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Petroleum Geochemistry

Introduction

Understanding the generative system is central to assess the petroleum system(s) of the Nova Scotia margin. The search for the 
source rocks generative of oil, gas & condensate discovered and yet to be discovered is therefore at the heart of the geochemistry 
project.
Maturity, of course, is the engine of hydrocarbon generation from these source rocks. Petroleum system modeling, which is a 
major part of the PLAY FAIRWAY ANALYSIS project, needs source rocks and maturity among many other elements and processes 
to play with.

Source rock search

•Review  of existing TOC/Rock Eval data. Most of these data are stored in the GSC database (http://basin.gdr.nrcan.gc.ca/index_e.php). Some not 

entered in the GSC database were retrieved from the DMC database (http://ww1.cnsopbdmc.ca/dp/pages/apptab/ITabManager.html) requires an 

authorization).

•New TOC/Rock Eval data to complement these databases were needed to verify and confirm existing data, to extent data control toward the western 

margin and to check the pre-salt sedimentary series only penetrated by wells on the back shelf, where it is accessible at relatively shallow depths. 

•Source rocks are not so evident to identify because drilling widely used oil-based mud. Other contaminants such as lignite, plastic, asphalt, rubber 

and paint have also been used. As a consequence, Oil Geochemistry was applied on oil and condensates of the Nova Scotia margin for attempting to 

identify oil families that would relate them to source rocks by their genetic signatures.

Oil and Condensates characterization

• Oil families identify the various types of source rocks they originate from (best case scenario). New GC and GCMS analyses of oil, condensates  

and hydrocarbon fluid inclusions were carried out focusing on their saturate fractions. A study of fluid inclusion in salt (Argo Salt) was carried out 

by Y. kettanah Professor Assistant at the Dalhousie University in Halifax as part of the Play Fairway Analysis project. Salt samples inclusions 

filled with hydrocarbon were selected by Y. Kettanah and submitted to biomarker analysis in order to complete the dataset of the geochemistry 

study. 

• Hydrocarbon inclusions essentially used for assessing possible source potential in the Triassic and Lower Jurassic. Source rocks in this 

interval are not documented because mostly not penetrated in the deep margin or not present (hiatus or unconformity) where penetrated. 

Triassic or Early Jurassic source rocks are expected to be oil-prone either lacustrine (Type 1;~West African offshore Bucomazi analog) in 

salt or post- salt situation and or marine (Type 2) in the Pliensbachian-Toarcian (Portugal, Morocco and French Schistes-Carton analogs).

•In the past, several attempts were made to characterize oil and condensates of the Nova Scotia margin. P. K. Mukhopadhyay (1990, 1991) 

conducted biomarker analysis on aromatic fractions. The Geological Survey of Canada presented a poster by Fowler and Obermajer (2000) on Nova 

Scotia oil families based on gasoline range compounds. These various approaches lacked references to genetic signatures capable of relating oil and 

condensates to source rock type and environment of deposition. The most significant data in a genetic sense remain the “standard” biomarkers of the 

saturate fraction and stable carbon isotope of oil and gas. Unfortunately there is no gas isotope data available in the various accessible databases 

and no gas samples are available for carrying out analysis. 

• For oil, condensates and bitumen extracts, carbon isotope data were acquired and reported on by Mukhopadhyay (1991). These data are 

re-examined in this study. 

• For “standard” biomarkers (saturates) of the Nova Scotia oil and condensates no database was ever constituted. There is only a few 

fingerprints, one of which is displayed in the Geological Survey of Canada poster by Fowler and Obermajer (2000). The reason evoked is 

that oils and condensates are light and therefore they do not contain significant amount of large molecules in the C27 to C30 range, where 

these biomarkers are. This gap in data control opened the opportunity to at least check what “standard” biomarkers may bring to improve 

understanding of the Petroleum Systems of the Nova Scotia margin. 

• A regional geochemical survey, the confidentiality of which was lifted in April 2011, conducted by TDI-Brooks International, Inc. on the 

margin slope of Nova Scotia for a consortium (?) became accessible as a source of data for this study. The geochemical data of this survey 

consisting of carbon isotopes and molecular compositions (GC-GCMS) of piston-core seeps are also examined and discussed in this study.

Maturity

Maturity, of course, is the engine of hydrocarbon generation. Existing maturity data – Vitrinite Reflectance, SPI and TAI – are accessible from the on-

line GSC database (http://basin.gdr.nrcan.gc.ca/index_e.php). New Vitrinite Reflectance data were acquired to complement the GSC database where 

needed , i.e. on the western margin of Nova Scotia. 

Five (5) key source rocks:

1. Lower Cretaceous – Aptian (deltaic)

• Intra-Aptian MFS (Naskapi)

2. Lower Cretaceous – Berriasian (deltaic)

• Base age 137 Ma

3. Upper Jurassic – Tithonian (transition from carbonate to deltaic environment)

• Tithonian MFS

• The Tithonian source rock is of major importance as it is well defined, organic-rich and mature

4. Middle Jurassic – Callovian

• Callovian MFS –Misaine

5. Early Jurassic source complex– Liassic (Sinemurian/Pliensbachian/Toarcian)

• Deposited immediately post-rift, hypersaline (gammacerane) to carbonate marine environment

• Not penetrated. Inferred from the Moroccan and Portuguese conjugate margins

• Because not penetrated, these Early Jurassic source rocks are taken as one source complex

Source rock summary

Introduction – Content – Source Rock Summary

Figure 1: Chronostratigraphic chart developed for the Play Fairway Analysis project. Source rocks are outlined by diamond-shaped boxes including a S for 

source rock. Large and small diamond boxes indicate major and minor source rocks, respectively. The Aptian (Naskapi) source rock is minor as it is 

mature only over a limited area of the margin. The Valanginian source rock is considered minor as it is relatively limited in organic matter. However, it 

reflects and accounts for organic matter present in the Lower Cretaceous (Missisauga). The Tithonian source rock is of major importance as it is well 

defined, organic-rich and mature. The Misaine source rock is considered because it is a maximum flooding surface well identified where penetrated. It was 

encountered and documented in two wells only located on the Jurassic carbonate shelf.  Spatially limited and poor data support makes it a source rock of 

minor importance. Yet not penetrated, the Early Jurassic source complex is considered major. Its existence is strongly supported by analogs on the 

conjugate margins of Portugal and Morocco (see Plate X-X-X).

Content of Petroleum Geochemistry Chapter  5 (Plates 5.X.X)

1. Source rock summary

2. Hydrocarbon occurrences

• Significant discoveries and shows

• Significant seeps on the Nova Scotia margin slope and Laurentian Sub-

basin (TDI-Brooks regional geochemical survey)

3. PFA 2011 Data

• Oil, condensates and rock extracts

• Piston-core Seeps 

4. PFA 2011 Source Rocks

5. Laurentian Sub-basin Data

6. Laurentian Sub-basin Sources Rocks

7. Conclusions

http://basin.gdr.nrcan.gc.ca/index_e.php
http://ww1.cnsopbdmc.ca/dp/pages/apptab/ITabManager.html
http://basin.gdr.nrcan.gc.ca/index_e.php
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Hydrocarbon Occurrences

Figures 1 & 2 display the distribution of significant oil, condensates and gas discoveries as well as of mud-gas shows. Significant oil, 

condensates and gas discoveries are located in the Sable and the Abenaki sub-basins. Significant gas shows are located in the Sable sub-

basin (Cree, Onondaga and Eagle). East of the Sable sub-basin (Southwest Banquereau, Louisbourg) and West of the Sable sub-basin

(Evangeline). Significant oil shows are located in the Northeastern part of the Abenaki sub-basin (Penobscot, Erie, Wyandot and Mic Mac)

A regional geochemical survey, the confidentiality of which was lifted in April 2011, conducted by TDI-Brooks International, Inc. on the shelf 

slope of Nova Scotia for a consortium (?) became accessible as a source of data for this study. The distribution of thermogenic hydrocarbon 

seeps is shown in Figure 3. The geochemical data of this survey consisting of carbon isotopes and molecular compositions (GC-GCMS) of 

piston-core seeps are also examined and discussed in this study.

Reference:

Bernard B. B., Allan K. A. and McDonald T; J. (2000) Regional geochemical survey for 2000 Nova Scotia Consortium. SGE Program. TDI-Brooks International, Inc. report, December 2000.

Figure 1: Distribution of  significant discoveries, shows and minor mud-gas shows 

Figure 2: Zoom on the distribution of  significant discoveries and shows.

Figure 3: Distribution of  significant discoveries, shows, minor mud-gas shows and thermogenic hydrocarbon seeps by Bernard et al. 

2000)  
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Figure 1: Distribution of  significant discoveries, shows, minor mud-gas shows, thermogenic hydrocarbon seeps by Bernard et al. 2000), 

DHI and satellite oil slicks by (NPA-Fugro).   
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Figure 2: Zoom on the distribution of  significant discoveries, shows and seeps from the piston-core by TDI-Brooks International, Inc.

Figures 1 & 2 display the distribution of significant oil, condensates and gas discoveries as well as of mud-gas shows. Significant oil, 

condensates and gas discoveries are located in the Sable and the Abenaki sub-basins. Significant gas shows are located in the Sable sub-

basin (Cree, Onondaga and Eagle). East of the Sable sub-basin (Southwest Banquereau, Louisbourg). Significant oil shows are located in 

the Northeastern part of the Abenaki sub-basin (Penobscot, Erie, Wyandot and Mic Mac). Also, significant seeps (rank 2) from TDI-Brooks 

piston-core survey are located on the shelf slope and toward the Laurentian Sub-basin. 

Laurentian 

Sub-basin

Figure 3: Location of three Laurentian – South Whale wells. Bandol-01 and East Wolverine G-37 are D&A. Heron tested oil in the 

Petrel Member (DST#6 at 2300m MD)   

Hydrocarbon Occurrences – NE Nova Scotia margin and Laurentian Sub-basin 
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A cursory investigation of some of the basic properties of fluids occurring in the Scotian Basin 

revealed an interesting trend where by fluids at greater depths are of lower gravity than very 

high GOR shallow fluids. There are at least two possible explanations for this observed trend:

1. Shallower fluids are light fractionates of deeper oil pools

2. Deeper fluids are generated from a more oil-prone source rock

An example of the deeper fluid is the Deep Panuke gas condensate accumulation. 

Geochemical analysis of Deep Panuke fluids by Sassen & Post (2007) suggest that the 

source for these fluids is not the same as the source rock which is thought to have generated 

other fluids in the Sable sub-basin. One of the interesting results of the geochemical analysis 

is shown in the image of GCMS traces taken from the Baseline Resolution laboratory report 

(right). These ion chromatograms show very high concentrations of diamondoid compounds in 

the oils, indicating that the fluids have undergone extensive thermal cracking, and must 

therefore have originated from a deep source, postulated to be a Type II Marine shale.
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Amparo

Americo Brasiliense

Americana

Amargosa

Alvares Machado

Almirante Tamandare

Almenara

Alfenas

Alem Paraiba

Alegrete

Alegre

Alagoinhas

Aimores

Agudos

Aguas Vermelhas

Aguas de Lindoia

Aguai

Adamantina

Abaete

Guaiba

Palmas

Tefe

Tarauaca

Tabatinga

Sena Madureira

Sao Gabriel da Cachoeira

Rio Branco

Porto Velho

Manaus

Manacapuru

Humaita

Fonte Boa

Eirunepe

Coari

Carauari

Boa Vista

Ariquemes

Aripuana

Vilhena

Posto Fiscal Rolim de Moura

Pimenta Bueno

Ouro Preto do Oeste

Jaru

Guajara Mirim

Cacoal

Jaboatao dos Guararapes

Nassau

Lucaya

Phuntsholing

Tonota

Thamaga

Serowe

Selebi-Phikwe
Ramotswa

Palapye

Mosopa

Molepolole

Mogoditshane

Maun

Mahalapye

Lobatse

Letlhakane

Kanye

Janeng

Gaborone

Francistown

Zhodzina

Zhlobin

Vitsyebsk

Vilyeyka

Vawkavysk

Svyetlahorsk

Slutsk

Slonim

Salihorsk

Pruzhany

Polatsk

Pinsk

Pastavy

Asipovichy

Orsha

Navapolatsk

Navahrudak

Minsk

Mazyr

Masty

Maladzyechna

Mahilyow

Lida

Krychaw

Kobryn

Kalinkavichy

Hrodna

Horki

Homyel'

Hlybokaye
Dzyarzhynsk

Dobrush

Byaroza

Brest

Barysaw

Baranavichy

Babruysk

San Ignacio

Orange Walk

Belmopan

Belize City

Abbotsford

Airdrie

Alma

Barrie

Bradford West Gwill imbury

Brandon

Brantford

Brockville

Brossard

Calgary

Campbell River

Camrose

Charlottetown

Chatham-Kent

Chill iwack

Cobourg

Cochrane

Collingwood

Conception Bay South

Corner Brook

Cornwall

Courtenay

Cranbrook

Drummondville

Duncan

Edmonton

Fort Erie

Fredericton

Glace Bay

Granby

Grande Prairie

Grand Sudbury

Guelph

Hamilton

Joliette

Kamloops

Kelowna

Kingston

Kitchener

Leamington

Leduc

Lethbridge

Lloydminster

London

Magog

Medicine Hat

Midland

Moncton

Montreal

Moose Jaw

Nanaimo

New Glasgow

New Westminster

North Battleford

North Bay

North Cowichan
North Vancouver

Orangeville

Oril l ia

Oshawa

Ottawa

Owen Sound

Parksville

Pembroke

Penticton

Peterborough

Port Alberni

Prince Albert

Prince George

Red Deer

Regina

Rouyn-Noranda

Saint-Hyacinthe

Saint-Jean-sur-Richelieu

Saint-Jerome

Saint John

Saint-Laurent

Salaberry-de-Valleyfield

Salmon Arm

Sarnia

Saskatoon

Sept-Iles

Shawinigan

Sherbrooke

Sherwood Park

Sorel-Tracy

Spruce Grove

Stratford

Terrace

Thunder Bay

Timmins

Toronto

Trois-Rivieres

Truro

Vancouver

Vernon

Victoria

Victoriavil le

Waterloo

Whitehorse

White Rock

Windsor

Winnipeg

Woodstock

Yellowknife

Yorkton

Halifax

St. John's

QuebecLevis

Yangambi

Watsa

Wamba

Uvira

Tshikapa

Mwene-Ditu

Mweka

Mbuji-Mayi

Lusambo
Luebo

Lubao

Lodja

Lisala

Kongolo

Kisangani

Kindu

Kasongo

Kaniama

Kananga

Kampene

Kamina

Kalemie

Kabinda

Kabare

Kabalo

Isiro

Ilebo

Goma

Gbadolite

Gandajika

Demba

Butembo

Buta

Businga

Bunia

Bumba

Bukavu

Bukama

Bondo

Boende

Beni

Basoko

Aketi

Lubumbashi

Likasi

Kolwezi

Kipushi

Kambove

Tshela

Nioki

Mushie

Mbanza-Ngungu

Mbandaka

Matadi

Mangai

Libenge

Kinshasa

Kikwit

Kasongo-Lunda

Kasangulu

Inongo

Gemena

Bulungu

Bolobo

Bandundu

Masina

Mobaye

Ippy

Bria

Bangassou

Bambari

Sibut

Paoua

Nola

Mbaiki

Kaga Bandoro

Damara

Carnot

Bozoum

Bouar

Bossangoa

Boda

Bimbo

Berberati

Batangafo

Bangui

Sibiti

Pointe-Noire

Owando

Ouesso

Mossendjo

Madingou

Dolisie

Loandjil i

Kayes

Impfondo

Gamboma

Brazzaville

Zurich

Zug

Yverdon-les-Bains

Winterthur

Wil

Wettingen

Vevey

Vernier

Uster

Thun
Steffisburg

Sion

Zuerich (Kreis 11) / Seebach

Schaffhausen

Sankt Gallen

Renens

Rapperswil

Pully

Onex

Olten

Zuerich (Kreis 11) / Oerlikon

Nyon

Neuchatel

Muttenz

Montreux
Monthey

Meyrin

Luzern
Lugano

Littau

Le Chatelard

Lausanne

La Chaux-de-Fonds

Kriens

Kreuzlingen

Koniz

Kloten

Jona

HorgenZuerich (Kreis 10) / Hoengg

Herisau

Grenchen

Gossau

Geneve

Fribourg

Frauenfeld

Emmen

Dubendorf

Dietikon

Chur

Carouge

Biel
Bern

Bellinzona

Basel

Baden
Baar

Aussersihl

Allschwil

Adliswil

Aarau

Zuerich (Kreis 10) / WipkingenZuerich (Kreis 11) / AffolternZuerich (Kreis 2) / WollishofenZuerich (Kreis 3) / Sihlfeld
Zuerich (Kreis 6) / Unterstrass
Zuerich (Kreis 9) / AlbisriedenZuerich (Kreis 9) / Altstetten

Stadt Winterthur (Kreis 1)

Zuerich (Kreis 12)

Seen (Kreis 3)

Zuerich (Kreis 3)
Zuerich (Kreis 11)
Zuerich (Kreis 9)

Oberwinterthur (Kreis 2)

Zuerich (Kreis 10)Zuerich (Kreis 2)
Zuerich (Kreis 8)Zuerich (Kreis 7)Zuerich (Kreis 6)

Lancy

Zuenoula

Yamoussoukro

Vavoua

Toumodi

Touba

Tengrela

Tiassale

Tanda

Tabou

Sinfra

Sassandra

San-Pedro

Sakassou

Oume

Odienne

Mankono

Man

Lakota

Korhogo

Katiola

Issia

Guiglo

Grand-Bassam

Affery

Gagnoa

Ferkessedougou

Duekoue

Divo

Dimbokro

Daoukro

Danane

Daloa

Dabou

Boundiali

Bouna

Bouake

Bouafle

Bonoua

Bongouanou

Bondoukou

Bingervil le

Biankouma

Beoumi

Bangolo

Arrah

Anyama

Akoupe

Agnibilekrou

Agboville

Adzope

Adiake

Aboisso

Abobo

Abidjan

Abengourou

Seguela

Soubre

Avarua

Vina del Mar

Villarrica

Villa Alemana

Victoria

Valparaiso

Vallenar

Valdivia

Tome

Tocopilla

Temuco

Talcahuano

Talca

Talagante

San Vicente

Santiago

Santa Cruz

San Javier

San Felipe

San Carlos

San Bernardo
San Antonio

Rio Bueno

Rengo

Rancagua

Quilpue

Quillota

Punta Arenas

Puerto Varas

Puerto Montt

vina causino

Penco

Penaflor

Parral

Panguipulli

Paine

Ovalle

Osorno

Nueva Imperial

Nacimiento

Mulchen

Molina

Melipil la

Machali

Lota

Los Angeles

Los Andes

Loncoche

Llail lay

Linares

Limache

Lebu

Lautaro

La Union

La Serena

Lampa

La Ligua

La Laja

Iquique

Illapel

Hacienda La Calera

Graneros

El Monte

Diego de Almagro

Curico

Curanilahue

Coronel

Coquimbo

Copiapo

Constitucion

Concepcion

Collipulli

Coihaique

Chimbarongo

Chillan

Chiguayante

Cauquenes

Castro

Canete

Calama

Cabrero

Buin

Arica

Arauco

Antofagasta

Angol

Ancud

Las Animas

Yaounde

Yagoua

Wum

Tonga

Tiko

Tibati

Tchollire

Sangmelima

Penja

Obala

Nkoteng

Nkongsamba

Ngaoundere

Nanga Eboko

Muyuka

Mutengene

Mora

Mokolo

Melong

Meiganga

Mbouda

Mbanga

Mbandjok

Mbalmayo

Maroua

Manjo

Mamfe

Loum

Lolodorf

Limbe

Lagdo

Kumbo

Kumba

Kribi

Kousseri

Kaele

Guider

Garoua Boulai

Garoua

Fundong

Foumbot

Foumban

Fontem

Eseka

Edea

Ebolowa

Dschang

Douala

Dizangue

Bogo

Bertoua

Belabo

Batouri

Banyo

Bangangte

Bamusso

Bamenda

Bali

Bafoussam

Bafia

Bafang

Akonolinga

Idenao

Xigaze

Suzhou

Shache

Lhasa

Laojunmiao

Kashi

Jiayuguan

Hotan

Urumqi

Turpan

Shihezi

Kuqa

Korla

Hami

Changji

Baijiantan

Aral

Altay

Aksu

Zunyi

Zoucheng

Ziyang

Zigong

Zhuzhou

Zhumadian

Shangqiu

Zhuji

Zhucheng

Zhuanghe

Zhoukou

Zhoucun

Yuxi

Zhongxing

Zhongshu

Zhicheng

Zhicheng

Yizheng

Zhenjiang

Zhenhai

Zhengzhou

Xinghua

Zhaotong

Zhaoqing

Zhaogezhuang

Zhaoyuan

Zhanjiang

Zhangzhou

Zhangye

Zibo

Anyang

Zaozhuang

Zaoyang

Yuyao

Yuzhou

Yuxia

Kunshan

Yunyang

Yunmeng

Yunjinghong

Pizhou

Yunfu

Yuncheng

Yulin

Yulin

Yudong

Yuci

Yucheng

Yuanping

Yuanlin

Yuancheng

Yongfeng

Yongchuan

Yishui

Zhongxiang

Yingshang

Yingcheng

Yinchuan

Yima

Yigou

Qingzhou

Yichun

Yicheng

Yicheng

Yichang

Yibin

Rongcheng

Yashan

Yanzhou

Yantai

Yanliang

Yangzhou

Zhangjiagang

Yangquan

Yangliuqing

Yanggu

Yangcun

Yancheng

Xuzhou

Xucheng

Xuri

Xunchang

Xuchang

Xuanzhou

Xixiang

Xiulin

Xiongzhou

Guixi

Xinzhou

Xinzhou

Xinzhi

Xinyu

Xinye

Xinyang

Xinxiang

Xintai

Xinshi

Xinpu

Xinji

Xining

Shangmei

Xingtai

Ankang

Xindian

Xindi

Feicheng

Sanshui

Ximei

Xihua

Xihe

Xichang

Xiazhuang

Xiazhen

Haining

Gongyi

Xiaoweizhai

Xiaoshan

Xiaolingwei

Xiaogan

Xianyang

Xiantao

Xianshuigu

Jiangdu

Xianning

Xianju

Zhuhai

Wenxing

Xiangxiang

Xiangtan

Xiangfan

Xiangcheng

Xi'an

Xiamen

Wuzhou

Wuyang

Wuxue

Wuxi

Dongyang

Changde

Wuhu

Wuhan

Wuhai

Wuda

Wucheng

Wenzhou

Wenshang

Wenling

Wendeng

Weinan

Weihai

Weifang

Wanxian

Wanning

Jiaonan

Wafangdian

Tunxi

Loushanguan

Tongzhou

Fuding

Tongren

Tongling

Tongchuan

Tianpeng

Tianjin

Tengzhou

Taozhuang

Tantou

Tangzhai

Tangshan

Tangping

Tangjiazhuang

Tanghe

Tanggu

Taizhou

Taiyuan

Taixing

Taishan

Tai'an

Suzhou

Suozhen

Suizhou

Suixi

Suicheng

Suining

Sishui

Laixi

Shouguang

Shizuishan

Shizilu

Shiyan

Shiyan

Shiwan

Shitanjing

Panyu

Shiqi

Shima

Shilong

Tongchuan

Shijiazhuang

Shenzhen

Shenxian

Shenjiamen

Shashi

Shaping

Shaoxing

Shaowu

Shaoguan

Shancheng

Shanwei

Shantou

Shanting

Shanghai

Shahecheng

Sanya

Sanming

Runan

Rongcheng

Fuqing

Jieyang

Rizhao

Renqiu

Quzhou

Qujing

Qufu

Quanzhou

Qiyang

Qixia

Qiongshan

Yuanjiang

Qinzhou

Qinnan

Qinhuangdao

Jinjiang

Qingquan

Huaiyin

Qingdao

Qingyuan

Hongqiao

Puyang

Putian

Puqi

Pumiao

Pulandian

Poyang

Pingyin

Pingyi

Pingxiang

Pingshan

Pingnan

Pingliang

Pingdu

Pingdingshan

Pengcheng

Panzhihua

Ningyang

Yutan

Ninghai

Ninghai

Ningbo

Neijiang

Nanzhou

Nanzhang

Nanyang

Nantong

Nanpu

Nanping

Nanning

Nanma

Nanlong

Nanjing

Nangong

Nanfeng

Nandu

Nanding

Nanchong

Nanchang

Miyang

Mingshui

Mingguang

Minggang

Mianyang

Mentougou

Mengyin

Mengcheng

Meizhou

Meilu

Majie

Zhijiang

Macheng

Maba

Lushun

Luqiaozhen

Luoyang

Luoyang

Luoyang

Luorong

Luohe

Luocheng

Lujiang

Lubu

Luancheng

Loudi

Longquan

Longkou

Liyang

Puning

Lishui

Lintong

Linyi

Linxia

Linxi

Linshui

Linqu

Linqiong

Linqing

Linping

Linhai

Lingcheng

Lincheng

Linfen

Liling

Lichuan

Zengcheng

Liaocheng

Lianzhou

Lianzhou

Lianran

Liangxiang

Liancheng

Leshan

Lengshuitanqu

Lengshuijiang

Leiyang

Lecheng

Laohekou

Lanzhou

Lanxi

Lianyuan

Langfang

Laizhou

Laiyang

Laiwu

Laibin

Kunyang

Kunming

Kaiyuan

Kaihua

Kaifeng

Juye

Juegangzhen

Jiujiang

Jishui

Jishou

Jinzhou

Jinxiangzhen

Jinshi

Jinsha

Jinjiang

Jinji

Jining

Jinhua

Jingzhou

Tianchang

Jingmen

Jingling

Jingdezhen

Jinchang

Jincheng

Jinan

Jimo

Jiangjin

Jiexiu

Jieshou

Jieshi

Jiehu

Jiazi

Jiaxing

Jiaozuo

Jiaozhou

Ningde

Jian'ou

Jiangyan

Jianguang

Jiangmen

Jiangkou

Yangjiang

Ji'an

Guangyuan

Huzhou

Hutang

Huoqiu

Humen

Huizhou

Qidong

Huicheng

Xinhui

Huazhou

Huangzhou

Huangyan

Huangshi

Dasha

Huangpi

Huangmei

Huanggang

Daxing

Huangchuan

Huaiyuan

Huainan

Huaicheng

Huaihua

Huaidian

Huaibei

Hongjiang

Heze

Hechuan

Yiyang

Hepo

Hengyang

Hengshui

Hefei

Hede

Hecun

Hebi

Hanzhong

Fu'an

Hanting

Hangzhou

Hangu

Handan

Hanchuan

Hancheng

Haizhou

Jiaojiang

Haimen

Haikou

Haikou

Guye

Guozhen

Guli

Guiyang

Guiren

Guiping

Guilin

Guigang

Gucheng

Guangzhou

Guangshui

Gejiu

Gaozhou

Gaoyou

Gaoping

Gaomi

Gaogou

Fuzhou

Fuyang

Fuyang

Fushan

Fuling

Foshan

Fenyi

Fengxian

Fengrun

Fengkou

Feicheng

Fangshan

Ezhou

Enshi

Enping

Duyun

Duobaowan

Ducheng

Xinyi

Dongying

Dongtai

Dongsheng

Dongkan

Donghai

Dongguan

Dongdu

Dongcun

Dingzhou

Dingtao

Dezhou

Deyang

Deqing

Penglai

Dengzhou

Dengfeng

Dazhong

Zhangjiajie

Daye

Dayan

Daxian

Dawukou

Datong

Daqiaozhen

Huaxian

Danshui

Danjiangkou

Dangtu

Dancheng

Daliang

Dalian

Dali

Chuzhou

Yangchun

Yiwu

Chongqing

Chonglong

Chizhou

Chenzhou

Chengyang

Jiangyin

Chengdu

Chenghai

Chaozhou

Chaohu

Changzhou

Changzhi

Changsha

Changqing

Changli

Changleng

Caohe

Weining

Cangzhou

Caidian

Buhe

Bozhou

Botou

Boshan

Bose

Binzhou

Binzhou

Bijie

Bianzhuang

Bengbu

Beijing

Beihai

Beidao

Beibei

Baoying

Langzhong

Baoding

Baiyin

Baihe

Babu

Anxiang

Anshun

Anqiu

Anqing

Anping

Anlu

Anjiang

Anbu

Jiangyou

Suzhou

Zhoushan

Mudu

Songling

Zhoucheng

Dalianwan

Zhenlai

Shuangliao

Zhaozhou

Zhaoyuan

Zhaodong

Zhangjiakou

Zalantun

Yushu

Youhao

Yingkou

Yilan

Yichun

Yebaishou

Yantongshan

Yanji

Yakeshi

Xuanhua

Xiuyan

Xinqing

Xinmin

Xinglongshan

Xingcheng

Xilin Hot

Xifeng

Xiaoshi

Wuchang

Wangqing

Wangou

Wangkui

Ulan Hot

Tumen

Tongliao

Tieling

Tieli

Taonan

Tailai

Taikang

Tahe

Sujiatun

Suileng

Suihua

Suifenhe

Songjianghe

Siping

Shunyi

Shulan

Shuangyashan

Shuangyang

Shuangcheng

Xiguit Kuangqu

Shenyang

Shanhetun

Shangzhi

Sanchazi

Salqin

Ranghulu

Qitaihe

Qiqihar

Qinggang

Qianguo

Pingzhuang

Panshi

Panshan

Nianzishan

Nenjiang

Nehe

Nantai

Nanpiao

Nancha

Mujiayingzi

Mudanjiang

Mishan

Mingyue

Mingshui

Meihekou

Manzhouli

Longjing

Longjiang

Longfeng

Liuhe

Lishu

Linkou

Linjiang

Lingyuan

Lingdong

Liaozhong

Liaoyuan

Liaoyang

Lanxi

Langxiang

Langtou

Kuandian

Kaiyuan

Kaitong

Jixi

Jiutai

Jiupu

Jishu

Jinzhou

Jinxi

Jining

Jilin

Jidong

Jiaohe

Jiamusi

Jalai Nur

Jagdaqi

Hushitai

Hunchun

Hulan Ergi

Hulan

Huinan

Huanren

Huangnihe

Huanan

Huadian

Honggang

Hohhot

Hengshan

Helong

Heishan

Heihe

Hegang

Harbin

Hailun

Hailin

Hailar

Haicheng

Gongzhuling

Gongchangling

Genhe

Gannan

Fuyuan

Fuyu

Fuyu

Fuxin

Fuxin

Fushun

Fuli

Fujin

Fengzhen

Fengcheng

Erenhot

Erdaojiang

Dunhua

Dongning

Dongling

Dongfeng

Didao

Dehui

Datong

Dashitou

Dashiqiao

Daqing

Dandong

Linghai

Dalai

Chifeng

Chengzihe

Chengde

Chaoyang

Chaoyang

Changtu

Changping

Changling

Changchun

Chaihe

Boli

Binzhou

Benxi

Beipiao

Bayan

Baotou

Baoshan

Baoqing

Bamiantong

Baishishan

Baiquan

Baicheng

Baishan

Anshan

Anda

Alihe

Acheng

Zipaquira

Zarzal

Zaragoza

Yumbo

Yopal

Yarumal

Viterbo
Villeta

Villavicencio

Villa del Rosario

Villanueva

Villanueva

Villamaria

Valledupar

Urrao

Ubate

Turbo

Turbaco

Tuquerres

Tunja

Tumaco

Tulua

Tolu

Tierralta

Tame

Sucre

Sonson

Soledad

Sogamoso

Socorro

Soacha

Sincelejo
Since

Sibate

Sevilla

Segovia

Santuario

Santo Tomas

Santa Rosa de Cabal

Santander de Quilichao

Santa Marta

Santa Lucia

San Onofre

San Martin

San Marcos

San Juan Nepomuceno

San Juan del Cesar

San Jacinto

San Gil

San Benito Abad

San Andres

Sampues

Salamina

Sahagun

Sabaneta

Sabanalarga

Roldanillo

Riosucio

Rionegro

Riohacha

Repelon

Quimbaya

Quibdo

Puerto Tejada

Puerto Santander

Puerto Lopez

Puerto Colombia

Puerto Boyaca

Puerto Berrio

Puerto Asis

Pradera

Planeta Rica

Pivijay

Pitalito

Piedecuesta

Pereira

Pasto

Pamplona

Palmira

Palmar de Varela

Pacho

Ocana

Neiva

Mosquera

Monteria

Montenegro

Mompos

Mocoa

Melgar

Medellin

Mariquita

Marinil la

Maria la Baja

Manzanares

Manizales

Malambo

Malaga

Maicao

Magangue

Madrid

Los Patios

Lorica

Libano

Leticia

Lerida
La Virginia

La Union

La Union

La Tebaida

La Plata

La Jagua de Ibirico

La Estrella

La Dorada

La Ceja

Jamundi

Itagui

Ipiales

Ibague

Honda

Guacari

Granada

Giron

Girardot

Garzon

Galapa

Fusagasuga

Funza

Fundacion

Fresno

Fonseca

Floridablanca

Florida

Florencia

Flandes

Facatativa

Espinal

Envigado

El Reten

El Copey

El Cerrito

El Carmen de Bolivar

El Banco

El Bagre

Duitama

Dos Quebradas

Curumani

Cucuta

Corozal

Corinto

Copacabana

Circasia

Cienaga de Oro

Cienaga

Chiriguana

Chiquinquira

Chinu

Chinchina

Chimichagua

Chigorodo

Chia

Chaparral

Cerete

Caucasia

Cartago

Cartagena

Carmen de Viboral

Candelaria

Campo de la Cruz

Campoalegre

Cali

Caldas

Calarca

Cajica

Caicedonia

BugaBuenaventura

Buenaventura

Bucaramanga

Bogota

Bello

Belen de Umbria

Barranquilla
Barrancas

Barrancabermeja

Barbosa

Barbosa

Baranoa

Ayapel

Armenia

Arjona
Ariguani

Arauca

Aracataca

Apartado

Anserma

Andes

Andalucia

Aguazul

Aguadas

Aguachica

Acacias

Carepa

Ciudad Bolivar

Agustin Codazzi

Plato

San Jose del Guaviare

Turrialba

Tejar

Siquirres

San Vicente

San Rafael Arriba
San Rafael Abajo

San Rafael
San RafaelSan Pedro

San Pablo

San MiguelSan Juan de Dios

San Juan

San Jose

San Jose

San Isidro

San Francisco

San FelipeSan Diego

Quesada

Purral

Puntarenas

Puerto Limon
Patarra

Paraiso

Nicoya

Mercedes

Liberia

Ipis
Heredia

Guapiles

Guadalupe
Esparza

Curridabat
Colima

Chacarita

Cartago

Canas

Calle Blancos
Aserri

Alajuela
San Vicente de Moravia

Yara

Yaguajay

Vertientes

Venezuela

Varadero

Union de Reyes

Trinidad

Sibanicu

Santo Domingo

Santiago de las Vegas

Santiago de Cuba

Santa Cruz del Sur

Santa Cruz del Norte

Santa Clara

San Luis

San Jose de las Lajas

Sancti Spiritus

San Cristobal

San Antonio de los Banos

Sagua la Grande

Sagua de Tanamo

Rodas

Rio Guayabal de Yateras

Rio Cauto

Remedios
Ranchuelo

Puerto Padre

Primero de Enero

Placetas

Pinar del Rio PericoPedro Betancourt

Palmira

Palma Soriano

Nuevitas

Nueva Gerona

Niquero

Moron

Moa

Minas

Media Luna

Matanzas

Mariel

Manzanillo

Manicaragua

Madruga

Los Palacios

Las Tunas

Havana

Jovellanos

Jobabo

Jiguani

Jatibonico

Jaruco

Jaguey Grande

Holguin

Guisa

Guira de MelenaGuines

Guantanamo

Guane

Guanajay

Guaimaro
Gibara

Fomento

Florida

Esmeralda

Encrucijada

Cumanayagua

Cueto

Cruces

Corralil lo

Contramaestre

Consolacion del Sur

Condado

Colon

Colombia

Cifuentes

Cienfuegos

Ciego de Avila

Chambas

Cardenas

Campechuela

Camajuani

Camaguey

Calimete

Caibarien

Cabaiguan

Bejucal

Bayamo

Bauta

Baragua

Baracoa

Banes

Bahia Honda

ArtemisaAlquizar

Aguada de Pasajeros

Abreus

Baguanos
Santa Maria

Praia

Mindelo

Protaras

Paphos

Nicosia

Limassol

Larnaca

Kyrenia

Famagusta

Dvur Kralove nad Labem
Znojmo

ZlinZlin

Zd'ar nad Sazavou IIZd'ar nad Sazavou

Zatec

Vyskov

Vsetin

Varnsdorf

Valasske Mezirici

Usti nad Orlici

Usti nad Labem

Uhersky Brod

Uherske Hradiste

Trutnov

Trinec

Trebic

Teplice

Tabor

Svitavy

Sumperk

Strakonice

Stary Bohumin

Sokolov

Slany

Roznov pod Radhostem

Rakovnik

Prostejov

Prosek

Pribram

Prerov

Praha

Plzen

Pisek

Pelhrimov

Pardubice

OtrokoviceOtrokovice

Ostrov

Ostrava

Orlova

Opava

Olomouc

Novy Jicin

Neratovice

Nachod

Most

Modrany

Mlada Boleslav

Melnik

Louny

Litvinov

Litomerice

Liberec

Liben
Letnany

Kutna Hora

Kromeriz

Krnov

Kralupy nad Vltavou

Koprivnice

Kolin

Klatovy

Klasterec nad Ohri

Kladno

Karvina

Karlovy Vary

KadanKadan

Jirkov

Jindrichuv Hradec

JihlavaJicin

Jablonec nad Nisou

Hranice

Hradec Kralove

Hodonin

Havlickuv Brod

Havirov

Frydek-MistekFrydek-Mistek

Decin

Chrudim

Chomutov

Cheb

Cesky Tesin

Ceske Budejovice

Ceska Trebova

Ceska Lipa

Bruntal

Brno

Breclav

Branik

Brandys nad Labem-Stara Boleslav

Bohumin

Blansko

Bilina KyselkaBilina

Beroun

BenesovCerny Most

Zwickau

Zweibrucken

Zulpich

Zossen

Zittau

Zirndorf

Zerbst

Zeitz

Xanten

Wurzen

Wurzburg

Wurselen

Wuppertal

Wunstorf

Wulfrath

Worth am Rhein

Worms

Wolfsburg

Wolfratshausen

Wolfenbuttel

Wolfen

Witzenhausen

Wittstock

Wittmund

Wittl ich

Wittenberge

Witten

Wismar

Wipperfurth

Winsen

Winnenden

Wilnsdorf

Will ich

Wilhelmshaven
Wildeshausen

WieslochWiesbaden

Wetzlar

Wetter (Ruhr)

Westerstede

Wesseling

Wesel

Wertheim

Wernigerode

Werne

Wermelskirchen

Werl

Werdohl

Werder

Werdau

Wendlingen am Neckar

Wenden

Wendelstein

Weiterstadt

Weisswasser

Weissenfels

Weissenburg in Bayern

Weinstadt-Endersbach

Weinheim
Weingarten

Weimar

Weilheim in Oberbayern

Weilerswist

Weil der Stadt

Weil am Rhein

Weiden

Wegberg

Weener

Wedel

Wassenberg

Warstein
Warendorf

Waren

Wardenburg
Warburg

Wangen im Allgau

Wandlitz

Waltrop

Walsrode

Wallenhorst

Waldshut-Tiengen

Waldkraiburg

Waldkirch

Waldbrol

Waiblingen

Waghausel

Wadgassen

Wadern

Wachtberg

Vreden

Volklingen

Voerde

Vlotho

Vilshofen

Vill ingen-Schwenningen

Viersen

Viernheim

Versmold

Verl

Verden

Velbert

Vechta

Vechelde

Vaterstetten

Varel

Vaihingen an der Enz

Uetersen

Uslar

UnterschleissheimUnterhaching

Unter-Bad Krozingen

Unna

Ulm

Uetze

Uelzen

Uberlingen

Ubach-Palenberg

Tuttlingen

Tubingen

Trossingen
Troisdorf

Trier

TraunsteinTraunreut

Torgau

Tonisvorst

Tettnang

Templin

Teltow

Telgte

Taunusstein

Taufkirchen

Syke

Sundern

Sulzbach-Rosenberg

Sulzbach

Suhl

Stuttgart

Stuhr

Strausberg

Straubing

Stralsund

Straelen

Stolberg

Stockelsdorf

Stockach

Stendal

Steinhagen

Steinfurt

Stassfurt

Starnberg

Stadtlohn

Stadthagen

Stadtallendorf

Stade

Sprockhovel

Springe

Speyer

Spenge

Sonthofen

Sonneberg

Sondershausen

Sommerda

Soltau

Solingen

Soest

Sinzig

Sinsheim

Singen

Sindelfingen

Simmerath

Sigmaringen

Siegen

Siegburg

Senftenberg

Senden

Senden

Selm

Seligenstadt

Selb

Sehnde

Seevetal

Seesen

Seelze

Schwetzingen

Schwerte

Schwerin

Schwelm

Schweinfurt

Schwedt (Oder)

Schwarzenberg

Schwanewede

Schwandorf in Bayern

Schwalmtal

Schwalmstadt

Schwalbach

Schwabisch Hall
Schwabisch Gmund

Schwabach
Schrobenhausen

Schramberg

Schortens

Schorndorf

Schopfheim

Schonebeck

Schneverdingen

Schneeberg

Schmelz

Schmallenberg

Schmalkalden

Schluchtern

Schleswig

Schkeuditz

Schiffweiler

Schifferstadt

Schenefeld

Saulgau

Sarstedt

Sankt Wendel

Sankt Ingbert

Sankt Augustin

Sangerhausen

Salzwedel

Salzkotten

Saarlouis

Saarbrucken

Saalfeld

Russelsheim

Rudolstadt

Rottweil

Rottenburg

Roth

Rotenburg

Rostock

Rosrath

Rosenheim

Ronnenberg

Rinteln

Rietberg

Riesa

Riegelsberg

Ribnitz-Damgarten

Rheinfelden

Rheine

Rheinberg

Rheinbach

Rhede

Rheda-Wiedenbruck

Reutlingen

Renningen

Rendsburg

Remscheid

Remagen

Reinheim

Reinbek

Reichenbach/Vogtland

Regensburg

Rees

Recklinghausen

Ravensburg

Ratingen

Rathenow

Ratekau

Rastede

Rastatt

Rahden

Radolfzell am Bodensee

Radevormwald

Radebeul

Radeberg

Quickborn

Quedlinburg

Puttlingen

Pulheim

Puchheim

Prenzlau

Preetz

Potsdam

Porta Westfalica

Plettenberg

Plauen

Pirna

Pirmasens

Pinneberg

Pfungstadt
Pfullingen

Pforzheim

Pfaffenhofen an der Ilm

Petershagen

Penzberg

Peine

Passau

Parchim

Papenburg

Paderborn

Oyten

Overath

Ottweiler

Ottobrunn

Osterholz-Scharmbeck

Osnabruck

Oschersleben

Oschatz

Oranienburg

Olsberg

Olpe

Oldenburg

Olching

Ohringen

Offenburg

Offenbach

Oerlinghausen

Oer-Erkenschwick

Oelde

Odenthal

Ochtrup

Oberursel

Obertshausen

Ober-Ramstadt

Oberkirch

Oberhausen

Oberasbach

Nurtingen

Nuernberg

Numbrecht

Nottuln

Northeim

Noerdlingen

Nordhorn

Nordhausen

Norderstedt

Nordenham

Norden

Nienburg

Niederkruchten

Niederkassel

Nieder-Ingelheim

Nidderau

Nidda

Neu Wulmstorf

Neuwied

Neu-Ulm

Neustrelitz

Neustadt in Holstein

Neustadt bei Coburg

Neustadt an der Weinstrasse

Neustadt am Rubenberge

Neustadt

Neuss

Neuruppin

Neunkirchen

Neumunster

Neumarkt in der Oberpfalz

Neu Isenburg

Neufahrn bei Freising

Neuenhagen

Neuburg an der Donau

Neubrandenburg

Neu-Anspach

Nettetal

Netphen

Neckarsulm

Naumburg

Nauen

Nagold

Munster

Munster

Hannoversch Munden

Muenchen

Mullheim

Mulheim an der Ruhr

Muhlheim

Muhlhausen

Muhldorf

Muhlacker

Much

Mossingen

Mosbach

Moosburg

Monheim

Monchengladbach

Molln

Moers

Mittweida

Minden

Michelstadt

Metzingen

Mettmann

Meschede

Merzig

Merseburg

Meppen

Menden

Memmingen

Melle

Meissen

Meiningen

Meinerzhagen

Meerbusch

Meerane

Meckenheim

Mechernich

Mayen

Marsberg

Marl

Marktredwitz

Marktoberdorf

Markkleeberg West

Marburg an der Lahn

Marbach am Neckar

Mannheim
Mainz

Maintal

Magdeburg

Lunen

Luneburg

Ludwigshafen am Rhein

Ludwigsfelde

Ludwigsburg

Ludinghausen

Ludenscheid

Luckenwalde

Lubeck

Lubbenau

Lubbecke

Loxstedt

Losheim

Lorrach

Lohr
Lohne

Lohmar

Lobau

Lippstadt

Lingen

Lindlar

Lindau

Limburg an der Lahn

Limbach-Oberfrohna

Lilienthal

Lichtenfels

Leverkusen

Leutkirch im Allgau

Leopoldshohe

Leonberg

Lennestadt

Lengerich

Lemgo

Leipzig

Leinfelden-Echterdingen

Leimen

Leichlingen

Lehrte

Leer

Lebach

Laupheim

Lauf an der Pegnitz

Lauchhammer

Langenhagen

Langenfeld

Langen

Langen

Landshut

Landsberg am Lech

Landau in der Pfalz

Lampertheim

Lahr

Lahnstein

Lage

Laatzen

Bad Laasphe

Kurten

Kunzelsau

Kunzell

Kulmbach

Kronberg

Kronach

Kreuztal

Kreuzau

Krefeld

Kothen

Korschenbroich

Kornwestheim
Korntal

Korbach

Konz

Konstanz

Konigs Wusterhausen

Konigswinter

Konigstein im Taunus

Konigslutter am Elm

Konigsbrunn

Koeln

Kolbermoor

Koblenz

Kleve

Kleinmachnow

Kitzingen

Kirchlengern

Kirchheim unter Teck

Kirchhain

Kierspe

Kiel

Kevelaer Kerpen

Kempten (Allgaeu)

Kempen

Kelkheim (Taunus)

Kelheim

Kehl

Kaufbeuren

Kassel

Karlstadt

Karlsruhe

Karlsfeld

Karben

Kamp-Lintfort

Kamenz

Kamen

Kaltenkirchen

Kaiserslautern
Kaarst

Julich

Juchen

Jena

Itzehoe

Isernhagen Farster Bauerschaft

Iserlohn

Ingolstadt

Ilmenau

Ill ingen

Illertissen

Idstein

Idar-Oberstein

Ibbenburen

Husum

Hurth

HunfeldHude

Huckeswagen

Huckelhoven

Hoyerswerda

Hoxter

Hovelhof

Horstel

Horb am Neckar

Homburg

Holzwickede

Holzminden

Holzkirchen

Hohenstein-Ernstthal

Hohen Neuendorf

Hofheim am Taunus

Hofgeismar

Hof

Hockenheim

Hochheim am Main

Hille

Hildesheim

Hilden

Hilchenbach

Hiddenhausen

Heusweiler

Heusenstamm

Hettstedt

Hessisch Oldendorf

Herzogenrath

Herzogenaurach

Herten HerrenbergHerne

Herford

Herdecke

Herborn

Heppenheim an der Bergstrasse

Hennigsdorf

Hennef

Hemmingen

Hemer

Helmstedt

Heinsberg

Heilbad Heiligenstadt

Heiligenhaus

Heilbronn

Heidenheim an der Brenz

Heidenau

Heidelberg

Heide

Hechingen
Hattingen

Hattersheim

Hassloch

Harsewinkel

Haren

Hannover

Hanau am Main

Hamminkeln

Hamm

Hameln

Hamburg

HalverHaltern

Halstenbek

Halle-Neustadt

Halle

Halle

Haldensleben

Halberstadt

Haiger

Hagen

Haar

Haan

Gutersloh

Gustrow

Gunzenhausen

Gunzburg

Gummersbach

Guben

Gross-Umstadt

Grossostheim

Gross-Gerau

Grossenhain

Gronau

Grobenzell

Grimma

Griesheim

Grevenbroich

Greven

Greiz

Greifswald

Grefrath

Gottingen

Gotha

Goslar

Gorlitz

Goppingen

Goch

Glinde

Glauchau

Gladbeck

Ginsheim-Gustavsburg

Gilching

Gifhorn

Giessen

Giengen an der Brenz

Gevelsberg

Geseke

Gescher

Gersthofen

Germersheim

Germering

Gerlingen

Geretsried

Gera

Georgsmarienhutte

Gelsenkirchen-Alt

Gelnhausen

Geldern

Geislingen an der Steige

Geilenkirchen

Geesthacht

Gauting

Garmisch-Partenkirchen

Garching bei Munchen

Garbsen

Ganderkesee

Gaggenau

Furth

Furstenwalde

Fuerstenfeldbruck

Fulda

Frondenberg

Friesoythe

Friedrichshafen

Friedrichsdorf

Friedberg

Friedberg

Freudenstadt

Freudenberg

Freital

Freising

Freilassing

Freiburg

Freiberg am Neckar

Freiberg

Frechen

Frankfurt am Main

Frankfurt (Oder)

Frankenthal

Frankenberg

Frankenberg

Forst

Forchheim

Florsheim

Flensburg

Finsterwalde

Finnentrop Fellbach

Falkensee

Eutin

Euskirchen

Ettlingen

Esslingen

Essen

Espelkamp

Eschweiler

Eschwege

Eschborn

Erwitte

Erlangen

Erkrath

Erkelenz

Erfurt

Erftstadt

Eppingen

Eppelborn

Ennigerloh

Ennepetal

Enger

Engelskirchen

Emsdetten

Emmerich

Emmendingen

Emden

Eltvil le

Elsdorf

Elmshorn

Ellwangen

Eitorf

Eislingen

Eisenhuttenstadt

Eisenach
Einbeck

Eilenburg

Ehingen

Eggenstein-Leopoldshafen

Edewecht

Eckernforde

Eberswalde

Ebersbach an der Fils

Eberbach

Dusseldorf

Duren

Dulmen

Duisburg

Duderstadt

Dresden

Drensteinfurt
Dreieich

Dortmund

Dorsten

Dormagen

Donauworth

Donaueschingen

Dobeln

Ditzingen

Dinslaken

Dingolfing

Dill ingen an der Donau

Dill ingen

Dillenburg

Dietzenbach

Diepholz

Dieburg

Detmold

Dessau

Delmenhorst

Delitzsch

Delbruck

Deggendorf

Datteln

Darmstadt

Damme

Dachau
Cuxhaven

Crimmitschau

Crailsheim

Cottbus

Coswig

Coesfeld

Coburg

Cloppenburg

Clausthal-Zellerfeld

Chemnitz

Cham

Celle

Castrop-Rauxel

Calw

Buxtehude

Butzbach

Burstadt

Burscheid

Burghausen

Burgdorf

Burg bei Magdeburg

Buren

Buende

Buhl

Budingen

Buckeburg

Buchholz in der Nordheide

Buchen

Bruhl

Bruggen

Bruckmuhl

Bruchsal

Bruchkobel

Brilon

Bretten

Bremervorde

Bremerhaven Bremen

Braunschweig

Brandenburg

Bramsche

Brakel

Brackenheim

Bottrop

Bornheim

Borna

Borken

Boppard

Bonn

Bonen

Bochum

Bocholt

Boblingen

BobingenBlomberg

Blieskastel

Blankenburg

Bitterfeld

Bingen am Rhein

Bietigheim-Bissingen

Bielefeld

Biberach an der Riss

Bexbach

Beverungen

Bernburg

Bernau

Berlin

Bergneustadt

Bergkamen

Bergisch Gladbach

Bergheim

Bensheim

Bendorf

Bedburg

Beckum

Beckingen

Bayreuth

Bautzen

Baunatal

Bassum

Barsinghausen

Bamberg

Balingen

Baiersbronn

Bahnhof Lohne

Baesweiler

Bad Zwischenahn Bad Wildungen

Bad Waldsee

Bad Vilbel

Bad Tolz

Bad Soden am Taunus

Bad Segeberg

Bad Schwartau

Bad Salzungen

Bad Salzuflen

Bad Sackingen

Bad Reichenhall

Bad Rappenau

Bad Pyrmont

Bad Oldesloe

Bad Oeynhausen

Bad Neustadt an der Saale

Bad Neuenahr-Ahrweiler

Bad Nauheim

Bad Munstereifel

Bad Munder am Deister

Bad Mergentheim

Bad Lippspringe

Bad Langensalza

Bad Kreuznach

Bad Kissingen

Bad Honnef am Rhein

Bad Homburg vor der Hohe

Bad Hersfeld

Bad Harzburg

Bad Essen

Baden-Baden

Bad Durkheim

Bad Driburg

Bad Berleburg

Bad Bentheim

Bad Aibling

Backnang
Babenhausen

Aurich

Augsburg

Auerbach

Aue

Attendorn

Aschersleben

Ascheberg

Aschaffenburg

Bad Arolsen

Arnstadt

Arnsberg

Apolda

Ansbach

Annaberg-Buchholz

Angermunde

Andernach

Amberg

Alzey

Alzenau in Unterfranken

Altenburg

Altena

Altdorf

Alsfeld

Alsdorf

Alfter

Alfeld

Albstadt

Aichach

Ahrensburg

Ahlen

Ahaus

Achim

Achern

Aalen

Vellmar

Schloss Holte-Stukenbrock

Rehlingen-Siersburg

Henstedt-Ulzburg

Aachen

Morfelden-Walldorf

Riedstadt

Lauda-Konigshofen

Filderstadt
Ostfi ldern

Rodgau

Seeheim-Jugenheim

Wittenberg, Lutherstadt

Spremberg

Rheinstetten

Tadjoura

Obock

Djibouti

`Ali Sabieh

Vejle

Tastrup

Svendborg

Sonderborg

Slagelse

Skive

Silkeborg

Roskilde

Ringsted

Randers

Odense

Nykobing Falster

Nyborg

Naestved

Lillerod

Korsor

Koge

Copenhagen

Kolding

Kalundborg

Ishoj

Horsens

Horsholm

Holstebro

Holbaek

Hjorring

Hillerod

Herning

Helsingor

Haderslev

Greve

Frederikshavn

Fredericia

Esbjerg

Birkerod

Arhus

Alborg

Abenra

Roseau

Villa Bisono

Villa Altagracia

Tamboril

Santo Domingo

Santiago de los Caballeros

Santa Cruz de El Seibo

Santa Cruz de Barahona

San Pedro de Macoris

San Juan de la Maguana

San Jose de Ocoa

San Francisco de Macoris

San Fernando de Monte Cristi

San Felipe de Puerto Plata

Salvaleon de Higuey

Sabaneta

Sabana Grande de Boya

Quisqueya

Punta Cana
Punta Cana

Neiba

Nagua

Monte Plata

Moca

Mao

Las Matas de Farfan

La RomanaJuan Dolio

Jarabacoa

Hato Mayor del Rey

EsperanzaDajabon

Cotui

Constanza

Concepcion de La Vega

Bonao

Benemerita de San Cristobal

Bayaguana

Bani

Bajos de Haina
Azua de Compostela

Zeribet el Oued

Zeralda

Zemmora

Touggourt

Tolga

Tlemcen

Tizi Rached

Tizi-n-Tleta

Tizi Gheniff

Tirmitine

Timizart

Timimoun

el hed

Theniet el Had

Thenia

Telerghma

Tebesbest

Tazoult-Lambese

Tamanrasset

Tamalous

Tadmait

Sour el Ghozlane

Souma

Sougueur

Skikda

Sig

Sidi Okba

Sidi Moussa

Sidi Merouane

Sidi Khaled

Sidi ech Chahmi

Sidi Bel Abbes

Sidi Amrane

Sidi Akacha

Sidi Aissa

Sidi Abdelli

Sfizef

Sedrata

Seddouk

Sebdou

Saoula

Salah Bey

Saida

Rouissat

Rouiba

Rouached

Robbah

Remchi

Reguiba

Reghaia

Reggane

Ras el Oued

Ras el Aioun

Oum el Bouaghi

Ouled Mimoun

Oued Sly

Oued Rhiou

Oued Fodda

Oued el Alleug

Uzes-le-Duc

Oran

Nedroma

Naciria

Mouzaia

Mostaganem

Mila

Metli l i Chaamba

Messaad

Meskiana

Mers el Kebir

Merouana

Melouza

Mekla

Mehdia

Megarine

Meftah

Medea

Mazouna

Mansourah

Mansoura

MakoudaL'Arbaa Nait Irathen

Larba

Lakhdaria

Laghouat

Ksar el Boukhari

Ksar Chellala

Kolea

Khemis Miliana

Khemis el Khechna

Kerkera

Jdiouia

Isser

I-n-Salah

Ighram

Hennaya

Heliopolis

Hammamet

Hammam Bou Hadjar

Hamma Bouziane

Hadjout

Guelma

Frenda

Freha

Feraoun

Es Senia

El Malah

El Kseur

El Khroub

El Kala

El Idrissia

El Hadjira

El Hadjar

El Eulma

El Attaf

El Aouinet

El Amria

El Affroun

El Achir

El Abiodh Sidi Cheikh

El Abadia

Ech Chettia

Drean

Draa el Mizan

Draa Ben Khedda

Douera

Djamaa

Didouche Mourad

Dellys

Debila

Dar el Beida

Dar Chioukh

Constantine

Chorfa

Chiffa

Chetouane

Cheria

Cheraga

Chemini

Chelghoum el Aid

Chebli

Charef

Chabet el Ameur

Brezina

Bou Tlelis

Boumahra Ahmed

Bou Kadir

Bou Ismail

Bouinan

Bou Hanifia el Hamamat

Bougara

Bougaa

Boufarik

Boudouaou

Boudjima

Bou Arfa

Bordj Zemoura

Bordj Ghdir

Bordj el Kiffan

Boghni

Birkhadem

Birine

Bir el Djir

Bir el Ater

Besbes

Berrouaghia

Berriane

Berrahal

Bensekrane

Ben Mehidi

Beni Saf

Beni Mester

Beni Mered

Beni Douala

Beni Amrane

Bejaia

Bechar

Batna

Barika

Barbacha

Baraki

Bab Ezzouar

Azzaba

Azazga

Arris

Arhribs

Arbatache

Aoulef

Annaba

Ammi Moussa

Amizour

Algiers

Akbou

Ain Touta

'Ain Temouchent

'Ain Taya

Ain Smara

Ain Sefra

Ain Oussera

'Ain Merane

Ain Kercha

Ain Fakroun

'Ain el Turk

'Ain el Melh

'Ain el Hammam

`Ain el Hadjel

Ain el Bya

'Ain el Berd

'Ain el Bell

'Ain Deheb

'Ain Bessem

'Ain Benian

Ain Beida

'Ain Arnat

'Ain Abid

Aflou

Abou el Hassen

BABOR - VILLE

Zamora

Yaguachi

Vinces

Ventanas

Velasco Ibarra
Tena

Sucre

Santo Domingo de los Colorados

Santa Rosa

Santa Elena

San Lorenzo de Esmeraldas

San Gabriel

Samborondon

Salinas

Rosa Zarate

Riobamba

Quito

Quevedo

Puyo

Pujil i

Propicia

Portoviejo

Playas

Pinas

Pelileo

Pedro Carbo

Pasaje

Otavalo

Naranjito

Naranjal

Montecristi

Montalvo

Manta

Machala

Machachi

Macas

Loja

La Troncal

LatacungaLa Mana

La Libertad

Nueva Loja

Jipijapa

Ibarra

Huaquillas

Guayaquil

Guaranda

Gualaceo

El Triunfo

Duran

Cuenca

Chone

Cayambe

Catamayo

Cariamanga

Calceta

Boca Suno

Balzar

Bahia de Caraquez

Babahoyo

Azogues

Atuntaqui

Ambato

Viljandi

Tartu

Tallinn

Sillamae

Rakvere

Parnu

Narva

Maardu

Kohtla-Jarve

Zifta

Tukh

Tanta

Tamiyah

Talkha

Tala

Tahta

Sumusta as Sultani

Suhaj

Sidi Salim

Shirbin

Shibin al Qanatir
Samannud

Samalut

Rosetta

Quwaysina

Qutur

Qus

Qina

Qalyub

Naj` Hammadi

Minyat an Nasr

Minuf

Matay

Mashtul as Suq

Marsa Matruh

Manfalut
Mallawi

Madinat Sittah Uktubar
Kawm Umbu

Kawm Hamadah

Kafr Saqr

Kafr az Zayyat

Kafr ash Shaykh

Kafr ad Dawwar

Juhaynah

Jirja

`Izbat al Burj

Itsa

Isna

Idku Ibshaway

Hihya

Hawsh `Isa

Fuwah

Farshut

Fariskur Faqus

Damietta

Diyarb Najm

Disuq

Dishna

Dikirnis

Dayrut

Dayr Mawas

Damanhur

Bush

Bur Safajah

Bilqas Qism Awwal

Bilbays

Basyun

Bani Suwayf

Bani Mazar

Banha

Az Zaqaziq

Awsim

At Tall al Kabir

Asyut

Aswan

Suez

As Saff

Ash Shuhada' Ashmun

Al Wasitah

Luxor

Al Qusiyah

Al Qusayr

Al Qurayn

Al Qanayat

Al Qanatir al Khayriyah

Cairo

Al Minya

Al Matariyah

Al Manzilah

Al Mansurah

Al Manshah

Al Mahallah al Kubra

Al Khankah

Al Jizah

Al Jamaliyah

Ismailia

Alexandria

Al Ibrahimiyah

Al Hawamidiyah

Al Hamul

Al Ghardaqah

Al Fayyum

Al Fashn

Al Balyana

Al Bajur

Al Badari

Al `Ayyat

Al `Arish

Akhmim

Aja

Ad Dilinjat

Abu Tij

Abu Qurqas

Abu Kabir

Abu al Matamir Abnub

Idfu

Az Zarqa

Bur Sa ìd

Ejbei Uad el Aabd

Barentu

Asmara

Mendefera

Zubia

Zafra

Yecla

Villena

Villarrobledo

Vila-real

Villanueva de la Serena

Vicar

Velez-Malaga

Valencia

Valdepenas

Utrera

Ubrique

Ubeda

Totana

Torrevieja

Torre-Pacheco

Torrent

Torremolinos

Tomelloso

Tomares

Toledo

Tias

Telde

Tarifa

Talavera de la Reina

Tacoronte

Tavernes de la Valldigna
Sueca

Silla

Sevilla

Santa Pola

Santa Lucia

Santa Eularia des Riu

Santa Cruz de Tenerife

Santa Cruz de la Palma

Santa Brigida

San Roque

San Pedro del Pinatar

Sanlucar de Barrameda

San Juan de Aznalfarache

San Juan de Alicante

Sant Josep de sa Talaia

San Javier

San Fernando

La Laguna

San Bartolome

San Bartolome

Sant Antoni de Portmany

Sagunto

Rota

Roquetas de Mar

Ronda

Rincon de la Victoria

Ribarroja

Requena

Realejo Alto

Pucol

Puerto Real

Puertollano

Puerto del Rosario

Puerto de la Cruz

Puente-Genil

La Pobla de Vallbona

Priego de Cordoba

Pozoblanco

Pollenca

Pilar de la Horadada

Picassent

Paterna

Palma

Palma del Rio

Pajara

Paiporta

Osuna

Orihuela

Ontinyent

Onda

Oliva

Novelda

Nijar

Nerja

Navalmoral de la Mata

Murcia

Mula

Muchamiel

Motril

Moron de la Frontera

Montil la

Montijo

Moncada

Molina de Segura

Moguer

Mislata

Mijas

Merida

Melil la

Mazarron

Martos

Marratxi

Marchena

Marbella

Maracena

Manzanares

Manises

Manacor

Malaga

Mairena del Aljarafe

Mairena del Alcor

Mao

Lucena

Los Llanos de Aridane

Los Barrios

Lorca

Lora del Rio

Loja

Llucmajor

Lliria

Linares

Lepe

Lebrija

La Union
Las Torres de Cotil las

Las Palmas de Gran Canaria

La Solana

La Rinconada

La Orotava

La Oliva

La Linea de la Concepcion

L'Eliana

La Carolina

Jumilla

Jerez de la Frontera

Xabia

Xativa

Jaen

Isla-Cristina

Ingenio

Inca

Icod de los Vinos

Eivissa

Ibi

Huercal-Overa

Huelva

Hellin

Guimar

Guia de Isora

Guadix

Granadilla de Abona

Granada

Gandia

Galdar

Fuengirola

Felanitx

Estepona

El Viso del Alcor

El Puerto de Santa Maria

El Ejido

Elda

Elx

El Arahal

Ecija

Dos Hermanas

Don Benito

Denia

Daimiel

Cullera

Quart de Poblet

Crevillente

Coria del Rio

Cordoba

Conil de la Frontera

Ciudad Real

Cieza

Xirivella

Chipiona

Chiclana de la Frontera

Catarroja

Castil leja de la Cuesta

Castello de la Plana

Cartaya

Cartama

Cartagena

Carmona

Carcaixent

Caravaca

Candelaria

Camas

Calvia

Calp

Callosa de Segura

Cadiz

Caceres

Cabra

BurjassotBetera

Benidorm

Benalmadena

Baza

Barbate de Franco

Bailen

Baeza

Baena

Badajoz

Ayamonte

Aspe

Arucas

Arrecife

Arona

Armilla

Arcos de la Frontera

Archena

Antequera

Andujar

Altea

Almunecar

Almoradi

Almonte

Almeria

Almendralejo

Almassora

Almansa

Aljaraque

Alacant

Alhaurin de la Torre

Alhama de Murcia

Algemesi

Algeciras

AlfafarAldaia

Alcudia

Alcoi

Alzira

Alcazar de San Juan

Alcantaril la

Alcala la Real

Alcala de Guadaira

Alboraya

Albolote

Albacete

Alaquas

Aguimes

Aguilas

Adra

Adeje

Groa de Murviedro

Zarautz

Zaragoza

Zamora

Viveiro

Vitoria-Gasteiz

Vinaros

Villaviciosa de Odon

Vilanova i la Geltru

Vilalba

Vilagarcia de Arousa

Vilafranca del Penedes

Vilaseca

Viladecans

Vigo

Vic

el Vendrell

Valls

Valladolid

Valdemoro

Vaciamadrid

Tui

Tudela

Tortosa

Torrelodones

Torrelavega

Torrejon de Ardoz

Tolosa

Teruel

Teo

Tarragona

Soria

Sitges

Sestao

Segovia

BarakaldoSanturtzi

Sant Just Desvern

Santiago de Compostela

Santander

Santa Coloma de Gramenet

San Sebastian de los Reyes

San Sebastian

Sant Pere de Ribes

San Lorenzo de El Escorial

Vilassar de Mar

Sanxenxo

San Fernando de Henares

Sant Feliu de Llobregat

Sant Feliu de Guixols

Sant Cugat del Valles

San Andres del Rabanedo

Sama

Salt

Salou

Salamanca

Sabadell

Rubi

Ripollet

Reus

RedondelaPonteareas

Premia de Mar

Pozuelo de Alarcon

Portugalete

Porrino

Pontevedra

Ponferrada

Pola de Siero

Pinto

Pineda de Mar

Parla

Pamplona

Palencia

Palamos
Palafrugell

Oviedo

Oria

Ourense

Olot

Oleiros

Nigran

Navalcarnero
Naron

Mostoles

Monzon

Monforte de Lemos

Montcada i Reixac

Moana

Miranda de Ebro

Mieres

Mejorada del Campo

Medina del Campo

Mataro

el Masnou

Martorell

Marin

Manresa

Manlleu

Malgrat de Mar

Majadahonda
Madrid

Lugo

Logrono

Lloret de Mar

Llodio

Lleida

Leon

Leganes
Las Rozas de Madrid

La Pineda

Lalin

Laguna de Duero

A Estrada

A Coruna

Irun

Igualada

Huesca

l'Hospitalet de Llobregat

Hernani

Guadalajara

Granollers

Gijon

Getafe

Girona

Gava

Galdakao

Galapagar

Fuenterrabia

Fuenlabrada

Figueras

Figueres

Ermua

Erandio

el Prat de Llobregat

Ferrol

El Astil lero

Ejea de los Caballeros

Eibar

Durango

Culleredo

Cuenca

Coslada

Corvera

Cornella de Llobregat

Colmenar Viejo

Collado-Villalba

Ciutadella

Ciempozuelos

Castro-Urdiales

Castril lon

Castelldefels

Cardedeu

Carballo

Cangas del Narcea

Cangas

Cambrils

Cambre

Camargo

Calella

Calatayud

Calafell

Burlata

Burgos

Boiro

Boadilla del Monte

Blanes

Bilbao

Bermeo

Berga

Benicassim

Benicarlo

Benavente

Barcelona

Barbastro

Baranain

Banyoles

Badalona

Azuqueca de Henares

Aviles

Avila de los Caballeros

Arteixo

Arganda

Aranjuez

Aranda de Duero

Amposta

Amorebieta-Etxano

Ames

Algorta

Algete

Alcorcon

Alcobendas

Alcaniz

Alcala de Henares

Nou Barris

Pinar de Chamartin

Playa del Ingles

Tres Cantos

Burlada/Burlata

Ceuta

Eixample
Sant Marti
Ciutat Vella

DeliciasAlmozara
MontecanalOliver-Valdefierro, Oliver, Valdefierro

Santutxu

Ziway

Yirga `Alem

Yabelo

Werota

Wenji

Tepi

Shashemene

Shambu

Shakiso

Sebeta

Robit

Nejo

NazretMojo

Metu

Metahara

Mendi

Maych'ew

Korem

K'olito

Kibre Mengist

Kemise

Kombolcha

Jinka

Jima

Jijiga

Inda Silase

Harer

Hagere Hiywet

Gonder

Goba

Giyon

Ginir

Gimbi

Genet

Gelemso

Gebre Guracha

Gambela

Finote Selam

Fiche

Felege Neway

Dubti

Dodola

Dire Dawa

Dila

Dese

Dembi Dolo

Debre Zeyit

Debre Tabor

Debre Mark'os

Debre Birhan

Debark'

Butajira

Bure

Bonga

Boditi

Bichena

Bedesa

Bedele

Bati

Bako

Bahir Dar

Awasa

Asosa

Asbe Teferi

Asaita

Asasa

Areka

Arba Minch'

Aksum

Agere Maryam

Agaro

Adis Zemen

Addis Ababa

Adet

Abomsa

Ylojarvi

Vihti

Varkaus

Vantaa

Valkeakoski

Vasa

Uusikaupunki

Tuusula

Turku

Tornio

Tampere

Siil injarvi

Sibbo

Seinajoki

Savonlinna

Salo

Rovaniemi

Riihimaki

Rauma

Raisio

Raahe

Pori

Pirkkala

Oulu
Nurmijarvi

Nokia

Mikkeli

Mantsala

Lojo

Lieto

Lempaala

Laukaa

Lappeenranta

Lahti

Kirkkonummi

Kuusankoski

Kuusamo

Kuopio

Kouvola

Kotka

Mustasaari

Karleby

Kerava

Kangasala

Kajaani

Kaarina

Jyvaskyla

Joensuu

Jarvenpaa

Janakkala

Jamsa

Pietarsaari

Imatra

Iisalmi

Hyvinkaa

Hollola

Helsinki

Heinola

Haukipudas

Hamina

Hameenlinna

Forssa

Espoo

Borga

Anjala

Jyvaskylan Maalaiskunta

Suva

Lambasa

Weno

Torshavn

Wittenheim

Wattrelos
Wasquehal

Voiron

Vitry-sur-Seine

Vitry-le-Francois

Vitrolles

Vitre

Viry-Chatil lon
Viroflay

Vincennes
Vill iers-sur-MarneVill iers-le-Bel Villeurbanne

Villers-les-Nancy

Villepinte
Villeparisis

Villeneuve-sur-Lot

Villeneuve-Saint-GeorgesVilleneuve-le-Roi
Villeneuve-la-Garenne

Villemomble

Villejuif

Villefranche-sur-Saone

Villefontaine

Vigneux-sur-Seine

Vierzon

Vienne

Vichy

Vesoul

Vertou

Versailles
Verrieres-le-Buisson

Vernon

Verneuil-sur-Seine

Verdun

Venissieux

Vendome

Vence

Velizy-Villacoublay
Vaureal

Vaulx-en-Velin

Vanves

Vannes

Vandoeuvre-les-Nancy

Vallauris

Valenciennes

Valence

Tulle

Troyes

Trappes

Tours

Tournefeuille

Tourlaville

Tourcoing

Toulouse

Toulon

Toul

Torcy

Thonon-les-Bains

Thionville

Thiais

Tergnier

Taverny Tassin-la-Demi-Lune

Tarbes

Talence

Suresnes

Sucy-en-Brie

Strasbourg

Stains

Sotteville-les-Rouen

Soisy-sous-Montmorency

Soissons

Sin-le-Noble

Seynod

Sevres

Sevran

Sete

Sens
Senlis

Selestat

Sedan

Schiltigheim

SceauxSavigny-sur-Orge

Savigny-le-Temple

Saumur

Sartrouville

Sarreguemines

Sarcelles

Saran

Sannois

Sanary-sur-Mer

Salon-de-Provence

Sallanches

Saint-Sebastien-sur-Loire

Saint-Raphael

Saint-Quentin

Saint-Priest

Saint-Pol-sur-Mer

Saint-Pierre-des-Corps

Saint-Ouen

Saint-Omer

Saint-Nazaire

Saint-Michel-sur-Orge

Saint-Medard-en-Jalles
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Saint-Lo
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Saint-Gratien
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Saint-Fons
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Saint-Dizier
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Saint-Brieuc
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Kheda

Khatra

Khatima

Khategaon

Khatauli

Kharupatia

Kharsia

Kharkhauda

Khargon

Khardah

Kharar

Kharakvasla

Kharagpur

Kharagpur

Khapa

Khanna

Khandwa

Khandela

Khanapur

Khammam

Khamgaon

Khambhat

Khambhaliya

Khamaria

Khalilabad

Khajuraho

Khairagarh

Khairagarh

Khairabad

Khair

Khagaul

Khagaria

Khadki

Khada

Khachrod

Kesinga

Keshorai Patan

Keshod

Kerur

Kendraparha

Kenda

Kemri

Kekri

Kayankulam

Kayalpattinam

Kawardha

Kavali

Kattivakkam

Katras

Katpadi

Katoya

Katol

Katihar

Kathua

Kathor

Katghora

Katangi

Katangi

Kasrawad

Kashipur

Kasganj

Kasaragod

Karwar

Karur

Kartarpur

Karsiyang

Karnal

Karmala

Karkal

Karjat

Karimnagar

Karimganj

Karhal

Karera

Kareli

Karauli

Karanja

Karamsad

Karamadai

Karaikkudi

karaikal

Karad

Kapurthala

Kapren

Kapadvanj

Kanth

Kantabanji

Kant

Kanpur

Kannod

Kanniyakumari

Kannauj

Kannangad

Kannad

Kanker

Kanke

Kankauli

Kanigiri

Kangayam

Kandukur

Kandla

Kandi

Kandhla

Kanchipuram

Kanakapura

Kamthi

Kampli

Kambam

Kamarhati

Kamareddi

Kaman

Kamalganj

Kamakhyanagar

Kalyani

Kalyan

Kalugumalai

Kalpi

Kalpetta

Kalol

Kalna

Kalmeshwar

Kallidaikurichchi

Kallakkurichchi

Kalka

Kaliyaganj

Kalghatgi

Kalavad

Kalanwali

Kalanaur

Kalamnuri

Kalamb

Kalakkadu

Kakrala

Kakori

Kakinada

Kakching

Kaithal

Kairana

Kaimori

Kaimganj

Kailashahar

Kailaras

Kaikalur

Kagal

Kadur

Kadod

Kadiri

Kadi

Kadaiyanallur

Kanchrapara

Kachhwa

Kabrai

Junnar

Junagarh

Junagadh

Jumri Tilaiya

Jalandhar

Jugsalai

Jorhat

Jora

Jolarpettai

Jogbani

Jodiya Bandar

Jodhpur

Jodhpur

Jintur

Jind

Jhusi

Jhunjhunun

Jhinjhana

Jhinjhak

Jharsuguda

Jharia

Jhargram

Jhansi

Jhanjharpur

Jhalu

Jhalrapatan

Jhalida

Jhalawar

Jhajjar

Jha Jha

Jhabua

Jewar

Jevargi

Jetpur

Jaypur

Jaynagar

Jaynagar-Majilpur

Jayamkondacholapuram

Jawad

Jaunpur

Jatara

Jatani

Jaswantnagar

Jaspur

Jasidih

Jashpurnagar

Jasdan

Jarwal

Jaora

Jansath

Jangipur

Jangaon

Jandiala

Jamuria

Jamui

Jamtara

Jamshedpur

Jamnagar

Jammu

Jammalamadugu

Jamkhandi

Jambusar

Jamalpur

Jamai

Jamadoba

Jalpaiguri

Jalor

Jalna

Jalgaon

Jalgaon

Jaleshwar

Jalesar

Jalaun

Jalalpur

Jalalpur

Jalali

Jalalabad

Jalalabad

Jalalabad

Jajpur

Jaito

Jaitaran

Jaisingpur

Jaisalmer

Jais

Jaipur

Jahazpur

Jahangirabad

Jahanabad

Jagtial

Jagraon

Jaggayyapeta

Jagdispur

Jagdalpur

Jagatsinghapur

Jagalur

Jabalpur

Itimadpur

Itarsi

Itanagar

Islampur

Islampur

Islamnagar

Irugur

Irinjalakuda

Ingraj Bazar

Ramgarh

Indore

Indi

Indergarh

Indapur

Imphal

Ilkal

Igatpuri

Idappadi

Ichchapuram

Ichalkaranji

Hyderabad

Huvinabadgalli

Husainabad

Hunsur

Hungund

Hukeri

Hugli

Hubli

Howli

Hosur

Hospet

Hoskote

Hoshiarpur

Hoshangabad

Hosdurga
Honnali

Honavar

Homnabad

Hole Narsipur

Holalkere

Hojai

Hodal

Hisua

Hisar

Hiriyur

Hirekerur

Hirakud

Hinjil ikatu

Hingoli

Hinganghat

Hindupur

Hindoria

Hindaun

Himatnagar

Hilsa

Hazaribag

Haveri

Hatta

Hathras

Hastinapur

Hassan

Hasanpur

Harur

Harsud

Harpanahalli

Harpalpur

Harij

Harihar

Haridwar

Hardoi

Harda

Hapur

Haora

Hanumangarh

Hansi

Hangal

Handia

Hamirpur

Hamirpur

Halvad

Halol

Haliyal

Halisahar

Haldwani

Haldaur

Hajo

Hajipur

Hailakandi

Haflong

Hadgaon

Habra

Gwalior

Guskhara

Guruvayur

Guru Har Sahai

Gursarai

Gursahaiganj

Gurmatkal

Gurgaon

Gunupur

Guntur

Guntakal

Gunnaur

Gundlupet

Guna

Gummidipundi

Gumla

Gumia

Guledagudda

Gulbarga

Gulaothi

Gulabpura

Guduvancheri

Gudur

Gudiyattam

Gudivada

Gudalur

Gubbi

Govardhan

Gorakhpur

Gorakhpur

Gopichettipalaiyam

Gopalganj

Gondia

Gondal

Gonda

Gomoh

Gola Gokarannath

Golaghat

Gokarn

Gokak

Gohana

Gohad

Godhra

Godda

Gobindpur

Gobardanga

Goalpara

Giridih

Gingee

Giddarbaha

Giddalur

Ghugus

Ghoti Budrukh

Ghosi

Ghazipur

Ghaziabad

Ghatsila

Ghatanji

Ghatampur

Ghatal

Gharaunda

Gevrai

Gaya

Gauripur

Gauribidanur

Guwahati

Garwa

Garui

Gariadhar

Garhshankar

Garhmuktesar

Garhakota

Gannavaram

Gangtok

Gangolli

Gangoh

Gangawati

Gangarampur

Gangapur

Gangapur

Gangapur

Ganganagar

Gangakher

Gandevi

Gandarbal

Gajraula

Gajendragarh

Gadwal

Gadhinglaj

Gadhada

Gadarwara

Gadag

Fort Gloster

Forbesganj

Firozpur Jhirka

Firozpur

Firozabad

Ferokh

Fazilka

Fatwa

Fatehpur Sikri

Fatehpur

Fatehpur

Fatehpur

Fatehgarh Churian

Fatehganj West

Fatehabad

Fatehabad

Farrukhnagar

Farrukhabad

Faridpur

Faridkot

Faridabad

Farakka

Falakata

Faizpur

Faizabad

Etawah

Erraguntla

Erode

Erattupetta

Erandol

Emmiganuru

Eluru

Elur

Ellenabad

Elamanchili

Egra

Dwarka

Durgapur

Durgapur

Durg

Dungarpur

Dundwaraganj

Dumraon

Dumra

Dumka

Dum Duma

Dam Dam

Duliagaon

Dugda

Dubrajpur

Dornakal

Doraha

Dongargarh

Dondaicha

Dod Ballapur

Doda

Diu

Disa

Diphu

Dinhata

Dindori

Dindigul

Dinanagar

Dimapur

Digras

Diglur

Dighwara

Digboi

Dig

Didwana

Dicholi

Dibrugarh

Dibai

Diamond Harbour

Dhuri

Dhupgari

Dhulian

Dhule

Dhuburi

Dhrol

Dhrangadhra

Dhoraji

Dhone

Dholka

Dhing

Dhenkanal

Dhekiajuli

Dhaurahra

Dhaulpur

Dharur

Dharuhera

Dharmsala

Dharmavaram

Dharmapuri

Dharmanagar

Dharmadam

Dharmabad

Dhariwal

Dhari

Dharapuram

Dharangaon

Dharampur

Dhar

Dhanera

Dhandhuka

Dhanbad

Dhanaura

Dhanaula

Dhamtari

Dhampur

Dhamnod

Dhaka

Dewas

Devli

Devgarh

Devgadh Bariya

Devarkonda

Devanhalli

Devakottai

Deulgaon Raja

Deshnoke

Depalpur

Deori Khas

Deoria

Deoranian

Deoli

Deolali

Deogarh

Deoband

Denkanikota

Delhi

Dehri

Dehra Dun

Dausa

Daund

Daudnagar

Dattapur

Datia

Dataganj

Dasua

Dasna

Daryapur

Darwha

Darjil ing

Darbhanga

Dandeli

Danapur

Damoh

Damnagar

Daman

Daltenganj

Dalsingh Sarai

Dalkola

Dakor

Dahod

Dahegam

Dahanu

Dadri

Dabwali

Dabra

Daboh

Dabhoi

Cuttack

Curchorem

Cuncolim

Cumbum

Cuddapah

Cuddalore

Coondapoor

Colonelganj

Colgong

Calangute

Coimbatore

Cochin

Clement Town

Churu

Churachandpur

Chunar

Chotila

Chopda

Chodavaram

Chodavaram

Chittur

Chittaurgarh

Chittaranjan

Chitradurga

Chitapur

Chirawa

Chirala

Chipurupalle

Chiplun

Chintamani

Chinna Salem

Chinnamanur

Chincholi

Chillupar

Chilakalurupet

Chikodi

Chiknayakanhalli

Chikmagalur

Chikhli

Chik Ballapur

Chidambaram

Chicholi

Chhoti Sadri

Chhota Udepur

Chhindwara

Chhibramau

Chhatarpur

Chhatapur

Chhata

Chharra

Chhaprauli

Chhapar

Chhala

Chhabra

Chettipalaiyam

Chetput

Chennimalai

Chengannur

Chengam

Chengalpattu

Chavakkad

Chatsu

Chatrapur

Chatra

Chas

Charthawal

Charkhi Dadri

Charkhari

Chapar

Channarayapatna

Channapatna

Channagiri

Changanacheri

Chandvad

Chandur Bazar

Chandur

Chandur

Chandrapur

Chandrakona

Chandpur

Chandigarh

Chanderi

Chandausi

Chandauli

Chandannagar

Chanasma

Chamrajnagar

Champa

Chamba

Challapalle

Challakere

Chalisgaon

Chalala

Chakradharpur

Chaklasi

Chakia

Chakan

Chaibasa

Canning

Cannanore

Calcutta

Byadgi

Buxar

Burla

Burhar

Burhanpur

Bundu

Bundi

Buldana

Bulandshahr

Budhlada

Budhana

Budaun

Brajarajnagar

Brahmapur

Botad

Borsad

Bongaigaon

Bombay

Bolpur

Bokaro

Bokajan

Boisar

Bodinayakkanur

Bodh Gaya

Bodhan

Bobbili

Biswan

Bissau

Bishnupur

Bisauli

Bisalpur

Birur

Birpur

Birmitrapur

Binika

Bindki

Bina-Etawa

Belthara

Bilsi

Bilsanda

Bilhaur

Bilgram

Bilgi

Bilaspur

Bilaspur

Bilasipara

Bilari

Bilara

Bikramganj

Bikaner

Bijnor

Bijbiara

Bijawar

Bijapur

Bihar Sharif

Bihariganj

Bidhuna

Bidar

Biaora

Bhuvanagiri

Bhusawal

Bhum

Bhuj

Bhudgaon

Bhubaneshwar

Bhuban

Bhor

Bhopal

Bhongir

Bhongaon

Bhogpur

Bhiwani

Bhiwandi

Bhitarwar

Bhinmal

Bhinga

Bhindar

Bhind

Bhimunipatnam

Bhimavaram

Bhilwara

Bhilai

Bhikhi

Bhikangaon

Bhayavadar

Bhawanipatna

Bhawanigarh

Bhawaniganj

Bhavnagar

Bhavani

Bhattiprolu

Bhatpara

Bhatkal

Bhatinda

Bhatapara

Bhasawar

Bharwari

Bharuch

Bharthana

Bharatpur

Bhanvad

Bhanpuri

Bhanpura

Bhanjanagar

Bhander

Bhandara

Bhalki

Bhaisa

Bhainsdehi

Bhagalpur

Bhadreswar

Bhadravati

Bhadrakh

Bhadrachalam

Bhadra

Bhadohi

Bhadaur

Bhadasar

Bhachau

Bhabua

Beypore

Bewar

Betul

Bettiah

Betamcherla

Beri Khas

Berasia

Beohari

Bemetara

Belur

Belsand

Belonia

Bellary

Belgaum

Beldanga

Bela

Behror

Behat

Begusarai

Begun

Begamganj

Bedi

Beawar

Bazpur

Bayana

Bawana

Bauda

Batala

Baswa

Basudebpur

Basti

Basoda

Basni

Basmat

Basi

Dera Bassi

Basi

Basavana Bagevadi

Basavakalyan

Barwani

Barwala

Baruni

Baruipur

Barsi

Barpeta

Barpali

Barnala

Barmer

Barki Saria

Barka Kana

Barjala

Bari Sadri

Bari

Barhiya

Barh

Bargi

Bargarh

Bareilly

Bardoli

Barddhaman

Bar Bigha

Baraut

Barauli

Barasat

Baranagar

Baran

Baramula

Baramati

Barakpur

Bapatla

Banur

Bantval

Bantva

Banswara

Banswada

Bansi

Bansdih

Bansbaria

Bannur

Banmankhi

Bankura

Banki

Banka

Bangarmau

Bangarapet

Bangaon

Banganapalle

Bangalore

Banga

Bandipura

Bandikui

Banda

Banda

Banat

Banapur

Bamor Kalan

Balurghat

Balugaon

Balrampur

Balotra

Baloda Bazar

Balod

Bali

Ballalpur

Bali

Balasore

Balarampur

Balapur

Balangir

Balaghat

Balachor

Bakhtiyarpur

Baj Baj

Bairagnia

Bainduru

Bail Hongal

Baihar

Baidyabati

Bahraich

Bahjoi

Baheri

Baharampur

Bahadurgarh

Bahadurganj

Bah

Bagula

Baghpat

Baghdogra

Bagha Purana

Bagepalli

Bagasra

Bagar

Bagalkot

Bagaha

Badvel

Baduria

Badnawar

Badlapur

Badami

Badagara

Bada Barabil

Bachhraon

Babrala

Babra

Babina

Baberu

Babai

Azamgarh

Ayodhya

Ayakkudi

Avanigadda

Avanashi

Avadi

Ausa

Aurangabad

Aurangabad

Auraiya

Aurad

Attur

Attingal

Atrauli

Atmakur

Atirampattinam

Athni

Athagarh

Atarra

Asind

Asika

Asifabad

Ashta

Ashta

Ashoknagar

Asansol

Asandh

Arvi

Aruppukkottai

Arumuganeri

Arukutti

Arsikere

Aron

Arkalgud

Ariyalur

Arcot

Araria

Arantangi

Arani

Arangaon

Arang

Arambagh

Arakkonam

Ara

Aonla

Anupshahr

Anuppur

Anupgarh

Anta

Ansing

Annur

Annigeri

Ankleshwar

Anjar

Anjangaon

Anjad

Angul

Angamali

Anekal

Andol

Andiyur

Andippatti

Anantnag

Anantapur

Anandpur Sahib

Anand

Anakapalle

Anaimalai

Amudalavalasa

Amta

Amroli

Amroha

Amritsar

Amreli

Amravati

Amod

Amli

Amlagora

Amla

Amet

Ambur

Ambikapur

Ambattur

Ambasamudram

Ambala

Ambajogai

Ambah

Ambad

Amarpur

Amarpatan

Amarnath

Amalner

Amalapuram

Alwaye

Alwar

Alot

Along

Alnavar

Almora

Alleppey

Allahabad

Alipur

Aligarh

Aliganj

Alibag

Alangulam

Alangayam

Alandur

Alandi

Aland

Akot

Akola

Aklera

Akividu

Akbarpur

Akbarpur

Akaltara

Akalkot

Ajra

Ajnala

Ajmer

Aizawl

Ahraura

Ahmadpur

Ahmadnagar

Ahmadabad

Agra

Agartala

Agar

Afzalpur

Afzalgarh

Adur

Adra

Adoni

Adilabad

Addanki

Achhnera

Achalpur

Abu Road

Abu

Abohar

Abhayapuri

Contai

Srirampur

Dumjor

Bankra

Chakapara

Mahiari

Dhulagari

Panchla

Nangi

Pujali

Monoharpur

Nabagram

Singapur

Ghatkesar

Vijayapura

Adampur

Porur

Madipakkam

Perungudi

Madambakkam

Zakho

Tozkhurmato

Tikrit

Tall Kayf

Sina

Samarra'

Saddat al Hindiyah

Rawandoz

Rawah

Qarah Qush

Mandali

Koi Sanjaq

Kifri

Kirkuk

Karbala'

Arbil

Hit

Halabjah

Hadithah

Chamchamal

Bayji

Ba`qubah

Penjwin

Balad

Baghdad

Az Zubayr

As Suwayrah

As Sulaymaniyah

As Samawah

Ash Shinafiyah

Ash Shatrah

Ash Shamiyah

Ar Rutbah

Ar Rumaythah

Ar Ramadi

An Nasiriyah

An Najaf

`Anah

Al Qasim

Al Musayyib

Al Mishkhab

Al Miqdadiyah

Al Mawsil al Jadidah

Mosul

Al Majarr al Kabir

Al Kut

Al Khalis

`Ali al Gharbi

Al Hindiyah

Al Hillah

Al Hayy

Al Harithah

Ghammas

Nahiyat al Fuhud

Al Faw

Al Fallujah

Al Basrah

Al `Aziziyah

Al `Amarah

`Afak

Ad Dujayl

Ad Diwaniyah

Abu Ghurayb

Al Basrah al Qadimah

Sinjar

Azadshahr

Kahriz

Nurabad

Istgah-e RahAhan-e Garmsar

Qarchak

Khorram Darreh

Azad Shahr

Zarand

Zanjan

Yazd

Varamin

Torbat-e Heydariyeh

Tonekabon

Tehran

Hashtpar

Takestan

Takab

Taft

Tabriz

Tabas

Sonqor

Sirjan

Shushtar

Shush

Shiraz

Shahr-e Kord

Shahr-e Babak

Shadegan

Semnan

Semirom

Saveh

Sari

Saqqez (1)

Sanandaj

Salmas

Shahin Dezh

Sabzevar

Rudsar

Robat Karim

Ravar

Rasht

Ramshir

Ramhormoz

Rafsanjan

Quchan

Qorveh

Qom

Qeshm

Qazvin

Qareh Zia' od Din

Farrokhshahr

Qa'en

Sarpol-e Zahab

Pishva

Paveh

Parsabad

Oshnaviyeh

Omidiyeh

Nurabad

Neyshabur

Neyriz

Neka

Nazarabad

Naqadeh

Nahavand

Minab

Miandoab

Meybod

Mehriz

Masjed-e Soleyman

Bardsir

Mashhad

Marand

Malayer

Malard

Mahabad

Langerud

Kuhdasht

Kish

Khvoy

Khvansar

Khorramshahr

Khorramabad

Khomeyn

Herowabad

Kerman

Kazerun

Kashmar

Karaj

Kangavar

Kamyaran

Kalaleh

Juybar

Javanrud

Ilam

Harsin

Gorgan

Gonbad-e Kavus

Gonabad

Golpayegan

Gerash

Bandar-e Ganaveh

Firuzabad

Fereydun Kenar

Fasa

Farsan

Eslamshahr

Esfarayen

Shahrud

Do Gonbadan

Delijan

Dehloran

Deh Dasht

Susangerd

Darab

Damghan

Damavand

Chenaran

Chalus

Bandar-e Bushehr

Bukan

Borujerd

Borujen

Borazjan

Bojnurd

Birjand

Bijar

Bonab

Behshahr

Behbahan

Baneh

Bandar-e Lengeh

Bandar-e-Emam Khomeyni

Bandar-e Anzali

Bam

Bahar

Bafq

Babol Sar

Babol

Azna

Azar Shahr

Hashtrud

Astara

Astaneh

Asadabad

Ardestan

Ardakan

Ardabil

Arak

Amol

Alvand

Shahriar

Aligudarz

Aleshtar

Akbarabad

`Ajab Shir

Ahvaz

Ahar

Agha Jari

Abyek

Abhar

Abdanan

Abadeh

Abadan

Eqbaliyeh

Shahreza

Rehnan

Qahderijan

Najafabad

Homayunshahr

Kelishad-e Vasuderjan

Felavarjan

Esfahan

Dowlatabad

Dorcheh Piaz

Zabol

Zahedan

Torbat-e Jam

Taybad

Sarakhs

Khash

Iranshahr

Chabahar

Akureyri

Reykjavik
Kopavogur
Hafnarfjordur

Vittoria

Villabate

Vibo Valentia

Tricase

Trapani

Termini Imerese

Taurianova

Siracusa

Sinnai

Siderno Superiore
Siderno Marina

Sestu
Selargius

Scordia

Scicli

Sciacca

San Giovanni la Punta

San Giovanni in Fiore

San Cataldo

Rossano

Rosolini

Rosarno

Ribera

Rende

Reggio di Calabria

Ragusa

Quartu Sant'Elena

Pozzallo

Porto Empedocle

Piazza Armerina

Paterno

Partinico

Paola

Palmi

Palma di MontechiaroPalermo

Palagonia

Pachino

Oristano

Noto

Niscemi

Nicastro
Montalto Uffugo

Monserrato

Monreale

Modica

Misterbianco

Misilmeri

Milazzo

Messina

Mazara del Vallo

Mascalucia

Marsala

Licata

Lentini

Iglesias

Gioia Tauro

Giarre

Gela

Floridia

Favara

Erice

Enna

Crotone

Cosenza

Corigliano Calabro

Comiso

Catanzaro

Catania

Castrovillari

Castelvetrano

Cassano al Ionio

Casarano

Carlentini

Carini

Carbonia

Capoterra

Canicatti

Caltanissetta

Caltagirone

Cagliari

Bronte
Biancavilla

Belpasso

Barcellona-Pozzo di Gotto

Bagheria

Avola

Augusta

Assemini

Alcamo

Agrigento

Adrano

Acri

Aci Sant'Antonio
Acireale
Aci CatenaAci Castello

Zola Predosa

Voghera

Vittorio Veneto

Viterbo

Vimercate

Villorba

Villaricca

Villafranca di Verona

Vigonza

Vignola

Vigevano

Vico Equense

Vicenza

Viareggio

Viadana

Verona

Veroli

Vercelli

Ventimiglia

Venice

Venaria Reale

Velletri

Vasto

Varese

Valenzano

Valenza

Valdagno

Urbino

Umbertide

Udine

Triggiano

Trieste

Trezzano sul Naviglio

Treviso

Treviglio

Trento

Trecate

Trani

Tradate

Tortona

Torre Maggiore

Torre del Greco

Torre Annunziata

Torino

Tolentino

Todi
Tivoli

Thiene

Terzigno

Terracina

Terni

Termoli

Terlizzi

Teramo

Tarquinia

Taranto

Suzzara

Sulmona

Squinzano

Spoltore

Spoleto

Sorrento

Sora

Sondrio

Somma Vesuviana

Somma Lombardo

Signa Siena

Sezze

Seveso

Settimo Torinese

Sestri Levante

Sesto San Giovanni

Sesto Fiorentino

Sessa Aurunca

Seriate

Seregno

Senigallia

Senago

Selvazzano Dentro

Segrate

Scorze

Schio

Scandicci

Scandiano

Scafati

Savona

Savigliano

Sava

Sassuolo

Sassari

Sarzana

Saronno

Sarno

San Vito dei Normanni

Santeramo in Colle

Sant'Elpidio a Mare

Sant'Arcangelo di Romagna

Sant'Antonio Abate

Sant'Antimo

Sant'Anastasia

Santa Maria Capua Vetere

San Severo

Sansepolcro

San Salvo

San Remo

San Pietro Vernotico

Sannicandro Garganico

San Miniato

San Mauro Torinese

San Marco in Lamis

San Lazzaro di Savena

San Giuseppe Vesuviano

San Giuliano Terme

San Giuliano Milanese

San Giovanni Valdarno

San Giovanni Rotondo

San Giovanni Lupatoto

San Giovanni in Persiceto

San Giorgio Ionico

San Giorgio a Cremano

San Donato Milanese

San Dona di Piave

San Casciano in Val di Pesa

San Bonifacio

San Benedetto del Tronto

Samarate

Saluzzo

Salsomaggiore Terme

Salerno

Sacile

Sabaudia

Ruvo di Puglia

Rutigliano

Rozzano

Rovigo

Rovereto

Rosignano Marittimo

Roseto degli Abruzzi

Romano di Lombardia

Rome

RivoliRivalta di Torino

Rimini

Rieti

Riccione Marina

Rho

Reggio nell 'Emilia

Recanati

Ravenna

Rapallo

Quarrata

Qualiano

Putignano

Prato

Pozzuoli

Potenza

Porto Torres

Porto Sant'ElpidioPorto San Giorgio
Portogruaro Civitanova Marche

Portici

Pordenone

Pontedera

Pontecagnano

Pontassieve

Pompei
Pomigliano d'Arco

Pomezia

Polignano a Mare

Policoro

Poggiomarino

PoggibonsiPistoia

Pisticci

Pisa

Piove di Sacco

Piossasco

Piombino
Pioltello

Pinocchio di Ancona

Pinerolo

Pietrasanta

Pianoro

Piacenza

Pescia

Peschiera

Pescara

Pesaro

Perugia
Pergine Valsugana

Pavullo nel Frignano

Pavia

Parma

Parabiago

Palo del Colle

Pallazzolo sull 'Oglio

Palestrina

Palagiano

Pagani

Paese

Padova

Paderno Dugnano

Ottaviano

Ostuni

Osimo

Orvieto

Ortona

Orta Nova

Oria

Orbassano

Omegna

Olbia

Oderzo

Nuoro

Novi Ligure

Novate Milanese

Novara

Nova Milanese

Nola

Noicattaro

Noci

Nocera Superiore
Nocera Inferiore

Nichelino

Nettuno

Nerviano

Negrar

Narni

Nardo

NapoliMugnano di Napoli

Muggio

Mottola

Monza

Montichiari

Montevarchi

Montesilvano

Monterotondo

Montemurlo

Montecchio Maggiore

Montecatini Terme

Montebelluna

Monsummano

Monselice

Monopoli

Monfalcone

Mondragone

Mondovi

Moncalieri

Molfetta

Mola di Bari

Mogliano Veneto

Modugno

Modena

Mirano

Mirandola

Mira
Minturno

Milano

Mesagne

Mercato San Severino

Merano

Mentana

Melzo

Melito di Napoli

Melfi

MelegnanoMeda

Matera

Massarosa

Massafra

Massa

Martina Franca

Martellago

Marsciano

Marino

Marina di Carrara

Marigliano

Mariano Comense

Marcianise

Marano di Napoli

Maranello

Mantova

Manfredonia

Manduria

Malnate

Maglie

Magenta

Maddaloni

Macerata

Lugo

Lucera

Lucca

Lodi
Livorno

Lissone

Limbiate

Lido di Roma

Legnano

Legnago

Lecco

Lecce

Latina

Latiano

Lastra a Signa

La Spezia

L'Aquila

Lanciano

Laives - Leifers

Lainate

Ladispoli

Ivrea

Isernia

Ischia PortoIschia

Imperia

Imola

Iesolo

Iesi

Guidonia

Gubbio

Gualdo Tadino

Grumo Nevano

Grugliasco

Grottaglie

Grottaferrata

Grosseto

Gravina in Puglia

Gragnano

Gorizia

Gorgonzola

Giussano

Giulianova

Giugliano in Campania

Giovinazzo

Gioia del Colle

Ginosa

Ghedi

Genzano di Roma

Genova

Garbagnate Milanese

Gallipoli

Gallarate

Galatone

Galatina

Gaeta

Fucecchio

Frosinone

FrattaminoreFrattamaggiore

Frascati

Francavilla Fontana

Francavilla al Mare

Fossano

Formigine

Formia

Forli

Fondi

Follonica

Foligno

Foggia

Fiumicino

Florence

Fiorano Modenese

Finale Emilia

Figline Valdarno

Fidenza

Ferrara

Fermo

Ferentino

Feltre

Fasano

Fano

Falconara Marittima

Faenza

Fabriano

Este

Ercolano

Erba

Empoli

Eboli

Domodossola

Desio

Desenzano del Garda

Dalmine

Cusano Milanino

Cuneo

Cremona

Crema

Cossato

Cortona

Corsico

Correggio

Cornaredo

Cormano

Cordenons

Corciano

Corato

Copparo

Copertino

Conversano

Conegliano

Como

Comacchio

Cologno Monzese

Colle Salvetti

Collegno

Colleferro

Colle di Val d'Elsa

Civitavecchia

Civita Castellana

Citta di Castello

Cittadella

Cisterna di Latina

Cirie

Cinisello Balsamo

Ciampino

Chivasso

Chioggia

Chieti

Chieri

Chiavari

Chiari

Cesenatico

Cesena

Cesano Maderno

Cervia

Cerveteri

Certaldo

Cernusco sul Naviglio

Cerignola

Cerea

Cercola

Cento

Ceglie Messapico

Cecina

Ceccano

Cavarzere

Cava de' Tirreni

Cattolica

Castiglione delle Stiviere

Castel Volturno

Castel San Pietro Terme

Castel Maggiore

Castellaneta

Castellana Grotte

Castellammare di Stabia

Castelfranco Veneto

Castelfranco Emilia

Castelfiorentino

Castelfidardo

Cassino

Cassano d'Adda

Casoria

Caserta

Caselle Torinese

Cascina

Casamassima

Casalnuovo di Napoli

Casale Monferrato

Casalecchio di Reno

Casal di Principe

Carrara

Carpi

Carmagnola

Cardito

Carate Brianza

Capua

Capannori

Capaccio

Cantu

Canosa di Puglia

Campobasso

Campi Bisenzio

CampagnaCampagna

Camaiore

Calenzano

Caivano

Busto Arsizio

Bussolengo

Budrio

Brusciano

Brugherio

Brindisi

Bresso

Bressanone

Brescia

Bra

Boscoreale

Borgo San Lorenzo

Borgomanero

Bondeno

Bolzano

Bologna

Bollate

Bitonto

Bisceglie

Biella

Bergamo

Benevento

Belluno

Beinasco

Battipaglia

Bastia

Bassano del Grappa

Baronissi

Barletta

Bari

Bareggio

Bagno a Ripoli

Bagnacavallo

Bacoli

Avezzano

Aversa

Avellino

Asti

Assisi

Ascoli Piceno

Arzignano

Arzano

Ariccia

Ariano Irpino

Argenta

Arezzo

Arese

Ardea

Arcore

April ia

Aosta

Anzio

Angri

Andria

Ancona

Anagni

Altamura

Alpignano

Alghero (l 'Alguer)

Alessandria

Albino

Albignasego

Albenga

Albano Laziale

Alba

Alatri

Agropoli

Afragola

Adria

Adelfia

Acqui Terme

Acquaviva delle Fonti

Acerra

Abbiategrasso

Abano Terme

Spinea

Pieve Emanuele

Lumezzane

Buccinasco

Guidonia Montecelio

Lamezia Terme

Cassano Magnago

Settimo Milanese

San Felice a Cancello

San Nicola la Strada

Quarto

Tremestieri Etneo

Casavatore
Volla

Gravina di Catania

Cesano Boscone

Fonte Nuova

Saint Helier

Spanish TownPortmoreOld Harbour
New Kingston

Montego Bay

May Pen

Mandeville
Linstead

KingstonHalf Way Tree

Wadi as Sir

Umm as Summaq

Sahab

Madaba

Kurayyimah

Jarash

`Izra

Irbid

Az Zarqa'

Aydun

At Tafilah

As Salt

Ar Ramtha

`Anjarah

Amman
Al Quwaysimah

Al Mafraq

Qir Moav

Al Jubayhah

Al `Aqabah

`Ajlun

Shingu

Atsugi

Akashi

Zushi

Zama

Yuza

Yukuhashi

Yuki

Yugawara

Yoshikawa

Yoshii

Yoshida

Yorii

Yono

Yonago

Yokosuka

Yokohama

Yokkaichi

Youkaichi

Yawata

Yatsushiro

Yatsuo

Yasugi

Yasu

Yashiro

Yao

Yanai

Yanagawa

Yamasaki

Yamaguchi

Yamaga

Yaizu

Yaita

Warabi

Waki

Utsunomiya

Uto

Usuki

Ushibuka

Ureshino

Urayasu

Uozu

Umi

Ujiie

Uji

Uenohara

Ueno

Ueki

Ueda

Ube

Tsuyama

Tsushima

Tsuruoka

Tsurugi

Tsuruga

Tsuma

Tsukumi

Tsukawaki

Tsubata

Tsubame

Tsu

Toyota

Toyoshina

Toyooka

Toyonaka

Toyokawa

Toyohashi

Toyohama

Toyama

Tottori

Tosu

Tonosho

Tondabayashi

Tomioka

Tomigusuku

Tokyo

Tokuyama

Tokushima

Tokorozawa

Tokoname

Toki

Tokamachi

Togitsu

Tochio

Tochigi

Toba

Tenri

Tenno

Tawaramoto

Tatsuno

Tatsuno

Tateyama

Tatebayashi

Tarumizu

Tarui

Tanushimaru

Tanuma

Tanashi

Tanabe

Tanabe

Tamano

Tamana

Tamamura

Taketoyo

Takeo

Takehara

Takefu

Takedamachi

Takayama

Takatsuki

Takasaki

Takarazuka

Takaoka

Takanabe

Takamatsu

Takaishi

Takahashi

Takahama

Takada

Tajimi

Tahara

Tagawa

Tadotsu

Tachikawa

Suzuka

Suzaka

Suwa

Susaki

Sumoto

Sukumo

Suita

Suibara

Sugito

Sueyoshi

Soka

Soja

Sobue

Shobu

Shobara

Shizuoka

Shirone

Shiraoka

Shirahama

Shiozawa

Shiojiri

Shinshiro

Shinichi

Shingu

Shimonoseki

Shimodate

Shimoda

Shimminatocho

Shimminato

Shimada

Shimabara

Shiki

Shido

Shibushi

Shibukawa

Shibata

Seto

Setaka

Sendai

Satte

Sasebo

Sasayama

Sasaguri

Sano

Sanjo

Sanda

Sakurai

Saku

Sakata

Sakaiminato

Sakaide

Sakai

Sakai

Sakai

Sakado

Saiki

Sagara

Sagamihara

Saga

Sabae

Ryuo

Ryotsu

Ozu

Oyama

Oyama

Owase

Otsuki

Otsu

Otake

Ota

Osaka

Onomichi

Onoda

Ono

Ono

Ono

Omuta

Omura

Ome

Omama

Omachi

Okuchi

Okegawa

Okazaki

Okayama

Okaya

Okawa

Ojiya

Oita

Oiso

Oi

Ogori

Ogawa

Ogaki

Odawara

Oda

Obu

Obita

Obama

Nyuzen

Numazu

Numata

Nonoichi

Nogata

Noda

Nobeoka

Nishiwaki

Nishio

Nishinoomote

Nishinomiya

Nirasaki

Ninomiya

Nikko

Niitsu

Niimi

Niihama

Niigata

Nichinan

Nerima

Naze

Naruto

Nara

Nanao

Namerikawa

Nakatsugawa

Nakatsu
Nakanojo

Nakano

Nakamura

Nakama

Naha

Nagoya

Nago

Nagasaki

Nagareyama

Nagaoka

Nagano

Nagahama

Nabari

Musashino

Muroto

Muramatsu

Murakami

Muko

Muikamachi

Morohongo

Moriyama

Moriguchi

Mori

Mizunami

Miyoshi

Miyoshi

Miyazu

Miyazaki

Miyakonojo

Miyada

Mitsuke

Mitsukaido

Mitake

Mishima

Mino

Minami-rinkan

Minamata

Minakuchi

Mikuni

Miki

Mihara

Mibu

Menuma

Matsuto

Matsuzaka

Matsumoto

Matsue

Matsudo

Matsubase

Matsubara

Masuda

Maruoka

Maruko

Marugame

Makurazaki

Maki

Maizuru

Maebashi

Maebaru

Machida

Kyoto

Kuwana

Kushikino

Kusatsu

Kurume

Kuroda

Kurihashi

Kure

Kurayoshi

Kurashiki

Kumamoto

Kumagaya

Kuki

Kudamatsu

Kozakai

Kosugi

Koshigaya

Konosu

Konan

Komoro

Komono

Komatsushima

Komatsu

Komaki

Kokubunji

Kokubu

Koganei

Koga

Koga

Kofu

Kodama

Kodaira

Kochi

Kobe

Kobayashi

Kitsuki

Kitakyushu

Kitakata

Kitahama

Kishiwada

Kisarazu

Kisai

Kiryu

Kikuchi

Kazo

Kawasaki

Kawasaki

Kawanishi

Kawaguchi

Kawagoe

Katsuyama

Kasukabe

Kasugai

Kashiwazaki

Kashiwa

Kashima

Kashihara

Kaseda

Kasaoka

Kasamatsucho

Kariya

Karatsu

Kanzaki

Kanuma

Kanoya

Kanonji

Kannabe

Kanie

Kaneko

Kanda

Kanazawa

Kanaya

Kamojima

Kamogata

Kamo

Kami-renjaku

Kaminokawa

Kamiichi

Kameyama

Kameoka

Kameda

Kamakura

Kakogawa

Kakegawa

Kakamigahara

Kajiki

Kaizuka

Kainan

Kagoshima

Kadoma

Izumo

Izumiotsu

Izumi

Izumi

Iwatsuki

Iwata

Iwakura

Iwakuni

Iwai

Iwade

Itsukaichi

Itoman

Itoigawa

Ito

Itami

Ishiki

Ishikawa

Ishii

Ishige

Ishigaki

Isesaki

Isehara

Ise

Isawa

Isahaya

Inuyama

Ino

Innoshima

Inazawa

Ina

Imari

Imaichi

Ikoma

Ikeda

Ikeda

Ijuin

Iizuka

Iiyama

Iida

Ichinomiya

Ichikawa

Ibusuki

Ibaraki

Ibara

Hotaka

Honjo

Hondo

Hofu

Hitoyoshi

Hita

Hisai

Hiroshima

Hiratsuka

Hirata

Hirara

Hirakata

Hirado

Hino

Hino

Himi

Himeji

Hikone

Hiji

Hekinan

Hayama

Hatsukaichi

Hatogaya

Hashimoto

Hanyu

Hanno

Handa

Hamanoichi

Hamamatsu

Hamakita

Hamada

Hakui

Haibara

Hagi

Haebaru

Hadano

Hachioji

Gyoda

Gushikawa

Gotsu

Gotemba

Gosen

Gose

Gojo

Godo

Gobo

Ginowan

Gifu

Gamagori

Futtsu

Funabashi

Fukuyama

Fukuroi

Fukura

Fukuoka

Fukumitsu

Fukuma

Fukui

Fukue

Fukuchiyama

Fukiage

Fukaya

Fujisawa

Fujioka

Fujioka

Fujinomiya

Fujieda

Fuji

Fuchu

Fuchu

Enzan

Daito

Chofu

Chiryu

Chino

Chigasaki

Chichibu

Chatan

Beppu

Ayabe

Atami

Ashiya

Ashikaga

Arai

Annaka

Anan

Amagi

Amagasaki

Akune

Ako

Aki

Aioi

Ageo

Okinawa

Kushima

Hikari

Kaita

Nagato

Hasuda

Kamifukuoka

Sayama

Fussa

Kunitachi

Asaka

Wako

Toda

Komae

Kimitsu

Miura

Iyo

Uwajima

Saijo

Ozu

Kawanoe

Hojo

Yuzawa

Yotsukaido

Yonezawa

Yokote

Yokaichiba

Yanagawa

Yamoto

Yamagata

Yamada

Yachimata

Watari

Wakuya

Ushiku

Tsukuba

Toride

Tono

Tomobe

Tomiya

Togane

Tendo

Takahata

Takahagi

Sukagawa

Shizukuishi

Shisui

Shiroishi

Shiroi

Shiogama

Shinjo

Sendai

Sawara

Sakura

Sagae

Ryugasaki

Rifu

Otsuchi

Otawara

Omiya

Omigawa

Omagari

Okunoya

Okawara

Ohara

Ofunato

Obanazawa

Oarai

Oami

Nihommatsu

Naruto

Narita
Narashino

Namie

Naka

Nagai

Motomiya

Motegi

Moriya

Morioka

Mooka

Mobara

Mizusawa

Miyako

Mito

Miharu

Mashiko

Marumori

Makabe

Kuroiso

Koriyama

Kogota

Kitakami

Kitaibaraki

Kawaguchi

Katsuura

Katsuta

Kashima

Kasama

Karasuyama

Kaminoyama

Kamaishi

Kakuda

Iwase

Iwanuma

Iwaki

Itako

Ishioka

Ishinomaki

Ishikawa

Inawashiro

Ichinoseki

Ichihara

Hobara

Hitachi

Higashine

Hasaki

Hanamaki

Furukawa

Funehiki

Funaishikawa

Fukushima

Fujishiro

Edosaki

Daigo

Chiba

Asahi

Ami

Akita

Abiko

Bihoro

Wakkanai

Tomakomai

Tobetsu

Mutsu

Takikawa

Takanosu

Sunagawa

Shizunai

Shiraoi

Shimo-furano

Shibetsu

Sapporo

Rumoi

Otofuke

Otaru

Odate

Obihiro

Noshiro

Nemuro

Nayoro

Nanae

Namioka

Muroran

Mombetsu

Misawa

Yoichi

Makubetsu

Kushiro

Kuroishi

Kizukuri

Kitami

Kamiiso

Iwanai

Iwamizawa

Ishikari

Ichinohe

Hiroshima

Hirosaki

Kazuno

Hakodate

Hachinohe

Fukagawa

Ebetsu

Date

Chitose

Bibai

Ashibetsu

Asahikawa

Aomori

Abashiri

Goshogawara

Nanto-shi

Kawage

Webuye

Wajir

Voi

Thika

Rongai

Nyeri

Nyahururu

Narok

Nanyuki

Nakuru

Naivasha

Nairobi

Mumias

Muhoroni

Moyale

Mombasa

Molo

Migori

Meru

Marsabit

Maralal

Mandera

Malindi

Makueni

Machakos

Lugulu

Lodwar

Lamu

Kitui

Kitale

Kisumu

Kisii

Kilifi

Kiambu

Keruguya

Kericho

Karuri

Kakamega

Isiolo

Homa Bay

Garissa

Embu

Eldoret

Bungoma

Athi River

Siaya

Suluktu

Isfana

Tokmok

Tash-Kumyr

Talas

Kyzyl-Suu

Ozgon

Osh

Kyzyl-Kiya

Karakol

Kara-Balta

Kant

Cholpon-Ata

Bishkek

Bazar-Kurgan

At-Bashy

Toktogul

Phnom Penh

Ta Khmau

Sisophon

Siemreab

Pouthisat

Phumi Veal Sre

Phnum Tbeng Meanchey

Pailin

Lumphat

Krong Kaoh Kong

Kracheh

Kampot

Kampong Thum

Kampong Spoe

Kampong Saom

Kampong Chhnang

Kampong Cham

Batdambang

Tarawa

Bairiki

Moutsamoudou

Moroni

Basseterre

Yonan-up

Wonsan

T'ongch'on-up

Sungho 1-tong

Sunan

Songnim

Sil-l i

Sinmak

Sinanju

Sariwon

Samho-rodongjagu

Pyongyang

Ongjin

Kusong

Kujang-up

Kowon-up

Kosan-up

Kangdong-up

Kaesong

Hwangju-up

Hungnam

Hukkyo-ri

Hoeyang

Hamhung

Haeju

Chunghwa-up

Chongju-up

Changyon

Chaeryong-up

Ayang-ni

Anju

Anbyon-up

Anak

Yuktae-dong

Uiju

Sonbong

Sinuiju

Sakchu-up

Yonggwang-up
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Comalcalco
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Tibiri

Tessaoua

Tera

Tanout

Tahoua

Niamey

Nguigmi

Miria

Mayahi

Matamey

Maradi

Magaria

Madaoua

Illela

Gaya

Dosso

Dogondoutchi

Diffa

Dakoro

Ayorou

Alarsas

Zuru

Zungeru

Zaria

Yola

Yenagoa

Wukari

Wudil

Warri

Wamba

Uromi

Umuahia

Ughelli

Ugep

Uga

Ubiaja

Tegina

Tambawel

Talata-Mafara

Takum

Abuja

Sokoto

Soba

Saki

Sagamu

Sapele

Rijau

Rano

Potiskum

Port Harcourt

Pindiga

Pategi

Pankshin

Ozubulu

Oyo

Oyan

Owo

Owerri

Otukpa

Orita Eruwa

Onitsha

Ondo

Olupona

Okuta

Okrika

Okigwi

Okene
Oke Mesi

Ohafia Ifigh

Ogwashi Uku

Oguta

Ogoja

Ogaminan

Offa

Ode

Obudu

Obonoma

Numan

Nsukka

Nnewi

Nkwerre

Nkpor

Nguru

Nassarawa

Nafada

Mubi

Moriki

Monguno

Mokwa

Modakeke

Minna

Marte

Malumfashi

Makurdi

Maiduguri

Magumeri

Lokoja

Lere

Lapai

Lalupon

Lagos

Lafiagi

Lafia

Kwale Station

Kumo

Kumaganum

Kukawa

Kontagora

Kishi

Keffi

Kaura-Namoda

Katsina Ala

Katsina

KariKano

Kamba

Kaiama

Kagoro

Kafachan

Kaduna

Kachia

Kabba

Jos

Jimeta

Jega

Jebba

Jalingo

Iwo

Itu

Isieke

Ise Ekiti

Isanlu Itedoijowa

Ipoti

Iperu

Inisa

Ilorin

Ilobu

Illela

Ilesa

Ilaro

Ila Orangun

Ikot Ekpene

Ikom

Ikirun

Ikire

Ikerre

Ijero Ekiti

Ijebu Ode

Ijebu Ijesha

Ijebu Igbo

Ihiala

Igede Ekiti

Igbo Ukwu

Igbor

Igbo Ora

Igboho Igbeti

Igbara Odo

Ifo

Idanre

Idah

Ibi

Ibeto

Ibadan

Hadejia

Gwoza

Gwarzo

Gwaram

Gwada-Bawa

Gusau

Gunmi

Gumel

Gombi

Gombe

Gembu

Geidam

Gbongan

Gaya

Gashua

Garko

Ganye

Gambaru

Funtua

Fiditi

Ezza Ohu

Esuk Oron

Epe

Enugu Ukwu

Enugu Ezike

Enugu

Emure Ekiti

Elele

Ekpoma

Eket

Ejigbo

Eha Amufu

Egbe

Effon Alaiye

Effium

Ebute Ikorodu

Dutsen Wai

Dutse

Dukku

Doma

Dikwa

Deba

Daura

Daura

Darazo

Damboa

Damaturu

Calabar
Burutu

Bukuru

Buguma

Bonny

Bode Sadu

Biu

Birnin-Kudu

Birnin-Kebbi

Birnin-Gwari

Biliri

Bida

Benin-City

Bende

Beli

Bauchi

Baro

Bama

Badagry

Babana

Azare

Awka

Awgu

Auchi

Asaba

Argungu

Aramoko Ekiti

Apomu

Anchau

Amaigbo

Akwanga

Akure

Aku

Ajaokuta

AguluAgbor

Afikpo

Ado Odo

Abuja

Abeokuta

Abakaliki

Aba

Degema Hulk

Tipitapa

Somoto

Somotil lo

Siuna

San Rafael del Sur
San Marcos

Rivas

Rio Blanco

Rama

Puerto Cabezas

Ocotal

Nueva Guinea

Nandaime

Nagarote

Matagalpa

Masaya
Masatepe

Managua

Leon

La Paz Centro

Juigalpa

Jinotepe

Jinotega

Jalapa

Granada

Esteli

El Viejo

El Crucero

Diriamba

Corinto

Chinandega
Chichigalpa

Camoapa

Boaco

Bluefields

Ciudad Sandino

Zwolle

Zwijndrecht

Zutphen

Zundert

Zoetermeer

Zevenaar

Zeist

Zeewolde

Zandvoort

Zaltbommel
ZaanstadZaandam

Woerden

Woensdrecht

Wisch

Winterswijk

Winschoten

Wijk bij Duurstede

Wijchen

Wierden

Westervoort

Werkendam

Weesp
Weert

Wassenaar

Wageningen

Waalwijk

WaalreVught

Voorst

Voorschoten
Voorhout

Volendam

Vlissingen

Vlagtwedde

Vlaardingen

Vianen

Venray
Venlo

Velsen-Zuid

Veghel

Veere

Veenendaal

Veendam

Valkenswaard Valkenburg

Utrecht

Urk

Uithoorn

Uden

Tubbergen

Tongelre

Tilburg

Tiel

Tholen

Terneuzen

Steenwijk

Steenbergen

Staphorst

Spijkenisse

Someren

Soest

Sneek

Sliedrecht

SittardSint-Oedenrode
's-Hertogenbosch

s-Gravenzande

The Hague

Schijndel

Schiedam

Schagen

Rucphen

Rotterdam

Roosendaal

Roermond

Rijswijk

Ridderkerk

Rhoon

Rhenen

Rheden

Renkum

Raalte

Putten

Purmerend

Pijnacker
Papendrecht

Oud-Beijerland

Oss

Oosterhout

Oldenzaal

Oldebroek

Oisterwijk
Oirschot

Oegstgeest

Nuth

Nunspeet

Nuenen

Noordwijkerhout
Noordwijk-Binnen

Nijmegen
Nijkerk

Nieuwegein

Nederweert

Naarden

Naaldwijk

Mijdrecht

Middelharnis

Middelburg

Meppel

Meerssen
Maastricht

Maassluis

Maarssen

Losser

Loon op Zand
Lisse

Lichtenvoorde

Leusden

Lelystad

LeiderdorpLeiden

Leeuwarden

Leek

Krimpen aan den IJssel

Kerkrade

Katwijk

Kampen

IJsselstein

Horst

Hoorn

Hoogezand

Hoogeveen

Hoofddorp

Hilversum

Hilvarenbeek

Hellevoetsluis

Heesch

Heerlen

Heerhugowaard

Heerenveen

Heerde

Heemstede

Heemskerk

Harlingen

Harenkarspel

Haren

Harderwijk

Hardenberg

Haarlem

Haaksbergen

Groningen

Groesbeek

Gouda

Gorinchem

Goirle

Goes

Gennep

Gendringen

Geldrop
Geldermalsen

Geertruidenberg

Ermelo

Epe

Enschede

Enkhuizen

Emmen

Emmeloord
Elburg

Eindhoven

Eibergen

Eersel

Ede

Duiven

Druten

Dronten

Drimmelen

Driebergen-Rijsenburg

Drachten

Dordrecht

Dongen

Doetinchem
Deventer

Den Helder

Delfzij l

Delft

De Bilt

Dalfsen

Culemborg

Cuijk

Cranendonck

Coevorden

Castricum

Capelle-West

Bussum
Brunssum

Brummen

Broek op LangedijkBroek in Waterland

Brielle

Breda

Boxtel

Boxmeer

Boskoop

Borssele

Borne

Born

Borger

Bodegraven
Bloemendaal

Bladel

Beverwijk

Beuningen

Best

Bergschenhoek

Bergeyk

Bergen op Zoom

Benthuizen

Beek

Barneveld

Barendrecht

Baarn
Asten

Assen

Arnhem

Apeldoorn

Anloo

Amsterdam
Amstelveen

Amersfoort

Alphen aan den Rijn

Almere Stad

Almelo

Alkmaar

Alblasserdam

Aalten

Aalsmeer

Trondheim

Tromso

Tonsberg

Stavanger

Sandefjord

Oslo

Moss

Molde

Mo i Rana

Lillehammer

Larvik

Kristiansund

Kristiansand

Kongsberg

Horten

Haugesund

Harstad

Hamar

Halden

Gjovik

Drammen

Bodo

Bergen

Arendal

Alesund

AskoyYtrebygda

Waling

Tulsipur

Tikapur

Siraha

Rajbiraj

Pokhara

Patan

Panaoti

Malangwa

Mahendranagar

Lahan

Kirtipur

Khandbari

Kathmandu

Janakpur

Jaleswar

Ithari

Ilam

Hetauda

Gulariya

Gaur

Dharan Bazar

Dhankuta

Dhangarhi

Darchula

Dailekh

Dadeldhura

Butwal

Birganj

Biratnagar

Bharatpur

Bhaktapur

Bhairahawa

Bhadrapur

Banepa

Baglung

Wellington

Wanganui

Waitakere

Timaru

Taupo

Pukekohe East

Porirua

Palmerston North

North Shore

New Plymouth

Napier

Manakau

Lower Hutt

Invercargill

Hastings

Hamilton

Dunedin

Christchurch

Auckland

Levin

Gisborne

Masterton

Tauranga

Whakatane

Whangarei

Rotorua

Blenheim

Upper Hutt

Sur

Suhar

Sufalat Sama'il

Shinas

Salalah

Saham

Nizwa

Muscat

Khasab

Izki

`Ibri

Ibra

Bidbid

Bawshar

Barka'

Bahla'

Badiyah

As Suwayq

As Sib

Rustaq

Al Liwa'

Al Khaburah

Al Buraymi

Adam

Yanqul

Vista Alegre
Veracruz

Tocumen

Santiago

San Miguelito

Puerto Armuelles
Pedregal

Panama

Pacora

Nuevo Arraijan

Las Cumbres

La Concepcion

La Chorrera

La Cabima

David

Colon

Chitre

Chilibre Chepo

Changuinola

Cativa

Arraijan

Alcaldediaz

Aguadulce

Yurimaguas

Viru
Uchiza

Tumbes

Trujil lo Tocache Nuevo

Tingo Maria

Tambo Grande

Talara

Sullana

Sechura

Santiago de Cao

San Pedro de Lloc

Zana

Rioja

Querecotil lo

Pucallpa

Piura

Pimentel

Picsi

Paita

Paijan

Pacasmayo

Moyobamba

Monsefu

Moche

Marcavelica

La Union

Laredo

La Peca

Lambayeque

Juanjui

Jaen

Iquitos

Huaraz

Huanuco

Huamachuco

Guadalupe

Ferrenafe

Coishco

Chulucanas

Chongoyape

Chocope

Chimbote

Chiclayo

Chepen

Chachapoyas

Catacaos

Cajamarca

Bellavista

Bagua Grande

La Breita

Zarumilla

Yunguyo

Yanacancha

Tarma

Tambopata

Tacna

Sicuani

Satipo

San Vicente de Canete

Santa Ana

San Clemente

Puno

Puerto Maldonado

Pisco

Paramonga

Nuevo Imperial

Nazca

Moquegua

Mollendo

Minas de Marcona

Mala

Lima

La Oroya

Junin

Juliaca

Jauja

Imperial

Ilo

Ilave

Ica

Huaura

Huarmey

Huaral

Huanta

Huancayo

Huancavelica

HualmayHuacho

Cusco

Chosica

Chincha Alta

Chaupimarca

Chancay

Cerro de Pasco

Camana

Callao

Barranca

Ayaviri

Ayacucho

Arequipa

Andahuaylas
Abancay

Punaauia

Papeete

Faaa

Wewak

Port Moresby

Popondetta

Mount Hagen

Mendi

Madang

Lae

Kokopo

Kimbe

Goroka

Daru

Bulolo

Arawa

Zamboanga

Wao

Virac

Vigan

Victorias City

Victoria

Veruela

Valencia

Urdaneta

Ualog

Tupi

Tuguegarao City

Trento

Toledo

Tiwi

Ternate

Teresa

Telabastagan

Taytay

Tayabas

Tarlac

Tanza

Tanjay

Tangub

Tandag

Tanay

Tanauan

Tanauan

Taloc

Talisay

Talisay

Talisay

Talavera

Talacogon

Tagoloan

Tagbilaran

Tagas

Tacurong

Tabuk

Tabaco

Taal

Surigao

Surallah

Subic

Suay

Sorsogon

Solano

Sitangkai

Sipalay

Silang

Sibulan

Sasmuan

Sebu

Sariaya

San Vicente

Santo Tomas

Santo Tomas

Santol

Santiago

Santa Rosa

Santa Rita

Santa Maria

Santa Cruz

Santa Cruz Santa Cruz

Santa Catalina

Santa Barbara

Santa Ana

San Simon

San Pedro

San Pascual

San Pablo

San Nicolas

San Narciso

San Miguel

San Miguel

San Mateo

San Mateo

San Mariano

San Marcelino

San Luis

San Leonardo

San Jose del Monte

San Ildefonso

San Francisco

San Francisco

San Francisco

San Fernando

San Fernando

San Fernando

San Antonio

San Antonio

Sampaloc

Samal

Samal

Sagay

Sablayan

Roxas

Roxas City

Roxas

Romblon

Rizal

Recodo

Ramos

Ramon

Quezon

Quezon

Pulupandan

Pulilan

Puerto Princesa

Porac

Polomolok

Plaridel

Pio

Pinamungahan

Pinamalayan

Pili l la

Pili

Pilar

Pila

Penaranda

Patuto

Passi

Parang

Paraiso

Paombong

Pantukan

Pantubig

Paniqui

Pangil

Pandi

Pandacaqui

Panalanoy

Panabo

Palo

Palayan City

Pagbilao

Paete

Pacol

Ozamis

Oroquieta

Ormoc

Orion

Orani

Olongapo

Obando

Noveleta

Norzagaray

New Corella

Nasugbu

Narra

Naic

Nagcarlan

Naga

Naga

Nabunturan

Nabua

Muricay

Murcia

Munoz

Morong

Morong

Rodriguez

Monkayo

Molave

Minglanilla

Midsayap

Meycauayan

Mexico

Mercedes

Mendez-Nunez

Mauban

Mati

Masinloc

Masbate

Masantol

Mariveles

Marilao

Mariano

Marawi

Maramag

Maragondon

Mantampay

Mansilingan

Mansalay

Manolo Fortich

Manila

Manibaug Pasig

Mangaldan

Mandaue City

Mankayan

Manay

Manapla

Manaoag

Mamburao

Mamatid

Malvar

Maluso

Malungun

Malolos

Malita

Malil ipot

Malaybalay

Malapatan

Malanday

Malabanban

Mahayag

Magsaysay

Magarao

Maganoy

Magalang

Mabalacat

Maasin

Ma-ao

Lupon

Lumban

Lucena

Lucban

Lubao

Los Banos

Lopez

Loma de Gato

Lipa

Lingayen

Limay

Liloan

Liliw

Libertad

Legaspi Port

Laur

La Trinidad

Lapu-Lapu City

La Paz

Laoang

Laoag

Laguilayan

La Castellana

La Carlota

Labo

Koronadal

Kidapawan

Kawit

Kalibo (poblacion)

Kabankalan

Kabacan

Jose Panganiban

Jolo

Jasaan

Jalajala

Jaen

Itogon

Isulan

Isabela

Isabela

Irosin

Iriga

Ipil

Indang

Imus

Iloilo

Ilagan

Iba

Hinigaran

Himamaylan

Hermosa

Hagonoy

Guyong

Gumaca

Guiset East

Guimba

Guihulngan

Guiguinto

Goa

Glan

Gerona

General Trias

General Tinio

General Mamerto Natividad

Gapan

Escalante

Enrique B. Magalona

Dumaguete

Don Carlos

Domalandan

Dologon

Dipolog

Dinalupihan

Digos

Del Pilar

Davao

Dasmarinas

Dapitan

Danao

Daet

Cuenca

Cotabato

Cordova

Consolacion

Concepcion

Concepcion Ibaba

Compostela

Compostela

Cebu City

Cavite

Catbalogan

Catarman

Catanauan

Castil lejos

Carmona

Carmen

Carigara

Cardona

Carcar

Capas

Canlaon

Candelaria

Candaba

Camiling

Calumpit

Calbayog

Calauan

Calauag

Calatagan

Calasiao

Calapan

Calamba

Calaca

Calabanga

Cainta

Cagayan de Oro

Cadiz Viejo

Cabiao

Cabayangan

Cabanatuan

Cabagan

Cabadbaran

Bustos

Boroon

Burgos

Bunawan

Buluan

Bulaon

Bulan

Bulacan

Buhi

Bugo

Buenavista

Botolan

Borongan

Bongao

Bongabon

Bogo

Bocaue

Bislig

Binonga

Binmaley

Binangonan

Binalbagan

Bignay

Bayugan

Bayombong

Baybay

Bayawan

Bayambang

Bay

Bauang

Bauan

Bato

Batangas

Batac City

Baras

Bantayan

Bansalan

Banga

Banaybanay

Bambang

Baliuag

Balayan

Balanga

Balamban

Balagtas

Bais

Bah-Bah

Baguio

Bago

Bagabag

Bacoor

Babo-Pangulo

Baao

Atimonan

Asia

Aringay

Arayat

Aparri

Apalit

Antipolo

Angono

Angat

Amadeo

Alicia

Aliaga

Alaminos

Alabel

Agoo

Abuyog

Abucay

Chuhar Jamali

Rawala Kot

Pir jo Goth

Khairpur

Zhob

Zaida

Zahir Pir

Zafarwal

Yazman

Wazirabad

Warburton

Warah

Vihari

Utmanzai

Uthal

Usta Muhammad

Umarkot

Ubauro

Turbat

Topi

Toba Tek Singh

Thul

Thatta

Tharu Shah

Taunsa

Tank

Tangi

Tando Muhammad Khan

Tando Jam

Tando Allahyar

Tando Adam

Tandlianwala

Talhar

Talamba

Talagang

Thal

Swabi

Sukkur

Sukheke

Sujawal

Sodhra

Sita Road

Sinjhoro

Sillanwali

Sibi

Sialkot

Shujaabad

Shorko

Shikarpur

Shekhupura

Sharqpur

Shakargarr

Shahr Sultan

Shahpur Chakar Shahdadpur

Shahdadkot

Shabqadar

Sehwan

Sargodha

Sarai Sidhu

Sarai Naurang

Sarai Alamgir

Sangla

Sanghar

Sambrial

Samasata

Sakrand

Sahiwal

Sahiwal

Sadiqabad

Rohri

Renala Khurd

Rawalpindi

Ratodero

Ranipur

Rajanpur

Raja Jang

Raiwind

Radhan

Quetta

Kambar

Qadirpur Ran

Pishin

Pir Mahal

Pindi Gheb

Pindi Bhattian

Pind Dadan Khan

Phalia

Peshawar

Pattoki

Pasrur

Pasni

Pano Aqil

Pakpattan

Paharpur

Pad Idan

Pabbi

Okara

Nushki

Nawabshah

Naushahro Firoz

Naushahra Virkhan

Naudero

Nasirabad

Narowal

Narang

Naokot

Nankana Sahib

Muzaffargarh

Muzaffarabad

Mustafabad

Murree

Muridke

Multan

Moro

Mithi

Mitha Tiwana

Mirpur Mathelo

Mirpur Khas

Mingaora

Minchinabad

Mianwali

Mian Channun

Mehrabpur

Mehar

Matli

Matiari

Mastung

Mardan

Mansehra

Mangla

Mandi Bahauddin

Mananwala

Mamu Kanjan

Malakwal

Mailsi

Mach

Loralai

Lodhran

Leiah

Larkana

Lalian

Lala Musa

Lakki Marwat

Lahore

Ladhewala Waraich

Lachi

Kunri

Kunjah

Kundian

Kulachi

Kot Samaba

Kotri

Kot Radha Kishan

Kot Mumin

Kot Malik

Kotli Loharan

Kot Ghulam Muhammad

Kot Diji

Kot Addu

Kohat

Khuzdar

Khushab

Khurrianwala

Khipro

Khewra

Kharian

Kharan

Khanpur

Khanpur

Khangarh

Khangah Dogran

Khalabat

Khairpur Nathan Shah

Khairpur

Khairpur

Kasur

Kashmor

Karor

Karachi

Kanganpur

Kandiaro

Kandhkot

Kamra

Kamoke
Kamir

Kamar Mushani

Kamalia

Kalur Kot

Kaleke

Kalat

Kalabagh

Kahuta

Kahror Pakka

Kahna

Kabirwala

Johi

Jiwani

Jhumra

Jhol

Jhelum

Jhawarian

Jhang Sadr

Jauharabad

Jatoi Shimali

Jaranwala

Jand

Jampur

Jalalpur Pirwala

Jalalpur

Jahanian Shah

Jacobabad

Islamabad

Hyderabad

Hujra

Hingorja

Hazro

Havelian

Haveli

Hasilpur

Hasan Abdal

Harunabad

Harnoli

Haripur

Hangu

Hala

Hafizabad

Hadali

Gwadar

Gujrat

Gujranwala

Gujar Khan

Gojra

Ghotki

Ghauspur

Gharo

Garh Maharaja

Gambat

Fort Abbas

Fazalpur

Fatehpur

Faruka

Faqirwali

Faisalabad

Eminabad

Dunyapur

Dunga Bunga

Dullewala

Dir

Dipalpur

Dinga

Dijkot

Digri

Dhoro Naro

Dhanot

Dera Ismail Khan

Dera Ghazi Khan

Dera Bugti
Daur

Daud Khel

Daska

Darya Khan

Dajal

Dadu

Dadhar

Chunian

Chuhar Kana

Chor

Choa Saidan Shah

Chishtian Mandi

Chiniot

Chichawatni

Chawinda

Charsadda

Chaman

Chakwal

Chak Azam Saffo
Burewala

Bhopalwala

Bhit Shah

Bhera

Bhawana

Bhan

Bhalwal

Bhakkar

Bela

Bat Khela

Basirpur

Bannu

Bahawalpur

Bahawalnagar

Badin

Baddomalhi

Attock City

Arifwala

Amangarh

Alipur

Akora

Ahmadpur East

Nowshera Cantonment

Ahmadpur Sial

New Badah

Tando Ghulam Ali

Setharja Old

Risalpur

Malakwal City

Zyrardow

Zielonka

Zamosc

Zambrow

Zabki

Wyszkow

Wolomin

Wieliczka

Warsaw

Tomaszow Mazowiecki

Tomaszow Lubelski

Tarnow

Tarnobrzeg

Szczytno

Suwalki

Sulejowek Staszow

Starachowice

Stalowa WolaSokolow Podlaski

Sokolka
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Ponta Delgada

Villarrica

Villa ElisaSan Lorenzo
San Antonio

Presidente Franco

Nemby

Limpio

Lambare
Itaugua

Ita

Fernando de la Mora

Encarnacion

Coronel Oviedo

Concepcion

Colonia Mariano Roque Alonso

Capiata

Caaguazu

Caacupe

Asuncion

Umm Salal Muhammad Ar Rayyan

Al Wakrah

Al Khawr

Doha

Saint-Pierre

Saint-Paul

Saint-Louis

Saint-Leu

Saint-Joseph

Sainte-Suzanne

Sainte-Marie

Saint-Denis

Saint-Benoit

Saint-Andre

Le Tampon

Le Port

La Possession

Zimnicea

Zalau

Vulcan

Voluntari

Viseu de Sus

Vatra Dornei

Vaslui

Urziceni

Turnu Magurele

Turda

Tulcea

Tirgu Secuiesc

Tirgu Neamt

Targu-Mures

Targu Jiu

Targoviste

Timisoara

Tecuci

Suceava

Slobozia

Slatina

Simleu Silvaniei

Sighisoara

Sighetu Marmatiei

Sibiu

Sfantu-Gheorghe

Sebes

Satu Mare

Salonta

Sacele

Rosiori de Vede

Roman

Risnov

Ramnicu Valcea

Rimnicu Sarat

Resita

Reghin-Sat

Radauti

Popesti-Leordeni

Ploiesti
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Vologda

Volkhov

Volgorechensk
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Volgodonsk

Vnukovo

Vladimir

Vladikavkaz
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Vereshchagino

Vel'sk
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Salekhard

Rubtsovsk

Rezh

Reftinskiy

Promyshlennaya

Prokop'yevsk

Poykovskiy

Polysayevo

Polevskoy

Plast

Osinniki

Omsk

Ob'

Nyagan'

Noyabr'sk

Novyy Urengoy

Novosilikatnyy

Novosibirsk

Novokuznetsk

Novoaltaysk

Noril 'sk

Nizhnyaya Salda

Nizhnevartovsk

Nizhneudinsk

Nev'yansk

Nefteyugansk

Nazarovo

Nadym

Myski

Minusinsk

Miass

Mezhdurechensk

Megion

Mayma

Mariinsk

Lesosibirsk

Leninsk-Kuznetskiy

Labytnangi

Kyzyl

Kyshtym

Kuybyshev

Kurtamysh

Kurgan

Kupino

Kulunda

Krasnoyarsk

Krasnotur'insk

Krasnoobsk

Korkino

Kopeysk

Yugorsk

Kolpashevo

Kodinsk

Kirovgrad

Khanty-Mansiysk

Kemerovo

Kedrovka

Kayyerkan

Kataysk

Kasli

Kartaly

Karpinsk

Karasuk

Karabash

Kansk

Kamyshlov

Kamensk-Ural'skiy

Kamen'-na-Obi

Kaltan

Kalachinsk

Ivdel'

Iskitim

Ishim

Irbit

Ilanskiy

Gornyak

Gorno-Altaysk

Dudinka

Divnogorsk

Degtyarsk

Chunskiy

Chernogorsk

Cherepanovo

Chelyabinsk

Chebarkul'

BorovskiyBorodino

Bolotnoye

Bogotol

Bogdanovich

Biysk

Berdsk

Beloyarskiy

Belovo

Barnaul

Barabinsk

Asino

Asbest

Artemovskiy

Aramil'

Anzhero-Sudzhensk

Aleysk

Alapayevsk

Akademgorodok

Achinsk

Abaza

Abakan

Snezhinsk

Ozersk

Zheleznogorsk

Novoural'sk

Seversk

Gubkinskiy

Muravlenko

Lyantor

Zima

Zheleznogorsk-Il imskiy

Zeya

Yakutsk

Vyazemskiy

Vladivostok

Ust'-Kut

Ust'-Il imsk

Ussuriysk

Usol'ye-Sibirskoye

Ulan-Ude

Udachnyy

Tynda

Tulun

Trudovoye

Fokino

Svobodnyy

Slyudyanka

Shimanovsk

Shelekhov

Severobaykal'sk

Raychikhinsk

Partizansk

Neryungri

Nerchinsk

Nakhodka

Mirnyy

Luchegorsk

Lesozavodsk

Lensk

Kyakhta

Krasnokamensk

Komsomol'sk-na-Amure

Khabarovsk

Kavalerovo

Irkutsk

Chita

Cheremkhovo

Borzya

Bodaybo

Blagoveshchensk

Birobidzhan

Bikin

Belogorsk

Baykal'sk

Aykhal

Artem

Arsen'yev

Angarsk

Amursk

Aldan

Bratsk

Khabarovsk Vtoroy

Yuzhno-Sakhalinsk

Yelizovo

Vanino

Sovetskaya Gavan'

Poronaysk

Petropavlovsk-Kamchatskiy

Okha

Nikolayevsk-na-Amure

Nevel'sk

Magadan

Korsakov

Kholmsk

Baltiysk

Krasnoznamensk

Kogalym

Pyt'-Jakh

Langepas

Ruhengeri

Nzega

Kigali

Kibuye

Kibungo

Gitarama

Cyangugu

Gisenyi

Byumba

Butare

Rwamagana

Yanbu` al Bahr

Umm Lajj

Turayf

Turabah

Tarut

Tabuk

Tubarjal

Sultanah

Sayhat

Samitah

Sakaka

Safwa

Sabya

Rahimah

Rabigh

Qal`at Bishah

Najran

Mecca

Khamis Mushayt

Jizan

Jiddah

Buraydah

Abqaiq

Badr Hunayn

Az Zulfi

Dhahran

At Taraf

At Ta'if

As Sulayyil

Riyadh

Ar Rass

`Ar`ar

An Nimas

Al Qurayyat

Al Wajh

Al Qaysumah

Al Qatif

Al Munayzilah

Al Mubarraz

Medina

Al Khubar

Al Khafji

Al Jumum

Al Jubayl

Al Hufuf

Al Bukayriyah

Al Battaliyah

Al Bahah

`Afif

Ad Dilam

Ad Dawadimi

Ad Dammam

Abu `Arish

Abha

Honiara

Victoria

Zalingei

Yei

Yambio

Waw

Wad Madani

Uwayl

Umm Ruwabah

Omdurman

Torit

Tonj

Tawkar

Tandalti

Sinjah

Shendi

Sawakin

Sannar

Rumbek

Rabak

Malakal

Maiurno

Kusti

Kuraymah

Kinanah

Kassala

Kadugli

Gogrial

Doka

Dill ing

Bor

Barbar

Barah

Atbara

As Suki

Ar Rusayris

Ar Rahad

An Nuhud

Al Ubayyid

Al Qutaynah

Al Mijlad

Al Manaqil

Khartoum

Al Junaynah

Al Hilaliyah

Al Hawatah

Al Hasahisa

Al Fashir

Al Bauga

Ad Duwaym

Ad Dindar

Ad-Damar

Ad Damazin

Abu Zabad

Abu Jubayhah

Umea

Skelleftea

Pitea

Lulea

Kiruna

Gaellivare

Boden

Ystad

Visby

Vaxjo

Vastervik

Vasteras

Varnamo

Varberg

Vanersborg

Vallentuna

Uppsala

Upplands-Vasby

Uddevalla

Tumba

Trollhattan

Trelleborg

TabySundsvall Stockholm
Sollentuna

Sodertalje

Skovde

Sandviken

Ostersund

Oskarshamn

Ornskoldsvik

Orebro

Nykoping

Norrtalje

Norrkoping

Nassjo

Motala

Marsta

Malmoe

Lund

Linkoping

Lidkoping

Lidingo

Lerum

Landskrona
Kungsbacka

Kungalv

Kristinehamn

Kristianstad

Koping

Kista

Katrineholm

Karlstad

Karlskrona
Karlskoga

Karlshamn

Kalmar

Jonkoping

Helsingborg

Hassleholm

Harnosand

Halmstad

Goteborg

Gavle

Falun

Falkoping

Falkenberg

Eslov

Eskilstuna

Enkoping

Borlange

Boras

Angelholm

Alingsas

Akersberga

Majorna

Singapore

Trbovlje

Velenje

Ptuj

Novo Mesto

Maribor

Ljubljana

Kranj

Koper

Celje

Vranov nad Topl'ou
Trebisov

Spisska Nova Ves

Snina

Roznava

Rimavska Sobota

Presov

Poprad

Michalovce

Kosice

Kezmarok

Humenne

Bardejov

Zvolen

Zlate Moravce

Zilina

Ziar nad Hronom

Trnava

Trencin

Skalica

Senica

Sal'a

Ruzomberok

Puchov

Prievidza

Povazska Bystrica

Piestany

Pezinok

Partizanske

Nove Zamky

Nove Mesto nad Vahom

Nitra

Martin

Malacky

Lucenec
Liptovsky Mikulas

Levice

Kysucke Nove Mesto

Komarno

Hlohovec

Handlova

Galanta

Dunajska Streda

Dubnica nad Vahom

Dolny Kubin

Cadca

Brezno

Bratislava

Banska Bystrica

Banovce nad Bebravou

Waterloo

Port Loko

Makeni

Lunsar Koidu

Kenema

Kabala

Freetown

Bo

San Marino

Ziguinchor

Velingara

Tiebo
Thies Nones

Sedhiou

Richard Toll

Pout

Pourham

Nioro du Rip

Nguekokh

Ndibene Dahra

Mekhe

Mbake

Kolda

Kedougou

Kayar

Joal-Fadiout

Guinguineo

Grand Dakar

Dara

Dakar

Bignona

Wanlaweyn

Qoryooley

Qandala

Mogadishu

Luuq

Chisimayu

Jilib

Giohar

Jamaame

Hargeysa

Galcaio

Eyl

Erigavo

Ceeldheere

Buurhakaba

Buulobarde

Burao

Bender Cassim

Berbera

Beledweyne

Baidoa

Baardheere

Afgooye

Laascaanood

Paramaribo

Lelydorp

Sao Tome

Zacatecoluca

Usulutan

Soyapango
SonzacateSonsonate Sensuntepeque

San Vicente

Santiago de Maria

Santa Ana

San Salvador

San Rafael Oriente

San Miquel

San Martin

San Marcos

San Francisco

Quezaltepeque

Puerto El Triunfo

Nueva San Salvador

Metapan

Mejicanos

La Union

La Libertad

Izalco

IlopangoDelgadoCuscatancingo
Cojutepeque

Chalchuapa
Chalatenango

Ayutuxtepeque
Apopa

Antiguo Cuscatlan

Ahuachapan
Aguilares

Acajutla

Yabrud

Tayyibat al Imam

Tartus

Tall Rif`at

Tall Kalakh

Talbisah

Tafas

Tadmur

Tadif

Suran

Subaykhan

Shaykh Miskin

Saraqib

Salqin

Salamiyah

Safita

Qatana

Qasim

Qarah

Nubl

Masyaf

Manbij

Ma`arrat Misrin

Khan Shaykhun

Kafr Zayta

Kafr Takharim

Kafr Nabl

Kafr Lahah

Jisr ash Shughur

Jayrud

Jarabulus

Jablah

`Irbin

Inkhil
Idlib

Hims

Harasta al Basal

Hamah

Halfaya

Aleppo

Duma

Damascus

Dayr Hafir

Dayr az Zawr

Darbasiyah

Darayya

Binnish

Baniyas

Az Zabadani

At Tall

Ath Thawrah

As Suwayda'

As Sanamayn

As Safirah

Ar Rastan

Ar Raqqah

An Nabk

Al Qutayfah

Al Qusayr

Al Qunaytirah

Al Qaryatayn

Al Mayadin

Latakia

Al Kiswah

Al Hasakah

Al Harak

Al Bab

`Afrin Ad Dana

Abu Kamal

Hajin

Mbabane

Manzini

Am Timan

Abeche

Sarh

Pala

Oum Hadjer

N'Djamena

Moussoro

Moundou

Mongo

Mboursou Lere

Massakory

Massaguet

Mao

Lai

Kyabe

Koumra

Kelo

Dourbali

Doba

Bongor

Bitkine

Benoy

Ati

Vogan
Tsevie

Tchamba

Sotouboua

Sokode

Notse

Niamtougou

Sansanne-Mango

Lome

Kpalime

Kara

Dapaong

Bassar

Bafilo

Badou

Atakpame

Aneho

Ban Sam Roi Yot

Phetchaburi

Trang

Thung Song

Thoen

Thap Than

Tha Muang

Tha Maka

Tak

Surat Thani

Si Satchanalai

Sawankhalok

San Pa Tong

San Kamphaeng

Ron Phibun

Ratchaburi

Ranong

Pran Buri

Prachuap Khiri Khan

Phun Phin

Phuket

Photharam

Phayao

Pa Sang

Nakhon Si Thammarat

Mae Sot

Mae Sai

Mae Ramat

Ban Mae Chan

Mae Ai

Lat Yao

Lang Suan

Lampang

Kui Buri

Krabi

Ko Samui

Khao Yoi

Khanu Woralaksaburi

Kathu

Kanchanaburi

Kamphaeng Phet

Huai Yot

Hua Hin

Hang Dong

Dok Kham Tai

Damnoen Saduak

Chumphon

Chom Bung

Chiang Rai

Chiang Mai

Cha-am

Bo Phloi

Ban Tak

Ban Pong

Ban Na San

Ban Na

Bang Saphan

Bang Phae

Changwat Rayong

Nong Kung Si

Ban Nong Wua So

Ban Mai

Ban Huai Thalaeng

Ban Bang Sao Thong

Amphoe Na Klang

Yasothon

Yaring

Yala

Wiset Chai Chan

Wichian Buri

Warin Chamrap

Wang Saphung

Wang Noi

Wang Nam Yen

Uttaradit

Uthai Thani

Udon Thani

Ubon Ratchathani

Trat

Tha Yang

Tha Rua

Thap Khlo

Tha Mai

Amphoe Tha Bo

Taphan Hin

Tak Bai

Surin

Suphan Buri

Sungai Kolok

Si Sa Ket

Si Racha

Sing Buri

Seka

Amphoe Sawang Daen Din

Satun

Sattahip

Samut Songkhram

Samut Sakhon

Samut Prakan

Sam Phran

Sakon Nakhon

Sa Kaeo

Sadao

Roi Et

Ranot

Rangae

Prakhon Chai

Prachin Buri

Phu Kradung

Phu Khieo

Phra Pradaeng

Phra Phutthabat

Phra Nakhon Si Ayutthaya

Phrae

Phon Charoen

Phitsanulok

Phichit

Phibun Mangsahan

Phetchabun

Phatthalung

Phan Thong

Phanom Sarakham

Phanat Nikhom

Phak Hai

Pak Phanang

Pak Kret

Pak Chong

Non Sung

Nong Phai

Nong Khai

Nong Khae

Narathiwat

Nang Rong

Nan

Amphoe Nam Som

Nakhon Ratchasima

Nakhon Phanom

Nakhon Pathom

Nakhon Nayok

Nakhon Luang

Mukdahan

Maha Sarakham

Lop Buri

Lom Sak

Loei

Laem Sing

Amphoe Kut Chap

Kuchinarai

Bangkok

Krathum Baen

Klaeng

Khon Kaen

Khon Buri

Khlong Luang

Khao Wong

Kaset Wisai

Kaset Sombun

Kantharalak

Kamalasai

Kalasin

Kaeng Khoi

Kaeng Khlo

Kabin Buri

Hat Yai

Det Udom

Den Chai

Dan Khun Thot

Chum Phae

Chon Daen

Chon Buri

Chok Chai

Chanthaburi

Chaiyaphum

Chai Nat

Chai Badan

Chachoengsao

Bua Yai

Betong

Ban Selaphum

Ban Rangsit

Ban Phattha Ya

Ban Phan Don

Ban Phai

Ban Phaeo

Ban Mo

Ban Lam Luk Ka

Bang Rakam

Bang Racham

Bang Pakong

Bang Pa-in

Bang Mun Nak

Bang Len

Bang Lamung

Bang Kruai

Bang Krathum

Bang Bua Thong

Bang Ban

Amphoe Ban Dung

Ban Chang

Ban Bung

Ban Bang Kadi Pathum Thani

Ban Bang Bo (1)

Aranyaprathet

Amnat Charoen

Amphoe Sikhiu

Yovan

Vose'

Vakhsh

Istaravshan

Tursunzoda

Panjakent

Farkhor

Kofarnihon

Norak

Kulob

Kolkhozobod

Khorugh

Ishkashim

Hisor

Dushanbe

Danghara

Chubek

Boshkengash

Proletarsk

Khujand

Konibodom

Isfara

Chkalovsk

Dili

Balkanabat

Kaka

Gumdag

Gazanjyk

Buzmeyin

Baherden

Ashgabat

Anew

Tagta

Turkmenbasy

Koeneuergench

Boldumsaz

Yoloten

Tejen

Seydi

Sayat

Mary

Atamyrat

Gowurdak

Turkmenabat

Bayramaly

Gazojak

Zaghouan

Oued Lill

Tunis

Tozeur

Tataouine

Thala

Taklisah

Tajerouine

Sousse

Siliana

Sidi Bouzid

Saqanis

Sfax

La Sebala du Mornag
Rades

Ksour Essaf

Korba

Kebili

Qasr Hallal

El Fahs

Gafsa

Gabes

Nefta

Midoun

Mateur

Masakin

Menzel Jemil

Manzil Bu Zalafah

Menzel Bourguiba

Menzel Abderhaman Manouba

Majaz al Bab

Jendouba

Zarzis

Jammal

Houmt Souk

Hammam Sousse

Hammam-LifLa Goulette

Douz

Dawwar Tinjah

Dar Chabanne

Bizerte

Beni Khiar

Beja

Zouila

Chebba

Ar Rudayyif

Al Wardanin

Kairouan

Kasserine

Al Qarmadah

Monastir

La Mohammedia

Al Metlaoui

Al Marsa

El Kef

El Jem

Al Hammamat

El Hamma

Al Baqalitah
Al `Aliyah

Akouda

Douane

Zara

Yuksekova

Yozgat

Yesill i

Erzin

Yerkoy

Yatagan

Yalvac

Yahyali

Viransehir

Varto

Van

Uzumlu

Usak

Urla

Urgup

Sanliurfa

Turgutlu

Tunceli

Torbali

Tire

Tekirova

Tavsanli

Tatvan

Tarsus

Talas

Susurluk

Suruc

Sorgun

Soma

Solhan

Soke

Siverek

Sivas

Simav

Silvan

Silopi

Silifke

Siirt

Seydisehir

Serik

Sereflikochisar

Senirkent

Semdinli

Selcuk

Seferihisar

Sarkisla

Sarkikaraagac

Saraykoy

Sandikli

Salihli

Reyhanli

Polatli

Pazarcik

Patnos

Pasinler

Osmaniye

Ortakoy

Ortaca

Odemis

Nusaybin

Nizip

Nigde

Nevsehir

Nazill i

Mut

Mus

Mugla

Mucur

Milas

Midyat

Mercin

Menemen

Marmaris

Mardin

Manisa

Manavgat

Malazgirt

Malatya

Lice

Kutahya

Kusadasi

Kurtalan

Kumluca

Kulu

Kulp

Kula

Kozluk

Kozan

Kovancilar

Korkuteli

Konya

Kiziltepe

Serinhisar

Kirsehir

Kirkagac

Kirikkale

Kirikhan

Kilis

Keskin

Kemer

Kemalpasa

Kayseri

Karapinar

Karaman

Agri

Karakocan

Karacoban

Kaman

Kahta

Kahramanmaras

Kadirli

Kadinhani

Izmir

Isparta

Iskenderun

Incirl iova

Imamoglu

Ilgin

Idil

Hizan

Hinis

Hilvan

Hadim

Hacilar

Guroymak

Golbasi

Goksun

Genc

Gemerek

Gediz

Gazipasa

Gaziantep

Foca

Fethiye

Ezine

Eskisehir Il i

Eskisehir

Erzurum

Erzincan

Ermenek

Ergani

Eregli

Erdemli

Ercis

Emirdag

Emet

Elmali

Elmadag

Eleskirt

Elbistan

Elazig

Egirdir

Edremit

Dursunbey

Dortyol

Dogubayazit

Diyarbakir

Diyadin

Dinar

Develi

Denizli

Demirci

Dargecit

Darende

Cumra

Menderes

Hakkari

Cizre

Cine

Ceylanpinar

Ceyhan

Cesme

Cermik

Cay

Caglayancerit

Burhaniye

Burdur

Bulanik

Bucak

Bozyazi

Bozuyuk

Bozova

Bor

Bolvadin

Bodrum

Bismil

Birecik

Bingol

Bigadic

Beysehir

Besni

Bergama

Belen

Belek

Bayindir

Batman

Baskil

Banaz

Balikesir

Bahce

Ayvalik

Aydin

Askale

Antalya

Antioch

Ankara

Anamur

Aliaga

Alasehir

Alanya

Aksehir

Aksaray

Akhisar

Akdagmadeni

Ahlat

Afyonkarahisar

Afsin

Adiyaman

Adilcevaz

Adana

Batikent

Dalaman

Zonguldak

Zile

Yomra

Yenisehir

Korfez

Yalova

Yakuplu

Vezirkopru

Vakfikebir

Uzunkopru

Unye

Turhal

Trabzon

Tosya

Tokat

Tirebolu

Terme

Tepecik

Tekkekoy

Tekirdag

Tasova

Taskopru

Susehri

Surmene

Sungurlu

Suluova

Sinop

Silivri

Sebinkarahisar

Sarikamis

Sapanca

Samsun

Safranbolu

Rize

Osmaneli

Osmancik

Orhangazi

Ordu

Oltu

Of

Niksar

Nallihan

Mudanya

Mimarsinan

Merzifon

Malkara

Luleburgaz

Kumru

Korgan

Kocaali

Kizilcahamam

Kirklareli

Kestel

Kesan

Kelkit

Kazan

Kavakli

Kastamonu

Kars

Karasu

Karamursel

Karacabey

Karabuk

Kagizman

Iznik

Kocaeli

Istanbul

Iskil ip

Inegol

Horasan

Hopa

Hendek

Hayrabolu

Havza

Gursu

Gurpinar

Gurgentepe

Gumushane

Gorele

Gonen

Golcuk

Giresun

Geyve

Gerede

Gemlik

Gallipoli

Gebze

Ferizli

Fatsa

Esenyurt

Eregli

Erdek

Erbaa

Edirne

Duzce

Devrek

Cubuk

Corum

Corlu

Cerkezkoy

Cerkes

Cayeli

Caycuma

Catalca

Carsamba

Cankiri

Canakkale

Can

Bursa

Bulancak

Boyabat

Bolu

Bilecik

Biga

Beypazari

Besikduzu

Bayburt

Bartin

Bandirma

Bafra

Babaeski

Artvin

Arsin

Arhavi

Ardesen

Ardahan

Arakli

Amasya

Alapli

Alaca

Akyazi

Akcakoca

Akcaabat

Sakarya

Espiye

merter kerestecilerguengoeren merter

Sarigerme

TunapunaParadise
Sangre Grande

Port-of-Spain

Point Fortin

Mon ReposMarabella

Chaguanas

Arima

Yun-lin

Taipei

T'ai-chung-shih

Ta-hsi-chen

Kao-hsiung

Hualian

Chi-lung

Kaohsiung City

Tainan City

Zanzibar

Wete

Vwawa

Vikindu

Uyovu

Uvinza

Ushirombo

Usevia

Usagara

Usa

Urambo

Tunduma

Tumbi

Tukuyu

Tinde

Tarime

Tanga

Tabora

Sumbawanga

Songwa

Somanda

Sokoni

Sirari

Singida

Sikonge

Shinyanga

Shelui

Sepuka

Same

Rulenge

Rujewa

Puma

Old Shinyanga

Nzega

Nyamuswa

Nyalikungu

Nyakabindi

Nsunga

Nshamba

Njombe

Nguruka

Ngudu

Ngerengere

Ngara

Nangwa

Namanyere

Mwanza

Mwadui

Mvomero

Musoma

Muriti

Mungaa

Muheza

Mugumu

Mtwango

Mto wa Mbu

Mtinko

Msowero

Mpwapwa

Mpanda

Moshi

Morogoro

Mlowo

Mlimba

Mlangali

Mlandizi

Mlalo

Mkuranga

Mwandiga
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Shallow high 

gravity gas-

condensate

Deeper light oil

Regional comparison of bulk fluid composition

“The preliminary conclusion is that the Deep Panuke condensate is derived 

from a marine Type II source rock, whereas the condensate found in the 

siliciclastic reservoirs of the Sable sub-basin is largely derived from a source 

rock with dominance of Type III kerogen derived from higher plants. In other 

words, there appear to be different source rocks in different geologic settings 

in the Sable sub-basin.”

Sassen, R. and Post, P.J., 2007

Geochemical Evaluation of Condensate from Deep Panuke, Offshore Nova Scotia.

Canada-Nova Scotia Offshore Petroleum Board Sample Report SR(E)2007-5, 7 

pages (plus appendices & tables).

Plot of API gravity versus depth for fluids 

occurring on the Scotian Shelf (left) reported 

in the BASIN database, indicating an 

inversion in the more typical trend of 

increasing API with depth as shown in the 

example from the Western Canada 

Sedimentary Basin (above). The map (right) 

shows a  3D view of selected samples in the 

subsurface.
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PLATE 5.3.2

ROCK DATA

The basic geochemical data available on line consist of source rock and maturity data for the Scotian Shelf and the Scotian Slope as well as the South Grand Banks, would the 

latter be necessary. There are TOC and Rock Eval data for 59 wells (Figure ***) and maturity data for 79 wells (Figure ***).

Rock Eval and TOC

The source rock data consist of TOC and Rock Eval analyses characterizing the source rock potential of well cuttings and cores. The TOC is a measure of organic carbon content 

expressed in weight % of the rock. The TOC analysis may be obtained by different procedures, but also directly from the Rock Eval analysis, depending on the type of analyzer.

The analytical results produced by TOC and Rock Eval analyses are as follows:

• TOC: Organic Carbon content

• Free hydrocarbons content in the rock sample: S1 value

• Remaining hydrocarbon potential (HC not realized): S2 value

• Oxidation “potential” contained in the organic matter of the kerogen: S3 value

• Tmax: Maximum pyrolysis temperature, at which the remaining hydrocarbon potential (S2) is generated. Due to its specificity, Tmax is a maturity measurement, 

which can be correlated to other maturity parameters such as Vitrinite Reflectance, Thermal Alteration Index (TAI), Spore Color Index (SPI) and others.

The Rock Eval data populating the GSC on-line database were generated by various laboratories including the geochemistry laboratory of the GSC-Calgary.

Maceral

Maceral data derived from microscopic analysis of kerogen are available from Mukhopadhyay’s reports (1989, 1990a, 1990b and1991) and  Mukhopadhyay et al. publications 

(1990 and 1995). All unpublished reports are available from CNSOPB DMC database. Over the years, P. K. Mukhopadhyay has defined a maceral description chart specially 

adapted to the Nova Scotia margin. That chart is displayed in Table 1 (right) to provide the reader with the descriptive code used in the following plates. 

Maturity

Maturity data used in this study consist essentially of Vitrinite Reflectance. The GSC online database is populated mainly by data from various laboratories but mainly from Avery 

and Mukhopadhyay. New Vitrinite Reflectance data were acquired for only two wells, so adding two maturity profiles to the 79 existing ones.  For wells with multiple maturity 

datasets from different sources, there are conflicting maturity profiles.

OIL & CONDENSATE DATA

Existing accessible oil and condensate data, such as GC traces, aromatic biomarkers, gasoline range GC traces are neither numerous nor that meaningful. Interpretation of these 

data was tentative not contributing clear cut solutions to understanding the petroleum systems of the Nova Scotia margin.  These data yet carried out on samples from DST, PT 

(Production test) and other tests are usually not tainted by mud additive. In case of doubt, checks are performed and discussed. New biomarker data were acquired on 15 oils and 

condensates samples for this study with a particular focus on the saturate fractions of these samples. Saturate biomarkers of the steranes and hopanes/triterpanes size were often 

discarded as their concentration are low in condensates.

PISTON-CORE SEEPS DATA

Seeps data from the regional geochemical survey on the slope of the Nova Scotia margin by TDI-Brooks International, Inc. were made available to this study end of March (2011) 

when confidentiality on the report was released.

Reference:

P. K. Mukhopadhyay and Wade J. A. 1990. Organic facies and maturation of sediments from three Scotian Shelf wells. Bulletin of Canadian Petroleum Geology, Vol. 38, No. 4, pp. 407-

425 (DEC 1990).

Organic facies

Kerogen Type Amorphous Maceral Associated Major Environment of Range of Hydrogen Pyrolisis-GC Pattern Oil/Gas Potential+

Type (Fluorescence) Macerals Deposition Index (mg HC/g TOC)

I Sapro I*                    

(golden yellow)

Alginite Lakes or algal mat 

(shallow marine or 

freshwater) 

Greater than 800 Mainly n-alkanes 

between C10 - C30

Oil + Condensate + Gas# 

(80%)

IIA Sapro IIA*                 

(yellow brown)

Alginite, Sapro I,             

Part. Liptinite A & B, 

Liptodetrinite

Lagoon or lakes (marine 

or fresh). Upwelling area 

(shallow or deep marine)

550 - 800 Dominant cyclo- and 

normal alkanes between 

C8 - C27

Oil + Condensate + Gas# 

(60 - 90%)

IIA-IIB Sapro IIA* + Sapro IIB* 

(brown or orange)

Part. Liptinite A & B, 

Liptodetrinite, Sapro-

Vitrinite

Upwelling region, 

prodelta, Lacustrine delta, 

deep marine anoxia

300 - 600 Mixed cyclo- and normal 

alkanes and aromatics 

between C6 - C20

Oil + Condensate + Gas# 

(50%)      (50%)

IIB Sapro IIB*                       

(brown)

Part. Liptinite A & B, 

Sapro IIA, 

Desmocollinite

Deltaic marsh, lagoon, 

back-barrier, deep marine 

anoxia

225 - 400 Mixed aromatics and 

cycloalkanes

Condensate + Gas + Oil      

(50%)             (40%) (10%)

IIB-III Sapro IIB + Humosapro Telocollinite,                   

Part. Liptinite B

Partially oxic prodelta or 

shallow marine, and 

lagoon

100 - 250 N-alkanes up to C12 and 

Low molecular wt. 

aromatics, and phenol

Gas + Condensate         

(70%)      (30%)

III Humosapro* 

(nonfluorescent to dark 

brown)

Part. Liptinite B, 

Telocollinite

Delta swamp, partially 

oxic. Shallow or deep 

marine basins

50 - 125 Mainly aromatics and n-

alkanes up to C14 and 

phenol

Gas                                    

(>80%)

IV Macrinite     

(nonfluorescent)

Fusinite, Macrinite, 

Recycled vitrinite

Oxic swamp, tidal flats or 

deep marine basins

Less than 50 Minor hydrocarbons Non source

Sapro I*, Sapro IIA*, Sapro IIB*, Humosapro* = Sapropelinite I, IIA, IIB and Humosapropelinite; Part: Liptinite = Particulate Liptinite A & B

Sapropelinite = Bituminite = Amorphinite. Particulate liptinite A = Lamalginite. Particulate liptinite B = Exinite & Resinite

+ Under normal Eh/Ph condition without diagenetic oxidation; # Generation starts beyond 1.0% Ro

Amorphous Organic Matter Related to Kerogen and Hydrocarbon PotentialTable ***:

Data & Quality

Rock Eval and TOC data

Oil-based mud and various additives were used in an estimated 80% of the wells analyzed constitutes a serious problem for interpreting geochemical data , in particular , identifying source 

rocks on the Nova Scotia margin.

Maceral data

Maceral data obtained by microscopic observation offers the advantage that part of the contaminants from the mud can be identified and discarded from the kerogen composition. However, 

mud additives such as lignite and gilsonite may not always be easily separated from the in-situ sedimentary kerogen. However, TOC/Rock Eval data associated to the maceral analyses are 

contaminated by the mud additives , which make them unreliable. 

Oil and Condensate data

Oil and condensate are not subject to too much distortion by mud additives as they are collected from tests. However, in case of doubt, possible contamination must be cautiously be examined. 

Rock extract data

Rock extract data are highly susceptible to oil-based mud contamination.

Piston-core seeps data

Seeps data from the regional geochemical survey on the slope of the Nova Scotia margin by TDI-Brooks International, Inc., deserve some careful examination of possible contamination by 

natural organic material present in the sediments near sea floor collected by piston-coring. This contamination cannot be eliminated, but avoided as much as possible using geochemical 

methods such as chromatography to discard samples containing large amount of recent natural organic matter.  

DATA QUALITY

Figure 1: Glenelg J-48 - Example of a mud scheme used in many drilling operations

Table 1: P. K; Mukhopadhyay’s maceral description chart 
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PLATE 5.3.3

Online GSC Basin Database

79 shelf wells 9 slope wells

Abenaki J-56 Mic Mac H-86 Saint Paul P-91 Acadia K-62
Alma F-67 Mic Mac J-77 Sauk A-57 Albatross B-13
Arcadia J-16 Migrant N-20 South Desbarres O-76 Annapolis G-24
Banquereau C-21 Missisauga H-54 South Griffin J-13 Balvenie B-79
Bluenose 2G-47 Mohawk B-93 South Sable B-44 Crimson F-81
Bluenose G-47 Mohican I-100 South Venture O-59 Newburn H-23
Bonnet P-23 Naskapi N-30 S.W. Banquereau F-34 Shelburne G-29
Chebucto K-90 North Banquereau I-13 Thebaud C-74 Shubenacadie H-100
Chippewa L-75 North Triumph B-52 Thebaud I-93 Tantallon M-41
Citadel H-52 North Triumph G-43 Thebaud P-84
Citnalta I-59 Olympia A-12 Triumph P-50
Cohasset A-52 Oneida A-12 Uniacke G-72
Cohasset D-42 Onondaga B-96 Venture B-13
Cohasset L-97 Onondaga E-84 Venture B-43
Cree E-35 Panucke B-90 Venture B-52
Dauntless D-35 Penobscot B-41 Venture D-23
Demascota G-32 Penobscot L-30 Venture H-22
Dover A-13 Primrose 1A A-41 Wenonah J-75
Eagle D-21 Primrose A-41 West Chebucto K-20
Evangeline H-98 Primrose F-41 West Esperanto B-78
Glenelg J-48 Primrose N-50 West Olympia O-51
Glooscap C-63 Sable Island 3H-58 West Venture C-62
Hesper I-52 Sable Island 4H-58 West Venture N-91
Intrepid L-80 Sable Island C-67 Whycocomagh N-90

Jason C-20 Sable Island E-48
Wyandot E-53

Louisbourg J-47 Sable Island O-47

Merigomish C-52 Sachem D-76

MATURITY DATA

Existing data

New data

Abenaki J-56 North Triumph G-43 Acadia K-62 West Esperanto B-78 (no Excel datasheet)

Alma F-67 Olympia A-12 Albatross B-13 Bonnet P-23

Alma K-85 Onondaga B-96 Annapolis G-24

Arcadia J-16 Onondaga E-84 Balvenie B-79

Argo F-38 Onondaga B-84 Crimson F-81

Bluenose 2G-47 Penobscot L-30 Newburn H-23

Chebucto K-90 Peskowesk A-99 Tantallon M-41

Citadel H-52 Sable Island C-67

Citnalta I-59 Sable Island E-48

Cohasset A-52 Sable Island O-47

Cohasset D-42 Saint Paul P-91

Cohasset L-97 South Desbarres O-76

Cree E-35 South Griffin J-13

Dauntless D-35 South Sable B-44

Demascota G-32 South Venture O-59

Eagle D-21 S.W. Banquereau F-34

Evangeline H-98 Thebaud C-74

Glenelg E-58 Thebaud I-93

Glenelg J-48 Thebaud P-84

Glooscap C-63 Uniacke G-72

Intrepid L-80 Venture B-43

Iroquois J-17 Venture B-52

Louisbourg J-47 Wenonah J-75

Merigomish C-52 W. Chebucto K-20

Migrant N-20 West Olympia O-51

Mohican I-100 West Venture N-91

North Triumph B-52 Whycocomagh N-90

TOC/ROCK EVAL DATA

Online GSC Basin Database Wells from the DMC database
54 shelf wells 7 slope wells 2 shelf wells

TOC/Rock Eval & Maturity data newly acquired

TOC/Rock Eval Nb. of Samples

• Acadia K-62  4000m to TD (~5300m) +(FI basal carbonates) 69

• Shelburne G-29 3000m to TD 70

• Torbrook C-15 2600m to TD (~3600m 54

• Shubenacadie H-100 3200m to TD (~4200m) 41

• Oneida O-25 3100m to TD (~4100m) 102

• Sambro I-29 1000m to 1600m 21

• Ojibwa E-07 1400m to TD (~2300m 69

• Glenelg J-48 4500m to TD (~5100m) 39

• Marmora C-34 3800m-3900m 22

• Chippewa L-75 5900’-6972’ 23

• Citadel H-52 5500’-5666’ 12

• Emerillon C-56 9250’-10750’ 48

• Erie D-26 5500’-7995’ 57

• Moheida P-15 3300m-3900m 53

• Mohican I-100 4200m-4300m 13

• Argo F-38 10000’-11110’ (TD)  OK 7

• Iroquois J-17 4485’-5890’ (17) and 6650’-6845’ (9) oil stains anhydrite 80

Vitrinite Reflectance

• Torbrook C-15 2835m-3600m 23

• Moheida P-15 10810’-12860’ 27

Existing data

New data

TOC/ROCK EVAL DATA

MATURITY DATA

Data – TOC, Rock Eval and Maturity
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W. Venture N-91

Rock extracts
Cuttings & Cores

HC fluid inclusions

Condensates

Mohican I-100
Weymouth A-45

Glooscap C-63

Alma F-67

Glenelg J-48 & N-49

S. Venture O-59

Penobscot L-30

Sable Island 3H- & 5H-58

Banquereau C-21
Citnalta I-59

Venture B-13

Glooscap C-63, cutting extracts from shales interlayered near the top of the Argo Salt at depths:

• Cutting sample 4320-40m

• Cutting sample 4490m

Mohican I-100, extracts of core samples

• Sample 4095.75 m displays a very weak trace

• Sample 4098.14 m displaying oleanane is contaminated

Weymouth A-45. Biomarker analyses of hydrocarbon fluid inclusion from salt canopy:

• Top salt

• Middle salt

• Bottom mix

• Bottom salt

Biomarker analyses of oil and condensates from the following wells:

1. PENOBSCOT L-30, RFT#5   2643.00 – 2643.00m, GSC group 1

2. SABLE 3H-58, PT#4   1632.20 – 1633.42m, GSC group 3a

3. SABLE 5H-58E, DST#4   1639.82 – 1641.65m, GSC not grouped

4. BANQUEREAU C-21, DST#2   3585.00 – 3596.00m, GSC group 2

5. GLENELG J-48, DST#8   3491.00 – 3495.00m, GSC group 3b

6. GLENELG N-49, DST#2   3476.00 – 3485.00m, GSC group 2

7. GLENELG N-49, DST#1   3597.00 – 3602.00m, GSC group 2

8. ALMA F-67, DST#2   3026.00 – 3032.00 m, GSC not grouped

9. SOUTH VENTURE O-59, DST#11   4209.00 – 4217.00 m, Above OP, GSC group 3b

10. WEST VENTURE C-62, DST#3   4741.00 – 4743.00 m, Within OP, GSC group 3a

11. VENTURE B-13, DST#6   4572.00 – 4579.00 m, Below top OP, Basal Missisauga, GSC group 3b

12. CITNALTA I-59, PT#3   12393’-12407’ (3777.4-3781.7m), Basal Missisauga

13. CITNALTA I-59, PT#2   12964’-12985’ (3951.4-3957.8m), Basal Missisauga

14. CITNALTA I-59, PT#1   13301’-13317’  (4054-4059m), Basal Missisauga

15. HERON H-73, DST#6   2294.00 – 2306.00m (South Whale Basin)
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Vitrinite Reflectance (%)

Vitrinite Reflectance versus burial depth
for the 20 reference wells

West Esperanto B-78; Avery M. P.

West Esperanto B-78; PETRO-CANADA, INC.

South Grif f in J-13; Avery M. P.

Glooscap C-63; Avery M. P.

Cohasset L-97; Avery M. P.

Cohasset L-97; Mukhopadhyay P. K.

Glenelg J-48; Avery M. P.

Glenelg J-48; Mukhopadhyay P. K.

Evangeline H-98; Avery M. P.

Evangeline H-98; Mukhopadhyay P. K.

Dauntless D-35; Robertson Res. Int'l

Chebucto K-90; Mukhopadhyay P. K.

Chebucto K-90; Avery M. P.

Bonnet P-23; Avery M. P.

Bonnet P-23, PETRO-CANADA, INC.

Alma F-67; Mukhopadhyay P. K.

Alma F-67; Avery M. P.

HesperI-52: Avery M. P.

South Grif f in J-13; Avery M. P.

Balvenie B-79; Mukhopadhyay P. K.

Annapolis G-24; Mukhopadhyay P. K.

Crimson F-81; Cook A. C.

Albatross B-13; PETRO-CANADA, INC.

Shelburne G-29; Avery M. P.

Tantallon M-41; Avery M. P.

Shubenacadie H-100; Avery M. P.

Weymouth A-45; Mukhopadhyay P. K.

Newburn H-23; Mukhopadhyay P. K.

Distribution of Vitrinite Reflectance data versus burial depth for the 20 reference wells

The diagram of Figure 1 displays Vitrinite Reflectance data per well for the 20 wells of reference. The analyst name is provided In the inset list. In 

cases, wells were analyzed by several laboratories that are identified by more than one analysts names. Sometimes, only the laboratory is known 

and therefore listed.

This selection of data, as an example, shows that there is a relatively narrow spread of the maturity gradient throughout the Nova Scotia margin. 

In wells with several maturity datasets measured by different analysts, there is sometimes convergence of the maturity gradients, which is a 

confirmation of the validity of the data. Cases of divergence between datasets also exist weakening confidence in either of the datasets. Modeling 

with the suites of constraints imposed by temperature, pressure, overburden and rifting history inducing the thermal development at the various 

modeled locations helps distinguishing which one of the maturity gradients applies.

Detailed maturity of each well is neither presented nor discussed in the Petroleum Geochemistry part of the Atlas except for the wells, which serve 

in identifying the source rocks of the margin in Plates 4-X-X below and Plates X-X-X , Y-Y-Y etc)..

Maturity, however, is used extensively in the modeling part of the study for maturity calibration of the basin models Themis 1D,- 2D and -3D.

MATURITY DATA (continued) OIL, CONDENSATES, ROCK EXTRACTS and FLUID INCLUSIONS DATA

Data – Maturity – Oil, Condensates, Rock Extracts and Hydrocarbon Fluid Inclusions
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Biomarkers of Oils and Condensates (Hopanes m/z 191) Biomarkers of Cutting Extracts from Venture B-13 (Hopanes m/z 191)

Gammacerane occurrence in Venture B-13, DST#6 4572-4579m

The surprise from Venture B-13 is the occurrence of Gammacerane in the condensate of DST#6. Gammacerane 

often interpreted as reflecting a source rock deposited in a hypersaline environment would support an Early Jurassic 

or Triassic (Argo Salt) source rock on the Nova Scotia margin. The arguments for this are:

• Oils from Morocco known to originate from the Toarcian source rock contain Gammacerane (see Plate ***).

• Pliensbachian shale of the Peniche Basin of Portugal contains Gammacerane (see Plate ***).

• Also, deposition of a source rock in a hypersaline environment on the Nova Scotia margin most likely develops in 

Triassic or Early Jurassic time during or soon after Argo Salt deposition.

These arguments support Early Jurassic sourcing.

Cutting samples from shales interlayered in the Argo Salt (Triassic) in the Glooscap C-63 well were analyzed by 

Rock Eval pyrolysis to test the hypothesis of Triassic sourcing. The Glooscap C-63 well is the only one penetrating 

the Argo salt sufficiently and in “autochthonous” position to carry out that test. High TOC and high S1 values in the 

depth range from 4320m to 4410m are the result of contamination by mud-additive. GCMS analysis of 2 of these 

samples shown in Figure 1 of the next Plate 4-**** strongly suggest the presence of mud contaminant.

Because, Gammacerane could also be contamination by gilsonite added to the mud, cutting samples at 4570m and 

4580m were extracted and analyzed for biomarkers. The m/z 191 traces of the saturates is shown in Figure 2 of this 

Plate (above). At 4570m, the trace displays background Gammacerane, whereas at 4580m the trace exhibits 

improved Gammacerane. This distribution between the 2 samples suggests that at 4570m, that is just before testing, 

there was no excess of Gammacerane meaning neither contamination nor indigenous anomaly. Excess of 

Gammacerane occurs only in the sample at the bottom or below the tested interval. This observation argues in favor 

of indigenous Gammacerane in the condensate of Venture B-13 DST#6.

Oleanane - age specific biomarker not present in sediments before the occurrence of angiosperms on earth 

(~100Ma) - observed in the sample at 4580m is likely part of the lignosulfonate mud-additive used for drilling at 

these depths. 

PENOBSCOT L-30

RFT#5, 2643.00–2643.00m

GSC group 1

SABLE 3H-58

PT#4, 1632.20–1633.42m

GSC group 3A

SABLE 5H-58E

DST#4, 1639.82–1641.65m

GSC not grouped

BANQUEREAU C-21

DST#2, 3585.00–3596.00m

GSC group 2

GLENELG J-48

DST#8, 3491.00–3495.00m

GSC group 3b

GLENELG N-49

DST#2, 3476.00–3485.00m

GSC group 2

GLENELG N-49

DST#1, 3597.00–3602.00m

GSC group 2

ALMA F-67

DST#2, 3026.00–3032.00m

GSC not grouped

SOUTH VENTURE O-59

DST#11, 4209.00–4217.00m

Above OP

GSC group 3b

WEST VENTURE C-62

DST#3, 4741.00–4743.00m

Within OP

GSC group 3a

VENTURE B-13

DST#6, 4572.00–4579.00m

Below top OP

Basal Missisauga

GSC group 3b

Gammacerane

CITNALTA I-59

PT#3, 12393’-12407’ 

(3777.4-3781.7m)

Basal Missisauga

CITNALTA I-59

PT#2   12964’-12985’ 

(3951.4-3957.8m)

Basal Missisauga

CITNALTA I-59

PT#1   13301’-13317’  

(4054-4059m) 

Basal Missisauga

HERON H-73

DST#6, 2294.00–2306.00m

Figure 1: Hopane traces (m/z 191) of 14 condensates and oils from the Nova Scotia margin and 1 from Heron H-73 located in the South Whale Basin of Newfoundland. Among these traces 

the condensate from DST#6 at Venture B-13 displays a significant Gammacerane anomaly compared to the other oils and condensates. Heron H-73 oil I the South Whale Basin exhibits a  

slightly improved Gammacerane.

VENTURE B-13

Cutting sample, 4570m

VENTURE B-13

Cutting sample, 4580m

Figure 2: Hopane traces (m/z 191) of 2 cutting samples at 4570 and 4580m from the Venture B-13 well. At 4580m there is a 

Gammacerane anomaly not observed at 4570m. 

Gammacerane

Figure 3: Mud-scheme used in the Venture B-13. Lignosulfonate was added to the mud 2992 

to 5368m. In other well drilled with lignosulfonate mud-additive, there was no Gammacerane 

contamination but oleanane, which is the case here.

Oleanane

Data – Oil, Condensates and Rock Extracts
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Glooscap C-63

Cutting extract, 4320-4340m

Shale interlayered in Argo salt

Glooscap C-63

Cutting extract, 4490m

Shale interlayered in Argo salt

HH32

HH33
HH34

HH35

HH31

H30

TS
TME

x
a
g
g
e
ra

te
d
 a

m
p
lit

u
d
e

No Gammacerane

Glooscap C-63 – Biomarkers of rock extracts

• Shale interlayered in Argo salt

• No Gammacerane

• Mud-additive contamination

Biomarker traces (m/z 191) - Saturates

HH: Homohopane

Mohican I-100 – Biomarkers of rock extracts

Figure 3: In Mohican I-100, sample from 4095.75 m displays a 

very weak trace, sample from 4098.14 m displaying oleanane is 

contaminated

Mud- additive

Mohican I-100

Core extract 4098.14m

Mohican I-100

Core extract 4095.75m

Weak trace – lean fraction

Biomarker traces (m/z 191) - Saturates

Oleanane

Mohican I-100 

Core extract, 4098.14m, Abenaki Formation

Cohasset D-42

DST#7, 6107’-6121’, Logan Canyon

Figure 4: In Cohasset D-42, Mohican I-100 and Deep Panuke (Panuke PP3C), 

oleanane is present in Jurassic Abenaki oil and stained core extract  but absent 

from Logan Canyon oil. This observation suggests that oleanane - age specific 

biomarker not present in sediments before the occurrence of angiosperms on earth 

(~100Ma) – is a mud contaminant. 

No Oleanane

Oleanane

Oleanane

Modified from:

Fowler, M. G. and Obermajer, M. (1999) 

Reassessing the petroleum geochemistry 

of the Scotian Shelf, offshore eastern 

Canada - a cautionary tale for 

geochemists. 19th International Meeting 

on Organic Geochemistry, Istanbul, 

Turkey, September 6-10, 1999, 469-470.

Deep Panuke

API~46-50°

DST#4, Abenaki formation

No 

gammacerane
30

Little gammacerane

Some 

gammacerane

Biomarker analyses of extracts from the Toarcian 

source rock, offshore Morocco (IODP Leg 79, Site 547)

547B

847.55m

547B

891.11m

547B

892.79m

Figure 2: Mud-scheme used in the Glooscap C-63 well. Lignosulphonate 

was added to the mud 2653 to 4542m.

Figure 1: Mud-scheme used in the Glooscap C-63 well. 

Lignosulphonate was added to the mud 2653 to 4542m.

Comments on these data

 No or lean amount of Gammacerane in these oils and condensates indicates that they were not generated by source rocks 

deposited under hypersaline (or stratified water) anoxic conditions. For the extracts, the absence or lean presence of 

Gammacerane indicates that either the source intervals extracted were not deposited under hypersaline (or stratified 

water) anoxic conditions (Figure 5) or, if not source extracts but staining extracts (Figure 3 perhaps), they did not originate 

from source rocks deposited under hypersaline (or stratified water) anoxic conditions.

 Cutting samples from shales interlayered in the Argo Salt (Triassic) in the Glooscap C-63 well were analyzed by Rock Eval 

pyrolysis to test the hypothesis of Triassic sourcing. The Glooscap C-63 well is the only one penetrating the Argo salt 

sufficiently and in “autochthonous” position to carry out that test. High TOC and high S1 values in the depth range from 

4320m to 4410m are the result of contamination by mud-additive. GCMS analysis of 2 of these samples shown in Figure 1 

strongly suggest the presence of mud contaminant.

 Oleanane - age specific biomarker not present in sediments before the occurrence of angiosperms on earth (~100Ma) -

observed in the Deep Panuke condensate (Abenaki reservoir) and Mohican I-100( Abenaki core extract (Figure 4), likely 

reflects contamination by lignosulfonate mud-additive used for drilling at these depths. In the Logan Canyon reservoir of 

the Cohasset D-42 well, oleanane is likely derived from the Naskapi source rock or grabbed by leaching along the 

migration path.

These data are discussed in further details in the following Plates

Figure 5: Ion 191 traces of three samples of Toarcian black 

shales from DSDP Leg 79 Site 547, well 547B. These traces 

display no or background abundance of gammacerane. The 

shallow depth of these samples explains their immaturity 

and unusual signature.

Data – Oil, Condensates and Rock Extracts
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• Homohopane ratio C35 to C34 equal to or greater 

than 1 is indicative of a source rock deposited in 

a carbonate environment. This is the case for 

hydrocarbon fluid inclusions in Weymouth A-45 

and in condensate at the “deep Panuke” PP3C 

well. This environment is compatible with or 

without hypersaline conditions suggested by 

presence or quasi absence of Gammacerane, in 

Weymouth or “deep Panuke”, respectively.

• Oleanane in “deep Panuke” suggests either 

contamination (oil-based mud) or leaching of 

Upper Cretaceous organic matter along the 

migration path. In the structural position of The 

Panuke PP3C well, the latter is very unlikely.

Oleanane

Glooscap

Glooscap

Weymouth
Top salt

Gammacerane

Weymouth
Middle salt

Weymouth
Bottom mix

Weymouth
Bottom salt

No oleanane

Gammacerane

Gammacerane

Gammacerane

C34 C35

C34 C35

Fluid Inclusions

Biomarker traces (m/z 191) - Saturates

Deep Panuke

API~46-50°

Reference:

Fowler, M. G. and Obermajer, M. (1999) Reassessing the petroleum geochemistry of the Scotian Shelf, offshore eastern 

Canada - a cautionary tale for geochemists. 19th International Meeting on Organic Geochemistry, Istanbul, Turkey, 

September 6-10, 1999, 469-470.

Reference:

Yawooz Kettanah (2010) Hydrocarbon fluid inclusion study in the Argo Salt of Glooscap C-63 and Weymouth A-45 wells, offshore Scotian 

margin. Study report to OETR.

Figure 2: Example of hydrocarbon fluid inclusions from Kettanah (2010)

Figure 3: In Jurassic Abenaki condensate at “deep Panuke” (Panuke PP3C), homohopane ratio C35 to C34 is equal to 1. Such 

a ratio is indicative of a source rock deposited in a carbonate environment. Oleanane - age specific biomarker not present in 

sediments before the occurrence of angiosperms on earth (~100Ma) – is also present in this condensate, suggesting 

contamination by oil-based mud or, but improbably, leaching of Upper Cretaceous organic matter along the migration path. 

Figure 1: Hopane traces (m/z 191) of hydrocarbon (HC) fluid from inclusions in salt at show significant amount of 

Gammacerane in the salt canopy at Weymouth A-45. In the autochthonous salt at Glooscap C-63, there is no 

particular Gammacerane anomaly. In addition, in the Weymouth A-45 bottom mix gathering several samples from the 

basal part of the canopy, the homohopane ratio C35 to C34 equal to 1 suggests that the source rock of these HC 

inclusions deposited in a carbonate environment. 

Data – Hydrocarbon Fluid Inclusions
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50Km

Significant gas shows

Significant oil shows

Significant gas discoveries

Significant oil discoveries

Significant gas/condensate discoveries

Shows

Legend discoveries & shows

Cores geochemically analyzed &
analysis identifier       

Oil seeps rank 1

Legend piston core seeps

Oil seeps rank 2

Gas seeps rank 2

Gas seeps rank 3

Cores selected for isotope analyses

NSS002

Oil seeps rank 1

Legend thermogenic HC seeps

Oil seeps rank 2

Gas seeps rank 2

Gas seeps rank 3

50 Km

Figure 1: Location of piston-cores seeps displaying thermogenic hydrocarbons in order of importance. Map modified from TDI Brooks Int’l 

report (2000)

REGIONAL GEOCHEMICAL SURVEY for 2000 Nova Scotia Consortium SGE PROGRAM

by TDI-Brooks International, Inc.

Figure 2: Piston-cores seeps displaying thermogenic hydrocarbons in order of importance and piston-cores geochemically analyzed 

(numbered). Piston-cores selected for carbon isotopes analyses are the yellow dot. Sample numbering for  Map modified from TDI 

Brooks Int’l report (2000).

The report describes first the field and laboratory procedures. Surface geochemical exploration using piston cores are presented by Peters et al. (2004)

The results of standard analyses of the surface geochemical exploration analyses consist of the following:

• Total Scanning Fluorescence,

• C15+ hydrocarbons and UCM (Unresolved Complex Mixture),

• Headspace gas, and

• Carbon isotopic composition of gas

Figure 1 shows distribution and rank of significant thermogenic hydrocarbon seeps based on the above mentioned analyses.

Carbon isotopic composition of headspace gas on 2 cores only produced d13C1 results. They are:

• Core# NSS014 - 2 sections of the core had enough headspace gas for performing the analyses. Methane d13C1 values of -92.50 and 87.66 per mil indicate 

a biogenic origin of the gas 

• Core# NSS057 - 1 section only was measurable producing a d13C1 =-28.25 per mil, which falls in the range of thermogenic non-associated gas.

Both seeps did not reach the rank of significant occurrence according to the ranking criteria.

A second part of the report consists of a detailed geochemical study carried out by Geomark Research, Inc. on 30 piston-core samples for TDI-Brooks 

International, Inc.. Sample preparation and analyses are the followings :

• Bitumen extraction, 

• Fraction separation by liquid chromatography, 

• GC analysis of the saturate and aromatic fractions,

• GC-MS analysis of the saturate and aromatic fractions

• Carbon isotope analyses of the saturate and aromatic fractions

The data are listed in the Table 1 (below)

TABLE 1: Geochemical analyses of piston-core extracts

     Steranes

Terpanes       Steranes abb mz 218

# Sample lD Core Lat Long Section TSFmax EOM ppm d13Csat d13Caro Pr/Ph C19/C23  C24/C23 C29/H S/T %C27 %C28 %C29 C28/C29 C27Ts/Tm C29Ts/Tm TAS3

1 NSCP0006 NSS002 42.0372 -65.0222 20 2I.815 50 n/a -27.40 0.04 0.65 0.63 0.27 29.7 25.70 44.60 0.58 0.42 0.25

2 NSCP0029 NSS010 42.2693 -64.0159 20 27.965 105 -29.68 -28.25 0.14
3 NSCP0040 NSS014 42.1484 -63.9154 11 58.240 110 -29.85 -28.11 0.11 0.53 0.64 0.20 30.8 19.20 50.00 0.38 0.33 0.20 0.05
4 NSCP0059 NSS020 42.0564 -63.2919 16 93.820 90 -30.47 -29.87 1.42 0.10 0.54 0.57 0.41 28.7 20.2 51.10 0.40 0.71 0.37 0.18
5 NSCP0098 NSS033 42.0796 -62.9019 15 48.020 126 -30.20 -29.75 0.08 0.49 0.56 0.38 29.6 20 50.40 0.40 0.5 0.28 0.18
6 NSCP0108 NSS036 42.0858 -62.8644 18 40.070 114 -30.66 -29.55 0.05 0.56 0.56 0.34 28.3 18.90 52.80 0.36 0.51 0.27 0.15
7 NSCP0126 NSS042 42.3388 -62.4321 23 50.380 48 -28.36 -28.74 0.03 0.62 0.55 0.34 27.1 20.60 52.30 0.39 0.46 0.32
8 NSCP0141 NSS047 42.3511 -62.1239 26 112.340 78 -30.08 -29.46 1.47 0.05 0.55 0.57 0.45 29.5 20.20 50.40 0.40 0.63 0.36 0.11
9 NSCP0156 NSS052 42.3189 -61.7066 27 82.420 70 -29.78 -28.20 0.02 0.57 0.61 0.38 26.5 24.20 49.30 0.49 0.48 0.29 0.09

10 NSCP0162 NSS054 42.3498 -62.6721 12 144.750 88 -30.44 -29.72 1.55 0.10 0.49 0.67 0.43 32.4 17.60 50.00 0.35 0.77 0.38 0.09
11 NSCP0165 NSS055 42.5395 -61.6573 25 124.710 78 -30.26 -29.66 1.42 0.10 0.49 0.57 0.43 28.2 18.40 53.40 0.34 0.73 0.34 0.10
12 NSCP0182 NSS061 42.5693 -61.4155 20 43.260 60 n/a -29.26 1.56 0.03 0.62 0.62 0.34 24.5 10.4 55.10 0.19 0.51 0.21
13 NSCP0191 NSS064 42.5883 -61.3455 16 105.600 70 -30.23 -29.42 I.47 0.02 0.53 0.58 0.45 28.1 20.2 51.80 0.39 0.74 0.39 0.07
14 NSCP0208 NSS070 42.6844 -61.2547 6 67.650 68 -30.09 -29.62 0.07 0.38 0.53 0.42 30.6 21 48.40 0.43 0.64 0.35 0.05
15 NSCP0257 NSS086 42.6625 -60.7927 20 60.120 38 -29.20 -28.66 0.02 0.60 0.63 0.39 26.8 25.00 48.20 0.52 0.52 0.30 0.09
16 NSCP0302 NSS096 42.909438 -60.489672 8 109.620 175 -30.50 -29.68 1.39 0.11 0.54 0.57 0.48 27.1 21.1 51.70 0.41 0.63 0.37 0.11
17 NSCP0320 NSS102 42.973267 -60.282017 20 68.130 102 -30.48 -29.57 0.04 0.66 0.61 0.40 24.4 28.1 47.50 0.59 0.47 0.29 0 13
18 NSCP0326 NSS104 43.004593 -60.199075 20 51.380 93 -30.11 -29.17 0.03 0.62 0.62 0.34 23.8 27.9 48.30 0.58 0.37 0.28 0 12
19 NSCP0341 NSS109 43.230265 -60.113157 11 76.860 120 -30.47 -29.52 1.50 0.09 0.53 0.55 0.52 27.2 19.90 52.90 0.38 0.57 0.38 0.11
20 NSCP0348 NSS111 43.230945 -60.07698 28 54.200 120 -30.23 -29.27 0.10 0.52 0.58 0.39 27.2 22.20 50.60 0.44 0.49 0.32 0.10
21 NSCP0359 NSS115 43.038225 -59.999515 16 82.400 220 -30.57 -29.90 1.35 0.1 0.55 0.54 0.48 27.4 20.60 52.10 0.40 0.81 0.42 0.14
22 NSCP0369 NSS118 43.065698 -59.96357 26 53.640 85 -30.23 -29.68 0.06 0.61 0.58 0.35 24.4 26.70 48.90 0.55 0.39 0.29 0.11
23 NSCP0381 NSS122 43.084255 -59.91686 23 76.960 100 -30.41 -29.76 0.08 0.59 0.58 0.39 23.1 26.7 50.10 0.53 0.51 0.32 0.12
24 NSCP0402 NSS129 42.950465 -59.83766 25 166.350 328 -30.57 -30.04 1.45 0.15 0.56 0.57 0.49 28.5 18.90 52.70 0.36 0.77 0.43 0.14
25 NSCP0414 NSS133 43.3277 -59.051572 26 63.710 102 -30.37 -29.44 0.03 0.53 0.63 0.37 24.3 26.00 49.70 0.52 0.46 0.30 0.07
26 NSCP0417 NSS134 43.37268 -59.015608 20 47.220 95 -30.05 -28.88 0.06 0.58 0.71 0.28 25.8 27.00 47.30 0.57 0.32 0.26 0.12
27 NSCP0429 NSS139 43.942128 -58.11025 15 73.960 135 -30.32 -29.22 0.06 0.53 0.58 0.47 26.7 22.20 51.10 0.43 0.57 0.34 0.11
28 NSCP0448 NSS146 44.385383 -56.691885 11 29.465 42 -29.93 -29.05 1.31 0.05 0.57 0.61 0.67 28.1 23.70 48.20 0.49 0.72 0.39 0.12
29 NSCP0453 NSS148 44.221647 -56.576188 2 28.885 78 -30.63 -29.87 1.23 0.04 0.60 0.62 0.58 30.4 25.80 43.80 0.59 0.69 0.36 0.18
30 NSCP0472 NSS154 43.588087 -58.159307 25 61.020 93 -30.20 -29.90 0.04 0.50 0.66 0.37 24.4 27.00 48.60 0.56 0.42 0.28 0.14

S/T= Steranes/Terpanes

TAS3=(C20+C21)/(SC20-C28) m/z=231

ROM=Immature Recent organic matter 

Table 1: List of the piston-core samples geochemically analyzed (White dots in Figure 2, right).  

Reference:

Bernard B. B., Allan K. A. and McDonald T; J. (2000) Regional geochemical survey for 2000 Nova Scotia Consortium. SGE Program. TDI-Brooks International, Inc. report, December 2000.

Only the isotope data are reinterpreted because the opportunity arose to integrate them with isotope data from Morocco.  The biomarker data, in particular 

the m/z 191 traces do not show any significant abundance of Gammacerane, which suggests that the seeps must originate  from a “normal” marine source 

rock. The other biomarker data of this Table are not subject to reinterpretation because they are not compatible with the other data used in this study. Also, 

the biomarker interpretation made in the TDI-Brooks International, Inc. report  consists only of general considerations  are not worth  discussions as it is in 

no related to expressing the possibility of Early Jurassic sourcing of the seeps.

Data – Piston Core Seeps
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NSS020

NSS047

NSS054

NSS055

NSS064

NSS096

NSS109

NSS115

NSS129

NSS146

NSS148

Cores geochemically analyzed

Oil seeps rank 1

Legend piston core seeps

Oil seeps rank 2

Gas seeps rank 2

Gas seeps rank 3

Cores selected for isotope analyses

Re-interpretation of the “REGIONAL GEOCHEMICAL SURVEY for 2000 Nova Scotia Consortium SGE PROGRAM

by TDI-Brooks International, Inc.

Carbon isotope data

This interpretation integrates carbon isotope data of oil/condensate and source rock extracts from Mukhopadhyay (1989 & 1990), and TDI-Brooks data (2000) on 

seeps from piston-cores and data from Morocco margin graciously provided by Geomark Research, Inc.. Yet many of the extracts do not qualify as source rock for 

the oil and condensates from the Nova Scotia margin (see Sofer diagram below), some do. Along the Sofer line (Sofer 1984), d13C of the source extracts lighter 

than oil/condensates suggest a lower maturity of the source samples analyzed.

The piston-core seeps displaying d13C ranging in the -30 to -31 per mil for the saturate fraction and -29 to -30 per mil for the aromatic fraction are isotopically

lighter than the oil/condensate and their qualifying source rocks, indicating a different source rock for these oil-seeps. 

Comparison with Morocco oils (see location Figure 2) known to originate from the Toarcian source rock suggests that the piston-core seeps could originate from 

an Early Jurassic source rock  possibly present on the Nova Scotia margin:

• The oil from the Essaouira field of Sidi Rhalem is isotopically compatible with the  piston-core seeps (Figure 2)

• The MO-002 oil from the Tarfayat Basin (Cap Juby; see location Figure 2) known to originate from the Toarcian source rock displays isotopic values apparently 

compatible with the bulk of the Nova Scotia oils and condensates yet its biomarker present  characteristics of hypersalinity (gammacerane) of an Early Jurassic 

(Toarcian)  source rock (see Plate *****). However, the MO-002 oil is severely biodegraded, which may be the reason for the drift of its isotopic composition 

toward heavier values.

Tarfaya Basin (Cap Juby)

Field: M-002

Essaouira Basin

Field: Sidi Rhalem
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Piston-cores

Rocks Extracts

Morocco

Essaouira/Sidi-Ralem

Essaouira/Mescala

Essaouira/Mescala

Tarfayat MO-02

TERRESTRIAL

MARINE

WELLS Ref #

Arcadia J-16 1

Bluenose 2G-47 2

Penobscot L-30 3

Venture H-22 4

Alma F-67 5

Alma F-67 6

Arcadia J-16 7

Banquereau C-21 8

Chebucto K-90 9

Citnalta I-59 10

Cohasset A-52 11

Cohasset A-52 12

Cohasset D-42 13

Cohasset D-42 14

Glenelg J-48 15

Glenelg J-48 16

N. Triumph B-52 17

N. Triumph G-43 18

Olympia A-12 19

Olympia A-12 20

Panuck B-90 21

Primrose A-41 22

Primrose N-90 23

Sable Is. E-48 24

Sable Is. E-48 25

Sable Is. 3H-58 26

S. Venture O-59 27

S. Venture O-59 28

Thebaud C-74 29

Thebaud C-74 30

Venture B-52 31

Venture B-13 32

Venture B-43 33

Oils

Essaouira/Sidi-Rhalem

Tarfaya Basin (Cap Juby)

M-002 Field

Figure 1: Location of the piston-cores analyzed for carbon isotopes (yellow dots). The gas-chromatograms show that the samples extracted 

from the piston-cores are as little as possible contaminated by recent indigenous organic material. 

Figure 2: Sofer diagram (Sofer, 1984) displaying 

carbon isotopes (saturates & aromatics) of oils, 

condensates (numbered samples) and bitumen 

extracts from rock samples (green dots) from the 

Nova Scotia margin reported by Mukhopadyay 

(1990). Piston-cores seeps (dark blue dots) from 

TDI-Brooks Int’l, Inc. study (2000) and Morocco 

oils) communicated graciously by Geomark 

Research are also included in the diagram. The 

Most of the Nova Scotia oils en condensates are 

located near the separation line between terrestrial 

and marine source origin. The bitumen extracts 

located near   the line are candidates for sourcing 

the oils and condensates. Other extract located 

deep in the Terrestrial domain of the diagram can 

be discarded as source of the Nova Scotia oils and 

condensates. The piston-core seeps originate from 

a very distinct source rock. The isotope correlation 

of the piston-cores with Morocco Sidi Rhalem and 

Cap Juby MO-02 oils known to be sourced from the 

Toarcian source rock supports the presence of an 

Early Jurassic source rock on the Nova Scotia 

margin (conjugate to the Morocco margin). The 

MO-02 oil does not plot with the piston-core group 

but the new data point from Deep Panuke M-79A 

exhibits a d13C aro = 25.2 per mil PDB comparable 

to MO-02. The difference in saturates could be due 

to biodegradation of the MO-02 oil.

Figure 3: Location of the Morocco oil samples used for comparison of oils 

and condensates across the Atlantic ocean with the Nova Scotia 

conjugate margin 

Figure 4: Gas-chromatographic trace of the MO-002 oil (Cap Juby, 

Tarfayat Basin) showing biodegradation of the oil.  

References:

Mukhopadhyay P. K. 1990 Characterization and maturation of selected oil and condensate samples and correlation with source beds. Report, to Scientific Authority, Jon A. Wade. Bedford Institute of Oceanography. Dartmouth, Nova Scotia 

Sofer Z. (1984) Stable carbon isotope compositions of crude oil: application to source depositional environments and petroleum alteration. American Association of Petroleum Geologists Bulletin, 68, 31-49

Bernard B. B., Allan K. A. and McDonald T; J. (2000) Regional geochemical survey for 2000 Nova Scotia Consortium. SGE Program. TDI-Brooks International, Inc. report, December 2000.

Figure 4: Sofer diagram (Sofer, 1984) displaying carbon isotopes (saturates & aromatics) of bitumen 

extracts from rock samples (green dots of Figure 2) selected from various wells and stratigraphic 

intervals. Only the bitumen extracts located near the line are candidates for sourcing the oils and 

condensates of the Nova Scotia margin. 

Data – Piston Core Seeps

Deep Panuke M-79A
d13C sat = 26.9 per mil PDB

d13C aro = 25.2 per mil PDB
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PLATE 5.4.2Berriasian to Aptian Sequence - Source Rock – Naskapi (Intra Aptian MFS)

South Griffin J-13

Like South Griffin J-13, Dauntless D-35 was drilled using 

Lignosulfonate added to the mud
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The Naskapi source rock is well exemplified in South Griffin J-13

 Maximum TOC are slightly greater than 2%

 Hydrogen and Oxygen Indices (HI & OI, respectively) indicate a Type III kerogen at best (see HI x OI 

diagram, left)

 Vitrinite Reflectance Ro=0.5 to 0.6% indicate incipient maturity only

 Eastward, the Naskapi source rock is present in Dauntless D-35

 For modeling purpose, the following characteristics were retained:

• TOC=2%

• Kerogen Type III

NOTE:

 TOC=2% at the level of the Tithonian MFS with HI and OI values indicating an exhausted source rock  

 TOC=2% at the level of the Callovian MFS

 The Missisauga formation above the BCU unconformity displays TOC averaging less than1% in South 

Griffin J-13 and 1.5% in Dauntless D-35

 The Logan Canyon formation is also organic-rich in both South Griffin J-13 and Dauntless D-35 but 

remains immature in these two wells and throughout the margin

Dauntless D-35

South Griffin J-13

Dauntless D-35
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The large Hydrogen and Oxygen Indices below 3115m down to TD reflect 

contamination by mud additive (Lignosulfonate). Below the Tithonian MFS, HI 

values are too high for the elevate level maturity of that section of the well. 

Type III
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PLATE 5.4.3Source Rock – Berriasian

Annapolis G-24
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The large Hydrogen and Oxygen Indices below 3115m down to TD reflect 

contamination by mud additive (Lignosulfonate). Below the Tithonian 

MFS, HI values are too high for the  elevate level maturity of that section 

of the well. 

Type III

BASIC CHARACHTERISTICS:

• TOC comprised between 1 and 2%

• Kerogen Type III

• The Berriasian/Valanginian source rock is considered minor but it honors the presence of 

the background source potential contained in the Missisauga that needs to be accounted for 

in Petroleum System modeling

• For modeling purpose, the following characteristics were retained:

• TOC=2% (conservative)

• Kerogen Type III
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PLATE 5.4.4

Louisbourg J-17

J150

K147/137

K130

Aptian MFS

Tithonian MFS

Top Call. MFS

K137

Aptian MFS

Top Naskapi

South Griffin J-13

Organic facies in the interval J150 to K137 (Tithonian) Organic facies in the interval TD to J150 (Mic Mac Oxfordian?)

DEPTH 

(m)

TOC 

(%)

VR Ro 

(%) OXIDATION LEVEL ORGANIC INPUT

KEROGEN 

TYPE

OIL/GAS 

POTENTIAL

5455 2.15 ~1.3 mildly anoxic (shallow marine) Mixed IIB Cond./Oil/Gas

5580 0.49 ~1.6 mildly anoxic (shallow marine) Terrestrial IIB Gas/Cond.

5655 3.12 1.81 mildly anoxic (shallow marine) Mixed IIB Cond./Gas

Reference: 

P. K. Mukhopadhyay & Wade J. A. 1990. Organic facies and maturation of sediments from three Scotian Shelf wells. Bulletin of Canadian Petroleum Geology, Vol. 38, No. 4, pp. 407-425

DEPTH 

(m)

TOC 

(%)

VR Ro 

(%) OXIDATION LEVEL ORGANIC INPUT

KEROGEN 

TYPE

OIL/GAS 

POTENTIAL

3995 3.36 0.7 mildly anoxic (shallow marine) Terrestrial IIB-III Gas/Cond.

4005 1.71 0.7 mildly oxic (shallow marine) Terrestrial III Gas
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Type III

All data from 

the Tithonian 

MFS  interval  

are plotted in 

the HIxOI 

diagram

0

1000

2000

3000

4000

5000

6000

0 1 2 3 4 5

D
e

p
th

 (m
)

TOC (%)

South Griffin J-13

GSC

Geochem

Top Baccaro

Top Missisauga

Top Naskapi

Top overpressure

K137

Tithonian MFS

Intr. Aptian MFS

Top Logan Canyon

0

100

200

300

400

500

600

700

800

900

1000

0 50 100 150 200

H
Y

D
R

O
G

E
N

 I
N

D
E

X

OXYGEN INDEX

South Griffin J-13

Naskapi

Missisauga (3930-4070m)

Tithonian SR

GSC data

Naskap

i

Tithonian SR
(4370-4390m)

Missisauga 

(K137-)
(3930-4070m)

Type III

Source Rock - Tithonian

The large Hydrogen and Oxygen 

Indices below 3115m down to TD 

reflect contamination by mud additive 

(Lignosulfonate). Below the Tithonian 

MFS, HI values are too high for the  

elevate level maturity of that section of 

the well. 

Mud contamination

The Tithonian source rock is well exemplified in Louisbourg J-47 and South Griffin J-13

 Maximum TOC reaches up to 7%, averaging 3% in Louisbourg J-47 at a 

 Moderate level of maturity of Ro=0.7%

 Hydrogen and Oxygen Indices (HI & OI, respectively) indicate a mix Type II-III kerogen (see HI x OI diagram, left)

 In South Griffin J-13, the Tithonian source rock is deeper buried but quite more mature with HI x OI values showing a generative potential exhausted

• For modeling purpose, the following characteristics were retained:

• TOC=5%

• Kerogen Type II-III
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PLATE 5.4.5

Abenaki J-56

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 0.5 1 1.5 2 2.5 3 3.5

D
e

p
th

 (m
)

TOC (%)

Abenaki J-56

Imp

Muki
Base Missisauga

Misaine

Missisauga

BCU

The Misaine source rock in Abenaki J-56

 Abenaki J-56 is contaminated by Dispersed Ligno-Sulfonate (DLS). However, low Rock Eval S1 peak (free hydrocarbons) 

suggest that the contamination is minimal if any

 HI x OI diagram indicates a Misaine source rock partly depleted in generative potential (HI=100), consistent with a level 

of maturity Tmax=441°C and a Ro=0.8% applied to a type II kerogen

 The Misaine source rock is honoring the fact that it corresponds to maximum flooding surfaces of the Callovian but it is 

considered minor as it is substantiated by only one well – Abenaki J-56

 For modeling purpose, the following characteristics were retained:

• TOC=3%

• Kerogen Type II-III
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Triassic to Callovian Sequence - Source Rock – Misaine (Callovian MFS) 
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PLATE 5.4.6Source Rock – Early Jurassic Source Complex - Sinemurian/Pliensbachian/Toarcian

The Early Jurassic source complex

 Liassic sediments are missing in all wells drilled down to the Trias, except for Uniacke G-72, located down slope of the shelf edge 

prevailing at the time. Uniacke G-72 encountered remobilized Liassic clastics. Further out, Liassic sedimentation is expected to have 

taken place in the subsiding part of the basin.

 On the Portugal side of the opening proto-Atlantic ocean, Sinemurian, Pliensbachian and Toarcian source rocks are known to exist.  

There is therefore et strong possibility that their equivalent be present on the Nova Scotia margin.

 On the Morocco margin, Toarcian source rocks are proven.

In Portugal
Luiz Carlos Veiga de Oliveira et al. (2006) publication reports the following :

Gammacerane in Venture B-13 DST#6 condensate

 Gammacerane found in the Venture B-13 condensate of DST# 6 sample compared to the 

extract from an organic-rich Pliensbachian sample (see Figure 4 below) strengthen the simple 

analogy with the Peniche Basin, providing a direct argument in favor of the presence of 

potential Liassic source rock on the Nova Scotia margin

 Of course, due to largely generalized use of mud additive during drilling operations on the Nova 

Scotia margin, contamination in the Venture B-13 well needed to be checked

 In normal circumstances DSTs should not be affected by mud contaminants. However, if the 

reservoir tested was invaded by mud fluids prior to testing, it may give back contaminant in the 

test  

VENTURE B-13

Cutting extract   4570m

Basal Missisauga

Gammacerane

VENTURE B-13

Cutting extract   4580m

Basal Missisauga

Gammacerane

Gammacerane – contaminant or indigenous?

 Cutting extracts were analyzed for Gammacerane based on the principle that 

cuttings would be most affected by a gilsonite type of mud additive containing 

Gammacerane.

 Results shown in Figure 5 are that Gammacerane in the 4570m cuttings, just 

above the tested interval is not anomalously abundant, whereas it is in the 4580m 

cutting below DST#6

 This distribution of Gammacerane in the cuttings tends to demonstrate that 

Gammacerane in DST#6 condensate is not contamination by mud additive

Figure 4:Biomarker traces (m/z 191). Gammacerane is present in the condensate of 

Venture B-13 DST#6 and in an extract from the Mncb Member of the Pliensbachian 

Vale das Fontes Formation

Figure 5: Biomarker traces (m/z 191) of cutting extracts from 

Venture B-13. Gammacerane is not anomalously abundant at the 

depth just above DST#6 (4570m) but well developed at 4580 m, 

just below the tested interval

Reference:

Luiz Carlos Veiga de Oliveira, Rodrigues R.,  Duarte L. V. Lemos V. B. 

(2006). Avaliação do potencial gerador de petróleo e interpretação 

paleoambiental com base em biomarcadores e isótopos estáveis de 

carbono da seção Pliensbaquiano - Toarciano inferior (Jurássico 

Inferior) da região de Peniche (Bacia Lusitânica, Portugal). Oil 

generation potential assessment and paleoenvironmental 

interpretation based on biomarkers and stable carbon isotopes of 

the Pliensbachian - Lower Toarcian (Lower Jurassic) of the Peniche 

region (Lusitanian Basin, Portugal). B. Geoci. Petrobras, Rio de 

Janeiro, v. 14, n. 2, p. 207-234, maio/nov. 2006

Location map – Peniche Basin

L. C. Veiga de Oliveira et al. 

(2006)

Figure 1: Stratigraphy, Lithology and Rock Eval Total Organic Carbon content (TOC) & 

source potential (S2)

Figure 3: TOC distribution in the uppermost Sinemurian-Pliensbachian of 

the Lusitanian Basin (L. V. Duarte, 2010) 

Reference:
L.V. Duarte, R.L. Silva, L.C.V. Oliveira, M.J. Comas-Rengifo, F. Silva 

(2010). Organic-Rich Facies in the Sinemurian and 
Pliensbachian of the Lusitanian Basin, Portugal: Total organic  
carbon distribution and relation to transgressive-regressive 
facies cycles . Geologica Acta, Vol. 8, No. 3, pp. 325-340. 

L.V. Duarte et al. (2006) publication reports the following :

Peniche Basin (Luiz Carlos Veiga de Oliveira et al., 2006)

 The Mncb Member (MLOF* Mbr. in L. V. Duarte, 2010; see Figure 3 on the right) of 

the Vale das Fontes Formation of Pliensbachian age is definitely an organic-rich 

source rock with TOC up to in excess of 14%, averaging 3.8% over the Mncb 

interval 28m thick (see Figure 2). 

 An bitumen extract from the sample at 72.12m analyzed by Gas Chromatography –

Mass Spectrometry (Figure 4) displays a large Gammacerane peak on the m/z 191 

trace shown below. It compares closely with the trace of a condensate from DST#6 

of the Venture B-13 discovery well offshore Nova Scotia also shown in Figure 4 

below.

* MLOF = Marly Limestones with Organic-rich Facies

Lusitanian Basin (L. V. Duarte, 2010)

 In addition to the Pliensbachian source rock, Duarte et al. (2010) reports a very rich 

source rocks of Sinemurian age in San Pedro de Moel area (see location map & 

Figure 3) exhibiting maximum TOC in excess of 20% for two samples, otherwise of 

richness comparable to the Pliensbachian described by Luiz Carlos Veiga de 

Oliveira et al. (2006) over a similar thickness.

Figure 2: Diagram of Hydrogen 

Index x Oxygen index (HI x OI) 

for samples of Peniche Basin

Location map and TOC distribution in 

the Sinemurian of the Lusitanian Basin 

(L. V. Duarte, 2010) 

Modified from Duarte et al. (2010)

VENTURE B -13
Condensate
DST#6  4572 –79m

Vale das Fontes Fm.
Member Mcnb
Rock extract 72.12m

Gammacerane

Nova Scotia

Portugal



PETROLEUM GEOCHEMISTRY

Laurentian Sub-Basin study - CANADA – June 2014

PLATE 5.4.7

Tarfaya Basin (Cap Juby)

Field: M-02

Essaouira Basin

Field: Sidi Rhalem

Gammacerane

Graciously provided by 

Geomark Research Inc.

Essaouira basin

Sidi Rhalem field

Gammacerane

Graciously provided by 

Geomark Research Inc.

Tarfayat basin

MO-2 field

Cap Juby

In Morocco
Based on data graciously provided by Geomark Research Inc.:
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Mcnb Member 

Rock extract 72.12m

Modified from L. C. Veiga de Oliveira et al. (2006)
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(Portugal)
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Gammacerane & depositional environments

Gammacerane forms by reduction of tetrahymanol. The source of tetrahymanol appears to be bacterivorous

ciliates, which occur at the interface between oxic and anoxic zones of stratified water columns.

Abundant Gammacerane is believed to indicate the presence of stratified water column.

Although stratified water column can result from both hypersalinity at depth (halocline) and temperature

(thermocline), high abundance of Gammacerane is mostly found in high salinity environments and evaporites.

The most likely environments for a source of Gammacerane on the Nova Scotia margin would be:

• Early Jurassic (Liassic), post-rift with high salinity at the end of the Argo salt deposition changing

progressively to carbonate and more open marine environments, or

• Triassic.

Homopane C35/C34 ratio & depositional environments

High C35-homopane compared to C34-homohopane (see Figure 3) is commonly associated with marine

carbonates and evaporites. It is at least a general indicator of highly reducing marine conditions during

deposition (Peters and Moldowan, 1991) providing a highly favorable environment for source rock deposition

and preservation.

Gammacerane & Homopane C35/C34 ratio

C35/C34 homohopane ratios in oils and Gammacerane abundance in oils, condensates and fluid inclusion oil

presented here (Figure 3) do not show a direct relationship. The source rock portion of the Pliensbachian Vale

das Fontes Formation of Portugal displays Gammacerane but the C35/C34 homohopane ratio does not exhibit

any sign of highly reducing conditions, yet it is associated to an organic-rich source rock well preserved, the

facies of which is marly rather than pure carbonates (Duarte et al., 2010).

Taking Gammacerane and the C35/C34 homohopane ratio as indicators of salinity and, reducing and/or

carbonate deposition conditions, respectively, supports the environments foreseen for the Early Jurassic

source rock complex based on the Moroccan and Portuguese margins.

 In addition, organic-rich Toarcian offshore Morocco, DSDP Leg 79 Site 547, consist of black shale is

associated to a carbonate environment of deposition without any sign of hypersalinity. Accordingly, the

hopane trace (ion 191) of extracts from several black shale samples collected and analyzed for this study

display very lean Gammacerane content only, nothing more than a usual background (see below Figure 4).

Figure 4: Ion 191 traces of three samples of 

Toarcian black shales from DSDP Leg 79 Site 547, 

well 547B. These traces display no or background 

abundance of Gammacerane. The shallow depth of 

these samples explains their immaturity and unusual 

signature. Location, analytical results and geological 

context are discussed in the next Plate

No Gammacerane

30

Little Gammacerane

Some Gammacerane

Core sample @ 847.55m

Core sample @ 891.11m

Core sample @ 892.79m

G: Gammacerane

Location map

Figure 1: Biomarker traces (m/z 191). Gammacerane is present in the oil of the Sidi Rhalem field, 

Essaouira Basin, Morocco

Figure 2: Biomarker traces (m/z 191). Gammacerane is present in the oil of the MO-2 field, Tarfayat 

Basin, Cap Juby, offshore Morocco

Figure 3: Biomarker traces (m/z 191) of various oils, condensate, extracts 

and HC fluid inclusion all exhibiting Gammacerane and a homohopane 

C35/C34 ratio. A low C35/C34 ratio <1 is commonly associated with marine 

carbonates and evaporites. It is at least a general indicator of highly 

reducing marine conditions during deposition (Peters and Moldowan, 1991)

C35/C34<1

C35/C34<1

(Newfoundland)

(Nova Scotia)

(Morocco)

(Morocco)

Source Rock – Early Jurassic Source Complex - Sinemurian/Pliensbachian/Toarcian
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PLATE 5.4.8

1

2 3

4 5 6

7

TOC=2.7%

TOC=2.38%

TOC=0.93%

TOC=0.59%

TOC=2.92% TOC=0.87% TOC=1.16%

EXPEDITION SITE HOLE CORE SECTION SAMPLE LOCATION SECTION_ID TOP_DEPTH BOTTOM_DEPTH ANALYST REQUEST REQUEST_PART TYPE VOLUME SAMPLE_DATE REMARKS HALF MBSF_TOP MCD_TOP

(Leg)

79 547 B 15 2 4421954 BCR 970576 5 9 WH 22219 A --- 5 11/25/2010 10:35:56 AM W 847.55 847.55

79 547 B 20 1 4421955 BCR 970671 11 18 WH 22219 A --- 5 11/25/2010 10:40:45 AM W 891.11 891.11

79 547 B 20 1 4421956 BCR 970671 130 133 WH 22219 A --- 7 11/25/2010 10:48:27 AM W 892.3 892.3

79 547 B 20 2 4421957 BCR 970666 29 32 WH 22219 A --- 8 11/25/2010 10:51:49 AM W 892.79 892.79

79 547 B 20 2 4421958 BCR 970666 51 66 WH 22219 A --- 7 11/25/2010 10:55:23 AM W 893.01 893.01

79 547 B 20 2 4421959 BCR 970666 89 96 WH 22219 A --- 10 11/25/2010 10:57:46 AM W 893.39 893.39

79 547 B 22 1 4421960 BCR 970706 20 30 WH 22219 A --- 10 11/25/2010 11:00:59 AM W 905.2 905.2

Depth Sample Qty Tmax S1 S2 S3 PI S2/S3 PC(%) TOC(%) HI OI

0 9107 70.7 442 0.74 12.21 0.55 0.06 22.20 1.11 5.05 242 11

847.55 4421954 70.0 423 0.10 4.04 2.87 0.02 1.41 0.47 2.70 150 106

891.11 4421955 70.9 423 0.13 8.82 1.94 0.01 4.55 0.82 2.38 371 82

892.3 4421956 70.3 423 0.03 0.25 1.56 0.10 0.16 0.08 0.59 42 264

892.79 4421957 70.6 425 0.10 6.31 1.71 0.02 3.69 0.61 2.92 216 59

893.01 4421958 70.1 425 0.04 0.63 1.80 0.05 0.35 0.12 0.87 72 207

893.39 4421959 70.3 491 0.00 0.01 1.78 0.21 0.01 0.07 1.16 1 153

905.2 4421960 70.6 425 0.05 0.53 1.61 0.08 0.33 0.11 0.93 57 173

0 9107 70.4 442 0.72 12.18 0.63 0.06 19.33 1.11 5.09 239 12

In Morocco (continued) Modified from Rullkotter et al. 1984
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No 

Gammacerane

30

Little 

Gammacerane

Some Gammacerane

Core sample @ 847.55m

Core sample @ 891.11m

Core sample @ 892.79m

G: Gammacerane

Figure 6: Ion 191 traces of three samples of Toarcian 

black shales from DSDP Leg 79 Site 547, well 547B. 

These traces display no or background abundance of 

Gammacerane. The shallow depth of these samples 

explains their immaturity and unusual signatures. 

Location, analytical results and geological context is 

presented in Figures 1, 2, 3, 4 and 5.

Figure 1: Location of DSDP drill sites 

Leg 79, Site 547 (within rectangle) on 

the Morocco margin (modified from 

Rullkotter et al. 1984).

Figure 2: Cross section showing well locations of 

DSDP Leg 79, Sites 544, 545 and 547  

Peniche

(rock extract)

Venture B-13 (condensate)

Weymouth A-45 fluid inclusions
Heron H-73 oil

M-02 Field (oil)

Sidi Rhalem

Essaouira (oil)

Well 547B, no Gammacerane 

in Early Jurassic rock extracts 

Figure 7: Rift reconstruction 190 Ma and salt distribution by Sibuet (2010). Red dots show locations of Gammacerane occurrences in oils, condensates, 

rock extracts and hydrocarbon fluid inclusions. Gammacerane is absent or in very low abundance in Early Jurassic organic-rich intervals of DSDP wells 

547B. Also, there is no salt deposited in the Triassic/Jurassic interval of well 547B (Figures 2, 3, 4 and 5).

Figure 5: Picture of the cores from DSDP well 547B. The spots where the samples were 

collected from are outlined by circles. TOC are from the data listed in Table 2 

Table 1: List of the core samples collected from DSDP well 547B for analyses. 

Table 2: TOC/Rock Eval data acquired on the cores samples collected from DSDP well 547B. 

(Yellow outline: TOC/Rock Eval standard; Red outline: source rock samples (see Biomarker 

traces in Figure 6)

Figure 3: Hydrogen versus Oxygen indices from 

Early Jurassic rocks in DSDP well 547B

Figure 4: Total Organic Carbon measurements in DSDP 

well 547B

Gammacerane quasi absent in the Early Jurassic of DSDP well 547B

 The Early Jurassic offshore Morocco, DSDP Leg 79 Site 547, consist of black shale 

associated to a carbonate environment of deposition without signs of hypersalinity 

(Figures 2 & 4). 

 The Triassic section of the well 547B consists of red beds as shown in Figure 2 and 

Map in Figure 7 (Eurydice equivalent on the Nova Scotia margin).

 Consistently, the hopane traces (ion 191) of extracts from several black shale samples 

collected and analyzed for this study display very lean Gammacerane content only, 

nothing more than a usual background (see below Figure 6).

 Gammacerane is a proof of the existence of an Early Jurassic source rock. Its absence 

does not indicate the absence of an Early Jurassic source rock but the absence of 

hypersaline (or water stratified) environment of deposition. 

Source Rock – Early Jurassic Source Complex - Sinemurian/Pliensbachian/Toarcian
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PLATE 5.4.9Source Rock - Early Jurassic Source Complex – Sinemurian/Pliensbachian/Toarcian

Gammacerane distribution

The most convincing Gammacerane occurrences supporting the existence of an Early Jurassic generative system are:

• The Gammacerane observed in the fluid inclusions in the allochthonous salt of the Weymouth A-45 well on the Nova Scotia margin (Figure 1),

• The Gammacerane observed in the Pliensbachian source rock of the Peniche outcrop on the Portugal margin (Figure 2), and

• The Gammacerane observed in the oil of the Cap Juby M-02 and the Sidi Rhalem fields on the Moroccan conjugate margin (Figure 3).    

Glooscap

Glooscap

Weymouth
Top salt

Gammacerane

Weymouth
Middle salt

Weymouth
Bottom mix

Weymouth
Bottom salt

Gammacerane

Gammacerane

Gammacerane

C34 C35

Figure 4:Biomarker traces (m/z 191). Gammacerane is present in an extract from the 

Mncb Member of the Pliensbachian Vale das Fontes Formation

Gammacerane

Graciously provided by 

Geomark Research Inc.

Essaouira basin

Sidi Rhalem field

Gammacerane

Graciously provided by 

Geomark Research Inc.

Tarfayat basin

MO-2 field

Cap Juby

Figure 1: Biomarker traces (m/z 191). Gammacerane is present in the oil of the Sidi Rhalem field, 

Essaouira Basin, Morocco

Figure 2: Biomarker traces (m/z 191). Gammacerane is present in the oil of the MO-2 field, Tarfayat 

Basin, Cap Juby, offshore Morocco

Figure 1: Hopane traces (m/z 191) of hydrocarbon (HC) fluid from inclusions in salt at show 

significant amount of Gammacerane in the salt canopy at Weymouth A-45. In the 

autochthonous salt at Glooscap C-63, there is no particular Gammacerane anomaly. In 

addition, in the Weymouth A-45 bottom mix gathering several samples from the basal part of 

the canopy, the homohopane ratio C35 to C34 equal to 1 suggests that the source rock of these 

HC inclusions deposited in a carbonate environment. 

Modified from Duarte et al. (2010)

Vale das Fontes Fm.

Member  Mncb

Rock extract 72.12m

Portugal

Weymouth A-45 fluid 

inclusions
Peniche

(rock extract)

Heron H-73 oil

no Gammacerane

M-02 Field 

(oil)

Sidi Rhalem 

(oil)

Well 547B, no 

Gammacerane in 

Early Jurassic 

rock extracts 

Locations of most convincing Gammacerane occurrences. Note that in the Heron and DSDP 547B wells 

Gammacerane is absent in the Early Jurassic source rock extracts.

Fluid inclusions from Glooscap C-63 and Weymouth A-45 
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PLATE 5.4.10

NSS020

NSS047

NSS054

NSS055

NSS064

NSS096

NSS109

NSS115

NSS129

NSS146

NSS148

Cores geochemically analyzed

Oil seeps rank 1

Legend piston core seeps

Oil seeps rank 2

Gas seeps rank 2

Gas seeps rank 3

Cores selected for isotope analyses

Re-interpretation of the “REGIONAL GEOCHEMICAL SURVEY for 2000 Nova Scotia Consortium SGE PROGRAM

by TDI-Brooks International, Inc.

Carbon isotope data

This interpretation integrates carbon isotope data of oil/condensate and source rock extracts from Mukhopadhyay (1989 & 1990), and TDI-Brooks data (2000) on 

seeps from piston-cores and data from Morocco margin graciously provided by Geomark Research, Inc.. Yet many of the extracts do not qualify as source rock for 

the oil and condensates from the Nova Scotia margin (see Sofer diagram below), some do. Along the Sofer line (Sofer 1984), d13C of the source extracts lighter 

than oil/condensates suggest a lower maturity of the source samples analyzed.

The piston-core seeps displaying d13C ranging in the -30 to -31 per mil for the saturate fraction and -29 to -30 per mil for the aromatic fraction are isotopically

lighter than the oil/condensate and their qualifying source rocks, indicating a different source rock for these oil-seeps. 

Comparison with Morocco oils (see location Figure 2) known to originate from the Toarcian source rock suggests that the piston-core seeps could originate from 

an Early Jurassic source rock  possibly present on the Nova Scotia margin:

• The oil from the Essaouira field of Sidi Rhalem is isotopically compatible with the  piston-core seeps (Figure 2)

• The MO-002 oil from the Tarfayat Basin (Cap Juby; see location Figure 2) known to originate from the Toarcian source rock displays isotopic values apparently 

compatible with the bulk of the Nova Scotia oils and condensates yet its biomarker present  characteristics of hypersalinity (gammacerane) of an Early Jurassic 

(Toarcian)  source rock (see Plate *****). However, the MO-002 oil is severely biodegraded, which may be the reason for the drift of its isotopic composition 

toward heavier values.

Tarfaya Basin (Cap Juby)

Field: M-002

Essaouira Basin

Field: Sidi Rhalem

Location map
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Piston-cores

Rocks Extracts

Morocco

Essaouira/Sidi-Ralem

Essaouira/Mescala

Essaouira/Mescala

Tarfayat MO-02

TERRESTRIAL

MARINE

WELLS Ref #

Arcadia J-16 1

Bluenose 2G-47 2

Penobscot L-30 3

Venture H-22 4

Alma F-67 5

Alma F-67 6

Arcadia J-16 7

Banquereau C-21 8

Chebucto K-90 9

Citnalta I-59 10

Cohasset A-52 11

Cohasset A-52 12

Cohasset D-42 13

Cohasset D-42 14

Glenelg J-48 15

Glenelg J-48 16

N. Triumph B-52 17

N. Triumph G-43 18

Olympia A-12 19

Olympia A-12 20

Panuck B-90 21

Primrose A-41 22

Primrose N-90 23

Sable Is. E-48 24

Sable Is. E-48 25

Sable Is. 3H-58 26

S. Venture O-59 27

S. Venture O-59 28

Thebaud C-74 29

Thebaud C-74 30

Venture B-52 31

Venture B-13 32

Venture B-43 33

Oils

Essaouira/Sidi-Rhalem

Tarfaya Basin (Cap Juby)

M-002 Field

Figure 1: Location of the piston-cores analyzed for carbon isotopes (yellow dots). The gas-chromatograms show that the samples extracted 

from the piston-cores are as little as possible contaminated by recent indigenous organic material. 

Figure 2: Sofer diagram (Sofer, 1984) displaying 

carbon isotopes (saturates & aromatics) of oils, 

condensates (numbered samples) and bitumen 

extracts from rock samples (green dots) from the 

Nova Scotia margin reported by Mukhopadyay 

(1990). Piston-cores seeps (dark blue dots) from 

TDI-Brooks Int’l, Inc. study (2000) and Morocco 

oils) communicated graciously by Geomark 

Research are also included in the diagram. The 

Most of the Nova Scotia oils en condensates are 

located near the separation line between terrestrial 

and marine source origin. The bitumen extracts 

located near   the line are candidates for sourcing 

the oils and condensates. Other extract located 

deep in the Terrestrial domain of the diagram can 

be discarded as source of the Nova Scotia oils and 

condensates. The piston-core seeps originate from 

a very distinct source rock. The isotope correlation 

of the piston-cores with Morocco Sidi Rhalem and 

Cap Juby MO-02 oils known to be sourced from the 

Toarcian source rock supports the presence of an 

Early Jurassic source rock on the Nova Scotia 

margin (conjugate to the Morocco margin). The 

MO-02 oil does not plot with the piston-core group 

but the new data point from Deep Panuke M-79A 

exhibits a d13C aro = 25.2 per mil PDB comparable 

to MO-02. The difference in saturates could be due 

to biodegradation of the MO-02 oil.

Figure 3: Location of the Morocco oil samples used for comparison of oils 

and condensates across the Atlantic ocean with the Nova Scotia 

conjugate margin 

Figure 4: Gas-chromatographic trace of the MO-002 oil (Cap Juby, 

Tarfayat Basin) showing biodegradation of the oil.  

References:

Mukhopadhyay P. K. 1990 Characterization and maturation of selected oil and condensate samples and correlation with source beds. Report, to Scientific Authority, Jon A. Wade. Bedford Institute of Oceanography. Dartmouth, Nova Scotia 
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Figure 4: Sofer diagram (Sofer, 1984) displaying carbon isotopes (saturates & aromatics) of bitumen 

extracts from rock samples (green dots of Figure 2) selected from various wells and stratigraphic 

intervals. Only the bitumen extracts located near the line are candidates for sourcing the oils and 

condensates of the Nova Scotia margin. 

Deep Panuke M-79A
d13C sat = 26.9 per mil PDB

d13C aro = 25.2 per mil PDB

Source Rock - Early Jurassic Source Complex – Sinemurian/Pliensbachian/Toarcian
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NSS 054

NSS 055

NSS 064

NSS 115

NSS 129

NSS 146

NSS 148

No oleanane

No oleanane

No oleanane

No oleanane

No oleanane

No oleanane

No oleanane

Little gammacerane

“normal”

Little gammacerane

“normal”

Little gammacerane

“normal”

Little gammacerane

“normal”

Little gammacerane

“normal”

Little gammacerane

“normal”

Little gammacerane

“normal”

Little gammacerane

“normal”No oleanane

NSS054

PL. 4-4-8a

Figure 1: Low Gammacerane abundance in piston-core seeps

Figure 2: Low Gammacerane abundance and absence of Oleanane in all piston-core seeps analyzed for stable carbon isotopes. Piston core conclusions

• The tight isotope group (Figure 2, Plate 4-4-7b) formed by the piston core samples separates them clearly from  the 
condensates of the Shelf gas discoveries and suggest that they are all originated from the same source rock

• Good match of the isotopic signatures with the Sidi Rhalem oil of Morocco sourced by an Early Jurassic 
(Pliensbachian/Toarcian) source rock (Figure 2, Plate 4-4-7b) suggests and supports the presence of an Early Jurassic 
source rock on the Nova Scotia margin.

• Gammacerane “normal” does not suggest hypersaline sourcing. Gammacerane is absent in the Toarcian source rock in the 
DSDP well 547B (see Figure 6, Plate 4-4-7a)

• Absence of Oleanane precludes any Late Cretaceous sourcing (Figures 1 & 2, this Plate 4-4-8a)

THESE ARGUMENTS SPEAK IN FAVOR OF PRESENCE OF AN EARLY JURASSIC SOURCE ROCK

• On the western part of the margin, under the slope, the Early Jurassic source rock is the only one mature. 

• Going east, other source rocks become mature up to at least the Tithonian one, which could also feed the seeps. 

• The effect should be to spread the tight isotope seep group toward the discovered oil/condensates group but this does not 
happen as if the Early Jurassic source rock was the only one feeding the seeps.

THIS OBSERVATION DOES NOT SPEAK AGAINST THE PRESENCE OF AN EARLY JURASSIC SOURCE ROCK BUT 
WEAKENS THE SIGNIFICANCE OF THE ISOTOPIC DATA FOR DEFENDING THAT CAUSE

Source Rock – Early Jurassic Source Complex - Sinemurian/Pliensbachian/Toarcian
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Source rock characteristics

Lower Cretaceous – Aptian (deltaic)

The source rock was deposited during the Intra-Aptian flooding event as a prodeltaic facies of the incipient Logan Canyon/Cree deltaic development. The source interval coincides reasonably well with the Naskapi shale of the lithostratigraphic nomenclature. TOC/Rock Eval data defining the characteristics of this 

source rock are shown in Plate 5.4.2 for various wells from the Scotian Shelf and Slope. Organic richness is only fair with TOC averaging 2%. The organic matter composing this source rock is of a terrestrially derived Type III as is suggested by microscopic kerogen analyses and Hydrogen Index – Oxygen index cross 

plots shown in Plate 5.4.2.

The hydrocarbon kitchen applying to the Aptian source rock is practically never mature enough on the shelf to generate hydrocarbons. The maturity data (Vitrinite Reflectance) for various well locations indicate mostly immaturity except for wells located at present day shelf edge, e.g. Chebucto K-90. As a consequence 

of the limited kitchen, the Naskapi source rock does not appear to be a large contributor to the petroleum system of the Nova Scotia margin.

For modeling purpose, the Naskapi source rock is defined as follows:

• TOC=2%

• Kerogen Type III, using default Type III from Temis.

Lower Cretaceous – Berriasian (deltaic)

The age of this source interval is Berriasian-Valanginian (from K137 up) depositing as prodeltaic and paralic facies of the “middle” Missisauga delta. The Lower Cretaceous source rock is absent on the Jurassic carbonate shelf edge. That source interval is diffuse. Organic richness is mostly limited to TOC<1.5% and 

the kerogen is of a Type III. Plate 5.4.3 displays the characteristics of the Berriasian-Valanginian source rock.

The main reason for defining this interval as a source rock is to test its effect on the petroleum system modeled with Temis.

For Temis petroleum system modeling, the following characteristics are applied:

• TOC=2%

• Kerogen Type III, using default Type III from Temis.

Upper Jurassic – Tithonian MFS (carbonate transition to deltaic)

The Upper Jurassic source rock is present beyond the Jurassic carbonate bank edge. It was deposited at the transition from carbonate to deltaic environments of deposition during the Tithonian maximum flooding event. The source rock of the Tithonian MFS defined here corresponds to the lower part of the Verrill

Canyon formation cited as source interval in P. K. Mukhopadhyay reports and publications. This Upper Jurassic source rock was difficult to identify due to drilling with oil-based mud (Lignosulphonate, Gilsonite and others) at the approach of overpressures, which is almost always coincidentally with approaching the 

Jurassic. Oil-based mud contamination strongly affects TOC/Rock Eval data usually by improving the response of these measurements to anomalously high values. The best and only way to overcome the distortion on Rock Eval analyses in defining source rock characteristics is to rely on kerogen microscopy, which 

allows for discriminating at least solid contaminants. In that regard, Mukhopadhyay’s work through the years is key for defining the Tithonian MFS as a prominent source rock of the deltaic region of the Nova Scotia margin.

Plate 5.4.4 displays the characteristics of the Tithonian source rock in various wells of the margin. South Griffin J-13 was not screened by kerogen microscopy,.

For Temis petroleum system modeling, the following characteristics are applied:

• TOC=5%

• Kerogen Type II-III.

Middle Jurassic – Misaine - Callovian MFS

Evidence for a Callovian source rock is limited to one well - Abenaki J-56 - located at the edge of the Jurassic platform. The extension of this source rock beyond the carbonate platform edge is unknown. In lithostratigraphic terms, this source rock corresponds to the Misaine Member. The Misaine is a shale dominated 

layer deposited during the Callovian flooding event. After Mukhopadhyay (1989), the Misaine in the Cohasset D-42 well is of Type III to IIB. In the new stratigraphic framework of this study, the source rock interval coinciding to the Callovian MFS is restricted to the part showing a kerogen Type IIB that is condensate/gas 

prone in Mukhopadhyay classification. Plate 5.4.5 displays the characteristics of the Callovian source rock in the Abenaki J-56 well, where it was penetrated and showed significant source potential.

For Temis petroleum system modeling, the following characteristics were applied:

• TOC=3%

• Kerogen Type IIB (II-III; standard)

Early Jurassic Source Complex - Sinemurian-Pliensbachian-Toarcian

A Sinemurian-Pliensbachian-Toarcian source complex was inferred by analogy to source rocks recognized on the conjugate margins of Newfoundland and Nova Scotia, in Portugal and Morocco. The Sinemurian immediately overlaying the Argo salt would offer a confined hypersaline environment, where source rocks 

are known to have deposited in rift basins. These confined environments are often prone to the development of ciliate bacteria, which are precursors of the Gammacerane molecule. Gammacerane was seen in the Pliensbachian source rock of Portugal (Peniche Basin) and in Moroccan oils.  On the Scotian Shelf, one 

condensate from DST#6 of the Venture B-13 well and hydrocarbon fluids from salt inclusions in the Weymouth A-45 well display the presence of Gammacerane. Usually, DST hydrocarbon fluids are clean from mud contamination. However, if mud with Gilsonite additive was used and the formation tested was partly 

invaded by mud before testing, there is a chance that the DST fluids be contaminated. On the other hand, in the case of fluid inclusions in salt from the Weymouth well, the presence of Gammacerane is to be trusted as sample cleaning is drastic before crushing the inclusions for gas-chromatography (GC) and 

GC/mass-spectrometry (GCMS) analyses. The Toarcian penetrated in the 547B well of DSDP Leg 79, Site 547 did not display any Gammacerane leading to the conclusion that Gammacerane is not necessarily a criterion for defining the contribution of a Toarcian source rock. Depending on the environment whether 

hypersaline or not, Gammacerane may or may not be present. Along the Nova Scotia margin, Gammacerane may be associated to a source rock depositing at the end or immediately after the salt of the Argo Formation. At Pliensbachian and Toarcian time, the environment has possibly evolved into a carbonate 

environment no longer hypersaline or presenting any other water stratification of any type. This would be the case of the 547B well off Morocco, which penetrated the Liassic section down to a crystalline basement without penetrating any salt and not displaying any Gammacerane. In the Nova Scotia margin, the 

extension of a hypersaline source rock would be limited to the rift area occupied by the autochthonous salt of the Argo Formation. Later, once spreading had started, restricted conditions and hypersalinity ceased as the basin opened. Sediments could deposit further, beyond the autochthonous salt area, over the ECMA 

volcanics. Source rocks depositing then would no longer contain Gammacerane by lack of water stratification (halocline in this instance). In time succession, the hypersaline source rock would preferably be Sinemurian deposited approximately just before spreading. Then, source rocks depositing later during early 

spreading may lose hypersaline characteristics, these would be Pliensbachian – Toarcian in age. To summarize, one or more Early Jurassic source rocks may exist. Their presence is unproven but is worth considering based on the conjugate Moroccan margin.

For Temis petroleum system modeling, one source rock only is defined for the Sinemurian to Toarcian source complex with the following characteristics:

• TOC=5%

• Kerogen Type II

Conclusions - Source Rocks of the Nova Scotia Margin
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PLATE 5.5.2New Data – Laurentian Basin

Geochemical Analyses

3 wells were sampled and submitted to Rock Eval and Vitrinite Reflectance analyses. Shows or recovered fluids were 

molecularly typed.

The objective was to review data for key Laurentian Channel wells and fill gaps in understanding using geochemical 

analysis as follows:

Well

Analysis

Rock-Eval %VRo
Solvent 

Extraction
GC SAT GCMS ARO GCMS Py-GCMS

Bandol-01 28 cuttings - 6 cuttings 2 cuttings - - -

East Wolverine G-

37
95 cuttings 12 cuttings 12 cuttings 4 cuttings 4 cuttings 4 cuttings 1 cutting

Heron H-73 13 cuttings 4 cuttings 4 cuttings 4 cuttings, 1 oil 4 cuttings, 1 oil 4 cuttings, 1 oil -
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PLATE 5.5.3

The geochemical log for Bandol-01 highlights one of the primary problems in obtaining meaningful 

results from wells drilling with oil-based mud, particularly in this region. The red samples have been 

thoroughly washed and extracted and contain no useful information on generated hydrocarbons 

present, whether migrated or retained in source rock intervals. The blue samples have not been 

washed or extracted and show strong evidence of oil-based mud contamination (see PI values >0.5)

Bandol-01

Maturity – Ro%

Operator (2001)

Geochem Labs (1990) 

GSC (2014)

Avery (GSC, 1988)

Bandol-01: Existing results (diamonds) inconclusive. New data 

(solid squares) still shows scatter but a maturity trend is 

discernible. Jurassic section is low maturity (0.7%VRo)

Rock-Eval™log

GC analysis of extracts in the Bandol-

01 well yielded little of interest. 

Thermogenic hydrocarbons were 

notable by their absence.

Gas Chromatography

Solvent peak

Bandol-01– Rock Eval, Maturity and Gas Chromatographic (GC) data
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The interpretation of the East Wolverine G-37 well recently drilled that is the first deepwater slope 

location in this area and thus key to analyzing deepwater petroleum potential is severely compromised 

by drilling mud. Note the very high PI > 0.5 (Production Index). The Tmax maturity parameter also 

shows remarkably little  observable variation. Tmax picks were manually examined to eliminate analytical 

artefacts from the results which appear to reflect contamination rather than geological truth.

Maturity – Ro%

East Wolverine G-37

Operator (2001)

Geochem Labs (1990) 

GSC (2014)

Avery (GSC, 1988)

East Wolverine G-37: All new data. Much reworked organic 

matter but a valid downhole maturity trend is apparent. Middle 

Jurassic in the basal part of the well is in the late oil window (0.9-

1.1%VRo)

Rock-Eval™log

East Wolverine 

Extract GC
Typical dead oil

Neither fractionation by Al-Si column chromatography nor c18 Solid Phase Extraction (SPE) 

yielded a clean enough sample for interpretation of the GCMS

Gas Chromatography of a representative East Wolverine G-37 cuttings extract indicated 

that the dominant component is a component of the drilling mud system. Aromatic 

hydrocarbons are likely absent due to environmental regulation but the mud contamination 

contains more than just paraffins as shown by this GC.

Gas Chromatography

5595m

6615m

6630m

5595m

6615m

6630m

Attempts to remove contamination

Both GC (left) and Rock-Eval (above) results suggest levels of 

contamination are significant enough to invalidate meaningful 

interpretation of these data. The extracted cuttings samples 

were re-analysed by Rock-Eval pyrolysis which removed most 

of the anomalously high S1 peak responsible for suspiciously 

high PI values. Selected pyrograms of the washed cuttings 

(left) and washed + extracted cuttings (right) are shown below. 

Note the reduction in the S1 peak following removal of the 

extractable hydrocarbon fraction.

Further investigation of the Wolverine samples suggests that not only the S1 Rock-Eval peak is compromised but that the modern mud 

system used here has rendered the whole spectrum of geochemical screening results void, since the S2 peak appears to be composed of 

polymeric drilling additive rather than native organic matter. A sample of Second White Specks (Turonian organic rich shale) is shown for 

comparison and clearly displays homologous series of n-alkanes and alkenes as doublets which are notably absent from the GC-FID of the 

Wolverine cuttings sample. The lower figures  show MS detection of the same sample demonstrating in (c)  the predominance of alkenes 

and isoalkanes (m/z55) versus n-alkanes (m/z57) and in (d) the mass spectrum from one of the prominent peaks in the TIC suggesting a 

polymeric additive with regular methyl group fragmentation.

Analysis of residual insoluble organic matter by Pyrolysis GCMS

STD (2nd white 

specks shale)

m/z 55

m/z 57

GC-FID

(a) (b)

(c) (d)

S1

S2

S1

S2

S1

S2

S1
S2

S1
S2

S1
S2

East Wolverine G-37 – Rock Eval, Maturity, GC and Pyrolysis GCMS data
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PLATE 5.5.5East Wolverine G- 37 Organic Petrography

Tmax

Sporinite maceral in white and 
fluorescence light (267-14)

Fluorescing sporinite maceral and vitrinite 
maceral (polish section) (267-14)                

Sporinite (fluorescing in the center) filled 
sporangium (267-14)

Vitrinite (arrow) (267-14)

3585 m

Vitrinite (arrow) (270-14)

Inertinite (arrow) 270-14

Bitumen under white and fluorescence 
light (270-14)

Representative view of various organic 
macerals (270-14)

5160 m

Cutinite in luorescence light, possibly from root 
(271-14)

Cutinite in white and fluorescence light (271-14) Organic contaminant (271-14)
Sporinite in white and fluorescence light  (271-
14)

Vitrinite maceral (271-14)

5160 m

Vitrinite (arrow) (266-14) Representative view of various organic 
macerals and mineral composition (266-14)

Micrinite filled granular gelinite maceral 
(266-14)

6870 m

East Wolverine G-37 Organic Petrography

The cuttings recovered from East Wolverine were also prepared for Organic Petrologic analysis with considerable difficulty due to

contamination from drilling mud system components. Much of the visible organic matter is terrestrial in origin and a significant

percentage is reworked. The centre top image of a well preserved sporinite maceral fluorescing under UV light is a notable 

exception to this (3585 (b))

Sufficient vitrinite is present to allow reflectance measurement and obtain a reasonable maturity profile . Some bitumen staining is 

evident (5160(b)) but based on the well reports which record no oil shows, this is not likely to be significant with respect to 

hydrocarbon generation.

In addition to the various indigenous organic macerals, most of which are terrestrial in origin image  5160 (b) shows a fragment of 

solid organic contaminant potentially representing the material analysed in the Rock-Eval S2 peak and subsequently characterised

by pyrolysis GCMS.

(a) (b) (c)

(d) (e)

(a) (b) (c)

(d) (e)

(a) (b) (c)

(d) (e)

(a) (b) (c)

(f)

(f)
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PLATE 5.5.6

Heron H-73 Rock-Eval™

Source rock screening data from Heron H-73, drilled in 1972, is also somewhat compromised by oil 

based mud. Noting the scale on the TOC plot (0-5%) it is apparent that the penetrated sections of this 

well do not represent excellent source rock potential.

Maturity – Ro%

Operator (2001)

Geochem Labs (1990) 

GSC (2014)

Avery (GSC, 1988)

Heron H-73: A significant amount of existing data nonetheless 

contains ambiguous results for the key Jurassic interval in the 

basal section of the well. Avery (1988) suggests that this is in 

the gas window with values for the Early-Middle Jurassic of 

~1.2%VRE, but two data points reported by Geochem Labs in 

1990 contradict this, with maturity equivalent to the middle of 

the oil window (~0.8%VRo). New results produced at the GSC 

support the latter conclusion.

Rock-Eval™log

3291m (Toarcian mfs)
Sample #1 on geochemical log above 

3444m (Pliensbachian mfs)
Sample #2 on geochemical log above 

Biomarker 

range

Saturate Fraction Gas Chromatogram

Drilling mud contamination in Heron cuttings:

- problematic but not insurmountable

(1)
(2)

Gas Chromatography
Rock-Eval™ pyrograms

S1
S2

S1
S2

This gas chromatogram shows two important aspects of the extractable hydrocarbons seen in cuttings extracts from 

the basal Jurassic interval of the Heron H-73 well. The light hydrocarbon contamination is evident in the C10-15 range. 

However the higher molecular weight fraction appears relatively unaffected by OBM.

Heron H-73 – Rock Eval, Maturity and GC data
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PLATE 5.5.7Heron H-73 Organic Petrography

Fluorescing solid bitumen in pore Fluorescing alginite maceral in 

white and UV light (arrow)
Non-fluorescing solid bitumen 

(arrow)
Fluorescing liptinite maceral (possibly 

matrix bitumenite) in pore.
Fluorescing alginite (left) and solid 

bitumen macerals in white and UV 

light (arrow)

Bright yellow fluorescing soluble 

organic in UV light (arrow)

Fluorescing alginite maceral. Fluorescing soluble organics 

(bitumen) in pores in white and UV 

light (arrow). Also observed in 278-

14.

Fluorescing soluble organics 

(bitumen) in pores in white and UV 

light (arrow).  Also observed in 

278-14.

Fluorescing alginite maceral. Organically lean dolomitic limestone 

(upper arrow). Solid bitumen in organic 

rich shaley calcareous limestone 

microlithoptypes ( lower arrow).  

(a) (b) (c)

(d) (e) (f)

(a) (b) (c)

(d) (e)

(a) (b) (c)

(d) (e) (f)

(a) (b)

(d)

Heron H-73 Organic Petrography™

Staining does not occur outside each 

particle but as an inclusion within 

intergranular pores with some annealed 

inside a grain. As the oil migrates they 

leave brown stains between grains and 

fractures that may or may not fluoresce 

depending on the thermal maturity.

The presence of hydrocarbons in the Jurassic section of the Heron well is visually confirmed by organic petrographic observations 
detrailed here 

The presence of soluble organics in pores and in fractures appears to be in-situ and not 

contamination. The fluorescence color indicates that these soluble organics are also 

about the same thermal maturity (0.80 to 0.95 %Ro) as the measured section. All 

fluorescing organic matter suggests that maturity is less 1.0 %Ro. One possible source 

of the hydrocarbons is the organic-rich shaley calcareous limestone
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PLATE 5.5.8Heron H-73 DST#6  oil & Lower Jurassic extracts compared to regional oil families

Test Type Stage Surface Choke (mm) Recovery Comments

DST#06 25.4 22 BBLS HEAVY OIL (7-11.5 API)

DST#06 25.4 102 BBLS SALT WATER

DST#06 25.4 PACKER SKIDDED PAST PERFORATIONS

DST#06 25.4 PRESSURES MEASURED AT 7427 FEET

DST#06 25.4 TEMP 185 F (DEPTH N/A)

DST#06 25.4

Heron H-73 DST#6  oil & Lower Jurassic extracts  compared to regional oil families

DST #6 recovered a heavy but remarkably unbiodegraded crude oil from the Petrel Limestone. Notable features are high C35 hopanes 

relative to C34 (m/z 191 ion chromatogram) indicating a sulfur-rich source, very low Pristane/Phytane ratio (anoxia) and very high C24 

tetracyclic compared to the C26 tricyclic terpanes. 
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Basin

Abenaki Sub-basin (Scotian Basin)

Central Ridge (Grand Banks Basin)

Jeanne D'Arc Sub-basin (Grand Banks Basin)

Sable Sub-basin (Scotian Basin)

Scotian Shelf

South Whale Sub-basin (Grand Banks Basin)
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Gas Chromatography & bulk geochemistry

Steranes(m/z 217)

Terpanes (m/z 191)

Hopane distributions in the DST oil (above) are indicative of a 

strongly reducing carbonate source rock, evidenced by high 

C35/34 extended hopanes, and very high C24 tetracyclic 

terpane relative to the C26 tricyclic terpane doublet.

These features are not evident in the Jurassic extracts from 

the deeper part of the Heron well (right), which are 

themselves highly distinctive due to the exceptionally 

prominent extended tricyclic terpanes. These have been 

previously suggested as diagnostic indicators of Triassic and 

Early Jurassic oils

Sterane carbon number distributions for both the 

Heron DST#6 oil  (shown above) and Jurassic 

extracts are distinct from the vast majority of 

Scotian Shelf fluids.

The Heron DST #6 oil has exceptionally high sulfur content and very low pristane/phytane ratio both of which point to a 

carbonate source deposited under highly reducing conditions. The GC shown above indicates no evidence of biodegradation 

even thought the oil viscosity is so high that it barely flows at room temperature (see photo above)

Marine Terrigenous

C
a
rb

o
n
a
te

C
la

s
ti
c

A plot of phenanthrene/dibenzothiophene versus pristane/phytane below demonstrates the separation of the Heron DST oil from 

all other regional oils due to its high sulfer content and low Pr/Ph value. Note that the Jurassic extracts from Heron H-73 are not 

associated with any of the other Scotian Shelf fluids

http://basin.gdr.nrcan.gc.ca/manual_e.php?t=FLUIDS&c=TEST_TYPE
http://basin.gdr.nrcan.gc.ca/manual_e.php?t=FLUIDS&c=STAGE
http://basin.gdr.nrcan.gc.ca/manual_e.php?t=FLUIDS&c=SURFACE_CHOKE
http://basin.gdr.nrcan.gc.ca/manual_e.php?t=FLUIDS&c=RECOVERY
http://basin.gdr.nrcan.gc.ca/manual_e.php?t=FLUIDS&c=COMMENTS
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PLATE 5.5.9Heron H-73 data – Comparison with Mazagan DSDP 547B well

Depth Qty S1 S2 PI S2/S3 S3 Tmax PC(%) TOC(%) HI OI

2203.7 70.8 0.05 0.28 0.16 0.16 1.73 425 0.09 0.99 28 175

2286 70.3 0.1 0.34 0.22 0.20 1.7 424 0.1 0.84 40 202

2298.19 70.3 0.2 0.39 0.34 0.25 1.55 422 0.1 0.7 56 221

2938.27 70.6 0.26 0.33 0.44 0.26 1.25 420 0.1 0.75 44 167

3066.29 70.7 0.21 1.02 0.17 0.58 1.76 431 0.17 0.97 105 181

3087.62 70.8 0.18 1.15 0.13 0.91 1.26 433 0.16 1.19 97 106

3102.86 70.1 0.2 1.17 0.15 0.57 2.04 431 0.19 1.01 116 202

3291.84 70.3 0.3 2.03 0.13 1.95 1.04 432 0.23 0.98 207 106

3444.24 70.1 0.72 1.83 0.28 2.61 0.7 416 0.24 0.77 238 91

3480.81 71.1 0.22 1.81 0.11 1.34 1.35 428 0.23 1.36 133 99

3502.15 70.4 0.12 0.38 0.24 0.34 1.13 430 0.08 0.6 63 188

3529.58 70.5 0.17 0.41 0.29 0.40 1.02 426 0.08 0.72 57 142

Table 1: Newly acquired Rock Eval pyrolysis data (red dots in the plots above) for this study

In blue, legacy 

data from the GSC 

database.

In red, newly 

acquired data for 

this study

Figure 2: Vitrinite Reflectance and Tmax seem to 

agree on the maturity of the Early Jurassic part of the 

well. Above, the Tmax gradient is roughly vertical and 

therefore unreliable (mud contamination).  

Early
Jurassic

Depth Sample Qty Tmax S1 S2 S3 PI S2/S3 PC(%) TOC(%) HI OI

0 9107 70.7 442 0.74 12.21 0.55 0.06 22.20 1.11 5.05 242 11

847.55 4421954 70.0 423 0.10 4.04 2.87 0.02 1.41 0.47 2.70 150 106

891.11 4421955 70.9 423 0.13 8.82 1.94 0.01 4.55 0.82 2.38 371 82

892.3 4421956 70.3 423 0.03 0.25 1.56 0.10 0.16 0.08 0.59 42 264

892.79 4421957 70.6 425 0.10 6.31 1.71 0.02 3.69 0.61 2.92 216 59

893.01 4421958 70.1 425 0.04 0.63 1.80 0.05 0.35 0.12 0.87 72 207

893.39 4421959 70.3 491 0.00 0.01 1.78 0.21 0.01 0.07 1.16 1 153

905.2 4421960 70.6 425 0.05 0.53 1.61 0.08 0.33 0.11 0.93 57 173

0 9107 70.4 442 0.72 12.18 0.63 0.06 19.33 1.11 5.09 239 12

Table 2: TOC/Rock Eval data acquired on 

the cores samples collected from DSDP well 

547B. (Yellow outline: TOC/Rock Eval 

standard; Red outline: source rock samples 

analyzed for Biomarkers.

1 TOC=2.7%

7 TOC=0.93%

2 3

4 5 6

TOC=2.38%

TOC=0.59%

TOC=2.92% TOC=0.87% TOC=1.16%

Peniche

(rock extract)

Venture B-13 (condensate)

Weymouth A-45 fluid inclusions
Heron H-73 oil

M-02 Field (oil)

Sidi Rhalem

Essaouira (oil)

Well 547B, no Gammacerane 

in Early Jurassic rock extracts 

Figure 3: Rift reconstruction 190 Ma and salt distribution by Sibuet (2010). Red dots show locations of Gammacerane occurrences in oils, condensates, 

rock extracts and hydrocarbon fluid inclusions. Gammacerane is absent or in very low abundance in Early Jurassic organic-rich intervals of DSDP wells 

547B and Heron H-73. Also, there is no salt deposited in the Triassic/Jurassic interval of well 547B.

Figure 1: Plots of Rock Eval pyrolysis data for the Heron H-73 well. Tmax is displayed in Figure 2 (this Plate) along with 

Ro data.
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PLATE 5.5.10

1 TOC=2.7%

7 TOC=0.93%

2 3

4 5 6

TOC=2.38%

TOC=0.59%

TOC=2.92

%

TOC=0.87

%

TOC=1.16

%

Depth Sample Qty Tmax S1 S2 S3 PI S2/S3 PC(%) TOC(%) HI OI

0 9107 70.7 442 0.74 12.21 0.55 0.06 22.20 1.11 5.05 242 11

847.55 4421954 70.0 423 0.10 4.04 2.87 0.02 1.41 0.47 2.70 150 106
a
847.60 na na 421 na 16.38 0.71 na 23.07 na 4.75 345 15

891.11 4421955 70.9 423 0.13 8.82 1.94 0.01 4.55 0.82 2.38 371 82

892.30 4421956 70.3 423 0.03 0.25 1.56 0.10 0.16 0.08 0.59 42 264

892.79 4421957 70.6 425 0.10 6.31 1.71 0.02 3.69 0.61 2.92 216 59

893.01 4421958 70.1 425 0.04 0.63 1.80 0.05 0.35 0.12 0.87 72 207

893.39 4421959 70.3 491 0.00 0.01 1.78 0.21 0.01 0.07 1.16 1 153
a
893.48 na na 428 na 3.06 0.60 na 5.08 na 1.63 188 37

905.20 4421960 70.6 425 0.05 0.53 1.61 0.08 0.33 0.11 0.93 57 173

0 9107 70.4 442 0.72 12.18 0.63 0.06 19.33 1.11 5.09 239 12

a Rock Eval pyrolysis data worth considering from Rullkötter et al. (1984)

Table 2: PFA 2011 Rock Eval pyrolysis data. 2 data points worth considering 

(HI>100) from Table 1 published by Rullkötter et al. (1984) are added to the data 

Table form PFA 2011  

Mazagan Sub-basin, Offdhore Morocco

At DSDP site 79, in the 547B well, there is only 1 black square (early data measured shipboard) with HI>600 (mg/g TOC). The next

square is white (measured on shore) with HI=345 at 847.60m. This value is just 5 cm away from our sample at 847.55m that shows a

HI=150.

Table 1 (this Plate) published by Rullkötter et al. (1984) of data acquired onshore, did not report the HI>600 (red-circled; In the HIxOI plot 

published by Rullkötter et al. 1984). 

Rock Eval pyrolysis data carried out for the PFA 2011 study di not reproduce either the high HI value of 600 (mg/g TOC) measured

shipboard. The PFA 2011 Rock Eval pyrolysis results are listed in Table 2 of this Plate. 2 data points worth considering (HI>100) from 

Table 1 published by Rullkötter et al. (1984) are added to the data Table from PFA 2011

Table 1: Rock Eval pyrolysis and liquid 

chromatography data published by 

Rullkötter et al. (1984)Figure 1: Cross section showing well locations of 

DSDP Leg 79, Sites 544, 545 and 547  

Figure 2: Location of DSDP drill sites Leg 79, Site 547 (within 

the red rectangle) on the Morocco margin (modified from 

Rullkötter et al. (1984).

Figure 3: HIxOI diagram (modified from 

Rullkötter et al. (1984).

Figure 4: TOCxDepth plot from DSDP 

547B well (modified from Rullkötter et al. 

(1984).

Figure 5: TOCxDepth plot from DSDP 547B 

well (PFA 2011 & Rullkötter et al. (1984)).

Figure 6: HIxOI diagramm from DSDP 547B 

well (PFA 2011 & Rullkötter et al. (1984)).

Picture of the cores analyzed by Rock Eval pyrolysis for PFA 2011 

study

Mazagan DSDP 547B well data
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PLATE 5.5.11Perched Sub-basins  - Heron H-73 and DSDP 547B well
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2D Dip-Oriented Seismic Line RS-131

2D Dip-oriented Seismic Line RS-131

Comparison of the source characteristics in the Sinemurian/Pliensbachian/Toarcian sediments between 

Heron H-73 & DSDP 547B well. 

Differences are depth of burial and therefore maturity of the Sinemurian/Pliensbachian/Toarcian:

• Mature in Heron H-73,

• Immature in DSDP 547B.

Similarities in both wells:

• TOC values display a similar order of magnitude in both wells. 

• HIxOI shows also similar source potential in both wells suggesting terrestrial input and/or partly oxidized 

organic matter. 

These characteristics bode well with terrestrial input and/or oxic to sub-oxic 

environment of deposition in “perched sub-basins” as shown by the seismic 

sections (right side of this Plate)

The data from 
this section 
are not 
accounted for 
in the HI x OI 
diagram

Type III

Arguments for Early Jurassic sourcing

• An Early Jurassic sourcing for DST#6 oil (~2300m) at Heron remains uncertain (see PFA 2011).

• Presence of Sinemurian-Pliensbachian-Toarcian age nannofossils in the basal sediments of both Heron H-73 and the DSDP 

547B well off the Moroccan coast links the development of these perched basins on both margins of the Atlantic rift; 

• Rock Eval source parameters in the Sinemurian-Pliensbachian-Toarcian part of the Heron section look very much like the 

ones that were measured in the DSDP 547B well at the same age with around 2% TOC and HI moderate (Type II-III) lower 

in Heron compared to 547B possibly due to the maturity 

• This similarity on both margins suggests that Heron and the 547B wells were located in small aborted graben (see 

Mazagan) located behind the main rift valley on both sides of the incipient Atlantic rift.

• This leaves the possibility that in the main central rift valley the equivalent Sinemurian-Pliensbachian source layer(s) might 

be much better developed , i.e. thicker with higher TOC & HI, and deposited in a water stratified environment marked by the 

presence of Gammacerane (Peniche peninsula of Portugal and Cape Juby (M02) oil offshore Morocco; in PFA 2011).

Heron perched 

sub-basin

DSDP 547 sub-

basin
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Source rock characteristics

Lower Cretaceous – Aptian (deltaic)

The source rock was deposited during the Intra-Aptian flooding event as a prodeltaic facies of the incipient Logan Canyon/Cree deltaic development. The source interval coincides reasonably well with the Naskapi shale of the lithostratigraphic nomenclature. TOC/Rock Eval data defining the characteristics of this 

source rock are shown in Plate 5.4.2 for various wells from the Scotian Shelf and Slope. Organic richness is only fair with TOC averaging 2%. The organic matter composing this source rock is of a terrestrially derived Type III as is suggested by microscopic kerogen analyses and Hydrogen Index – Oxygen index cross 

plots shown in Plate 5.4.2.

The hydrocarbon kitchen applying to the Aptian source rock is practically never mature enough on the shelf to generate hydrocarbons. The maturity data (Vitrinite Reflectance) for various well locations indicate mostly immaturity except for wells located at present day shelf edge, e.g. Chebucto K-90. As a consequence 

of the limited kitchen, the Naskapi source rock does not appear to be a large contributor to the petroleum system of the Nova Scotia margin.

For modeling purpose, the Naskapi source rock is defined as follows:

• TOC=2%

• Kerogen Type III, using default Type III from Temis.

Lower Cretaceous – Berriasian (deltaic)

The age of this source interval is Berriasian-Valanginian (from K137 up) depositing as prodeltaic and paralic facies of the “middle” Missisauga delta. The Lower Cretaceous source rock is absent on the Jurassic carbonate shelf edge. That source interval is diffuse. Organic richness is mostly limited to TOC<1.5% and 

the kerogen is of a Type III. Plate 5.4.3 displays the characteristics of the Berriasian-Valanginian source rock.

The main reason for defining this interval as a source rock is to test its effect on the petroleum system modeled with Temis.

For Temis petroleum system modeling, the following characteristics are applied:

• TOC=2%

• Kerogen Type III, using default Type III from Temis.

Upper Jurassic – Tithonian MFS (carbonate transition to deltaic)

The Upper Jurassic source rock is present beyond the Jurassic carbonate bank edge. It was deposited at the transition from carbonate to deltaic environments of deposition during the Tithonian maximum flooding event. The source rock of the Tithonian MFS defined here corresponds to the lower part of the Verrill

Canyon formation cited as source interval in P. K. Mukhopadhyay reports and publications. This Upper Jurassic source rock was difficult to identify due to drilling with oil-based mud (Lignosulphonate, Gilsonite and others) at the approach of overpressures, which is almost always coincidentally with approaching the 

Jurassic. Oil-based mud contamination strongly affects TOC/Rock Eval data usually by improving the response of these measurements to anomalously high values. The best and only way to overcome the distortion on Rock Eval analyses in defining source rock characteristics is to rely on kerogen microscopy, which 

allows for discriminating at least solid contaminants. In that regard, Mukhopadhyay’s work through the years is key for defining the Tithonian MFS as a prominent source rock of the deltaic region of the Nova Scotia margin.

Plate 5.4.4 displays the characteristics of the Tithonian source rock in various wells of the margin. South Griffin J-13 was not screened by kerogen microscopy,.

For Temis petroleum system modeling, the following characteristics are applied:

• TOC=5%

• Kerogen Type II-III.

Middle Jurassic – Misaine - Callovian MFS

Evidence for a Callovian source rock is limited to one well - Abenaki J-56 - located at the edge of the Jurassic platform. The extension of this source rock beyond the carbonate platform edge is unknown. In lithostratigraphic terms, this source rock corresponds to the Misaine Member. The Misaine is a shale dominated 

layer deposited during the Callovian flooding event. After Mukhopadhyay (1989), the Misaine in the Cohasset D-42 well is of Type III to IIB. In the new stratigraphic framework of this study, the source rock interval coinciding to the Callovian MFS is restricted to the part showing a kerogen Type IIB that is condensate/gas 

prone in Mukhopadhyay classification. Plate 5.4.5 displays the characteristics of the Callovian source rock in the Abenaki J-56 well, where it was penetrated and showed significant source potential.

For Temis petroleum system modeling, the following characteristics were applied:

• TOC=3%

• Kerogen Type IIB (II-III; standard)

Early Jurassic Source Complex - Sinemurian-Pliensbachian-Toarcian

A Sinemurian-Pliensbachian-Toarcian source complex was inferred by analogy to source rocks recognized on the conjugate margins of Newfoundland and Nova Scotia, in Portugal and Morocco. The Sinemurian immediately overlaying the Argo salt would offer a confined hypersaline environment, where source rocks 

are known to have deposited in rift basins. These confined environments are often prone to the development of ciliate bacteria, which are precursors of the Gammacerane molecule. Gammacerane was seen in the Pliensbachian source rock of Portugal (Peniche Basin) and in Moroccan oils.  On the Scotian Shelf, one 

condensate from DST#6 of the Venture B-13 well and hydrocarbon fluids from salt inclusions in the Weymouth A-45 well display the presence of Gammacerane. Usually, DST hydrocarbon fluids are clean from mud contamination. However, if mud with Gilsonite additive was used and the formation tested was partly 

invaded by mud before testing, there is a chance that the DST fluids be contaminated. On the other hand, in the case of fluid inclusions in salt from the Weymouth well, the presence of Gammacerane is to be trusted as sample cleaning is drastic before crushing the inclusions for gas-chromatography (GC) and 

GC/mass-spectrometry (GCMS) analyses. The Toarcian penetrated in the 547B well of DSDP Leg 79, Site 547 did not display any Gammacerane leading to the conclusion that Gammacerane is not necessarily a criterion for defining the contribution of a Toarcian source rock. Depending on the environment whether 

hypersaline or not, Gammacerane may or may not be present. Along the Nova Scotia margin, Gammacerane may be associated to a source rock depositing at the end or immediately after the salt of the Argo Formation. At Pliensbachian and Toarcian time, the environment has possibly evolved into a carbonate 

environment no longer hypersaline or presenting any other water stratification of any type. This would be the case of the 547B well off Morocco, which penetrated the Liassic section down to a crystalline basement without penetrating any salt and not displaying any Gammacerane. In the Nova Scotia margin, the 

extension of a hypersaline source rock would be limited to the main rift area occupied by the autochthonous salt of the Argo Formation. Later, once spreading had started, restricted conditions and hypersalinity ceased as the basin opened. Sediments could deposit further, beyond the autochthonous salt area, over the 

ECMA volcanics. Source rocks depositing then would no longer contain Gammacerane by lack of water stratification (halocline in this instance). In time succession, the hypersaline source rock would preferably be Sinemurian deposited approximately just before spreading. Then, source rocks depositing later during 

early spreading may lose hypersaline characteristics, these would be Pliensbachian – Toarcian in age. To summarize, one or more Early Jurassic source rocks may exist. Their presence is unproven but is worth considering based on the conjugate Moroccan margin.

For Temis petroleum system modeling, one source rock only is defined for the Sinemurian to Toarcian source complex with the following characteristics:

• TOC=5%

• Kerogen Type II

Conclusions - Source Rocks of the Nova Scotia Margin
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