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Conodonts from the Hwajeol Formation (Upper Cambrian) in the Seokgaejae 

area, southeast margin of the Taebaeksan Basin

ABSTRACT: The Cambrian-Ordovician succession crops out well

in the Seokgaejae area of the southeastern margin of the Taebaek-

san Basin. The Upper Cambrian Hwajeol Formation of the Seok-

gaejae section was studied to refine the conodont zones previously

proposed and to correlate them with other areas. Based on eucon-

odont species, four zones are recognized: a new and unnamed

informal lowermost and the Proconodontus, Eoconodontus notch-

peakensis and Cambrooistodus minutus zones in ascending order.

This zonal framework is basically equivalent to that of southern

(Lee and Lee, 1988; Lee, 2001, 2002) and northern (Lee, 1989,

1990, 2004) limbs of Paekunsan syncline. The four zones of Seok-

gaejae section are correlated with those of other parts of the world,

including North China, North America and Australia. The study

was unable to refine conodont zonation of the basal and uppermost

parts of the formation. This may be related to either sealevel

change or structural control on sediment deposition in the section.

Key words: Upper Cambrian, Hwajeol Formation, conodont bios-

tratigraphy, Seokgaejae section.

1. INTRODUCTION

This study is principally intended to re-examine the con-

odont biostratigraphic zones of the Hwajeol Formation in

the Seokgaejae section, located in the southeastern margin

of the Taebaeksan Basin, and also to correlate the zones

proposed herein with those established in other parts of the

world. In particular, the conodont succession of the inter-

vals near base and top of the formation is the target to sup-

plement for solid zonation of the Upper Cambrian of Korea.

Kobayashi (1935) first recognized five megafossil zones

in the Upper Cambrian Hwajeol Formation, namely Prochua-

ngia, Chuangia, Kaolishania, Dictyites and Eoorthis zones

in stratigraphic order. Recently Choi et al. (2004) and Sohn

and Choi (2007) recognized Asioptychaspis, Quadraticeph-

alus and Mictosaukia zones from the Hwajeol Formation. 

Previous conodont studies of the Hwajeol Formation in

Taebaeksan Basin have been restricted to the area west of

Dongjeom. Lee and Lee (1971) provided a preliminary report

on Cambrian-Ordovician conodonts from Dongjeom area,

and described a few conodonts from the Upper Cambrian.

Subsequently, Lee, H. Y. (1975) and Lee, B. S. (1983) also

described Upper Cambrian conodonts from the Hwajeol

Formation in the south and north side of the Paekunsan syn-

cline, respectively. 

A conodont zonal scheme for the Hwajeol Formation was

first established by Lee and Lee (1988) and subsequently

modified and further refined by Lee, B. S. (1989, 1990,

1992) and Lee and Lee (1993). The following conodont

zones have been recognized: Proconodontus, Eoconodontus

notchpeakensis, Cambrooistodus minutus, Cordylodus proa-

vus and Monocostodus sevierensis-Semiacontiodus noga-

mii-Fryxellodontus inornatus zones in ascending order.

2. STRATIGRAPHIC SUMMARY 

The Cambrian-Ordovician Choseon Supergroup is well

exposed in the Taebaeksan Basin, Kangweon Province. The

Duwibong-type sequence of the supergroup is best known

along the southern limb of the Paekunsan syncline.

Many stratigraphical and paleontological contributions of

the supergroup have been made in this area. Kobayashi

(1935) originally defined dark reddish slate and limestone

beds overlying the Daegi Limestone near the Dongjeom

area as two separate formations, namely the lower Sesong

Slate and the upper Hwajeol Formation. The Geological

Investigation Corps of the Taebaeksan Region (GICTR)

(1962) and Cheong (1969) incorporated the Sesong Slate

into the Hwajeol Formation. Particularly, Cheong (1969)

divided the Hwajeol Formation into four members: basal

member (dark reddish slate interval, Sesong Slate of Koba-

yashi, 1935), lower member (banded limestone interval),

middle member (sandstone and limestone conglomerate-

intercalated interval) and upper member (banded limestone

with limestone conglomerate interval).

The Hwajeol Formation in the Seokgaejae section is

composed mainly of a mixture of carbonate and shale with

repeated intercalations of limestone conglomerates (Fig. 2).

The shale-dominant facies includes calcareous shale, nod-

ule-bearing shale and laminated fine-grained sandstone,

whereas the carbonate-dominant facies consists of flaser

wackestone to packstone, massive grainstone, limestone-

shale couplets and limestone pebble conglomerate (Choi et

Byung-Su Lee*

Kwang-Soo Seo

Department of Earth Science Education, Chonbuk National University, Jeonju 561-749, Korea 

Department of Geoenvironmental Sciences, Kongju National University, Kongju 314-701, Korea

*Corresponding author: geodbslee@hanmail.net



234 Byung-Su Lee and Kwang-Soo Seo

al., 2004). 

Choi et al. (2004) divided the Hwajeol Formation in the

Seokgaejae section into three parts, consisting of lower (34

m thick), middle (14 m thick) and upper (ca. 5 m thick)

parts. The lower part consists of nodule-bearing shale, lime-

stone-shale couplets and limestone pebble conglomerate.

The middle part consists of cyclic alternations of nodule-

bearing shale or calcareous shale and flaser wackestone to

packstone. The upper part consists of nodule-bearing shale,

laminated fine-grained sandstone and calcareous shale with

limestone pebble conglomerate. 

Kobayashi (1935) correlated the Hwajeol Formation with

the Chaumitian Series (upper part of the Furongian) of

China based on his megafossil collection, and Choi et al.

(2004) and Sohn and Choi (2007) correlated their Asiopty-

chaspis, Quadraticephalus and Mictosaukia faunas with the

uppermost Cambrian faunas of North China and Australia. 

Conodont correlation data of the Hwajeol Formation

(Lee, B. S. and Lee, H. Y., 1988; Lee, 1989, 1990, 1992;

Lee, B. S. and Lee, J. D., 1993) are also similar to those of

trilobite, representing time span from Franconian to Trem-

pealeauan age (post-Paibian of the Furongian) of North

America (Miller, 1988) and from Changshanian to Fengs-

hanian age (also post-Paibian of the Furongian) of North

China (An et al., 1983; Chen, 1986), respectively.

3. SECTION AND CONODONT OCCURRENCE 

The Seokgaejae section including full sequence of the

Hwajeol Formation is located along a sinuous mountain

trail ca. 25 km southeast of Taebaek City (Fig. 1). The out-

crops of the section are well exposed along south side of

mountain slope at the elevation of about 900 m near a bor-

der between Kangweon and Kyeongbuk provinces. 

Twenty three limestone samples were collected from two

segments of the Seokgaejae section. Sample horizons and

their lithologies are shown on Figure 2. Each of samples,

having the weight of 1 or 2 kg, was dissolved by acetic acid.

Fig. 1. (A) Simplified geologic map of the Choseon Supergroup in the Taebaeksan Basin and the location of study area. (B) Detailed

geologic map of the Seokgaejae area, showing section locations (A, B), southeast Taebaeksan Basin (modified from Choi et al., 2004;

Kwon and Chough, 2005). 
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Of the twenty three, twenty one samples yielded 575

identifiable conodont elements and nineteen specimens of

Phosphannulus universalis (Table 2). Conodont abundance

from the upper part of the section is relatively greater than

that from the lower of the section. Only two samples (KH

14, 18) contained more than 100 elements, and the average

recovery was 27.38 elements. This recovery value is very

similar to those of any other parts of Duwibong area (Lee

and Lee, 1988).

Euconodont elements exceed protoconodont and para-

conodont elements in number. Particularly, elements of Fur-

nishina, Rotundoconus and Westergaardodina were scarce in

comparison of other areas in Taebaeksan Basin (Lee and

Lee, 1988). The two most dominant euconodont species are

Eoconodontus notchpeakensis (128 specimens) and Pro-

conodontus muelleri (106 specimens).

Average element size of the Seokgaejae section was rel-

atively small as compared to those of any parts of Duwi-

bong area. However, Seokgaejae conodonts have similar

state of preservation and surface color (CAI 5.5) like other

Duwibong conodonts have.

Recovered conodont elements are referred to thirty three

species belong to sixteen genera. Ranges of conodonts in

the short (Section A) and long (Section B) segments with

biostratigraphic units recognized in full Seokgaejae section

are shown on Figure 3. Note the overlap of conodont ranges

between two segments, particularly in the lower interval of

the Hwajeol Formation. 

4. CONODONT BIOSTRATIGRAPHY 

The conodont fauna of the Hwajeol Formation in the

Seokgaejae section is useful for zonation and worldwide

correlation, except in both the lowermost and uppermost

parts of the formation. Protoconodonts and paraconodonts

have long ranges, and the zonation is based on many world-

wide index euconodonts, particularly those of the Procon-

Fig. 2. Columnar sections of the Hwajeol Formation, with sample horizons and numbers (KH 1~23). 

Table 1. Stratigraphic nomenclature of the Choseon Supergroup in

the Taebaeksan Basin (Lee, 2001).
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odontus lineage. Four conodont zones are established for

the Hwajeol Formation in the Seokgaejae Sections A and

B: Unnamed, Proconodontus, Eoconodontus notchpeaken-

sis and Cambrooistodus minutus zones in ascending order

(Figs. 3 and 4). The base of each conodont zones are drawn

at the successive first appearance of nominated taxa. The

four zones are essentially equivalent to the conodont zones

of southern (Lee and Lee, 1988) and northern (Lee, 1989,

1990, 2004) limbs of the Paekunsan syncline, Korea. 

Unfortunately, no named zonally indicative conodont

species are recovered from the lower interval below KH 4

of Section A and KH 12 of Section B, so the interval is

termed ‘unnamed’. Likewise, no zonally indicative conodonts

are recovered from the interval above KH 21 of Section B,

Table 2. Numerical distribution of conodont taxa in the samples from the Hwajeol Formation, Seokgaejae section.

Species / Sample (KH) 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20 21 22

Cambrooistodus cambricus 1 1 12 1

Cambrooistodus minutus 10 3 3

Dasytodus nodus 1 1 1 1 6 1 4 1 2

Dasytodus transmutatus 2 3 3

Eoconodontus notchpeakensis

rounded el. 1 23 22 1 11 1

compressed el. 1 39 13 1 15

Fryxellodontus fengshanensis 1

Furnishina dayangchaensis 1

Granatodontus ani 9 1 2 1 7 1 1

Granatodontus asymmetrica 8 5 1 3 13 3 1

Granatodontus hwajeolensis 6 1 4 1

Granatodontus multicorrugata 3 1 1 3 1

Hertzina triquetra 1

Muellerodus cambricus 1

Muellerodus? oelandicus 1

Muellerodus hunjiangensis 2 1 1

Phakelodus elongatus 15 2 3 1 2 1 8 1 2

Phakelodus tenuis 2 1 1 3 2 1

Proconodontus serratus 1

Proconodontus tenuiserratus 2 4

Proconodontus muelleri 2 1 1 11 2 52 2 3 4 15 5 7 1

Prooneotodus gallatini 1 1 1 2 1 1 1

Prooneotodus rotundatus 3 9 1 1 1

Prosagittodontus eureka 1 1 1 1 1

Prosagittodontus cf. minimus 1

Prosagittodontus sp. 1 1 1

Proscandodus dissimilaris 1 1 1

Rotundoconus bulbousus

noncarinate el. 3 1

tricarinate el. 1

tetracarinate el. 1 3 1

Rotundoconus jingxiensis

tricarinate el. 1 2

tetracarinate el. 2 1

Semiacontiodus cf. lavadamensis 2

Semiacontiodus nogamii 1 1 2 1

Semiacontiodus cf. nogamii 1

Teridontus nakamurai 1 5 6 1 1 1 6 7 10 12 1 29 2 2

Westergaardodina bicuspidata 1

Westergaardodina sp. 1

Phosphannulus universalis 1 1 1 2 10 1 1 1 1

Total 21 6 1 55 20 2 3 11 6 3 30 18 113 24 10 19 149 49 19 34 1
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representing KH 22 and KH 23, so the uppermost conodont

zones in other areas, namely Cordylodus proavus and

Monocostodus sevierensis-Semiacontiodus nogamii-Fryell-

odontus inornatus zones, are not recognized in this study. 

The lowest ‘Unnamed’ Zone is designated for the sample

KH 1-3 of Section A and KH 7-11 of Section B (Table 2;

Fig. 3). This zone contains several long-ranging species of

protoconodonts (Pakelodus), paraconodonts (Prooneotodus

and Muellerodus), and euconodonts (Dasytodus and Teri-

dontus) (Table 2; Fig. 3) before the first proconodontiids

appeared in KH 4 and KH 12. These two horizons (KH 4

and KH 12) of Sections A and B are provisionally corre-

lated based on the common occurrence of Proconodontus

muelleri. Some interval near the lower boundary of the

Hwajeol Formation appeared to be structurally controlled

together with deformation caused by intrusion. This zone is

Fig. 3. Stratigraphic ranges of conodonts and their zones of the Hwajeol Formation in the Sections A and B, southeast Taebaeksan Basin.
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the lowest, new one of the Hwajeol Formation, and equiv-

alents to Distacodus? palmeri-Prooneotodus rotundatus Zone

of Changshanian, North China (An et al., 1983) and pre-

Proconodontus muelleri Zone, North America (Miller et al.,

2003).

The Proconodontus Zone starts with the first appearance

of Proconodontus tenuiserratus and Proconodontus muel-

leri (KH 4, 12) (Table 2; Fig. 3) and the upper boundary is

drawn at the lowest appearance of Eoconodontus notch-

peakensis (KH 15). In view of the range of Proconodontus

muelleri, the base of the Proconodontus Zone in the Section

B appeared to be drawn at the lower horizon than KH 12.

This zone contains several protoconodonts and paracon-

odonts, together with euconodonts listed above and Dasy-

todus spp. and Teridontus nakamurai. One more exceptional

recovery from KH 4 of Section A is Semiacontiodus nog-

amii which commonly occurs from the Cordylodus proavus

Zone. This single specimen appears to be a morphologic

variant of the Teridontus lineage. Unfortunately, the subdi-

vision of the Proconodontus Zone like Miller (1988) is

unsuccessful in this study due to lack or overlapping in

range of Proconodontus posterocostatus and Proconodon-

tus muelleri. This zone is correlated with the Proconodon-

tus-Rotundoconus Zone of North China (An et al., 1983),

Proconodontus tenuiserratus-Proconodontus muelleri zones

(Miller, 1988) and Proconodontus muelleri Zone (Miller et

al., 2003) (Fig. 4).

Eoconodontus notchpeakensis first occurs from sample

KH 15 of Section B and persists into the top productive

sample (KH 22) in the overlying Cambrooistodus minutus

Zone. Sample KH 15 marks the base of the Eoconodontus

notchpeakensis Zone. Eoconodontus notchpeakensis occurs

in association with many euconodont species including

Dasytodus nodus, Proconodontus muelleri, Cambrooisto-

Fig. 4. International correlation of the Upper Cambrian conodont zones in Western USA (Miller, 1988; Miller et al., 2003), Canada (Coo-

per et al., 2001), Iran (Müller, 1973), North China (An et al., 1983; Chen and Gong, 1986), Korea (Lee, 2004) and Australia (Nicoll

and Shergold, 1991). 



Upper Cambrian conodonts from Seokgaejae section 239

dus cambricus, Semiacontiodus nogamii and Teridontus

nakamurai, along with some protoconodonts and paracon-

odonts. The Eoconodontus notchpeakensis Zone of the

Seokgaejae section is correlated with the lower part of the

same-named zones of North America (Miller, 1988; Miller

et al., 2003; Cooper et al., 2001), the upper part of the Pro-

conodontus Zone of North China (Chen and Gong, 1986)

and the Hispidodontus appresus Zone of Australia (Nicoll

and Shergold, 1991) (Fig. 4).

The interval from sample KH 18 to 22 of Section B rep-

resents the Cambrooistodus minutus Zone. These samples

yielded Cambrooistodus minutus along with species of

Cambrooistodus cambricus, Eoconodontus notchpeakensis,

Granatodontus ani, Proconodontus tenuiserratus, Procon-

odontus muelleri, Semiacontiodus nogamii, Semiacontiodus

cf. nogamii, Semiacontiodus cf. lavadamensis, Teridontus

nakamurai, and some paraconodonts. The upper limit of

this zone is unclear due to the lack of any more zonal con-

odonts. This zone corresponds to the same-named subzone

of the Eoconodontus Zone of Miller (1988), the upper part

of the Eoconodontus notchpeakensis Zone of Cooper et al.

(2001), the Cambrooistodus Zone of Chen et al. (1988) and

the Hispidodontus discretus Zone of Nicoll and Shergold

(1991).

5. CONCLUSIONS 

1. This conodont biostratigraphic study was designed to

re-evaluate the biozones of the Hwajeol Formation that

have been established at other areas in the Taebaeksan

Basin, through the detail examination of the Seokgaejae

section, located in the southeastern margin of the basin. 

2. Of 23 limestone samples collected from two segments

of a section of the Hwajeol Formation in Seokgaejae area,

21 samples yielded 594 identifiable conodont elements and

Phosphannulus universalis (incertae sedis). 

3. The recovered conodont elements are assigned to thirty

three species belong to sixteen genera. 

4. Four conodont zones are recognized in the Hwajeol

Formation in Seokgaejae section: Unnamed, Proconodon-

tus, Eoconodontus notchpeakensis and Cambrooistodus minu-

tus zones in ascending order. 

5. The conodont zones recognized herein are basically

similar to those of other parts of the Taebaeksan Basin.

However, the basal “Unnamed” Zone is older than the low-

ermost conodont zone recognized in other sections of the

Hwajeol Formation. Conversely, the two uppermost zones

of the formation that have been established in other areas

viz. Cordylodus proavus and Monocostodus sevierensis-

Semiacontiodus nogamii-Fryellodontus inornatus zones

have not been recognized in this study. 

6. A portion of the section near the lower boundary and

another near the uppermost parts of the Hwajeol Formation

in the Seokgaejae section appeared to have been structurally

controlled together with deformation caused by intrusion. A

possible cause for the inability to recognize the upper two

zones of the Hwajeol Formation found in other areas may

be a sea-level change that has been recognized in this inter-

val near the worldwide Cambrian-Ordovician boundary. 

7. Four conodont zones proposed herein of the Hwajeol

Formation are correlated with the equivalent zones of the

Upper Cambrian in North China, North America, and Aus-

tralia.
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Plate 1. SEM micrographs of selected conodonts from the Hwajeol Formation in the Seokgaejae section, southeast Taebaeksan Basin.

(1-2) lateral views of Rotundoconus bulbousus Lee, 2002, tricarinate (KH 15, x100) and tetracarinate (KH 14, x100) elements. (3-4) lat-

eral views of Rotundoconus jingxiensis (An and Zhang, 1983), tricarinate (KH 14, x50) and tetracarinate (KH 14, x50) elements. (5) lat-

eral view of Dasytodus nodus (Zhang and Xiang, 1983), KH 12 (x50). (6) lateral view of Dasytodus transmutatus (Xu and Xiang, 1983),

KH 12 (x50). (7) lateral view of Hertzina triqueta Chen and Gong, 1986, KH 4 (x75). (8) lateral view of Proscandodus dissimilaris Lee,

2002, KH 8 (x50). (9) lateral view of Teridontus nakamurai (Nogami, 1967), KH 7 (x75). (10) lateral view of Fryxellodontus fengs-

hanensis Lee, 2002, KH 19 (x50). (11) lateral view of Muellerodus cambricus (Müller, 1959), KH 1 (x50). (12) lateral view of Muel-

lerodus? oelandicus (Müller, 1959), KH 1 (x100). (13) posterolateral view of Muellerodus hunjiangensis Chen and Gong, 1986, KH 5

(x100). (14) posterior view of Prosagittodontus eureka (Müller, 1959), KH 5 (x75). (15) posterior view of Prosagittodontus sp., KH 14

(x100). (16) posterior view of Westergaardodina sp., KH 5 (x75). (17) lateral view of Phakelodus elongatus (An, 1983), KH 14 (x50).

(18) lateral view of Phakelodus tenuis (Müller, 1959), KH 18 (x100). (19) lateral view of Furnishina dayangchaensis Chen and Gong,

1986, KH 18 (x100). (20) lateral view of Prooneotodus gallatini (Müller, 1959), KH 4 (x75). (21) lateral view of Prooneotodus rotun-

datus (Druce and Jones, 1971), KH 5 (x35). (22) upper view of Phosphannulus universalis (Müller, 1959), KH 14 (x75). 
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Plate 2. (1-2) lateral views of Cambrooistodus cambricus Miller, 1969, KH 15 (x50), KH 18 (x100). (3-4) lateral views of Cambroo-

istodus minutus (Miller, 1969), KH 15 (x50), KH 16 (x75). (5-6) lateral views of Eoconodontus notchpeakensis (Miller, 1969), rounded

(KH 15, x75) and compressed (KH 18, x100) elements. (7) lateral view of Proconodontus serratus Miller, 1969, KH 20 (x50). (8) lateral

view of Proconodontus tenuiserratus Miller, 1980, KH 5 (x75). (9-10) lateral views of Proconodontus muelleri Miller, 1969, KH 13

(x75), KH 17 (x50). (11-12) posterior views of Semiacontiodus cf. lavadamensis Miller, 1980, KH 18 (x100), KH 20 (x35). (13) lateral

view of Semiacontiodus nogamii Miller, 1980, KH 15 (x50). (14) lateral view of Semiacontiodus cf. nogamii Miller, 1980, KH 15 (x50).

(15) lateral view of Granatodontus ani (Wang, 1985), KH 13 (x50). (16-17) lateral and posterolateral views of Granatodontus asym-

metrica sp. nov. (Lee, 2008), KH 4 (x50), KH 14 (x100). (18) posterior view of Granatodontus hwajeolensis (Lee, 2002), KH 4 (x50).

(19-20) posterolateral and lateral views of Granatodontus multicorrugata sp. nov. (Lee, 2008), KH 4 (x50), KH 5 (x75). (21) lateral view

of Rotundoconus bulbousus Lee, 2002, noncarinate element (KH 14, x100).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


