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ADMINISTRATION 

 
DOYEN : BILONG Paul, Professeur 
VICE-DOYEN / DPSAA : NJOPWOUO Daniel, Professeur 
VICE-DOYEN / DSSE : DONGO Etienne, Professeur 
VICE-DOYEN / DRC : ESSIMBI ZOBO Bernard, Professeur 
Chef Division Affaires Académiques, Scolarité et Recherche : ABOSSOLO Monique, 
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Chef Division Administrative et Financière : NDOYE FOE Marie C. F., Chargé de Cours 
 

 
1- DEPARTEMENT DE BIOCHIMIE (BCH) (41) 

 
N°  

NOMS ET PRENOMS 
 

GRADE 
 

OBSERVATIONS 

1 ANVAM ZOLLO Paul Henri Professeur RECTEUR  UN 
2 BENG née NINTCHOM PENLAP V. Professeur En poste 
3 FEKAM BOYOM Fabrice Professeur En poste 
4 MBACHAM Wilfried Professeur Chef Dpt/FMSB 
5 MOUNDIPA FEWOU Paul Professeur Chef de Département 
6 OBEN Julius ENYONG Professeur Coordonnateur CRFD-STG 
7 BIGOGA DIAGA Jude Maître de Conférences En poste 
8 BOUDJEKO Thaddée Maître de Conférences En poste 
9 FOKOU Elie Maître de Conférences En poste 

10 KANSCI Germain Maître de Conférences En poste 
11 MINKA Samuel Maître de Conférences En poste 
12 NGONDI Judith Laure Maître de Conférences En poste 
13 NGUEFACK Julienne Maître de Conférences En poste 
14 WAKAM née NANA Louise Maître de Conférences En poste 
15 ACHU Merci BIH Chargé de Cours En poste 
16 ATOGHO Barbara Mma Chargé de Cours En poste 
17 BELINGA née NDOYE FOE Marie C. 

Florentine  
 
Chargé de Cours 

 
Chef DAF / FS 

18 DEMMANO Gustave Chargé de Cours En poste 
19 DJOKAM TAMO Rosine Chargé de Cours En  poste 
20 DJUIDJE NGOUNOUE Marcelline Chargé de Cours En poste 
21 DJUIKWO NKONGA Ruth Viviane Chargé de Cours En poste 
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22 EFFA ONOMO Pierre Chargé de Cours En poste 
23 EVEHE BEBANDOUE Marie –Solange Chargé de Cours En disponibilité 
24 EWANE Cécile Anne Chargé de Cours En poste 
25 KOTUE TAPTUE Charles Chargé de Cours En poste 
26 MBONG ANGIE MOUGANDE Mary Ann Chargé de Cours En poste 
27 MOFOR née TEUGWA Clautilde Chargé de Cours IA4/MINESUP 
28 NJAYOU Frédéric Nico Chargé de Cours En poste 
29 Palmer MASUMBE NETONGO Chargé de Cours En poste 
30 TCHANA KOUATCHOUA Angèle Chargé de Cours En poste 
31 AKINDEH MBUH NJI Assistant En poste 
32 BEBEE FADIMATOU Assistant En poste 
33 BEBOY EDJENGUELE Sara Nathalie Assistant En poste 
34 DAKOLE DABOY Charles Assistant En poste 
35 DONGMO LEKAGNE Joseph Blaise Assistant En poste 
36 FONKOUA Martin Assistant En poste 
37 LUNGA Paul KAILAH Assistant En poste 
38 MANANGA Marlyse Joséphine Assistant En poste 
39 MBOUCHE FANMOE Marcelline Joëlle Assistant En poste 
40 PECHANGOU NSANGOU Sylvain Assistant En poste 
41 TIENTCHEU DJOKAM Léopold Assistant En poste 

 
2- DEPARTEMENT DE BIOLOGIE ET PHYSIOLOGIE ANIMALES (B.P.A.) (43) 

 
1 BILONG BILONG Charles Félix Professeur Chef de Département 
2 DIMO Théophile Professeur En Poste 
3 FOMENA Abraham Professeur En Poste 
4 KAMTCHOUING Pierre Professeur En poste 
5 MIMPFOUNDI REMY Professeur En poste 
6 NJAMEN Dieudonné Professeur En poste 
7 NJIOKOU Flobert Professeur En Poste 
8 NOLA Moïse Professeur En poste 
9 TAN Paul Vernyuy Professeur En poste 

10 TCHUEM TCHUENTE Louis Professeur Coord.  Progr. MINSANTE 
11 AJEAGAH Gidéon AGHAINDOUM Maître de Conférences En poste 
12 DJIETO Lordon Champlain Maître de Conférences En poste 
13 DZEUFIET DJOMENI Paul Désiré Maître de Conférences En poste 
14 ESSOMBA née NTSAMA MBALLA Maître de Conférences VDRC/Chef dépt FMSB 
15 FOTO MENBOHAN Samuel Maître de Conférences CT2 MIN. ENERGIE 
16 KAMGANG René Maître de Conférences C.E. MINRESI 
17 KEKEUNOU Sévilor Maître de Conférences En poste 
18 MEGNEKOU Rosette Maître de Conférences En poste 
19 ZEBAZE TOGOUET Serge Hubert Maître de Conférences En poste 
20 ALENE Désirée Chantal Chargé de Cours En poste 
21 BELLET EDIMO Oscar Roger Chargé de Cours En poste 
22 BILANDA Danielle Claude Chargé de Cours En poste 
23 DJIOGUE Séfirin Chargé de Cours En poste 
24 GOUNOUE KAMKUMO Raceline Chargé de Cours En poste 
25 JATSA MEGAPTCHE Hermine Chargé de Cours En poste 
26 MAHOB Raymond Joseph Chargé de Cours En poste 
27 MBENOUN MASSE Paul Serge Chargé de Cours En poste 
28 MONY NTONE Ruth Chargé de Cours En poste 
29 LEKEUFACK FOLEFACK Guy Benoît Chargé de Cours En poste 
30 NGOUATEU KENFACK Omer BEBE Chargé de Cours En poste 
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31 NGUEGUIM TSOFACK Florence Chargé de Cours En poste 
32 NGUEMBOCK Chargé de Cours En poste 
33 TOMBI Jeannette Chargé de Cours En poste 
34 ATSAMO Albert Donatien Assistant En poste 
35 ETEME ENAMA Serge Assistant En poste 
36 KANDEDA KAVAYE Antoine Assistant En poste 
37 KOGA MANG’Dobara Assistant En poste 
38 MECHI DONGFACK Mireille Flore Assistant En poste 
39 MOUNGANG NGAMENI Luciane Assistant En poste 
40 MVEYO NDANKEU Yves Patrick Assistant En poste 
41 NJUA Clarisse YAFI Assistant En poste 
42 TADU Zéphirin Assistant En poste 
43 YEDE Assistant En poste 

 
3-DEPARTEMENT DE BIOLOGIE ET PHYSIOLOGIE VEGETALES (B. P. V.)  (27)    

 
1 YOUMBI Emmanuel Professeur Chef de Département 
2 AMBANG Zachée Maître de Conférences Vice-Doyen/FSE 
3 BELL Joseph Martin Maître de Conférences En poste  
4 DJOCGOUE Pierre François Maître de Conférences En poste 
5 KENGNE  NOUMSI Ives Magloire Maître de Conférences En poste 
6 MOSSEBO Dominique Claude Maître de Conférences En poste 
7 NDONGO BEKOLO Maître de Conférences CE / MINRESI 
8 ZAPFACK Louis Maître de Conférences En poste 
9 ANGONI Hyacinthe Chargé de Cours En poste 

10 BIYE Elvire Hortense Chargé de Cours En poste 
11 MAHBOU SOMO TOUKAM Gabriel Chargé de Cours En poste 
12 MALLA  Armand William Chargé de Cours En poste 
13 MBARGA BINDZI Marie Alain. Chargé de Cours Inspecteur académ. N°1 MINESUP 
14 MBOLO Marie. Chargé de Cours Coordo. Programme MINFOF 
15 NGODO MELINGUI Jean Baptiste Chargé de Cours En poste 
16 NGONKEU MAGAPTCHE Eddy Léonard Chargé de Cours En poste 
17 NGOUO Lucas Vincent Chargé de Cours En poste 
18 NSOM ZAMO Annie Claude ép. Pial Chargé de Cours Expert national./UNESCO 
19 TONFACK Libert Brice Chargé de Cours En poste 
20 TSOATA Esaïe Chargé de Cours En poste 
21 DJEUANI Astride Carole Assistant En poste 
22 GONMADGE Christelle Assistant En poste 
23 MAFFO MAFFO Nicole Liliane Assistant En poste 
24 NGALLE Hermine BILLE Assistant En poste 
25 NNANGA MEBENGA Ruth Laure Assistant En poste 
26 NOUKEU KOUAKAM Armelle Assistant En poste 
27 ONANA Jean Michel Assistant En poste 

 
4-DEPARTEMENT DE CHIMIE INORGANIQUE  (C.I.) (34)     

 
1 KETCHA MBADCAM Joseph Professeur Chef de Département 
2 NDIFON Peter TEKE Professeur CT MINRESI 
3 NGAMENI Emmanuel Professeur Doyen/ UDS 
4 GHOGOMU Paul MINGO Professeur Directeur Cabinet PM 
5 LAMINSI Samuel Professeur En poste 
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6 MELO née CHINJE Uphie F. Professeur Directeur Mipromalo 
7 AGWARA ONDOH Moïse Maître de Conférences Insp Génér.MINPMEA 
8 BABALE née DJAM DOUDOU Maître de Conférences Chargée mission P.R. 
9 DJOUFAC WOUMFO Emmanuel Maître de Conférences En poste 

10 ELIMBI Antoine Maître de Conférences En poste 
11 NANSEU Charles Péguy Maître de Conférences En poste 
12 NENWA Justin Maître de Conférences En poste 
13 NDIKONTAR  Maurice KOR Maître de Conférences Vice-Doyen/Ubda 
14 NGOMO Horace MANGA Maître de Conférences S.G. MINESUP 
15 YOUNANG Elie Maître de Conférences En poste 
16 ACAYANKA Elie Chargé de Cours En poste 
17 BAIZOUMI  ZOUA Chargé de Cours Chef Cellule MINTOUR 
18 CHEUMANI YONA Arnaud Chargé de Cours En poste 
19 EMADACK Alphonse Chargé de Cours En poste 
20 GWET Simon – Pierre Chargé de Cours En poste 
21 KAMGANG YOUBI Georges Chargé de Cours En poste 
22 KEUMEGNE MBOUGUEM Jean Claude Chargé de Cours En poste 
23 KONG SAKEO Chargé de Cours C. M. Au P. M. 
24 NDI Julius NSAMI Chargé de Cours En poste 
25 NJIOMOU Chantale épse DJANGANG Chargé de Cours En poste 
26 NJOYA Dayirou Chargé de Cours En poste 
27 NYAMEN Linda Dyorisse Chargé de Cours En poste 
28 PABOUDAM GBAMBIE Awaou Chargé de Cours En poste 
29 TCHAKOUTE KOUAMO Hervé Chargé de Cours En poste 
30 BELIBI BELIBI Placide Désiré Assistant En poste 
31 KENNE DEDZO Gustave Assistant En poste 
32 MBEY Jean Aimé Assistant En poste 
33 NCHIMI NONO Katia Assistant En poste 
34 NDOSIRI Bridget NDOYE Assistant En poste 

 
5-DEPARTEMENT DE CHIMIE ORGANIQUE (C.O.)  (33) 

 

 

1 DONGO Etienne Professeur Vice-Doyen/ DSSE 
2 GHOGOMU TIH ROBERT RALPH Professeur Directeur I.B.A. Foumban 
3 MBAFOR Joseph Professeur En poste 
4 NGADJUI TCHALEU B. Professeur Chef de dépt FMBS 
5 NGOUELA Silvère Augustin Professeur Chef de dépt. UDs 
6 NKENGFACK Augustin Ephraïm Professeur Chef de Département 
7 NYASSE Barthélemy Professeur Vice- Recteur UBda  
8 PEGNYEMB Dieudonné Emmanuel Professeur Directeur au  MINESUP 
9 WANDJI Jean Professeur En poste 

10 Alex de Théodore ATCHADE Maître de Conférences CS Rectorat/ UYI 
11 FOLEFOC  Gabriel NGOSONG Maître de Conférences En poste 
12 KEUMEDJIO Félix Maître de Conférences En poste 
13 KOUAM Jacques Maître de Conférences En poste 
14 MBAZOA née DJAMA Céline Maître de Conférences En poste 
15 NOUNGOUE TCHAMO Diderot Maître de Conférences En poste 
16 TCHOUANKEU Jean-Claude Maître de Conférences C.T. UYII 
17 YANKEP Emmanuel Maître de Conférences En poste 
18 TCHUENDEM KENMOGNE Marguerite Maître de Conférences En poste 
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19 TIH née NGO BILONG E. Anastasie Maître de Conférences En poste 
20 AMBASSA Pantaleon Chargé de Cours En poste 
21 EYONG Kenneth OBEN Chargé de Cours En poste 
22 FOTSO WABO Ghislain Chargé de Cours En poste 
23 KAMTO Eutrophe Ledoux Chargé de Cours En poste 
24 MKOUNGA Pierre Chargé de Cours En poste 
25 NGO MBING Joséphine Chargé de Cours En poste 
26 NGONO BIKOBO Dominique Serge Chargé de Cours En poste 
27 NOTE LOUGBOT Olivier Chargé de Cours En poste 
28 OUAHOUO WACHE Blandine Marlyse Chargé de Cours En poste 
29 TABOPDA KUATE Turibio Chargé de Cours En poste 
30 TAGATSING FOTSING Maurice Chargé de Cours En poste 
31 ZONDEGOUMBA Ernestine Chargé de Cours En poste 
32 NGINTEDO Dominique Assistant En poste 
33 NGOMO Orléans Assistant En poste 

 
6-DEPARTEMENT D’INFORMATIQUE (IN)   (28)  

 
1 TCHUENTE Maurice Professeur 

PCA UB 
2 FOTSO Pauline Laure Professeur Député à l’Assemblée Nationale 
3 FOUDA NDJODO Marcel Professeur IGA-MINESUP/Chef Dpt ENS 
4 ATSA ETOUNDI Roger Maître de Conférences Chef de Département 

Chef Division MINFOPRA 
5 NDOUNDAM René Maître de Conférences En poste 
6 CHEDOM FOTSO Donatien Chargé de Cours En poste 
7 KOUOKAM KOUOKAM Etienne Appolin Chargé de Cours En poste 
8 MELATAGIA YONTA Paulin Chargé de Cours En poste 
9 MOTO MPONG Serge Alain Chargé de Cours En poste 

10 TINDO Gilbert Chargé de Cours En poste 
11 TSOPZE Norbert Chargé de Cours En poste 
12 WAKU KOUAMOU Jules Chargé de Cours  En poste 
13 ABESSOLO ALO’O Gislain Assistant En poste 
14 AMINOU Halilou Assistant En poste 
15 BAYEM Jacques Narcisse Assistant En poste 
16 DJAM Xaviera Youth KIMBI Assistant En poste 
17 DJOUWE MEFFEJA Merline Flore Assistant En poste 
18 EBELE Serge Assistant En poste 
19 HAMZA Adamou Assistant En poste 
20 KAMDEM KENGNE Christiane Assistant En poste 
21 KAMGUEU Patrick Olivier Assistant En poste 
22 KENFACK DONGMO Clauvice Viliane Assistant En poste 
23 DOMGA KOMGUEM Rodrigue Assistant En poste 
24 MAKEMBE S. Fritz Oswald Assistant En poste 
25 MEYEMDOU Nadège Sylvianne Assistant En poste 
26 MONTHE DJIADEU Valery Martial Assistant En poste 
27 JIOMEKONG AZANZI Fidel Assistant En poste 
28 TAPAMO KENFACK Hyppolite Assistant En poste 

 
7-DEPARTEMENT DE MATHEMATIQUES (MA) (35)   

 
1 BEKOLLE David Professeur Vice-Recteur UN 
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2 BITJONG NDOMBOL Professeur DAAC UY I 
3 DOSSA COSSY Marcel Professeur En poste 
4 AYISSI Raoult Domingo Maître de Conférences En poste 
5 EMVUDU WONO Yves S. Maître de Conférences Chef Cellule. MINESUP 
6 NKUIMI JUGNIA Célestin Maître de Conférences En poste 
7 NOUNDJEU Pierre Maître de Conférences En poste 
8 TCHAPNDA NJABO Sophonie Blaise Maître de Conférences En poste 
9 TONGA Marcel Maître de Conférences En poste 

10 WAMON François Maître de Conférences Chef de Département 
11 AGHOUKENG JIOFACK Jean Gérard Chargé de Cours En poste 
12 CHENDJOU Gilbert Chargé de Cours En poste 
13 FOMEKONG Christophe Chargé de Cours En poste 
14 KIANPI Maurice Chargé de Cours En poste 
15 KIKI Maxime Armand Chargé de Cours En poste 
16 MBAKOP Guy Merlin Chargé de Cours En poste 
17 MBANG Joseph Chargé de Cours En poste 
18 MBEHOU Mohamed Chargé de Cours En poste 
19 MBELE BEDIMA Martin Chargé de Cours En poste 
20 MBIANDA Gilbert Chargé de Cours En poste 
21 MENGUE MENGUE David Joe Chargé de Cours En poste 
22 NGUEFACK Bertrand Chargé de Cours En poste 
23 NGUIMTSA Charles Chargé de Cours En poste 
24 POLA  DOUNDOU Emmanuel Chargé de Cours En poste 
25 TAKAM SOH Patrice Chargé de Cours En poste 
26 TCHANGANG Roger Duclos Chargé de Cours En poste 
27 TCHOUNDJA Edgar Landry Chargé de Cours En poste 
28 TIAYA TSAGUE N. Anne- Marie Chargé de Cours En poste 
29 BOGSO Antoine M Assistant En poste 
30 DJIADEU NGAHA Michel Assistant En poste 
31 DOUANLA YONTA Hermann Assistant En poste 
32 MBIAKOP Hilaire George Assistant En poste 
33 NIMPA PEFOUKEU Romain Assistant En poste 
34 TANG AHANDA Barnabé Assistant Chef Serv. MINPLAMAT 
35 TETSADJIO TCHILEPECK Mesmin Erick Assistant En poste 

 
8-DEPARTEMENT DE MICROBIOLOGIE (MB) (13)   

 
1 ETOA François-Xavier Professeur Recteur UD/Chef de Département  
2 ESSIA NGANG Jean Justin Maître de Conférences Chef de Division recherche IMPM 
3 NYEGUE Maximilienne Ascension Maître de Conférences En poste 
4 NWAGA Dieudonné M. Maître de Conférences En poste 
5 SADO KAMDEM Sylvain Leroy Maître de Conférences En poste 
6 BODA Maurice Chargé de Cours En poste 
7 BOYOMO ONANA Chargé de Cours En poste 
8 ENO Anna Arey Chargé de Cours En poste 
9 ESSONO OBOUGOU Germain Gabriel Chargé de Cours En poste 

10 RIWOM Sara Honorine Chargé de Cours En poste 
11 BOUGNOM Blaise Pascal Chargé de Cours En poste 
12 NJIKI BIKOÏ Jacky Assistant En poste 
13 TCHIKOUA Roger  Assistant En poste 
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9-DEPARTEMENT DE PHYSIQUE (PH) (39)   

 
1 ESSIMBI ZOBO Bernard Professeur Vice-Doyen/DRC 
2 KOFANE Timoléon Crépin Professeur Chef de Département 
3 NJOMO Donatien Professeur En poste 
4 TABOD Charles TABOD Professeur Doyen/Ubda 
5 WOAFO Paul Professeur En poste 
6 NDJAKA Jean Marie Bienvenu Professeur En poste 
7 PEMHA Elkana Professeur En poste 
8 TCHAWOUA Clément Professeur En poste 
9 BIYA MOTTO Frédéric Maître de Conférences Dir.Gén. B. MEKIM 

10 BEN- BOLIE Germain Hubert Maître de Conférences En poste 
11 DJUIDJE KENMOE Gemaine épse ALOYEM 

KAZE 
 
Maître de Conférences 

 
En poste 

12 EKOBENA FOUDA Henri Paul Maître de Conférences Chef Dépt UN 
13 NANA NBENDJO Blaise Maître de Conférences En poste 
14 NJANDJOCK NOUCK Philippe Maître de Conférences Chef Serv. MINRESI 
15 NOUAYOU Robert Maître de Conférences En poste 
16 OUMAROU BOUBA Maître de Conférences En poste 
17 SIEWE SIEWE Martin Maître de Conférences En poste 
18 ZEKENG Serge Sylvain Maître de Conférences En poste 
19 BODO Bernard Chargé de Cours En poste 
20 EDONGUE HERVAIS Chargé de Cours En poste 
21 EYEBE FOUDA Jean Sire Chargé de Cours En poste 
22 FEWO Serge Ibraïd Chargé de Cours En poste 
23 FOUEDJIO David Chargé de Cours En Poste 
24 HONA Jacques Chargé de Cours En poste 
25 MBANE BIOUELE Chargé de Cours En poste 
26 MBINACK Clément Chargé de Cours En Poste 
27 MBONO SAMBA Yves Christian U. Chargé de Cours En poste 
28 NDOP Joseph Chargé de Cours En poste 
29 OBOUNOU Marcel Chargé de Cours Dir.acad/Univ.Int.Etat Cam-Congo 
30 SAIDOU Chargé de Cours En poste 
31 SIMO Elie Chargé de Cours En poste 
32 TABI Conrad Bertrand Chargé de Cours En poste 
33 TCHOFFO Fidèle Chargé de Cours En poste 
34 VONDOU DERBETINI Appolinaire Chargé de Cours En Poste 
35 WAKATA née BEYA  Annie Chargé de Cours Chef Serv. MINESUP 
36 WOULACHE Rosalie Laure Chargé de Cours En poste 
37 ABDOURAHIMI Assistant En Poste 
38 CHAMANI Roméo Assistant En Poste 
39 ENYEGUE A NYAM Françoise épouse 

BELINGA 
Assistant En Poste 

 
10- DEPARTEMENT DE SCIENCES DE LA TERRE (S.T.) (42)    

 
1 BILONG PAUL Professeur Doyen /Chef de Département  
2 NZENTI Jean-Paul Professeur En poste 
3 BITOM Dieudonné Lucien Professeur Doyen / UN 
4 NDJIGUI Paul-Désiré Professeur CSMM 
5 FOUATEU Rose épouse YONGUE Maître de Conférences En poste 
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6 KAMGANG Pierre Maître de Conférences En poste 
7 MEDJO EKO Robert Maître de Conférences Dir/IUT Bois Mbalmayo 
8 MOUNDI Amidou Maître de Conférences CT/MINMIDT 
9 NDAM NGOUPAYOU Jules-Remy Maître de Conférences En poste 

10 NGOS III Simon Maître de Conférences D.A.A.C./UM 
11 NJILAH Isaac KONFOR Maître de Conférences En poste 
12 NKOUMBOU Charles Maître de Conférences En poste 
13 TEMDJIM Robert Maître de Conférences En poste 
14 YENE ATANGANA Joseph Q. Maître de Conférences Chef Cellule MINTP 
15 ABOSSOLO née ANGUE Monique Chargé de Cours Chef DAASR 
16 BEKOA Etienne Chargé de Cours En poste 
17 BISSO Dieudonné Chargé de Cours Directeur Projet Barage  Memve’ele 
18 EKOMANE Emile Chargé de Cours Délégué Régional/MINMIDT 
19 ESSONO Jean Chargé de Cours Sous Directeur MINMIDT 
20 GANNO Sylvestre Chargé de Cours En poste 
21 GHOGOMU Richard TANWI Chargé de Cours Chef de Dépt IMIP/Maroua 
22 LAMILEN BILLA Daniel Chargé de Cours En poste 
23 MBIDA YEM Chargé de Cours CS/LABOGENIE 
24 MINYEM Dieudonné Chargé de Cours Chef de Dépt IMIP/Maroua 
25 MOUAFO Lucas Chargé de Cours En poste 
26 NGO BELNOUN Rose Noël Chargé de Cours En poste 
27 NGO BIDJECK Louise Marie Chargé de Cours En poste 
28 NGUEUTCHOUA Gabriel Chargé de Cours CEA MINRESI 
29 NJOM Bernard de Lattre Chargé de Cours En poste 
30 NYECK Bruno Chargé de Cours S/Directeur/MINMIDT 
31 ONANA Vincent Chargé de Cours En poste 
32 TCHAKOUNTE Jacqueline ép. NUMBEM Chargé de cours CEA MINRESI 
33 TCHOUANKOUE Jean-Pierre Chargé de Cours En poste  
34 ZO’O ZAME Philémon Chargé de Cours S.G. MINTP 
35 ANABA ONANA Achille Basile Assistant En Poste 
36 EYONG John Assistant En Poste 
37 BINELI BETSI Thierry Olivier Assistant En Poste 
38 FUH Calistus Gentry Assistant Sec.d’Etat/ MINMIDT 
39 METANG Victor Assistant En poste 
40 NOMO NEGUE Emmanuel Assistant En poste 
41 TCHAPTCHET TCHATO De Pesquidoux I Assistant En poste 
42 TEHNA Nathanaël Assistant CS/ MINMIDT 
43 TEMGA Jean Pierre Assistant En poste 

 
 

Répartition chiffrée des enseignants permanents par Département (31 Mars 2016) 
 

Département Nombre d’enseignants 

 Pr MC CC ASS Total 

BC 6 (1) 8 (3) 16 (9) 14 (6) 41 (19) 

BPA 10 (0) 9 (1) 14 (6) 10 (4) 43 (11) 

BPV 1 (0) 7 (0) 12 (3) 7 (6) 27 (9) 
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C.I. 6 (1) 9 (1) 14 (3) 5 (2) 34 (7) 

C.O. 9 (0) 10 (3) 12 (3) 2 (0) 33 (6) 

IN 3 (1) 2 (0) 7 (0) 16 (4) 28 (5) 

MA 3 (0) 7 (0) 18 (1) 7 (0) 35 (1) 

MB 1 (0) 4 (1) 6 (2) 2 (0) 13 (3) 

PH 8 (0) 10 (1) 18 (2) 3 (1) 39 (4) 

ST 4 (0) 10 (1) 20 (4) 8 (0) 42 (5) 

Total 51 (3) 76 (11) 137 (33) 74 (23) 338 (70) 

 
Soit un total de : 338 (70) dont 

       - Professeurs               51 (3) 
         - Maîtres de Conférences             76 (11) 

- Chargés de Cours                                   137 (33)    
- Assistants                                     74 (23)  

         - (   ) = Nombre de femmes. 
 
 
       Le Doyen de la Faculté des Sciences 
        
                       Pr Paul BILONG 
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Bamenda is a metropolitan Town that lies on the continental segment of the Cameroon Volcanic 

Line and in the central domain of the Pan-African North Equatorial Fold Belt. The volcanic 

rocks are underlain by basement rocks whose petrology has not been fully studied. The Town is 

drained by River Mezam whose water is susceptible to impairment from anthropogenic sources. 

The city dwellers are indulged in several sectors of activities thus ground and surface water is 

prone to pollution from diverse sources. This study was aimed at assessing water quality in 

Bamenda Town to establish its relation to the geology of the area . In order to attain the 

objectives, observations and measurements of some physical parameters were carried out on the 

field while chemical parameters were analysed in the laboratory from January 2013 to October 

2014. Petrographic and geochemical results revealed that Bamenda Town is covered by igneous 

rocks of plutonic and volcanic types. The plutonic rocks are essentially granitoids (leucogranite 

and granite) while the volcanic rocks are basalt and trachyte. Hydrochemical studies revealed 

that both surface and groundwater were slightly acidic (pH =5.45-6.47 and 5.55-6.84 

respectively). Hydrochemically, ground water presented Ca-Mg-HCO3 water type in the dry 

season and Ca-Mg-HCO3 and Ca-Mg-SO4 water types in the rainy season. The ion concentration 

of the Mezam River water was low (41.67-237.00µS/cm). The water presented Ca-SO4 and Ca-

Mg-Cl +NO3 water types in the dry season and Ca-Mg-SO4 water type in the rainy season. High 

NO3 values (50mg/l) were obtained from water samples from Nkimufueh sampling point. 

Bacteriologically, groundwater was shown to be heavily polluted with indicator bacteria as 

Escherichia coli, Streptococcus, Salmonella and Proteus, attending up to 300CFU/100ml and 

therefore required treatment before use for domestic purpose. The Mezam River water is heavily 

polluted with various bacteria (0-500CFU/100ml) whose concentrations increased from the 

reference point through sampling points in the city center, suggesting the influence of human-

induced activities. The hydrochemistry of surface and groundwater in Bamenda Town is closely 

associated with the petrography of the watershed, as dominant ionic species of the water are 

predominant in the geologic formation of the area.  

 

Key words: petrography, hydrochemistry, bacteriological analyses, pollution, Bamenda. 
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 La ville de Bamenda appartient à la fois à la Ligne Volcanique du Cameroun et au domaine 

centre de la Chaine Panafricaine Nord Equatoriale. Dans la zone d’étude, les roches volcaniques 

constituées essentiellement de Basalte et Trachyte recouvrent partiellement un socle granitique d’âge 

panafricain. Le principal bassin versant de la ville de Bamenda est la « Mezam » dont les affluents et 

la nappe souterraine sont sujettes à des polluants des sources diverses. L’étude pétrographique et 

géochimique des roches de Bamenda, La caractérisation des eaux superficielles et souterraines de 

Bamenda ont permis de mieux comprendre la géologie de la région, d’évaluer la pollution des eaux 

de la ville et d’établir un lien entre la nature des roches du bassin versant et la qualité des eaux. Pour 

atteindre ces objectives, les travaux ont été menés sur le terrain et en laboratoire. Les résultats des 

études pétrographique géochimiques révèlent que la ville de Bamenda est composée des roches 

ignés ; plutonique et volcanique. Les roches plutoniques sont principalement les granitoïdes 

(leucogranite et granite) et les roches volcaniques sont le basalte et le trachyte. L’étude 

hydrochimique révèle que les eaux souterraines ont un facies Ca-Mg-HCO3 en saison sèche et un 

facies Ca-Mg-HCO3 et Ca-Mg-SO4 en saison pluvieuse. Les eaux du fleuve Mezam sont faiblement 

minéralisées (41.67-237.00µS/cm). La forte teneur en nitrate (50mg/l) observée au point Nkimufueh 

est attribuée aux déchets reçus de l’abattoir de Bamenda. Les eaux souterraines et superficielle sont 

légèrement acides (pH =5.45-6.47 and 5.55-6.84 respectivement). Sur le plan bactériologique, les 

eaux souterraines étaient fortement polluées avec les bactéries fécales tels que les E. coli, 

Streptocoques, Salmonella et Proteus (jusqu’a 300CFU/100ml) et requièrent un traitement préalable 

avant utilisation à but domestique. Le fleuve de la Mezam était aussi chargé en bactéries fécales et 

leur teneur augmentaient du point d’échantillonnage aux points de référence dans la ville (0-

500CFU/100ml). L’augmentation de taux bactériens est due aux activités anthropiques. La 

minéralisation des eaux souterraines et superficielles dans la ville de Bamenda est fonction des 

matériaux géologiques puis que les minéraux préalables de ces eaux sont abondants dans les roches 

environnantes. Les études physico-chimiques et bactériologiques ont montrées que les ressources en 

eau dans la ville de Bamenda sont fortement polluées. Il est nécessaire de déterminer les paramètres 

caractéristiques isotopiques des eaux de pluie, les sédiments du fleuve de la Mezam et une étude 

radiométrique des roches ignés de Bamenda en vu de mieux comprendre l’interaction Roches-Eaux 

afin de mieux cerner la pollution des eaux afin d’y apporter une solution adequate. 

Mots clés : pétrographie, hydrochimie, analyse bactériologique, pollution, Bamenda. 
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Water is a polar chemical compound that at room temperature is a tasteless, odourless and 

colourless liquid (Roy, 1992). The water molecule is composed of oxygen (O2) and hydrogen 

(H2) in the formula H2O and occurs in the liquid, solid and gaseous forms. It is the most 

important and abundant substance on earth as well as the most precious resource the Earth 

provides for man (Byrne, 2001). Water plays crucial roles in the development and functioning of 

any community, as it is a prerequisite for activities such as domestic chores, irrigation, industrial 

and livestock production, aquaculture and hydroelectric power generation (Tietenberg, 1996; 

Bowers, 1997). It is the liquid of life because of its special physical and chemical properties 

(Roy, 1992). Of the vast amount of water found on Earth, only about 3% is fresh, found in 

surface reservoirs (lakes, streams, creeks and rivers) and under the ground, while about 97% is 

seawater and thus unfit for drinking and most agricultural and industrial activities (Anatole, 1996; 

Ricklefs, 1996; Marsh and Grossa, 1998). The amount of the fresh water readily available for 

domestic, agricultural and industrial activities represents less than 0.01% of the earth’s total store 

of water as a vast amount of the fresh water is trapped in glaciers and ice caps and remains 

largely unavailable (Kemp, 1998). Organisms cannot function without water and if deprived of it, 

they will rapidly die (Mason, 1993; Owen and Unwin, 2002). Over time, the requirements of 

water have emerged for drinking, personal hygiene, fisheries, agriculture, navigation, industrial 

production, cooling in fossil fuel, power plants, hydropower generation and recreational activities 

(Mannion and Bowlby, 1992; Chapman, 1998). 

 The provision of adequate potable water is one of the major challenges in developing 

countries with about 2.6 billion people without access to improved drinking water (UNICEF, 

2015). A greater proportion of this underprivileged population lives in the developing countries 

of Africa, South America, India, and South East Asia. Unsafe water, associated with low 

sanitation and hygiene represents the leading cause of death in these countries, and it is estimated 

that about 1.6 million people die every year from water-related diseases, 90% of whom are 

children under the age of five (WHO and UNICEF, 2012). Studies have shown that about 160 

million people are infected with schistosomiasis causing tens of thousands of deaths yearly; 500 

million people are at risk of trachoma from which 146 million are suffering from blindness and 6 

million are visually impaired (UN-HABITAT, 2012). There are around 133 million people 

suffering from intestinal helminth infections and about 1.5 million cases of clinical hepatitis. The 

world bank estimates that access to safe drinking water and adequate sanitation could greatly 

reduce the number of deaths resulting from diarrheoa in children to half. Indeed, to remedy the 

water situation in the developing countries, the UN has instituted part of the Millennium 



3 
 

Developing Goals (MDGs) in target 7c to the provision of clean water and sanitation, intended to 

reduce to half by 2015, the proportion of the population without access to safe drinking water and 

basic sanitation (UN, 2016). 

 Bamenda is a cosmopolitan town located at the foot of the Bamenda Highlands which 

form part of the Cameroon Volcanic Line (CVL). The CVL is a megastructure in Central Africa 

oriented N30°E and extending approximately 2000km in length and about 100km in width, from 

the island of Pagalu in the Gulf of Guinea to Lake Chad (Fitton, 1987; Lee et al., 1994; Déruelle 

et al., 1991 and 2007). The Bamenda Highlands constitute the fourth largest massif in volume in 

the continental segment of the CVL (Gountie et al., 2011). It consists of volcanic rocks (alkali 

basalt, trachyte, rhyolite, and ignimbrite) which are of Tertiary-Quaternary age (Kamgang et al., 

2007) and granito-gneissic basement of Pan-African age (Nzenti et al., 2010). The volcanic rocks 

have been studied in details by Kamgang et al. (2007, 2008) while the basement rocks remain 

poorly surveyed, probably because of the scarcity of the outcrop. The available data on the 

Bamenda basement is restricted to the petrogenesis of peraluminous magma from the Akum 

massif, located to the south of Bamenda Town (Nzenti et al., 2010). 

Bamenda Town is drained by the Mezam River and its tributaries which originate from 

the Bamenda Highlands that serve as a prominent watershed to the Bamenda area (Molua and 

Lambi, 2006). The catchment areas for water supply in the town are situated at Mendakwe 

(Upstation) and Mbatu village for the Down Town area. The production and distribution of 

potable water in this Town was the responsibility of the state-owned water utility company 

referred to as “Société Nationale des Eaux Camerounaise” (SNEC) from 1967 to 2006 when 

another water supply company “Camerounaise des eaux” (CDE) took over. The existing water 

schemes constructed some 40 years ago could meet the water needs of the population at that time 

but as the population continued to increase without any concomitant expansion of the schemes, 

the supply of potable water became intermittent during the last decade. Following the creation of 

The University of Bamenda in 2010, there has been a massive influx of students and workers into 

Bamenda Town, and water shortage has become critical to the extent that some neighbourhoods 

have gone for years without a drop of water from their taps. In order to meet up with the scarcity 

and disappointment, many inhabitants are compelled to turn to other water sources, whose quality 

is uncertain, such as groundwater obtained through hand-dug wells, boreholes and springs, and 

surface water from the Mezam River and even rainwater during the rainy period. The quality of 

these water sources has not been assessed to determine their suitability for various activities. 
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Both surface and groundwater sources are prone to contamination. Microbiological contamination 

is a primary concern of urban settlements. Since River Mezam flows through the city of Bamenda, 

the quality of the river water is liable to be impaired by a variety of substances both from point 

and non-point sources. The city dwellers operate different sectors of activities such as garages, 

cottage industries and construction sites. Urban agriculture is carried out on small strips of land in 

the city center and in swamps along the river. This sector makes use of chemical fertilizers, 

herbicides and organic manure, whose residues end up in the river. Some city dwellers find the 

river an easy place for dumping their refuse. In addition, the Town of Bamenda does not have a 

central sewage collection system and so management of sewage depends on individual units, 

which in some cases are channeled into gutters which finally end up in the river. Inorganic 

contaminants can be present in ground and surface water, and other physical and chemical parameters 

can deteriorate water quality as well. It is therefore necessary to investigate the physical, chemical 

and bacteriological quality of the water used by the residents of Bamenda Town to prevent health 

hazards and to ensure sustainable development since these are important factors to consider 

before the water is used for domestic purposes (Suresh et al., 1991).  

 Besides, when water percolates through the subsurface, it encounters geologic formations, 

with which ions are exchanged especially during the process of weathering and alteration, during 

which rocks release minerals whose ions enter aquifers and alter the chemical composition of 

water (Demlie et al., 2007; Tay, 2012). Therefore, the petrology of igneous rocks in Bamenda 

Town that constitute the main geological formations on which water flows will help in 

understanding their chemical composition, the origin of solutes and the processes that generate 

the constituents in water. Physical, chemical and bacteriological studies from ground and surface 

water can provide a better understanding of potential water quality variations due to geology and 

land use practices (Entry and Farmer, 2001). This quality is controlled by many factors, some of 

which include the composition of precipitation, climate and topography and mineralogy of rocks 

of the watershed, as well as anthropogenic influences such as urban, industrial and agricultural 

activities. These factors combine to create diverse water types that change spatially and 

temporally (Wegelin, 1991).  

The main objective of this study was to assess water quality in Bamenda Town in relation to 

its geological settings so as to determine its suitability for domestic chores.  

The specific objectives were: 
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 To carry out a detailed petrography and whole rock geochemistry of the various igneous 

rock types in Bamenda Town.  

 To assess the physical, chemical and bacteriological quality of ground and surface water 

in Bamenda Town. 

 
 To attain these objectives, field studies were carried out seasonally during which rocks 

and water samples were collected for laboratory analyses from where results were obtained for 

the discussion. 

The thesis has been partitioned into four chapters, in addition to a general introduction and a 

general conclusion as follows: 

Chapter One: Geographical setting of the study area and literature review 

Chapter Two: Materials and methods 

Chapter Three: The petrology of igneous rocks of Bamenda Town 

Chapter Four: Ground and surface water quality in Bamenda Town 
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CHAPTER 1 
GEOGRAPHICAL SETTING OF THE STUDY 

AREA AND LITERATURE REVIEW 
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 Bamenda Town is situated along the Cameroon Volcanic Line between the Western 

Highlands and Mount Oku. Being the capital of the North West Region, it receives many 

migrants in transit to the South West, West, Littoral, Centre and all the other regions of 

Cameroon, as well as, neighbouring Nigeria. This chapter explores the natural setting of the study 

area, so as to, appreciate its contribution to the hydrogeochemistry of the area. It also reviews 

relevant information on the geology of Bamenda Town and hydrochemical studies carried out 

along the CVL. 

1.1. GEOGRAPHICAL SETTING 

1.1.1. Physical Geography 

 Location of the Study Area 

Bamenda is the regional head quarter of the North West Region of Cameroon and the 

divisional head quarter of the Mezam Division. It is bounded to the North by Bafut, to the North 

East by Bambui, to the West by Mbengwi, to the South by Santa and to the South West by Bali 

(figure 1). It extends from latitude 5°43ʹ to 7°10ʹ north and longitude 9°35ʹ to 11°12ʹ east. 

Bamenda lies at an altitude of about 1200m to 1865m above sea level and occupies a surface area 

of about 3125ha (Acho, 1998). 

  
Figure 1: Location of the Study Area. A: Cameroon in Africa; B: NW Region in Cameroon;  

C: Mezam Division in the NWR; D: Bamenda in Mezam Division

Source: Camgis (Cameroon Geographic Information System Ltd) 
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 Relief 

 The study area lies along the Cameroon Volcanic Line, thus the topography is influenced 

by a series of volcanic activities that affected the area in the geologic past. The relief falls within 

the range of 1200-1868m and is characterised by very steep slopes, with slope angles ranging 

from 45° to 60° (Ndenecho and Eze, 2004). The morphology is characterised by a gentle sloping 

‘Up Station’ area, with an altitude of about 1800m separated by an escarpment from an 

undulating to flat ‘Down Town’ area with an altitude of about 1200m (figure 2). The slopes along 

the escarpment are more than 35°. On the basis of elevation, Bamenda can be divided into nine 

geomorphologic units ranging from 1200m to about 1768m (figure 3). 

 

 
Figure 2: Relief map of the study area  

Source: Camgis (Cameroon Geographic Information System Ltd) 
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Figure 3: Triangulated Irregular Network (TIN) map of Bamenda showing the different 

geomorphologic units (Source: SRTM data) 
 

 Hydrography 

The hydrographical network of Bamenda portrays a typical dendritic pattern. The 

different streams that culminate to form River Mezam take their rise essentially from Mendankwe 

village and flow through Bamenda Town. The tributary streams then flow and drain the Town, 

merging at the lower part of the municipality to form River Mezam. Major streams include 

Yambot, Ayaba, Nkimufueh, Muogheb and Naaka streams (figure 4). In effect, there is a series of 

waterfalls aligned along the Bamenda escarpment, with some reaching heights above 150m and 

rejuvenating the streams. Since Bamenda Town is relatively a plan, the streams slow down 

creating floodplains with meanders where there is rapid deposition of sediments. This reduction 

in the velocity of streams plays a fundamental part as the contact time with the rocks is 

lengthened. During the months of August and September when the discharge of the waterfalls is 

greatly increased, they could be used to generate electricity. The waterfalls from the Bamenda 

escarpment could serve as touristic sites if developed. 
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 Climate 

 Bamenda experiences an equatorial type of climate with two major seasons: a long wet 

season of about eight months and a short dry season of about four months (table 1). The lowest 

annual precipitation occurs in January (3.96mm) and the highest in August (441.13mm). Monthly 

annual temperatures are lowest in August (17.15°C) and highest in March (20.65°C). The mean 

monthly rainfall and temperature are shown in table 1 and figure 5. 

 

 

 

Figure 4: Drainage Network of Bamenda Town  
Source: Camgis (Cameroon Geographic information System Ltd) 
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Table 1: Mean monthly rainfall (mm) and temperature (°C) of Bamenda (2000-2011)  

Parameter 

Month 
Mean monthly 
Rainfall (mm) 

Mean monthly 
Temperature (°C) 

 

2T(°C) 

January 3.96 19.25 38.50 

February 20.19 19.65 39.30 

March 85.89 20.65 41.30 

April 191.77 19.4 38.80 

May 186.43 19.05 38.10 

June 316.57 18.7 37.4 

July 397.71 17.25 34.5 

August 441.13 17.15 34.30 

September 417.21 17.45 34.90 

October 235.58 18.1 36.2 

November 54.86 18.6 37.20 

December 18.14 18.95 37.90 

Source: Bamenda Up Station Meteorological Service  

 

 
Figure 5: Rainfall-temperature diagram of Bamenda (Ombrothemic diagram) 
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 Vegetation 

 The North West Region is generally grassland savannah, that is, Sudan savannah which 

gives rise to the grassfield. However, the overall landscape coupled with climate gives varied 

vegetation, which is peculiar to the Region. Thus, the vegetation is partly savannah found in 

surrounding areas like Mbatu and Chomba highlands, part of Mendankwe, Banjah and most of 

Mankon. Little patches of forest area are found doted here and there. Due to population 

expansion, most of the natural forest has been destroyed for settlement and agriculture. The 

savannah vegetation is characterised by grasses such as elephant grass (Pennisetumm 

purpareum), short and stunted trees and shrubs. Raffia palms (Raffia vinifera) occur mostly in 

valleys. In some parts, the vegetation has been modified by the planting of eucalyptus trees 

(Eucalyptus amygdalin) especially in Mendankwe and on the Up Station escarpment in areas that 

are considered not suitable for agriculture in order to check erosion and landslides. 

 

1.1.2. Human Geography 

 Population  

The population of Bamenda is estimated at 302,749 inhabitants from the third General 

Population and Housing Census of 2005, covering a total surface area of 3125ha. The population 

density is high with 352.30 persons per sq km (Neba, 2004). The highest concentration of 

population is found in Mankon and Nkwen. Other neighbouring zones with an appreciable 

population size include Mendakwe, Mbatu, Chomba, Banja and Nsongwa.  

 

 Economic activities 

 Most economic activities are concentrated in the central part of Bamenda Town. The 

main roads, especially those that are tarred, function as nuclei of economic activities. The 

majority of commercial enterprises, the main market, Regional hospital, banks, and insurance 

companies, food processing industries, garages, metal working industries and delegations of 

ministries are concentrated in the core of the town. In short, in the city of Bamenda, there are 

people of all occupations, ranging from the “buyam-sellams”, business people, civil servants and 

farmers. Urban agriculture is practiced everywhere in the city of Bamenda on small strips of land 

in between houses and near waterways (Anschütz et al., 1995). 
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1.2. LITERATURE REVIEW 

1.2.1. Geological setting 

The geological setting of Bamenda forms part of two important geological events: the 

Cameroon Volcanic Line (CVL) and the Pan-African North Equatorial Fold Belt (PANEFB). 

Volcanic rocks of the study area are associated with activities of the CVL while the basement 

rocks are linked to activities of the PANEFB. The Bamenda Highlands are an integral part of the 

West Cameroon Highlands of the CVL, which include the Bambouto, Bamenda and Oku 

Mountains (figure 6). The Bamenda Highlands are found between Mount Oku to the Northeast 

and Mount Bambouto to the Southwest (Kagou et al., 2010). The Bamenda Highlands (600km2) 

are the fourth largest volcano of the CVL and is the NE extention of the Mount Bambouto, with 

no clear-cut distinction. 

 The Pan-African North Equatorial Fold Belt 

The crystalline basement rocks (granites and gneisses) of Bamenda Town are associated 

with the Pan-African North Equatorial Fold Belt formations (Nzenti et al., 2010). This Fold Belt 

in Cameroon has been demarcated into 3 major domains (figure 7), namely, a Northern domain, a 

Central domain and a Southern domain (Nzenti et al., 1994; Ngnotué et al., 2000; Nzenti et al., 

2006). The Central domain constitutes a bridge between the Northern and Southern domains. The 

Bamenda Highlands in the Pan-African North Equatorial Fold Belt (PNEFB) in Cameroon or 

Central African Orogen, is a major Neoproterozoic Orogen linked to the Trans-Saharan Belt of 

Western Africa and to the Brasiliano Orogen of NE Brazil. The Central Cameroon domain is 

characterised by many syn-to post tectonic granitoid outcrops and, through fracturing, there was 

the formation of the Central Cameroon Shear Zone (CCSZ), which is a series of strike-slip faults 

trending N70°E (Ganno et al., 2010; Kouankap et al., 2013). The principal characteristics of the 

PANEFB in Cameroon have been presented in earlier works by Nzenti et al. (1992) ; Nzenti 

(1998) ; Ngako (1999); Ngako et al. (2003); Ngnotué et al. (2000), Toteu et al. (2004); Nzolang 

et al. (2003) and Tanko Njiosseu et al. (2005). 
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Figure 6: Geological setting of the study area (Modified from Kamgang et al., 2010). A: The 
position of the CVL in the African continent;  
B: Alignment of oceanic-continental volcanic massifs in Cameroon. 
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Figure 7: Geological map of Cameroon with the three domains of the Pan-African North 
Equatorial Fold Belt (modified from Nzenti et al., 2010). 1: southern domain 
corresponding to the Yaoundé series thrust on the Congo Craton; 2: Central 
domain; 3: northern domain. Granitoid groups are not distinguished owing to 
large scale. TBF, Tibati-Banyo fault; CCSZ, Central Cameroon Shear Zone; SF, 
Sanaga Fault; ASZ, Adamaoua Shear zone; NT, Ntem complex; DS, Dja series; 
NS, Nyong series The Bamenda area is marked by a circle 
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 The Cameroon Volcanic Line 

The Cameroon Volcanic Line is characterized by alignments of oceanic and continental 

volcanic massifs that stretch from Pagalu Island in the Atlantic Ocean to Lake Chad (figure 6) 

and is composed of an active intraplate alkaline magmatic chain that transects both the oceanic 

and continental lithospheres (Fitton, 1987; Déruelle et al., 1991; Déruelle et al., 2007). The 

volcanism of the CVL started at the end of Cretaceous and a few volcanoes are still active today 

at Mount Cameroon as exemplified by the 1999 and 2000 eruptions (Suh et al., 2003). From 

previous studies carried out along the CVL, three distinct sectors have been identified: 1) The 

oceanic sector (Annobon, Sao Tome and Principe), 2) The continent/ocean sector (Bioko, Etinde 

and Mt. Cameroon) and 3) The purely continental sector. This sector of the chain is constituted of 

tens to hundreds of kilometers of volcanic massifs that include Manengouba, Bambouto, 

Bamenda and Oku mountains (Tchuimegnie et al., 2015). The volcano of the Bamenda 

Highlands differs from the other volcanoes of the continental segment of the CVL by the 

presence of large volumes of ignimbritic flows, mafic and felsic lavas which occur in abundance 

(Kamgang et al., 2008). The origin of the mafic rocks of the Bamenda Highlands is shown to 

have come from magmas originating in the mantle but later research by Kamgang et al. (2010) 

revealed that there has been contamination of the original mantle magma as it traversed the 

continental crust to the surface. Petrographical and geochemical studies revealed that the 

Bamenda Highlands consist of basanites, basalts, hawaiites, mugearites, benmoreites, trachytes, 

phonolite and rhyolitic ignimbrite (Kamgang et al., 2008). Ignimbritic deposits are found mainly 

in the continental part of the CVL, particularly in the Bamenda Highlands and Mount Bambouto. 

Radiometric dating of the rocks of the Bamenda Highlands revealed ages ranging from Recent to 

17.4Ma for the basaltic lava and 18.98Ma to 27.40Ma for the felsic lavas (Kamgang et al., 2010). 
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1.2.2. Hydrochemistry of the Cameroon Volcanic Line 

 The volcanic massifs of the continental sector of the CVL (consisting of Mount 

Cameroon, Manengouba, Bambouto, Bamenda and Oku) constitute a predominant watershed 

to the country (Molou and Lambi, 2006). There are many crater lakes (Manengouba, Barombi 

Mbo, Monoun, Awing, Bambili, Nyos, Wum, etc) along the CVL that resulted from explosive 

volcanic activities. Some of the rivers taking their rise from the Western Highlands include 

the Mezam River which originates from the Bamenda Highlands, the Manyu River 

originating from Mount Bambouto, River Mbam from the Oku, Bambouto and Bamenda 

massifs. 

 Many hydrochemical research works have already been carried out along the CVL. 

These include the work of Tanyileke et al. (1996) that examined the chemical and isotopic 

characteristics of fluids along the CVL and showed that Lake Nyos and Lake Monoun have 

Fe-Mg-Ca-HCO3 meanwhile the soda spring was found to be of Na-HCO3 type. Kotaba 

spring was found to be the least mineralized (TDS=8mg/l) and most acidic (pH=4) and lacks 

the common outgassing feature of the CVL springs. The author indicated that Na+ (40-95%) 

was the dominant cation in the springs while Fe2+ and Mg2+ (70%) were abundant in the CO-

rich lakes. HCO3 (>90%) was found to be the most abundant anion with the exception of the 

soda spring except for the coastal lakes where Cl-was predominant. The author established 

that the dominant source of CO for Lake Nyos, Monoun and other lakes along the CVL is 

magmatic. 

 In the Upper Plateau of West Cameroon, Nono et al. (2004) investigated the influence 

of lithology and geologic structures on the quality and dynamism of groundwater and found 

out that the water contained calcium and magnesium chloride, calcium and magnesium 

bicarbonate, as well as sodium and potassium bicarbonate, which were not related to the 

geology of the area. They observed that the mineralization was as a result of the rock types at 

depth and the low degree of alteration of the rocks (≤587mg/l). High values were gotten from 

basaltic terrains. They noted that the productivity of boreholes (20m3/h) was linked to the 

degree of fracturation and nature of the rocks. 

 Chakam et al. (2005) investigated the physico-chemical characteristics of the two 

Manengouba stratovolcanic lakes (Eboga: Male and Female Lakes) and Baré springs and 

showed that the water contained calcium, magnesium and sodium (Ca> Mg > Na), and 

bicarbonates (31.72±0.02mg/l for the Male Lake and 13.42±0.02mg/l of HCO3
- for the 

Female Lake). This work reports that the water of the Lakes was soft (15.00±0.02mg/l and 
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80.00±0.01mg/l of CaCO3 respectively), slightly mineralized (50.09±0.02mg/l and 

120.85±0.2mg/l) and with low electrical conductivity (52.86 and 127.53µS/cm). Also, the 

spring presented different characteristics, with the cations in the order of Na> Mg> Ca, high 

bicarbonate ion concentrations (683±2mg/l for Baré1 and 1128±2mg/l for Baré2) and were 

hard (230±1mg/l of CaCO3 for Baré1 and 306±1mg/l of CaCO3 for Baré2), relatively 

mineralized (961.31±2mg/l and 1325.84±2mg/l) and had higher conductivity (1267 and 1748 

µS/cm). 

 The hydrochemistry of shallow groundwater and surface water in Ndop plain, North 

West Cameroon was studied by Wirmvem et al. (2013) and showed that the water sources 

were acidic, with average pH values of 5.9 for groundwater samples and relatively higher pH 

values of 6.8 for surface water samples. Both surface and groundwater samples were low 

mineralized and fresh, presented low values of electrical conductivity and total dissolved 

solids of 60µS/cm and 39mg/l respectively, showing major ion concentrations in the order of 

Ca2+>Mg2+>K+ for cations and HCO3
->> NO3 ≥Cl >SO4

2- for the anions. The author noted 

concentrations of SiO2 that were higher than those of the individual cations but below the 

mean value of HCO3
-. They observed that the SiO2 emanates from the weathering of granitic 

rocks which are rich in silicate minerals. They noted that the high total dissolved solid 

contents of groundwater resulted from the granitic bedrock materials through which the water 

percolates. The hydrochemical facies revealed a mixed water type of Na-Ca-HCO3. 

 Nitrate contamination of groundwater in two areas of the CVL (Banana Plain and 

Mount Cameroon area)  was investigated by Ako et al. (2014) and discovered that 

groundwater in the Banana Plain was moderately acidic to mildly alkaline with pH values 

varying between 4.30 and 7.85, while in the Mount Cameroon area groundwater was neutral 

to mildly alkaline (pH 6.97–7.98). Average cation concentrations occurred in the order Ca > 

Na > Mg > K in the Banana Plain, while in the Mount Cameroon area the order was Ca > Na 

> K > Mg. For the anions, the order was HCO3> NO3> SO4> Cl in the Banana Plain and 

HCO3> SO4> Cl > NO3 in the Mount Cameroon area. Water groups represented by Ca–Mg-

HCO3 and Na–K-HCO3 were weakly mineralized, circulating within the basaltic and 

scoriaceous aquifers of the Banana Plain and the Mount Cameroon area. They observed that 

Ca–Mg-Cl and Na–K-Cl water types were indicative of anthropogenic pollution. According to 

the authors, the source of Cl, SO4, NO3 and Na ions in groundwaters were mostly agricultural 

fertilizers, animal wastes and industrial and municipal sewage, indicating the influence of 

human activities on water chemistry. They noted that about 6% of groundwater samples in the 

Banana Plain and 0% in the Mount Cameroon area were not suitable for drinking without 
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prior treatment, with respect to the WHO and Cameroon Water Quality Norms for drinking 

water, nitrate concentration should not exceed 50mg/l in drinking water (WHO, 2004). The 

authors established that nitrate was the main anionic species in both agricultural and urban 

areas and that in the Banana Plain, nitrate was the second most abundant anionic species, 

while in the Mount Cameroon area, it occupied the last position. 

 Studies carried out in the lake Nyos area by Kamtchueng et al. (2014) showed that 

both spring and surface water samples had mean pH values of 7.1 and were weakly acidic. 

The soda spring presented a relatively higher mean temperature (24°C), attributed to heat 

generated due to exothermic and thermodynamic reaction between CO2 rich water and the 

surrounding rock. All the investigated samples were fresh (TDS<1,000 mg/l) and soft (TH<60 

mg/). Chemically, they noticed that about 95% of the investigated samples were rich in 

alkaline earth metals (Ca and Mg) and weak acid (HCO3). The average concentration (mg/l) 

of dissolved species in the samples was in the order of Ca >Mg >Na >K for the cations and 

HCO3 >>> Cl >SO4 >NO3 for the anions. The author pointed out that high concentration of 

HCO3 is indicative of intense chemical weathering processes taking place in the aquifer. 

 Also in the lake Nyos area Kamtchueng et al. (2015) worked on groundwater and 

surface water observed a narrow seasonal variation in surface and groundwater temperature 

but noticed that surface water temperatures were lower in the dry season than in the wet 

season, suggesting that the surface water was supplied by groundwater in the dry season. 

However, higher temperature values were recorded in both seasons in the soda spring. The 

observed pH range suggests a slightly acidic to alkaline water. Lower values of EC and TDS 

were obtained in the wet season possibly due to dilution by precipitation. With the exception 

of soda springs, the sampled waters were generally oxic as the dissolved oxygen (DO) 

concentration ranged from 1.02 to 5.25 mg/l. 

 In the Nkoup River System in Foumbot Tita et al. (2009) investigated the 

microbiological pollution and observed high concentrations of indicator bacteria from 

almost all the water samples, exceeding the WHO (1993) limits for drinking water. 

Specific pathogens investigated were Salmonella, Shigella and Vibrio cholera which 

were detected at the sampling sites at different times, with Salmonella being more 

recurrent than Shigella and Vibrio cholera and the highest concentrations were 

recorded in the dry season and at the start of the rainy season.  

 A microbial investigation of the Mezam River system in Bamenda was equally 

carried out by Tita et al. (2013) and found out that all water samples contained all the 



20 
 

indicator bacteria that were analysed, exceeding the WHO (2001) limits except tap 

water. Coliforms and Clostridium spores were shown to be dominant while further 

analysis of the coliforms showed that faecal coliforms were present in all the samples. 

However, faecal Streptococci were more abundant than Pseudomonas sp. They 

observed a spatial difference in the faecal indicator bacteria with urban sites recording 

the highest counts while lower counts were measured at upstream sites. They showed 

that this low quality water could be the source of the high prevalence of waterborne 

diseases in Bamenda Town as less than 20% of the population use tap water for 

drinking and more than 60% use either spring, well or river water for domestic chores 

and irrigation of vegetables. 

1.3. Conclusion 

 The study area is situated at an altitude of about 1200-1840m above sea level with a 

cold climate where temperatures vary from17.15-20.65°C. There are two main seasons and 

rainfall varies throughout the year with the lowest recorded in January and the highest in 

August. The vegetation is typically grassland savannah, which has been modified in many 

areas by the planting of secondary forest (eucalyptus). Bamenda Town is drained by the 

Mezam River and tributary streams which originate below the Bamenda Highlands and flow 

through residential and commercial centers. The study area is covered by volcanic massifs of 

the CVL which are underlain by granito-gneissic basement of the Panafrican North Equatotial 

Fold Belt. Earlier hydrochemical studies along the CVL have revealed that water chemistry is 

a function of the lithological types and various anthropogenic activities carried out in different 

geographical settings. Agricultural practice in Bamenda Town coupled with industrial 

activities and wastes from point and non-point sources that flow into the Mezam River lead to 

impairment of the water quality. This research was therefore intended to analyse water quality 

in Bamenda Town in function to its geological setting in order to determine its fitness for 

domestic purpose. 
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MATERIALS AND METHODS 
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2.1. INTRODUCTION 

 This chapter presents the field and laboratory methods used in the investigation of 

rock samples and ground and surface water samples from Bamenda Town. Petrological 

studies involved field work during which rock outcrops were identified, located and field 

occurrences were studied. Fresh rock samples were collected and macroscopic observations 

were made. The petrography was determined from rock thin sections prepared in the 

laboratory and whole rock geochemical information was gotten through laboratory analyses of 

the rock samples. Water quality assessment comprised analyses of the physical, chemical and 

bacteriological characteristics of the ground and surface water samples conducted on the field 

and in the laboratory. 

2.2. FIELD WORK 

2.2.1. Sampling Points  

The study area stretches from Mendankwe village below the Bamenda Highlands 

through the Bamenda escarpment to Down Town Bamenda, covering Bamenda I, II and III 

Subdivisions to the Lower Ngomgham area where River Mezam exits the Town of Bamenda. 

In order to select suitable sampling points, reconnaissance surveys were carried out to identify 

rock exposures and the most appropriate points at which rock samples, ground and surface 

water samples could be collected. The selected sampling points and their corresponding codes 

are presented in table 2. The altitudes, latitudes and longitudes at the various sampling points 

were obtained with the help of a Garmin Vista CX GPS. 

Table 2: Sampling points and their corresponding codes in the study area 

*rock samples that were not selected  

 
Sampling Point 

Rock 
sample 
codes 

Ground
water 
codes 

Surface 
water 
Codes 

Elevation 
(m) 

Latitude Longitude 

Yambot (Mendankwe) RSY21-27 SW0 YB 1652 N05°55’56” E10°11’12” 

Bayelle segment  RSB1-8 SW1 BB 1216 N05°57’58” E10°09’49” 

Nkimufueh segment 

(Mile 4)  

RSK1-5 SW4 NM 1234 N05°59’08” E10°10’31” 

Ayaba segment * SW2 AS 1237 N05°57’33” E10°08’51” 

Lower Ngomgham RSL1-6 WW2 LN 1222 N05°59’07” E10°07’40” 

Naaka  * SW3 NB 1221 N05°55’22” E10°06’55” 
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The sampling point at Yambot (YB) is located below the Bamenda Highlands where 

the water flows on trachytic rocks. There is neither habitation nor agricultural activity above 

this point to interfere with the quality of the water. The YB sampling point therefore serves as 

a reference point. At sampling point BB, the water has drained a considerable section of 

habitation, the Nkwen market, garages and agricultural land. The sampling point NM is found 

along the stream where wastewater from the Bamenda slaughterhouse is discharged. The 

sampling point AS is located where drainage from the Old Town quarter, the Commercial 

Avenue, garages, hair dressing salons and a dense population has been emptied into the 

stream. The LN sampling point is found after the Mile 6 Mankon dumpsite where River 

Mezam flows out of the Bamenda municipality. Sampling point NB is located in a sparsely 

populated area where the dominant activity is agriculture. 

 SW0 is a spring source found below the Bamenda Highlands where the water comes 

out from rocks beneath a thick over burden and there is no habitation in the vicinity. This 

point serves as a reference point for the groundwater sampling points. SW1 is equally a spring 

source having a thick overburden where the water comes out from rocks below the Bamenda 

escarpment and is highly used by the population of Sisia quater as a source of drinking water 

and for domestic chores. SW2 is located in a densely populated area while SW3 and SW4 are 

found in sparsely populated areas where agriculture is carried out. WW1 and WW3 are hand-

dug wells that are used for domestic chores and drinking by some residents with water 

abstracted using buckets meanwhile WW2 is a borehole with a submerge engine which pumps 

the water out. The different sampling points are shown in figure 8. 

 
2.2.2. In situ measurement of physical parameters 

The following physico-chemical parameters of water were determined on the field: 

 Temperature 

 This parameter was measured with the aid of a thermometer. At each sampling point, a 

sample of water was collected in a 1.5 liter container and the bulb end of the thermometer 

dipped into it for two minutes for the thermometer reading to stabilise. Once it was stable, the 

temperature was taken. 
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Figure 8: Location of sampling points in the study area 
Source: Field work in 2013 

 

 pH 

This was measured with the use of pH test strips. A water sample was collected and 

the test strips were dipped into it and removed immediately. The pH test pads were compared 

with the colours on a pH meter. The pH values were later on validated in the laboratory. 

 Turbidity 

The turbidity was measured using a turbidimeter by allowing a beam of light to be 

projected towards a container of the water sample and the proportion of light which was 

reflected at an angle of 90° by the particles present in the sample was measured. The reflected 

light measured was proportional to the turbidity measured in Nephelometric turbidity units 

(NTU).  

 Electrical Conductivity 

This parameter was measured with the help of a TDS hand-held meter 
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 Disolved Oxygen  

 The dissolved oxygen (DO) was determined using a portable oxymeter.  

2.2.3. Collection of Samples and Preservation 

 Rock sampling 

 Rock exposures were identified during the reconnaissance survey. These exposures 

were selected in the vicinity of the surface and groundwater sampling points. Three fresh rock 

samples were collected at each site using a 3kg geological hammer: one for a macroscopic 

observation, a second sample for thin section preparation and a third one for whole rock 

geochemical analysis. 

 Water sampling 

 Water sample were collected between 6.00am and mid-day in January (dry 

season), April (onset of rains), and October (end of rainy season) in 2013.  

All the sampling points were fairly accessible, so collection was done directly by submerging 

the container facing the upstream direction for surface water at fast flowing points of the 

water body. The samples were collected in 1 liter plastic containers and all the containers 

were rinsed thoroughly, with distilled water and then, with the water to be sampled.  

 Sampling from hand-dug wells involved the use of a bucket with a rope tied to it and 

lowered into the well and when sufficient quantity was collected, it was pulled out and its 

content poured into the container. Water samples from boreholes were collected by pumping 

the water directly into the container. Immediately after collection, each sample was capped, 

labeled and placed in an ice box for transportation to the laboratory. Samples for major ion 

analyses were filtered through a 0.45 µm membrane filter which allowed the removal of 

particles and bacteria that could modify the contents as specified by Atteia (2005). For the 

samples meant for cation analysis, 1% nitric acid with a pH of less than two was added to 

keep metal ions in solution (Rodier, 1996). A total number of 64 samples were collected; 36 

from the Mezam River and tributary streams, and 28 from springs and wells. 

2.3. LABORATORY ANALYSES 

2.3.1. Analyses of rock samples 

 Analyses of rock samples involved petrography and whole rock geochemistry. 
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 Petrography 

 Representative fresh samples of igneous rocks from the study area were selected and 

sent to Geotech Laboratory in Vancouver, Canada, where thirty standard thin sections were 

made. Microscopic observation was carried out with the use of a petrographical microscope in 

the Laboratory of Geology of the Higher Teacher Training College (HTTC) Bambili in The 

University of Bamenda.  

 Whole rock geochemistry 

 The whole rock geochemistry for full elements was performed by the commercial 

laboratory ALS based in Vancouver, Canada.  

 

- Major elements 

 The method used for the analyses of major elements was the Inductively Coupled 

Plasma-Atomic Emission Spectroscopy (ICP-AES). A prepared sample (0.200g) was added 

to lithium metaborate/lithium tetraborate flux (0.90g), thoroughly mixed and fused in a 

furnace at 1000°C. The resulting melt was then cooled and dissolved in 100ml of 4% nitric 

acid/2% hydrochloric acid. The solution was then analysed by ICP-AES and the results 

corrected for spectral inter-element interferences. The oxide concentration was then 

calculated from the determined elemental concentration. 

 

- Heavy metals 

 The analysis of heavy metals was carried out by the Inductively Coupled Plasma-

Mass Spectroscopy (ICP-MS). A prepared sample (0.200g) was added to lithium borate flux 

(0.90g), thoroughly mixed and fused in a furnace at 1000°C. The resulting melt was then 

cooled and dissolved in 100ml of 4% nitric/2% hydrochloric acid solution. The solution was 

then analysed by the ICP-MS method. 

2.3.2. Analyses of ground and surface water samples 

The physical and chemical parameters were analysed in the Laboratory of Soils and 

Environmental Chemistry while the bacteriological parameters were conducted in the 

Laboratory of Animal Physiology and Microbiology, all of the Faculty of Agronomy and 

Agricultural Sciences (FASA) of the University of Dschang. 
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 Physico-chemical Parameters 

 
 Suspended Solids  

 The suspended solid load of the water samples was determined by directly 

evaporating 1 liter of the sample in a 105oC oven in an evaporation dish for 24 hours. The 

evaporation dish was weighed before and after the experiment, when all the water has 

evaporated, it was allowed to cool to room temperature in a decicator and weighed again. The 

suspended solid content was gotten from the difference between the weight of the dried 

residue plus dish after 24 hours at 105oC and the weight of dish. 

 

 Major cations 

The major cations that were determined in the water samples included calcium (Ca), 

magnesium (Mg), sodium (Na) and potassium (K). The techniques employed was the Flame 

Atomic Absorption Spectrometry (FAAS) for Ca and Mg while Na and K were determined 

using the Flame Atomic Emission Spectrometry (FAES) as described by Fifield and Haine 

(1997). All values are expressed in mg/l. 

 Major anions  

 The chloride ion was determined by titration method in which 10ml of the water 

sample was pipette into a 250ml flask and diluted by adding 65ml of distilled water. 1ml of 

potassium chromate was added to the flask. The water sample was titrated by adding AgNO3 

which reacted with the chloride to form a brown coloration. The bicarbonate ions were 

determined spectrophotometrically using bromocresol green (BCG). The sulphate ion was 

measured using barium iodate because sulphate ions react with it liberating iodate ions that 

oxidized tannin to form a brown-red compound that is determined photometrically. 

  
 Nutrients (PO4

3-, NO3
- and NH4

-) 

 The phosphate was measured using ammonium molybdate and potassium antimonyl 

tartrate which react in acid medium with orthophosphate to form phosphomolybdic acid that 

is reduced to molybdenum blue by ascorbic acid and determined photometrically (Franson, 

1995). The nitrate ion was measured using concentrated sulphuric acid because nitrate ions 

react with a benzoic acid derivative to form a red nitro compound that is determined 

photometrically. The ammonium ions were obtained using indophenol blue in the colometric 

method in which the NH3 in the water sample reacted with pheate to produce a blue colour in 

the presence of hypochlorite as an oxidizing agent (Koroleff, 1976).  
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 Heavy Metals 

The heavy metals (iron (Fe), copper (Cu), lead (Pb), cyanide (CN), zinc (Zn), boron 

(B) and arsenic (As)) were determined using the atomic absorption spectrometry method and 

X-ray fluorescent analyses as described by Bassett et al. (1986). 

 Bacteriological Analyses 

Surface and groundwater samples were analysed for indicators of faecal 

contamination. The analyses were carried out for coliform bacteria such as Escherichia coli 

(E.coli), Streptococci, Salmonella and Pseudomonas which provide a definite evidence of 

faecal pollution (Sandy and Feachem, 1998).  

 E. coli 

E. coli was determined using sterile MacConkey broth by the Most Probable Number 

(MPN) method described by Cheesbrough (1991). The method consists of filling five tubes of 

10ml and one of 50ml containing the sterile MacConkey broth (purple) with the sampled 

water and using lactose as an indicator. The culture was then incubated at 44oC for 24 hours 

in a water bath. The fermentation of lactose produced an acid which was indicated in the 

bottles by a change in colour from purple to yellow, and a gas bubble observed in the tube. 

With the use of probability tables, the quantity of coliforms in the water sample was then 

established. 

 Salmonella 

A Salmonella agar plate was prepared from Salmonella agar, which is a selective 

medium for the growth and identification of Salmonella bacteria following the instructions of 

the manufacturer. 1ml each of the water sample was spread on each of the plates and 

incubated at 44°C for 24 hours under aerobic conditions (Cheesbrough, 1991). The salmonella 

colonies appeared dark green in colour. 

 Streptococcus 

Agar plates were prepared from a Columbia medium following the manufacturer’s 

instructions. This is a selective medium for the growth and identification of Streptococcocus. 

1ml of each water sample was spread on the prepared agar and incubated at 44°C for 24 hours 

under anaerobic conditions and the Streptococcus colonies appeared black (Cheesbrough, 

1991). 
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 Enterobacteria 

 Enterobacteria was determined by the methyl red and Voges-Proskauer (MR-VP) 

tests. The methyl red and Voges-Proskauer broth was prepared as directed by the 

manufacturer. The MR-VP broth was incubated for 48 hours at 35°C. This is based on the fact 

that microbes ferment sugars and release CO2 and H2. The Enterobacteria culture had a yellow 

colour indicating low acidic medium (Madigan and Martinko, 2008). 

 

 Proteus 

 Proteus in the water samples was determined by the triple sugar iron (TSI) technique 

described by MacFaddin (2000) in which the Proteus utilized thiosulfate anion as a terminal 

electron acceptor, reducing it to sulfide. The hydrogen sulfide (H2S) reacted with ferrous 

sulfate in the medium to form ferrous sulfide, which was visible as a black precipitate 

observed at the bottom of the medium. 

2.4. CONCLUSION 

 After collecting the various rock and water samples, and performing the different 

scientific analyses described above, sufficient data was obtained on the petrology of igneous 

rocks, physico-chemical and bacteriological characteristics of surface and groundwater in 

Bamenda Town and is presented in the preceding chapter. 
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CHAPTER 3 
 PETROLOGY OF IGNEOUS ROCKS OF 

BAMENDA TOWN 
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3.1. INTRODUCTION 

 The Town of Bamenda is composed mainly of igneous rocks of two main groups: 

plutonic and volcanic. The plutonic rocks are granite and leucogranite, linked to the Pan-

African North Equatorial Fold Belt and are K-granitoid and Na-granitoid respectively.  The 

volcanic rocks are made up of basalt and trachyte, which are basic and acid rocks 

respectively. This chapter presents the results of thin section observations and whole rock 

geochemistry of the studied rock samples. 

3.2. PETROGRAPHY 

Bamenda Town is made up mainly of igneous rocks: plutonic rocks, which constitute 

the basement formation and are in turn covered in many areas by volcanic rocks. 

3.2.1. Petrography of Plutonic rocks from Bamenda Town 

Plutonic rocks are mainly granitic rocks, which outcrop mostly in streambeds, valleys 

and on hill slopes in Bamenda Town. Based on the colour of fresh samples and the relative 

abundance of minerals, the granitic rocks have been separated into two groups corresponding 

to two different rock types: leucogranite for the leucocratic or light group and granite for the 

mesocratic or light grey group of rocks. Plotted in the nomenclature or classification diagram 

of Total Alkali versus Silica of Middlemost (1994), all the samples fall into the granite 

domain (figure 9). 

 
Figure 9: TAS diagram of Middlemost (1994), showing the positions of the samples 

within the granite domain (Granite  , Leucogranite )   



32 
 

 Leucogranite 

Leucogranite outcrops as boulders of varying sizes ranging from about 5 meters to 

about 25 meters in diameter and at stream channels, as flagstones. Fresh samples show a light 

colour with some dark patches (figure 10A &B). Thin section studies present a granular 

porphyritic texture with the main minerals being quartz (50–60 vol.%), plagioclase (20–25 

vol.%), K-feldspar (10–15 vol.%), micas (5–10 vol.%) and opaque minerals (1–05 vol.%). 

Quartz crystals are polycrystalline sub-automorphs to xenomorphs in association with 

plagioclase. They are the main minerals of the rock. Plagioclase displays different forms and 

sizes (1-1.5mm). The larger crystals are automorphs, and contain inclusions of opaque 

minerals. Some of the large plagioclase crystals are fractured and these cracks are filled with 

fine grains of quartz. Micas are present as both biotite and muscovite. Their crystals are 

anhedral (mica flakes) and contain inclusions of opaque minerals.  

 Granite 

Granite also outcrops as boulders of various dimensions, ranging from about 5 meters 

to about 50 meters in diameter. The rocks are medium-grained and light grey in colour (figure 

10E & F). Under the microscope, the sample displays heterogranular texture with modal 

composition made up of K-feldspar (20–30 vol.%) , quartz (15–25 vol.%), plagioclase (10–20 

vol.%), biotite (15–20 vol.%), amphibole (5–10 vol.%) and opaque minerals (1–05 vol.%). 

Quartz presents two habitus, phenocrystals which are xenomorphs with undulatory extinction 

and varying crystal sizes (0.3-3.8mm) which are sub-automorphs generally associated with K-

feldspars. K-feldpars present here are large xenomorphic crystals of orthoclase exhibiting 

various sizes (1-4.3mm) which at some portions react with quartz to form myrmekites (figure 

10G). Amphiboles are greenish hornblende with elongated-shaped crystals that present a 

destabilization with biotite at some portions. 

 Gneisses 

 Gneisses outcrop at Newlayout-Nkwen and in the River between Nkwen market and 

Bayelle. At Newlayout they align with quartzofelspathic veins. Boudin structures are visible 

on some while on others pinch and swell could be observed. Between Nkwen market and 

Bayelle, the stream bed consists of gneisses, some showing folded structures, with normal and 

recumbent folds being common. 
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Figure 10: Photographs and Photomicrographs of the granitoids of Bamenda Town. 

Leucogranite- A: photo of an outcrop; B: photo of a hand specimen sample; C 
and D are photomicrographs displaying texture in leucogranites and its mineral 
content. Granite- E: photo of an outcrop; F: photo of a hand specimen sample;, 
G and H are photomicrographs displaying texture in granites and its mineral 
content 
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3.2.2. Petrography of Volcanic rocks from Bamenda Town 

 The volcanic rocks observed in Bamenda Town are of two main petrographic types: 

basalt and trachyte. 

 Petrography of Basalt 

 Basalt (figure 11A) occurs on the field as boulders of varying sizes (2-4m). They are 

dark grey to black with massive structures. Microscopically, it has a microlitic porphyritic 

texture characterized by the presence of micro crystals of plagioclase (0.1-0.7mm) associated 

with some opaque minerals, olivine and pyroxene, all embedded in a groundmass made up of 

fine-grained crystals (figure 11C). Olivine is the main mineral phase in the studied basalt and 

occupies about 30% of the rock and occurs as subeuhedral to anhedral phenocrysts and in 

groundmass. Plagioclase forms the bulk of the groundmass and appears as small laths with 

sizes varying from 0.4 to 0.8mm long in the form of microlites. These microlites of 

plagioclase are very abundant and occupy nearly 39% of the volume of the rock (figure 11F). 

Clinopyroxene with size varying from 1 to 4mm occur as euhedral to anhedral crystals 

forming about 2% volume of the rock. Some crystals of clinopyroxene contain opaque 

minerals as inclusion (figure 11.D). Opaque minerals are common in all the basalt samples. 

Some are subhedral, abundant and occur as inclusions within olivine and pyroxene crystals 

(figure11.D). They range in size from 0.06mm to 2mm, forming about 29% volume of the 

rock. 

 Petrography of Trachyte 

 Trachyte appears as domes in the study area (figure 10E) and presents a mesocratic or 

dark grey colour and abundant white visible sanidine phenocrysts (figure 10F). The texture is 

porphyritic with phenocrysts of sanidine (2.5mm × 1.2mm) and plagioclase (6mm × 2.1mm) 

enclosed in a fine-grained groundmass. The groundmass is made up of microlites of feldspars, 

pyroxene, and very fine crystals of opaque minerals. The microlites show a preferred 

orientation and simple twinning (figure 10H). The alkaline feldspars are represented by 

sanidine. They form about 30-40% by volume of the rock and are the most abundant 

phenocrysts. The crystals are subeuhedral to euhedral in shape, ranging in size from about 

6mm x 1.5mm. In the groundmass, they are also abundant and occurring in the form of 

microlites. Clinopyroxene is represented by augite which presents a prismatic section that is 

subautomorphic and a size range between 1.5mm x 2mm. The cleavages have been corroded 

by the groundmass and constitute less than 2% by volume of the rock. The opaque minerals 
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constitute 10-13 volume % of the rock, with sizes ranging from 0.15mm x 0.15mm and are 

sub rounded in shape.  

     

     

     

     
Figure 11: Photographs and photomicrographs of volcanic rocks of Bamenda Town. 

Basalt- A: field occurrence; B: hand specimen view; C&D: photomicrographs 
showing texture and various minerals of basalt. Trachyte- E: field occurrence; F: 
hand specimen view; G&H: photomicrographs showing texture and minerals of 
trachyte 
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 Geologically, a greater proportion of Bamenda Town is made up essentially of granite, 

constituting about 55% of the geology and is exposed in the neighbourhoods of Bayelle, 

Musang, Azire, Nsongwa and Ntenefor. This is followed by trachyte which constitutes about 

35% of the geology and is exposed essentially along the Bamenda escarpment, Mendakwe 

village and Sisia quarter. Basalt comprises about 10% of the geology of Bamenda Town and 

is exposed in the vicinity of Ntamulung and Ngomgham quarters. Leucogranite is the least 

petrographic type, constituting about 5% of the geology of Bamenda Town and exposed at 

Bayelle and Ntenefor quarters of Bamenda Town. The geology of Bamenda Town is 

presented in figure 12. 

 

Figure 12: Geological map of the study area 

 

 

 

Quarters 
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3.3. GEOCHEMISTRY 

3.3.1. Geochemistry of plutonic rocks 

- Major elements of plutonic rocks 

The whole rock geochemical data of granite and leucogranite from Bamenda are 

presented in table 3. The rocks are rich in silica with leucogranite having a comparatively 

higher SiO2 content, ranging from 73 to 76%, while the silica content of granite varies from 

70 to 73%. The Harker diagrams (figure 13) showing the variation of major elements versus 

SiO2 revealed well pronounced negative and positive correlations. AL2O3, Na2O and MnO 

concentrations exhibit a positive correlation with increasing silica, whereas, the 

concentrations of Fe2O3, MgO, CaO, K2O and P2O5 exhibit a negative correlation. 
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The SiO2 versus K2O diagram of Peccerillo and Taylor (1976) shows that the studied 

granite and leucogranite belong to high-K calc-alkaline series with one sample of leucogranite 

ploting into calc-alkaline series field (figure 14). The sum of alkaline elements (Na2O+K2O) 

are relatively constant and high, varying from 7.55 to 7.78% in leucogranite and from 7.67 to 

8.35% in granite. 

 

Figure 14: K2O vs SiO2 diagram of Peccerillo and Taylor (1976) showing the calc-
alkaline to high K- calc-alkaline affinities of granite and leucogranite of 
Bamenda Town 

 
The major difference between the studied leucogranite and granite is their alkali 

content. Granite is richer in K2O than leucogranite. The Na2O/K2O versus SiO2 diagram of 

Gills (1981) defining Na-granitoids and K-granitoids revealed that leucogranite is Na-

granitoids whereas granite is K-granitoids (figure 15).  

 

 
Figure 15: Na2O/K2O versus SiO2 defining Na-granitoids field and K-granitoids field 

after Gills (1981) 

The granite is also richer in calcium than leucogranite. Plotted in the Aluminium 

Saturation Index diagram A/CNK-A/NK of Chappell and White (1992), leucogranite plots in 

the peraluminous field and all samples conform to S-type granitoids (figure 16) whereas 

granite plots mostly in the peraluminous field, and correspond to I-type granitoids. 
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Figure 16: Alumina index diagram A/CNK-A/NK for Bamenda Town granitoids. Boundary 

between I-type and S-type granite is after Chappell and White (1992). 
 
Granite has a high mafic content (Fe2O3 + MgO + TiO2 = 3.16 to 3.91%) compared to 

leucogranite (Fe2O3+MgO+TiO2= 1.01 to 1.37%). The classification diagram of Frost et al. 

(2001), discriminating ferroan granitoids and magnesian granitoids, revealed the magnesian 

and ferriferous characters for granite and leucogranite respectively (figure 17A). The 

Millications Fe+Mg+Ti vs Mg/Mg+Fe diagram of the same author confirms those 

geochemical characters, with granite plotting in the field of magnesian series whereas 

leucogranite plots in the ferriferous field (figure 17B). 

 

    
Figure 17 A: The SiO2 vs FeOt/ (FeOt + MgO) diagram, axis units are wt%; B: Millications 

diagram Fe+Mg+Ti vs Mg /Mg+Fe. 
   

- Trace elements and REE of plutonic rocks 

Data of major, trace elements and rare earth elements from whole rock geochemistry 

of granites and leucogranites are presented in table 3. 

 

0.8 1.0 1.1 1.2 1.6
0

1

2

3

A
/N

K

A/CNK

Peralkaline

M
et

al
um

in
ou

s

Peraluminous

I-type S-type

1.4

 

Magnesian

70 72 74 76
0.4

0.6

0.8

1

SiO2

F
eO

/(
F

eO
+

M
g

O
)

Ferroan

 

Magnesian series

Ferriferous series

Fe+Mg+Ti

M
g

/(
M

g
+

F
e)

0 10 20 30 40 50 60 70
0

0.2

0.4

0.6

A B 



40 
 

Table 3: Major elements, trace elements and rare earth elements of leucogranite and 
granite from Bamenda Town. All values are in ppm 

 Rock  LEUCOGRANITE      GRANITE 
 Codes RSK1 RSK2 RSK3 RSK4 RSK5 RSB1 RSB2 RSB4 RSB5 RSB6 RSB7 RSB8 

M
aj

or
 E

le
m

en
ts

 

SiO2 75.4 73.5 74.9 75.6 75 71.9 71.2 70.6 72.7 71.5 72.8 72 
Al2O3 15.15 15.5 15.5 15.35 15.1 14.65 14.15 14.2 14.35 14.5 14.1 14.7 
Fe2O3 1.31 0.96 0.99 1.03 1.25 2.51 1.98 2.27 2.34 2.27 2.23 2.3 
CaO 0.19 0.2 0.23 0.23 0.18 1.83 1.67 1.37 1.53 1.69 1.45 1.44 
MgO 0.05 0.04 0.04 0.05 0.05 1.02 0.87 0.73 0.88 0.94 0.7 0.77 
Na2O 4.33 4.32 4.37 4.6 4.29 3.58 3.72 3.33 3.37 3.61 3.34 3.45 
K2O 3.44 3.38 3.41 2.95 3.49 4.77 4.68 4.37 4.31 4.56 4.33 4.52 
Cr2O3 <0.01 0.01 0.01 <0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
TiO2 0.01 0.01 0.01 0.01 0.01 0.38 0.31 0.27 0.33 0.33 0.27 0.29 
MnO 0.14 0.11 0.09 0.08 0.19 0.04 0.03 0.03 0.04 0.03 0.03 0.04 
P2O5 0.07 0.07 0.08 0.07 0.07 0.13 0.11 0.08 0.11 0.1 0.09 0.09 
SrO 0.01 0.01 0.01 0.01 0.01 0.17 0.17 0.14 0.14 0.17 0.14 0.15 
BaO 0.01 0.01 0.01 0.01 0.01 0.3 0.27 0.22 0.23 0.27 0.23 0.23 
LOI 1.53 1.86 1.64 1.94 1.8 0.62 0.64 0.61 0.72 0.79 0.53 0.56 
Total 101.6 99.95 101.3 101.9 101.4 101.9 99.8 98.22 101.1 100.8 100.2 100.5 

Tr
ac

e 
an

d 
R

ar
e 

Ea
rt

h 
El

em
en

ts
 

Ba 18.6 7.5 8.2 9.8 23.5 2670 2430 2060 2120 2510 2170 2120 
Ce 4.4 4.1 4.8 5.3 5 112.5 94.6 81.9 94.3 98.3 89 96.2 
Cr 10 10 10 10 10 40 30 30 30 40 30 30 
Cs 9.19 9.07 8.85 7.37 9.04 3.36 3.14 2.88 3.1 3.99 2.78 2.9 
Dy 0.94 0.83 0.82 0.75 1.09 2.39 2.21 1.35 1.68 2.16 1.6 1.55 
Er 0.42 0.39 0.41 0.31 0.46 1.24 0.94 0.6 0.9 1.03 0.81 0.77 
Eu 0.09 0.1 0.13 0.07 0.1 1.27 1.24 1.09 1.08 1.28 1.16 1.03 
Ga 38.4 38.7 37.2 35.5 36.9 21.2 18.7 17.7 18.8 19.5 17.8 18 
Gd 0.83 0.81 0.92 0.74 0.83 3.7 3.02 2.23 2.79 3.43 2.49 2.63 
Hf 2.6 2.2 2.3 2.3 2.7 6.1 5.6 3.9 4.6 5.1 4.5 4.3 
La 4.7 4.6 6.8 3.5 5.6 62.4 52.7 45.3 51.5 53 48.3 52.3 
Lu 0.07 0.08 0.07 0.07 0.08 0.17 0.15 0.1 0.14 0.15 0.12 0.13 
Nb 34 44.5 36 26.5 38.8 12.8 11.5 8.9 10.6 12 9.6 9.8 
Nd 3.7 4 5.3 3.1 4.6 42.9 35.3 28.7 33.4 35.9 31 33.4 
Pr 1.11 1.18 1.55 0.89 1.33 12.05 10.5 8.6 9.94 10.6 9.45 10.15 
Rb 370 362 365 303 365 109 99.1 87.9 90.5 104.5 84.5 88.8 
Sm 0.99 0.97 1.29 1.08 1.08 6.18 5.29 4.2 4.81 5.73 4.45 5.04 
Sn 34 34 33 27 31 2 2 2 2 3 2 2 
Sr 8.4 5.1 5.3 5.6 5.3 1470 1360 1220 1245 1420 1260 1240 
Ta 4 7.7 4.9 2.6 8.2 1.3 1.3 0.7 0.8 1.1 0.8 0.8 
Tb 0.16 0.13 0.17 0.13 0.19 0.46 0.41 0.27 0.34 0.42 0.3 0.3 
Th 1.43 1.14 1.11 1.81 2.22 13.9 13.15 12.25 12.95 16.85 12.75 13.9 
U 3.12 2.56 2.62 3.47 3.48 2.93 4.19 2.99 2.95 10.45 5.78 4.68 
V <5 <5 <5 <5 <5 24 20 19 22 23 18 19 
Yb 0.47 0.54 0.44 0.49 0.52 1.29 1.06 0.67 0.74 0.88 0.79 0.73 
Zr 33 31 32 32 37 222 195 156 188 201 176 172 
Bi 1.56 1.49 4.43 7.84 1.95 0.32 0.84 0.13 0.14 0.87 0.17 0.11 
Co 1 2 1 2 1 4 4 4 4 4 3 4 
Cu <1 1 1 1 1 11 10 10 13 17 12 11 
Li 60 60 50 50 50 30 30 30 40 30 30 30 
Ni 1 1 <1 <1 1 19 16 14 17 17 16 15 
Pb 12 12 11 13 15 57 60 57 54 60 57 54 
Zn 21 22 22 20 18 47 43 39 48 46 40 42 
∑REE 18.13 17.93 22.92 16.62 21.15 247.17 207.96 175.34 202.09 213.4 189.89 204.63 
(Ce/Sm)N 1.07 1.02 0.90 1.19 1.18 4.40 4.32 4.71 4.73 4.14 4.83 4.61 
(La/Yb)N 6.75 5.75 10.43 4.82 7.27 32.65 33.56 45.64 46.98 40.65 41.27 48.36 
(Gd/Yb)N 1.43 1.21 1.69 1.22 1.29 2.32 2.30 2.69 3.05 3.15 2.55 2.91 
(Gd*Sm)N 26.12 24.97 37.72 25.40 28.49 726.78 507.78 297.69 426.54 624.68 352.19 421.31 
(La/Lu)N 6.97 5.97 10.08 5.19 7.27 38.10 36.47 47.02 38.18 36.68 41.78 41.76 
(La/Sm)N 2.99 2.99 3.32 2.04 3.27 6.36 6.27 6.79 6.74 5.82 6.83 6.53 
(Gd/Lu)N 1.47 1.26 1.63 1.31 1.29 2.71 2.50 2.77 2.48 2.84 2.58 2.51 
Eu/Eu* 0.30 0.35 0.37 0.24 0.32 0.81 0.95 1.09 0.90 0.88 1.07 0.88 

Note: A/Nk=Al2O3/ (Na2O+K2O) and A/CNK=Al2O3/(CaO+Na2O+K2O), molar ratio (1000 * wt% / Molecular 
mass). 
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The Harker diagrams of selected trace elements, show negative correlations for Ba, Sr, 

Zr, Zn and Y, which decrease from granite to leucogranite with increasing SiO2 content. Nb, 

Rb, and Y+Nb show positive correlations, with increasing concentrations of SiO2 from granite 

21to leucogranite (figure 18). 

 
Figure 18: Harker diagrams of selected trace elements 
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 Trace Elements 

 The Ba/Rb ratios are very low in the leucogranite and range between 0.02 to 0.06. 

On the contrary, the granite, these ratios are relatively high (23.43-25.68) compared to the values 

observed in continental calc-alkaline igneous granitoids in Mali, West Africa (Bertrand et al., 

1984). Regarding the Ba/Sr ratios, granite and leucogranite yield values within the same ranges 

from 1.4 to 2.2 with sample RSK5 of leucogranite having 4.434.  

 Rare Earth Elements 

The rare earth element (REE) patterns (figure 19A & B) of the Bamenda studied rocks 

normalized with chondrite (Evensen et al., 1978) are quite different. Leucogranite patterns are 

more or less parallel, less fractionated, showing a weak LREE (light rare earth element) 

enrichment with LaN/YbN ratios <11 and GdN/YbN ratios of 1.21–1.69. Negative Eu anomalies 

(Eu/Eu* = 0.23-0.36) are pronounced in leucogranite which also show negative anomalies in Ce. 

In contrast, granite patterns normalized with the same chondrite values are quite parallel, showing 

strong LREE enrichment with LaN/YbN ratios of 32.65-48.36 and GdN/YbN ratios of 2.30–3.15. Eu 

anomalies are variable in granites (Eu/Eu* = 0.81-1.08). The multi elements spider diagrams 

(figures 20&21) of all the studied rocks show similar trends in general, but with a distinctive 

depletion in Ba and TiO2 which are well pronounced in leucogranites. Regarding P2O5, opposite 

anomalies were noticed, weakly positive in leucogranites and strongly negative in granite.  

Negative anomalies were also observed for Ce. 

The chondrite normalized patterns show that granite have higher concentrations of LREE 

than leucogranite, respectively >100*chondrite and >10*chondrite. In contrast, their HREE 

concentrations are similar in both granitoid types. 

 
 

 
 

 
 

 
 

Figure 19: REE spider diagrams of leucogranite and granite of Bamenda Town normalized to chondrite 
values from Evensen et al. (1978). A: leucogranite; B: granite 
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Figure 20: Multi-elements spider diagram of leucogranites: Values used for 

normalization are chondrite values from Pearce (1983). Sc and C values are 
from Pearce (1982) 

 

           

Figure 21: Multi-elements spider diagram of granite: Values used for normalization are 
chondrite values from Bevin et al., (1984) 

  

3.3.2. Geochemistry of volcanic rocks from Bamenda Town 
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 Major elements of volcanic rocks 

The major elements concentrations from whole rock geochemistry of selected studied 

volcanic rocks from Bamenda Town are presented in table 4. The concentrations of SiO2, 

TiO2 and MgO in basalt and trachyte are 45.50–47.60 wt% and 64-66.20 wt%, 2.96–3.02 wt% 

and 0.54-0.56 wt%; 6.38-7.08 wt% and 0.12-0.17 wt%, respectively. Alkaline content ranges 

from 4.13–5.37 wt% for basalt and 9.58-10.23 wt% for trachyte. 

The total alkali versus silica classification diagram (figure 22) of Cox et al. (1979), 

with the boundary line between alkaline and subalkaline series according to Irvine and 

Baragar (1971), all the points representing the studied volcanic rock fall within the alkaline 

series domain. It is therefore clear from a geochemical standpoint that the studied volcanic 

rocks of Bamenda Town are basalt and trachyte.  

 
Figure 22: Total alkalis versus silica variation diagram showing the composition range and 

evolutionary trend of Bamenda lavas (rock classification from Cox et al., 1979) 
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 Harker diagrams (figure 23) of some trace elements versus SiO2 revealed a marked 

difference between the two groups of rocks. They denote positive correlations of Nb, Rb, Zr, Y and 

Y+Nb and negative correlations of Ba, Sr and Zn with increasing concentration of SiO2. 

 Spider diagrams (figure. 24 and 25) of rare earth elements (REE) normalized with chondrite 

of Evensen et al. (1978) show fractionation, marked by a relative LREE enrichment. Basalt and 

trachyte are characterized by negative anomalies of Europium (Eu/Eu*=1.013-1082) and 

(Eu/Eu*=0.74-0.832). The multi-elements spider diagram (figure 26) shows negative anomalies for Sr, 

Zr, Y and Sc and positive for Ba, Nb and Cr for basalt, and negative anomalies for Sr, Ba, P2O5, TiO2 

and Sc and positive Rb, Th, Zr and Yb for trachyte (figure 27). 
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Table 4: Major elements, trace elements and rare earth elements of basalt and trachyte from 
Bamenda Town, all values are in ppm 

 ROCK TRACHYTE BASALT 

M
aj

or
 E

le
m

en
ts

 

Code RSY21 RSY22 RSY23 RSY24 RSY25 RSY26 RSY27 RSL1 RSL2 RSL3 RSL4 RSL5 RSL6 
SiO2 64.1 64.9 65.6 65.4 66.2 64 65.5 45.9 47.6 47 47.4 47.2 45.5 

Al2O3 12.15 12.05 11.9 12.1 12 11.75 11.9 15.2 15.35 15.55 15.2 14.85 14.9 
Fe2O3 8.98 8.46 8.8 8.9 8.58 8.44 8.25 11.95 12.4 12.1 12.05 12.5 11.9 
CaO 0.4 0.38 0.41 0.47 0.4 0.46 0.43 8.45 8.85 8.89 8.73 8.87 8.6 
MgO 0.13 0.12 0.13 0.13 0.12 0.17 0.14 6.49 6.81 6.38 6.7 7.08 6.47 
Na2O 5.46 5.57 5.54 5.68 5.49 5.14 5.37 3.29 3.41 2.57 3.36 3.63 3.38 
K2O 4.51 4.49 4.5 4.55 4.54 4.44 4.51 1.67 1.7 1.56 1.71 1.74 1.64 

Cr2O3 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.02 0.02 0.02 0.03 0.03 
TiO2 0.56 0.56 0.54 0.56 0.54 0.54 0.55 2.93 2.96 3.02 2.97 2.88 3 
MnO 0.48 0.52 0.52 0.44 0.41 0.55 0.45 0.21 0.2 0.22 0.19 0.21 0.21 
P2O5 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.87 0.9 0.89 0.92 0.88 0.85 
SrO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.13 0.13 0.12 0.13 0.12 0.12 
BaO 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.08 0.08 0.09 0.09 0.08 0.08 

C 0.76 0.61 0.71 0.68 0.7 0.87 0.71 0.07 0.03 0.06 0.02 0.04 0.07 
S 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.02 

LOI 3.17 2.68 3.11 2.84 2.93 3.86 3.19 2.34 1.57 3.28 1.46 0.81 2.23 
Total 100 99.79 101.1 101.12 101.27 99.41 100.35 99.54 101.98 101.69 100.93 100.88 98.91 

T
ra

ce
 a

nd
 R

ar
e 

E
ar

th
 E

le
m

en
ts

 

Ba 327 276 281 308 296 302 292 692 706 736 753 699 705 
Ce 335 324 317 328 328 318 318 103.5 105 107.5 106 103 104 
Cr 20 20 20 20 20 10 <10 190 180 170 180 190 190 
Cs 0.14 0.14 0.13 0.16 0.14 0.17 0.17 0.28 0.28 0.46 0.3 0.44 0.22 
Dy 17.05 16.7 16.85 16.45 17.25 17.6 17.95 5.85 5.81 6.17 5.69 5.57 5.93 
Er 8.58 8.17 8.22 7.72 8.4 8.67 8.51 2.73 2.91 3.02 2.64 2.46 2.69 
Eu 6.09 5.98 5.72 5.99 6 5.81 5.86 2.8 2.87 3.11 2.92 3 3.04 
Ga 35.1 33.2 33.2 33.8 33.7 33.3 33.2 21.5 21.2 21.3 21.2 20.5 21.7 
Gd 19.85 20.1 19.5 19.55 20.1 20.7 22 7.66 7.92 8.38 7.93 7.71 7.92 
Hf 25.7 22.4 22 23.3 23.4 23.5 23.9 6.2 6.5 6.5 6.5 6.2 6.5 
La 160.5 156 151.5 156.5 157.5 150 152.5 52.4 53.6 54.5 54 52.5 53 
Lu 1.14 1.09 1.06 1.06 1.12 1.06 1.11 0.3 0.3 0.31 0.31 0.29 0.3 
Nb 214 223 217 231 200 193.5 214 76.9 76.7 76.8 76.5 75.1 77.5 
Nd 144 140.5 136 141.5 141 138 137.5 46.7 48.8 48.5 48.7 46.4 47.6 
Pr 39 38 36.9 38 38.7 35.6 36.3 11.95 12.3 12.35 12.35 11.9 12.1 
Rb 99.6 96.2 96.1 99 96.7 90.6 95 36.6 37.7 38.2 38.3 40.3 36.8 
Sm 25.2 24.9 24.8 25.5 24.9 25.7 26.2 9.23 9.48 9.65 9.61 9.45 9.31 
Sn 7 7 7 8 7 6 7 2 2 2 2 2 2 
Sr 10.2 8.8 9.2 10.6 9.6 12.7 9.9 1030 1045 999 1045 995 1040 
Ta 12.8 12.1 11.7 12.2 11.8 11.7 11.7 4.3 4.2 4.3 4.2 4.2 4.3 
Tb 3.12 3.04 2.98 2.89 3.03 3.16 3.31 1.12 1.09 1.11 1.13 1.06 1.1 
Th 17.6 17.05 16.35 17.35 17.3 16.3 16.7 6.37 6.32 6.4 6.29 6.21 6.51 
U 6.41 6.2 5.36 5.95 6.11 6.03 6.25 1.69 1.61 1.7 1.66 1.67 1.75 
V 6 <5 5 <5 5 <5 <5 215 213 213 210 208 217 

Yb 7.32 7.19 6.97 7.13 7.57 6.89 7.17 2.01 2.17 2.15 2.04 1.96 2.19 
Zr 1170 1050 1020 1090 1090 1100 1150 303 302 304 305 298 308 
Bi 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.01 0.01 0.01 0.01 0.01 0.01 
Co 1 <1 <1 <1 <1 <1 <1 51 41 49 45 44 48 
Cu <1 <1 <1 1 <1 <1 <1 38 37 37 37 38 39 
Ni <1 2 <1 <1 <1 1 1 101 92 103 94 105 100 
Pb 12 11 10 7 11 10 13 <2 2 2 4 <2 <2 
Zn 282 318 275 272 272 307 298 127 124 127 130 126 127 

∑REE 771.36 750.05 731.86 754.53 757.99 735.55 741 247.63 253.61 258.23 254.77 246.65 250.71 
(Ce/Sm)N 3.21 3.14 3.09 3.11 3.18 2.99 2.93 2.71 2.67 2.69 2.667 2.63 2.70 
(La/Yb)N 14.08 14.64 14.67 14.82 14.04 14.69 14.36 17.60 16.67 17.11 17.87 18.08 16.34 
(Gd/Yb)N 2.19 2.26 2.26 2.22 2.15 2.43 2.48 3.08 2.95 3.15 3.14 3.18 2.92 
La/Lu)N 14.61 14.86 14.84 15.33 14.60 14.69 14.26 18.13 18.55 18.25 18.08 18.79 18.34 
(La/Sm)N 4.01 3.94 3.85 3.86 3.98 3.67 3.66 3.57 3.56 3.56 3.54 3.50 3.58 

Eu/Eu* 0.83 0.82 0.80 0.82 0.82 0.77 0.75 1.02 1.01 1.06 1.02 1.07 1.08 
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Figure 24: Spider diagram of REE normalized with chondrite of the studied Basalt 
 
 

                  

Figure 25: Spider diagram of REE normalized with chondrite of the studied trachyte 
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                         Figure 26: Multi-elements spider diagram of basalt 
  
 
 

                       
 
                      Figure 27: Multi-elements spider diagram of trachytes 
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3.4. DISCUSSION AND INTERPRETATIONS  

3.4.1. Plutonic rocks in Bamenda Town 

Plutonic rocks studied in Bamenda Town during this study are granites. They present a 

close field spatial relationship and the difference in their colour is related to their mineral 

content. Granite is relatively richer in mafic minerals (biotite and amphibole) than 

leucogranite and this major difference between the same rock type in the same geological 

setting may be either due to their sources or to different magmatic processes involved in their 

formations. In granite, the ondulatory extinction of the quartz crystal and the transformation 

of amphibole to biotite are key elements of the syntectonic characteristics of granite which 

undergoes relative low deformation in contrast to leucogranite which shows no signs of 

deformation. 

K-rich granites are generally derived from the partial melting of metamorphosed 

hydrous intermediate calc-alkaline rocks (Roberts and Clemens, 1993). In the molar 

Al2O3/(MgO+FeOt) versus CaO/(MgO+FeOt) diagram (figure 28), the Bamenda granite plots 

in the field of rocks resulting from the melting of metagreywackes, whereas, the Bamenda 

leucogranite plots in the field of partial melts from metapelitic materials. This fact highly 

clarifies their petrographical and geochemical differences but could also be a reflection of the 

complex geological context and the relative geochronology. 

The high contents of LREE in leucogranite could be related to the enrichment of their 

source materials in LREE because Y and Yb show no negative anomalies, suggesting that 

garnet was not involved in the residual phase. The enrichment of LREE together with 

depletion in HREE observed in Bamenda granitoids had also been noticed by Nzenti et al. 

(2006) and interpreted as compatible with fractionation of amphibole which tends to 

concentrate the HREE. 

The Eu anomalies variation (negative and positive) may indicate melting under low 

and high hydrous (H2O) conditions respectively (Shang et al., 2007). The well pronounced Eu 

anomalies in leucogranite is indicative of melting in low hydrous condition. For granite 

samples with negative to weakly positive Eu anomalies, it can be suggested that their melting 

took place in less or more hydrous conditions. According to Nzenti et al. (2006), negative 

anomalies of some trace elements result either from the low content of these elements in the 

source, or their retention in the residue during partial melting. 
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Figure 28: Molar diagram CaO/(MgO+FeOt) vs Al2O3/(MgO+FeOt) for the studied 

granitoids 

High-K granitoids are generally indicative of major crustal thickening as a result of 

continental collision. The peraluminous character of the Bamenda leucogranite could be 

ascribed to the geotectonic setting. In the Millications R1 versus R2 diagram (figure 29) of 

Batchelor and Bowden (1985), the Bamenda granite plots in the syn-collision field, whereas 

the leucogranite plots in the post-tectonic field. From the two geotectonic settings proposed 

by Altherr et al. (2000) to ascertain the generation of high-K-magma, the syn-to post-

collisional settings could be reasonably ascribed to Bamenda granitoids assuming that crustal 

source rocks may occur as a consequence of decompression following the lithospheric root 

delamination (Liégeois et al., 1994). 
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Figure 29: Millications diagram R1 versus R2 of Batchelor and Bowden (1985) showing 
the positions of granite in the syn-collision domain and the leucogranite in the 
post-orogenic domain 

 
The Bamenda granitoids are made up of two distinct types of granitic rocks (granite 

and leucogranite) displaying close relationship on the field. Granite samples are grey in 

colour, medium to coarse-grained exhibiting heterogranular texture with the main minerals 

being K-feldspar, quartz, plagioclase, biotite, amphibole, and opaque minerals. Leucogranite 

samples are milky white in colour, exhibiting granular porphyritic texture with the main 

minerals being quartz, plagioclase, K-feldspar, muscovite and opaque minerals. 

Granite and leucogranite from Bamenda area when plotted in the geochemical 

classification diagram both plotted in the same granite field. The difference in their colour and 

mineral contents is related to their different sources and probably also to the magmatic 

processes involving melting of their respective sources and magma evolution within the crust. 

Granite and leucogranite both have high K-calc-alkaline characters, negative and positive 

correlations of some elements of the rocks, which also fitted in the high K-calc-alkalines 

series. Granite is of K-granitoid type whereas leucogranite is of Na-granitoid. The two groups 

of rocks are peraluminous with leucoganite more peraluminous and of S-type granite, while 

granite is just slightly peraluminous and is of I-type. Granite shows magnesian characters 

whereas leucogranite shows ferriferous characters. The chondrite normalized patterns show 

that the granite has higher concentrations of LREE than leucogranite, respectively 

>100*chondrite and >10*chondrite. In contrast their HREE concentrations are similar. 

 

0 1000 2000 3000 4000
0

1000

2000

R1= 4Si - 11(Na+K) -2(Fe+Ti)

R
2=

 6
C

a 
+ 

2M
g 

+
A

l

Mantle
Fractionates

Pre-plate

Collision
uplift

Late
orogenic

Anorogenic
Post-
orogenic

Syn-collision

Post-collision



52 
 

Negative Eu anomalies (Eu/Eu* = 0.23-0.36) are pronounced in leucogranite which also show 

negative anomalies in Ce, Eu anomalies are variable in granite (Eu/Eu* = 0.81-1.08). 

Bamenda granitic magma was derived from the partial melting of metagreywackes whereas 

Bamenda leucogranitic magma resulted from the partial melting of metapelites. The Bamenda 

granitoids are syn-to post-tectonics and are similar to those described by various authors in 

the central domains of Pan African North Equatorial Fold Belt in Cameroon. 

 

3.4.2. Volcanic rocks in Bamenda Town 

 The volcanic rocks of Bamenda Town are basalt and trachyte. The basalt is dark in 

colour and shows a microlitic porphyritic texture with essential minerals being plagioclase, 

olivine, pyroxene, and opaque minerals. The trachyte presents a dark grey colour with a 

microlitic porphyritic texture with phenocrysts of sanidine and plagioclase in a microlitic 

groundmass of feldspars, pyroxene and opaque minerals. Geochemical data of the studied 

volcanic rocks showed that the basalt has lower silica and alkaline contents than trachyte. 

When the data was plotted on a total alkali versus silica diagram, the basalt falls in the basic 

field and the trachyte in the acid field. Spider diagram normalized with chondrites for the 

volcanic rocks showed uniform patterns and fractionation with a relative LREE enrichment 

and a high concentration of the HREE which is an indication of these materials at the source. 

The negative anomaly presented by the REE when normalized with chondrites of the volcanic 

rocks is indicative of their origin from the partial melting of garnet peridotite at 12%. The 

source of the Bamenda lavas could be comparable to that of alkali basalt of Bangangte studied 

by Wotchoko et al. (2015) which resulted from a partial melting of garnet peridotite at 13%. 

Both the basalt and trachyte showed negative anomalies for Eu which might have resulted 

from melting under water deficient conditions (Shang et al., 2007).  

 The volcanic rocks (basalt and trachyte) originated from different sources with 

variable proportions. A chemically homogenous mantle can give rise to various petrographic 

types from partial melting of peridotite. Plotted on a binary diagram of La/Yb versus Dy/Yb 

(Bogaard and Wörner, 2003) showing the melting curve for garnet peridotite and spinel 

peridotite, the studied volcanic rocks were shown to have originated from a partial melting of 

garnet peridotite at about 12% melting for trachyte and about 10% partial melting for basalt 

(figure 30). The source for the studied basalt is similar to that of alkali basalt from the 

Bamenda Highlands, studied in detail by Kamgang et al. (2008) and Gountie et al. (2009) 

while the source of the trachyte is closer to that of Mount Cameroon lavas (Déruelle, et al. 

(2000) and Yokoyama et al. (2007). 



53 
 

  

 

Figure 30: Melting curves of a garnet peridotite and spinel peridotite from Bogaard and 
Wörner (2003). Also shown are the basic lavas from Mounts Cameroon 
(Deruelle et al., 2000; Oku (Njilah et al., 2007); Yokoyama et al., 2007) and 
Bamenda (Kamgang et al., 2013)  

3.5. CONCLUSION 

 Bamenda Town is composed of plutonic and volcanic igneous rocks. The plutonic 

rocks form the basement complex and include granite and leocogranite, both having high K-

calc-alkaline characteristics. The granite is of the K-granitoid and leucogranite is Na- 

granitoid. Volcanic rocks are basalt and trachyte with SiO2 of < 50% for basalt and and >62% 

for trachyte. Both are characterized by negative anomaly for europium (Eu/Eu*= 1.013-1082) 

and (Eu/Eu*= 0.74-0.832). Both lavas resulted from the partial melting of garnet peridotite at 

12% for trachyte and 10% for basalt. 
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GROUND AND SURFACE WATER 

QUALITY IN BAMENDA TOWN 
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4.1. INTRODUCTION 

 This chapter presents the physical, chemical and bacteriological characteristics of 

ground and surface water of Bamenda Town and investigates if the water meets the basic 

requirements for various usages, especially domestic which requires the highest quality of 

water. Sampling was done seasonally in 2013 and laboratory analyses provided data which 

are presented in the following paragraphs. 

 

4.2. CHARACTERISTICS OF GROUNDWATER IN BAMENDA TOWN 

4.2.1. Physical and chemical characteristics 

 There was no much disparity in the physical and chemical characteristics of 

groundwater, whether from the springs or wells but significant seasonal variations were noted.  

 Physical characteristics 

The values of the physical parameters are presented in table 5. 

Table 5: Seasonal Variation of T°, pH, EC and Turbidity of spring and well water 
samples in Bamenda Town 

 
 Temperature 

(°C) 
pH Electrical 

conductivity (EC) 
Turbidity 

(NTU) 
Sampling 

points 
Rainy 
season 

Dry 
season 

Rainy 
season 

Dry 
season 

Rainy 
season 

Dry  
season 

Rainy 
season 

Dry 
season 

SW0 18.4 19.6 6.75 6.06 0.26 0.03 5.6 2.0 

SW1 27.7 24.7 5.4 6.5 0.03 0.05 7.3 2.8 

SW2 21.6 26.4 5.8 6 0.04 0.04 5.6 2.2 

SW3 21.2 24 6.0 5.4 0.03 0.05 9.6 2 

SW4 22.4 26.2 5.2 6.3 0.20 0.03 7.6 4.4 

WW1 24 27.9 6.7 6.2 0.29 0.11 13.5 1.9 

WW2 22.3 27 5.3 5.4 0.16 0.13 6.9 1.8 

WW3 22 25 5.6 4.1 0.05 2.38 6.5 1.7 

Average 22.08 25.48 5.84 5.55 0.11 0.73 7.83 2.35 

 

 Temperature: Water temperatures were higher during the dry season and lower in the 

rainy season for all sampling points with an average of 22.08°C in the rainy season 

and 25.48°C in the dry season (figure 31A).  
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 pH: The average pH values were higher in the rainy season (5.84) than in the dry 

season (5.55) as shown in figure 31B, but all water points yielded acidic to barely 

acidic water.  

 Electrical conductivity (EC): EC was very low regardless of the sampling point and 

season. The highest value (2.38µS/cm) was recorded at WW3 in the dry season (figure 

31C). 

 Turbidity: Turbidity was higher in the rainy season than in the dry season with 

average values of 7.83 and 2.35 recorded respectively (figure 31D). 

 

 

  
Figure 31: Seasonal variations of physical parameters of springs and wells in Bamenda 

Town. A: Temperature; B: pH; C: Electrical conductivity; D: Turbidity. 

 

 

 

10

15

20

25

30

SW
0

SW
1

SW
2

SW
3

SW
4

W
W

1

W
W

2

W
W

3

Te
m

p 
(°

C)

Rainy Season Dry Season
A

1

2

3

4

5

6

7

pH

Rainy Season Dry Season
B

0

0,5

1

1,5

2

2,5

SW
0

SW
1

SW
2

SW
3

SW
4

W
W

1

W
W

2

W
W

3

EC
 µ

S/
cm

)

Rainy Season Dry Season
C

0

2

4

6

8

10

12

14

Tu
rb

id
ity

  (
N

TU
)

Rainy Season Dry SeasonD



57 
 

 Chemical characteristics  

- Major cations 

 Ca2+ was the most abundant major cation in all the water samples with an average 

value of 477.55mg/l (table 6). Ca2+ concentrations were higher in the dry season than in the 

rainy season for all samples. Mg2+ was the second abundant cation with an average of 203.25 

mg/l in the rainy season and 110.78 mg/l in the dry season. K+ and Na+ concentrations were 

high in the dry season and just barely detectable in the rainy season (there were no differences 

for different sampling points). Average values for the rainy season were 0.35mg/l and 

0.27mg/l, and 21.65mg/l and 9.95mg/l for the dry season respectively.  

 
Table 6: Seasonal variations of major cations (mg/l) in spring and well water in 

Bamenda Town 

 
 

Sampling 
points 

K+ Na+ Ca2+ Mg2+ 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

SW0 0.02 0.11 0.05 0.02 0.06 0.39 0.0 0.24 

SW1 0.39 23.64 0.11 7.94 240 320 194.4 194 

SW2 0.4 25.39 0.37 8.01 280 400 109.4 219 

SW3 0.39 25.55 0.37 12.38 60 160 145.8 255 

SW4 0.4 24.68 0.37 8.38 260 500 206.6 170 

WW1 0.39 24.89 0.37 5.54 256 980 328.1 12 

WW2 0.39 24.72 0.37 26.67 340 800 461.7 12 

WW3 0.39 24.18 0.11 10.64 180 660 180 24 

Average 0.35 21.65 0.27 9.95 202.01 477.55 203.25 110.78 
 

 

 



58 
 

  

   
Figure 32: Seasonal variations of major cations in springs and wells of Bamenda Town. 

A: Na+; B: K+; C: Ca2+; D: Mg2+ 
 

- Major anions  

 The Clˉ ion varied from 0.0-0.02mg/l in ground water in Bamenda Town in the dry 

season and from 0.0-270mg/l in the rainy season (table 7). Higher concentrations were 

measured in the rainy season than in the dry season and the highest value (270mg/l) was 

obtained at WW2 in the rainy season (figure 33A). The HCO3
- ion on the other hand ranged 

from 0.0-115.55mg/l in the dry season to 26.46-231.8mg/l in the rainy season. The lowest 

value was measured at WW3 in the dry season while the highest value of 231.8mg/l was 

obtained at WW1 in the rainy season (figure 33B). SO4
2ˉ concentrations varied from 0.03 to 

26mg/l in the study area. Higher values were gotten in the rainy season than in the dry season 

(figure 33C). The highest value (26mg/l) was obtained at WW1 in the rainy season and the 

lowest (0.03mg/l) was measured in the dry season at SW0. 
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Table 7: Seasonal variations of anions (mg/l) in spring and well water in Bamenda Town 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Figure 33: Seasonal variations of anions in spring and well water of Bamenda Town. A: 

Cl-; B: HCO3
-; C: SO4
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 Cl- HCO3
- 

 
SO4

2ˉ 
Sampling 

points 
Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Rainy 
Season 

SW0 - 0.02 26.47 16.25 0.31 0.03 

SW1 - - 57.95 75.6 15 0.05 

SW2 - - 30.5 40.32 12 0.05 

SW3 - - 39.65 42.84 18 0.06 

SW4 158 - 33.55 37.8 12 0.05 

WW1 - - 231.8 116.55 26 0.06 

WW2 270 - 30.5 37.8 23 0.05 

WW3 - - 33.55 - 17.3 0.05 

Average 53.5 0.0025 60.49 45.89 
 

15.70 
 

0.05 
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- Nutrients (PO4
3ˉ, NO3ˉ and NH4

+) 
 

 Average values of PO4
3- ranged from 0.94mg/l to 0.16mg/l during the study period 

(table 10). Higher values were obtained in the dry season (0.8-1.67mg/l) than in the rainy 

season (0.12-0.25mg/l) (figure 34A). The highest value of PO4
3ˉ (1.67mg/l) was measured at 

SW1 in the dry season and the lowest value (0.12mg/l) was obtained at SW0 in the rainy 

season. NO3ˉ concentration ranged from 0.0006 to 11.2mg/l. Values were higher in the rainy 

season than in the dry season (figure 34B). The lowest value (0.0006mg/l) was at SW2 in the 

dry season and the highest (11.2mg/l) was obtained at SW1 in the rainy season (table 8). The 

NH4
+ varied from 11.78 mg/l in to 0.0521mg/l during the study period. Higher values (8.4-

16.8mg/l) were obtained in the rainy season and were barely detectable (0.0011-0.0087mg/l) 

in the dry season (figure 34C). Spatial variations were noticeable with the highest 

concentrations (16.8mg/l) measured at SW4 in the rainy season and the lowest (0.0011mg/l) at 

SW0. 

Table 8: Seasonal variations of nutrients in spring and well water in Bamenda Town 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 PO4
3- NO3ˉ 

 
NH4

+ 
Sampling 

points 
Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Rainy 
Season 

SW0 0.12 - 0.6 0.0026 9.80 0.0011 

SW1 0.25 1.67 11.2 0.0028 8.4 0.0062 

SW2 0.19 1.23 8.4 0.0006 12.88 0.0048 

SW3 0.19 1.23 5.6 0.0022 14 0.0070 

SW4 0.13 0.8 7.28 0.0034 16.8 0.0083 

WW1 0.13 1.23 5.88 0.0048 10.36 
 

0.0084 

WW2 0.13 0.8 7 0.0045 12.77 0.0076 

WW3 0.13 0.8 8.4 0.0048 9.24 0.0087 

Average 0.16 0.94 6.79 0.0032 
 

11.78 
 

0.0065 
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Figure 34: Seasonal variations of nutrients in spring and well water in Bamenda Town. 

A: PO4
3-; B: NO3

-; C: NH4
+ 

 

- Hydrochemical facies 

 The Piper diagram provides information on the different chemical facies of the 

analysed groundwater. In the dry season, the major cations and anions presented one facies of 

the Ca-Mg-HCO3 type (figure 35A), whereas in the rainy season, the major cations and anions 

presented two facies of Ca-Mg-HCO3 type and Ca-Mg-SO4 type (figure 35B). 

 

 

 

 

0

0,4

0,8

1,2

1,6

2

SW
o

SW
1

SW
2

SW
3

SW
4

W
W

1

W
W

2

W
W

3

PO
43-

(m
g/

l)

Rainy Season Dry SeasonA

0

2

4

6

8

10

12

SW
o

SW
1

SW
2

SW
3

SW
4

W
W

1

W
W

2

W
W

3

N
O

3-
(m

g/
l)

Rainy Season Dry SeasonB

0

4

8

12

16

20

SW
0

SW
1

SW
2

SW
3

SW
4

W
W

1

W
W

2

W
W

3

N
H

4+
(m

g/
l)

Rainy Season Dry SeasonC



62 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 35: Piper’s diagram showing the water types of springs and wells in Bamenda 
Town. A: dry season; B: rainy season 

 

- Heavy metals in spring and well water in Bamenda Town 
 

 The heavy metals analysed in groundwater in Bamenda Town were Cu, Pb, As, Zn, B, 

Fe, Ni, Cd, Hg and Cr. Most of these elements were measured in minute concentrations and 

others were not detected at some sampling points in the rainy season (table 9). These were: Cu 

A 

B 
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in SW2, SW4 and WW3; Pb in SW0 and WW1; As in SW0; Zn in SW1 and SW3 while B was 

not detected in SW0 and WW3 water samples. Seasonal variations in the heavy metals were 

not conspicuous (figure 36). High concentrations were measured for Pb (0.023mg/l) at WW1 

during the dry season. Fe2+ was the most abundant heavy metal in the water samples with the 

highest concentration of 1.14 mg/l in WW2 during the dry season. In the rainy season, Fe2+ 

was not detected in SW3, SW4, WW1, WW2 and WW3 while in the dry season, it was not 

detected in SW1 and SW2. No trace of Ni, Cd, Hg and Cr was measured in spring and well 

water in Bamenda Town during the study period. 

 

Table 9: Seasonal Variations of heavy metals in spring and well water in Bamenda Town 

 
 
 
 
 
 
 
 
 
 
 

 Cu Pb 

 
 

As 

 
 

Zn 

 
 

B 

 
 

Fe 

Sampling 
points 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

 
Rainy 
Season 

 
Dry 

Season 

 
Rainy 
Season 

 
Dry 

Season 

 
Rainy 
Season 

 
Dry 

Season 

 
Rainy  
Season 

 
Dry 

Season 

SW0 0.001 0.001 0 0.003 0 0.002 

 
 

0.001 

 
 

0.001 

 
 

0 

 
 

0.002 

 
 
- 

 
 

0.09 

SW1 0.001 0.004 0.001 0.014 0.003 0.002 

 
 

0 

 
 

0.003 

 
 

0.003 

 
 

0.001 

 
 

0.89 

 
 
- 

SW2 0 0.006 0.001 0.002 0.011 0.014 

 
 

0.002 

 
 

0.003 

 
 

0.001 

 
 

0.003 

 
 

0.83 

 
 
- 

SW3 0.004 0.002 0.003 0.004 0.016 0.003 

 
 

0 

 
 

0.002 

 
 

0.001 

 
 

0.002 

 
 
- 

 
 

0.39 

SW4 0 0.001 0.001 0.006 0.001 0.004 

 
 

0.001 

 
 

0.011 

 
 

0.002 

 
 

0.001 

 
 
- 

 
 

0.05 

WW1 0.001 0.004 0 0.023 0.002 0.012 

 
 

0.012 

 
 

0.004 

 
 

0.001 

 
 

0.004 

 
 
- 

 
 

0.05 

WW2 0.003 0.002 0.003 0.004 0.003 0.013 

 
 

0.014 

 
 

0.013 

 
 

0.003 

 
 

0.002 

 
 
- 

 
 

1.14 

WW3 0 0.003 0.002 0.004 0.002 0.003 

 
 

0.002 

 
 

0.012 

 
 

0 

 
 

0.003 

 
 
- 

 
 

0.18 

Average 0.002 0.003 0.001 0.007 
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0.86 

 
 

0.32 
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Figure 36: Seasonal variations of heavy metals in spring and well water in Bamenda 
Town. A: Cu; B: Pb; C: As; D: Zn; E: B; F: Fe2+ 
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4.2.2. Bacteriological characteristics 

 Four (04) water points (SW0, SW1, SW2 and WW2) were analysed for bacteria 

indicators of pollution, as well as for specific pathogens (table 10). 

 

Table 10: Bacterial counts of specific microbes isolated in springs and wells in the rainy and dry seasons 
 
 
Sampling 
points 

Enterobacteria E. coli Streptococcus Salmonella Proteus 
(CFU/100ml) (CFU/100ml) (CFU/100ml) (CFU/100ml) (CFU/100ml) 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

SW0 20 100 10 20 100 50 0 0 10 20 

SW1 50 100 20 30 200 50 0 0 0 10 

SW2 20 200 10 20 100 70 0 10 0 50 

WW2 200 300 100 200 300 200 60 15 10 0 

Total 290 700 140 270 700 370 60 25 20 80 

Average 72.5 175 35 67.5 175 92.5 15 6.25 5 20 

 

 Enterobacteria, Escherichia coli, Streptococcus, Salmonella and Proteus were detected 

in the water samples and the species richness varied from one water point to another: 

Enterobacteria, Escherichia coli and Streptococcus were present in all the sampling points.  

Higher counts were recorded in the dry season than in the rainy season with Streptococcus 

presenting an exception with higher counts in the rainy season (100 to 300 CFU/100ml) than 

in the dry season (50 to 200 CFU/100ml) (figure 37). Enterobacteria levels were particularly 

high during the rainy season (20 to 200 CFU/100ml) but increased greatly during the dry 

season (100 to 300CFU/100ml). On the other hand, Salmonella and Proteus were absent in 

springs (SW0, SW1 and SW2) in the rainy season but registered an increase in the dry season. 

Salmonella was measured at SW2 and WW2 while Proteus was detected at SW0 and WW2 in 

the rainy season and at SW0, SW1 and SW2 in the dry season sampling points. 
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Figure 37: Seasonal variations of bacteria indicators of pollution and specific microbes 

in spring and well water of Bamenda Town. A : Enterobacteria; B: E. coli; C: 
Streptococcus; D: Salmonella; E: Proteus 
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4.3. CHARACTERISTICS OF SURFACE WATER IN BAMENDA TOWN 

 Surface water in Bamenda Town consists of the Mezam River and tributary streams 

which constitute the Mezam River System and whose characteristics are thus: 

4.3.1. Physico-chemical characteristics 

 Physical characteristics 

 Temperature  

 The mean water temperature ranged from 18.3°C at YB to 23.4°C at LN (table 11). 

Seasonal temperature variations were not significant at all sampling points. The lowest 

temperature values were recorded at YB and the highest values at LN (figure 38). 

Table 11: Seasonal variations in temperature (°C) in the Mezam River System 
        

 YB BB NM AS LN NB 

Minimum 17.6 20.3 19.6 20.7 23.2 21.3 

Maximum 18.4 22.6 21.3 21.2 23.6 21.7 

Mean 18.3 21.7 20.3 20.9 23.4 21.5 

S.D. 0.40 1.27 0.87 0.26 0.2 0.23 
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Figure 38: Seasonal variations in temperature of the Mezam River System 
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 pH 

 The mean pH values in the Mezam River system ranged from 5.45± 0.49 at 

Nkimufueh (NM) to 6.47±0.18 at Naaka Bridge (NB) (table 12). Seasonal variations were 

eminent; with highest values measured during the October sampling period and lowest at NM 

during all sampling occasions, and the highest value was at NB (figure 39).  

 

Table 12: Variations in pH values in the Mezam River System 

 YB BB NM AS LN NB 

Minimum 6.06 5.48 5.12 5.63 6.21 6.25 

Maximum 6.75 6.71 6.03 6.54 6.34 6.84 

Mean 6.3 5.9 5.45 6.04 6.33 6.47 

S.D. 0.39 0.69 0.49 0.69 0.18 0.047 

 

             
Figure 39: Seasonal variations in pH values of the Mezam River System 

 
 Turbidity  

 The mean values of turbidity ranged from 3.27±2.02NTU at YB to 52.93±34.64NTU 

at NM (table 13). There was a marked seasonal variation at YB, BB, AS, LN and NB with the 

lowest values measured during the January sampling period, and the highest values in October 

(figure 40). The minimum value of turbidity (2.00NTU) was measured at YB in January. 
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Table 13: Variations in Turbidity (NTU) in the Mezam River System 

 YB BB NM AS LN NB 

Minimum 2.0 10.5 13.0 16.3 10.0 20.7 

Maximum 5.6 25.9 74.9 17.5 42.4 42.9 

Mean 3.27 16.4 52.93 16.73 21.6 35.3 

S.D. 2.02 8.31 34.64 0.67 18.05 12.48 

 

                       
Figure 40: Seasonal Variations of turbidity in the Mezam River System 

 Electrical conductivity 

 Values of electrical conductivity (EC) varied greatly in the Mezam River System. 

Mean values ranged from 41.67±26.58µS/cm at Yambot (YB) to 237.0±63.22µS/cm at Ayaba 

Stream (AS) during the period of study (table 14). Seasonal variations were also noted at YB, 

Lower Ngomgham (LN) and Naaka Bridge (NB). Except for the NM sampling points, the 

highest values were recorded in January while the lowest values were measured in October. 

The lowest value measured during the study period was at YB (figure 41). 
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Table 14: Variation in EC (µS/cm) in Mezam River System 

 YB BB NM AS LN NB 

Minimum 6.09 38.00 182.00 165.00 42.00 18.00 

Maximum 58.00 92.00 267.00 285.00 123.00 84.00 

Mean 41.67 71.33 214.67 237.00 93.33 58.33 

SD 26.58 29.14 45.79 63.22 44.64 35.36 

 

 

                 
Figure 41: Seasonal variations in EC (µS/cm) of the Mezam River System 

 

 Dissolved oxygen  

The concentrations of dissolved oxygen (DO) ranged from 4.5 ±2.49 mg/l at BB to 15.24 

±1.05 mg/l at YB (table 15). The lowest DO values were measured in January and the highest 

recorded in October at all the sampling points (table 15). There was a great disparity in the 

DO concentrations from the reference point at YB through the sampling points in the city 

centre to those downstream as the water exits the city (figure 42).  
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Table 15: Variations in dissolved oxygen (mg/l) in the Mezam River System 
 

 YB BB NM AS LN NB 

Minimum 13.31 4.54 6.43 5.23 7.57 7.34 

Maximum 15.24 9.51 8.75 9.27 10.47 12.67 

Mean 14.03 9.09 7.79 7.44 8.76 9.51 

S.D. 1.05 2.49 1.21 2.05 1.51 2.80 

 
 

 
 
Figure 42: Variations in dissolved oxygen (mg/l) of the Mezam River System 
 

 Suspended solids  

The mean values of suspended solids (SS) ranged from 0.37±0.15mg/l at YB to 

5.24±5.24mg/l at NM (table 16). The highest value of this variable was recorded during the 

October sampling occasion meanwhile seasonal variations were not very marked between the 

January and May sampling periods. The lowest value of suspended solids was 0.24mg/l 

measured at YB, which was the reference point while the highest value was 5.82mg/l, 

measured at NM (figure 43). 
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Table 16: Variation in suspended solids (mg/l) in the Mezam River System 
 

 YB BB NM AS LN NB 

Minimum 0.24 1.29 4.37 1.34 1.22 3.10 

Maximum 0.53 2.34 5.82 3.12 2.54 3.67 

Mean 0.37 1.73 5.24 2.40 1.66 3.33 

S. D. 0.15 0.55 0.77 0.94 0.76 0.30 

 
 

 
Figure 43: Variations in suspended solids (mg/l) in the Mezam River System 
 

 
 Chemical characteristics of water in the Mezam River System 

 
 Major cations (Ca2+, Mg2+, K+and Na+) 

 The cations were measured in the Mezam River system in minute amounts (0.00-1.36) 

at all the sampling points. The lowest values were measured at YB (table 17). All the major 

cations were present in water samples in the May sampling period (figure 44). The highest 

concentrations of the cations during the study period were measured for Ca2+ (1.36mg/l) at 

NM during the May sampling session and the least values were obtained during the October 

sampling occasion when Na+ was not detected at all the sites. Low values of Na+ and K+ were 

measured at all the sites while Mg2+ was absent at the NB and YB sampling points.  
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Table 17: Variations of major cations (mg/l) in the Mezam River System 

 
 

 
 

 
Ca2+ 

 
Mg2+ 

 
K+ 

 
Na+ 

 
 
YB 

Minimum 0.06 0.24 0.02 0.02 
Maximum 0.39 0.26 0.12 0.04 
Mean  0.28 0.2 0.08 0.02 
S.D. 0.19 0.14 0.05 0.02 

 
 
BB 

Minimum 0.09 0.69 0.07 0.07 
Maximum 1.03 0.76 0.67 0.09 
Mean  0.72 0.73 0.46 0.05 
S.D. 0.54 0.42 0.34 0.047 

 
 
NM 

Minimum 0.37 0.23 0.02 0.12 
Maximum 1.36 1.04 0.99 0.14 
Mean  0.98 0.76 0.71 0.09 
S.D. 0.53 0.46 0.44 0.075 

 
 
AS 

Minimum 0.14 0.05 0.01 0.00 
Maximum 1.25 0.59 0.43 0.08 
Mean  0.86 0.39 0.29 0.05 
S.D. 0.62 0.30 0.23 0.046 

 
 
LN 

Minimum 0.08 0.1 0.05 0.04 
Maximum 1.20 0.47 0.35 0.05 
Mean  0.78 0.33 0.25 0.03 
S.D. 0.61 0.20 0.17 0.026 

 
 
NB 

Minimum 0.05 0.50 0.04 0.07 
Maximum 0.95 0.58 0.35 0.09 
Mean  0.61 0.36 0.22 0.05 
S.D. 0.40 0.31 0.15 0.047 
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Figure 44: Seasonal variations in major cations (mg/l) in the Mezam River System. A: 

A: Ca2+; B: Mg2+; C: K+; D: Na+ 
 

 Major Anions (Cl-, HCO3
-, SO4

2-) 

 Major anions were measured in very low concentrations in the Mezam River system, 

ranging from 0.00-3.2mg/l. The chloride ion varied from 0.00mg/l to 0.09mg/l (table 18). 

Seasonal variations were not very distinct except at the BB, NM and LN sampling points 

(figure 45A). The highest mean concentration (0.09mg/l) was recorded at NM during the May 

sampling event and the lowest at YB. The bicarbonate ion ranged from 0.11mg/l to 3.2 mg/l 

and seasonal variations were observed with lowest concentrations recorded during the 

October sampling occasion and about 95% of the highest concentration was obtained in 

January (figure 45B). The lowest value for the bicarbonate ion was 0.86mg/l at YB and the 

highest was 3.2mg/l at NB. Mean values of the sulphate ion ranged from 0.18mg/l to 0.31mg/l 

(table 20). Low levels of the sulphate ion (0.01mg/l) were measured during the May and 

October sampling periods with no noticeable trend, while higher concentrations were 

measured in the January sampling session (figure 45C). 
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Table 18: Variations of major anions (mg/l) in the Mezam River System 

 
 
 

Cl- 
 

  
YB 

 
BB 

 
NM 

 
AS 

 
LN 

 
NB 

Minimum 0.00 0.00 0.00 0.00 0.00 0.00 
Maximum 0.06 0.06 0.09 0.06 0.07 0.02 
Mean 0.03 0.03 0.05 0.04 0.04 0.02 
S.D. 0.012 0.012 0.047 0.035 0.036 0.023 

 
 
HCO3

- 

Minimum 0.11 0.15 0.6 0.15 0.9 0.38 
Maximum 1.7 2.5 1.5 3.1 2.7 3.2 
Mean 0.86 1.45 1.13 1.68 1.73 2.06 
S.D. 0.803 1.193 0.473 1.478 0.907 1.499 

 
 
SO4

2- 

Minimum 0.01 0.12 0.13 0.30 0.12 0.10 
Maximum 0.18 0.27 0.33 0.032 0.24 0.24 
Mean 0.15 0.21 0.26 0.31 0.20 0.19 
S.D. 0.042 0.082 0.61 0.012 0.067 0.078 

 

 
 

 

Figure 45: Seasonal variations in major anions of the Mezam River System. A: Cl-; B: 
HCO3

-; C: SO4
2- 
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 Nutrients (PO4
3-, NO3

- and NH4
-) in the Mezam River System 

 The phosphate ion varied from 0.03mg/l to 0.12mg/l, with no significant variation 

from one season to the other, and among the sampling points (figure 46C). The lowest mean 

concentration for the phosphate ion was 0.05mg/l at YB, and the highest was 0.075mg/l at 

NB. The nitrate ion varied from 13.25±17.42mg/l to 19.77±21.68mg/l in the Mezam River 

system. The lowest concentration (0.04mg/l) was measured during the May sampling session 

and the highest (50mg/l) was obtained in January (figure 46B). The highest concentration 

(50mg/l) was recorded at NM and the lowest (0.04mg/l) at YB. The mean of the ammonium 

ion ranged from 33.27±22.23mg/l to 44.79±24.18mg/l (table 19). Seasonal variations were 

noted with the lowest concentration (7.84mg/l) measured during the October sampling period 

(rainy season) and the highest (63mg/l) during the May sampling period except at AS. Spatial 

variations were also noted with the highest content (63mg/l) recorded at LN in May and the 

lowest (7.8mg/l) at NM in October (figure 46A).  

Table 19: Seasonal variations of Nutrients (mg/l) in the Mezam River System 
 
 
 
 
 
PO4

3- 

  
YB 

 
BB 

 
NM 

 
AS 

 
LN 

 
NB 

Minimum 0.03 0.04 0.05 0.05 0.024 0.05 
Maximum 0.07 0.07 0.12 0.11 0.08 0.12 
Mean 0.05 0.05 0.07 0.07 0.048 0.075 
S.D. 0.014 0.006 0.007 0.006 0.008 0.013 

 
 
NO3

- 

Minimum 0.04 0.07 0.12 0.08 0.05 0.07 
Maximum 33 38 50 43 44 49 
Mean 13.25 14.93 19.69 19.77 17.48 19.34 
S.D. 17.42 20.25 26.62 21.68 23.34 26.07 

 
 
NH4

+ 
 

Minimum 9.8 20.31 7.84 8.96 17.36 13.44 
Maximum 54 56 62 48 63 59 
Mean 33.27 40.77 41.95 34.32 44.79 43.81 
S.D. 22.23 18.41 29.69 21.99 24.18 26.30 
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Figure 46: Seasonal variations of nutrients in the Mezam River System. A: PO4

3;  
B: NO3

-; - C: NH4
+ 

 

 Hydrochemical facies 

 The hydrochemical compositions of the water samples were plotted on Piper ternary 

plots (figure 47) to investigate the processes controlling the surface water quality of the study 

area (Piper, 1953). Three main hydrochemical water types were observed. In the dry season, 

two water types were presented, that is, the Ca- SO4 and Ca- Mg- Cl+ NO3 water types as 

some of the samples plot in the calcium and others in the magnesium fields for the cations and 

most of the samples plot in the sulphate and some in the Cl+NO3 fields for the anions. In the 

rainy season, the water type was Ca- Mg- SO4 since the samples plot in the Ca and Mg fields 

for the cations and almost all samples plot in the SO4 fields. 
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Figure 47: Piper diagram showing variation in ion composition of the Mezam River 

System 
  

 Heavy metals in the Mezam River System 

 The heavy metals were measured in small amounts in the Mezam River system. Those 

measured were Fe, Cu, Pb, CN, Zn, B and As. There was no noticeable variation in the 

concentrations of the trace elements (table 20). Amongst these components, Fe had the 

highest concentration of 0.29mg/l at NM (figure 48A) during the January sampling period. Pb 

and As were not detected in October. The concentrations of the heavy metals are shown in 

table 20. 
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Table 20: Variations of heavy metals (mg/l) in the Mezam River System 

  Fe Cu Pb CN Zn B As 

YB Maximum 0.09 0.04 0.03 0.00 0.04 0.03 0.01 

Minimum 0.087 0.03 0.02 0.00 0.03 0.02 0.00 

Mean 0.089 0.04 0.03 0.00 0.02 0.03 0.003 

SD 0.051 0.006 0.015 0.00 0.021 0.017 0.006 

BB Maximum 0.23 0.08 0.06 0.01 0.04 0.05 0.02 

Minimum 0.19 0.04 0.05 00 0.02 0.04 0.00 

Mean 0.21 0.06 0.06 0.003 0.02 0.05 0.01 

SD 0.123 0.021 0.032 0.000 0.020 0.026 0.012 

NM Maximum 0.29 0.07 0.05 0.03 0.08 0.07 0.04 

Minimum 0.26 0.04 0.04 0.00 0.06 0.05 0.00 

Mean 0.28 0.06 0.05 0.01 0.05 0.06 0.013 

SD 0.159 0.017 0.026 0.017 0.042 0.036 0.023 

AS Maximum 0.18 0.07 0.08 0.03 0.06 0.07 0.02 

Minimum 0.17 0.04 0.06 0.02 0.05 0.05 0.00 

Mean 0.17 0.06 0.07 0.023 0.04 0.04 0.01 

SD 0.101 0.017 0.042 0.012 0.032 0.036 0.012 

LN Maximum 0.17 0.08 0.06 0.03 0.06 0.06 0.05 

Minimum 0.16 0.04 0.04 0.02 0.05 0.04 0.00 

Mean 0.17 0.06 0.05 0.02 0.04 0.03 0.02 

SD 0.095 0.021 0.031 0.017 0.020 0.031 0.023 

NB Maximum 0.28 0.08 0.05 0.02 0.05 0.05 0.02 

Minimum 0.27 0.04 0.03 0.01 0.04 0.04 0.00 

Mean 0.27 0.06 0.04 0.01 0.04 0.04 0.01 

SD 0.159 0.021 0.025 0.012 0.029 0.029 0.012 
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Figure 48: Seasonal variations of heavy metals in the Mezam River System. A: Fe; B: Cu; 
C: Pb; D: CN; E: Zn; F: B; G: As 
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4.3.2. Bacteriological characteristics of surface water in Bamenda Town 

 The bacteriological parameters which are indicative of pollution were investigated in 

water samples from the Mezam River System. E.coli, Streptococcus, Salmonella and Proteus 

species were detected at the different sampling points and at varying sampling periods. The 

indicator bacteria were detected at least once at the sampling points with varying counts. E. 

coli had the highest concentration, followed by Streptococcus, Salmonella and finally Proteus. 

Vibrio cholerae was not detected at any of the sites during the study period. 

 Seasonal variation in indicator bacteria 
 

- E. coli 

 E.coli was detected at all the sampling points. The mean concentrations ranged from 

186CFU/100ml at YB to 500CFU/100ml at NM (table 21). Seasonal variations were not 

conspicuous (figure 49A). The least concentrations (100CFU/100ml) were measured at YB 

and AS during the May sampling period and the highest (500CFU/100ml) at BB, NM, AS 

during the study period. 

 

- Streptococcus 

 Streptococcus was also abundant at all the sampling points. The mean concentration 

ranged from 166CFU/100ml at YB to 366CFU/100ml at NM (table 21). The highest 

concentrations (500CFU/100ml) were recorded at NM and NB during the January sampling 

period and the least (100CFU/100ml) were measured at YB, BB, AS, LN and NB (figure 

49B). 

- Salmonella Spp. 

 The mean concentration ranged from 3CFU/100ml to 193CFU/100ml (table 21). 

Salmonella was detected once at YB during the October sampling event and twice at BB, LN 

and NB. It was present during all sampling periods at NM and AS (figure 49C). The lowest 

concentration (0.0CFU/100ml) was recorded at YB in January and May and the highest 

(500CFU/100ml) was at NM during the May sampling period. 

 

- Proteus Spp. 

 Proteus species was not detected at the AS and BB sampling points. The mean ranged 

from 63CFU/100ml to 233CFU/100ml (table 21). There was no observable trend in seasonal 
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variation (figure 49D). The lowest concentration (0.00CFU/100ml) of Proteus was measured 

at AS and BB and the highest (500CFU/100ml) at NM.  

     

     
Figure 49: Seasonal variations in A: E. coli; B: Streptococcus; C: Salmonella; D: Proteus 

counts in the Mezam River System 
 

 Spatial variation in indicator bacteria 

 The indicator bacteria were measured at varying concentrations at the different 

sampling points. At LN, E. coli had the highest mean concentration of 466 CFU/100ml and its 

least mean concentration was 186 CFU/100ml at YB. The highest mean concentration of 

Streptococcus was measured at NM (366 CFU/100ml) and the least was at AS (150 

CFU/100ml). The mean concentration of Salmonella ranged from 3 CFU/100ml at YB to 193 

CFU/100ml at NM. Proteus was most abundant at NB, with a mean concentration of 233 

CFU/100ml and least at NM, with a mean concentration of 27 CFU/100ml (table 21). Proteus 
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was absent at BB and AS. The variations in the mean concentrations of the indicator bacteria 

are shown in figure 50.  

 

Table 21: Statistical summary of bacteriological parameters (CFU/100ml) in the Mezam 
River System 

  E.coli Streptococcus Salmonella Proteus 

 

 

YB 

Minimum 100 100 0.00 40 

Maximum 160 300 10 100 

Mean 186 166 3 63 

SD      102.63     115.47     5.77     115.77 

 

 

BB 

Minimum 300 100 0.00       0.00 

Maximum 500 300 200       0.00 

Mean 433 216 93       0.00 

SD    115.47      104.08    100.66       0.00 

 

 

NM 

Minimum 300 300 30       0.00 

Maximum 500 500 500       0.00 

Mean 433 366 193       0.00 

SD         0.00      115.47      265.77       0.00 

 

 

AS 

Minimum 100 100 10       0.00 

Maximum 200 200 200       0.00 

Mean 150 150 87       0.00 

SD      282.84      70.71    134.35       0.00 

 

 

LN 

Minimum 100 100 00 100 

Maximum 300 300 90 200 

Mean 233 233 33 150 

SD        0.00      115.47       49.33       115.47 

 

 

NB 

Minimum 100 100 00 011 

Maximum 500 500 40 500 

Mean 300 300 17 233 

SD        70.71       141.42       21.21       141.42 
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Figure 50: Mean concentrations of indicator bacteria in the Mezam River System 

 

4.4. DISCUSSION AND INTERPRETATION  

4.4.1. Groundwater  

 Groundwater in Bamenda Town is a predominant source of water supply that is used 

widely by the inhabitants for domestic chores including drinking, as such, knowledge of its 

physical, chemical and bacteriological characteristics is fundamental in determining its 

suitability for various activities.  

 Physico-chemical characteristics 

 During the study period, average groundwater temperature ranged from 22.08-25.48°C 

with a marked increase in the dry season. These temperatures are significantly higher than the 

average ambient temperature of less than 20°C for the study area. The average pH value on 

the other hand oscillated between 5.55 and 5.84. The acidic to barely acidic nature of the 

groundwater may be an indication that the dissolved carbonates were predominantly in the 

form of HCO3
-. Low pH values have also been reported from the lake Nyos area by Tanyileke 

et al (1996) and from granitic basement complex aquifers in Ghana (Adomako et al., 2011) 

and in Nigeria (Edet et al., 2011) and were related to the same processes. Meanwhile, the 

average electrical conductivity values of 2.35µS/cm to7.83µS/cm are low compared to those 

obtained for groundwater in Foumbot (Tita et al., 2007), in the Banana Plain and the Mount 

Cameroon area (Ako et al., 2014) and in the Manengouba area (Chakam et al., 2005).  

 Chemically, the major cations abound in the order Ca2+ > Mg2+ > K+ >Na+. Ca2+ and 

Mg2+ may be derived from the weathering of calco-sodico feldspars and hornblende in the 
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basic rocks of the study area. Marzoli et al. (2000) explains that these minerals are common in 

basic rocks.  

2 Hornblende + 30H+ + 9H2O → Kaolinite + 12H4SiO4 + 4Ca2+ + 10Mg2+ + 2Na+. 

 The relative abundance of anions in different samples was in the order: HCO3ˉ > SO4
2ˉ 

> NO3ˉ > PO4
3ˉ > Cl‾. HCOˉ3 concentrations were high with average values ranging from 

16.78 – 174.18mg/l. The dominance of HCO3ˉ is consistent with most natural waters along 

the CVL (Tanyileke et al., 1996). Weathering, precipitation and organic decay probably 

account for the dominance of this ion: CO2 + H2O → H+ + HCO3
- or CO2 + H2O + CO2 → 

2HCO3
-. Infact, the primary source is the dissolved CO2 in rainwater and the decay of organic 

matter at the surface which may release CO2 for dissolution (karanth, 1987).  

 Bacteriological characteristics 

 Indicator bacteria were detected in groundwater samples from Bamenda Town in 

varying concentrations at the different water points. For about 80% of the indicator bacteria 

detected, the lowest concentrations were recorded at SW0 which is located in a sparsely 

populated area while the highest counts were recorded in the water points located in the city 

centre in densely populated areas. The presence of indicator bacteria from groundwater 

samples could stem from the fact that in constructing these water points basic requirements 

such as a thick overburden, perimeter of protection and location in an uphill to habitation 

were not respected. Under such conditions, it is possible for faecal matter to flow or leak from 

nearby latrines, septic tanks, slaughter houses and agricultural fields to the point of 

withdrawal (spring or well). Faecal coliforms such as E. coli are prevalent in the digestive 

tracts of warm- blooded animals and their presence in water is definite evidence of faecal 

contamination (Hancock et al., 1997; Cairncross and Feachem, 1998).  

 For all the groundwater sampling points lower bacteria concentrations were recorded 

in the spring water samples while higher counts were measured from the wells. This is 

probably because most of the wells are locally constructed without the respect of basic 

conditions stated above making them more prone to contaminants than the springs which are 

points where groundwater emerges naturally to the surface. Drinking water containing 

indicator bacteria can pose a serious threat to human health in the short or long run (McGeary 

et al., 2001). 
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 Groundwater Suitability for drinking and domestic use in Bamenda Town 

 To ascertain the suitability of groundwater in the study area for drinking and domestic 

purposes the results were evaluated with respect to the WHO (2004) standard (table 22) and 

the Cheesbrough (1991) classification (table 23).  

Table 22: Groundwater quality in Bamenda Town in compliance with WHO (2004) 
drinking water standard 

Parameter Range in study area WHO limit (2004) 

pH 4.5- 6.5* 6.5- 8.5 

T (°C) 20.7-25.9* 15 

EC (µs/cm) 0.04-2.38 750 

Ca2+ (mg/l) 110-1770* 75 

Mg2+ (mg/l) 97.05- 236.85* 30 

Na+ (mg/l) 4.02- 13.52 200 

K+ (mg/l) 12.02- 12.97 100 

Cl- (mg/l) 0- 270* 250 

NO3
- (mg/l) 2.801- 5.601 10 

SO4
2- (mg/l) 6.025- 11.525 250 

HCO3
- (mg/l) 16.78- 174.18 200 

 

 pH, EC, Na+, K+, NO3ˉ, SO4
2ˉ, and HCO3

- concentrations of the analysed water were 

within the limits required by the WHO (2004) drinking water norms whereas T (°C) values, 

Ca2+, Mg2+, and Cl- concentrations exceeded the WHO limits. Although pH has no effect on 

human health, it is closely related to other chemical constituents of water (Ako, 2011). 

Temperature values were high which may favour bacterial growth and may increase taste, 

odour, colour and corrosion problems.  

 Values of Ca2+ and Mg2+ were much higher than the norms for WHO (2004) for 

drinking water. The presence of these alkaline earth metals determines water hardness. Todd 

(1980) expresses Hardness of water as Total Hardness (TH) which is given by: TH = 2.5Ca + 

4.1Mg. Though hardness has no adverse effect on human health, there is an aesthetic concern 

because of the unpleasant taste that it imparts. Besides, it can prevent the formation of lather 

* values not in the range of WHO (2004) guideline 
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with soap, increase the boiling point of water and may cause encrustation in water supply 

distribution system. According to Durvey et al. (1991), there is some compelling evidence 

that long term comsumption of extremely hard water might lead to increase urolithiasis, 

ancephaly, mortality and some kind of cancer and cardiovascular disorders. On the other 

hand, water softness (low in Ca2+ and Mg2+) could pose a health problem since soft water has 

been linked to cardiovascular ailments (Kozisek, 2005). 

 The WHO limit for Clˉ is 250mg/l and sample WW2 exceeded this limit in the rainy 

season. Higher concentrations may cause gastrointestinal irritation when associated with Na+ 

and Mg2+ (Garg et al., 2009). Heavy metals in the groundwater samples had concentrations 

below the permissible limits (0.01mg/l) of WHO (2004) for drinking water except Pb that 

attained 0.014mg/l at SW1 and 1.023mg/l at WW1. High concentrations of Pb in drinking 

water has been shown to have serious health effects on humans (Nriagu, 1978). When lead is 

ingested in water it may bind to enzymes to produce toxic effects (Byrne, 2001). It is 

associated with nerve damage, birth defects, mental retardation, certain forms of cancers and 

an increased susceptibility to disease (Gurer-Orhan et al., 2004). 

 Bacteriologically, the mean bacteria counts in the sampled groundwater at SW1 and 

WW2 were 30 CFU/100ml and 35 CFU/100ml, and 40 CFU/100ml and 90 CFU/100ml in the 

rainy and dry season respectively, thus placing them under category C following the 

Cheesbrough (1991) classification. SW0 and SW2 with bacteria counts of 10 CFU/100ml and 

15 CFU/100ml and 10 CFU/100ml and 30 CFU/100ml respectively in the rainy and dry 

season fall under category B (table 23). WW2 with counts greater than 50 CFU/100ml fall in 

category D. Water points in category B could be accepted as drinking water sources but with 

regular sanitary checks. Category C is unacceptable as a source of drinking water except when 

treatment is applied. Category D signifies gross pollution and the sources require disinfection 

for the water to be used for drinking. 

Table 23: Category of water samples according to Cheesbrough (1991) classification of 
drinking water 

Sampling points Season Mean count Category 
SW0 Rainy  10 B 

Dry 15 C 
SW1 Rainy 30 C 

Dry 35 C 
SW2 Rainy 10 B 

Dry 30 C 
WW2 Rainy 40 C 

Dry 90 D 
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4.4.2. Surface water  

 Eventhough water from the Mezam River System is not used directly as drinking 

water, it is used widely in the dry season to irrigate crops grown in the swamps of the River. 

If the water used is of low quality, it can have a considerable impact on plants grown and soil 

properties, which in turn will affect the population that consumes the crops.  

 Physico-chemical characteristics  

 The temperature of the Mezam River System did not show any significant variations 

and generally reflected the average ambient temperature. All the samples had pH values 

below neutral, ranging from 5.12 at Nkimufueh to 6.84 at the Naaka River. This pH range is 

compatible with aquatic life, particularly green plants that may serve to aerate and purify the 

water (Tita et al., 2007). The values of electrical conductivity varied from 6.09µS/cm at 

Yambot to 28.5µS/cm at the Ayaba Segment. These values were consistently higher than 

those obtained for groundwater in this study. Infact, EC for the downstream sampling points 

at Nkimufueh, Ayaba and lower Ngomgham were always in excess of 50µS/cm, an indication 

of anthropogenic sources of ions in water. This is corroborated by the higher values of 

suspended solids recorded in these downstream sites. 

 Dissolved oxygen was generally low (<10mg/l) and the sampling points in the urban 

areas (BB and AS) maintained a substandard level (<5mg/l) for most of the time. The amount 

of dissolved oxygen in water is a good indicator of water quality and the kinds of life the 

water can support. Organic waste such as food processing waste, runoff from feedlots and 

piggery, stimulates oxygen consumption by decomposers (Bishop and Prosser, 2002). When 

these microorganisms breakdown the organic materials, they use up oxygen (hence the name 

oxygen-demanding wastes) resulting in a decrease in the oxygen content. The AS and BB 

sampling points (figure 51) are characterized by huge amounts of refuse deposited from the 

commercial as well as the residential areas of the town. 
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Figure 51: Refuse dumped at some sampling points in the Mezam River water. A: AS; B: BB 

 Chemically, the major ions in the Mezam River system are similar to those detected in 

the groundwater, viz: Ca2+ >Mg2+ >K+ >Na+ and HCO3
- >SO4

2- >PO4
3- >Cl-. This suggests 

that surface water results for the main part from these underground sources. However, the 

marked increase in their respective concentrations downstream lends credence to additional 

anthropogenic inputs. This is particularly so with heavy metal levels during the May sampling 

season at BB, NM, AS and NB river segments. Similarly, nitrate concentrations attained the 

FAO (1994) limits of 50mg/l at NM during the May sampling season. 

 Bacteriological characteristics  

 The concentration of faecal bacteria indicator at all the sampling points reflected the 

different human activities carried out in the neighbourhood as well as the population density. 

The lowest concentration of bacteria indicator of pollution were gotten at the YB sampling 

point which is situated in an undeveloped area below the Bamenda Highlands where 

contributions from human influence is expected to be almost zero. The occurrence of elevated 

bacteria counts here indicates that the source is not necessary human but rather other warm- 

blooded animals (Barrow, 1995; Park, 2001). The highest concentrations of faecal indicator 

bacteria were measured at BB and NM. The BB sampling point is situated downstream at a 

densely populated area where a good number of households do not have adequate sanitary 

facilities and in most cases, effluents are channeled directly into the waterway. In addition, 

there are small-scale piggeries and poultries in the back yards of many homes whose wastes 

constantly flow into the river channel. In particular, the NM sampling point is located 

A 
B 
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downstream to the Bamenda slaughterhouse where many cattle are slaughtered on a daily 

basis and the waste is conveyed into the river channel, possibly raising the concentrations of 

faecal bacteria.  

 The bacteria concentrations also showed seasonal variations with comparatively 

higher levels in the dry season and onset of rains, and lower levels in the rainy season. In the 

dry season the volume of water in the river is greatly reduced rendering it more accessible to 

both humans and animals. This trend had also been observed by Tita et al. (2013).  

4.4.3. Geochemical determinants of ground and surface water quality in Bamenda Town 

 The geochemistry of ground and surface water is greatly influenced by the lithology of 

watersheds. Water-rock interaction starts by leaching bedrock minerals into solution and by so 

doing, major cations, anions, silica and other essential minerals are released into the 

hydrosphere. Thus, the chemical composition of natural water in a drainage basin is a direct 

function of the geology of the catchment (Artimes et al., 2011).  

 Sources of cations in ground and surface water in Bamenda Town 

 Rock weathering is an important source of chemical constituents in water. The 

weathering of plagioclase feldspar (Ca-rich) produces clay minerals and can supply Ca2+ and 

HCO3
- ions, as well as silica to water. If soluble ions and silica are not precipitated as solids, 

they remain in solution and may eventually find their way into a stream or river (McGeary et 

al., 2001). 

 Ternary plots (Piper, 1953) for major cations (Mg2+, Ca2+, Na+ and K+) for the studied 

ground and surface water samples revealed different water types with different proportions. 

The ionic concentration of the Bamenda area was Ca2+> Mg2+> K+> Na+. Petrochemical 

studies revealed that felsic rocks are more abundant, constituting about 85% of the 

petrographic types. One would therefore, expect Na and K to dominate over Ca and Mg, since 

these elements are dominant in felsic rocks. It is also likely that Ca2+ ion originates from the 

plagioclase feldspars and hornblende minerals which are abundant in the granitic rocks of the 

study area. The abundance of Ca2+ in surface and groundwater could be because it is released 

into solution faster than Na+ (Deutsch, 1997). The Ca and Mg could also result from an 

additional input from land-derived dust particles in the atmosphere (Musa et al., 2014). Using 

the two ternary plots for cations and anions (figure 44), the samples plotted in the sub fields of 

alkaline earth metals (Ca and Mg), indicating their dominance over the alkali metals (Na and 

K) in surface water in the Mezam River water. Mg2+ ion originates from the weathering of 
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ferromagnesian minerals such as pyroxenes, biotite and olivine, which are found in rocks of 

the study area as seen in this equation:  

Mg2SiO4 + 4CO2 + 2H2O            H4SiO4 + 2Mg2+ + 4OH- 
(fosterite) 

 High Ca2+ content probably results from the alteration of the surrounding rocks that 

are rich in calcic minerals (basic plagioclase) according to the following equation: 

CaAl2Si2O8 + 3H2O + 2CO2            Al2Si2O5(OH)4 + Ca2+ + 2HCO3
- 

(Plagioclase)                                    (kaolinite) 

 The early rains are rich in dissolved ions which lead to the leaching of the base-

forming ions (Ca2+, Na+, Mg2+ and K+) from the soils, chemically enriching the water during 

infiltration in the subsurface (Appelo and Postman, 2005). 

 The source of sodium in ground and surface water in Bamenda Town could either 

come from the sericitisation of plagioclase feldspar (albite: Na[AlSi3O8]) or from the 

alteration of pyroxene (augite: (Ca, Mg, Fe, Al)2[(Si, Al)O3]2). In addition, the Na+ could also 

come from cation exchange reaction between water and clay minerals in the surrounding 

bedrock: 

2NaAlSi3O8+2H++ 9H2O            Al2Si2O5(OH)4 + 4H4SiO4+ 2Na+ 
(Albite)                                         (Kaolinite) 

 K+ is equally abundant in silicate minerals such as orthoclase, nepheline, leucite and 

biotite (karanth, 1987). Besides, the basement rock of the study area is composed of granite 

and K+ probably results from the dissolution of orthoclase (KAlSi3O8)) and ferromagnesian 

(FeMg) minerals like biotite (K (Mg Fe)3 (AlSi3)O10 (OH, Fe)2) present in the granites as 

presented in the following equations: 

2KAlSi3O8+ 2H+ +9H2O           Al2Si2O5(OH)4 + 4H4SiO4+ 2K+ 
(Orthoclase)                                (Kaolinite) 

2KFe3AlSi3O10(OH)2+13H++CO2+2H20          Al2Si2O5(OH)4+4H4SiO4+6Fe2++6Fe3++HCO3
-+2k+ 

(Biotite)                                                         (Kaolinite) 

 The probable source of Fe in ground and surface water in Bamenda Town is from the 

hydrolysis of ferromagnesian minerals such as pyroxene (augite: (Ca, Mg, Fe, Al) (Si, Al)2), 

olivine: (Mg, Fe)2[SiO4], amphibole (hornblende: Ca2(Mg, Fe)4 Al[(Si7,Al)22(OH, F)2]. The 

Fe could also come from opaque minerals in water such as ulvospinel (Fe2TiO4), hematite 

(Fe2O3) and magnetite (Fe3O4) (Goldschmidt, 1954; Millot, 1964). 

2KFe3AlSi3O10(OH)2+13H++CO2+2H20          Al2Si2O5(OH)4+4H4SiO4+6Fe2++6Fe3++HCO3
-+2k+ 

(Biotite)                                                          (Kaolinite) 
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 Sources of anions in surface and groundwater in Bamenda Town 

 The most abundant anion in the studied ground and surface water samples during the 

study period was HCO3
-. This is because of the reaction of silicate minerals with carbonic 

acid in the presence of water releasing HCO3
- as in this equation: 

2NaAlSi3O8 + 2CO2 + 11H2O             Al2Si2O5 (OH)4 + 2Na+ + 2HCO3
- + 4H4SiO4  

(Albite)                                                (Kaolinite) 

This confirms the dominance of HCO3
- in the groundwater sources, resulting from the 

reactions of rocks with percolating groundwater. 

 The concentration of NO3
- was low in surface and groundwater. The potential source 

of this ion is probably the oxidation of organic matters in biochemical processes: 

NH4
++ 2O2              NO3

-+ 2H++ H2O  

Low concentrations of NO3ˉ in the dry season suggest their adsorption in organic colloids 

(Fonge et al., 2012). The potential source may also be shallow latrines and oxidation of 

organic matter in biochemical processes. 

 PO4
3- could result from the leaching of phosphate fertilizers from nearby farmlands 

while SO4
2ˉ may derive from natural sources such as sulphate minerals that are also found in 

igneous rocks (Karanth, 1987). It can also originate from the oxidation of pyrite:  

Fe S2 + 2O2 + H2O → 2 SO4
2- + H2. The low concentrations may be a consequence of gradual 

dissolution (Ngwa, 2013). 

 Clˉ was detected only at SW4 and WW2 in the rainy season and at SW0 in the dry 

season. According to Benedetti et al. (2003), at high altitude, the decrease in Clˉ 

concentration is due to smaller rainfall inputs caused by rapid decrease of the absolute 

humidity and temperature with elevation resulting in a smaller condensation.  

 

4.5. CONCLUSION 

 Surface and groundwater of Bamenda Town is slightly acidic with pH values varying 

from 4.1 to 6.7 for groundwater and 5.12 to 6.84 for surface water. When the acidic water 

comes into contact with geological materials of the surroundings, it is able to dissolve some 

minerals and incorporate them into the water, thereby enriching the chemical content of the 

water. The cation concentration for both ground and surface water during the study period 

was in the order: Ca2+> Mg2+> Na+> K+. The high content of Ca2+ is derived from feldspar 

and hornblende minerals in the rocks. The anion concentration was in the order: HCO3
-> 

SO4
2-> NO3

-> Cl-. High HCO3
- ion is a characteristic of natural waters along the CVL, 

resulting from dissolved CO2 in precipitation. The concentrations of most physico-chemical 

parameters (EC, Na+, K+, SO4
2-, NO3

- and HCO3
-) in the studied groundwater samples were 
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below the permissible limits recommended by WHO (2004) for drinking water while the  

values of Ca2+, Mg2+ and Cl- exceeded the limits. Heavy metals in both ground and surface 

water were detected in very low concentrations at some sampling points and were completely 

absent in most groundwater samples. High faecal bacteria indicators were measured in both 

ground and surface water samples, even in the springs and wells that are used as sources of 

drinking water. High levels exceeding 500CFU/ml were measured in sampling points in the 

urban center. The concentrations of some physical and bacteriological parameters showed 

great variations from the reference point and other sampling points, increasing as one 

traversed the sampling points in the urban center. Remarkable seasonal variations were noted 

in the physical, chemical and bacteriological parameters in the studied surface and 

groundwater samples of Bamenda Town. The high pollutant loads degrade the quality of 

surface and groundwater in Bamenda Town. Major cations and anions in the studied surface 

and groundwater in Bamenda Town is shown to result predominantly from the alteration of 

various petrographic types that constitute the watershed of the Mezam River system.  
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 The main objective of this research work was to assess the quality of both ground and 

surface water in relation to their geological setting in order to determine their suitability for 

domestic chores. The results obtained show that: 

 Petrographically, Bamenda Town is covered by igneous rocks of two distinct groups: 

1) plutonic rocks made up of granite and leucogranite, associated to the Pan African North 

Equatorial Fold Belt; and 2) volcanic rocks made up of basalt and trachyte, which on their 

part are related to the Cameroon Volcanic Line.  

 The granite and leucogranite have high K-calc-alkaline characteristics and revealed 

negative and positive correlations with SiO2, which correspond to high K-calc-alkaline series. 

The granite is of the K-granitoid type and leucogranite of the Na-granitoid type. Both rocks 

are peraluminous, with leucoganite being more peraluminous and of the S-type granite, while 

granite is just slightly peraluminous and of the I-type. Granite shows magnesian 

characteristics but leucogranite shows ferriferous characteristics. The chondrite normalized 

patterns show that granite has higher concentrations of LREE than leucogranite, respectively 

>100*chondrite and >10*chondrite, but both rock types have similar concentrations of HREE. 

Negative Eu anomalies (Eu/Eu* = 0.23-0.36) are pronounced in leucogranite which also show 

negative anomalies in Ce, but Eu anomalies are variable in granite (Eu/Eu* = 0.81-1.08). The 

Bamenda granitic magma resulted from the partial melting of metagreywackes whereas the 

Bamenda leucogranitic magma was derived from the partial melting of metapelites. The 

Bamenda granitoids are syn-to post-tectonics and are similar to those described by various 

authors in the central domains of the Pan-African North Equatorial Fold Belt in Cameroon. 

 Basalt and trachyte are both alkaline rocks, basic and acid respectively, with 

SiO2<50wt% for basalt and >62wt% for trachyte. They denote positive correlations for Nb, 

Rb, Zr, Y and Y+Nb and negative correlations for Ba, Sr and Zn with increasing SiO2 content. 

The sum of REE varies from 731 ppm to 772 ppm for trachyte and from 246 ppm to 259 ppm 

for basalt. Basalt and trachyte are characterized by negative anomalies for Europium 

(Eu/Eu*=1.013-1082) and (Eu/Eu*=0.74-0.832) respectively, and originated from the partial 

melting of garnet peridotite at about 10% melting for trachyte, and for about 12% partial 

melting for basalt. The source for the studied basalt is similar to that of alkali basalt from the 

Bamenda Highlands while that of the studied trachyte is closer to that of Mount Cameroon 

lavas. 

 Groundwater samples from hand-dug wells and springs had pH range between 4.1 and 

6.5 which is below the WHO standard for drinking water. The low EC and TDS classified the 

water as low-mineralised and freshwater. The relative abundance of major cations and anions 
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(mg//l) in the water was Ca2+ > Mg2+ > K+>Na+ and HCO3ˉ > SO4
2ˉ > NO3ˉ >PO4

3ˉ 

respectively. Major ion concentrations were low, and below the permissible values of WHO 

standards for drinking water, except for Ca2+ and Mg2+ which were higher and therefore, 

classifying the water as hard. From a bacteriological standpoint, the sampled groundwater 

contained high levels of faecal bacteria, which were above the WHO and Cheesbrough limits 

for drinking water for most of the points. Different levels of E. coli, Streptococcus, 

Salmonella and Proteus were gotten for the sampled springs and wells thus necessitating a 

treatment before the water could be used for drinking. 

 Surface water from the Mezam River is low mineralised, yielding pH values below the 

neutral limit. The turbidity of all the studied samples exceeded 5NTU, except at Yambot. The 

concentration of dissolved oxygen varied from 4.54mg/l at BB to 15.24mg/l at YB. The low 

dissolved oxygen levels at the urban sites relates to large quantities of suspended solids 

deposited at those sites. The ionic species in the Mezam River system presented the following 

order: Ca2+ >Mg2+ >K+ >Na+ for the cations and HCO3
- >SO4

2- >PO4
3- >Cl- for the anions. 

High concentration of nitrate occurred at NM in the dry season probably resulted from the 

slurry of the Bamenda slaughterhouse and can be detrimental to the aquatic system as it can 

induce euthrophication while the ammonium and phosphate ions were detected in small 

amounts. Iron had the highest concentration amongst the heavy metals while Cu, Pb, CN, Zn 

and B exist in very small amounts below the limit recommended by FAO (1994) for irrigation 

water, except for lead and arsenic that had greater values possibly resulting from 

anthropogenic sources.  

 From a bacteriological point of view, the Mezam River system is polluted with 

different faecal bacteria. High levels of pollution occurred at urban sites such as BB, NM, AS, 

LN and NB because these segments receive domestic sewage and urban runoffs. In addition to 

urban runoff, the NM sampling point also receives sewage from the town’s abattoir. The 

lowest concentrations of faecal bacteria were gotten at the YB sampling point which is 

situated in an unhabitated area where contributions from human activities is minimal except 

for other warm-blooded animals in the environment. 

 Geochemically both surface and groundwater sources in Bamenda Town have similar 

ionic species, resulting essentially from the weathering of silicate minerals. Calcium 

constitutes the dominant cation and probably results from the weathering of plagioclase and 

hornblend that are abundant in the granitic rocks of the area. Potassium is derived from the 

dissolution of orthoclase and biotite which are also dominant in granitic rocks. The HCO3
- ion 
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was the dominant anion in the surface and groundwater probably resulted from dissolved CO2 

in rainwater in the atmosphere. 

 The composition of surface and groundwater in Bamenda Town varies from one 

sampling point to the other reflecting the lithology of the watershed. The major source of 

dissolved ions in surface and groundwater are the rocks which the water flows on. As the 

slightly acidic water encounters the rocks, their minerals are dissolved and incorporated into 

the composition of the water thus leading to the various water types. 

 The conservation of the aquatic environment constitutes an important entity in the 

management of economic and industrial development of every community and as such the 

various stakeholders are urged to assume their responsibility in protecting the quality of this 

resource not only for the health benefits of its population but also for the conservation of its 

biodiversity. To this effect, the City council should ensure that refuse in the City is collected 

for disposal more regularly and sanitary campaigns of residence organized to attenuate the 

quantity of sewage that flows into the Mezam River. For potable water crisis, the distribution 

pipeline should be extended to quarters which do not have access to pipe-borne water as they 

are obliged to use water for domestic chores from shallow wells and the Mezam River which 

are of uncertain qualities. The population on its part should adopt responsible behaviours and 

avoid the disposal of solid and liquid wastes into the River channel in order to limit the 

negative health impacts to the population and for the conservation of aquatic life. Water 

abstracted from wells and boresholes for domestic chores should be boiled and filtered to 

deactivate any microorganisms that could be found. 

 

PERSPECTIVES 
 It will be necessary for further research to be carried out on the following aspects: 

-A radiometric dating of the igneous rocks of Bamenda Town to determine when the 

volcanism took place.  

-An assessment of the riverbed sediments is necessary as pollutants in water usually settle at 

the bottom and could constitute a source of pollutants to the river water during turbulent flow. 

-A determination of the isotopic characteristics of rainwater, ground and surface water in 

Bamenda Town as to apprehend the origin of groundwater in the study area. 

-A study of the effects of the ions and bacteria on human health will be necessary. 
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