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THINGS YOU SHOULD BRING 
 

Please limit yourself to one checked bag and one carry-on (day-pack) 
 
Most Important: 
• Passport & credit card 
 
Personal Items: 
• Sunscreen 
• Lip balm with sunscreen 
• Sunglasses 
• Tissues 
• Toiletries 
• Van/Plane Entertainment (books, cards, small board games, etc.) 
• Travel Towel  
• Outlet converter (Type C or E) 
 
Clothes: 
• It should be warm… but it might be chilly in the mountains 
• Hiking boots or good cross trainers 
• Lightweight hiking pants 
• Swimming Suit 
• Hats (both for sun protection and warmth)  
  
Equipment: 
• Water Bottle 
• Field Notebook 
• Pencils/Pens 
• Rock Hammer (must be packed in checked luggage) 
• Hand lens 

 
Money: 
• You cannot get Moroccan Dirhams from your bank. It is a closed currency, meaning it is not 

traded as a currency globally.   
• We will have to exchange money at the airport or at ATMs in Morocco.  
• Your credit/bank cards should work fine, but it is always a good idea to tell those companies you 

are going overseas so they don’t shut you down to thinking it might be fraudulent.  
 
Other: 
• WhatsApp – I would like everyone to download WhatsApp. This is a phone/text service that is 
free and will allow us to stay in contact via Wifi. This way we will not need to add expensive 
international calling/data plans to our phone.   
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TRIP RULES 
 

1. Don’t do anything that would put yourself or others else in danger.  

2. Buddy System – do not wander off by yourself, ALWAYS have 
another group member with you AT ALL TIMES!!! 

3. Do not invite strangers back to our hotels 

4. Please practice moderation – do not overdo it. Please.  

 

You are representing the University of Pittsburgh at Johnstown. 
Do not embarrass the university. Do not do anything that would 

jeopardize future trips of the Geology Club! 
 
 
 

After the trip: 
After the trip, I would like you to upload your pictures to shared cloud 
folder. I use these pictures in lectures and advertising for future trips. 
 
You will attend the Geosciences Banquet on Friday April 24th, where the 
attendees of the Geology Club Spring Break trip will present pictures 
from the trip.  
 

Important Phone Numbers 
Pitt-Johnstown Geology Prof Ryan Kerrigan: +1 612 229 6810 
Morocco Explorer Guide Youssef: +00212662-895-735 
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FLIGHTS 
 
Flights 
 
Booking Reference: XAHAS7 
 
Departing Flights 

Flight #1:    Departure: Royal Air Maroc, AT219, Friday, March 6, 2026, 
8:45PM, Washington DC (Dulles – IAD) to Casablanca (CMN) 
Arrival: Casablanca on Saturday, March 7, 2026 at 8:50AM 

Flight #2:    Departure: Royal Air Maroc, AT411, Saturday, March 7, 2026, 
10:55AM, Casablanca (CMN) to Marrakech (RAK) 
Arrival: Marrakech on Saturday, March 7, 2026, 11:45AM 

 
Return Flight 

Flight #1:    Departure: Royal Air Maroc, AT412, Saturday, March 14, 2026, 
5:50PM, Marrakech (RAK) to Casablanca (CMN) 
Arrival: Casablanca on Saturday, March 14, 2026 at 6:50PM 
 

Long layover (~22hrs) for sight-seeing in Casablanca 
 

Flight #2:    Departure: Royal Air Maroc, AT218, Sunday, March 15, 2026, 
3:25PM, Casablanca (CMN) to Washington DC (Dulles – IAD) 
Arrival: Washington DC on Sunday, March 15, 2026, 7:45PM 
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MOROCCAN BASICS 
 
Emergency Number: 19 (Police) and 15 (Ambulance) 
USA embassy: 05-37-63-72-00 or +212-537-63-72-00 

- Currency: Moroccan Dirhams (MAD) 

- Exchange Rate: 1 USD = ~9.21 MAD or… 100 MAD = ~$11 USD 

- Time zone: +1 Greenwich Mean Time (GMT) (add 5 hours to EST (our time)) 

- Credit Cards: While cards will be accepted in many locations, we will definitely encounter 
“cash only” establishments. Please bring cash with you. You probably will not need a lot 
of Moroccan Dirham (most meals are covered) but the shops and markets will only take 
Dirhams.   

- ATMs: Available in most towns 

- Electrical outlets: Morocco uses European style outlets (Type C and E). These have two 
round prongs. You will need these to charge your devices. If you forget, they have stores.  

- Tipping: Tipping in Morocco is expected but not as high as the US. Restaurants – about 
10% tip is usually appropriate, but you can tip more if the service was exceptional. Upscale 
restaurants may automatically include a tip on the bill. 

- Etiquette: Learn a couple of Arabic phrases before going on the trip. You are in their 
country, at least make an attempt to conform to their culture, it is only courteous. Hello, 
Goodbye, Please, Thank you at a minimum. 

- Temperature: March weather and climate: it’s going to be warm. Daily highs average 
around mid-70’s°F and lows around 50°F. Up in the mountains it will be cooler.  

- Precipitation: We will be there at the tail-end of rainy season, but it is generally dry where 
we will be. 

- Daylight: ~12 hours of daylight (~06:45–18:45) 

 
Fun Facts About Morocco 

 The official name of Morocco is the Kingdom of Morocco. 
 The King of Morocco is Mohammed VI. He accepted the throne on the 23rd of July 1999. 
 Morocco borders Algeria to the east, the Mediterranean Sea to the north, the Atlantic Ocean to the 

west, and Mauritania and Mali to the south. 
 The south of the country is blanketed by the Sahara Desert, the hottest desert on the planet. 
 11.5% of Morocco is forested. 
 The High Atlas Mountains are the highest mountains in North Africa and run from Morocco to 

Tunisia. The highest peak is called Toubkal and is 4,167 m (13,671 ft) high.  
 Morocco is approximately the same size as the US state of California. 
 The largest city in Morocco is Casablanca, but the capital city is Rabat. 
 Marrakesh is the cultural capital of the country. It’s known for its markets (called souks), and 

colorful traditional Moroccan houses (called riads). 
 Morocco’s population is approximately 37.6 million people. 

 99% of Moroccans are Muslims, and the other 1% are Jewish or Christians.  
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Basic Travel Arabic 
 
Greetings and Polite Expressions 

Salam alaykum (سلام عليكم) – Hello (common greeting). 
Sbah l-khir (صباح الخير) – Good morning. 
Msaa l-khir (مساء الخير) – Good evening. 
La, shukran (لا، شكرا) – No, thank you. 
Naam, barakallahu fik ( نعم، بارك الله فيك) – Yes, may God bless you. 
Afak (عفاك) – Please. 
Shukran (شكرا) – Thank you. 
Tfaddal (تفضل) – You’re welcome. 
 

Getting Around 
Fin toilet? (فين طواليط؟) – Where is the bathroom? 
Kayn taxi? (كاين تاكسي؟) – Is there a taxi? 
Mechi (مشي) – Go (useful when giving directions). 
Asif/ Smahli (سمحلي/أسف) – Excuse me or pardon. 
Kifach nmchi lsaha? (كيفاش نمشي للساحة؟) – How do I get to the square? 
 

Shopping and Bargaining 
Bshwiya bshwiya (بشوية بشوية) – Little by little (when haggling). 
Bchhal hada? ( بشحال هاذا؟) – How much is this? 
Ghali/rahh ghali (غالي/راح غالي) – Expensive/It’s too expensive. 
Khelliha b… ( خليها ب…) – Give it to me for… 
Maakayn mushkil (ماكاين مشكل) – No problem. 
Bchhal tkhali hali? (بشحال تخليها لي؟) – How much can you do it for? 
 

Eating and Dining 
Bismillah (بسم الله) – In the name of God (said before meals). 
Shwiya bshwiya (شوية بشوية) – A little bit (when serving food). 
Hnaya (هنايا) – Here you go (when offering something). 
Lma (لما) – Water. 
Atay (اتاي) – Tea (a staple of Moroccan hospitality). 
Rzala (غزالة) – Delicious. 
 

Making Friends 
Shno smiytk? (شنو اسميتك؟) – What’s your name? 
Ismi… ( اسمي…) – My name is… 
Ana min… (أنا من…) – I’m from… 
Sbar Alaya (صبر عليا) – Wait for me. 
 

Emergency Phrases 
Musa’ida! (مساعدة!) – Help! 
Mcha li baztam (مشالي البزطام) – I lost my wallet. 
Ana bghit doctor (انا بغيت دكتور) – I need a doctor. 
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BRIEF ITINERARY 
 
Day 1: Friday, March 6th, 2026 – Fly to Morocco 

Find your way to Washington Dulles International Airport! 
Overnight flight to Morocco 
Flight #1:    Departure: Royal Air Maroc, AT219, Friday, March 6, 2026, 8:45PM, Washington 

DC (Dulles – IAD) to Casablanca (CMN) 
Arrival: Casablanca on Saturday, March 7, 2026 at 8:50AM 

 
Day 2: Saturday, March 7th, 2026 – Arrive in Marrakech 

8:50 AM: Arrive in Casablanca. Clear immigration. 
10:55 AM: Depart Casablanca for Marrakech 
Flight #2:    Departure: Royal Air Maroc, AT411, Saturday, March 7, 2026, 10:55AM, 

Casablanca (CMN) to Marrakech (RAK) 
Arrival: Marrakech on Saturday, March 7, 2026, 11:45AM 

12:00 PM: Arrive in Marrakech 
1:00 PM: Arrive at the Hotel 

Kennedy Hospitality Resort – Marrakech 
Av. du Président Kennedy, Marrakech 40000, Morocco 
https://www.kennedyhospitalityresort.com/ 

Rest of the day: Free afternoon and evening to explore Marrakech.  
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Day 3: Sunday, March 8th, 2026 – Marrakech – Sidi Rahal – High Atlas – Ait ben Haddou – 

Ouarzazate 
 

STOP 3.1 – Sidi Rahal Agate Mine  
STOP 3.2 – Fault near Zerkten 
Lunch Stop 
STOP 3.3 – Col du Tichka 
STOP 3.4 – Telouet Salt Mine 
STOP 3.5 – Ounila Valley 
STOP 3.6 – Ait-Ben-Haddou 
STOP 3.7 – Ouarzazate 

 
Hotel Information:  

Les Jardins de Ouarzazate 
13 N9, Tarmigt 45000, Morocco 
http://www.lesjardinsdeouarzazate.com/ 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  

STOP 3.1 

STOP 3.3 
STOP 3.4 

STOP 3.5 

STOP 3.6 

STOP 3.7 

STOP 3.2 
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Day 4: Monday, March 9th, 2026 – Ouarzazate – Anit-Atlas Stromatolites – Draa Valley – Alnif 
Fossils 

STOP 4.1 – Ediacaran Stromatolites 
STOP 4.2 – Tizi-n-Tinififft Pass 
STOP 4.3 – Agdz and The Draa Valley 
STOP 4.4 – Orthoceras Quarry near Tazzarine 
STOP 4.5 – Trilobite Preparation Workshop near Alnif 

 
 

Hotel Information:  
Auberge Kasbah Meteorites 
Ksar Tighirna à 13 km d'Alnif BP138, Alnif 52452, Morocco 
http://www.kasbah-meteorites.com/ 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

STOP 4.1 

STOP 4.2 

STOP 4.3 
STOP 4.4 

STOP 4.5 
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Day 5: Tuesday, March 10th, 2026 – Around Alnif – Trilobites of the Maider Basin – Mharch Desert 
Oasis 

STOP 5.1 – Cambrian Trilobite Fossils 
STOP 5.2 – Ordovician Trilobite Fossils 
STOP 5.3 – Devonian Trilobite Fossils 
STOP 5.4 – Desert Oasis in Mharch 
 
 
Hotel Information:  

Auberge Camping Oasis El Mharech 
QC6P+4J6, Sidi Ali, Morocco 
https://www.tripadvisor.com/Hotel_Review-g304019-d1733903-Reviews-
Auberge_Camping_Oasis_El_Mharech-Rissani_Meknes_Tafilalet_Region.html 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

  

STOP 5.1 

STOP 5.2 

STOP 5.3 

STOP 5.4 
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Day 6: Wednesday, March 11th, 2026 – Maider Basin to Erg Chebbi Dunes (So many fossils, you 
are going to throw up…) 
STOP 6.1 – Guelb el Mharch 
STOP 6.2 – Aferdou el Mrakib 
STOP 6.3 – Jebel el Krabis 
STOP 6.4 – Fezzou for lunch 
STOP 6.5 – Butte 760 
STOP 6.6 – Jebel Amelane 
STOP 6.7 – Eifelian-Givetian GSSP Golden Spike 
STOP 6.8 – Merzouga  
 
Hotel Information:  

Mohayut Camp 
4XMP+4MG, village hassi labiad, Merzouga 52202, Morocco 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

   

STOP 6.8 

STOP 6.7 

STOP 6.6 

STOP 6.5 

STOP 6.4 

STOP 6.3 STOP 6.2 

STOP 6.1 
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Day 7: Thursday, March 12th, 2026 – Kem Kem Dinosaur Beds & Filon 12 Mine  
STOP 7.1 – Fulgerites! 
STOP 7.2 – Kem Kem Dinosaur Mine 
STOP 7.3 – Tadaout-Tizi n’Rsas anticline 
STOP 7.4 – Silurian Orthoceras and Permian dikes 
STOP 7.5 – Filon 12 Hematite Mine 
STOP 7.6 – Late Devonian Anticline 
Possible Stop – Camel Ride into the Erg Chebbi Dunes SAME HOTEL AS LAST NIGHT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

STOP 7.1 

STOP 7.2 

STOP 7.6 

STOP 7.5 

STOP 7.4 

STOP 7.3 
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Day 8: Friday, March 13th, 2026 – Merzouga – Todra Gorge – Ouarzazate 
STOP 8.1 – Hamar Laghdad (Kes Kes) Overlook 
STOP 8.2 – Erfoud Orthoceras Quarry 
STOP 8.3 – Erfoud Fossil Factory 
STOP 8.4 – Todra Gorge Overlook 
STOP 8.5 – Ouarzazate 
 
Hotel Information:  

Les Jardins de Ouarzazate 
13 N9, Tarmigt 45000, Morocco 
http://www.lesjardinsdeouarzazate.com/ 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  

STOP 8.1 
STOP 8.2 

STOP 8.3 

STOP 8.4 

STOP 8.5 
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Day 9: Saturday, March 14th, 2026 – Ouarzazate – High Atlas – Marrakech – Casablanca 
STOP 9.1 – Mostly Driving back to Marrakech 
STOP 9.2 – Marrakech 
STOP 9.3 – Casablanca 
 
Hotel Information:  

Silver Suites Hotel & Spa Casablanca 
9 Rue Kaddour El Alami, Casablanca 20250, Morocco 
https://silversuiteshotel.com/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Return Flight 

Flight #1:    Departure: Royal Air Maroc, AT412, Saturday, March 14, 2026, 5:50PM, 
Marrakech (RAK) to Casablanca (CMN) 
Arrival: Casablanca on Saturday, March 14, 2026 at 6:50PM 
Long layover (~22hrs) for sight-seeing in Casablanca 

 
Day 10: Sunday, March 15th, 2026 – Casablanca and flight home 

Flight #2:    Departure: Royal Air Maroc, AT218, Sunday, March 15, 2026, 3:25PM, 
Casablanca (CMN) to Washington DC (Dulles – IAD) 
Arrival: Washington DC on Sunday, March 15, 2026, 7:45PM 

Make sure you have made arrangements for a ride home from Dulles International Airport 
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VERY BRIEF HISTORY OF MOROCCO 
 
Morocco, with a history stretching from ancient Berber roots through Roman and Arab influence, emerged 
as an independent kingdom in 789 under the Idrisid dynasty. It was later ruled by powerful Berber dynasties 
(Almoravids, Almohads) before becoming a French/Spanish protectorate in 1912, finally regaining 
independence in 1956 and establishing a constitutional monarchy under the Alaouite dynasty.  
 
Key Historical Eras: 

Ancient Period: Originally inhabited by Berbers (Amazigh), the coast was settled by Phoenicians, 
Carthaginians, and Romans. 

Islamic Conquest & Early Dynasties (7th–11th Century): Arab forces arrived in the late 7th century, 
bringing Islam. The Idrisid dynasty (789) established the first independent Moroccan state, building 
cities like Fez. 

Berber Empires (11th–16th Century): The Almoravid and Almohad dynasties united the region, 
controlling North Africa and parts of Spain, with Marrakech as a key hub. 

The Alaouite Dynasty (1631–Present): The current ruling dynasty came to power in the 17th century, 
maintaining independence for centuries, even becoming the first nation to recognize the United 
States in 1777. 

Colonial Rule & Independence (1912–1956): Morocco was divided into French and Spanish 
protectorates in 1912. Resistance led to independence in 1956. 

Modern Era (1956–Present): Under Hassan II and currently King Mohammed VI (since 1999), 
Morocco has functioned as a constitutional monarchy, navigating issues like the Western Sahara 
dispute. 
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MOROCCAN FOODS 
 

I found this Moroccan food guide that was pretty good…  
https://www.celebritycruises.com/blog/moroccan-food 

 
Moroccan food is a rich blend of flavors and traditions, including Arabic, Andalusian, and 

Mediterranean influences. At its heart is a blend of spices, called ras el hanout, dominated by cumin, 
coriander, turmeric, cinnamon, and saffron. 

Ras el hanout means “head of the shop”, meaning the best on offer in the bazaar. Every cook has their 
own mix, often handed down through generations, with some said to involve up to 100 ingredients. 

The art is in balancing the flavors, without overwhelming any ingredient. That’s a philosophy that 
extends to the communal meals that are a symbol of Morocco’s hospitality and warm social tolerance. 
 

Tajine 
 
 
 
 
 
 
 
 
 
 
 

Morocco is known for tagine, the quintessential dish named after the conical earthenware pot in which 
it is cooked. The conical lid of a tajine/tagine allows steam from cooking to condense and fall back into the 
food. 

This self-basting process produces really tender meat and vegetables, the flavors of which are infused 
together with the typical Moroccan spice mix. Common combinations include lamb with prunes or chicken 
with lemon and olives. 

A distinctive feature of tajines is the contrast of preserved fruit, such as lemon or prunes, with the meat 
and vegetables. The tajine is brought to the table, where the dish is eaten with bread to soak up the flavourful 
sauce. 
 

Couscous 
If you’re looking for Morocco’s national food, 

couscous might well be it. Its base is hand-rolled 
grains of semolina, steamed over a￼ rich broth 
and kept fluffy by constant stirring. 

The light, airy couscous is then served with 
toppings of cooked vegetables and tender meats 
such as lamb or chicken. The broth is put out 
separately to add according to personal taste. 

It’s traditional to have couscous as a family 
meal after visiting the mosque on Friday 
afternoons, eating it by hand or with a spoon. 
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Pastilla/Bastilla 
Once made with pigeon but now usually 

chicken, pastilla—or bastilla—is a savory-sweet 
filled pastry treat. The meat, combined with 
almond, egg, and spices, is cooked in warka, a 
phyllo-like layered  wrapping. 

The finished pastry is dusted with powdered 
sugar and cinnamon. Biting through the crisp, 
sweet shell, you hit the tender, spicy meat in a 
sensational mix of tastes and textures. 

The dish has its roots in Andalusian cuisine, 
brought by Moors fleeing Spain in the 15th 
century. Taking great skill to do well, modern 
variations include seafood or vegetarian fillings. 

Harissa 
 
Harissa is a red, chili-hot paste, one 

Algeria claims as its own, but Morocco 
has its own, milder regional versions. It’s 
made from a mix of roasted red peppers, 
chili pepper, herbs, and various spices, 
such as cumin and coriander. 

These are all mixed with olive oil to 
create a distinctive, red paste that is a 
common seasoning for many dishes. It has 
a complex balance of heat, earthiness, and 
fragrance that can become addictive. 

Every region of Morocco has its own variations, including ones that add ingredients such as preserved 
lemon. A preference for less heat and more depth reflects the subtleties of Moroccan cuisine. 
 

Harira 
Harira is a traditional Moroccan soup, a staple for 

breaking the Ramadan fast but enjoyed year-round. 
It’s a hearty mix of lentils, chickpeas, and often lamb, 
with broken spaghetti, onion, celery, and a tomato 
base. 

 
The soup is thickened with flour and egg, giving 

it a distinct mouth feel. Its flavor is enhanced by 
spices such as turmeric, cinnamon, ginger, and 
pepper. 

 
The addition of fresh cilantro, and parsley—and a 

dash of lemon—is also key to harira’s appeal. It’s 
served with dates and chebakia, honey-coated sesame 
cookies, or hard-boiled eggs. 
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Khobz 
A warm loaf of khobz bread is an 

essential at every Moroccan meal. Flat and 
round, it has a distinctive crusty top 
traditionally patterned with a fork. 

Khobz has to be soft enough to tear into 
chunks, yet firm enough to use in scooping 
up food, especially juices. It’s a real skill to 
get it right from a simple recipe of flour, 
yeast, salt, and water. 

Semolina is added to help give some of 
that necessary texture. Anise or cumin seeds 
may also be added, among several regional 
variations. 
 

Msemmen 
Another traditional flatbread, msemmen 

differs from Khobz in having a multi-folded 
dough, like puff pastry. The Moroccan 
equivalent of a pancake, it’s as light and 
delicious as it sounds. 

The basic dough is similar to khobz but is 
folded into layers with butter or oil between 
each. Rolled thin, it’s cooked on a hot griddle 
until crispy on the outside. 

Among the popular street foods in 
Morocco, many vendors will make it fresh in 
an appetizing display of skill. It’s eaten for 
breakfast or as a snack with mint tea and 
comes with a choice of fillings or toppings 
from ground beef to honey. 
 

Rfissa 
 This traditional dish combines shredded 

msemmen—layered flatbread—or day-old bread 
with a rich lentil and chicken stew. It’s seasoned 
with a blend of spices that includes ginger, pepper, 
turmeric, and fenugreek. 

Time-intensive to prepare, rfissa is a special 
occasion food in Morocco. It is often given to new 
mothers, as the fenugreek is believed to give 
strength and boost milk production. 

The slow-cooked chicken and lentil broth, 
soaked up by the layered bread, gives a satisfying 
mix of textures. The fenugreek helps thicken the 
dish while adding its distinctive bitter-sweet flavor. 
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Bissara 
Bessara is a hearty soup with a base 

of dried fava beans or split peas, 
simmered to a smooth, thick 
consistency. It’s flavored with garlic, 
olive oil, cumin, and paprika. 

Like any soup, long, slow cooking 
is essential for the best flavor. The dish 
is particularly popular in northern 
Morocco and during the winter months. 

Comfort food at its best, bissara is 
often eaten at breakfast with fresh 
bread. You’ll find street vendors 
selling it in the morning hours. 

 

 
Loubia 
 

Stewed white beans might sound very bland, 
but the addition of Moroccan spices lifts it to 
another level. Comfort food at its most basic, 
loubia is eaten with bread at any time of the day. 

The beans are soaked overnight, then slowly 
cooked with fresh tomatoes, ginger, paprika, and 
cumin. Garlic and fresh herbs—and even a dash 
of chili—add even more depth of flavor. 

While loubia is a vegetarian dish, it might also 
have some meat or meat stock added. It’s eaten 
with a spoon, or by using crusty khobz bread as a 
scoop. 
 

Zaalouk 
 

Zaalouk is a staple of Moroccan cuisine, 
based on roasted or grilled eggplant. Cooked 
until soft and smoky, the eggplant is mashed 
with cooked tomato. 

 
Flavored with garlic, cumin, and paprika, the 

dish is then cooked slowly with olive oil while it 
thickens. Zaalouk can be served hot or cold, 
usually as part of a mezze platter. 

 
Typically eaten as a dip with fresh bread, this 

vegetable dish is both healthy and delicious. The 
mix of smoky eggplant, rich tomato, and spices 
creates a rich, complex taste. 
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Mechoui 
 

A meal for celebrations and festivals, mechoui is a 
whole roasted lamb. It’s eaten communally, with the 
tender meat being torn off using portions of flatbread. 

The lamb is marinated in a mix of cumin, paprika, 
black pepper, and other spices, often with saffron as well. 
It’s then cooked for hours on a spit or in an oven until the 
meat falls off the bone. 

Ideally, the skin is still crisp but not burnt, so careful 
cooking is needed. Typical seasoning is salt and cumin, 
available to diners to add to individual taste. 
 

Tangia 
 

 Another dish named after the urn-shaped pot it is cooked 
in, tangia is simpler than tajine. Often called a “bachelor’s 
meal”, it’s usually just meat, normally lamb, and preserved 
lemon. 

Traditionally, the pot was prepared in the morning and left 
at the local hammam. It was then cooked in the fire that heated 
the bathhouse water. 

This slow cooking method blends the rich spice seasoning 
with the juices of the tenderized meat and contrasting fruit. The 
resulting dish—comfort food at its finest—is eaten straight 
from the pot with fresh bread. 

 
 
 

Sardines Mchermel 
The key to this popular Moroccan 

dish is a marinade of chermoula. This 
is a mix of cilantro, parsley, garlic, 
cumin, paprika, and preserved lemon 
in a base of olive oil. 

Fresh sardines are stuffed with 
chermoula and covered in more before 
being baked in a tajine. The tajine will 
also hold a mix of vegetables, such as 
peppers, carrots, and olives. 

The dish can be served hot or cold, 
as a main course or as part of a mezze 
spread. Of course, some fresh khobz is 
essential to make sure you can soak up 
all the rich juices. 
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Makouda 
These deep-fried potato balls are a popular street food in 

Morocco and throughout North Africa. Mashed potato is 
mixed with flour and herbs, then rolled into balls, patties, or 
croquettes, and fried until golden. 

The result can be eaten as a snack, starter, or as a meal 
when served in bread. The makouda will be put into a 
baguette or wrapped in khobz and topped with various 
fillings. 

Harissa is a popular filling, with its spiciness nicely 
complementing the carb-heavy sandwich. Other toppings 
range from tuna and olives to simple lettuce and tomato. 

 
 

Merguez 
This famous Moroccan sausage is made with 

lamb, or beef—but usually both—seasoned with 
harissa, paprika, cumin, fennel, or other spices. 
Grilled, it is best eaten with fresh khobz bread but 
you’ll find it  served many other ways. 

The sausage has a distinct red color from the 
spicy harissa and paprika. Its heat lends itself to its 
popular pairing with eggs or bread. 

While often part of a mixed grill, you will also 
see merguez in tajines, couscous, and stews. Served 
either whole or sliced, it is also crumbled into other 
dishes as a tasty seasoning. 
 
 

Mint Tea 
 
 

Mint tea is as much a symbol of Moroccan 
hospitality as it is a refreshing drink on a hot day. 
It’s traditionally made with fresh mint leaves and 
Chinese gunpowder green tea. 

 
The hot tea is also usually made with sugar, 

although you can ask for it without in a restaurant. 
Be warned, it will taste very bitter without at least 
a touch of sugar. 

 
Making the tea is a fascinating ritual, using a 

special pot called a “berrad”. It’s poured from a 
height to create a foam, with three glasses per 
person being the traditional protocol. 
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Chebakia 
 Chebakia is a flower-shaped cookie made 

from a dough with anise and sesame seeds, 
cinnamon, and saffron. This sweet pastry is 
another food traditionally associated with 
Ramadan, along with harira soup. 

Folded into the shape of a rose, it is deep-
fried until golden. Each is then soaked in honey 
and sprinkled with sesame seeds. 

The result combines crispness, sweetness 
from the honey and flavor from the spices. 
After all that, the sesame seeds add yet another 
hit of deliciousness. 
 
 
 

Kaab El Ghazal 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“Gazelle Horns” are croissant-shaped cookies now popular throughout the Arab world but originating 

in Morocco. A cinnamon-rich almond paste filling is wrapped in very thin, orange blossom-flavored pastry 
and topped with crushed almonds. 

The curved shape, with a serrated edge, gives these delicious cookies their name. Often eaten with mint 
tea, they are commonly served during festivities. 

For weddings, it is traditional for the bride’s family to prepare kaab el ghazal to show off their cooking 
skills. With recipes handed down through generations, they have a special place in Moroccan food culture. 
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RAMADAN 
 
We will be in Morocco (a majority Muslim country) during Ramadan. This year Ramadan falls between 
February 18th, 2026 to March 19th, 2026. It is important that we are respectful while we are visiting their 
country. Learning a little about Ramadan is a good start.  
The following is taken from Wikipedia…. 
 
Introduction 
 

Ramadan is the ninth month of the Islamic calendar. It is observed by Muslims worldwide as a 
month of fasting (sawm), communal prayer (salah), reflection, and community. It is also the month in which 
the Quran is believed to have been revealed to the Islamic prophet Muhammad. The annual observance of 
Ramadan is regarded as one of the five pillars of Islam and lasts twenty-nine to thirty days, from one sighting 
of the crescent moon to the next. 

Fasting from dawn to sunset is obligatory (fard) for all adult Muslims who are not acutely or 
chronically ill, travelling, elderly, breastfeeding, pregnant, or menstruating. The predawn meal is referred 
to as suhur, and the nightly feast that breaks the fast is called iftar. Although rulings (fatawa) have been 
issued declaring that Muslims who live in regions with a midnight sun or polar night should follow the 
timetable of Mecca, it is common practice to follow the timetable of the closest country in which night can 
be distinguished from day. 

The spiritual rewards (thawab) of fasting are believed to be multiplied during Ramadan. 
Accordingly, during the hours of fasting, Muslims refrain not only from food and drink, but also from all 
behavior deemed to be sinful in Islam, devoting themselves instead to prayer and study of the Quran. 
 
Etymology 
 

The word Ramadan derives from the Arabic root R-M-Ḍ ( ض- م-ر ) 'scorching heat', which is the 
Classical Arabic verb ramiḍa ( َرَمِض) meaning 'become intensely hot – become burning; become scorching; 
be blazing; be glowing'. 

Ramadan is thought of as one of the names of God in Islam by some, and as such it is reported in 
many hadiths that it is prohibited to say only "Ramadan" in reference to the calendar month and that it is 
necessary to say "month of Ramadan", as reported in Sunni, Shia, and Zaydi sources. However, the report 
has been graded by others as Mawḍūʻ (fabricated) and inauthentic. 

In the Persian language, the Arabic letter ض (Ḍād) is pronounced as /z/. The Muslim communities 
in some countries with historical Persian influence, such as Afghanistan, Azerbaijan, Iran, India, Pakistan 
and Turkey, use the word Ramazan or Ramzan. The word Romzan is used in Bangladesh.[38] 
 
History 
 

Ramadan is the month on which the Quran was revealed as a guide for humanity with clear proofs 
of guidance and the standard ˹to distinguish between right and wrong˺. So whoever is present this 
month, let them fast. But whoever is ill or on a journey, then ˹let them fast˺ an equal number of days 
˹after Ramaḍân˺. Allah intends ease for you, not hardship, so that you may complete the prescribed 
period and proclaim the greatness of Allah for guiding you, and perhaps you will be grateful.—
 Surah Al-Baqara 2:185 
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Muslims hold that all scriptures were revealed during Ramadan, the scrolls of Abraham, Torah, 
Psalms, Gospel, and Quran having been handed down during that month. Muhammad is said to have 
received his first quranic revelation on Laylat al-Qadr, one of five odd-numbered nights that fall during the 
last ten days of Ramadan. 

Although Muslims were first commanded to fast in the second year of Hijra (624 CE), they believe 
that the practice of fasting is not in fact an innovation of monotheism but rather has always been necessary 
for believers to attain fear of God (taqwa).[Quran 2:183] They point to the fact that the pre-Islamic pagans 
of Mecca fasted on the tenth day of Muharram to expiate sin and avoid drought. Philip Jenkins argues that 
the observance of Ramadan fasting grew out of "the strict Lenten discipline of the Syrian Churches", a 
postulation corroborated by other scholars, including theologian Paul-Gordon Chandler, but disputed by 
some Muslim academics. The Quran itself emphasizes that the fast it prescribes had already been prescribed 
to earlier biblical communities (2:183), even though an explicit intertext for this pre-Islamic practice does 
not exist. 
 
Important dates 

The Islamic calendar is a lunar one, where each month begins when the first crescent of a new moon 
is sighted. The Islamic year consists of 12 lunar cycles, and consequently it is 10 to 11 days shorter than the 
solar year, and as it contains no intercalation,[c] Ramadan migrates throughout the seasons. The Islamic 
day starts after sunset. The estimated start and end dates for Ramadan, based on the Umm al-Qura calendar 
of Saudi Arabia. This year Ramadan falls between February 18th, 2026 to March 19th, 2026. 

Many Muslims insist on the local physical sighting of the moon to mark the beginning of Ramadan, 
but others use the calculated time of the new moon or the Saudi Arabian declaration to determine the start 
of the month. Since the new moon is not in the same state at the same time globally, the beginning and 
ending dates of Ramadan depend on what lunar sightings are received in each respective location. As a 
result, Ramadan dates vary in different countries, but usually only by a day. This is due to the cycles of the 
moon; the moon may not meet the criteria to qualify as a waxing crescent, which delineates the change in 
months, at the time of sundown in one location while later meeting it in another location. Astronomical 
projections that approximate the start of Ramadan are available. 

In Shia Islam, one of the special dates of this month is the day of the assassination of Ali, the fourth 
Rashidun caliph and the first Shia Imam. Ali was struck during morning prayer on the 19th day of Ramadan, 
40 AH, and he died on the 21st day of the month. They engage in mourning and prayer on these nights, 
especially in Iran. 

 
Beginning 
Because the hilāl, or crescent moon, typically occurs approximately one day after the new moon, 

Muslims can usually estimate the beginning of Ramadan; however, many Muslims prefer to confirm the 
opening of Ramadan by direct visual observation of the crescent. 

Laylat al-Qadr 
The Laylat al-Qadr (Arabic: القدر  يلةل ) or "Night of Power" is the night that Muslims believe the Quran 

was first sent down to the world, and Muhammad received his first quranic revelation from it. The night is 
considered to be the holiest night of the year. It is generally believed to have occurred on an odd-numbered 
night during the last ten days of Ramadan; the Dawoodi Bohra believe that Laylat al-Qadr was the twenty-
third night of Ramadan. 

Eid 
The holiday of Eid al-Fitr (Arabic: عيد الفطر), which marks the end of Ramadan and the beginning of 

Shawwal, the next lunar month, is declared after a crescent new moon has been sighted or after completion 
of thirty days of fasting if no sighting of the moon is possible. Eid celebrates the return to a more natural 
disposition (fitra) of eating, drinking, and marital intimacy.  
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GEOLOGIC OVERVIEWS 
 

An Outline of the Geology of Morocco 
The following publication is as follows:  

Michard, A., Frizon de Lamotte, D., Saddiqi, O., and Chalouan, A. (2008) An Outline of the 
Geology of Morocco. In Michard, A. et al, (Eds.) Continental Evolution: The Geology of 
Morocco. Lecture Notes in Earth Sciences 116, Springer-Verlag, Pgs. 1-31.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

28 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

29 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

30 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

31 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

32 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

33 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

34 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

35 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

36 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

37 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

38 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

39 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

40 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

41 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

42 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

43 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

44 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

45 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

46 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

47 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

48 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

49 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

50 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

51 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

52 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

53 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

54 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

55 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

56 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

57 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



 
 
 
 

58 
 
 
 
 

DETAILED ITINERARY 
 
Day 1: Friday, March 6th, 2026 – Fly to Morocco 

 
Find your way to Washington Dulles International Airport 
 
You are responsible for getting to and from the airport. Car pools, taxi, Uber, whatever.  
 
Our flight details: 

Departure: Royal Air Maroc, AT219, Friday, March 6, 2026, 8:45PM, Washington DC 
(Dulles – IAD) to Casablanca (CMN) 

Arrival: Casablanca on Saturday, March 7, 2026 at 8:50AM 
 

Try to arrive at Dulles approximately 2 hrs prior to flight departure. When arriving at 
Dulles go to the Royal Air Maroc check-in counter, they will issue tickets to you, just show 
them your passport.  
 
Again, you are allowed one checked bag and a carry-on bag for this trip. Do not exceed this 
allowance, please.  
 

Day 2: Saturday, March 7th, 2026 – Arrive in Marrakech 
 
We have a connection through Casablanca 

Departure: Royal Air Maroc, AT411, Saturday, March 7, 2026, 10:55AM, Casablanca 
(CMN) to Marrakech (RAK) 

Arrival: Marrakech on Saturday, March 7, 2026, 11:45AM 
 
12:00 PM: Arrive in Marrakech 
Afternoon: Get to the Hotel and tour around Marrakech 
 
Hotel information: Kennedy Hospitality Resort – Marrakech 

Av. du Président Kennedy, Marrakech 40000, Morocco 
https://www.kennedyhospitalityresort.com/ 

 
 

From the Guide: 
After we meet you in Marrakech airport, our private tour from Marrakech starts after we offer you a 
meal. Depending on the time of your arrival, we might explore some of the landmarks of Marrakech; 
Jemaa el fna Square, the Medina and Market. After that, we will go to your hotel. 
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Marrakech 
This introduction is from the following guide book: 
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Hotel Details:  
Les Jardins de Ouarzazate 
13 N9, Tarmigt 45000, Morocco 
http://www.lesjardinsdeouarzazate.com/ 
 

Day 3: Sunday, March 8th, 2026 – Marrakech – Sidi Rahal – High Atlas – Ait ben Haddou – 
Ouarzazate 
STOP 3.1 – Sidi Rahal Agate Mine  
STOP 3.2 – Fault near Zerkten 
Lunch Stop 
STOP 3.3 – Col du Tichka 
STOP 3.4 – Telouet Salt Mine  
STOP 3.5 – Ounila Valley 
STOP 3.6 – Ait-Ben-Haddou 
STOP 3.7 – Ouarzazate 
 

From our Guide: 
The tour starts by leaving the historic city of Marrakech and heading to the High Atlas Mountains. Our first stop 

is the Sidi Rahal agate mine which lies very close to the North Atlas Fault. The fault separates the flat plain (which 
Marrakech lies upon) from the High Atlas Mountains which abruptly ascend south of the fault. The agate mine is in 
Triassic lava that erupted as the North Atlantic began to rift open and here we can find our own agates with a pink 
outer layer of opal, as well as having the opportunity of buying prize specimens from the local miners. We then start 
to ascend the mountains, stopping near the village of Zerkten to see a major transform fault. The next stop is at a 
restaurant for lunch. A short distance further on we stop for panoramic views and to see Ediacaran rocks thrusting 
over Cambrian rocks. This is followed by the Col du Tichka which, at 2,260m above sea level, is the highest point 
on the road. Here a double unconformity can be seen: Ordovician rocks lie unconformably over Middle Cambrian 
rock, which in turn lies unconformably over Ediacaran aged rocks. A short distance from this stop, a recent road-cut 
beautifully reveals a fault from the South Atlas fault zone. After this stop, our route leaves the main road and travels 
along the beautiful Telouet Valley to reach the Telouet salt mine. The mine exploits salt deposits that lie on the 
Triassic/Jurassic boundary and were deposited during the initial rifting of the North Atlantic. The mine is very old 
and it lies on the original Marrakech-Timbuktu camel caravan route. In the 11th century its salt was worth more than 
its weight in gold! Our route then passes through Cretaceous and Palaeogene rocks in the Ounila Valley where we 
stop to view an impressive fold. Our final stop of the day is for a panoramic view of the Ait-Ben-Haddou World 
Heritage Site. The kasbah (fortified settlement) was founded in the seventeenth century and has been used as a film 
set for several movies. The night is spent in a comfortable hotel just outside the city of Ouarzazate. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  

STOP 3.1 

STOP 3.3 
STOP 3.4 

STOP 3.5 

STOP 3.6 

STOP 3.7 

STOP 3.2 
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STOP 3.1 – Sidi Rahal Agate Mine 
The following publication is as follows:  

Dumanska-Slowik, M., Natkaniec-Nowak, L., Weselucha-Birczynska, A., Gawel, A., Lankosz, M., 
and Wrobel, P., (2013) Agates from Sidi Rahal, in the Atlas Mountains of Morocco: Gemological 
Characteristics and Proposed Origin. gems and Gemology, vol. 49, no. 3, pp. 148-159. 
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STOP 3.2 – Fault near Zerkten  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

We are somewhere 
in here 
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2023 Al Haouz Earthquake 
This is from Wikipedia 

 
Introduction 

On 8 September 2023 at 23:11 DST (22:11 UTC), an 
earthquake with a moment magnitude of 6.9 and maximum Mercalli 
intensity of IX (Violent) struck Morocco's Al Haouz Province. The 
earthquake's epicenter was 73.4 km (45.6 mi) southwest of 
Marrakesh, near the town of Ighil and the Oukaïmeden ski resort in 
the Atlas Mountains. It occurred as a result of shallow oblique-thrust 
faulting beneath the mountain range. At least 2,960 deaths were 
reported, with most occurring outside Marrakesh. Damage was 
widespread, and historic landmarks in Marrakesh were destroyed. 
The earthquake was also felt in Spain, Portugal, and Algeria. 

It is the strongest instrumentally recorded earthquake in 
Morocco, the deadliest in the country since the 1960 Agadir 
earthquake, and the second-deadliest earthquake of 2023 after the 
Turkey–Syria earthquakes. Its magnitude also makes it the largest 
earthquake on the African continent since the 2006 Mw  7.0 
Mozambique earthquake and the largest in North Africa since the 
1980 Mw  7.1 El Asnam earthquake. Over 2.8 million people from 
Marrakesh and areas surrounding the Atlas Mountains were 
affected, including 100,000 children. Following the earthquake, 
many countries offered humanitarian assistance, and Morocco 
announced a three-day period of national mourning. 
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Tectonic Setting 
Morocco lies south of a major tectonic boundary 

between the African and Eurasian plates, the Azores–
Gibraltar transform fault. This major fault stretches from the 
Azores to Gibraltar Strait where it is dominated by right-
latera strike-slip movement. In the Gibraltar Arc and Alboran 
Sea, at the eastern end of the fault it becomes transpressional 
with the development of large thrust faults. East of the Strait 
of Gibraltar, in the Alboran Sea, the boundary becomes 
collisional in type. Most of the seismicity in Morocco is 
related to movement on that plate boundary, with the greatest 
seismic hazard in the north of the country close to the 
boundary. In 2004, the coastal province of Al Hoceima was 
struck by a magnitude 6.3 earthquake that left 628 people 
dead and 926 injured. In nearby Algeria, magnitude 7.3 
earthquake occurred in 1980 that killed 2,500 people. 

The Atlas Mountains are an intracontinental mountain 
belt that extends 2,000 km (1,200 mi) from Morocco to 
Tunisia. These mountains formed from a collision during the 
Cenozoic. The mountain range reaches its highest elevation 
to the west, in Morocco. The High Atlas, a subrange, formed 
when an ancient Triassic rift was reactivated. However rather 
than resuming the rifting process, the reactivation 
compressed the rift due to the collision in the north. Due to 
the unusually high topography of the Atlas range, mantle 
upwelling may have played a role in its orogeny. The crust 
beneath the Atlas range from 32–40 km (20–25 mi), 
considered thin and physically impossible to support high 
elevations exceeding 4,000 m (13,000 ft). Typically, a crustal 
thickness of 50 km (31 mi) is required, hence mantle 
upwelling raises the overlying crust. 

The seismicity of Morocco is concentrated in its northern region and the Alboran Sea. South of the 
Rif, seismic activity is sparse but widely distributed across the Middle Atlas, High Atlas, and Anti-Atlas. 
Seismicity in the Saharan Atlas is limited, and is absent in the Saharan region south of the belt; it is also 
less active eastwards in Algeria and Tunisia. Previously, the largest earthquake recorded in the Atlas 
Mountains was a Mw  5.9 earthquake that struck Agadir in 1960. Earthquakes in the Atlas Mountains 
display focal mechanisms of strike-slip, thrust or a combination of both (oblique-slip). 

 
Earthquake 

Measuring Mw  6.9 at a depth of 19 km (12 mi), it is the strongest earthquake recorded by a 
seismograph with an epicenter in Morocco. Morocco's seismic agency reported a Mwp of 7.2 and focal 
depth of 8 km (5.0 mi). The tremors were detected by monitoring stations as far away as Egypt. 

Mechanism 
The earthquake had a focal mechanism indicating oblique-thrust faulting beneath the High Atlas. 

The rupture occurred on a steep-dipping oblique-reverse fault striking northwest or a shallow-dipping 
oblique-reverse fault striking east. The USGS estimated the fault rupture area to be 30 km (19 mi) by 25 
km (16 mi) on an east-northeast striking, north–northwest dipping fault. Slip was generally observed at 15 
km (9.3 mi) to 35 km (22 mi) depth, but mostly concentrated around the hypocentre within an elliptical  
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slip patch 30 km (19 mi) long by 25 km (16 mi) wide. A maximum displacement of 1.9 m (6 ft 3 in) was 
observed at 25 km (16 mi) depth while there was little to no slip above 15 km (9.3 mi) depth. Many east-
west and northeast–southwest strike-slip and thrust faults occur in the High Atlas. Since 1900, there has 
not been a Mw  6.0 or larger earthquake within 500 km (310 mi) of the recent earthquake's epicenter; but 
nine Mw  5.0 and larger events have occurred to its east. In another finite fault model published by Italy's 
National Institute of Geophysics and Volcanology, the focal depth was determined at 24.7 km (15.3 mi) 
beneath the High Atlas. The focal mechanism of this model displayed rev erse and left-lateral faulting. Slip 
occurred in an elliptical area along an east-northeast–west-southwest trending fault dipping 69° north–
northwest. A peak slip of 2 m (6 ft 7 in) occurred at 23.3 km (14.5 mi). 

Geodetic modeling suggests the earthquake originated from within the lower crust and ruptured up 
to the middle crust. The deeper depth and greater remoteness from populated areas compared to the 
earthquake that struck Agadir in 1960 meant it caused fewer casualties and damage. The range of depth 
where slip occurred is unusually deep for crustal earthquakes as they tend to occur shallower than 15 km 
(9.3 mi) depth. Fluid and magma associated with the mantle plume beneath the High Atlas may have 
intruded via a fault and pervade across, bringing it closer to rupture. 

No surface faulting occurred hence the causative fault responsible could not be identified, however 
the focal mechanism suggests rupture on a steep north-dipping plane or shallow south-dipping plane. The 
USGS finite fault is aligned with the former solution. Two dominant shallow-dipping thrust systems, the 
North and South Atlas faults, occur in the western High Atlas. Their fault geometries contradict that of the 
USGS finite fault's preferred steep-dipping plane. Other unmapped faults within the range, including the 
Tizi n'Test Fault, have surface projections that match closer to the USGS finite fault. If the rupture occurred 
on the shallow south-dipping plane, a possible source is a low-angle detachment beneath the High Atlas. 
Geologists have previously interpreted low-angle faults in the region in past studies. For the steep north-
dipping plane, the possible source are unmapped or blind thrust faults. The Tizi n'Test Fault, a north-
dipping fault where no recent activity has been recorded, may be a possible source of the earthquake. 
Cornell University geologist Judith Hubbard said the fault was active 300 million years ago during the 
formation of Pangaea and later, its fragmentation. Ancient faults, such as the Tizi n'Test Fault, create zones 
of strain within the crust and could reactivate, such as the case in Morocco. 

 
Ground effects 
Vertical movement of the land surface detected by repeat observations of the Sentinel-1 satellite is 

consistent with movement on a blind thrust fault dipping north. An analysis of satellite data obtained from 
Daichi-2 by the Geospatial Information Authority of Japan revealed a 20 cm (7.9 in) surface uplift around 
the epicenter and 7 cm (2.8 in) of subsidence to the south. Surface deformation was observed around the 
epicenter across a 50 km (31 mi) area trending east–west, and 100 km (62 mi) trending north–south. 

According to the United States Geological Survey's PAGER service, the earthquake had a 
maximum Modified Mercalli intensity of IX (Violent). Intensity VIII (Severe) shaking was felt by 
approximately 157,000 residents, including the town of Azgour and villages surrounding the Atlas 
Mountains. Intensity VII (Very Strong) shaking was felt by over 811,000 people, with intensity VI (Strong) 
shaking felt by 3.2 million residents, including in the cities of Marrakesh, Taroudant and Ouarzazate. 
Shaking of intensity V (Moderate) was felt in Agadir, Beni Mellal, and Safi, with intensity IV (Light) 
shaking being felt in Casablanca. According to the European-Mediterranean Seismological Centre, it was 
also felt in Portugal, Spain, Mauritania, Algeria, Western Sahara and along the coast of the Strait of 
Gibraltar. 

 
 
 
 



 
 
 
 

79 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 
 
 
 

80 
 
 
 
 

Lunch Stop 
STOP 3.3 – Col du Tichka 
 
Tizi n'Tichka (from Wikipedia) 

Elevation 2,205 m (7,234 ft) 
Atlas Mountains, Morocco 
Coordinates 31°17′9″N 7°22′51″W 

 
Tizi n'Tichka (Berber languages: ⵜⵉⵣⵉ ⴻⵏ ⵜⵉⵛⴾⴰ, romanized: Tizi en Ticka; Arabic: تيشكا ن تيزي ) is a 

mountain pass in Morocco, linking the south-east of Marrakesh to the city of Ouarzazate through 
the High Atlas mountains. It lies above the great Marrakesh plains, and is a gateway to the Sahara. 

 
Climate and elevation 

From November through March, snow can often fall on the pass, but it can be warm all year round 
in the strong sun. It has been believed for a long time that it reaches an elevation of 2,260 metres 
(7,415 ft) above the sea level (this is also indicated on a sign at the top of the pass), but a gps-
measurement by Hans Mülder on 30 November 2022 indicated it is only 2,205 metres (7,234 ft) 
high, which was confirmed by Google Earth, on which the highest altitude of the pass is 2,207 
metres (7,241 ft). It is the highest major mountain pass in North Africa. The road was constructed 
along the old caravan trail by the French military in 1936, and is now part of National Route 9 
(formerly Route P-31). 

 
Fauna 

The last known wild Barbary lion in Morocco was shot near Tizi n'Tichka in 1942. 
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STOP 3.4 – Telouet Salt Mine 
From ChatGPT:  
1. Setting in the High Atlas Mountains 

The Telouet salt mine is located in the High Atlas 
mountain range of Morocco, a major intracontinental 
mountain belt formed by the collision of the African and 
Eurasian Plates and inversion of earlier rift basins. This 
tectonic compression reactivated older faults and folded 
older sedimentary rocks into the impressive relief seen 
today. 

 
2. Salt Formation: Evaporites from Triassic Seas 

The salt deposit exploited in the Telouet mine is part of evaporite sequences that formed during the 
Late Triassic period, when rifting associated with the opening of the Central Atlantic created isolated 
basins that repeatedly flooded with seawater and then dried out. This produced thick layers of 
evaporites — halite (rock salt) and associated minerals like gypsum — as seawater evaporated. 
These evaporite-bearing Triassic formations are typically layered with red silts and clays and occur 
near other Triassic rocks in the High Atlas, which helps explain the salt’s geological context. 

 
3. Geological Age and Stratigraphy 

The mine lies close to the Triassic–Jurassic boundary in the regional rock record, meaning salt and 
associated sediments were laid down just before the Jurassic period — around 200 million years 
ago. Above or nearby in the landscape are Jurassic marine rocks that contain fossils like 
brachiopods, indicating a shift from arid basins to shallow marine environments over time. 

 
4. Structural and Tectonic Context 

The broader High Atlas region has a complex structural history: Rifting and deposition in the 
Triassic to Early Jurassic created basins where sediments, including evaporites, accumulated. 
Cenozoic compression from plate convergence folded and uplifted these sequences into the High 
Atlas ranges seen today, bringing salt deposits into accessible positions at elevation. 

 
5. Local Characteristics of Salt 

The Telouet salt itself is halite-rich (sodium chloride) and historically was a highly prized 
commodity. The color and texture of the local salt can vary (including pink hues), influenced by 
trace minerals and the conditions of deposition. In some accounts, local salt is described as having 
a “living salt” quality with traditional medicinal uses, although that’s more cultural than strictly 
geological. 

 
Why It’s Geologically Interesting 

Evaporite deposition in a rift setting — The Telouet salt deposit is a classic example of large 
evaporite layers associated with restricted basins during continental breakup. 
Proximity to major stratigraphic boundaries — Its position near the Triassic–Jurassic transition 
makes it a useful marker for understanding how environments changed from continental arid basins 
to marine conditions in northern Africa. 
Mountain uplift and exposure — Regional tectonics uplifted these otherwise buried salts to 
elevations where they could be mined historically and observed at the surface. 
If you want, I can also point you to specific academic papers or maps that show the rock units around 
Telouet and their ages in detail.  
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STOP 3.5 – Ounila Valley 
from ChatGPT 
The Ounila Valley (Vallée de l’Ounila) in southern Morocco 
lies on the southern flank of the High Atlas Mountains, 
extending roughly from the old salt-rich headwaters near 
Telouet down to Aït Benhaddou and the edges of the 
Ouarzazate region. It’s a dramatic mountain valley cut by the 
seasonal river Oued (Assif) Ounila, carving through layered 
sedimentary rocks and creating steep slopes and colorful 
cliffs as it descends toward lower, more arid terrain.  
 
Regional Geological Context: High Atlas Mountains 

The Ounila Valley is part of the broader High Atlas orogenic belt — a mountain range formed by 
ancient tectonic events. These key points apply to the valley’s geology: 
Plate Tectonics & Uplift: The High Atlas Mountains formed during Cenozoic (from ~66 Ma to 
present) tectonic compression as the African plate interacted with the Eurasian plate. Older 
sedimentary rocks deposited over hundreds of millions of years were folded and uplifted, exposing 
them at the surface. 
Sedimentary Rock Dominance: Much of the rock exposed in the High Atlas — including in the 
Ounila Valley — is sedimentary (e.g., sandstones, mudstones, marls, limestones) that accumulated 
in marine and continental basins before later mountain building. Exposures often have striking 
ochre, red, brown, and gray colors reflecting differences in composition and oxidation. 

 
Rocks & Stratigraphy in the Ounila Valley Area 

Although there isn’t a detailed published strata column specifically for the valley widely available 
online, the general geology of this part of the High Atlas suggests the valley cuts through a section 
of the southern High Atlas rock sequences, including: 
Mesozoic sedimentary rocks — including Triassic and Jurassic age formations (sandstones, 
siltstones, and marls). These were originally deposited in rift basins and shallow seas before being 
uplifted during later tectonic events. 
Triassic red beds and evaporites: In nearby areas of the High Atlas (including close to Telouet and 
the headwaters of Ounila), Triassic terrestrial red sandstones and shales, sometimes with evaporite 
layers (salt and gypsum), are known — reflecting deposition in arid basins during breakup of 
Pangea. 
Jurassic marine sediments: Further up the Atlas and across much of the High Atlas region, Jurassic 
limestones and marls reflect a period when the region was submerged under shallow seas. These 
rocks are often fossil-rich in other parts of the High Atlas (e.g., fossil footprints, marine faunas) and 
likely form part of the broader stratigraphic context. 

 
Valley Geomorphology and Erosion 

River incision: The Oued Ounila has cut a narrow, steep-sided valley/canyon into these sedimentary 
rocks. With limited perennial flow (the river often dries outside winter and early spring), the valley’s 
shape reflects episodic flash floods that quickly erode and transport sediments. 
Colorful cliffs: The characteristic ochre and reddish hues of the valley sides come from weathering 
and oxidation of iron-rich sedimentary rocks (e.g., red beds or ferruginous sandstones). 
Alluvial deposits: Within the valley floor, sediments transported by the river (gravels, sands, silts) 
buildup along terraces and floodplain areas, often supporting fertile soils and the palm groves and 
gardens that contrast with the arid uplands.  
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STOP 3.6 – Ait-Ben-Haddou 
From Wikipedia 
 
Aït Benhaddou (Arabic: حدوّ بن آيت ) is a historic ighrem or ksar (fortified village) along the former caravan 
route between the Sahara and Marrakesh in Morocco. It is considered a great example of Moroccan 
earthen clay architecture and has been a UNESCO World Heritage Site since 1987. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
History 

Mosque in the modern village where most residents now live, across the valley from the old ksar 
(is a type of fortified village in North Africa, usually found in the regions predominantly or 
traditionally inhabited by Berbers (Amazigh)) 
The site of the ksar has been fortified since the 11th century during the Almoravid period. None of 

the current buildings are believed to date from before the 17th century, but they were likely built with 
the same construction methods and designs as had been used for centuries before. The site's strategic 
importance was due to its location in the Ounila Valley along one of the main trans-Saharan trade 
routes. The Tizi n'Tichka pass, which was reached via this route, was one of the few routes across the 
Atlas Mountains, crossing between Marrakech and the Dra'a Valley on the edge of the Sahara. Other 
kasbahs and ksour were located all along this route, such as the nearby Tamdaght to the north. 

Today, the ksar itself is only sparsely inhabited by several families. The depopulation over time is 
a result of the valley's loss of strategic importance in the 20th century. Most local inhabitants now live 
in modern dwellings in the village on the other side of the river, and make a living off agriculture and 
especially off the tourist trade. In 2011 a new pedestrian bridge was completed linking the old ksar 
with the modern village, with the aim of making the ksar more accessible and to potentially encourage 
inhabitants to move back into its historic houses. 

The site was damaged by the September 2023 earthquake that struck southern Morocco. An early 
assessment of the damage reported cracks and partial collapses, with risk of further collapses. 

 
Description 

Layout of the site 
The agadir (granary) at the top of the hill 
The ksar is located on the slopes of a hill next to the Ounila River (Asif Ounila). The village's 

buildings are grouped together within a defensive wall that includes corner towers and a gate. 
They include dwellings of various size ranging from modest houses to tall structures with towers. 
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Some of the buildings are decorated in their upper parts with geometric motifs. The village also 
has a number of public or community buildings such as a mosque, a caravanserai, multiple 
kasbahs (castle-like fortification) and the Marabout of Sidi Ali or Amer. At the top of the hill, 
overlooking the ksar, are the remains of a large fortified granary (agadir). There is also a public 
square, a Muslim cemetery, and a Jewish cemetery. Outside the ksar's walls was an area where 
grain was grown and threshed. 
A kasbah (fortified dwelling) in the lower part of the village 
 
Building materials 

The ksar's structures are made entirely out of rammed earth, adobe, clay bricks, and wood. 
Rammed earth (also known as pisé, tabia, or al-luh) was a highly practical and cost-effective 
material but required constant maintenance. It was made of compressed earth and mud, usually 
mixed with other materials to aid adhesion. The structures of Ait Benhaddou and of other kasbahs 
and ksour throughout this region of Morocco typically employed a mixture of earth and straw, 
which was relatively permeable and easily eroded by rain over time. As a result, villages of this 
type can begin to crumble only a few decades after being abandoned. At Ait Benhaddou, taller 
structures were made of rammed earth up to their first floor while the upper floors were made of 
lighter adobe so as to reduce the load of the walls. 

 
Preservation 
 

The ksar has been significantly restored in modern times, thanks in part to its use as a 
Hollywood filming location and to its inscription on the UNESCO list of World Heritage Sites in 
1987. UNESCO reports that the ksar has "preserved its architectural authenticity with regard to 
configuration and materials" by continuing to use traditional construction materials and techniques 
and by largely avoiding new concrete constructions. A local committee is in charge of monitoring 
and managing the site. 

 
 
Films shot at Aït Benhaddou 
 

A large number of films shot in Morocco have used Aït Benhaddou as a location, including: 
 

Lawrence of Arabia (1962) 
Sodom and Gomorrah (1963) 
Oedipus Rex (1967) 
The Man Who Would Be 

King (1975) 
The Message (1976) 
Jesus of Nazareth (1977) 
Time Bandits (1981) 
Marco Polo (1982) 

The Jewel of the Nile (1985) 
The Living Daylights (1987) 
The Last Temptation of Christ 

(1988) 
The Sheltering Sky (1990) 
Kundun (1997) 
The Mummy (1999) 
Gladiator (2000)  
Alexander (2004) 

Kingdom of Heaven (2005) 
Babel (2006) 
One Night with the King 

(2006) 
Prince of Persia (2010) 
Son of God (2014) 
Queen of the Desert (2015) 
A Life on Our Planet (2020) 
The Odyssey (2026) 

 
Aït Benhaddou was also used in parts of the TV series Game of Thrones. 
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STOP 3.7 – Ouarzazate 
From Wikipedia 
 
Ouarzazate (/ˌwɑːrzəˈzæt, -ˈzɑːt/; Berber languages: ⵡⴰⵔⵣⴰⵣⴰⵜ Arabic: ورزازات, romanized: Warzāzāt, 

IPA: [warzaːˈzaːt]) is a city and capital of Ouarzazate Province in the region of Drâa-Tafilalet, south-
central Morocco. 

Ouarzazate is a primary tourist destination in Morocco during the holidays, as well as a starting point for 
excursions into and across the Draa Valley and the desert. The fortified village Aït Benhaddou west of 
the city is a UNESCO World Heritage Site. 

 

 
Front view (north side) of the Kasbah Taourirt 
 
The Ouarzazate area is a noted film-making location, with Morocco's biggest studios inviting many 

international companies to work here. Films such as Lawrence of Arabia (1962), The Man Who 
Would Be King (1975), The Living Daylights (1987), The Last Temptation of Christ (1988), The 
Mummy (1999), Gladiator (2000), Kingdom of Heaven (2005), Kundun (1997), Legionnaire (1998), 
The Hills Have Eyes (2006), Salmon Fishing in the Yemen (2011) and The Wages of Fear (2024) 
were shot here, as was part of the TV series Game of Thrones. It was the filming location for the 
fictional city of Agapenta in the fourth season of the Netflix series Outer Banks.  

 
History 
For a long time, Ouarzazate was a small crossing point for African traders on their way to northern 

Morocco and Europe. In the 16th century, Sheikh Abu al-'Abaas Ahmed bin Abdellah al-Wizkiti al-
Warzazi, emir of the qasba of Ouarzazate and father of Lalla Masuda, helped establish Saadi control 
over the Sous-Dra'a region. 

Ouarzazate was home to a thriving Jewish community. In 1954, about 170 Jews lived in the Mellah. The 
"Old Synagogue", a synagogue said to be nearly 300 years old, is located in Ouarzazate. There is also 
a Jewish cemetery, which is no longer in use. 

During the French period, Ouarzazate expanded considerably as a garrison town, administrative centre 
and customs post and a church (Eglise Saint Therese) was built in 1931. It is home to the Kasbah 
Taourirt, which was the kasbah of the former caïd and later owned by T'hami El Glaoui. The Krupp 
field gun which secured Glaoui power is displayed outside the kasbah today. 

 
Geography 
Ouarzazate is at an elevation of 1,151 metres (3,776 ft)[citation needed] in the middle of a bare plateau 

south of the High Atlas Mountains, with a desert to the city's south. 
 
Climate 
Ouarzazate has a hot desert climate (Köppen climate classification BWh).[citation needed] The city is hot 

and dry in summer, but can be very cold in winter, with icy winds coming from the High Atlas 
Mountains.  
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Day 4: Monday, March 9th, 2026 – Ouarzazate – Anit-Atlas Stromatolites – Draa Valley – Alnif 
Fossils 

STOP 4.1 – Ediacaran Stromatolites 
STOP 4.2 – Tizi-n-Tinififft Pass 
STOP 4.3 – Agdz and The Draa Valley 
STOP 4.4 – Orthoceras Quarry near Tazzarine 
STOP 4.5 – Trilobite Preparation Workshop near Alnif 
Hotel Information:  

Auberge Kasbah Meteorites 
Ksar Tighirna à 13 km d'Alnif BP138, Alnif 52452, Morocco 
http://www.kasbah-meteorites.com/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From our guide 

We begin the day in the Anti-Atlas Mountains with a visit to an exceptional palaeontological site 
featuring vast areas of Ediacaran-aged stromatolites, dating back around 600 million years and representing 
some of the earliest evidence of life on Earth. We then continue across the Anti-Atlas, stopping at the Tizi-
n-Tinififft Pass, the highest point on this mountain crossing, where we can observe Lower Cambrian 
sedimentary rocks and the Precambrian–Cambrian boundary, a key moment in Earth’s geological history. 
Descending from the mountains, we reach the town of Agdz for a short coffee break before following the 
scenic route through the date palm oases of the Draa Valley, one of Morocco’s longest and most picturesque 
river valleys. In the afternoon, we continue toward the Saredrar area near Tazzarine to visit the famous 
Orthoceras quarry, where Silurian-aged straight-shelled cephalopods, ancestors of later ammonites, are 
extracted and fashioned into decorative fossil stone objects seen in galleries around the world. We then 
drive on to the Alnif region, renowned for its rich fossil heritage, where we visit a Devonian trilobite 
preparation workshop to observe the meticulous techniques used by skilled preparators to extract and 
prepare trilobites from the rock. Overnight in Alnif.  

STOP 4.1 

STOP 4.2 

STOP 4.3 
STOP 4.4 

STOP 4.5 
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STOP 4.1 – Ediacaran Stromatolites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
This image is from our guide  

 
The following is an excerpt from: Beraaouz, M., Macadam, J., Bouchaou, L., Ikenne1, M., Ernst, R., Tagma, T., and Masrour, 

M. (2019) An Inventory of Geoheritage Sites in the Draa Valley (Morocco): a Contribution to Promotion of 
Geotourism and Sustainable Development. Geoheritage, vol. 11, pp. 241-255. 

 

Stromatolite Geosite of Amane-n’Tourhart 
The stromatolites of Amane-n’Tourhart outcrop on both sides of the national road P31 connecting 

Ouarzazate to Zagora cities (Fig. 1). The site is located about 25 km south-east of Ouarzazate at N 30° 47
′ 33.0″ and W 06° 43′ 19.7″. These stromatolite limestones were reported first by Raguinin 1948 
(in Choubert and Faure-Muret 1970). They form an outcrop which has proved to be the most spectacular 
Conophyton site in the Anti-Atlas (Choubert et al. 1952a, 1952b) with an exposure extending over about 
0.04km2 (4 ha) and a thickness of 10–20 m. Stromatolite limestone units are interbedded with andesite, 
rhyolite, tuff, and conglomerate of Jbel Tinghouy in the east, and andesite, tuff, and sandstone of Jbel 
Tissouktai in the west. The sequence belongs to the Ouarzazate Supergroup of the upper Neoproterozoic 
(Fig. 2a); the three separate limestones “benches” with stromatolites are clearly shown on the lithological 
log (Fig. 2b) for the Amane-n’Tourhart site.  

Stromatolite domes outcrop in limestone deposited in a shallow sedimentary basin, most likely in a 
lacustrine environment. They take the form of a lamellar structure that developed from the accumulation of 
carbonates or sand grains by felting of cyanobacteria. Stromatolite colonies are grouped into sub-circular 
or sometimes elliptical domes which are 5–60 cm in diameter and up to 1 m in height (Fig. 3a), with well-
preserved lamellar structure (Fig. 3b). The domes are outlined in shiny black patina and have regularly 
spaced fractures filled with red ochre. The importance of the site is both in its wonderful visual appearance 
and for its scientific importance. This site can be related to the role of stromatolites in early life on Earth. 
 
The Formation of Stromatolites 

Stromatolites are interpreted as organo-sedimentary structures resulting from lithified microbial 
mats where cyanobacteria are the main contributors; most Proterozoic stromatolites probably accreted by 
microbial trapping and/or binding (Knoll 2008). Because of morphological similarity, most described 
Precambrian microfossils have been attributed to cyanobacterial activities (Golubic 1991; Golubic et al. 
2000; Knoll 2008). 
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In the Amane-n’Tourhart geosite, the cyanobacteria have developed as follows: initially, some 
precipitation of calcareous concretions occurred at irregularities (bumps) in the muddy sediment, caused by 
a cyanobacteria species (this forms the lower limestone “bench”). Subsequently, the intense growth of this 
cyanobacteria species, or invasions by other species, leads to growth of encrusting forms and lamellar tubes 
because of their biological activity during the day and inactivity during the night. Indeed, after sunset, the 
cyanobacteria bend over, and suspended sediment, particularly fine-grained sands and silts, settle on these 
cyanobacteria forming crusts, which then alternate to produce laminations. Regular growth builds both 
small and large domes. Lake shores receive mud that can disrupt the development of crusts and so 
cyanobacteria typically flourish in the middle of lakes where waters are sufficiently non-turbid. The role of 
stromatolites in the appearance of life on earth is very important: cyanobacteria display significant 
morphological and metabolic versatility (Stal 1991), two attributes that confer on them a great adaptive 
capacity that positions them as key precursors of early ecosystems. Whether cyanobacteria were also present 
in the Archean (>2500 million years ago) is still subject to discussion, but their geobiological impact on 
Earth history has been crucial. At some point in the Precambrian, oxygen released by cyanobacterial activity 
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changed from being poisonous to becoming vital and thus changed forever the course of geobiological 
evolution on Earth (Chacón et al. 2011). 

Unlike any other biological group, cyanobacteria triggered major evolutionary events that shaped 
the biosphere that we see today: cyanobacteria were the first organisms to employ oxygenic photosynthesis, 
being responsible for the transition of the Earth’s atmosphere from anoxic to oxic (Ehrlich 1981). The 
interpretation and promotion of this stromatolite geosite are important for two main reasons: first, because 
it can be easily integrated into sustainable geotourism development, since it is located near the road between 
Ouarzazate and Zagora; and second, because the history of the primitive micro-organisms tells an important 
story about the history of life on Earth. 

 
 

 
This section is taken from Wikipedia as a general intro to stromatolites 

 
Stromatolites or stromatoliths (from Ancient Greek στρῶμα (strôma), GEN στρώματος (strṓmatos) 

'layer, stratum' and λίθος (líthos) 'rock') are layered sedimentary formations (microbialite) that are created 
mainly by photosynthetic microorganisms such as cyanobacteria, sulfate-reducing bacteria, and 
Pseudomonadota (formerly proteobacteria). These microorganisms produce adhesive compounds that 
cement sand and other rocky materials to form mineral "microbial mats". In turn, these mats build up layer 
by layer, growing gradually over time. 

 
This process generates the characteristic lamination of stromatolites, a feature that is hard to 

interpret, in terms of its temporal and environmental significance. Different styles of stromatolite lamination 
have been described, which can be studied through microscopic and mathematical methods. A stromatolite 
may grow to a meter or more. Fossilized stromatolites provide important records of some of the most ancient 
life. As of the Holocene, living forms are rare. 

 
Definition 
Paleoproterozoic oncoids from the Franceville Basin, Gabon, Central Africa. Oncoids are unfixed 

stromatolites ranging in size from a few millimeters to a few centimeters 
Stromatolites are layered, biochemical, accretionary structures formed in shallow water by the 

trapping, binding and cementation of sedimentary grains in biofilms (specifically microbial mats), through 
the action of certain microbial lifeforms, especially cyanobacteria. 

 
Ancient stromatolites - Morphology 
Fossilized stromatolites exhibit a variety of forms and structures, or morphologies, including 

conical, stratiform, domal, columnar, and branching types. Stromatolites occur widely in the fossil record 
of the Precambrian but are rare today. Very few Archean stromatolites contain fossilized microbes, but 
fossilized microbes are sometimes abundant in Proterozoic stromatolites. 

While features of some ancient apparent stromatolites are suggestive of biological activity, others 
possess features that are more consistent with abiotic (non-biological) precipitation. Finding reliable ways 
to distinguish between biologically formed and abiotic stromatolites is an active area of research in 
geology. Multiple morphologies of stromatolites may exist in a single local or geological stratum, 
depending on specific conditions at the time of their formation, such as water depth.  
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Most stromatolites are spongiostromate in texture, 
having no recognisable microstructure or cellular remains. A 
minority are porostromate, having recognisable 
microstructure; these are mostly unknown from the 
Precambrian but persist throughout the Palaeozoic and 
Mesozoic. Since the Eocene, porostromate stromatolites are 
known only from freshwater settings. 

 
Fossil record 
Some Archean rock formations show macroscopic 

similarity to modern microbial structures, leading to the 
inference that these structures represent evidence of ancient 
life, namely stromatolites. However, others regard these 
patterns as being the result of natural material deposition or 
some other abiogenic mechanism. Scientists have argued for 
a biological origin of stromatolites due to the presence of 
organic globule clusters within the thin layers of the 
stromatolites, of aragonite nanocrystals (both features of 
current stromatolites), and of other microstructures in older 
stromatolites that parallel those in younger stromatolites that 
show strong indications of biological origin. 

Stromatolites are a major constituent of the fossil 
record of the first forms of life on Earth. They peaked about 
1.25 billion years ago (Ga) and subsequently declined in 
abundance and diversity, so that by the start of the Cambrian 
they had fallen to 20% of their peak. The most widely 
supported explanation is that stromatolite builders fell victim 
to grazing creatures (the Cambrian substrate revolution); this 
theory implies that sufficiently complex organisms were 
common around 1 Ga. Another hypothesis is that protozoa 
such as foraminifera were responsible for the decline, 
favoring formation of thrombolites over stromatolites 
through microscopic bioturbation. 

Proterozoic stromatolite microfossils (preserved by 
permineralization in silica) include cyanobacteria and 
possibly some forms of the eukaryote chlorophytes (that is, 
green algae). One genus of stromatolite very common in the 
geologic record is Collenia. 

The connection between grazer and stromatolite 
abundance is well documented in the younger Ordovician 
evolutionary radiation; stromatolite abundance also 
increased after the Late Ordovician mass extinction and 
Permian–Triassic extinction event decimated marine 
animals, falling back to earlier levels as marine animals 
recovered. Fluctuations in metazoan population and 
diversity may not have been the only factor in the reduction 
in stromatolite abundance. Factors such as the chemistry of 
the environment may have been responsible for changes. 
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While prokaryotic cyanobacteria reproduce asexually through cell division, they were instrumental 
in priming the environment for the evolutionary development of more complex eukaryotic organisms. They 
are thought to be largely responsible for increasing the amount of oxygen in the primeval Earth's atmosphere 
through their continuing photosynthesis (see Great Oxygenation Event). They use water, carbon dioxide, 
and sunlight to create their food. A layer of polysaccharides often forms over mats of cyanobacterial cells. 
In modern microbial mats, debris from the surrounding habitat can become trapped within the 
polysaccharide layer, which can be cemented together by the calcium carbonate to grow thin laminations 
of limestone. These laminations can accrete over time, resulting in the banded pattern common to 
stromatolites. The domal morphology of biological stromatolites is the result of the vertical growth 
necessary for the continued infiltration of sunlight to the organisms for photosynthesis. Layered spherical 
growth structures termed oncolites are similar to stromatolites and are also known from the fossil record. 
Thrombolites are poorly laminated or non-laminated clotted structures formed by cyanobacteria, common 
in the fossil record and in modern sediments. There is evidence that thrombolites form in preference to 
stromatolites when foraminifera are part of the biological community. 

 
The Zebra River Canyon area of the Kubis platform in the deeply dissected Zaris Mountains of 

southwestern Namibia provides a well-exposed example of the thrombolite-stromatolite-metazoan reefs 
that developed during the Proterozoic period, the stromatolites here being better developed in updip 
locations under conditions of higher current velocities and greater sediment influx. 

 
Modern occurrence  
 

Formation 
Time lapse photography of modern microbial mat 

formation in a laboratory setting gives some revealing clues 
to the behavior of cyanobacteria in stromatolites. Biddanda 
et al. (2015) found that cyanobacteria exposed to localized 
beams of light moved towards the light, or expressed 
phototaxis, and increased their photosynthetic yield, which 
is necessary for survival. In a novel experiment, the 
scientists projected a school logo onto a petri dish containing 
the organisms, which accreted beneath the lighted region, 
forming the logo in bacteria. The authors speculate that such 
motility allows the cyanobacteria to seek light sources to 
support the colony. 

In both light and dark conditions, the cyanobacteria 
form clumps that then expand outwards, with individual 
members remaining connected to the colony via long 
tendrils. In harsh environments where mechanical forces 
may tear apart the microbial mats, these substructures may 
provide evolutionary benefit to the colony, affording it at 
least some measure of shelter and protection. 

Lichen stromatolites are a proposed mechanism of 
formation of some kinds of layered rock structure that are 
formed above water, where rock meets air, by repeated 
colonization of the rock by endolithic lichens. 
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STOP 4.2 – Tizi-n-Tinififft Pass   
This is from ChatGPT 
 
Overview 

Tizi-n-Tinififft (also spelled Tizi n’Tinifift) is a 
mountain pass in the Atlas Mountains of southeastern Morocco 
(Drâa-Tafilalet region) at about 1,693 m (5,554 ft) above sea 
level on National Route 9 between Ouarzazate and 
Zagora/Agdz.  

While there are few detailed academic sources focused 
specifically on the pass’s geology, its broader geological 
context can be explained from our understanding of the Atlas 
Mountain system. 
 
Geological Setting: Atlas Mountains 

The Atlas Mountains — including the range that contains Tizi-n-Tinififft — are a young 
intracontinental mountain belt formed primarily during the Cenozoic (last ~66 million years) as a result of 
tectonic compression and uplift of older sedimentary and basement rocks.  

Key tectonic processes: 
 The Atlas arose far inland from the main African–Eurasian plate boundary, and its uplift is 

linked to inversion tectonics (compression that reactivates older extensional basins).  
 Thick-skinned deformation (involving basement rocks) and thrust faulting elevated the 

region.  
 Quaternary (recent) and older faults continue to shape the relief, producing valleys and 

rugged passes typical of the High Atlas.  
 The mountain belt includes a complex stack of rocks ranging from Precambrian crystalline 

basement to Paleozoic, Mesozoic and Cenozoic sedimentary cover, though exact exposures 
vary locally.  

 
Likely Rock Types Near Tizi-n-Tinififft 

In the Drâa-Tafilalet sector of the High Atlas, the geology generally includes: 
 Folded and faulted sedimentary rocks (sandstones, shales, limestones) originally deposited 

in ancient basins before being uplifted.  
 Older metamorphic and crystalline rocks at deeper structural levels of the range (common in 

High Atlas backbone).  
 Red-bed continental sequences (e.g., Triassic rift deposits) often visible in outcrop on 

southern Atlas flanks.  
 The pass and surrounding plateaus likely reflect this mix of uplifted, tilted sedimentary strata 

and older basement rocks that have been deeply eroded and faulted as a result of Atlas-
building tectonics. 

 
Topography & Surface Geology 
The terrain around Tizi-n-Tinififft — a high plateau interrupted by erosion, canyons, and rocky outcrops 
— reflects the interplay of tectonic uplift and surface processes: 

Erosional landforms: The descents from the pass cut through valleys and canyons, shaped by long-
term water and wind erosion acting on uplifted rocks.  
Steep relief: The Atlas landscape in this region is characterized by abrupt elevation changes, a 
signature of tectonic uplift and differential erosion typical of mountain belts. 
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STOP 4.3 – Agdz and The Draa Valley 
 
The image is from: Beraaouz, M., Macadam, J., Bouchaou, L., Ikenne1, M., Ernst, R., Tagma, T., and Masrour, M. (2019) An 

Inventory of Geoheritage Sites in the Draa Valley (Morocco): a Contribution to Promotion of Geotourism 
and Sustainable Development. Geoheritage, vol. 11, pp. 241-255. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Following writing is taken from: Becker, T.R., Jansen, U., Plodowski, G., Schindler, E., Aboussalam, S.Z., and Weddige, K., 

(2004) Devonian litho- and biostratigraphy of the Dra Valley area – an overview - Devonian of the western 
Anti Atlas: correlations and events. Doc. Inst. Sci, Rabat, vol. 19, pp. 3-18. 

 
The Dra or Drâa Valley is a main valley running over a distance of almost 600 km in parallel to the 

overall strike direction of the Anti-Atlas Palaeozoic, from about Zagora in the NE to Tan-Tan near the 
Atlantic Ocean in the SW. From Zagora a significant branch of the valley cuts in northwestern direction 
through the Palaeozoic and Precambrian towards Ouarzazate, creating spectacular outcrops. The main Oued 
Dra runs over wide distance in parallel to the topmost Devonian and prominent Tournaisian Jebel Tazout, 
mostly very close to the Moroccan-Algerian border, and partly has become inaccessible for security reasons. 
However, the Dra Valley has given its name to the wide stretch of Devonian outcrops (HOLLARD & 
JAQUEMONT 1956, HOLLARD 1978) which forms the northern limb of the extensive Tindouf Basin 
(Fig. 1). This stretches into former Spanish Sahara and northern Mauritania in the SW (forming the 
Zemmour as an appendix) and into large parts of Algeria in its southern, central and eastern parts, including 
the poorly studied Menakeb in the SE. The basin has recurrently attracted interest in potential hydrocarbon 
reservoirs. Thermal maturation was strongly influenced by the lack of a post-Variscan cover until a late  
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Cretaceous transgression. The Zemoul is an anticline and syncline of Palaeozoic rocks which runs from 
south of Tata in NW-E direction towards Tinfouchy and today mostly belongs to Algeria. Recent Devonian 
studies presented in this guidebook concentrate on accessible Moroccan sections, between the S of Foum 
Zguid and the area S of Torkoz, allowing correlations over almost 400 km on strike. The relative continuity 
of exposures enables an outstanding reconstruction of facies and faunal changes along the Devonian 
palaeoshelf of northwestern Gondwana, with little influence (only folding and some faulting) of subsequent 
deformation by the Variscan Orogenesis which affected all the Palaeozoic north of the South Atlas fault. 
The overall increasing thickness of sedimentary rocks towards the SW indicates a predominant provenance 
of siliciclastic supply and the presence of erosive land masses towards the SW and W. However, there are 
also thick clastic wedges (e.g., the Rich 3 sandstones) which fade out from NE to SW. This confirms (see 
cross-sections in HOLLARD 1967) that a combination of subsidence variation and changing supply 
directions needs to be considered in palaeogeographic reconstructions. 

The scientific investigation of the Devonian of the Dra Valley area started later and led to much 
fewer detailed studies of faunas and sedimentology than in other parts of Morocco. Almost thirty years ago, 
in 1975, Henry HOLLARD led SDS members during an excursion which covered during 11 field days 
localities from the eastern Dra Valley to the Tafilalt. It is intriguing how few detailed section logs have 
been published since. Rather detailed compilations in a post-mortem publication by HOLLARD (1981b) 
are partly difficult to follow. Research is still in an exploration stage. The first reports of Dra Valley 
Devonian faunas go back to GENTIL (1929), DESCOSSY & ROCH (1934), BONDON & CLARIOND 
(1934), and BOURCART (1938). CHOUBERT et al. (1948) reported on the first Emsian and Famennian 
goniatites of the area, discovered earlier in 1938 to 1941. Recently, BULTYNCK & WALLISER (2000) 
gave reference to the Dra Valley in their overview of the Moroccan Anti-Atlas that otherwise is more 
focused on the (hemi)pelagic successions in the Tafilalt and Maider areas. 

Thick, partly quartzitic sandstone units have resisted erosion and today form extensive and elevated 
ridges stretching along strike. As widespread marker units they provide easy landmarks for 
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lithostratigraphical correlation and give evidence for huge open marine sandbars bordering the ancient 
Gondwana coastline. Starting with CHOUBERT (1948, 1951, 1956) they were named in the Lower 
Devonian as “Rich”. Later the term “Rich” was used for successive formations based on complete 
rhythothemes, numbering 1 to 4 (HOLLARD 1963a, 1981a, see Fig. 2). Late Devonian and Early 
Carboniferous massive sand sheets formed the Jebel Tazout and Jebel Ouarkziz, the latter also including 
limestones. Despite the gradual wedging out of some units over very long distances, our recent research 
confirmed their high correlation value and invariable stratigraphic position between well-dated pelagic 
levels with ammonoids and conodonts. This also applies to some thinner marker limestones which form 
low hills. Rich 1 to 4 sandstones represent the upper part of shallowing upwards cycles with subsequent 
transgressions linked to global eustatic pulses and events. The definition of formations should follow this 
natural division, with formation boundaries to be placed at the top of the regressive Rich sandstone units 
which represent late highstand system tracts and filling up successions. Sequence boundaries and 
paraconformities have to be sought near the very tops. Thinning and fading of Rich 4 sandstones (of the 
SW Dra Valley) towards the NE do not form an obstacle since the subsequent early Eifelian transgression 
allows an easy recognition of T-R cycles and correlation. The same applies to Rich 3 sandstones which are 
restricted to the NE succession, but are apparently followed by a late Emsian transgression throughout the 
Dra Valley. 

The Dra Valley Devonian is generally characterized by high sedimentation rates, a predominance 
of fine and coarse clastics and by an alternation of fossiliferous, neritic and pelagic intervals reflecting the 
oscillation of relative sea-level caused by basin subsidence, infilling, and/or eustatics. Successions of the 
Maider and Tafilalt, which SDS has visited on previous occasions, are much more condensed by 
comparison, up to a factor of 200 on the pelagic carbonate platforms. Due to the high input of clastic 
material, reefs and biostromes are mostly missing in the Dra Valley. Rare exceptions were mentioned by 
HOLLARD (1967). Extensive Middle and early Upper Devonian carbonate platforms re-appear towards 
the SW in the Western Sahara (DUMESTRE & ILLING 1967, KÖNIGSHOF et al. 2003) and at the 
southern margin of the Tindouf Basin. Biostratigraphy is currently based on the interfingering of faunas 
with ammonoids, conodonts, brachiopods, tentaculitids and trilobites but some studies have not yet left the 
level of preliminary identifications. The alternation of neritic and pelagic units makes the Dra Valley a 
significant region for the often difficult correlation of the so-called Rhenish and Hercynian facies realms 
(see discussion and correlations in HOLLARD 1978, JANSEN 2001). In addition, neritic faunal elements 
may enter assemblages gradually from NE to SW whilst pelagic taxa, such as Lower Emsian, uppermost 
Famennian or basal Carboniferous goniatites (e.g., Gattendorfia faunas, HOLLARD 1956) fade out 
completely. Many faunal groups are still insufficiently studied and new discoveries are to be expected in 
the future. Knowledge of brachiopods (HOLLARD & DROT 1958, DROT 1964, 1971 etc., BRICE & 
NICOLLIN 2000, NICOLLIN & BRICE 2000, AIT MALEK et al. 1999, JANSEN 1999, 2000, 2001), 
ammonoids (HOLLARD 1960, BENSAID 1974, KLUG 2003, and articles in this volume), trilobites 
(HOLLARD 1963b, ALBERTI & HOLLARD 1963, MORZADEC 1988, 2001, SCHRAUT 1998a, 1998b, 
2000a, 2000b), and ostracods (G. BECKER et al. 2003, in press) is at an advanced stage, but nautiloids, 
pelecypods, gastropods, corals, Bryozoa, palynomorphs, fish (LEHMAN 1976) and ichnofossils have 
hardly been described. Work on tentaculitoids by G.K.B. ALBERTI is still mostly unpublished. This 
guidebook for the first time will clearly outline the regional event stratigraphy, with sometimes preliminary 
data on the Daleje, Chotec, pumilio, Taghanic, Rhinestreet, semichatovae, Lower and Upper Kellwasser, 
and Hangenberg Events. Of special interest is the discovery of “pumilio Beds” (EBBIGHAUSEN et al., 
this vol., R.T. BECKER et al., this vol.) which are much older than the two well-established Givetian 
pumilio Events.  
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STOP 4.4 – Orthoceras Quarry near Tazzarine 
 
I don’t think this article covers the specific Orthoceras quarry we are visiting, but it is definitely covers 
cephalopod quarry very close to where we will be!!! 

 
Kroger, B. and Lefebvre, B. (2012) Palaeogeography and palaeoecology of early Floian (Early 
Ordovician) cephalopods from the Upper Fezouata Formation, Anti-Atlas, Morocco. Fossil 
Record, vol. 15, no. 2, pp. 61-75.  
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STOP 4.5 – Trilobite Preparation Workshop near Alnif 
https://moroccofamilyvacation.com/alnif-morocco/ 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Welcome to Alnif Morocco, a hidden gem in southeastern Morocco where the vast desert meets the echoes 
of ancient seas. Known as the “fossil capital of Morocco”, Alnif draws geology enthusiasts, adventure 
travelers, and cultural explorers eager to uncover its rich heritage and breathtaking landscapes. From 
trilobite fossils dating back hundreds of millions of years to vibrant Berber markets and authentic Moroccan 
cuisine, Alnif offers a unique blend of history, culture, and natural beauty. 
 
Located along the N12 highway connecting Zagora to Rissani, Alnif Morocco is a crossroads of past and 
present. Visitors can explore fossil-rich desert terrains, trek through rolling dunes, and experience local 
Berber traditions. This guide will provide everything you need to know from practical travel tips and top 
attractions to cultural insights and day trips ensuring your journey to Alnif is unforgettable. 
 
Why Visit Alnif Morocco? 

 
What Makes Alnif So Special 

Fossil Heritage and Trilobite Beds 
Alnif is globally renowned for its fossil deposits, particularly trilobites, which date back to 
the Devonian period. Fossil hunters and amateur geologists can explore these ancient terrains 
with guided tours, making it a must-visit for science enthusiasts. 
Berber Traditions and Culture 
Beyond fossils, Alnif offers a glimpse into authentic Berber life, from traditional music to 
vibrant markets and artisan workshops. Visitors can engage with locals, learn about customs, 
and even participate in cultural festivals. 
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Where Is Alnif Morocco? Geography & Setting 
Location within Drâa‑Tafilalet Province 

Alnif lies in southeastern Morocco, nestled between the Sahara Desert and the Anti-Atlas 
mountains. Its strategic location makes it an ideal stop for travelers exploring the Moroccan 
desert circuit. 

 
History of Alnif Morocco 

Ancient Geological History 
Millions of years ago, Alnif was part of a prehistoric sea, which explains its abundant fossil 
deposits. Geologists frequently visit the area to study trilobites and Devonian-era formations. 

 
Human Settlement and Berber Culture 

Berber tribes have inhabited the region for centuries, maintaining traditions and 
craftsmanship. Alnif’s history blends natural wonders with the resilience and cultural 
richness of its people. 

 
Top Attractions in Alnif Morocco 

Fossil Sites & Geological Wonders 
Explore the region’s fossil-rich hills, guided by local experts who can identify rare trilobites 
and other ancient marine life. 

 
Ihmadi Trilobites Centre 

This small museum showcases fossils collected locally, providing insights into Morocco’s 
prehistoric past. 

 
Weekly Markets & Souks 

Alnif’s Sunday market is a lively spot for local crafts, spices, and Berber textiles. 
 
Local Artisan Workshops 

Witness artisans crafting traditional pottery, jewelry, and carpets, supporting the local 
economy while gaining cultural insights. 
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Hotel Information: 
Auberge Camping Oasis El Mharech 
QC6P+4J6, Sidi Ali, Morocco 
 

Day 5: Tuesday, March 10th, 2026 – Around Alnif – Trilobites of the Maider Basin – Mharch Desert 
Oasis 

STOP 5.1 – Cambrian Trilobite Fossils 
STOP 5.2 – Ordovician Trilobite Fossils 
STOP 5.3 – Devonian Trilobite Fossils 
STOP 5.4 – Desert Oasis in Mharch 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

From our Guide: 
After breakfast, we begin the day exploring the Anti-Atlas Mountains north of Alnif, visiting active 

fossil sites where large yellow Middle Cambrian trilobites are mined. These include impressive Paradoxides 
and Cambropellas, often found as complete specimens. We then continue to Jebel Tiskaouine, one of the 
most famous trilobite-mining areas in Morocco. Although commonly sold as “Calymene” trilobites, the 
fossils from this region actually belong to the genera Neseuretus, Colpocoryphe, and Flexicalymene, dating 
back to the Ordovician period (Sandbian–Katian). Later, we head toward Atchana, meaning “the dry place.” 
Here, we meet local fossil miners working the Devonian Ihandar Formation, renowned for spectacular 
specimens such as Dicranurus monstrosus and Paralejurus spatuliformis. In the afternoon, we travel further 
south off-road through the wild landscapes of the Maider Basin, often called the “Lost World” of trilobites. 
By evening, we arrive at the remote desert oasis of Mharch, where we spend the night in a traditional mud-
brick hotel. Though simple, the rooms are en suite, and the isolation makes it a perfect spot for stargazing 
beneath a spectacular night sky.  

STOP 5.1 

STOP 5.2 

STOP 5.3 

STOP 5.4 



 
 
 
 

114 
 
 
 
 

Introduction to the Maider Basin 
 
The following is taken from: Kaufmann, B., 1998, Facies, stratigraphy and diagenesis of Middle Devonian reef- 

and mud-mounds in the Mader (eastern Anti-Atlas, Morocco). Acta Geologica Polonica, vol. 48, no. 1, pp. 
43-106.  

 
GEOLOGICAL SETTING AND HISTORY 

The Anti-Atlas of Morocco is a NE-SW trending, about 700 km long and up to 200 km wide 
Variscan anticlinorium at the northern margin of the Sahara Craton (PIQUE & MICHARD 1989) (Text-
fig. 1). It is separated from the highly deformed Mesozoic rocks in the north by the South-Atlas Fault. The 
Precambrian crystalline core of the Anti-Atlas is exposed in its northern central part and consists of granitic 
plutons, which are covered by sedimentary and volcanic rocks of Late Precambrian age. Mainly towards 
the south, the basement is overlain by a weakly folded Palaeozoic sequence, which continues in that 
direction towards the rather undeformed Tindouf Basin (Text-fig. 1). An almost complete succession of 
Palaeozoic sediments, ranging from the Lower Cambrian to the Lower Carboniferous was deposited along 
the NE-SW trending passive continental margin of northwestern Gondwana (Sahara Craton). Its thickness 
exceeds 10 km in the central Anti-Atlas and the northern flank of the Tindouf Basin, strongly decreasing 
towards the east (DESTOMBES & al. 1985). 

In the eastern Anti-Atlas (regions of the Tafilalt and the Mader), the Palaeozoic succession 
generally crops out in W-E- and NW-SE trending synclines. The easternmost outcrops of the Precambrian 
basement of the Anti-Atlas are located at Jebel Sarhro and Jebel Ougnate in the northwestern and northern 
Mader area respectively (Text-fig. 2). The folded Palaeozoic succession of the eastern Anti-Atlas is 
overlain by undeformed, flat-lying Upper Cretaceous deposits of the Kem-Kem towards the south and 
Tertiary deposits of the Hamada du Guir towards the east. Palaeozoic rocks reappear in Algeria about 100 
km southeast of the Tafilalt in the NW-SE-trending Ougarta fold belt and 50 km to the east in the 
Carboniferous Béchar Basin (Text-fig. 1).  

The oldest sedimentary rocks in the eastern Anti-Atlas are terrestrial clastic deposits 
(conglomerates, sandstones and shales) of latest Precambrian age with considerable intercalations of 
calcalkaline volcanic rocks (JEANNETTE & TISSERANT 1977). The Lower to Middle Cambrian consists 
mainly of marine silt- and sandstones with a maximum thickness of about 700 m (eastern end of Jebel 
Sarhro), extremely diminishing towards the east (DESTOMBES & al. 1985). Volcanic activity as indicated 
by basalts, dolerites, volcanic breccias and tuffs is common in the Middle Cambrian at Jebel Ougnate 
(DESTOMBES & al. 1985). Upper Cambrian deposits have not been recognized in the eastern Anti-Atlas 
so far (Carte Géologique du Maroc, 1:200.000, sheets ‘Tafilalt-Taouz’ and ‘Todrha-Ma’der’). The lower 
part of the Ordovician (Tremadoc to Llanvirn) consists of 300-800 m thick marine shales with graptolites, 
trilobites, brachiopods and echinoderms (DESTOMBES & al. 1985). The upper Ordovician (Llandeilo to 
Ashgill) consists of 300-600 m thick sandstones which, in the upper part (upper Asghillian), are supposed 
to be of glacial origin (DEYNOUX 1985). A post-glacial transgression with graptolite shales and siltstones 
marks the lower Silurian. They are followed by Ludlowian Orthoceras limestones, which are the first 
significant carbonate deposits in the Palaeozoic sequence of the eastern Anti-Atlas. Fine-grained 
sandstones and Scyphocrinites limestones represent the uppermost Silurian. Thickness of Silurian 
sediments in the eastern Anti-Atlas decreases from 500 m in the Mader area to 150 m in the northern Tafilalt 
(HOLLARD 1970).  

Devonian sediments are exposed over an area of about 20000 km2 (Text-fig. 2). They were 
deposited in an extensive epicontinental sea, which changed its palaeogeographical position during the 
Devonian northward drift of Gondwana from about 45° to 30°S (SCOTESE & MCKERROW 1990). The 
Lower Devonian consists predominantly of shales interbedded with cephalopod limestones. In the higher 
part of the Lower Devonian and in the transition to the Middle Devonian, marls and nodular cephalopod  
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limestones become more frequent. Carbonate deposition was most widespread in Middle and Late 
Devonian times. At that time, a differentiated facies pattern developed in the eastern Anti-Atlas. 
Differential subsidence, resulting from early Variscan tensional block faulting, caused the disintegration 
of the formerly stable shelf into a platform and basin topography (WENDT 1985, 1988). In the Mader 
Basin, a 200-400 m thick neritic succession of argillaceous, fossiliferous wackestones, locally with 
intercalated mudmounds and coral-stromatoporoid floatstones, was deposited during Middle Devonian 
times (HOLLARD 1974; WENDT 1988, 1993). In the Late Devonian, the basin was filled with up to 800 
m of shales interbedded with some sandstones (WENDT 1991). In contrast, only some tens of metres of 
condensed cephalopod limestones were deposited on the pelagic Tafilalt Platform during the Middle and 
Late Devonian (WENDT 1991).  

During the Early Carboniferous, the whole basin and platform topography was levelled by thick 
deltaic sandstones. The Lower Carboniferous (Tournaisian and Viséan) clastic succession is best developed  
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in the southern Tafilalt where it is about 2000 m thick (BELKA 1991). Huge allochthonous mud-mound 
boulders (lower Viséan) occur in the southeastern Tafilalt (Jebel Bega and farther east, PAREYN 1961). 
The youngest preserved Palaeozoic strata of the eastern Anti-Atlas are lower Namurian shales (DELÉPINE 
1941), which are exposed near the northwestern edge of Erg Chebbi. The geological history of the Anti-
Atlas between the Namurian and the continental Upper Cretaceous (Cenomanian) is unknown. Variscan 
folding and uplift was weak and probably took place during the Late Carboniferous (Westphalian) 
(BONHOMME & HASSENFORDER 1985). 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

117 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

118 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

119 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

120 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

121 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 
 
 
 

122 
 
 
 
 

STOP 5.1-5.3 Cambrian, Ordovician, and Devonian Trilobite Fossils 
Introduction to Trilobites 
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The International fossil trade from the Paleozoic of the Anti-Atlas, Morocco 
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STOP 5.4 – Desert Oasis in Mharch 
 
 
 

 
https://earthscience.stackexchange.com/questions/18634/how-do-oases-form-in-the-middle-of-the-desert 
 
From Wikipedia: 
 

In ecology, an oasis (/oʊˈeɪsɪs/; pl.: oases /oʊˈeɪsiːz/) is a fertile area of a desert or semi-desert 
environment that sustains plant life and provides habitat for animals. Surface water may be present, or 
water may only be accessible from wells or underground channels created by humans. In geography, an 
oasis may be a current or past rest stop on a transportation route, or less-than-verdant location that 
nonetheless provides access to underground water through deep wells created and maintained by humans. 
Although they depend on a natural condition, such as the presence of water that may be stored in 
reservoirs and used for irrigation, most oases, as we know them, are artificial. 

 
The word oasis came into English from Latin: oasis, from Ancient Greek: ὄασις, óasis, which in 

turn is a direct borrowing from Demotic Egyptian. The word for oasis in the latter-attested Coptic 
language (the descendant of Demotic Egyptian) is wahe or ouahe which means a "dwelling place". Oasis 
in Arabic is wāḥa (Arabic: واحة). 
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Map of the Night Sky for March 10th, 2026 in Morocco 
from https://in-the-sky.org/ 
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Day 6: Wednesday, March 11th, 2026 – Maider Basin to Erg Chebbi Dunes (So many fossils, you 
are going to throw up…) 
STOP 6.1 – Guelb el Mharch 
STOP 6.2 – Aferdou el Mrakib 
STOP 6.3 – Jebel el Krabis 
STOP 6.4 – Fezzou for lunch 

STOP 6.5 – Butte 760 
STOP 6.6 – Jebel Amelane 
STOP 6.7 – Eifelian-Givetian GSSP Golden Spike 
STOP 6.8 – Merzouga  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
From our Guide: 

Our first stop is the mud-mound of Guelb el Mharch. This is a 45m rocky peak made of crinoidal 
limestone that was once a submarine mud volcano formed by hydrothermal vents. In the past very rare 
placoderm fish fossils have been found here. The next stop Aferdou el Mrakib is a mountain which, at first 
sight, resembles a larger version of Guelb el Mharch, but it is in fact one of the largest known Devonian 
coral-stromatoporoid reefs in north‐western Gondwana. It is also one of the most southerly discovered 
shallow-water Givetian (mid Devonian) reefs. The base of the reef contains the famous Drotops 
megalomanicus trilobite horizon. The next stop is at the base of Jebel el Krabis and is a place where 
Devonian (Famennian) ammonoids (goniatites) can be seen loose on the desert floor. They have eroded out 
from hypoxic pelagic shales but have, sadly, been over-collected to supply fossil shops around the world. 
Apart from goniatites, the Famennian of the area is an important source for brachiopods (especially 
Rhynchonellids), crinoids, fossil wood, deep-water solitary Rugosa corals, loxopteriid bivalves, trilobites, 
conodonts, and shark teeth. We then head to the village of Fezzou where we stop lunch in a café and have 
an opportunity to meet local people. Next, we move on to a nearby site known as Butte 760 by 
palaeontologists. This site also has many loose eroded fossils lying on the dessert floor; 21 different species 
of ammonoid have been recorded from here, although they are now rare, but brachiopods remain abundant. 
We then leave the Maider basin and stop at Jebel Amelane near the city of Rissani. Here Upper Devonian 
(Famennian) aged orthoceras and ammonoids can be seen in huge slabs of red limestone. Also, from a 
distance, it is also possible to view the Eifelian-Givetian global stratotype GSSP (golden spike). We then 
head to Merzouga and the famous sand dunes of Erg Chebbi. Here we really feel that we are in the Sahara 
Desert - because we are! The next two nights are spent in a 4-Star hotel in Merzouga.  

STOP 6.8 

STOP 6.7 

STOP 6.6 

STOP 6.5 

STOP 6.4 

STOP 6.3 STOP 6.2 

STOP 6.1 

Hotel Infromation: 
Mohayut Camp 
4XMP+4MG, village hassi labiad, 
Merzouga 52202, Morocco 
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STOP 6.1 – Guelb el Mharch 
The following is taken from: Kaufmann, B., 1998, Facies, stratigraphy and diagenesis of Middle 

Devonian reef- and mud-mounds in the Mader (eastern Anti-Atlas, Morocco). Acta Geologica 
Polonica, vol. 48, no. 1, pp. 43-106.  

 
Guelb el Maharch 
Geological and stratigraphical setting, off-mound succession 
 

The cone of Guelb el Maharch (Pl. 4, 
Fig. 1) rises above the plain of Oued Chouiref 
in the southeastern quarter of the Mader 
syncline (Text fig. 9). The mound basement 
with the off-mound and intermound 
transitions is covered by Quaternary deposits. 
The nearest off-mound strata are exposed 800 
m southeast of the mound at the 7 km wide 
Jebel Maharch, which constitutes the 
continuation of the Jebel el Mrakib range 
towards NNE (Text-fig. 9). Stratigraphy, 
thickness of individual units and facies 
evolution of the Emsian to Eifelian 
succession at Jebel Maharch correspond to 
that of Jebel el Mrakib. Only the youngest 
bed at Jebel Maharch, a conspicuous, 50 cm 
thick cephalopod limestone of late Eifelian 
age (kockelianus Zone) could not be 
recognized at Jebel el Mrakib. If one projects 
the 6°-dipping cephalopod bed below the 
Guelb el Maharch mud-mound, about 80-90 
m of thickness are concealed below the plain 
between the bed and the mound. The nearest 
overlying strata are bituminous styliolinid 
limestones (Kellwasser facies) of early 
Frasnian age (Lower asymmetricus Zone), 
exposed 2 km NNW of the mound (WENDT 
& BELKA 1991).  

 
Size and geometry 

Guelb el Maharch is the second largest mound of the Mader area. It has an exposed base-diameter 
of 120-180 m and a height of about 45 m (Text-fig. 15). Though the contact to the directly underlying beds 
is covered, the original height is probably only a few metres more, because the inclination of the mound 
flanks becomes more gentle at the mound periphery. Additionally, the covered thickness of 80-90 m 
corresponds approximately to the same interval (kockelianus to Lower varcus Zone) at Jebel el Mrakib. 
The mound shape is conical with a slight elongation in N-S-direction (170°). After correction for rotation 
of the nearest underlying strata to the horizontal (Text-fig. 16), the mound displays a slight asymmetry with 
steeper eastern (mean angle of inclination: 43°) than western flanks (mean angle of inclination: 35°). Steep 
mound flanks represent primary accretionary surfaces as is evidenced by the horizontal alignments of 
brachiopod infillings and laminations of internal sediments. 
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Lithology and sedimentary structures 

In contrast to the Aferdou mound, Guelb el Maharch consists exclusively of massive limestones 
with no bedding features. Microfacies analyses of polished hand specimens and thin sections from a great 
variety of mound positions show a very uniform lithology of stromatactis-bearing boundstones (Pl. 5, Figs 
3-4). Pervasive dolomitization occurs along an up to 20 m wide band, which runs in NE-SW-direction 
through the centre of the mound (Text-fig. 15). 

Neptunian dykes are common in this mound. Generally, they are 2-5 cm wide, filled with dark 
mudstones and can be followed for 6-20 m (Pl. 4, Fig. 2). On the southern flank, a 1 m wide dyke, filled 
with a dark, crinoidal-brachiopod rudstone (Pl. 5, Fig. 2), cuts the mound from base to top (Pl. 4, Fig. 1). 
The two prefered directions of the dykes are NNE-SSW and WNW-ESE. Because the infillings have 
yielded no conodonts, the age of the dykes is unknown. Their formation was probably caused by tensional 
movements prior to Variscan folding though the main directions could not be related to any pre-orogenic 
tectonics so far.  

In addition to stromatactis fabrics, irregular cavities, 5-20 cm in size and filled with dark, laminated 
internal sediments have been found (Pl. 4, Fig. 3; Pl. 5, Fig. 1). Cavity margins are lined with 5 mm thick, 
laminated cement rims (Pl. 5, Figs 1, 4) and infillings are often dolomitized (Pl. 4, Fig. 3; Pl. 5, Figs 3, 4). 
Because those cavities occur in the immediate neighbourhood of neptunian dykes and contain the same, 
dark internal sediments, their formation is probably related to the dyke formation.  

 
Fauna 

Though only 6 km apart from Aferdou el Mrakib, the Guelb el Maharch mud-mound contains an 
impoverished fauna (Text-fig. 14). Stromatoporoids and colonial rugose corals are absent, and solitary 
Rugosa are represented only by isolated metriophyllids and cf. Fletcheria. Though the diversity of the 
tabulate corals is also strongly reduced, they are the prevailing faunal elements, represented by auloporids 
(Bainbridgia sp., Pl. 5, Figs 3, 8; Cladochonus sp., Remesia sp. and Aulocystis sp.) and striatoporids (cf. 
Crenulipora, Pl. 5, Fig. 7; cf. Zemmourella, Pachystriatopora sp.). Crinoids are also very common, 
preserved mostly as isolated ossicles, but also as in situ disintegrations of longer stems. Brachiopods are 
mainly represented by small forms (5-10 mm in size), which could not be determined generically. Atrypids 
(Atrypa?, Carinatina sp.) occur rarely. Cephalopods are represented only by a few orthoconic nautiloids, 
oriented in their most stable position with their apices towards the mound top. As at Aferdou el Mrakib, 
hexactinellid sponges are found commonly as isolated spicules (smooth hexacts) in insoluble residues and 
thin sections, but also rarely as whole sponge bodies, about 5 cm in diameter. Insoluble residues contain 
occasionally agglutinated foraminifers (Sorosphaera sp., compare Pl. 13, Figs 5-8). In thin sections, 
dacryoconarids (common styliolinids, rare Nowakia sp.), fragments of fenestellid (Pl. 5, Fig. 6) and 
fistuliporid bryozoans (the latter mostly incrusting tabulate corals), small gastropods (1-2 mmsized) and 
rare trilobite carapaces were observed. 

 
 
 
 
 
 
PLATE 4 Guelb el Maharch mud-mound 
1 – Mud-mound, seen from SSW; weight of the mound is about 45 m; the base is covered by Quaternary deposits; a – Neptunian 
dyke (arrow a) cuts the mound vertically; infilling of dyke is shown on Pl. 5, Fig. 2; person (arrow b) for scale 
2 – Neptunian dyke in mud-mound facies; dyke is filled by dark mound sediments; coin diameter is 24 mm 
3 – Irregular cavity in mud-mound facies; cavity is filled with dolomitized internal sediment (see also Pl. 16, Fig. 4); isopachous 
calcite cement layer (arrowed), lining the cavity wall; coin diameter is 24 mm 
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STOP 6.2 - 6.3 – Aferdou el Mrakib & Jebel el Krabis 
The following is taken from: Kaufmann, B., 1998, Facies, stratigraphy and diagenesis of Middle 

Devonian reef- and mud-mounds in the Mader (eastern Anti-Atlas, Morocco). Acta Geologica 
Polonica, vol. 48, no. 1, pp. 43-106.  

 
Aferdou el Mrakib 
 
Geological and stratigraphical setting, offmound succession 

The Aferdou el Mrakib reef-mound is 
located at the northern flank of the 15 km wide, E-
W- trending Jebel el Mrakib (Text-fig. 9), a range 
forming the southeastern limb of a 40-50 km wide 
Variscan syncline, which is the largest tectonic 
structure of the eastern Anti-Atlas (Textfig. 2). 
Here, a Lower to Middle Devonian (Emsian to 
lower Givetian) sequence is exposed (Text-fig. 31), 
dipping with 6° to the north. The uppermost 25 m 
(upper Eifelian to lower Givetian) of the succession 
are preserved only in the immediate surrounding of 
the Aferdou mound, where they form the mound 
basement; they were protected from erosion by the 
overlying mound (Pl. 1, Fig. 1; Pl. 2, Fig. 1). 

The Eifelian interval at Jebel el Mrakib (‘El 
Otfal Formation’ of HOLLARD 1974, 1981) is 
about 75 m thick (Text-fig. 31) and exhibits a 
shallowing-upward sequence from deep-water 
unfossiliferous, chert-bearing mudstones with high 
siliciclastic influx over burrowed, bioclastic 
wackestones of moderate depth to relatively 
shallow-water crinoidal grainstones. The latter are 
22 m thick and restricted to the site of the Aferdou 
mound.  

The base of the Givetian is marked by a 2 m 
thick coral-stromatoporoid boundstone (Text fig. 
10; Pl. 3, Fig. 4), which directly underlies the 
Aferdou mound and probably served as a pioneer  
stage in mound development. It is overlain by crinoidal grainstones and, three metres above, these by a 
conspicuous, 30 cm thick trilobite wackestone (commercially exploited level with abundant Drotops 
megalomanicus STRUVE 1990) (Text-fig. 10). The section continues with 13 m of poorly fossiliferous 
mudstones which, in the middle part, contain a 3 m thick brachiopod lense (exclusively Ivdelinia sp., Pl. 
13, Fig. 11). These mudstones are followed by 20 m of mound debris facies. The Aferdou mound 
interfingers with the off-mound strata (17 m in thickness), which overlie the initial coral-stromatoporoid 
bed and with the lower 5 m of the mound debris facies (Text-fig. 10). Unfortunately, the lateral transition 
of the mound debris facies to the coeval off-mound strata has been removed by erosion. The same applies 
to strata, which directly overlie the Aferdou mound. They are preserved only at two small areas on the 
northern flank of the Aferdou mound (Text-fig. 11), where they cap the mound debris facies. They consist 
of 2-3 m thick, slumped, blue-grey, poorly-fossiliferous mudstones (Pl. 1, Fig. 2; Text-fig. 10) which 
occasionally contain coarse mound debris. 
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PLATE 1 - Aferdou el Mrakib reef-mound 
1 – Reef-mound, seen from W; height above underlying strata is 100-130 m; underlying upper Eifelian limestones (arrowed) are 
preserved only at the base of the mound, where the resistant mound structure has protected them from erosion 
2 a-2b – Close-up view of the left third of Fig. 1, seen from SW; interfingering of massive reef-mound facies with bedded mound 
debris facies (indicated by thick line) 
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PLATE 2 Aferdou el Mrakib reef-mound 
 
 
1 – Reef-mound, seen 
from ENE; width of 
the buildup is 900 m; 
the underlying upper 
Eifelian limestones 
(arrowed) are 
preserved only in the 
immediate 
surrounding of the 
mound, where the 
resistant mound 
structure has protected 
them from erosion 
2 – Huge, mound-
derived boulder in 
mound debris facies; 
author (1.85 m) for 
scale 
3 – Stromatactis in 
reef-mound facies, 
aligned parallel to the 
accretionary surface 
of the mound; coin 
diameter is 24 mm 
4 – Overturned 
“Phillipsastrea” in 
mound debris facies 
5 – Domical 
stromatoporoid in 
reef-mound facies; 
thick-shelled 
pentamerids 
(Devonogypa sp., 
arrowed); coin 
diameter is 24 mm 
6 – Solitary, rugose 
corals (mainly 
Cystiphylloides sp.) in 
reef-mound facies; 
coin diameter is 24 
mm 
7 – Reef-mound facies 
with phaceloid rugose 
corals, belonging to 
the bizarre group of 
Fletcheria MILNE-
EDWARDS & 
HAIME; coin 
diameter is 24 mm 
8 – Pervasively 
dolomitized reef-
mound facies with 
mouldic porosity; coin 
diameter is 24 mm 
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Size and geometry  
Aferdou el Mrakib is the largest reefal structure of the eastern Anti-Atlas. It has an almost circular 

outline with a diameter of about 900 m (Text-fig. 11), a truncated cone-shape (Pl. 1, Fig. 1; Pl. 2, Fig. 1) 
and a height of 100-130 m (Pl. 1, Fig. 1). The mound has a rather symmetrical shape (after correction of the 
flank inclinations for rotation of underlying northward-dipping strata, Text-fig. 12) with a mean angle of 
flank inclination of 35°. By adding the eroded mound flank beds on the other mound sides, an original 
diameter of 1700-1800 m (including mound debris facies) can be reconstructed for the Aferdou mound 
(Text-fig. 13). Caused by northward Variscan tilting, the north side of the mound has been prevented longer 
from erosion and thus displays primary mound surfaces. On the top of the mound slopes, flank beds are cut 
discordantly (Pl. 1, Figs 2a, b), showing postsedimentary erosion. According to WENDT (1993), the 
original height can be reconstructed by extrapolation of the flank beds as about 250 m (Text-fig. 13). 
SCHWARZACHER (1961) found similar discordant cuts of mound tops in Lower Carboniferous mud-
mounds of Ireland and suggested that mound growth was controlled by wave action. Because the upper 
mound surface of Aferdou el Mrakib is inclined in the same direction as the underlying strata (Pl. 2, Fig. 
1), it cannot be excluded that a wave-related erosion took place prior to Variscan tilting.  

 
Lithology and sedimentary structures 

The reef-mound facies is rather uniform and consists of indistinctly thick-bedded, stromatactoid 
boundstones (purely descriptive: wackestones and floatstones). A detailed description of stromatactis 
fabrics (of all Mader carbonate mounds) is given further in this paper. No distinction between flank- and 
core-facies can be made. A massive bedding with bed thicknesses of 0.5-1 m is ubiquitous, even in 
dolomitized areas. The beds dip away from the centre (Text-fig. 11), suggesting that the mound grew 
concentrically, both expanding laterally and vertically. Unfortunately, no informations about eventual 
ecological succession within the mound can be obtained, because the Aferdou mound is not cut by erosion 
and therefore does not exhibit its internal structure. Locally, coral boundstones occur, formed by few m2-
sized in situ colonies of distinct coral species [especially Platyaxum (Platyaxum) escharoides 
(STEININGER 1849) (Pl. 3, Fig. 3), cf. Fletcheria (Pl. 2, Fig. 7) and Thamnophyllum ossalense (JOSEPH 
& TSIEN 1975)]. 

The mound debris facies is only preserved on the northern flanks of the mound and in an isolated 
occurrence on the east side (Text-fig. 11). It consists of up to 20 m thick, mound-derived coral-
stromatoporoid floatstones (Text-fig. 10) which contain large mound-derived boulders (Pl. 2, Fig. 2). 
Interfingering with the massive mound facies can be seen on the northwestern side of the mound (Pl. 1, Figs 
2a, b). Originally, the mound debris facies probably formed an aureole surrounding the mound and was 
later largely removed by erosion. 

The central part of the mound is pervasively dolomitized (Text-fig. 11) whereby both fossils and 
sedimentary structures have been obliterated. A dolomitized NE-SW-trending Variscan(?) joint runs into 
the south side of the mound and has obviously acted as a conduit for dolomitizing fluids.  

Small scale fissures and neptunian dykes, only few centimetres wide and to be followed for 2-3 
metres, have been found in the Aferdou mound. Generally, they are filled with dark mudstones or, in one 
case, with fine-grained sandstone which is similar to the Lower Carboniferous deltaic sandstones that 
overlie the Devonian sucession of the eastern Anti-Atlas (WENDT 1993). 

 
Fauna 

Aferdou el Mrakib is the mound with the most abundant and most varied fauna (Text-fig. 14). It is 
described as ‘reef-mound’ because the potential Devonian reef-builders (stromatoporoids, colonial rugose 
corals) are present but do not form a rigid framework. 

Stromatoporoids occur mostly as undestroyed but slightly displaced or overturned individuals, but 
they occur also frequently in situ (Pl. 2, Fig. 5). Domical morphotypes (Actinostroma ?, Stromatoporella ?, 



 
 
 
 

172 
 
 
 
 

Clathrodictyon ?), 20-80 cm in diameter, dominate; laminar forms are rare and dendroid forms are totally 
absent. According to JAMES & BOURQUE (1992), the relationship between external shape and internal 
growth banding geometry of stromatoporoids can be used to infer relative sedimentation rates and water 
roughness. In the Aferdou mound, the predominant growth forms with enveloping latilaminae without 
ragged margins indicate a relatively low sedimentation rate (compared with a ‘true’ reef) and low water 
roughness. 
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Siliceous sponge spicules (smooth hexacts; Pl. 13, Figs 9-10) of hexactinellids were found 

frequently in insoluble residues and in thin sections. Coralline sponges are represented by rare chaetetids. 
Solitary rugose corals are represented by Heliophyllum halli moghrabiense LE MAÎTRE 1947, 

Cystiphylloides sp. (Pl. 2, Fig. 6), Acanthophyllum sp., Macgeea cf. minima BRICE 1970, Siphonophrentis 
sp., Stringophyllum normale WEDEKIND, 1922, Calceola sandalina LAMARCK, 1799 (rare) and 
metriophyllids. Thamnophyllum ossalense (JOSEPH & TSIEN 1975) forms some m2-sized, dendroid 
colonies. In addition, flat, disc-shaped colonies of “Phillipsastrea” (Pl. 2, Fig. 4) and, less common 
“Hexagonaria”, occur. Further colonial rugose corals belong to the bizarre group of Fletcheria MILNE-
EDWARDS & HAIME (Pl. 2, Fig. 7). 

The tabulate coral fauna displays a high taxonomic diversity. Fragments of branching striatoporids 
(cf. Pachystriatopora, Pl. 3, Fig. 7), “thamnoporids” (Thamnopora germanica BIRENHEIDE, 1985, 
Thamnopora proba DUBATOLOV 1955) and auloporids (Bainbridgia sp., Cladochonus sp., Remesia sp.) 
are ubiquitous in the mound facies. Favositids are represented by massive, fascicular colonies (mainly 
Favosites cf. goldfussi ORBIGNY, 1850) and by 3-10 mm thick and up to 20 cm wide, in situ crusts of 
alveolitids [mainly Platyaxum (Platyaxum) escharoides (STEININGER, 1849), Pl. 3, Fig. 3). Heliolitids 
(Heliolites cf. porosus (GOLDFUSS 1826)] occur rarely as spherical colonies. 

Brachiopods are abundant in the Aferdou mound. The two big-sized, thick-shelled pentamerid 
genera Ivdelinia sp. (Pl. 13, Fig. 11) and Devonogypa sp. form conspicuous, monotypical, several m2-sized 
in situ communities. GODEFROID & RACKI (1990) described similar reef-dwelling faunas from ‘nests, 
lenses and bands’ in Frasnian fore-reef limestones and attributed these brachiopods to semi-protected, 
intermittendly agitated habitats which would reflect the assumed moderate bathymetric position of the 
Aferdou mound. Other brachiopods belong to spiriferids (Atrypa?, Planatrypa sp., Spinatrypa sp., 
Carinatina sp., Spinatrypinae), orthids (e.g. Schizophoria sp.), athyrids and rare strophomenids (Leptaena 
sp.). 

Crinoids are ubiquitous in the reef-mound. They are mainly disarticulated into single ossicles and 
rarely preserved as up to 20 cm long stems. Crowns and holdfasts have not been found.  

Cephalopods (orthoconic nautiloids and goniatites) are extremely rare in the reef-mound facies. 
Additionally, dacryoconarids (common styliolinids, rare Nowakia sp.), fragments of fenestellid 

bryozoans, trilobite carapaces, small gastropods, rare ostracods and microproblematica [Rothpletzella 
devonica (MASLOV 1956), Pl. 3, Fig. 8] were found in thin sections. Rare findings of shark teeth 
(Phoebodus fastigatus GINTER & IVANOV, 1992; Pl. 13, Figs 1-4) in insoluble residues suggest that 
sharks belonged to the mound’s ecosystem. 
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STOP 6.5 – Butte 760 
The following is from: Bockwinkel, J. Becker, R.T., and Ebbighausen, V., 2015, Late Givetian ammonoids 

from Ait Ou Amar (northern Maider, Anti- Atlas, southeastern Morocco). N. Jb. Geol. Paläont. 
Abh. vol. 278, no. 2, pp. 123–158.  

 
Introduction 

The late Givetian was a very peculiar interval in the early evolutionary history of the Ammonoidea. 
Subsequent to the faunal overturns of the global Taghanic Crises (e.g., House 1985; AboussAlAm & becker 
2011), the rapid evolution of the Pharcicerataceae led to the dominance of highly multilobed forms, with a 
higher average suture complexity than in both earlier and subsequent times (e.g., becker 2009). On a global 
scale, the eastern Anti-Atlas (southern Morocco) is the region with the richest and most detailed 
representation of these highly distinctive faunas. Following the work by Termier & Termier (1950), PeTTer 
(1959), and bensAïd (1974), we began in recent years the systematic description of the late Givetian 
ammonoid faunas of the Anti-Atlas. We commenced our investigations with a well-preserved fauna from  
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Dar Kaoua, which represents the pelagic central Tafilalt Platform (Bockwinkel et al. 2009), and continued 
with the extremely abundant fauna from Hassi Nebech, which represents the deeper, pelagic Tafilalt Basin 
(bockwinkel et al. 2013a). As a next step we document here the goniatite fauna from “Butte 760” near Ait 
Ou Amar in the northern Maider. The association of goethitic/haematitic ammonoids with a rich, similarly 
preserved brachiopod-gastropodcoral assemblage indicates a mixed neritic-pelagic setting that is very 
different from the contemporaneous Tafilalt localities. The comparison between the roughly 
contemporaneous Ait Ou Amar and Hassi Nebech faunas, both from hypoxic, argillaceous deposits, 
suggests differences of habitat range for individual taxa. With the support of morphometric data and suture 
ontogenies we address the question of whether there are potential ecomorphological differences between 
populations of the same species collected from goniatite shales deposited either in deeper or more shallow 
settings. 
2. The fossil locality “Butte 760” near Ait Ou Amar 

Ammonoids and associated benthic fauna were collected loose at the foot of a solitary small hill 
(“Butte 760”) representing a late Givetian biostrome, 5 km west of the small village of Ait Ou Amar, in the 
plain a few km E of the centre of the Jebel Issimour, 8 km WSW of Bou Dib, in the northern Maider, Anti 
Atlas, southeastern Morocco (Fig. 1). The GPS coordinates on the topographic sheet, 1:100.000 Msissi, are: 
N 31°01’00’’, W 04° 56’ 24’’. 

The entire assemblage was collected 
loose from hypoxic shales. It is probably a 
mixture of several levels and consists of 
goniatites, orthoconic cephalopods 
(orthocerids, rare spyrocerids, and 
brevicones), rare cyrtobreviconic nautiloids, 
abundant brachiopods (atrypids, 
terebratulids, pentamerids, rhynchonellids, 
cyrtinids, and others), crinoid stem pieces, 
gastropods (bellerophontids, platyceratids, 
and others), bivalves (nuculoids and the 
veneroid Paracyclas), phacopid trilobites, 
and a few receptaculitids (Ischadites). In 
close association but from just above the 
hypoxic shales, there is a different, loose, 
calcitic assemblage, consisting mostly of 
solitary and colonial rugose corals 
(Phillipsastrea), branching tabulate corals 
(Thamnopora and others), few 
stromatoporoids, and brachiopods (especially 
atrypids, Leptaena, and orthids). The corals 
from the NW Maider were included in 
systematic studies by coen-AuberT (2002, 
2005).  

The brachiopod-rich Pharciceras fauna, found in the northern Maider in close association with 
numerous phillipsastreids, was discovered by HollArd (1974), who briefly noted it in “unit ds 1.1” of his 
generalized Taboumakloûf succession. His basal Late Devonian age assignment was correct at the time, 
well before the Middle/Late Devonian boundary was re-defined as near the top of the “Pharciceras Stufe”. 
More stratigraphic details were provided by bulTynck & Jacobs (1981), who separated adjacent, lateral 
“Ait Ou Amar” and “Butte 760” sections (hills). At the second locality, “Pharciceras arenicus” and “Ph. cf. 
P. kseirense” were recorded from an interval with Schmidtognathus? gracilis and Klapperina disparilis 
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(Bed 11), which suggests at least the late Givetian disparilis conodont Zone. However, it is strange that 
nArkiewicz & bulTynck (2010) subsequently recorded the base of the disparilis Zone somewhat higher, in 
Bed 12. Even higher (Bed 15), records of Polygnathus alatus and Po. paradecorosus (but identified by the 
authors as Po. pollocki) indicate that the alternating shales and limestones range into the norrisi Zone (see 
regional conodont ranges in AboussAlAm & becker 2007). Consequently, our loose faunas can be assigned 
to the disparilis/norrisi Zone interval, which correlates in the Tafilalt with the Synpharciceras clavilobum 
to Petteroceras errans Zones (Middle Devonian = MD III-C to III-E sensu becker & House 2000; see also 
ogg et al. 2008). 

Taouzites and Pseudoprobeloceras are well represented in our new collections and both marker 
forms are most characteristic of the T. taouzensis Zone (MD III-D). Some Petteroceras specimens confirm 
that the shale unit also includes the Pett. errans Zone (MD IIIE) at the top of the Givetian (Fig. 2). The 
same age range applies to the main Hassi Nebech faunas of the Tafilalt Basin (bockwinkel et al. 2013a). 
The presence of Pharciceras pargai and Mzerrebites at “Butte 760” indicates that part of the collection 
derives from slightly older strata. In the Tafilalt, Mzerrebites is most characteristic of the Mz. erraticus 
Zone (MD III-B, e.g., AboussAlAm & becker 2011; becker et al. 2013b; becker & AboussAlAm 2013) but 
different species characterize that zone and there is a specimen of the genus from the Synpharciceras 
clavilobum Zone of the central Tafilalt. Ph. pargai is typical for the Syn. clavilobum Zone of Dar Kaoua 
(bockwinkel et al. 2009) but it is absent at Hassi Nebech. In summary, the majority of specimens probably 
came from the T. taouzensis Zone (MD III-D) but with an admixture of some specimens from the Syn. 
clavilobum and Petteroceras errans Zones (MD III-C and III-E). 
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STOP 6.6 – Jebel Amelane 
The following is from: Becker, R.T. and Aboussalam, Z.S., 2013, The Global Chotec Event at Jebel Ameline (Western Tafilalt 

Platform) – Preliminary Results. International Field Symposium “The Devonian and Lower Carboniferous of 
northern Gondwana” – Morocco, pp. 129-135.  
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STOP 6.7 – Eifelian-Givetian GSSP Golden Spike 
 

A Global Boundary Stratotype Section and 
Point (GSSP), sometimes referred to as a golden spike, 
is an internationally agreed upon reference point on a 
stratigraphic section which defines the lower boundary 
of a stage on the geologic time scale. The effort to 
define GSSPs is conducted by the International 
Commission on Stratigraphy, a part of the International 
Union of Geological Sciences. Most, but not all, 
GSSPs are based on paleontological changes. Hence 
GSSPs are usually described in terms of transitions 
between different faunal stages, though far more faunal 
stages have been described than GSSPs. The GSSP 
definition effort commenced in 1977. As of 2025, 81 
of the 101 stages that need a GSSP have a ratified 
GSSP. 
 
Rules 
A geologic section has to fulfill a set of criteria to be adapted as a GSSP by the ICS. The following list 
summarizes the criteria: 

A GSSP has to define the lower boundary of a geologic stage. 
The lower boundary has to be defined using a primary marker (usually first appearance datum of a 
fossil species). 
There should also be secondary markers (other fossils, chemical, geomagnetic reversal). 
The horizon in which the marker appears should have minerals that can be radiometrically dated. 
The marker has to have regional and global correlation in outcrops of the same age. 
The marker should be independent of facies. 
The outcrop has to have an adequate thickness. 
Sedimentation has to be continuous without any changes in facies. 
The outcrop should be unaffected by tectonic and sedimentary movements, and metamorphism. 
The outcrop has to be accessible to research and free to access. 
This includes that the outcrop has to be located where it can be visited quickly (international 
airport and roads), has to be kept in good condition (ideally a national reserve), in accessible 
terrain, extensive enough to allow repeated sampling and open to researchers of all nationalities. 

 
 
GSSP for Givetian Stage 
Definition: 

The GSSP for the Givetian Stage is placed at the base of Bed 123 in a section at Jebel Mech Irdane 
in the Tafilalt of Morocco. The Eifelian-Givetian boundary coincides with the level at which conodont 
Polygnathus pseudofoliatus changes to Polygnathus hemiansatus. The boundary corresponds closely with 
the base of the goniatite Maenioceras Stufe used as a Middle Devonian division, and the entry of the 
dacryoconarid Nowakia otomari. 
 
Location: 

The GSSP is located at Jebel Mech Irdane, 25 km SSW of Erfoud and 12km SW of Rissani, 
Morocco. 1:100 000 Carte du Maroc, Feuille NH-30-XX-2, Erfoud, Lambert's coordinates: x = 599 2, y = 
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470 6. The locality is about 6 km from the metalled Msissi road west of Rissani and easily reached by four-
wheel-drive vehicles. The GSSP is at the base of Bed 123 in the succession. 

The ridge of Jebel Mech Irdane is 4 km long and exposes a full and fossiliferous succession from 
the Emsian to the Frasnian. The GSSP section consists mainly of pelagic calcilutites and micrites with black 
shales at the Kacak Event level. The Kacak Event or otomari or rouvillei Event is a widespread hypoxic 
sedimentary perturbation near the Eifelian - Givetian Boundary. 
 
Primary Markers: 

The Eifelian-Givetian boundary coincides with the level (Bed 123) at which conodont Polygnathus 
pseudofoliatus changes to Polygnathus hemiansatus. 
 
Secondary Markers: 
Goniatites: The base of the Maenioceras Stufe lies only fractionally below the GSSP. 
 
Correlation Events: 
Conodont FAD Polygnathus hemiansatus 
 
Other Locations around the World: 

Polygnathus hemiansatus can be recognized in the Cantabrian Mountains of Spain, in the Montagne 
Noir, France, in the Ardennes of Belgium, and the Rhenish and Eifel Mountains of Germany. 
 
References: 
Walliser, O. H., Bultynck, P., Weddige, K., Becker, R. T., and House, M. R., 1995. Definition of the 
Eifelian-Givetian Stage Boundary. Episodes 18/3, p. 107 - 115. 
 
 
 
 
 
 
 
Figure 8.1. Devonian overview. Figure on next page 
 
Most main markers for GSSPs of Devonian stages are first-appearance datums (FADs) of conodont taxa as 
detailed in the text and in Fig. 8.6. (“Age” is the term for the time equivalent of the rock-record “stage”.) 
See Carboniferous chapter for discussion on potential revised definition of the Devonian/Carboniferous 
boundary. Magnetic polarity scale is from Becker et al. (2012) with revised Frasnian–Famennian from 
Hansma et al. (2015). Schematic sea-level curve was compiled by Becker et al. (2012) from various sources. 
An independent interpretation of Devonian sequences by Haq and Schutter (2008) is shown in Fig. 8.5. The 
carbon isotope (δ13C) curve is from Buggisch and Joachimski (2006) with global events (often associated 
with widespread anoxic events, as indicated in black) modified from Becker et al. (2012). Generalized 
oxygen isotope (δ18O) curve and estimates of tropical sea-surface temperatures from conodont apatite are 
averaged from Joachimski et al. (2009). For comparison, the adjusted tropical sea-surface temperature curve 
that Veizer and Prokoph (2015) derived from a synthesis of oxygen-18 values from carbonate fossils is also 
shown. The vertical scale of this diagram is standardized to match the vertical scales of the first stratigraphic 
summary figure in all other Phanerozoic chapters. PDB, PeeDee Belemnite 13C standard; SST, sea-surface 
temperature. 
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STOP 6.8 – Merzouga and Erg Chebbi Dunes 
 

The following is from: Bristow, C.S. and Duller, G.A.T., 2024, Structure and chronology of a star dune at 
Erg Chebbi, Morocco, reveals why star dunes are rarely recognized in the rock record. Nature: 
Scientific Reports, vol. 4464, no. 14, 8 pgs.    
 
 Erg Chebbi is a small sand sea (18 km by 9 km) that includes reversing barchanoid dunes and star 

dunes, classified as complex star dunes. The dune described here is known locally as Lala Lallia, which 
translates (from Berber) as the highest sacred point. On Google Earth™ it is shown as Hassilabied Gran 
Dune. It is a 100 m high, 700 m wide star dune with radiating arms (Fig. 1) that is located in the south of 
eastern Morocco close to the border with Algeria (31 08′49.46″N 04 00′34.04″W, Fig. 1). The wind regime 
is largely bimodal with a SW to NE 210°–240° “Sahel” wind known locally as the Sirocco, and an opposing 
NE-SW 45°–100° Chergui wind with a frequent, but weaker, easterly wind and supplementary text. Repeat 
surveys 16 months apart showed displacements perpendicular to the dune crestlines between 0 and 17 m 
but mostly less than 3 m. The direction of displacement was extremely variable, changing direction between 
adjacent dune arms and along the arms, depending on the orientation to the wind. Analysis of spatial change 
during the same period shows that erosion and accumulation increase with elevation, meaning that the crest 
area is more dynamic than the lower arms. This behavior is likely due to wind acceleration up the dune, as 
observed with star dunes elsewhere. 
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Day 7: Thursday, March 12th, 2026 – Kem Kem Dinosaur Beds & Filon 12 Mine  
STOP 7.1 – Fulgerites! 
STOP 7.2 – Kem Kem Dinosaur Mine 
STOP 7.3 – Tadaout-Tizi n’Rsas anticline 
STOP 7.4 – Silurian Orthoceras and Permian dikes 
STOP 7.5 – Filon 12 Hematite Mine 
STOP 7.6 – Late Devonian Anticline 
Possible Stop – Camel Ride into the Erg Chebbi Dunes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From our Guide: 

STOP 7.1 

STOP 7.2 

STOP 7.6 

STOP 7.5 

STOP 7.4 

STOP 7.3 

Hotel Information:  
Mohayut Camp 
4XMP+4MG, village hassi labiad, 
Merzouga 52202, Morocco 
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Today we drive south through the sand dunes, stopping to see fulgerites which form when lightening 
hits the sand, to the frontier town of Taouz. We then head to the famous Kem Kem site which is rich in fish, 
crocodiles and dinosaurs. The rocks are Cretaceous (Cenomanian) in age and were by a Nile sized river. 
This site has also yielded many teeth and bones dinosaurs of the Spinosaurus and   Carcharodontosaurus. 
This site is actively mined by fossil miners who dig tunnels into the sandstone. After a couple of hours at 
this site we move on to the Tadaout-Tizi n’Rsas anticline on the other side of Taouz. The beds in the 
anticline dip almost vertically so that Carboniferous, Devonian, Silurian and Ordovician rocks can be seen 
in a sequence. One of the most exciting sites lies on the Silurian/Devonian boundary, and here we can see 
the remains of pelagic crinoids and their floats which are called loboliths. Very close to this site we also see 
Silurian Orthoceras and Permian aged dykes. We also visit a mineral rich vein that cuts through Ordovician 
aged rocks. This vein is exploited by the Filon 12 mine. Filon 12 started its life as a haematite mine, but it 
is now a mine solely for mineralogical specimens. Minerals found here include vanadinite, goethite and 
haematite. At the mine we can take an underground tour, find our own specimens or buy prized specimens 
from the miners. Our final stop in the anticline is on the Devonian/Carboniferous boundary and here it is 
possible to see trace fossils from trilobites and fish tails. The night is spent at the same hotel in Merzouga, 
and it is possible to take an optional sunset camel ride into the Erg Chebbi dunes. 
 
STOP 7.1 – Fulgerites! 
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Classification 
Fulgurites have been classified[17] into five types related to the type of sediment in which the fulgurite 

formed, as follows: 
 

Type I – sand fulgurites with tubaceous structure; their central axial void may be collapsed 
Type II – soil fulgurites; these are glass-rich, and form in a wide range of sediment compositions, 

including clay-rich soils, silt-rich soils, gravel-rich soils, and loessoid; these may be 
tubaceous, branching, vesicular, irregular/slaggy, or may display a combination of these 
structures, and can produce exogenic fulgurites (droplet fulgurites) 

Type III – caliche or calcic sediment fulgurites, having thick, often surficially glazed granular 
walls with calcium-rich vitreous groundmass with little or no lechatelierite glass; their 
shapes are variable, with multiple narrow central channels common, and can span the 
entire range of morphological and structural variation for fulguritic objects 

Type IV – rock fulgurites, which are either crusts on minimally altered rocks, networks of 
tunneling within rocks, vesicular outgassed rocks (often glazed by a silicide-rich and/or 
metal oxide crust), or completely vitrified and dense rock material and masses of these 
forms with little sedimentary groundmass 

Type V – [droplet] fulgurites (exogenic fulgurites), which show evidence of ejection (e.g. 
spheroidal, filamentous, or aerodynamic),[17] related by composition to Type II and Type 
IV fulgurites 

phytofulgurite – a proposed class of objects resulting from partial to total alteration of biomass 
(e.g. grasses, lichens, moss, wood) by lightning,[18][19] described as "natural glasses 
formed by cloud-to-ground lightning." These were excluded from the classification scheme 
because they are not glasses, so classifying them as a subset of fulgurites is debatable.[17] 
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STOP 7.2 – Kem Kem Dinosaur Mine 
 
The following is taken from: Ibrahim., N., Sereno, P.C., Varricchio, D.J., Martill, D.M., Dutheil, D.B., Unwin, D.M., 

Baidder, L., Larsson,H.C.E., Zouhri, S., and Kaoukaya, A., 2020, Geology and paleontology of the Upper 
Cretaceous Kem Kem Group of eastern Morocco. ZooKeys, vol. 928, pp. 1-216.  

 
Introduction 

Richly fossiliferous strata, commonly referred to as the “Kem Kem beds” (Lavocat 1949, Sereno et 
al. 1996), are exposed on the face of a long, winding escarpment near the Moroccan-Algerian border on the 
northwestern edge of the Sahara Desert (Figs 1–3). Secondary outcrops of similar rocks extend westward 
toward the Atlas Mountains from this escarpment at Erfoud to Jorf and eventually to Goulmima and Asfla. 
At distant locales in northern Africa, early geological and paleontological surveys identified comparable 
fossiliferous rocks in the Western Desert of Egypt (Stromer 1915, 1934, Nothdurft et al. 2002) and in north 
and central regions of the Sahara (Haug 1904, Lapparent 1951, 1960, Depéret and Savornin 1927). 

The Kem Kem beds, nevertheless, are more fossiliferous, better exposed and often more accessible 
than comparable strata in most other northern African locations. These strata have been studied by several 
teams and are accessible to locals in some areas; fossils have been collected by researchers affiliated with 
institutional collections as well as local private collectors that often utilize commercial intermediaries. Our 
aim in this report is to review both the geological and paleontological aspects of the Kem Kem beds, to 
describe and name strata as needed, to summarize the taxonomic status of the fauna based on all major 
collections of Kem Kem fossils, and to evaluate paleoenvironments and the paleoecological significance of 
the Kem Kem assemblage. 
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Geological status and presumed age 
Lavocat (1954a, 1954b) referred to the strata in the Kem Kem area of Morocco as a component of 

the “Continental intercalaire”, a term used for broadly comparable rocks in many other locales in northern 
Africa that are capped by a distinctive hard limestone platform of Cenomanian-Turonian age (Figs 3, 4). 
Lavocat (1948, 1954a) and Choubert (1952) also referred to this continental-marine package of rock as the 
"trilogie mésocrétacée", comprising two successive continental units underlying the marine Cenomanian-
Turonian limestone. The continental beds were described by Joly (1962) as the "unité inférieure", or "grès 
rouges infracénomaniens", and the "unité supérieure", or "marnes versicolores à gypse." This two-part 
division of the continental facies beneath the Cenomanian-Turonian limestone along the escarpment in the 
Kem Kem region of Morocco has thus been recognized for nearly 70 years, although no formal geological 
nomenclature has been proposed for these fossiliferous continental facies. 

Sereno et al. (1996) introduced the informal term Kem Kem beds for the two lower units of 
Choubert’s (1952) “trilogie mésocretacée”, which underlie the Cenomanian-Turonian limestone complex 
(Fig. 3). These lower beds, composed of sandstone and mudstone, reach a maximum thickness of 
approximately 200 m. More recently, Ettachfini and Andreu (2004) and Cavin et al. (2010) used formational 
names originally proposed in notes to a geological map of the High Atlas to the northwest of the Kem Kem 
by Dubar (1949; sometimes mis-cited as 1948). Dubar’s formational names (Ifezouane and Aoufous) are 
based on his observations of strata on the eastern flank of the High Atlas Mountains (Tinghir, west of 
Goulmima). As we discuss below, these rocks are generally un-fossiliferous, have a greater presence of 
evaporite facies, and lack other features of both terrestrial units of the Kem Kem beds (Sereno et al. 1996). 
Thus, although we do correlate the two units of the Kem Kem beds with the Ifezouane and Aoufous 
formations on a continuum of relatively small interconnected basins, we show that the Kem Kem units are 
mappable, distinctive and deserving of formal recognition, and we designate effective type sections for 
each. We summarize the latest geological and paleontological evidence that suggests that they accumulated 
on a continental ramp in the Kem Kem region through to ocean margins to the north and west (Fig. 2). 

The age of the “Kem Kem beds” has been regarded variously as mid or early Late Cretaceous 
(Albian-Cenomanian). Lavocat (1948) described the most common faunal elements and estimated the age 
as Albian or Cenomanian. Choubert (1952) and Lavocat (1954b) noted similarities with the Bahariya 
Formation in Egypt (Stromer 1936, Dominik 1985, Soliman and Khalifa 1993), which was regarded as 
Cenomanian in age. Choubert (1952) and Lavocat (1954a), however, assigned the Kem Kem beds to the 
"infracénomanien," suggesting a probable Albian age. Although ammonites and other nonvertebrate fossils 
have established the Late Cenomanian-Turonian age of the overlying limestone complex (Ferrandini et al. 
1985; Ettachfini and Andreu 2004; Ettachfini et al. 2005; Essafraoui et al. 2015), no fossils were known at 
that time from the Kem Kem beds that could be reasonably associated with stage-level temporal resolution. 

Seven elasmobranchs and several dinosaur genera (Spinosaurus, Carcharodontosaurus, and 
Deltadromeus) reported from the Kem Kem beds are shared with the Bahariya Formation in Egypt (Sereno 
et al. 1996). One of these elasmobranch species (Haimirichia amonensis; Cappetta and Case 1975), in 
addition, has a broad circum- Mediterranean distribution seemingly restricted to Cenomanian strata. As the 
fauna from both lower and upper units appears similar, Sereno et al. (1996) inferred a Cenomanian age for 
these sediments, which has generally been accepted (Wellnhofer and Buffetaut 1999, Cavin et al. 2001, Dal 
Sasso et al. 2005, Cavin et al. 2010). Martin and de Lapparent de Broin (2016) recently reviewed the 
geology and age of the Kem Kem beds and proposed a late Albian-early Cenomanian age for the locality 
that yielded Lavocatchampsa. 
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STOP 7.3 – Tadaout-Tizi n’Rsas anticline 
 

The following is taken from: Daoud, M.A., Essalhi, M., Essalhi, A., and Toummite, A., 2021, Petrographic and 
Magnetic Fabric Investigation of the Tadaout-Tizi n’Rsas Dyke Swarms in the Eastern Anti-Atlas, Morocco. 
Economic and Environmental Geology, vol. 54, no. 6, pp. 629-647.  
 

Geological Setting 
Tafilalet region is situated at the easternmost border of the Anti-Atlas. Generally, the Moroccan 

Anti-Atlas consists of Precambrian basement covered by Paleozoic sedimentary sequence. Precambrian 
basement is exposed in several inliers oriented ENE-WSW (Choubert, 1943, 1947; Thomas et al., 2004; 
Gasquet et al., 2005, 2008). The most eastern Precambrian inliers are Saghro and Ougnat. However, the 
Precambrian basement are not limited at the two major inliers; they outcrop in the east part of Erfoud city 
(Gour Brikat and El Aness), and in the south-eastern border of Ougnat-Ouzina ridge in the Jbel Tazoult 
n’Ouzina (Destombes and Hollard, 1986). These Precambrian basements are covered by a series of folded 
Paleozoic sedimentary sequence (Paleozoic series, predominantly deposited in a shallow marine 
environment). The Ougnat-Ouzina ridge corresponds to a formation pile from Cambrian to Ordovician. 
Nevertheless, the Tafilalet and Maider basins, located to the east and west of the ridge, respectively, consist 
of a set of formations ranging from Devonian to Carboniferous (Hollard, 1974b, 1981; Raddi et al., 2007) 
(Fig. 1a).  

 

Paleozoic series of the eastern Anti-Atlas are affected by the Variscan orogeny. This later appear in 
the development of numerous folds and the reactivation of paleofaults (Soualhine et al., 2003; Robert-
Charrue, 2006; Baidder, 2007; Raddi et al., 2007; Michard et al., 2008; Baidder et al., 2008, 2016; Álvaro 
et al., 2014b, 2014a; Benharref et al., 2014a, 2014b, 2014c; Soulaimani et al., 2014; Ait Daoud et al., 2020). 
Several magmatic bodies (in the form of dykes, sills and laccoliths) intruded these series. During the 
Cambrian, the magmatic rocks were more developed in the south of the Ougnat inlier (Destombes and 
Hollard, 1986; Raddi, 2014) and between the Tafilalet and Maider basins in the Ougnat-Ouzina ridge, 
precisely in the Jbel Tazoult n’Ouzina anticline (Destombes and Hollard, 1986; Benharref et al., 2014a, 
2014b, 2014c; Baidder et al., 2016; Pouclet et al., 2018). 

 
According to Destombes and Hollard (1986) (geological map of Tafilalet-Taouz, scale 1 :200 000e), 

the Tafilalet province shows a large distribution of magmatic rocks located at the Ordovician, Silurian, 
Devonian and Carboniferous formations, but they don’t present any indication of ages. However, recent 
publications about dykes and sills which crosse the folded paleozoic series of the Anti-Atlas yielded an age 
of 200-195 Ma. The majority of these magmatic rocks follow the NE-SW direction faults, and are attributed 
to the Central Atlantic Magmatic Province (CAMP) events (Hailwood and Mitchell, 1971; Hollard, 1973; 
Sebai et al., 1991; Derder et al., 2001; Youbi et al., 2003; Silva et al., 2004; Verati et al., 2007; Chabou et 
al., 2010). However, some new works present new results about the geochemical composition, petrographic 
and stratigraphic setting of these igneous rocks. Based on these works, the magmatic rocks of Tafilalet 
province have a sodic alkaline magma composition and intruded during the Famennian-Tournaisian and the 
early Visean (Álvaro et al., 2014b, 2014a, Benharref et al., 2014a, 2014b, 2014c, Pouclet et al., 2017, 2018). 
In the same way, Najih et al., (2018, 2019) confirm the geochemical affinity of these magmatic rocks, they 
attribute them a post-Visean and pre-Triassic age, precisely the late Permian (between 255 ± 3Ma and 264.2 
± 2.7Ma) using the biotite 40Ar/39Ar and zircon U-Pb dating. The samples were collected in the Jbel Dboa 
laccolith in the core of the M’Fis anticline located at 14 km NE of the TTR anticline. 
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Fig. 1. (a) Simplified geological map of the eastern Anti-Atlas. (b) Simplified geological map of the 
Tafilalet region, based on the compilation of five maps of the Moroccan cartographic program « Plan 
National de Cartographie Géologique, programme Tafilalet 2009 », (Álvaro et al. 2014a-b, Benharref et al. 
2014a-b-c), with the works of Destombes and Hollard (1986), Baidder et al. (2016). Location of magmatic 
bodies: (A) west of Rissani, (B) north Erg Chebbi, (C) Widane Chebbi, (D) NE of M’Fis, (E) upstream of 
Ziz valley, (F) Douar Oum El Hadj, (G) Marzouga, (H) M’Fis, (I) eastern M’Fis, (J) middel of the Ziz 
valley, (K) Znaigui, (L) Tadaout, (M) Begaa, (N) eastern Taouz, (O) Jbel El Mraier. Blue rectangle indicates 
the study area. 
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STOP 7.4 – Silurian Orthoceras and Permian dikes 
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STOP 7.5 – Filon 12 Hematite Mine 
 

From Google AI: 
 

The Filon 12 mine (Vein 12), located near Taouz in the Er-Rissani region of southeastern 
Morocco, is a well-known, active mine dedicated to producing mineral specimens, particularly vanadinite, 
hematite, goethite, and barite. Situated in the Sahara desert, it is a popular destination for geology tours 
and fossil hunters exploring the Anti-Atlas region.  

 
Key details about the Filon 12 mine: 
Location & Geology: Situated near Taouz in the Errachidia Province, the mine is part of the Paleozoic 

rocks in the Tafilalt (Anti-Atlas) region. 
Mineral Output: It is renowned for yielding specimens of vanadinite, barite, galena, iron ores, and recent 

finds of goethite and hematite. 
Tourism & Mining: The mine is frequently visited during geological tours, which often include tours 

guided by local miners and opportunities to purchase specimens. 
Context: The site, sometimes referred to as a "mineral specimen mine," is distinct from the larger 

industrial mines in Morocco, focusing on collector-grade minerals rather than mass production.  
Visitors often combine a trip to Filon 12 with visits to nearby sites in the Erg Chebbi desert, which are 

rich in Devonian fossils. 
 
 
 

  
 
 
 
 
 
STOP 7.6 – Late Devonian Anticline 
 
Couldn’t find anything on this one 
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Day 8: Friday, March 13th, 2026 – Merzouga – Todra Gorge – Ouarzazate 
STOP 8.1 – Hamar Laghdad (Kes Kes) Overlook 
STOP 8.2 – Erfoud Orthoceras Quarry 
STOP 8.3 – Erfoud Fossil Factory 
STOP 8.4 – Todra Gorge Overlook 
STOP 8.5 - Ouarzazate 
 
Hotel Information:  

Les Jardins de Ouarzazate 
13 N9, Tarmigt 45000, Morocco 
http://www.lesjardinsdeouarzazate.com/ 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
From our Guide: 

Our day begins with a panoramic stop at Hamar Laghdad, also known as Kes Kes. Like Guelb el 
Mharch, visited earlier in the tour, these are Devonian cold-seep mud volcano mounds upon which rich 
coral reefs once developed. However, this site is much larger, consisting of more than 40 carbonate mounds 
aligned over a 7 km-long ridge. 

We then make a short stop at an Erfoud quarry, where Orthoceras slabs containing goniatites are 
extracted. This is followed by a visit to a nearby site where crinoids are traditionally mined from bell pits. 

After a picnic lunch, we continue to the town of Erfoud to visit an Orthoceras factory and museum. 
During a guided tour of the factory, we observe how quarried Orthoceras slabs are transformed into a variety 
of decorative objects. Upstairs, the museum displays impressive fossil specimens, including large trilobites 
and crinoids. 

Leaving Erfoud, we travel north across Cretaceous formations that are part of the Kem Kem beds. En 
route, we stop at a scenic viewpoint before continuing to the spectacular Todra Gorge, located roughly 
halfway along our route. The gorge is dramatically carved through Jurassic limestone layers at the edge of 
the High Atlas Mountains. We spend approximately one hour exploring the gorge. 

Afterward, we continue our journey, arriving in Ouarzazate by late afternoon. 
  

STOP 8.1 
STOP 8.2 

STOP 8.3 

STOP 8.4 

STOP 8.5 
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STOP 8.1 – Hamar Laghdad (Kes Kes) Overlook 
 
From Google AI: 
 

Hamar Laghdad (also known as Kes Kes or Kess-Kess) is a world-renowned geological site in the 
eastern Anti-Atlas mountains of Morocco, roughly 16-20 km southeast of Erfoud. It is famous for a series 
of over 40-50 conical Early Devonian mud mounds that formed as a result of submarine hydrothermal 
activity.  

 
Key Geological and Geographical Features 
The Mounds (Kess-Kess): These are spectacular conical carbonate mud mounds, with some rising up to 

60 meters in height. They are often described as having an L-shaped or linear, clustered layout. 
Formation: They are considered a "classical example" of deep-water mud mounds, interpreted as having 

formed in association with hydrothermal vents, where they created a "reef-like" environment for 
marine life. 

Fossils & Biodiversity: The site is known for its high paleobiodiversity, particularly in the surrounding 
sediments and within the mounds themselves. It is a renowned locality for collecting fossils, 
including trilobites and Devonian corals. 

The "Hollard Mound": Located in the eastern part of the range, this specific mound is famous for showing 
the internal structure of the mound core. 

Reddish Facies: Due to iron compounds and dolomite, the rocks at Hamar Laghdad often have a 
distinctive red color.  
 

Environmental Significance 
The site is highly significant for the study of ancient hydrothermal systems (venting) and their 

influence on the Devonian marine environment. The mounds are well-preserved because they are covered 
by shales, keeping their axes vertical. 
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STOP 8.2-8.3 – Erfoud Orthoceras Quarry & Fossil Factory 
 

The following is from: https://www.saharafossils.com/morocco-orthoceras/ 
 
Morocco orthoceras is the fossil you recognize even if you don’t know any fossil names. It’s the 

stone with long, straight fossil shapes running through it—often polished into black-and-cream slabs that 
you’ll see in workshops and displays around Erfoud. Unlike trilobites (which you usually see as single 
“animal” fossils), orthoceras is often seen as a pattern inside fossil stone, because one slab can show many 
straight shells at once. In this guide, you’ll learn what orthoceras is in simple words, how to recognize it 
quickly, and why the Erfoud region is so strongly linked to these fossils. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When did orthoceras live? 

Orthoceras (and other straight‑shelled cephalopods) lived hundreds of millions of years ago, long 
before dinosaurs. These animals were part of ancient seas and were relatives—very far back—of modern 
cephalopods like squid and nautilus. Morocco’s straight‑shelled fossils are usually associated with 
Paleozoic marine rocks, meaning they come from a time when large parts of this region were under water. 
 
What was orthoceras, exactly? 

Orthoceras was a cephalopod—a marine animal that lived in the ocean and moved using jet 
propulsion. It had a long shell that worked like both protection and a buoyancy tool. Inside the shell were 
chambers. The animal lived in the largest chamber near the opening, and the smaller chambers helped 
control floating—similar to how a modern nautilus uses its shell. That’s why some orthoceras pieces show 
faint internal lines: those can be the boundaries between chambers. 
 
Why orthoceras is so common in Morocco 

Orthoceras-style fossils are common in Morocco because the right conditions happened together: 
 fossil-rich marine layers formed over a very long time 
 fossils became mineralized and preserved in stone 
 later erosion exposed layers where fossils are visible and accessible 

That’s why you see orthoceras fossils not only as single specimens, but also repeated many times 
inside one piece of stone. 
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Why Erfoud is famous for orthoceras 

Erfoud is known worldwide for fossils because it became a center for fossil preparation and fossil 
stone work. Over time, workshops in and around Erfoud developed skills to cut, shape, and finish fossil-
bearing stone. This is one reason orthoceras is often linked to Erfoud: 

 the region is associated with fossil-rich stone 
 the town is a hub where fossils are prepared and displayed 

If you’re staying in Merzouga, Erfoud is close, so many travelers discover orthoceras during their 
Sahara trip—even if their main destination is the dunes. 
 
How to recognize orthoceras fossils 

Orthoceras pieces usually show: 
 long, straight shapes (often slightly tapered) 
 sometimes faint internal lines (a “chambered” look) 
 repeated fossils in the same slab 

On polished stone, orthoceras can look like clean straight silhouettes that stand out from the 
background. 

 
Orthoceras vs ammonites (quick difference) 

If ammonites are the spirals, orthoceras is the straight shell. Both are marine fossils, often discussed 
together in Morocco because they come from ancient sea environments and are commonly prepared in the 
Erfoud fossil region. 
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STOP 8.4 – Todra Gorge Overlook 
 
Taken from: https://todragorge.com/todra-gorge-facts-history-geology/ 
 
Todra Gorge: 15 Surprising Facts About Morocco’s Geological Masterpiece 
 

Tucked into Morocco’s High Atlas 
Mountains, Todra Gorge isn’t just a scenic canyon—
it’s a portal to Earth’s ancient past and a living 
showcase of Berber culture. With cliffs taller than the 
Eiffel Tower and a history spanning millions of 
years, this natural wonder defies expectations at 
every turn. Whether you’re a geology geek, a culture 
enthusiast, or just love a good “wow” moment, these 
Todra Gorge facts will reshape how you see this 
iconic destination. 
 
1. A 250-Million-Year-Old Time Capsule 
Todra Gorge’s rust-red limestone walls began 
forming during the Late Paleozoic Era, when 
Morocco was submerged under a shallow sea. Look 
closely, and you’ll spot: 
Marine fossils: Shells, coral, and trilobite imprints 

embedded in the rock. 
Dinosaur-era layers: Upper cliffs date to the Jurassic 

Period (200–145 million years ago). 
Fun Fact: In 2018, a French tourist found a rare 4-

inch ammonite fossil near the gorge’s 
entrance—now displayed in Tinerhir’s 
community museum. 

 
2. Towering Heights That Rival Skyscrapers 

Cliff height: 300 meters (984 feet)—nearly as tall as the Eiffel Tower (330 meters). 
Narrowest point: Just 10 meters (33 feet) wide, creating a dramatic “sky slit” effect. 
Photo Tip: Visit at noon when sunlight illuminates the gorge floor, creating golden reflections on 

the walls. 
 
3. A River That Carved a Canyon… Then Vanished 
The Todra River sculpted the gorge over millennia, but today it’s often reduced to a trickle. Why? 

Modern irrigation: 90% of its water diverts to nearby palm groves. 
Seasonal flow: Winter snowmelt briefly revives the river (December–March). 
Local Secret: Follow the dry riverbed to find hidden pools perfect for a quick swim in summer. 

 
4. Hollywood’s Favorite Desert Backdrop 
Todra’s Mars-like terrain has starred in: 

“Gladiator” (2000): Stood in for Roman battlefields. 
“Game of Thrones”: Filmed Daenerys’ Essos scenes (unused footage). 
“Prince of Persia” (2010): Hosted parkour-style chase sequences. 
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 5. The Berber “Guardians of the Gorge” 
For centuries, the Aït Atta Berbers has protected Todra Gorge. 

Their legacy includes: 
Ancient granaries: Cliffside storage rooms (agadirs) 

still visible today. 
Sacred sites: A small shrine to Sidi Bouyaakoubi, a 

local Sufi saint, near the gorge’s mouth. 
Cultural Tip: Ask guides about the Berber “Amazigh” 

alphabet carved into some rocks. 
 
6. A Climber’s Paradise With 400+ Routes 
Ranked among Africa’s top rock-climbing spots, Todra offers: 

Grades: From 5a (beginner) to 8c+ (expert-only). 
Iconic routes: “La Grande Dalle” (200m vertical 

slab) and “Le Triangle” (overhanging challenge). 
Safety Note: Local outfitters like Atlas Mountain 

Guides provide gear and rescue support. 
 
7. The “Green Desert” Phenomenon 
Despite its arid setting, Todra Gorge sits within a lush oasis system: 

Date palms: 200,000+ trees irrigated via ancient khettara channels. 
Wildlife: Barbary macaques, desert foxes, and over 80 bird species. 
Eco Alert: Droughts threaten the oasis—pack reusable bottles to reduce plastic waste. 

 
8. A Strategic Stop on Ancient Trade Routes 
Todra Gorge was a key Saharan caravan checkpoint for: 

Salt traders: Transporting slabs from Timbuktu to Marrakech. 
Slave routes: 16th-century Portuguese texts mention captives resting here. 
Historical Site: Ruins of a 17th-century kasbah (fortress) overlook the gorge’s eastern entrance. 

 
9. Record-Breaking Temperature Swings 
The gorge’s microclimate creates extremes: 

Summer days: Up to 45°C (113°F) in nearby Tinghir. 
Winter nights: Can plunge to -5°C (23°F). 
Survival Story: In 2012, a German hiker survived a cold night by sheltering in a Berber sheep 

cave! 
 
10. A Hollywood-Worthy Hidden Waterfall 
Most tourists miss Taghia Falls, a seasonal cascade 3 hours’ hike from the gorge. 

Height: 60 meters (197 feet). 
Best time: February–April after mountain snowmelt. 

11. The Mystery of the “Disappearing Village” 
In the 1950s, French archaeologists found remnants of a medieval cliff village above the gorge. Theories 

suggest: 
Abandonment: Due to landslides or water shortages. 
Purpose: A defensive outpost or spiritual retreat. 
Explorer Alert: Unofficial trails lead to the site, but guides strongly recommended. 
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12. A Global Geology Classroom 
Universities like Cadi Ayyad (Marrakech) use Todra for field studies on: 

Tectonic shifts: The gorge lies on the Atlas Mountain fault line. 
Erosion patterns: Wind vs. water shaping in arid climates. 

 
13. The Full Moon Spectacle 
Locals swear the gorge is most magical under a full moon: 

Lunar hikes: Offered by eco-lodges like Dar Ayour. 
Folklore: Berber tales say moonlit rocks reveal hidden gemstones. 

 
14. A Test Site for Mars Rovers 
In 2013, NASA tested the Juno Mars Rover prototype here due to similarities with Martian terrain. 
 
15. The “Lucky Pebble” Tradition 
Visitors often pocket small gorge stones for: 

Fertility: A Berber custom for hopeful parents. 
Protection: Taxi drivers in Marrakech hang them from rearview mirrors. 
Please Note: Removing large rocks is illegal—stick to pebble-sized souvenirs! 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
STOP 8.5 – Ouarzazate 
 

We’ve been here, see previous notes 
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Day 9: Saturday, March 14th, 2026 – Ouarzazate – High Atlas – Marrakech – Casablanca 
STOP 9.1 – Mostly Driving back to Marrakech 
STOP 9.2 – Marrakech 
STOP 9.3 – Casablanca 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From our guide 

After breakfast in Ouarzazate, we travel across the High Atlas Mountains via the Tizi n’Tichka Pass, 
observing folded sedimentary layers, faulted rocks, and landscapes shaped by tectonic uplift and erosion. 
After lunch en route, we descend into the Haouz Plain. 

Upon arrival in Marrakech, enjoy free time to explore the old city, including the medina, souks, and 
Jemaa el-Fna Square, famous for its lively atmosphere and traditional shopping. Later, transfer to 
Marrakech Menara Airport, marking the end of the tour. 

 
Flight #1:    Departure: United Airlines, UA 1562, Saturday, March 14, 2026, 6:50PM, 

Marrakech (RAK) to Casablanca (CMN) 
Arrival: Casablanca on Saturday, March 14, 2026 at 7:50PM 

 
Long layover (~22hrs) for sight-seeing in Casablanca 

Hotel Information:  
Silver Suites Hotel & Spa Casablanca 
9 Rue Kaddour El Alami, Casablanca 20250, Morocco 
https://silversuiteshotel.com/  
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Day 10: Sunday, March 15th, 2026 – Casablanca and flight home 
 

Flight #2:    Departure: Royal Air Maroc, UA 5046, Sunday, March 15, 2026, 4:25PM, 
Casablanca (CMN) to Washington DC (Dulles – IAD) 
Arrival: Washington DC on Sunday, March 15, 2026, 7:45PM 
 

Make sure you have made arrangements for a ride home from Dulles International Airport 
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GEOLOGIC MAP OF MOROCCO 
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GEOLOGIC SAMPLES FOR THE PITT-JOHNSTOWN COLLECTION 
 

Number Sample Description & Location 

MAR26-
001 

 

 

 

 

 

MAR26-
002 

 

 

 

 

 

MAR26-
003 

 

 

 

 

 

MAR26-
004 
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007 
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Number Sample Description & Location 

MAR26-
011 

 

 

 

 

 

MAR26-
012 
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013 
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MAR26-
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MAR26-
016 

 

 

 

 

 

MAR26-
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GLOSSARY OF GEOLOGIC TERMS 
 
Terms I should add to a glossary in this guidebook…. 
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BUDGET INFORMATION 
 

(as of 02/14/26) 
 
2026 - Morocco 

 
Total Cost of the Trip: …………………………………………………………….$30,228.48 

 
Cost per person for the trip (11 students)…………………………………….……….$1,200 
Cost per person for the trip (4 faculty).……………………………………….…….....$1,700 
Cost per person for the trip (1 non-UPJ spouse)……………………………….……..$2,200 
Contribution from Student Activities: ………………………………………………..$8,200 
 

 
Breakdown 
1.      Airfare – Royal Air Maroc ($946.63 per round-trip ticket) $    15,146.08  
2.      Guided Geology Tour through Morocco Explorer $    13,843.20  
         The guided tour covers the following:  

Airport pick-up and drop-off. 
8 days of private, exclusive services in a comfortable, air-conditioned 

vehicle. 
Local guide and driver 
Hotel accommodation 
6 Dinners and 7 breakfast at the hotels 
Picnic lunch 
Bottled water during day excursions 
Transportation in a 3 4WD Land Cruiser 
Airport transfer (subject to flight time) 

  
3.      Layover in Casablanca   $       919.20 
4.      Miscellaneous  

Guidebook (to be paid to the UPJ print shop)  $       320.00  
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PREVIOUS SPRING BREAK GROUPS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

SPRING BREAK 2025 – GUATEMALA 
Picture taken from The Mayan Face at Lake Atitlán 

(L-R): Emily Mikesic, Jordan Premozic Dominic Freed, Avery Freed, Tyler Smith, Jessica Hollan, Luka Hodgson, 
Isabelle Boyer, Trinity McElravy – not pictured Ryan Kerrigan, Karan Kohler, Terry McConnell, Jessica 

Miller  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
SPRING BREAK 2024 – PORTUGAL 

Picture taken from Forte de São Miguel Arcanjo, Nazare 
L-R: Ryan Kerrigan, Terry McConnell, Marilyn Lindberg, Steve Lindberg, Deb Donahue, Ilia Galasso, Luka 

Hodgson, Jessica Hollan, Ryan Kelly, Donovan Stanley-Reeves, Trinity Chynoweth, Avery Freed, Nick 
Scelsi, Tyler Smith, Jordan Premozic, Pedro Barreto (Guide), Jessica Miller 
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SPRING BREAK 2023 – ICELAND 

Picture taken from Reynisfjara Beach 
Back Row (L-R): Avery Freed, Jessica Miller, Jade Smith, Olivia Weaver, Aleya Shreckengost, Holly Garrett, Nick 

Smith, Chris Howard, Tyler Smith; Front Row (L-R): Ryan Kerrigan, Ryan Kelly, Courtney Roxby, Trish 
Garing (random UPJ Alum), Nick Scelsi, Ann Schaefer, Karan Kohler, Ilia Galasso – not pictured Terry 

McConnell (she’s taking the picture) 
 

 
SPRING BREAK 2022 – HAWAII 

Picture taken on top Papakōlea beach (Green Sand Beach) 
L-R: Steve Lindberg, Marilyn Lindberg, Elliot Finney, Terry McConnell, Alex Kijowski, Aleya Shreckengost, 

Cian Williamson-Rea, Olivia Weaver, Ryan Kerrigan, Jessica Miller, Delaney D’Amato, Nick Scelsi, 
Holly Garrett, Courtney Roxby, and Avery Freed 
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SPRING BREAK 2021 – COVID STRIKES AGAIN!!! 
SPRING BREAK 2020 – ICELAND (CANCELLED - STUPID COVID) 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

SPRING BREAK 2019 – ECUADOR 
Picture taken in front of ash flow from Mount Chimborazo 

L-R: Jen Hlivko, Kyle Molnar, Ryan Kerrigan, Jessica Miller, Abby Wess, Alex Hockensmith, Susan Ma, Kyle 
Sarver, Jake Marsh, Tyler Newell, and Kim Waltermire 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

SPRING BREAK 2018 – SCOTLAND 
Picture taken in front of Edinburgh Castle 

L-R: Ryan Kerrigan, Jessica Miller, Terry McConnell, Steve Lindberg, Marilyn Lindberg, Sam Louderback, Jake 
Marsh, Lauren Raysich, Kim Waltermire, and Katie Roxby  



 
 
 
 

218 
 
 
 
 

Not Pictured: Bill McConnell 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SPRING BREAK 2017 – HAWAII 
Picture taken at the rim of Mauna Ulu in Volcanoes National Park 

L-R: Jacob Williamson-Rea, Tyler Norris, Kris Miller, Allie Marra, Luke Layton, Matt Leger, Katie Roxby, and 
Ryan Kerrigan 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SPRING BREAK 2016 – ICELAND 
Picture taken on columnar joints at Reynisfjara Beach, Iceland 

Top Row: Tyler Norris, Lorin Simboli, Allie Marra, Luke Layton; Bottom Row: Catie Bert, Matt Leger; Not 
Pictured: Ryan Kerrigan, Terry McConnell, and Steve Lindberg 
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SPRING BREAK 2015 – NORTH CAROLINA 
Picture taken at Ray Mine Pegmatite mine, Spruce Pine, NC 

Left to Right: Kris Miller, Luke Layton, Leah Marko, Andrew Barchowsky, 
Matt Gerber, and Ryan Kerrigan 
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