minerals,

Degree of Alteration:

Strong

Macroscopic Observation:

Green compact rock with calcite-guartz veins

Remarks:

Druses filled with chlorite/smectite interstratified minerals are
observed.

A-3-6




Sheet: 4/}26

Microsboplc Observation

Project:

Locality:

Sample No. S-4 Slice No. 2-5-7

Rock Name: Volcanic sandstone

Texture: Clastic

Rock Forming Minerals:

Lithic fragments: Dolerite
Crystal fragmends: Plagioclase > quartz > aﬁgite

Matrix: Fine-grained hematite, quartz, clay minerals

Secondary minerals: Epidote, sericite, smectite

Description:

‘Augite and plagiocclase have been completely altered into epidote-clay
mineral and albite-clay mineral-sericite respectively,.

Gegree of Alteration:

Strong

Macroscopic Observation:

Light green, coarse-grained rock

Remarks:

A-3-7



Sheet: 5/26

Microscoplc Observation

Project:

Locality:

Sample No.  5-5 Slice No. 1-5-6

Rock Name: Hydrothermally altered augite dolerite

Texture: Ophitic

Rock Forming Minerals:

Phenocryst: Plagioclase >> augite > magnetite
Groundmass: Plagioélase >> augite > clay minerals
Description:

Augite crystals have been partly replaced by chlorite., Plagioclase
crystals have been completely altered into albite with minor amount of
illite or sericite. :

Degree of Alteration:

Strong

Macroscopic Observation:

Weakly weathered rock with discolored joints.

Remarks:

Druses filled with chlorite are commonly observed.

A-3-8



Sheet: 6/26

Microscopic Observation

Project:

Locality:

Sample No. $-6 Slice No. 1-5-2

Rock Name: Hydrothermally altered augite dolerite

Texture: Ophitic

Rock Forming Minerals:

Phenocryst: Plagioclase >> augite > magnetite
Groundmass: Plagiocclase >> augite > clayminerals
Description:

Augite crystals have been partly replaced by chlorite. Plagioclase
crystals have been completely altered into albite with minor amount of
illite or sericite. '

Degree of Alteration:

Strong

Macroscopic Observation:

Dark green compact rock with discolored joints.

Remarks:

Druses filled with chlorite are commonly observed.

" A-3-9



Sheet: 7/26

Microscopic Observation

Project:

Locality:

Sample No. = 5-7 - §lice No. . 1-5-1

Rock Name: Hydrothermally altered augite dolerite

Texture: Ophitic

Rock Forming Minerals:
Phenrocryst: Plagioclase >> augite > magnetite

Groundmass: . Plagioclase > augite > clay minerals

Description:

Augite crystals have been partly replaced by chlorite. Plagioclase
crystals have been completely altered into albite with minor amount of
illite or sericite. '

Degree of Alieration:

Strong

Macroscopie Ohservation:

Dark green compact rock with discolored jeints.

Remarks:

Druses filled with chlorite are commonly observed.

A-3-10



Sheet: 8/26

Microscopic Observailon

Project:

Locality:

Sampie No.  5-8 Slice No. 1-UD-2

Rock Name: Sandstone

Texture: Ciastic

Rock Forming Minerals;

Lithic fragments: Dolerite
Crystal fragments: Plagioclase > quartz > augite
Matrix: Clay, quartz, albite, calcite

Description:

Lithic and crystal fragments are cemented by clayey materials. This
rock has been partly replaced by hydrothermal minerals such as albite,
chlorite, calcite and guartz.

Degree of Alteration:

Strong

Macroscopic Observation:

Dark grey compact rock with weak foliation.

Remarks:

A-3-11



Sheet: 9/26

. Microscoplic Observation

Project:

Locality:

Sample No.  5-9 ' Slice No. 1-LD-1

Rock Name: Hydrothermally altered augite dolerite

Texturez ~ Ophitic

Rock Forming Minerals:

Phenocryst: Plagioclase >> chlorite, augite
Groundmass: Plagioclase >> augite > magnetite
Description:

Augite crystals have been partly replaced by chlorite. ‘Plagioclase
crystals have been completely altered into albite with minor amount of
illite and quartz,

Degree of Alteration:

Strong

Macroscopic Observation:

Dark green compact rock

Remarks:

Druses are filled with pumpellyite, chlorite and quartz.

A-3-12



Sheet: 10/26

Microscopic Observation

Project:

Locality:

Sample No.  §-10 Slice No.  2-5-5

Rock Name: Altered augite basalt

Texture: Ophitic

Rock Forming Minerals:

Phenocryst: Plagioclase >> augite
Groundmass: Plagioclase >> augite > magnetite
Description:

Plagioclase crystals of phenocrysts and groundmass have been
completely decomposed into albite with minor amount of sericite.
Augite crystals were partly altered to brown chlorite/smectite
interstratified minerals.

Degree of Alteration:

Strong

Macroscopic Observalion:

Dark green compact rock with a lot of druses.

Remarke:

Druses are completely filled with brown clay minerals (probably
chlo_ritelsmectité interstratified minerals).

A-3-13



Sheet: 11/26

Microscopic Observation

Project:

Locality:

Sample No. 5-11 Slice No. 1

Rock Name: Siltstone

Texture: Clastic

Rock Forming Minerals:

Crystal fragments:  Rare

Matrix: Mainly clay-amorphous

Secondary minerals: Epidote (<0.013 mm, irregular grains, colorless-
brown, replace matrix and fossils)

Description:

The greater parts of rock turn to epidote, and epidote with small
amounts of quartz, plagioclace and mica are cemented by clayey
materials,

Dearee of Alteration:

strong

Macroscopic Observation:

Pale green fine-grained compact rock

Remarks:

A~3-14



Sheet; 12f26

Microscopic Observation

Project:

Locality:

Sample No. 5-12 Slice No.  2-5-4

Rock Name: Altered augite dolerite

Texture: Ophitic

Rock Forming Minerals:

Phenocryst: Plagioclase >> augite
Groundmass: -Plagioclase >> augite > magnetite, leucoxene
Description:

Augite crystals have been partly altered to clay minerals.
Plagioclase have been completely altered into epidote and albite with
minor amount of sericite.

Degree of Alteration:

Strong

Macrogcopic Observation:

ﬁark greyish green compact rock.

Remarks:

Interstices of plagioclase and augite crystals are filled with small
amounts of leucoxene, magnetite and epidote.

A-3-13



Sheet: 13/26

Microscopic Observation

Project:

Locality:

Sample No. 5-13 Slice No. 1-G-1

Hock Name: Siltstone

Texture: Clastic

Rock Forming Mingrals:

Crystal fragments: Quartz >> plagioclase
Matrix: Clay minerals, quartz
| Description:

Crystal fragments of guartz and plagioclase are cemented by calcite
and clayey materials such as chlorite and illite or sericite.

Degree of Alteration:

Moderate

Macroscopic Ohservation:

Cream colored compact silty rock.

Remarks:

A-3.16



Sheet: 14/26

Microscopic Observation

Project:

Locality:

Sample No. S-14 SliceNo. ¢

Rock Name: Altered basalt

Texture: "Intersertal

Rock Forming Minerals;
Phenocrysts: Plagioclase, augite

Groundmass: Plagioclase, augite, magnetite, volcanic glass

Description:

By hydrothermal activity, plagioclase and augite have been perfectly
replaced by albite-prehnite-sericite-epidote-calcite and chlorite-
- smectite-calcite-leucoxene respectivley.

Degree of Alteration:

Strong

1 Macroscopic Observation:

Grey compact rock

Remarks:

A-3-17




Sheet: 15/26

Microscopic Ohservation

Praject:

Locality:

Sample No.  5-15 Slice No. 4

Rock Namie: Mudstone

Texture: Clastic

Rock Forming Minerals:
Crystal fragments: Plagioclase > smectite > quartz
Matrix: Clay
Secondary minerals: Smectite >> ferrous hydroxide

Fossils: ' Globigerina

Description;

Crystal fragments of small amounts of fine quartz, plagoclase and
clinopyroxene are cemented by large amounts of mudy clay.

Degree of Alteration:

Weak

Macroscopic Observation:

Olive-green compact rock with black veinlets and spots

Remarks:

" A-3-18



Sheet: 16/26

Microscopic Observation

Project:

L.ocaliiy:

Sample No. 5-16

Siice No, ¥

Rock Name: Augite welded tuff

Texture: Welding

Rock Forming Minerals:

Lithic fragments:

Crystal fragments:

Matrix:

Basalt

Augite

Clay minerals, chlorite, smectite, leucoxene,
prehnite

Description:

By hjdrothérmal activity (probably over 200°G), augite welded tuff was
almost completely replaced by secondary mineral. Original texture is
still well remained.

Degree of Alteration:

Strong

Macroscopic Observation:

Grey compact rock

Remarksi

A-3-19




Sheet: 17/26

Microscopic Observation

Project:

Locality:

Sample No. 5-17 ' Slice No. D

Rock Name: Altered augite basalt lava

Texture: Ophitic

Rock Forming Minerals:
Phenocryst: Plagioclase >>» augits

Groundmags: Plagioclase >> augite > magnetite

Description:

Hydrothermal alteration of augite into calcite and chlorite-smectite
with small amount of epidote is distinct. Plagioclase also suffered
albitization and calcitization,

Degree of Alteration:

Strong

Macroscopic Observation:

Dark greyish green compact rock

Remarks:

Calcite druses and veins are common.

A-3-20




Sheet: 18/26

dicroscopic Observation

Project:

Locality:

Sample No.  S-18 Slice No. E

Rock Name: Shaly slate

Texture: Clastic

Rock Forming Minerals:

Lithic fragments: Tuff, basalt

Crystal fragments: Quartz, albite, graphite

Matrix: Clay minerals, hematite, calcite
Description:

Equigranular sandstone with calcite vein and quartz vein.

Degree of Alteration:

strong

Macroscopic Observation:

Dark red slate with white veins

Remarks:

A-3-21




Sheet: 19/26

Microscopic Observation

Project:

' Locality:

Sample No,  5-19 | . Slice No. c
Rock Name: Basaltic volcanic sandstone

Texture: Clastic

Rock Forming Minerals:

. Lithic fragments: Basaltic tuff
Crystal fragments: Plagioclase >> augite
Matrix: Clay minerals, calcite

Description:

Original rock was fine-grained hasaltic tuff chiefly composed of
augite, plagioclase and volcanic glass. -Augite and plagioclase were
replaced by calcite and chlorite-smectite interstratified clay

mineral.

Degree of Alteration:

Strong

Macroscopic Observation:

Grey compact rock with white veins

Remarks:

Thin veinlets and druses are composed of calcite.

A-3-22




Sheet: 20/26

ficroscople Ghservation

Project:

Locality:

Sample No.  $-20 Slice No. A

Rock Name: Altered basalt or tuff breccia

Texture: Pyroclastic

Rock Forming Minerals:

Lithic fragments: Basalt

Crystal fragments: Plagioclase >> augite

Matrix: Clay minerals (chlorite/smectite) Ca-zeolite, albite
Description:

By strong zeolite-facies hydrothermal alteration, almost half of
augite crystals have been altered into chlorite/smectite plagioclase
phenocrysts were also completely replaced by Ca-zeolite, albite and
quartz, magnetite turns to hematite. '

Degree of Afteration:

_Strong

Macroscopic Observation:

Reddish-brown pyroclastic rock.

Remarks:

Laumontite veins are common.

A~3-23




. Sheet: 21/26

Microscopic Observation

Prdject:

Locality:

Sample No.  §-21 Slice No. 5
Rock Name: Lapilli tuff

Texture: Pyroclastic

Fock Forming Minerals:
Lithic fragments:
Crystal fragments:
Matrix:

Secondary minerals:

Mudstone
Mainly glass >> alunite > clinopyroxene
Alunite

Sercite - smectite

Description:

Devitriform glass fragments turn to spherulitic smectite and zeolite
partially and spaces between fragments turn to alunite aggregate.

Degree of Alteration:

Moderate

Macroscopic Observation:

Dark green medium grained rock with white fillings.

Remarks:

A~-3-24



Sheet: 22/26

Microscopic Observation

Project:

‘Locality:

Sample No. 5-22 Slice No. 9

Rock Name:  Calcareous siltstone

Texture: Clastic

Rock Forming Minerals:
Crystal fragments: . Mainly carbonate >> plagioclase > quartz

Matrix: Carbonate (very fine, segregation vein),
Clay (very fine grains, amorphous)

Deseription:

Crystal fragments of quartz, plagioclase and matrix turn to fine-
grained carbonate minerals irregularly.

Degree of Alteration:

Moderate - Strong

Ma’croscopicbbservation:

Dark greenish grey compact rock. Rock turns to greenish tint in
weathered part. -

Hemarks:

- A-3-25




Sheet: 23/26

Microscopic Obsei’va_tion

Project:

Locality:

Sample No.  §-23 Slice No. 8

Rock Mame: Tuffaceous sandstone’

Texture; Clastic

HRock Forming Minerals:

Lithic fragmenis: Mudstone
Crystal fragrments: Glass - clinopyroxene >> carbonate
Matrix: Altered minerals as chlorite sericite and albite

Secondary minerals: Mainly albite >> sericite > chlorite

Description:

Lithic and crystal fragments of angular mudstone, clinopyroxene and
glass are cemented by altered minerals of albite, chlorite and
sericite. '

Degree of Alteration:

Strong

Macroscopic Observation:

Bluish green compact rock.

Hemarks:

A-3-286




Sheet: 24/26

Microscopic Observation

Project:

Locality:

Sample No.  S-24 Slice No, 7

Rock Name: Tuff

Texture: Pyroclastic

'Rock Forming Minerals:

Lithic fragments: Mudstone >> basalt

Crystal fragments: Glass >> clinopyroxene

Matrix: ' Altered minerals.as chlorite, epidote, gmectite and
albite

Secondary minerals:  Albite >> chlorite > carbonate > epidote > smectite

Description:

Subangular'glass fragments with small amounts of clinopyroxene are
cemented by altered minerals of smectite, epidote, chlorite and
albite,

Degree of Afteration:

Strong

Macroscopic Observation:

Bluish grey compact rock with rounded silty patches.

. Remarks:

A-3-27



Sheet: 25/26

Microscopic Observation

Project:

Locality:

Sample No.  §-25

Slice No. 6

Hock Name: Tuff

Texture: Pyroclastic

Rock Forming Minerals:

Lithic fragments:

Crystal fragments:

Matrix:

Secondary minerals:

Fossils:

Mudstone (angular, tgrn to smectite)

Glass >> clinopyroxene > plagioclase

Altered minerals as chlorite, sericite aﬁd épidote
Chiorite > sericiﬁe >'epidote > smectite

Globigerina

Description:

Angular mudstone patches, glass and crystal fragments of plagioclase
are cemented by altered minerals as chlorite, sericite, smectite and

epidote,

Degree of Alteration:

Moderate

Macroscopic Observation:

Dark green compact rock.

Remarks:

A-3-28



Sheet: 26/26

Microscopic Observation

Project:

Locality:

Sample No. 5-26 Slice No. 10

Rock Name: Altered siltstone

Texture: Clastic

Rock Forming Minerals:

Lithic fragments: Fine tuff

Crystal fragments: Plagioclase > quartz > clinopyroxene

Matrix: Clay

Secondary minerals: Alunite >> chlorite > epidote

Alunite-carbonate vein: E?Tidth 0.75 mm, irregular veinlet
Description:

Lithic fragments and crystal fragments of quartz and feldsper are
cemented by mudy clay. Plagioclase and fossils turn to secondary
minerals of alunite, chlorite, epidote and carbonate with alunite-
carbonate veins.

Degree of Alteration:

Strong

Macroscopic Observation:

Dark grey compact rock with alunite.

Remarks:

Trregular alunite carbonate veins.

A-3-29







Photograph of Thin Section under Microscope (Sheet 1-4)

Sample No. & S =7

Locality  : Right bank of Downstream Damsite

Rock Name : Altered augite dolerite

Texture - Ophitic

Open Nicol

g 0. Smm

P : Plagiociase
Achugite
C :Chlorite

0 0. Smom
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Photograph of Thin Section under Microscope (Sheet 2-—4)

Sample No. : S~ 8

Locality : Riverbed of Upstream Damsite

Rock Name : andstone

Texture . Clastic

Open Nicol

0 0. bon

P : Piagioclase
A:Augite
C :Chlorite

0 0. Sam
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Sample No. :

Locality

Rock Name :

Texture

Open Nicol

Cross Nicol

Photograph of Thin Section under Microscope

S—9

(Sheet 3—4

Riverbed of Downstream Damsite

Altered augite dolerite

Ophitic

A-3-35
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P : Plagicclase
A:Augite
C :Chiorite

g 0. Smm







Photograph of Thin Section under Microscope (Sheet 4-—4)

Sample No. : S —10

Locality  : Right bank of Downstream Damsite

Rock Name : Altered augite basalt

Texture . Ophitic

Open Nicol

[3

0 0. Hny

P : Plagioclase
A :hugite

D:Druse
(Chlorite)

0 {. Smm
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